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Cassette or cartridge? Which
recorder for digital information?
The choice isn't easy, as specs
and pricing are confusing. And
the performance of a unit can't be

judged from the spec sheet alone.
There's controversy, too: A new
cassette standard is in the offing,
but some firms may ignore it. For
confusion reduction, see page 40.

ferramic(")
components
for circuits
that care

• When bandwidth is critical, ferrite inductors and
transformers must deliver electrical performance over
your entire frequency spectrum. Or else your circuit is
dead.
Broad Band-Rated Ferramic components guarantee
the electrical performance required in critical circuits for
communications, instrumentation, data transmission,
telemetry, and radar applications.
First, we make this special breed of components specifically for broad band applications. So you get ex.tra
design latitude to begin with.
Then, we test our Broad Band-Rated components. Not
as ordinary magnetic material, but as broad band components.
So we can specify bandwidth characteristics under
your circuit conditions.

This testing gives you electrical data you need for precise, efficient design. You get pertinent design information, characteristic curves, response curves and applications data.
Broad Band-Rated components are part of our growing line of new ferrites designed to meet specific design
needs. With guaranteed electrical specs to match their
improved performance.
So get in touch with us for design samples. Or get our
24-page bulletin of applications data, performance
curves, and specs that make sense. For design assistance in any ferrite problems, contact Indiana General,
Electronic Products, Keasbey, N.J. 08832. Or phone
(201) 826-5100.
National distribution through seven Permag locations.

Indiana ueneral

a division of Electronic Memories & Magnetics Corp.
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From those wonderful folks
who gave you clean waveforms...
...come some of the
dirtiest waveforms ever.
Because the new Model 132 generates precise calibrated outputs
of digital or analog noise. And because it's really two generators in
one , the 132 also puts out super-clean sine , square and triangle
waveforms over the frequency range of 0.2 Hz to 2 MHz. You can
even mix the clean signals with noise and get cal ibrated
signal-to -noise ratios. Cleans and dirties from Wavetek for only $795.

WAVETE~
P.O . Box 65 1, Son Diego , Coliforn io 92112
Telephone(7 14) 279-2200. TWX 9 10-335-2007
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Fastest 1TL storage registers-3 times faster than standard TTL.
With clock frequencies of 110 MHz,
these new additions to Tl 's Series
54S/74S Schottky MSI family are
three times faster than the equivalent Series 54/74 TTL storage
registers (see table).
The new SN54S/74Sl 74 consists
of six D-type flip-flops with singlerail outputs and the new SN54S/
74Sl 75 consists of four D-type flipflops with double-rail outputs. Both
are designed for use as bufferregister file memories , high-speed
memory address registers, highspeed shift registers/counters and
pattern generators.
Delay times are typically 2.5 ns
per logic level and both devices
have clear inputs. All inputs are
buffered for a normalized fan-in
of 1 to allow for easier system
interconnection.

TTL Storage Registers
Speed/Power Comparison
Schottky

s 174/S175
Maximum clock
frequency (typ)
Propagation delay
. (clock to output)
Power dissipation/
flip-flop

llOMHz

Standard

174/175
35 MHz

10 ns

20 ns

75mW

37.5mW

equivalent Series 54/74 standard
TTL circuits.
The new Sl 74 and Sl 75 come in
plastic or ceramic dual-in-line
packages and in flat packs for use
over the - 55°C to 125°C and 0°C to
70°C temperature ranges. They're
available now from authorized TI
distributors or factory stocks.

Full compatibility

Send for Schottky brochure

As with all Schottky MSI circuits,
these new I Cs are fully compatible
with all other TTL forms - standard, high-speed, low-power and
low-power Schottky.
Not only will new systems benefit
from these new storage registers,
but also existing system performance can be easily upgraded.
Both devices are pin-compatible
and functionally identical to their

For details on the fastest TTL storage regi sters available - as well as
other new Series 54S/74S Schottky
TTL functions-get Brochure
CC-408. Circle 212 on the Service
Card or write Texas Instruments Incorporated, P. 0 . 4 r o
Box 5012, M/S
'U/
308, Dallas,
Texas 75222.
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..• IS A STABLE, THICK-FILM, FIXED RESISTOR WITH ADJUSTABILITY OF ± 1% OR BETTER
..• REPLACES STANDARD FIXED RESISTORS IN APPLICATIONS
WHERE FINAL RESISTANCE VALUE REQUIRED CAN'T BE PRECISELY DETERMINED AT THE DESIGN STAGE
..• REPLACES "ONE-TIME ADJUST" VARIABLE RESISTORS IN APPLICATIONS REQUIRING LONG-TERM STABILITY
. . . RESISTANCE VALUE IS SELECTED, THEN PERMANENTLY,
RELIABLY SET BY SOLDERING

FOR EXAMPLE: Your appllcatlon requires selection of lndlvldual resistance values from 550 ohms to
1000 ohms, or 40 different resistors at 10¢ each. One Model 4002 provides the same resistance selection
within +1% at 78¢*.

After mounting on PCB; probe the COARSE and FINE adjustment taps (Figures 1 and 2)
to determine the precise resistance required. Solder the selected taps (Figure 3) and the
SFR RESISTOR is permanently set.

FOR COMPLETE DETAILS AND A BROCHURE:

• CONTACT YOUR LOCAL BOURNS
REPRESENTATIVE.

write to the factory answering the following on your company letterhead.
(a) My application for the Bourns SFR Resistor is ...
(b) It will replace (number) of fixed resistors in my
inventory
(c) Approximate anticipated annual quantity
usage: (number)
" SFR" 11 a trademark of Bourne, Inc.
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(across the desk)
Can any reader
help this doctor?
We are completing a design for
an analog simulation of glucose
metabolism, to be used to give diabetic patients an understanding of
their problem by illustrating the
effects of eating, exercise, insulin
and insulin overdosages on blood
sugar, fat stores and insulin response.
I write concerning display devices for showing the output parameters. The subtle interactions of
the variables are such that they are
difficult to follow on conventional
panel meters . Edgewise panel meters offer some improvement. Somewhere I have seen display devices
in which a meter movement is used
to drive a loop of plastic with colored segments, which is displayed in
a window. In another system a meter movement rotates a cylinder
that ·has a colored triangle printed
on it. A slot in the window presents
a view of the long axis of one side
of the cylinder. I think that a display device of this type, giving
graphic, semiquantitative data,
would be more appropriate for our
application than conventional panel
meters.
Can you suggest where we might
find such devices?
Dr. G. E. King

Medical College of Georgia
Biomedical Engineering
Augusta, Ga . 30902

Mislabeling detected
in Idea for Design
I have read with interest the
Idea for Design of "Edge-Triggered Sequence Generator Resu lts
From Johnson Counter" ( ED 14,
July 6, 1972, p. 78), and I have
found that the first D flip-flop, as
drawn ( FF,) with the Event serving as the clock input, makes the

Electronic Design
in the magazine's
tronic Design, 50
under 200 words.
ELECTRONIC DES IGN

timing diagram, as drawn, incorrect. A possible solution would be ·
to change the waveforms labeled
FF 1 and FF" to FF 2 and FF 3 , respectively, for G, to decode the
"delayed pulse output."
Mike Kleidermacher
Digital Design Engineer

RCA
Camden, N.J. 08102

The author replies
Mr. Kleidermacher is right. The
third and fourth lines of Fig. 2 are
incorrectly labeled and should be
FF 2 and FF 3 , respectively.

OFECC
Sensitive and Standard Gate

SCR's
Fast delivery and
competitive prices make
ECC's extensive line of
SCR's your best buy.

T . L. Urquhart Jr.

Radiation, Inc.
Box 37
Melbourne, F la. 32901

Anybody out there
like to sell relays?
"Focus on Relays" in the July
6 issue was rather timely for me.
In casting about for a generalpurpose (pardon the expression )
reed relay for our stores stock, the
Electronics Stock Committee of the
Brookhaven National Laboratory
attempted to get specifications for
Form A, Form B and Form C reed
relays in a T0-116 package, with
a coil voltage of 5 V. We found 13
manufacturers that advertised this
kind of relay, and we wrote to each,
enclosing a specification sheet we
had developed.
The results were rather negative.
Here we were, begging for information, begging to be sold relays,
and some manufacturers couldn't
have cared less. And that's just
about par for the course. In all of
the years that I've been contacting
manufacturers and manufacturers'
representatives, letters and phone
calls of inquiry have been ignored,
been misread, been referred elsewhere, etc. Of course, there have
( continued on p. 10 )

welcomes the opinions of its readers on the issues raised
editorial columns. Address letters to Managing Editor ElecEssex St. Rochelle Park, N. J . 07662. Try to keep ietters
Letters must be signed. Names will be withheld on request.
18, September 2, 1972

THE
LONG LINE

SENSITIVE GATE SCR's
T0 -5 Metal ; %" Hex Stud; THERMOPAK* and
THERMOTAB® Packages
lr(RMSI 0.8 · 10 amps
16 r 50, 200, 1500 µ amps max
lrsM 50, 100 amps min
VooM 30 · 600 volts min

STANDARD GATE SCR's
T0-5 Metal ; %" Hex Stud; THERMOPAK and
THERMOTAB; lf2" Press-Fit and Stud ; % " Press-Fit,
Stud and T0-3 Packages
lr(RMSJ 0.8 - 35 amps
16 r 10, 25 ma max
lrsM 50 · 325 amps min
VooM 30 · 800 volts min

%" Hex Stud; THERMOPAK and THERMOTAB ·
% " Press-Fit, Stud and T0 -3 Packages ar~
electrically isolated.
All ECC SCR's feature heavily glass passivated
junctions for high reliability. They are available
f[9m you r nearest ECC Sales Representative or
Authorized Distributor.
"trademark of ECC

New Condensed Cata log contains techn ical data
on these an d other ECC semicondu ctors. To
receive your copy, circle No. 240.

ECC
CORPORATION

P.O. Box 669 • Euless, Texas 76039
817 / 267-2601
7

•OBITBAIA
TAPB•OVBB
(Or why 167 OEM's and system builders
choose Cartri File over other
cartridge/cassette tape memories)
R

Complete subsystem, easy to install
Our 167 OEM and system-building customers
are enthusiastic about CartriFile. It's a new way
of life, free from the tape control and interfacing
hassles of mere "tape movers '.'
Of all the tape mini-memories, they 've found
that CartriFile is the one add-on that's really
complete. Supplied WITH : multiple drives in
one unit, read/write electronics , controller,
interface (available for ALL popular minicomputers) , integral power supply, interconnecting
cables , and basic software. It's plug-compatible ,
ready to go , and PROVEN (more than 1,000
CartriFiles shipped since 1968).
True computer quality
CartriFile is no compromise , either. Unlike most
small-sized tape memories , it was designed
"from scratch " for on-line .computer applica8

tions . It zings along at 18,000 bits per second .
It effectively packs 1800 bpi on two tracks
recorded in the center of a quarter-inch , computer-grade tape (where they 're virtually invulnerable to error). A four-drive system , loaded
with 150-foot cartridges , can hold nearly 13 mi IIion bits . Data reliability compares favorably to
sophisticated, big-system drives-with bit-error
rates approaching 1 part in 10 9 .
A simple, straightforwal'tl machine
With more complete electronics than other tape
memories , CartriFile is STILL a simple machine .
EL ECTRONIC D ESIGN
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No mechanical gimmicks. Nothing exotic to go
haywire. It uses only 3 parts to move tape: a
motor, a capstan, and a pinchroller actuator (a
pinchroller is built into each CartriFile cartridge). For each additional tape drive , we only
add ONE more moving part: an actuator. CartriFile 's mechanical simplicity results in unbelievably long MTBF Just ask our customers .
ONLY cartridge/cassette with
6 months guarantee

You 'll get a nice, secure feeling with our certified Tri-Data 1000 Series endless-loop cartridge .
It's good for MORE than the " several hundred "
passes of a digital cassette . It performs so well ,
in fact , we 've given it an unconditional 6-month
guarantee. Typical life for a 50-foot cartridge is
a conservative 12,000 passes at CartriFile 's
high reliability rates . Cartridges are available in
10-, 25- , 50-, and 150-foot lengths.

Great price/performance family

Investigate the CartriFile family. You 'll find a
pleasing array of mini-peripheral memory
power. You can choose models with one, two
or four tape drives. You can choose a complete
subsystem , a system without interface , or a
" bare essential " version that's just for OEM 's.
Prices range from $750 for the smallest version (in OEM quantities) to $4950 for a single ,
4-drive subsystem. There 's a model to fit just
about every application .
End your "tape mover" hassles right now. Go
CartriFile , a dependable system you can plug
in and forget.

i::;;::::; !~Mia~~~;.~
~

Mountain View I CA 94040
Phone(4 15) 969-3700
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ACROSS THE DESK

For the OEM who's been
waiting until somebody got
the bugs out of
cassette tape drives ...
Peripheral Dynamics Model 4200 Digital Cassette Transport has specs you
can 't tell from the reel thing .
Storage capacities of over 20 million bits, two- or four-track recording at
speeds from 10ips to 75ips, NAZ or phase-encoded formats , read/ write or
read-after-write heads.
And no more tape-chewing . A reel-driven servo system . without capstans or
pinch rollers, keeps tape velocity constant. A torque feedback tension servo
maintains tape tension . A reference-edge tape guidance system provides
precise tracking( ± 0.001 inch) and cuts skew to less than 2 microseconds at
37.5ips. So tape will last.
Single-gap read/ write or dual gap read-after-write heads, with recording
densities of up to 800 bpi NAZ or 1600 bpi phase-encoded will provide
storage capacities as high as 22 million bits, four-track , phase-encoded
with 5% gapping.
Standard speed is 37.5ips, though you can have up to 75ips or down to
10ips. Search and rewind speed is 120ips. Operates bidirectionally at high
or low speeds, under local or remote control.
Reliability? It's the simplest cassette drive on the market. Two moving parts
in the drive mechanism. No springs, capstans, pinch rollers or solenoids to
get out of whack. It is as reliable as it is simple.
We 'll give you an OEM version or one with all the bells and whistles. Interfaces and controllers for most minicomputers. Also communications terminal
adapters. And multiple packaging, three cassette transports to a cabinet.
Peripheral Dynamics' Model 4200. The cassette drive with reel performance.
Call us for a demo.

(continued from p. 7)
been some noble exceptions .
Why ma nufacturers are reluctant
to sell their war es, I'll never understand. I've been complemented
several times on the rather complete catalog library I maintain at
Brookhaven, but I sure do have a
t ime convincin g some manufacturer s to part with their precious catalogs. I know and appreciate what
a really good catalog costs, but I
also appreciate the fact that profits
on our purchases with these manufacturers certainly cover all catalogin g they can give us for years
to come.
James A. Hallock, Chairman
Electronics Stock Committee
Brookhaven National Laboratory
Associated Un iver sities, Inc.
Upton, N.Y. 11973

More about relaysfrom a manufacturer
As a manufacturer's r epr esentati ve, I have spent over 25 years
sellin g r elays to manufacturers of
a ll types of equi pment. As I see it,
t he biggest s in gle pr oblem that relay manufacturers face is a Jack of
knowledge on the part of t he design engineers about contact behavior under different loads and
confusion over various levels, such
as low level, dry circuit, etc.
There is an excellent expla nation
of this in the Engineers Relay
Handbook, a Hayden publication.
J . F . McElligott
Masin-Esco, Inc.
333 Jack on Ave.
Syosset, N.Y.

'Tiger' approach to job
stirs growl of protest

170 E. Liberty Ave., Anaheim, California '9 2801 •Telephone (714) 879-3070

Herb Sobel's "tiger teams" (see
"Put 'Tiger Teams' in yo ur Managing Game," ED 13, June 22,
1972, p. 90 ) may sound like heroics
to some, but it raises the fo llowing
disturbing questions for me: If
Sobel's six-man tiger team can replace as many as 30 engineers, why
did Sobel's fi rm p ut 30 eng ineers
on t he job in the first p lace? Th e
hi gh stand ards that Sobel delineates for hi s tigers are the same
(continued on p. 14)
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Why invest in
wire-wrapping facilities,

when you can use ours?
insulation resistance, DC hipot, and features programWe can handle your complete back-panel wire-wrapping
including all inventories right up to and including final
able dwell time.
All this at a price less than in-house fabriinspection. You just have to bolt it in. And you
. . . . . .. ,
I I I I
cation. No costly inventories, no capital tied
can be sure of a completely tested,
...W'.lll!llillllfl, I I I
to costly equipment. You can furnish the back
100%-error-free back panel.
I I I I
panels or we can supply our own.
All your back panels can be tested
Delivery? Just 2 to 8 weeks, depending on
with an Omnitester 900 Wiring Analyzthe job and material availability. And we have
er. This unit, pictured here in the center,
I I I I
two locations: Longmont, Colorado or EndiI I I I
has forward scan capabilities to detercott, New York. For more details just call your
mine, for example, whether a missing
wire went to some other point. It then
nearest Amphenol sales office or write us diidentifies that point.
rect. Amphenol Cadre Division, Bunker Ramo
The unit further tests for continuity resistance,
Corporation, 20 Valley St., Endicott, N.Y. 13760.

a~:~5R
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Big problems
with size and weight in high-performance
microwave amplifiers?

(shown actua l size)

Avantek's leadership in microwave transistor development
and thin-film technology
has made possible the UDP
Series of high-performance
amplifiers in miniature dual
inline packages.

These amplifiers, occupying
only 0.1 cu. in. and weighing
a mere 0.15 oz., set a new
standard of miniaturization,
a critical consideration in
airborne applications.
Now you can connect amplifiers directly to mixers or
detectors with no cables or
connectors to degrade reliability. The UDP Series
offers this unique advantage
to designers of pod-mounted
ECM equipment, collision
avoidance and beacon sets
as well as telemetry and

communications systems for
aircraft and space vehicles.
Initially, Avantek is offering
three models, covering the
1 to 4 GHz frequency range.
Representative specifications include:
Freq.
(GHz)

Gain

N .F.

p out

(dB)

(dB)

(dBm)

+8
+s
+ 11

UUP - ~U:J2

1-:!

~4

5.5

UOP -2332
UDP -4003

2.2-2.3
2-4

22

5.5

6

9.0

Models covering additional
frequencies will be introduced
later this year.

Avantek .. . years ahead today.
Avantek, Inc ., 2981 Copper Road, Santa Clara , California 95051. Phone (408) 739-6170 . TWX 910-339-9274 . Cable : AVANTEK

INFORMATION RETRIEVAL NUMBER 8
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CAVITIES!

LOOK MA,
More than any other connector
its size.
Hughes rectangular connectors
have the highest contact density in
the business.
One of our 212-contact models,
like the one shown here,
does the job of four
55-pin circular mil-spec
connectors.
And does it in onefourth the space!
Plus greater
re Iia bli ity ( t han ks to
16-gage contacts) and

And besides standard sizes,
miniature and subminiature sizes
are available, too.
Hughes high-density connectors .
One of the few times more cavities
is something to smile about.
Call or write for
our new catalogs:
500 Superior Avenue,
Newport Beach,
California 92663.
( 714) 548-0671.
~------------------~
I',

HUGHES ,'•

L__________________ J
HUGHES AIRCRAFT COMPANY

better contact retention.
CONNIECTING DIEYICH
CONNECTORS, CABLES, CIRCUITS ... ONLY HUGHES PUTS IT ALL TOGETHER.
INFORMATION RETRIEVAL NUMBER 9

35 OEM's MAKE THEIR OWN
Vishay Precision Resistors for
Breadboarding, Prototyping, and final
Adjustment ... and they SAVE an
average of $6.10 PER UNIT by
ELIMINATING ALL THESE PROCEDURES
UNIT COST
WHEN
YOU BUY
RESISTORS

UNIT COST WHEN YOU
MAKE YOUR OWN
RESISTORS WITH A VISHAY
IN-PLANT FACILITY

Write Purchase Requisition
$5.00 for 10 units 50¢ each

$ .50

$ .50

Write and issue Purchase
Order for 10 units-$15.00 +10 = $1 .50 each

$1.50

None

Expedite by phone - cost
based on 50% stock deliveries

$1.00

None

Incur down time, interest on
value of work in process, etc.
based on 3 week delivery

$4.50

Negligible-you can make
your own Vishay resistor
in less than 48 hours!

Labor and Material cost to
make or buy resistors

$ .60

$1.50

TOTAL

$8.10

PROCEDURE

=

vs.

$2.00

Average Savings using Vishay's In-Plant
Facility to make your own resistors:

ADDITIONAL COST SAVINGS:
•

Eliminate large inventory of resistors. Only 20 basic chips are
needed to make any value resistor to 75K ohms!

•

Eliminate series-parallel configurations to get exact resistor
values ... Vishay chips can be adjusted to the exact values you
want when you want them ; and to ± 0.005% tolerance!

•

No schedule losses on Prototype Systems!

Write, wire or phone Tony Troianello, Vishay Senior Applications
Engineer for your copy of Bulletin IP-100 describing this Vishay
In-Plant Facility . .. or better still, ask him to arrange a demonstration.

® !1L~~O~NYHW~.E.s~~!~RPE~N~~v~~A~!!
TELEPHONE (215) 644-1300 • TWX : 510-688-8944

ACROSS THE DESK
(continued from p. 10)
standards that shou ld apply to
every engineer.
If U.S. indu stry would consider
engineers as professionals pursuing
a· permanent career and would
mandate continuin g ed ucation as a
part of every engineer's workday,
m ost en gineers could at least approach "tiger" status.
If managers like Sobel cou ld on ly
make use of all of their emp loyees,
they wou ld see that tiger teams are
only a temporary fix for a serious,
industrywide problem.
James P. Lynch
Assistant Electronicli Engineer
Cornell Aeronautical Laboratory,
Inc.
Computer Center
Cornell University
P.O. Box 235
Buffalo, N.Y. 14221

Forget the self-praise;
Let's compete, U.S.!
With reference to t he editorial
in the July 20 issue (" Innovate in
New Designs or Let t he World Slip
By," ED 15, p. 53 ) : Ou r nation is
nearly 200 year s old. When are we
go in g to grow up a nd stop mou t hing infantile 1 hrases lik<e "our
technological leadership," "exporting our know-how ," etc.
It is obvious that we are not
dummies, with our trips to t he
moon and solid-state development,
but neither are the en gineers
abroad. How about the "know-how"
that we have absorbed: steam engine, gas engine, jet engine, major
automob ile and ai r craft innovations, sonar, radar, nuclear physics, ·
electrical generators a nd motors,
battery, radio, clock, hydrau li cs,
synthetics, iron, steel, concrete, to
name but a few. Prof. A. B. Usher
of Harvard states that we have received about three times as mu ch
know-how fro m abroad as foreigners have fro m us.
Moral: Let's drop all this selfpraise and the notion that everybody is taking advantage of our
brilliance, and let's buckle down to
deal with the competition.
F. W. St evens
Naval Undersea Center
Code 636
San Diego, Cali f . 92132
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Get aclock driver free ...with each
Static Shift Register you order.
It's built right into the chip. Every
2500 Series MOS static shift
register comes off Signetics'
production line with its own
on-board clock generator.
Plus a real windfall
of other major
improvements. To
help lower total
systems cost, and
make the parts
easier to use.
Usability at a reasonable price.
That is what you 've been after. And usability runs in
the family of Signetics new MOS static shift registers,
the most complete collection in the field .
Operating from DC up to 3 MHz, these optimized
devices eliminate minimum frequency headaches. Go
right down to DC without adding extra logic.
And because the Signetics line can be treated like TTL
itself, no level shifters are necessary at either input or
output-again lowering your overall component count
and cost. Just as the built-in clock generator demands
no expensive high-level clock drivers.
Power requirements are standard + 5V, - 12V. And
you recirculate data without external logic.

Combine the on-board clock generator, with TTL
compatibility and the wide range of bit density (from
50 up through 1024), and you 've got more flexibility to
work with, in both design and application, than you
ever hoped to find in static shift registers.
:
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You save on parts, on engineering no longer required.
Yet end up with maximum memory on the board, at
minimum cost in time, space and dollars.
Write Signetics for our helpful MOS Wall Chart and
new Handbook, which organize the specs, technical
data, and applications of all our MOS memory
products-the broadest, most versatile line of static
shift registers ever put on distributors' shelves, as well
as optimized RAMs and ROMs.
Signetics/ MOS
811 E. Arques Avenue
Sunnyvale, California 94086
(408) 739-7700
Please send us your MOS Wall Chart and new Handbook,
with complete technical and applications data on
Signetics user-oriented static shift registers.

Name
Title
Company
Sign etics 1024-Bit Static Sh ift Register

For the first time, with the 1024-bit static shift register
you can have the benefit of easy-to-use static shift
registers for long bit length applications. And , a
dual-128for128 column printers, or a quad-80 for
80 column CRTs.

Address
City
Telephone

State

Zip

Slgnetlcs Corporation-a subsidiary of Corning Glass Works .
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How to select the HAYDEN SERIES IN MATERIALS FOR
ELECTRICAL &ELECTRONICS DESIGN
right materials ...
assure your
product's reliability,
performance,
safety, and
profitability
ALEX. E. JAVITZ,

Editor-in-Chief, Technical Consultant; Senior Member, Institute of Electrical and Electronics Engineers; American Chemical
Society, Soci ety of Plastics Engineers.

This series of practical design references has been specifically planned to help
you and your colleagues meet the challenge of proper materials selection on all
fronts. These volumes place at your disposal- in engineering terms-the
concepts, data, and techn iques you need in order to
•

•
•
•

•
•

understand how fundamental properties of materials affect their ultimate performance
exploit the potential of advanced materials
make optimum use of conventional materials
utilize the latest techniques in processing, fabrication, test and measurement
specify materials that resist environmental damage
guard against misuse of materials that may be hazardous or produce
pollutants

One interdisciplinary volume surveys the entire spectrum of design considerations. Each of the others provides you with in-depth information on a major
functional area.

the overall perspective on the
materials/ design interface

MATERIALS SCIENCE AND TECHNOLOGY FOR DESIGN ENGINEERS
Edited by Alex E. Javitz

In th is comprehensive reference, Editor Javitz and 18 contributing specialists
integrate the fundamentals of materials with the hard facts of day-to-day engineering practice. The coverage offered you ranges from basic structure and
behavior through new materials and applications, to environmental effects,
reliability concepts, and the important criteria of cost effectiveness . 560 pages,
6x9, illustrated, # 5640-0, cloth, $23 .95.

specific functional areas covered in depth

MATERIALS FOR SEMICONDUCTOR FUNCTIONS
E. G. Bylander, Texas In struments, Inc.

Examine any of these volumes with·
out risk! Simply check those you
would like to review on 15-day free
examination.

--------------------,
Please send the book(s) checked on 15day free examination. At the end of that
time, I will remit payment plus postage,
or return the book (s) with no fu rther obligation.

D 5640-0 D 5635-4 D 5638-9
D 5636-2 D 5637-0

Useful information pertinent to all levels of semiconductor fabrication and application . The book provides materials processing and selection criteria based
on intended funct ion for diodes and transistors, solar cells, thermo-electric
and electro-optical devices, passive circuit components and transducers. 220
pages, 6x9, illustrated, # 5638-9, cloth, $13.50.

MATERIALS FOR MAGNETIC FUNCTIONS
Fennimore N . Bradley, M ich igan Technological University

This volume isolates physical concepts such as superexchange, sublattice
magnetization, and anisotropy, which are critical to design applications. It
covers key parameters of ferr ite (ceramic) materials, and the magentic metals
. .. singles out a wide range of applications problems. 360 pages, 6x9, illustrated, # 5635-4, cloth, $14.95.

MATERIALS FOR STRUCTURAL AND MECHANICAL FUNCTIONS

Save Money!

Gabor Koves, IBM General Systems Division

D Payment Enclosed. Publisher will pay
all shipping and handling charges. Same
15-day return privilege and full return
if not satisfied .

Clarifying the relation between device malfunction and failure and conditions
such as shock, vibration, wear, fatigue, static and dynamic load, this volume
deals with all classes of materials and treats specific application problems in
detail. 360 pages, 6x9, illustrated, # 5637-0, cloth, $13 .95 .

MATERIALS FOR CONDUCTIVE AND RESISTIVE FUNCTIONS

Name
Firm _ _____________
Address _ _ _ _ _ _ _ _ _ __
City/ State ________Zip _ _
ISBN Pref ix 0 -8104

G. W. A. Dummer, formerly British Ministry of Technology

Exceptionally broad and deta iled coverage of conductive, contacting, and re·
sistive functions, as well as of the new field of superconductive functions and
devices. Where combined materials are involved, brief data is given for such
associated materials as dielectrics. 366 pages, 6x9, illustrated, # 5636-2,
cloth, $13 .95.

Forthcoming volumes
HAYDEN BOOK COMPANY, INC.
116 W. 14th St., N.Y., N.Y. 10011
16

Composite Materials for Combined Functions, by E. Scala
Materials for Electrical Insulating and
Dielectric Functions, by H. L. Saums and W. W. Pendleton
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How to Sq_l!_~eze 60 dB of swept frequency response
from 10 mW of RF drive.
It's simple. Just use the new HP 8755
Frequency Response Test Set. Its
extremely high sensitivity (-50 dBm)
delivers a full 60 dB dynamic measurement range from 100 MHz to 18 GHz
using modern solid-state sweepers
like the HP 8620.
But that's just the beginning. Its flat
(±0.5 dB) response means that you can
make accurate swept measurements of
inserti on loss/ gain and return loss , even
on frequency translation devices like
mixers. And it doesn't drift with time
and temperature because it's a modulated
system. This high stability means

minimal recalibration . Isn't that what
you need for production testing?
Yet with all of its sophistication, the
system is really easy to use. It's direct
reading and fully calibrated with pushbutton selection of operating functions .
You can simultaneously display forward
and return loss either as a ratio or an
absolute response. Everything is designed
for time-saving, error-free measurement.
You can take this lightweight, all
solid-state and rugged system out into the
field to test cable runs, antennas and
the like. Another important and practical
advantage for field use: you can operate

the detectors up to 200 feet away from
the display!
There's economy too: a complete
8755 system with analyzer in an HP 182A
large screen scope display, modulation
unit and three detectors costs just $3200.
Ask your HP field engineer for the
new brochure on the 8755L. It'll give
you the complete story on why it's so
m·uch system for so little money.

HEWLETT

II

PA CKA~~

HP sa les, service and support in 172 cities in 65 countries. For more informacion write : Hew len·Packard, 1501 Page Mill Road, Palo Alto, Cali fornia 9430·1: Europe:
P.O. Box 85, CH-121 7 Meyrin 2, Geneva, Switze rland ; Japan : YHP, l-59·1. Yoyogi, Shibuya-Ku , Tokyo, 151.
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Applied research
aiding handicapped
The article "Space-Age Technology Opening New Doors for the
Blind, Deaf and Crippled" ( ED 11,
May 25, 1972, p. 24 ) is excellentat least for the material it covered.
It would appear to us, as we have
been aware of these projects previously, that the writer used as
sources agencies that are funded
by Government R&D grants.
We do not object to this coverage, but we feel a serious injustice
was done to the handicapped- and
also to engineers who might be
interested in working in this field
-by limiting the article to basic
research and by omitting mention
of our agency and others that provide a direct, low-cost engineering
service to handicapped people.
We do have an applied-research
program, but we do not do basic
research. Under our applied research we have provided many total
quadriplegics with breath-operated
electric wheelchairs, with built-in
respirators and waste-collection
systems, at a cost of $2800 per
wheelchair. We make miniature
ele ctronic speaking aids (just recently perfe cted ) to amplify and
clarify the speech of the cerebral
palsied, Parkinson's victims, etc.,
at a cost of $400 per unit.
These items are not mass-produced; they are needed by small
number s of people only. We take
pride in our quick-reaction capability; we make anything for anybody who needs it. Every case we
ha ndle is a research proj ect--applied research, not basic r esearch.
Donald S elwyn
Executive / T echnical Director
National Institute for
Rehabilitation Engineering
Pompton Lakes, N.J. 07442

'New' idea turns up
in an old Porsche
I think that I will never cease to
be amazed at the reappearance of
good ideas as new ideas. Shortly
after reading about the new synthetic bridge in ELECTRONIC DESIGN'S June 22 issue ( "Replace
168

Your Bridge Circuit," ED 13, pp.
84 - 87), the temperature gau ge in
my 14-year-old Porsche failed. Upon disassembly of this vintage VDO
instrument, what should I find but
an old synthetic bridge. Possibly I
have uncover ed yet another area of
engineering pioneered by Porsche.
L . G. Smeins
Member of T echnical Staff
P.O. Box 1062
Boulder, Colo. 80:rn2

The author replies
The possibility of similarities
between "new" des ign techniques
and existing methods always exists.
If, as r eader Smeins reports, my
suggested metering system has
fallen into this category, then I disclaim any credit for the basic novelty of this technique.
However , it should be noted that
my article was geared to presenting an application that results in a
flexible meterin g instrument that
can cope with a wide range of curr ent monitoring tasks. Thi s variation of the basic concept, to the
best of my knowledge, is not being
exploited.
B ernard J. P etrillo
Staff Engineer
Rhodes Instrument Corp.
Rye, N.Y. 10580

Tough T0-5 relays
This isn't for everybody. But if
you need a relay for a projectile
you plan to launch from a cannon,
you might look into a new T0-5
relay about to be introduced by
Teledyne Relays. The 412K can tolerate a shocking 12,000 g for 6
ms-which is one heck of a lot
rougher than 80 g for 11 ms that's
called out by M5757. For very
shaky environments, Teledyne has
already introduced the 412V, which
can take 250-g vibration up to
2000 Hz (vs M5757's 30 g to 3000
Hz ) . And for those really hot days
in Hawthorne, California, the
company has the 412H, which can
tolerate 200 C continuously.
All three are electrically identical to the dpdt relays already
available in the company's 412
series.
Interested?
CIRCLE NO . 280

New
IOO!

The new F.E.T. HA-2000 combines
with the Harris HA-2520 and
HA-2620 high performance op
amps to provide two additional
new F.E.T. Input devices:
HA-2050/2055 High Slew Rate
F.E.T. Input Op Amp
High slew rate
120/ µS
Fast settling time
400 ns
Wide power ban.d width 20 MHz
High input impedance
10 12 Ohms
Ultra-low bias current
1 pA

Operates inverting or non-irverting
Supplied T0-99 pkgs.
Input offset
voltage
HA-2050
55° C to + 125°C 15mV
HA-2050A
- 55° C to + 125° C 7mV
HA-2055
30mV
0°Cto + 75° C
HA-2055A
0° Cto + 75° C
7mV

100-999
units

$19.25
$24.00
$11 .75
$13.40

HA-2060/2065 Wideband F.E.T.
Input Op Amp
Widepower bandwidth 600 KHz
Gain bandwidth product 100 MHz
High input impedance 10 12 Ohms
1 pA
Low bias current
High slew rate
35V/µS
Operates inverting or non-inverting
Supplied T0-99 pkgs.
Input offset
voltage
HA-2060
55° C to t 125° C 15mV
HA-2060A
55° C to t 125°C 7mV
HA-2065
15mV
0° Cto I 75° C
HA-2065A
7mV
0° Cto I 75° C

100-999
units

$15.40
$19.90
$10.20
$11 .85

HJ

HARRIS
SEMICONDUCTOR
A DIVISION OF HARRIS - INTERTYPE CORPORATION

P.O. B ox 883, Melbo urne, Florida 32901
(305) 727-5430
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Our new F.E.T. input preamp offers more
design features and application possibilities
than any alternative device.
The HA-2000 is universal. A
monolithic unity gain differential
amp Iifier stage with junction F. E.T.
inputs and bipolar transistor
outputs, it can be combined with
any op amp, comparator, and most
Iinear circuit functions without
compromising the features of
these devices.
As a result, the HA-2000 offers
almost limitless possibilities for

low-input current, high source
impedance applications such as
buffers for op amps and
comparators . In addition, because
of its compatibility with so many
other components , the device
permits the user great flexibility in
systems design at optimum prices .
Find out about our new " universal"
F.E.T. preamp. See your Harris
distributor or representative.

Features:
Converts any op amp or comparator
to F.E.T. input
Input bias current 1 pA
Input resistance 10 12 Ohms
Slew rate

100 Volts/ µSec.

flat to 1O MHz and
- 10dbat100MHz
Supplied T0-99 pkgs.
Bandwidth

Input offset
voltage

HA-2000
- 55°C to + 125°C 12mV
HA-2000A
- 55° Cto + 125°C 5mV
HA-2005
25mV
0°Cto + 75°C
HA-2005A
5mV
0°Cto + 75°C

100.999

units

s

6.50

$10.95

s

4.35

s

5.95

For information on
other new F.E.T.
Op Amps incorporating
the HA-2000, see
the adjacent column.

EB

HARRIS
SEMICONDUCTOR
A DIVISION OF HARRIS - INTERTYPE CORPORATION

P.O. Box 883, Melbourne, Fl orida 3290 1
(305) 727-5430
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-Etmar; Palo Alto-Weatherford. HAR (415) 321·2280; Pomona-Weatherford; San Diego-Weatherford. Western COLORAOO: Oenver-Elmar. Weatherford WASHINGTON, D.C.:
HAR (202) 337-4914 FLORIDA: Hollywood-Schweber; Melbourne-HAR (305) 727·5430 ILUNOIS: Chicago- Semi-Specs. Schweber; Palos Heights-HAR (312) 597-7510 INDIANA: lndianapclis- Semi-Specs
MARYLAND: Rockville-Schweber MASSACHUSETTS: Lexington-R&D; Waltharn-Schweber; Wellesley-HAR (617) 237-5430 MICHIGAN: Detroit- Semi-Specs MINNESOTA: Minneapclis-Semi-Specs
MISSOURI: Kansas City-Semi-Specs; St. Louis-Semi-Specs NEW MEXICO: Albuquerque-Weatherford NEW YORK: Melville- HAR (516) 241>-4500; Syracuse- HAR (315) 463-3373; Rochester- Schweber;
Westbury-Schweber OHIO: Beachwood-Schweber; Dayton- Semi-Specs PENNSYLVANIA: Pittsburgh-Semi-Specs; Wayne-HAR (215) 687-6680 TEXAS: Dallas- Weatherford . Semi-Specs. HAR (214) 2319031 WASHINGTON: Seattle- Liberty. Weatherford .
LEGEND FOR HARRIS SALES OFFICES & DISTRIBUTORS: Harris Semiconductor (HAR); Elmar Electronics (Elmar); Harvey/ R&D Electronics (R&D); Liberty Electronics (Liberty); Schweber Electronics
(Schweber); Semiconductor Specialists. Inc. (Semi-Specs); R. V. Weatherford Co. (Weatherford); Western Radio (Western).
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The Nicolet 1090 digital storage oscilloscope looks
like a storage oscilloscope, acts like a storage oscilloscope, and is operated like a storage oscilloscope
-except• It has about 20 times the resolution in both time
and voltage. It would require hundreds of storage
tubes to capture as much information about a single waveform as is recorded in the 1090's memory.
• It is about a hundred times as accurate.
• It has far greater equivalent writing speed than
most storage oscilloscopes.

NICOLET INSTRUMENT CORPORATION

J~--

• It is easier, by far, to operate.
• Its stored information doesn 't fade away.
• It provides normalized numerical information
about any point in the waveform .
• It has sweep speeds as slow as you wish , even
days in length .
• It can be told to retain a waveform before, during ,
or after the signal occurrence, with local or remote control.
• It can provide accurate voltages for operating a
pen recorder.
Other than these exceptions, it is like an ordinary
storage oscilloscope. If you know how to operate an
oscilloscope, you don 't even need to look at an operator's manual to make the 1090 serve your needs.
Bandwidth 100 KHz (2x10 5 samples/second) .
Resolution 4096x4096. Price, with model 90-1 single
channel plug-in unit : $4500. (Pen recorder drive
and binary output are extra cost opt ions.)

5225 Verona Road, Madison, Wisconsin 53711
Phone 608/271-3333 TWX: 910-286-2713

Write for complete information or to arrange a demonstration.
INFORMATION RETRIEVAL NUMBER 121
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eX·Yllence now comes
under a different name

Honeywell X-Y recorders now made and sold by Esterline Angus
Whatever your needs in X-Y recorders, Esterline
Angus is the name to remember.
The complete Honeywell X-Y line-three primary
units - now is made and sold by E-A.
Capabilities? Standard sensitivities from 10 microvolts to 50 volts per inch and with slewing speeds
to 30 inches per second. With high impedance,
differential and guarded input configuration to permit measurement of any parameter from any source
without loading the source.

Single- and two-pen (X-Y-Y') units are available
with 11 " x 17" chart size.
Parts are available-for new and existing unitsfrom the international operations of Esterline
Angus. Service will be handled nationwide by
Honeywell 's Metrology Service.
So, whatever your needs in X-Y recording, drop
us a line. We 'll tell you the whole story - in our new
X-Y catalog. Write Esterline Angus, P.O. Box 24000,
Indianapolis, Indiana 46224. Or call 317/244-7611.

:Ell

ESTERLINE ANGUS

I

A UNIT OF ESTERLINE CORPORATION
INFORMATION RETRIEVAL NUMBER 12
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Ampex memory powet

Core modules
at stack prices.

So why design your own memory?
Ampex 1800 memory modules make real economic sense
in both performance and design. No longer any need to
design around purchased stacks.
The compact 1800 series modules give you twice the
memory in half the space. Up to eight thousand 18 bit
words in just 170 cubic inches. Combine any number of
modules for the capacity and word length you need. High
performance, too : access times of 250 and 340 nanoseconds.
For effortless design, all 1800 modules have decoding
circuits, buffered data outputs, require only two voltages,
need no temperature compensation or power sequencing.
In other words, no external logic required.
Ampex 1800 modules were the first of their kind ...

and are still the best, and, of course, they come with
Ampex worldwide service.
For details on how to get best memory module performance with least design effort, call your Ampex computer expert. He can fill you in on Ampex tape and disk
drives, too. Or write.

AMPEX
Ampex Computer Products Division
13031 West Jefferson Boulevard
Marina del Rey, CA 90291. (213) 821-8933

INFORMATION RETRIEVAL NUMBER 13
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Western Union gets
green light on satellite
With an application still pending
before the Federal Communications
Commission for a construction permit for a domestic communications
satellite system, Western Union has
placed an order with the Hughes
Aircraft Co. for three satellites.
The FCC gave Western Union a
waiver to proceed, so it might take
advantage of a Hughes pro.d uction
line that produced a nearly identical communications satellite for
Canada, the Anik I. The latter is
scheduled to be flown later this
year.
Western Union will pay $20.7million for the Hughes satellites
and will spend more than $48-million for seven ground stations. A
special incentive clause in the satellite contract can give Hughes considerably more than $20.7-million.
If nine or more of the 12 highcapacity microwave channels in the
satellite are operating after 10
years in orbit, Western Union will
pay Hughes $83.67 ·per channel, per
day for the 10- year period-or
about $6-million for 10 channels.
If eight are operating, the fee will
be $75 per channel, per day.
One of the few differences between Western Union's satellites
and Canada's Anik I is in the feed
horn. The U.S. satellite will require a wider beam in the northsouth direction, and it will have
extra feed horns for spot beams
for Hawaii and Alaska.
Wes tern Union will connect its
satellite system with its terrestrial
line of microwave links. The satellites will be used for long-distance
Telex, for the company's voice system and for Mailgram. When a
new electronic data switch goes into operation in 1974, it will be used
for TWX.
Each of satellite channels will
accommodate a color television program or be used for multiplexed
voice signals-as many as 1200
signals when used with a single
carrier. Each channel will have a
ELECTRONIC DESIGN
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Canada's communications satellite
the Anik I, to be launched later this
year, is almost identical to three that
Western Union has ordered from
Hughes Aircraft (right)..

bandwidth of 36 MHz and at least
33 dBm of effective radiated power.
The spacecraft will weigh slightly
more than 1200 pounds when
launched.

Subcontracting time
nears for space shuttle
North American Rockwell, happy
holder of NASA's $2.6-billion space
shuttle contract, is meeting with
the space agency to settle on a final
design. Plans originally submitted
by losing competitors will be reviewed to see if any features in
these should be incorporated in the
final version. North American says
it expects to give subcontracts to
some of the companies that participated with it in the original bidding. These include IBM, which
helped design the data-management system; Honeywell, the
flight-control system; American
Airlines, the ground-maintenance
systems, and General Electric, the
reusable surface installations.
North American expects to start

proceedings for awarding subcontracts within 90 days, with most
items open to competitive bids. It
plans to subcontract out 53% of its
$2.6-billion award and has located
potential subcontractors in 48
states. Grumman, Lockheed and
McDonnell Douglas have already
been doing some earnest talking
with North American in hopes of
getting in on the action.
Long-lead time items, such as
electronic systems and major structural components, are expected to
be put in the contracting arena
first. Some of the big items that
North American will call on others
to build include the mid-fuselage
section, tail, wings, landing gear,
some avionics items and portions
of the propulsion systems. Hardware will be confined as much as
possible to proven, off-the-shelf
equipment, the company says.

Army hopes to salvage
part of the Cheyenne
The Army is working to determine what elements of the avionics
developed for the abandoned Lockheed Cheyenne helicopter can be
adapted for a new, smaller copter
it plans to develop.
Major electronic subcontractors
affected by the cancellation of the
Cheyenne program include Teledyne Systems (the computer central complex), Hughes Aircraft (a
night-vision sight for the TOW
missile ); Bourns/CAI (the pilot's
direct sight), Honeywell (the pilot's helmet sight) and .Bendix
Navigation and Control Div. ( the
weapons' control panel and the inventory control subsystem).
In canceling the Lockheed program, the Army cited as reasons
excessive size, lack of maneuverability and cost. "The avionics contributed to the cost problem," an
Army spokesman said.
In recent Congressional testimony Army officials said that the
Cheyenne program cost would average about $4.6-million per helicopter. Avionics are understood to
have accounted for almost half the
cost of each aircraft.
Approximately $400-million has
already been spent by the Army
on the Cheyenne program, and the
service has asked Congress to approve $40-million for developing a
19

smaller, more maneuverable copter
in place of the Cheyenne.
Army sources indicate privately
that they feel the new aircraft will
have to be developed. Officials of
Lockheed, heavily hit by the loss of
the Cheyenne contract, say the
company will undoubtedly compete
for the new helicopter program.

:Solid-state system
synthesizes voice
Voice synthesis, which has generally required complex electromechanical systems, is said to be
accomplished more simply and reliably with a new solid-state system. Developed by the Master
Specialties Co. of Costa Mesa,
Calif., the voice-response system
.u ses MOS read-only memories to
generate a natural-sounding voice.
The first application is an automatic number announcer in telephone company offices. The system
is helping field men to identify
pairs of lines by providing an audible voice message with seven digits
that make up the telephone number.
According to Stuart B. Brown,
vice president of marketing for
Master Specialties, the numberannouncing system uses one 16-k
ROM from Electronic Arrays,
Mountain View, Calif., to synthesize the voice for each digit or
monosyllabic word. The output of
the ROM then goes to a digital-to-analog coverter, four bits at a time.
Three of the four bits contain amplitude information, while the
fourth determines the sign. The
output of the digital-to-analog
converter is ari audio tone----the
synthesized voice-which is then
fed to a speaker,.
While good for this- application
and s uch others as warning systems, credit-card verification and
inventory status, the present system is not efficient enough for
Jong, complete messages, Brown
concedes. Work is now being done,
he adds, on a - system that will
synthesize words from basic
sounds, so that an unlimited vocabulary will -be available.
Such system, Brown continues,
will require storage of synthesis
information for about 200 basic
sounds, and it should be available
in the next two years.

a
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The applications of a voice synthesizer with an unlimited vocabulary are many. A computer would
be able to respond audibly to an
inquiry or convert written text into voice for blind people. All that
would be needed would be a means
to enter the written material into
the computer memory. The synthesizer would then convert it into
an audible message.
Another possible use, Brown
notes, might be the reproduction of
music, although much work would
have to be done before such a system would be feasible. If bandwidth and fidelity could be
increased and the price kept reasonable, electromechanical magnetic tape recorders might one day
be replaced by all-solid-state recorders.

RCA quietly showing
a new TV disc _player
RCA has demonstrated privately
a new television disc player that
· could compete with the Teledec system being developed in Germany
(see ED 16, "Low Cost TV Recorder-Player Systems on the Way
-Finally," Aug. 3, 1972, p. 32 ).
In contrast to Teledec's paper-thin
disc, which turns at 1500 rpms and
can play for five minutes, the RCA
disc is thick, like a conventional
long-playing record. The RCA platter is played at about 500 rpms,
has a viewing time of 12 minutes
and can record on both sides.
RCA has refused to confirm or
deny publicly that the system is
under development. It is expected
to sell in the $140-to-$400 range.
Leo Hofberg, manager for special products for London Records,
Inc., New York City-the U.S.
representative for Teledec-asserts

that the RCA unit should pose no
real competitive threat. He says
the Teledec disc-which is about
seven inches in diameter, sized to
an international mailing standard
-has a potential for mass-media
distribution. Because the disc is
paper thin, it can be bound into
magazines, newspapers and other
printed media, as well as incorporated in education texts, according
to Hofberg.

Sen.ate unit backs bill
for metric conversion
It won't die overnight, but the
English system of measurement,
now the standard in the United
States, appears to be doomed.
Under legislation approved by
the Senate Commerce Committee,
the metric system would be phased
in over the next 10 years and the
old miles, yards, pounds and quart
eased out. The bill would not make
metric measurement compulsory,
but it would set a national goal of
switching "predominantly, although not exclusively."
The next step, expected some
time after Labor Day, will be a
vote on the bill by the full Senate.
To avoid production of equipment with both English and metric
measurements, the bill would set
up an 11-member National Metric
Conversion Board to synchronize
each major industry's switch. The
board would not have coercive
power but would help those who
requested it.
An allowance for permitting a
fast tax write-off for new equipment for the conversion was proposed, but it was killed by the Administration. Industry itself would
pick up the tab under the Senate
bill.

News Briefs
The Federal Communications
Commission is asking for comments from interested parties on
the extent of public demand for
"data phone" or an equivalent
service between the United States
and overseas points. In the meantime it has rejected Western
Union International's application
for overseas dataphone services.

The Air Force reports it has completed testing an advanced aircraft navigation system that has
been nine years in development.
The system employs electrically
suspended gyros to provide inertially derived position, velocity
and attitude information for use
in weapon delivery, navigation
and flight control.
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FROM GENERAL ELECTRIC
For SPEED . .. 4 models H11A series SSL-Phototransistor Couplers offer
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• Up to 2500V Isolation
• Up to 50% min transfer ratio
. Typical + 10% variation in transfer ratio - 55 to 100°c ·
• Typical 2 µsec rise/fal I ti me

For GAIN . . . H1181 and H1182 SSL-Photo Darlington Couplers offer
• Up to 2500V Isolation
• Up to 500% min transfer ratio
For the c9mplete story on General Electric Optoelectronics contact your
authorized General Electric distributor, General Electric Electronic
Component Sales Office, or use Inquiry Card Number 248

GENERAL. ELECTRIC
Semicon~uctor

Products Department, Syracuse, New York

THIS SYMBOL REAFFIRMS OUR
NO. 1 GOAL IN 1972: TO MAKE
GENERAL ELECTRIC YOUR BEST BUY
IN QUALITY, SERVICE, AND TOTAL VALUE
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Live radio is becoming passe;
Enter the· automated station
The newscaster sits in front of a
wide table arranging his copy as
he waits for his cue. Opposite him
sits a disc jockey doing a commercial in the voice of one of the many
radio characters he creates, while
an engineer nearby cues up the
next record as he waits to switch
in the newsman's microphone.
The scene is Radio Station
WNEW-AM in New York City.
Walking through the studios at 565
Fifth Ave., you can see a radio
station that is very similar to those
operated 10 years ago. True, the
equipment has been improved to
maintain a high-quality sound, but
the basic operation hasn't changed
much. The engineer still uses records instead of tapes, the disc
jockey still does the intros and

Jules H. Gilder

Associate Editor

small talk, and except for some
pretaped commercials, most everything else is live.
But WNEW is part of a vanishing scene. Automation is taking
over m tne broadcastmg industry
slowly but steadily, and in the nottoo-distant future most radio stations may be like WNBC-FM.
If you listen to WNBC-FM, you
hear music, disc jockeys, commercials and newscasts-all similar
to the programming on WNEW or
WNBC-AM. But if you go to the
studio to watch a WNBC-FM
broadcast, all you can see is an
array of reel-to-reel tape players,
cartridge players, a digital clock
and a large assortment of other
electronic equipment. You see tape
players mysteriously turned on and
just as mysteriously turned off in
proper sequence. And when it's
time for a newscast, the station
automatically switches to a net-
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Automated programming system by Gates Radio uses cartridges for both

music (racks on left) and commercials (carousels in center). A digital clock
controls station operation according to a preprogrammed magnetic tape .
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work broadcast. After the news,
the equipment switches back to the
station's regular programming.
If you look hard enough in a
rear corner of the studio, you can
see one WNBC-FM engineer sitting at a desk, possibly reading a
paper, occasionally glancing at a
monitoring console before him.
The engineer is there only as a
safeguard. The station is programmed to play music, commercials and
other features early in the day,
and it performs unaided.
A multitude of new trends

Automated station programming
is only one of many trends developing in the radio broadcasting industry. Others include:
• Transmitters monitored by
computers for more precise control
with fewer people.
• AM stereo for rural and automobile reception, without the fading and multipath distortion generally associated with FM.
• Pulsewidth-modulated AM
transmitters for less power consumption and increased efficiency .
• Dolby noise-reduction circuitry for improved signal-to-noise
ratio and other advances.
Minicomputers are starting to
make strong inroads into broadcasting, reports Lee Facto, executive vice president of International
Good Music Corp., Bellingham,
Wash., a broadcast-equipment manufacturer. In addition to automating station programming, computers will be able to control
transmitters by the end of this
year, he says.
The primary goal of such a system is to insure continued operation. To do this, a computer must
be programmed to monitor such
parameters as power level, modulation and frequency. In addition
EL ECTRONIC D ESIGN
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Coming soon:

TI Advanced Technology Setninars on
Setniconductor Metnories and MOS ICs.
Concentrated courses that meet your need-to-know
about two of todays "hottest" technologies.
•Authoritative-prepared by five
top men in the field, with information gathered from more than 50
scientists and engineers.
•Practical and up-to-date-answers to today's problems in systems design.
•Fast and efficient-each seminar,
in just two days via the videotape
medium, offers the equivalent of an
8-day seminar. . Learning actually
improves since videotape permits
scores of "retakes" (impossible
with live presentations) until every
idea is communicated with maximum clarity.
•Convenient-presented in major
cities throughout the U.S., with a
course author on hand to answer
questions.
• Low-cost-$295.00 each, including complete course literature ... a
fast, inexpensive means to a fundamental understanding of two
complex technologies with
enormous potential.

Semiconductor Memories
Course
Ten hours of lecture and a 250-page
workbook cover:
Memory Functions and Economics
Technology Arsenal for Storage
Elements
Sequentially Accessed Storage
Design
High-Speed Random Access
Storage Design
MOS Random Access Storage
Design
Fixed Program Storage Design
Reliability of Memories

Fixed Program and Sequentially
Accessed Memory Applications
RAM Applications

MOS ICs Course
Nine lecture hours , 200-page workbook and panel discussion cover:
Characteristics of the MOSFET
MOS Technology Arsenal
Achieving Reliability in MOS I Cs
Economics of MOS/LSI
Inverter and Static Logic
Configurations
Design of MOS Shift Registers
MOS-bipolar Interface
Memory Configurations
Programmable Logic Arrays
MOS Production

How to enroll
by phone or mail
If you are interested in
attending seminars in
Washington I Baltimore,
Philadelphia, Dallas,
Newark or Long Island,
call Fred Sawyer, (214)
238-3894. We'll either register you
by phone or send you additional
detailed information in time for
you to respond before the registration deadline.
To register now by mail for all
later seminars, complete the coupon, indicating the seminar or
seminars you wish to attend.
For more information about all
later seminars, check the appropriate box to receive in-depth details
(allow 10 days for delivery). Included will be a registration form
which must be postmarked no later
than the deadlines given above.

CITY

COURSE

Washington/
Baltimore

Memories
MOS
Philadelphia
Memories
Dallas
Memories
Newark, N.J.
Memories
MOS
Long Island, N.Y. Memories
MOS
Norwalk, Conn. Memories
MOS
Boston
Memories
MOS
Rochester, N.Y. Memories
Dayton
Memories
Indianapolis
Memories
Chicago
Memories
MOS
Denver
Memories
Palo Alto
Memories
MOS
Los Angeles
Memories
MOS
Orange County,
Calif.
Memories
MOS
San Diego
Memories
Phoenix
Memories
Houston
Memories
Orlando
Memories
MOS
Ft. Lauderdale Memories
MOS

DEADLINE FOR
POSTMARK OF
REGISTRATIONS

PRESENTATION
OATES

Sept.'25-26
Sept.27-28
Oct.2-3
Oct.5-6
Oct.10-11
Oct.12-13
Oct.17-18
Oct.19-20
Oct.24-25
Oct.26-27
Oct.31-Nov.1
Nov.2-3
Nov.8-9
Nov.13-14
Nov.16-17
Nov.27-28
Nov.29-30
Dec.5-6
Dec.11-12
Dec.13-14
Jan.8-9
Jan.10-11

Sept.11 °*
Sept.13°*
Sept.18°*
Sept.21 °*
Sept.26°*
Sept.28°*
Oct.3°*
Oct.5°*
Oct.10
Oct.12
Oct.17
Oct.19
Oct.25
Oct.30
Nov.2
Nov.13
Nov.JS
Nov.21
Nov.27
Nov.29
Dec.26
Dec.27

Jan.15-16
Jan.17-18
Jan.22-23
Jan.25-26
Feb.1 -2
Feb.6-7
Feb.8-9
Feb.13-14
Feb.15-16

Jan.2
Jan.3
Jan.8
Jan.11
Jan.18
Jan.23
Jan.25
Jan.30
Feb.I
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the machine can be used to calculate transmitter tube efficiency, to
minimize noise and distortion, and
to provide diagnostic messages, logging and operator signaling.
The computer's function need
not be limited to reporting conditions as they exist, Facto notes. It
may also be used as an interactive
device, by having it perform predetermined corrective adjustments
stored in memory. In short, a computer can do practically anything
an engineer can.
The cost for computer systems,
Facto says, ranges from less than
$10,000 to more than $120,000, depending on the complexity of the
station. International Good Music
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Manual random access memory is
generally used to automate carousels
which contain commercials, public
service announcements, etc.

will have a system available next
month that uses a PDP-8 mini. A
typical FM installation would cost
about $20,000, Facto says, while an
AM one would sell for about
$30,000.
One obstacle that could prevent
the immediate use of computercontrolled transmitters is a lack of
approval from the Federal Communications Commission. According
to Bruce Longfellow, supervisory
engineer for the FCC's Broadcast
Bureau, Congress must first amend
the Communications Act to allow
for computerized radio transmitters. While this could take time,
Longfellow admits, he doesn't see
any major objections to ultimate
approval.
AM stereo appears imminent

Another area of growing interest
is AM stereo radio.
AM stereo is not new. It was
first tried about 10 years ago . At
that time several companies, including RCA, Philco and Westinghouse, experimented with stereo
systems. None, however, was very
successful. The reason is that they
used either phase and amplitude
modulation or phase and frequency
modulation to achieve the stereo effect. Those techniques resulted in
high negative modulation peaks,
which caused interference and
noise.
A system that has apparently

Keyboard memory unit from Schafer Electronics uses an MOS random access

memory to store the operating program instead of magnetic tape. The unit
holds an entire day's scheduling and can be loaded directly from the keyboard or from a prerecorded cassette.
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overcome these problems has been
developed by Kahn Research Laboratories of Freeport, N.Y. According to Leonard Kahn, president of·
the company, the sum and difference signals-required for stereo
reception-are transmitted via the
upper and lower sidebands of the
AM signal, and thus stereo transmission requires no more bandwidth than conventional AM transmission.
The system has been successfu lly
tested in the laboratory, Kahn
reports, and it has made its commercial debut in Tijuana, Mexico.
Several stations are reportedly interested in testing the system but
must await FCC approval.
In the meantime radio listeners
in the San Diego-Los Angeles area
can hear AM stereo from XETRA,
the Mexican station .
If AM stereo does become popular, a special receiver costing about
30 % more than present ones will
probably become available. An alternative, Kahn says, is to use two
radios to receive AM stereo. Each
radio Is tuned slightly off centerone on the high side, the other on
the low side.
Kahn reports his sideband system is capable of a channel separation of 30 dB and a freq11ency response of from 50 to 13,000 Hz,
with harmonic distortion at 1 % .
Transmitter efficiency improved

Another new development is a
pulsewidth-modulated AM transmitter developed by Gates Radio
Corp. of Quincy, Ill. The modulator is almost 90 % efficient-instead of the usual 50 or 60 % and results in an over-all transmitter efficiency of about 65 % . This
increase in · efficiency means that
total power requirements can be
cut by as much as 33 % .
In operation, the pulsewidth
modulator :idds the audio signal to
be transmitted to a 75-kHz sawtooth signal. The combined signal
then goes to a level detector, which
determines the point on the sawtooth wave at which a pulse amplifier will conduct. The output of
the pulse amplifier is a series of
square pulses that vary in duration with the input audio. The
square pulses are then passed
through a low-pass filter that removes the 75-kHz signal, leaving
just the high-power audio signal to
ELECTRONIC DESIGN
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NATSEM WOWS WINDY CITY CONFAB
CERAMIC PHONO CARTRIDGES
Amp Bows, Car FIND FRIEND IN NEW
Mfg's say'Socko' DUAL CHANNEL AUDIO AMP

5 Watt Audio

Raves and kudos continue to be heard about
NatSem's new LM383K
IC audio amp, the only
monolithic 5-watt RMS
IC audio amp that's fully
short circuit and thermally protected and has
a preamp and power amp
on the same chip.
Cost effective with discrete designs, the new
LM383K also offers adjustable voltage gains
from 50 to 500.

National Semiconductor
has added a dual 2-watt
audio amplifier to its expanding line of consumer
linear integrated circuits.
The new LM377 provides
up to two watts of con-

10-Watt Audio
Amp Intros,
Hi-Fi Phono
MktWowed

A complete 2-watt TV
sound system, utilizing
proven circuit techniques,
has been incorporated
into National's new
LM1805 . The FM IF
portion of the LM1805
uses a three-stage limiting amplifier and a differential peak detector
combined with a DC
volume control.
Designed for use with
a minimum number of
external components, the
audio power amp section
of the new LM 1805 may
be operated over a wide
range of power supply
and speaker impedance
combinations.

National Semiconductor
has introduced a 10-watt
monolithic power amp
designed for use by
manufacturers of hi-fi
phonographs.
The new LM384 will
deliver 10 watts RMS
into an 8 ohm load at
28-30V supply voltage.
The LM384 is fully short
circuit and thermally
protected, has both a preamp and power amp on
the same chip and is cost
effective with discrete
designs.

KIDDIE PHONO,
PAGING AMP
REAL 'LONER'
A new 4-watt IC audio
amplifier that requires
one external component
has been unveiled by National Semiconductor.
Available in a 14-pin
DIP package, the new
LM380 audio amp was
designed specifically for
use in kiddie phonographs, paging systems,
intercoms and toys which
require an amp for their
operation.

tinuous RMS power into
an 8 ohm load on each of
its channels with a high
impedance equal to 10
megohms, ideal for the
ceramic phono cartridges
found in most home
stereo sets. Gain is 100
dB and distortion is only
0.5 percent at 1 kilohertz,
while power bandwidth is
65 kilohertz.

TV SIGNAL
PROCESSOR
PACKED
WITH .POWER OPEN LOOP GAIN,

HIGH INPUT
IMPEDANCE MAKE
4-WATT STEREO
AMP 'WINNER'
A new dual 4-watts-perchannel stereo amp, the
LM378, has been introduced by National Semiconductor.
An internally-compensated IC stereo amp, the
new LM378 features a
100 dB open loop gain,
typical 10 megohm input
impedance, a dual internal power supply regulator and optimum turn-on,
turn-off characteristics to
eliminate turn-on delay
and speaker pop.

Possibilities 'Unending' For
New NatSem Quad Amp
National's new LM3900 an open loop gain of 70
is the first operational dB and a unity gain bandamplifier developed to width of 2.5 megahertz.
operate from a single +4 Input bias current is only
to +36V supply and split 30 nanoamps.
supplies as well. It conThe combination of
sists of four complete four independent amps
amps on a single mono- on a single chip and single
lithic silicon chip and is power supply operation
priced at only 75 cents in opens up scores of new
quantities of 100.
applications for op amps
The new LM3900, in industrial and automowhich is internally fre- tive equipment applicaquency compensated for tion s where only one
unity gain and completely power supply is available.
short circuit proof, has
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Intros IC Preamps,
Audio Amps
Chicago-One of the bigger coups pulled off at
the Spring Conference on
Broadcast and Television
Receivers was the unveiling of a new line of
integrated circuits that
perform preamp and
audio amp functions
within recording, stereo,
hi-fi, phono and other entertainment and broadcast-oriented systems.
The new IC preamps
and audio amps are being
manufactured in volume
by National Semiconductor Corporation, a company who's no stranger
to the integrated circuit
business.
"What we've done,"
says a NatSem spokesman, " is t o take the
functions which normally
require a combination of
discrete transistors, IC's,

resistors and put everything on a single chip,
with little or no external
components required."
In addition to their
basic ·a dvantages of better systems reliability and
lower systems costs, each
of NatSem's new IC preamps and audio amps has
its own distinct advantages. The LM381, for
example, is the lowest
noise dual preamp in the
business, while the new
LM382 is a low noise
dual preamp which offers
full RI.A.A. and N.A.B.
equalization with a
minimum of external
components.
Each of NatSem's new
consumer IC's, available
now at all National Semiconductor distributors, is
described in more detail
elsewhere on this page.

Kudos for Super
Low Noise Preamp
A growing army of former discrete NPN and
PNP transistor users are
touting the merits of NatSem 's new LM381 IC
dual preamp. Designed
for extremely critical low
noise applications, the
new LM 3 81 offers a
wideband equivalent input noise of 450 nanovolts with 600 ohm s
source impedance and 10
kilohertz noise bandwidth.
As a result, the new
LM 3 81 offers users a
single-chip dual amplifier
that's as performance effective as a trans istorresistor combo, with
much better reliability in
the long run.

R.l.A.A., N.A.B.
EQUALIZED PREAMP
PREEMS, USERS
HAIL SIMPLICITY
A cost-conscious low
noise IC preamp aimed
at the auto tape, tape
playe~ recorder and
phonograph market is
now available from National Semiconductor.
The new LM382 not
only offers the advantage of low noise operation, but requires just
three additional external components for full
R . l.A.A. or N.A.B.
equalization.
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AM stereo system developed by Kahn Resea rch uses sum and difference
signa ls to t ra nsm it stereo information. Stereo si gnals a re tra ns mitted via
upper and lower sidebands of t he AM s ignal.
modulate the power amplifier.
While it is only now becoming
available to the broadcast industry,
this type of transmitter has been
tested and used in Vietnam by the
U.S. mi litary for several years.
For the future, industry sources
see increased use of Dolby noisereduction circuitry. Developed in
England by Dr. Ray M. Dolby, the
circuit reduces noise during the
quiet periods of a recording. This is
done by using an expansion-com-

pression technique. The system
passes high-level signals with unity gain. For low-level signals during soft passages, the Dolby circuit
raises (expands ) the signal level
just before recording. During playback, the circuit attenuates (compresses ) the raised signal back to
its original level, reducing the
noise added during recording.
FM stations are just now beginning to use the Dolby circuit,
but it is very expensive, says Facto

of International Good Music. What
the industry needs, he continues,
is an inexpensive retrofit kit that
can be used to modify existing tape
recorders and players.
Another current need in the
broadcasting industry, Facto notes,
is instantaneous random access to
program material. One possible approach, he suggests, is adapting
the high-speed tape equipment used
in the computer industry. However, there is a trend in the broadcasting industry away from electromechanical devices and to solid
state, Facto says. If a way could
be found, he adds, to memorize
audio in a solid-state system and to
recreate it with broadca::;t quality
at a reasonable price, it could be
the biggest step forward in broadcast audio since the development
of the tape recorder itself.
This step may not be far off. A
new device developed by Master
Specialties Co. of Costa Mesa,
Calif., known as an automatic number announcer, uses read-only
memories to synthesize the human
voice. Although this new voice-response system can store only simple
messages, it is not inconceivable
that this system can be expanded
to store music. • •

Improved waveguide built of graphite
A new graphite epoxy composite
material is being used to build
waveguides, and t he result is structures that have less than half the
weight and thermal expansion of
devices made of invar material.
Moreover there are savings in
manufacturing costs, says the
Hughes Aircraft Co., maker of the
new waveguides. Brian Keller,
manager of the company's Materials and Processes Laboratory in
Culver City, Calif., notes:
"Our cost analysis indicates that
silver-plated graphite composite
waveguide devices can be produced
at less cost than their invar counterparts . We feel that these devices
will be used in such areas as satellites, airborne radar and missiles."
Invar waveguide is used in most
applications where thermal stability is important. Invar has a temperature coefficient of 0.9 x 10- 0
26

in/ in/ F. But it is very heavy.
Graphite epoxy composite has a
temperature coefficient of 0.4 x
10- 6 in/ in/F, and it weighs about
70 % less than invar.
The graphite material is similar
in structure to fiberglass. It contains long strands of graphite
fibers, bonded together with a proprietary epoxy. It comes in sheets
with thicknesses down to about 7
mils. To construct a waveguide
with good structural rigidity, four
plys are used to give a wall thickness approaching 30 mils.
Waveguide made of the composite material, according to Keller, works fine over a temperature
range of at least - 250 to +250 F.
Hughes compared a four-cavity
graphite composite filter with an
identical invar filter over a temperature range of 0 to 140 F. Both
filters were plated with silver, and

both were tested at a center frequency of 4.16 GHz. The insertion
loss of the graphite filter was a
nominal 0.29 dB against 0.30 dB
for the invar filter, according to
Keller. The frequency shift, measured over the entire temperature
range, was 0.40 MHz for the
graphite filter against 1.15 MHz
for the invar filter.
Keller notes that the breakthrough in making graphite composite a practical material came in
the area of plating. "It took a
while," he says, "but we finally
found a process that allows us to
put down a uniform coat of highconductivity silver plating."
Keller, who uses a plating thickness of about 1 mil on his waveguides, says they will work fine up
to the low-millimeter frequency
range. Above that dimensional
changes may occur. ••
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THE
525.
Grant's spectacular new progressive
action slide features incomparably
smooth operation • up to 150 lb.
load capacity• simple installation
• "quick-disconnect" mechanism •
wide range of sizes

It's ready tor action!

GRANF
WE KEEP THINGS MOVING

GRANT PULLEY & HARDWARE CO .
A Division of Instrument Systems Corporation
155 High Street, West Nyack , New York 10994
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War electronics proving useful
in search for oil in jungles
· Early this month a variety of
modified military electronic equipment, some of it of World War II
vintage, began the peaceful but
formidable job of exploring for
petroleum and mapping 130,000
square miles of the Amazon j_ungles of Peru .
Expected to take about three
months, the work is being carried
out by Grumman Ecosystems Corp.
for Petroleos de Peru, an oil company owned by the Peruvian Government. Ecosystems is a subsidiary of the Grumman Corp. of
Bethpage, N.Y.
"Although the pacified military
gear works well, newer systems for
ecological jobs will eventually
evolve," says Thomas W. Attridge
Jr., vice president of Ecosystems.
The position-locating techniques
now used, for example, range from
Shoran, a highly accurate, transportable bombing system used during World War II, to Transit, the
navigation satellite.
"We set up Shoran transmitting
towers on hills throughout the area
being mapped, and these give the
aircraft its distance from each
tower," explained R. W. Pate, Ecosystems' manager of systems technology. "We determine the position
of the hills themselves by taking
35 position fixes on each one with
the Transit navigation satellite."
Averaging out the results determines the tower's position within
10 meters. "Eventually," Pate says,
"we want a navigation and locating system that does not depend
on setting up sites on hills."
Map-making is being done now
by Motorola's sidelooking radar,
the AN I APS-94. The latter is the
prototype of the APS-94D, which
has been highly successful in
Vietnam in the Army's Mohawk
OV-lD surveillance planes. The
radar's mapping capability has
28

Grumman Ecosystems' manager of systems technology, R. W. Pate, searches
for mineral deposits in Peru with Texas Instruments' AN/ ASQ-81 magnetometer. In another ai rcraft the same area is mapped by sidelooking radar.

been improved by elimination of
its moving-target indicator.
This has freed an entire CRT to
present the fixed target seen from
the righthand side of the plane, and
an entire CRT for the lefthand
side. On the military version half
of each CRT is dedicated to fixed
targets and the other half to moving targets.
The sidelooking radar in Peru
is being flown in a modified World
War II Douglas A-26.
Sub chaser looks for oi l

The search for oil and gas is
being made by a Texas Instruments' AN I ASQ-81 magnetometer,
the type usually used by U.S. Navy
patrol planes to detect intruder
submarines. Ecosystems' sensor
protrudes from the tail of Grumman's Gulfstream I, a turboprop
corporate craft.
In the future, Pate said Ecosystems plans to augment its magnetic findings by sending out a
ground team to make a variety of
measure men ts-seismic, gravity,
geochemical and electromagnetic,

"the whole gamut of tricks in the
prospector's bag."
Also looking down through t he
floor of the Gulfstream I is an
IRSA 8 infrared line scanner made
by Daedalus. The scanner operates
at 0.5 to 5.5 µ or 8 to 14 µ. The
data output is continuous 70-mm
film converted from magnetic tape.
The plane's Doppler navigation
system, a GPK-1000, built by General Precision, has been modified to
give more precise readings than
are normally needed . It reads out
at 1/ 50th mile increments instead
of the conventional 1/5th mile. The
system has been tied in with the
flight director.
All the sensors and navigation
equipment feed into a digital
data-acquisition system that records on magnetic tape. One modification under way, Pate says, is
the addition of a verifier and printer for the tape recorder. "Now,
we have no read capabi lity," he
points out. "We know the tape
recorder is recording, but we don't
know if it's valid or recording correctly. With a read-and-write capability we'll know." ••
INFORMATION RETRIEVAL NUMBER 16
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Rogan's new
Alpha-knobs.
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8015 N. Monticello Ave. • Skokie, Ill. 60076
(312) 675-1234
TWX: 910-223-4547

Electro-optic lenses shield
eyes from nuclear flashes
Transparent goggles have been
developed that can sense a dangerous increase in light in 50 µ,s
and then darken their lenses to
save the wearer's eyes from damage. When the light level returns
to a safe level, the lenses automatically become transparent again.
Developed by researchers at Sandia Laboratories in Albuquerque,
N .M., the electro-optic lenses could
serve as a valuable protection
against nuclear flashes. And they
could be a safety device for arc
welders and metal workers. To
shield equipment sensitive to light,
the lenses could filter the light
that reaches light detectors, such
as image intensifiers and vidicon
tubes, the researchers say.
The lenses might also serve as
an electronic shutter for cameras,
an optical switch or light gate or
a variable-density transmission
window that could provide a gray
scale over four orders of magnitude.
Photochromic glass, produced by
Corning Glass and used by several
optical companies to make clear
glasses that become sunglasses on
exposure to strong light, takes several seconds to veact-not fast
enough to guard against nuclear
flashes.
The Sandia device is a sandwich
consisting of a polarizer, an elec-

Sandia inventors J.T. Cutchen (left)
and J .0. Ha rri s examine elect ro-optic
flashblindness goggles.

troded PLZT (lanthanum-modified )
lead zirconate-lead titanate ) ceramic and a second polarizer crisscrossed at 90 degrees with respect
to the first . The PLZT surface is
overlaid with an interdigital electrode array in which the electrodes
are 2 mils wide and separated by
40-mil gaps. The electrodes are
either sputtered copper or vacuumdeposited chromium-gold. Each
lens measures 1-1/2 inches in diameter.
A flash of light--or its beginning- is detected by an array of
five tiny photodiodes placed between the two goggle lenses. The
diodes- each of which has a different angle of visibility-are integral parts of a discriminator
circuit that senses the light-intensity threshold and switches the
goggles to their opaque state. This
is done by applying voltage to the
ceramic that alters the alignment
of the ferro electric domains
within the material so the alignment prevents light from passing
through. The level at which this
occurs may be adjusted by changing the values of resistors in the
circuit.
The power supply consists of a
5.4-V battery, a de-de converter
and electronics. It displaces 12 cubic inches and weighs 10 ounc;es.
And, Sandia says, it can be miniaturized still further.
Operating the goggles requires
only a few picoamperes of current,
although the converter has a potential of 950 V. The battery will
power the goggles for about 200
hours. The units Sandia has already developed have been triggered several thousand times without measurable degradation.
Light transmission through the
goggles when they are turned on
is about 21 % , and they are almost
colorless. U .S. Air Force sunglasses
transmit 15 % . When desired, the
transmission may be set to any
level between 21 % and "opaque"
-0.003 %-by means of a simple
rheostat control. "Near opaque,"
to which the lenses automatically
adjust when a bright flash starts,
is 0.01 % transmission. ••
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for CRT
DISPLAYS
Beckman offers a
high performance line
of test instruments.

In building flying spot
scanners, film and hard copy printers and recorders,
film readers, optical character readers, and other

They're designed to deliver reliable, high-quality
operation in your laboratory, industrial application
or test system. All instruments feature plug-in
IC 's for easy, low-cost field maintenance. A few
of these stellar performers are:
Model 3020 Line Noise Generator. Serves the
dual purpose of generating and measuring line
noise.
Model 6421 B Frequency Meter- 500 MHz.
Direct-read frequencies to one Hz in one
second. No prescaling input. Complete hands-off
operation.
Model 6401 Counter/Timer-136 MHz.
Extremely versatile, completely programmable
counter. Trigger level indicators simplify operation.
Model 1454 Digital Printer. Standard 7-column
BCD printout is expandable to 21 columns.
Flexibility provides integrated printout from
multiple data sources.
Model 1248 Counter Data Terminal. 136 MHz
counter provides direct interface to a computer
at a very low cost.
For information on our full line, call your local
Beckman representative, or call us direct at
(312) 671-3300.

Beckman "
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the long , laborious and expensive procedure of buying,
evaluating , and assembling deflection yokes, focus and

INSTRUMENTS , INC .

ELECTRONIC INSTRUMENTS DIVISION
3900 N . River Rd., Schiller Park, Ill. 60176
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CONSTANTINE ENGINEERING LABORATORIES COMPANY
UPLAND , CAL . 91786
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technology
abroad

For TRUE HERMETIC SEALING

Delays: 2 to 18.0 seconds*
Actuated by a heater, they operate on A.C., D.C., or
Pulsating Current .. . Being hermetically sealed,
they are not affected by altitude, moisture, or cli·
mate changes . .. SPST only - normally open or
normally closed . . . Compensated for ambient tern·
perature changes from -55° to +so•c.... Heat·
ers consume approximately 2 w. and may be ope·
rated continuously. The units are rugged, explosion·
proof, long-lived, and inexpensive!
TYPES: Standard Radio Octal and 9-Pin Miniature.
List Price, $4.00
*Miniatures Delays: 2 to 120 seconds.
All Amperite Delay Relays are recognized under
component program of Underwriters' Laboratories, Inc.
for all voltages up to and including llSV.

PROBLEM? Send for Bulletin No. TR-81.

.BALLAST
AMl'ERITE
REGULATORS

fiber-optic waveguide
experiments are being conducted
at Southampton University in
Britain. So far they have produced an unusually low transmission loss, on the order 10 dB / km,
with liquid-core fibers. The liquid
core internal diameter was 50 µxn.
(Bell Telephone Laborato·r ies in
the United States recently claimed a loss of 13.5 dB / km) . The
low-loss transmission region o.f
the new fiber extends to longer
optical wavelengths-for example,
the wavelength range for a 20
dB / km loss was found to be 0.8
to 1.1 ,µ,m. The experiments are
expected to increase interest in
multi-mode fiber-optic transmission systems, previously neglected
because of high attenuation and
narrow bandwidth limitations. A
research team at Southampton
University has been investigating
various materials for use in viable optical communication systems since 1967.
CIRCLE NO. 441

The sound-attenuation properties
of glass windo·w s can be measured
in the laboratory with a black
box developed by Pilkington
Brothers, a glass manufacturer in
Britain. Pilkingtcm's Spectrum
Shaper reproduces electronically
the sound-insulation "performance" o.f any window. Signals
representing raw traffic no·i ses
or the sound of a 747 jet taking
off are fed into the equipment.
The Spectrum Shaper adjusts its
volume and frequen cy to give the
true level of noise attenuated by
glass windows made with different materials in differ~mt configurations. A simulation of the
.degree of insulation, which varies
from 12-mm-thick glass to dual
windows with wide air-spaces, is
selected by a patch-board.
CIRCLE NO. 442

A novel constant-voltage-supply
transformer has been developed
by Brandenburg, Ltd., an English

high-voltage power supply manufacturer. The transformer was
designed for photomultiplier supplies in which voltage stability
was the prime requirement. The
output voltage of the transformer
remains constant despite large
changes in input voltage or the
load. The transformer has a high
leakage reactance with at least
two secondary windings . The
combined output of the two secondary windings is related-if
the output of one increases, the output of the other decreases. Thus
the output to the load can be controlled by varying the load on
either secondary winding. In use,
the transformer is supplied with a
fraction of the primary line voltage. This fraction is compared
with a reference voltage. When a
differential voltage appears, it is
applied to the control winding,
which in turn induces a correction
in the main output winding. The
same design technique can be applied to constant current supplies.
CIRCLE NO. 443

A technique that increases the
radiation resistance of silicon
planar devices has been developed
by the Siemens AG Research Laboratories in Germany. Improvements of radiation resistance by
factors of 10 to 100 a re reported to
have been achieved with only
relatively simple post-fabrication
radi a tion and temperature treat- ·
ment. This treatment is in contrast to the usual method that
involves the replacement of silicon dioxide by other passivation layers. Arising from a Governmentsponsored program to investigate
damage to electric components
caused by high-energy radiation
in and around the Van Allen radiation belts, the new radiationh a rdening technique ca:n be a pplied to other components without
additional development costs,
Siemens says.
CIRCLE NO. 444
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One Time, Introductory Offer

nimo64
s2995
DISPLAY AND SOCKET

The
ultimate readoutThe nimo" 64 by

[IEE],

... 64 different messages displayed in 1.5" of panel space!
nimO

64 position CRT and socket ... $29.95
... that's a 50% saving!

That's right ... for a limited time we are offering
the ultimate display - nimo 64 - for a cool $29.95. Or,
how about the complete display kit which includes:
the nimo 64-position tube, socket, filament transformer
and power supply. Everything you always wanted to
have to display the ultimate image. Price of the kit:
$49.95.
What's so great about nimo? Consider the following: nimo 64 displays the full typewriter keyboard
(ASCII/EBCDIC ), symbols, image combinations,
5-line messages, etc. - all this requiring but ,1 .5" of
panel space. The display is sharp, distinct, and true to
form , and no translation is required from coded mes-

sages as in competitive devices. Name the parameter:
cost, value, aesthetics. human factors . .. nimo 64 is
the answer to today's displa y applications. And, it's
uses are endless:
Key-to-tape/ disc terminals for character entry verification , digital instrumentation. annunciator systems.
computer prompters. optical data scanning systems.
teaching machines.
You name it, nimo 64 fits it.
This offer is good through December 1, 1972, so
act now.
Fill out the order form on the reverse side, check
the appropriate squares and attach your purchase
order, check, money order or hot cash and mail it in.
We'll act .. . like now!
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MECHANICAL CHARACTERISTICS

DISPLAY CHARACTERISTICS

DRIVER/DECODER

Operating position . . . . . . . . . . . . . Any
Envelope ........ . ...... .. . TI 2ZD 1
Base .............. . ...•.. . . 26 pin
Anode connection ....... Through base
Socket ...•..... . ..... IEE p/n 21049
Outside diameter . . . . . . . . . . . . . 1.50"
Max. overall length ...... . .... .4.750"
Seated height .... . ... . . . 4.250" + .OS

Display area . .......... 63 x .63 max.
Character height. ........ 0.562" max.;
0.125" min.
Message capability ...... Up to S lines,
8 letters per line
Character style ..... Modified alternate
gothic #3, or custom design

nimo®64 grid structure is arranged
such that 8 parallel aperture grid bars are
oriented at right angles to 8 blanking
grids with cathodes spaced inbetween.
Each one of the 64 so formed grid intersections constitutes an electron gun.
A gun is activated when both the intersecting grids are biased sufficiently positive. The gun will remain in OFF position
if one grid member is negative. There
are 16 lines required to address this 8 x 8
matrix.
The driver/decoder reduces the necessary number of control lines to six. By
using five integrated circuits, 8 blanking
grid control lines can be decoded from
3 binary weighted lines, while 3 additional binary lines can be decoded into 8
aperture grid control lines. Such an 8 by
7 matrix may be treated as an ordered
pair of numbers (a pair of 3 character
binary numbers), hence, a message may
be addressed i.e., one, eight (001, 100 in
binary) to display the message in the
upper right comer of the mask.
The above decoder I driver function requires the following:
2 SN 7442N - Decoders; 3 MC1820P
- Hex Inverters.
(Complete driver/decoders, memory/
non-memory are available for remote
mounting from IEE).
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Phyalcal Dimensions

ELECTRICAL CHARACTERISTICS

Filament voltage,
AC or DC ..... . ...... 1.75 ± .lSV
Filament current. ...... 0.8 amps max.
Anode voltage (normal) .... 2.0 KVDC
Anode current (max.) ....... . .. 80 p.A
Normal brightness ...•...... . . 70 ft.-L
Blanking grid voltage "off" .. -10 VDC
Blanking grid voltage "on" .. +2.S VDC
Aperture grid voltage "off" .. -10 VDC
Aperture grid voltage "on" .. + 2.S VDC
Phosphor (standard) ..... Color code 2
Fluorescence . . .. . Green (optional red
and blue phosphors available on special
order)
Persistence . . . . . . . . . . . . . . . . Medium

Anode Voltage Curve

ENVIRONMENTAL CHARACTERISTICS

Vibration . ........ 10-50-10 cps at .06
double amplitude on all axes
Shock ... . .. . .. . 3Sg's, 11 milliseconds
RFI .. . ........... Meets MIL-1-26600
Phosphor Life .. IS,000 hours at nominal
brightness without catastrophic failures
POWER SUPPLY

This 15 VDC-in/3 KVDC-out anode
power supply was specially designed for
the nimo 64 and is capable of driving up
to 8 tubes simultaneously. Dimensions:
I 'Al " x 1118" x ¥1 " solder connections.

---

RLAMENTTRANSFORMER

Ph" x 1%" x 1-lS/16". 2% " mounting
centers. Input I 17V, 50/60 Hz, or 220V,
SO Hz. Commercial quality.
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Title- - - - - - - - - - - - - - - - Firm'-- - - - - - - - - - - - - - - Depl.- - - -- - - -- - - - - - - Address•- - - - - - - - - - - - - - - City•--- - - - - - - - - - - - - - State'- - - - - - - - - - - -ZiP·- - - Telephone- - - - - - - - - - - - - -Amount enclosed

$•-- - - - - - - - - - -

Purchase order# - - - - - - - - - - -
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Have your local Representative
call me for a demonstration.

washington
report
The McGovern defense program : Some clues
Where would Senator George McGovern slash the defense budget to
save the $30-billion he says he would over two years? Robert Sherman,
a member of the Presidential candidate's staff on defense strategy, has
given ELECTRONIC DESIGN the following clues:
Conversion of Minuteman missiles to more powerful warheads . would
be held to 250 missiles, about half the number the Pentagon wants.
Twenty Polaris submarines would be converted to the Poseidon configuration instead of 30. Deployment of the Safeguard system would be halted
and the ABM work would be confined to research and development.
Prototype development of the B-1 bomber would be stopped; any future
research and development and procurement decisions would be aimed at
increasing the potency of existing bombers. While older B-52 bombers
would be phased out, McGovern recommends buying SRAM and SCAD
missiles for the B-52 and the FB-111 force. He would continue research
on the super submarine, Trident, bllt hold off freezing design "until the
nature of the Soviet threat that it is designed to face is proven to his
satisfaction," Sherman said.
Senator McGovern would cancel the F-14 program, turning instead
to a lightweight fighter now being studied by several companies or to
an improved F -4. He recommends six aircraft carriers instead of 12,
and no further funds for escort ships. He would, however, plan for a
nuclear attack submarine fleet of 84 subs.
Such a budget, Sherman says, would provide the "necessary elements
of national interest, including nuclear deterrents, protection of NATO,
protection of Israel, and would give the U.S. some ability to operate
in waters off Asia and Latin America, if necessary.''
While many jobs in the defense industry would conceivably be threatened by such a budget, Sherman says, "that McGovern has detailed plans,
.for transfer of such talent to greatly expanded Gove,rnment programs on
environmental problems, mass transit, emergency medical care and traffic
control."

Military programs facing tests in Congress
New threats to military hardware projects are looming as Congress
returns from recess to consider Defense Dept. money bills. Among the
major targets will be Grumman Corp.'s F-14 aircraft and the Litton
DD-963 destroyer. Both programs are now projected at substantially over
their initial estimates.
The Senate and the House already have slashed the DD-963 program
[or this year from $610-million to $247-million, but both bodies of ConELECTRON IC D ESIGN
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gress reluctantly approved $773-million requested for the F-14. The E-3A
fighter aircraft's airborne warning and control system was slashed by
$309.9-million in procurement funds, but $83-million was added for research and development. In other items the House approved the President's request for ABM protection of Washington, D.C., but the Senate
voted it down. While the House voted to provide six Advanced Airborne
National Command Post aircraft, the Senate approved only four.
These differences are being settled in a conference of House and Senate
members on the Military Authorization Bill. The next round begins when
the House Appropriations Committee reports on the Defense Appropriations Bill, which provides the actual amount the Defense Dept. can spend
this year within the ceiling of the Authorization Bill.

U.S. may ease exports to Soviet bloc
Congress is considering legislation that could greatly increase the
export of high technology items to the Soviet Union and other Communist countries. A proposed bill would require the Secretary of Commerce
to restudy the list of prohibited export goods and remove those that
already are freely available from foreign sources. The Commerce I)ept.
would also be required to justify any unilateral controls imposed on items
and to set up industry-government committees to review specific items.
The bill, S.3727, has been passed by the Senate and is being considered by
the House.

FCC decision due on TV uhf tuners
The Federal Communications Commission is expected to decide the end
of August on a request by the electronics industry to modify the government's requirements for future television uhf tuning equipment.
The Electronic Industry Association urged the FCC late in July to
reconsider a requirement that all TV receivers sold after July 1, 1974,
have 70-position channel mechanisms, with afc, and a reset accuracy
within the pull-in range of afc circuitry in use today.
EIA told the Commission that the afc circuitry would price black-andwhite TV sets and low-cost color sets out of the market. The association
also has asked that the Commission relax the deadline date, since such
tuners are not now available for sets already under construction for marketing in that time frame. In addition the EIA has asked the FCC to limit
the uhf TV channels that must be received to channels 14 through 69,
effective July 1, 1974.

Capital Capsules:

The Naval Electronics Laboratory in San Diego will have the last
word on the design of many of the Navy's most important electronic systems due to a revision in the Naval Electronics Systems Command's
charter. The Command's responsibilities now include command, control
and communications .... The Bureau of Labor Statistics says that while
average salaries for white-collar workers in private industry rose 4.4 %
over the nine months from June, 1971, to March, 1972, engineers salaries
rose 3.9%. . . . The Electronic Industries Association is calling for
papers for its 23rd Electronic Components Conference, to be held next
May 14-16 in Washington, D.C . . . . Power-tube sales were up 19.8% in
the first quarter of this year, reaching $7-million, according to the EIA .
. . . The Pentagon has decided to go forward on development of a more
accurate and destructive re-entry vehicle for its Minuteman force. The
vehicle is called the Mk-19.
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TEKTRONIX®

16HZ

Direct-Access
Oscilloscope

DR ...

51MHZ

...

8 x 10 cm display
CRT READOUT

8 cm/ns writing speed
7A19 Amplifier
500 MHz @ 10 mV/div
7D14 Digital Counter
525 MHz direct counting
7892 Dual Time Base
500 ps/div

DR ...
TEKTRONIX 7904
featuring extended performance or general purpose use, from one
mainframe and a family of plug-ins.
Extended Performance -

20 kHz to 1 GHz

Plug in the 7A21N and install a simple vertical amplifier bypass to directly
access the CRT. The bandwidth - 1 GHz, and risetime - 350 ps. Less than
4 V/div driving signal required - single ended or differential. Sorry - no
CRT READOUT- vertical amplifier bypassed.

General Purpose -

choose from 24 compatible 7000-Series
plug-ins for virtually
any measurement

DC to 500 MHz

Plug in the 7A19 - 500 MHz bandwidth at 10 mV/div, 7B92 - delaying sweep
rates to 500 ps/div, 7014 - direct counting to 525 MHz. As your applications
and measurement requirements change, choose from 24 plug-ins for: • sampling • TOR • spectrum analysis • curve tracing • digital multimeter •
etc., etc. TEKTRONIX 7904 . . . A product of technical excellence.
For further information or a demonstration call your nearby TEKTRONIX Field
Engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton , Oregon 97005.

7904 Oscilloscope . . . . . . . . . . . .
7904 Oscilloscope, without readout
7A19 Amplifier . . . . . . . . . . . . . . .
7A19 Amplifier, with variable delay
7D14 Digital Counter . . . . . . . . .
7892 Dual Time Base . .......
7A21 N Direct Access . . . . . . . . .

$2900
$2500
$500
$700
$1400
$1400
$350

U.S. Sales Prices FOB Beaverton , Oregon
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to build a better

VHF/UHFFET
IT
u
U310

SIG

•
mixer:

I. f.

J

.r-11--~...._~~--....-~~___,,,Vv-~--+-----Q~DD20V

Try our U310 junction FET in this balanced
mixer and make your own performance comparison. Our results are below. The inherent
square-law transfer characteristic of the FET ensures high intermodulation intercept and signal
desensitization. The grounded-gate connection
is most stable, while source injection of both the
signal and local oscillator make easy impedance
matching into the FETs. Also, the balanced configuration reduces l.o. radiation from the signal
port and suppresses the generation of even harmonics (which helps reduce intermodulation).

How do you select an optimum JFET
for a mixer? Low gate capacitance is needed
for wide bandwidth - the Siliconix U310
typically has Cgs = 4.5 pF and Cgd= 1.9 pF.
Useful conversion gain comes from high
transconductance. Our U310 has typical
g rs = 14,000 µ.mhos. Dynamic range is
bracketed by the lowest drain current for
an acceptable noise figure and the maximum
drain current-typically loss= 40 mA
for the U310. For an optimum balance,
matched pairs are available.

50-250 MHz Mixer Performance Comparison
Characteristic
IntermodulatioR Intercept Point
Dynamic Range
Desensitization Level (the level for an
unwanted signal when the desired signal
first experiences compression)

JFET

Schottky

Bipolar

+32dBm

+28 dBm

+ 12 dBmt

100 dB

lOOdB

80 dBt

+8.5 dBm

+3dBm

+ 1 dBmt

Conversion Gain

+3 dB*

-6dB

+18 dB

Single-sideband Noise Figure

6.5 dB

6.5 dB

6.0dB

t Estimated

• Conservative minimum

There's a lot more to this, so

write for data
and get the complete story on VHF /UHF mixing and the Siliconix U310.
Applications Engineering: (408) 246-8905

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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(editorial)

Why 'waste' money
on space?
With the successful launching of the ERTS
(Earth Resources Technology Satellite), the
eyes of the public have finally been focused on
some of the benefits of the space program to
the quality of life here on earth. ERTS will
provide data that will help solve problems in
agriculture, forestry, geology, land-use management, hydrology, pollution control, oceanography, meteorology and ecology.
While the space program has the public's
eye, you can ease the path of NASA's budget
through Congress by making your legislators
and your neighbors aware of the good that
space research does on earth. Here are but a few of the items to mention:
Did you know that NASA paid for the development of the principle of
freeze.drying foods? Today you buy freeze-dried coffee and freeze-dried
foods to be used when camping. Did you know that Teflon (a duPont
trademark) coating was developed primarily for NASA? How many
people have Teflon-coated pots and pans? Did you know that the intensivecare units that monitor heart-attack victims were originally developed to
monitor astronauts? Some other recent applications of NASA-developed
technology include digital clocks; super-fireproof suits and thermal underwear for firemen; antifogging compounds for helmet visors, windshields
and eyeglasses; a caulking compound for bathroom tile; sight switches
for paraplegics, so that the blink of an eye can turn a page in a book
or call a nurse; the telemetry of EKG readings from a patient or ambulance, and a lightweight torch that can cut through steel plate at the
rate of a foot a minute to release people trapped in cars after an accident.
Let's not forget communications satellites for watching Presidents on
distant trips or weather satellites to help us plan next weekend's picnic.
The same type of navigation system that took the Apollo astronauts to
the moon now guides our commercial jets from coast to coast. NASA is
even working on nonpolluting automobile engines.
Think twice when someone asks, "What good does it do here on earth
to land a man on the moon?" Yes, it's true. Problems here on earth are
solved by more technology, not less.

DAVID N. KAYE
Senior Western Editor
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Digital cassette and cartridge recorder
users are all looking
for the same product.
Ideally, it should store as
much data as a disc, start and stop instantaneously, run at high speeds, use a medium that is
interchangeable from drive to drive, operate forever, require no power and cost nothing.
Cassette and cartridge manufacturers start out
on equal ground in trying to satisfy these desires.
That is, they both use magnetic tape as the recording medium. From that point on, the similarity ends. Although cassettes and cartridges
are technically the same animal, the digital-recorder industry has chosen to call the Philipstype cassette a cassette and any other type of
cassette, a cartridge. ELECTRONIC DESIGN will
adhere to the same basic definitions. In the industry a further distinction has arisen. While
cassettes have 0.150-inch tape width, most cartridges use 1/ 4-inch wide tape.
Since cassettes were originally intended for
audio use rather than digital use, they are not
designed optimally for the digital world. Cartridges, on the other hand, are designed for digital applications from the start. Cartridges can,
therefore, be more readily designed with high
performance in mind.
Many unusual driving and tape-guiding
schemes have been incorporated in cassette systems to increase system performance. The complexity of these designs has made the purchase
of cassette recorders more difficult. This condition has also led to much specsmanship in such
areas as capacity, speed, reliability and cassette
interchangeability from one drive to another.
Cartridge drive manufacturers, also, are prone
to play many of the same specsmanship games as
the cassette industry. With cartridges, one of the
problems is that every cartridge is different. At
David N. Kaye
Senior Western Editor
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Bell & Howell's model 410 digital cassette decorder pulls
tape out of the cassette in order to wrap it around a
large capstan . This allows much more precise tape con·
trol than is possible with the small capstans that many
other manufacturers use.

least, all cassettes are very similar.
In fact, ANSI (American National Standards
Institute) and ECMA (European Computer
Manufacturers Association) have recently agreed
upon an international standard governing cassettes and the data-recording method for them.
This, at first glance, is certainly a step in the
ELECTRONIC DESIGN
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Data General has packaged three transports in a single
package for use as a peripheral with its Nova minicomputers. The transports are of a reel-to-reel type with
constant reel speed but variable tape velocity. Readafter-write recording heads are standard on this drive.
An unusual encoding scheme avoids an extra clock trac.k.

as paper-tape replacement, CRT terminal loading
or a large number of inexpensive business applications. These markets call for a recording
scheme that is incremental by character. This
type of recording makes extremely inefficient use
of tape if done in accordance with the ANSIECMA standard. The ·aim of the new standard
is to allow a cassette recorded on any machine
to be played back on any other machine. At
present, ANSI, recognizing the problem, has set
to work on developing an incremental-by-character standard to complement the existing standard. Until this standard is completed, many of
the cassette recorder manufacturers-those making incremental recorders-will not sell ANSIcompatible machines.
When to use cassettes or cartridges?

Most cartridge recorders have been designed

Threshold voltage adjustments are made in the electronic
circuitry of an International Computer Products Digideck.
The technician uses a specially constructed test console

of a type that most manufacturers have constructed for
use in testing their own tape decks. The Digideck drive
is primarily aimed at the paper-tape replacement market.

right direction. It turns out, however, that it is
a step in the right direction only for those manufacturers making file-oriented recorders aimed at
on-line computer peripheral applications.
More than 75 percent of the digital cassette
recorders sold to date are asynchronous, byte or
character oriented and aimed at such markets

to be on-line minicomputer peripherals. Some
cassette recorders have also been designed for
the same application. If this is your application,
you will find good recorders of both types. If, on
the other hand, your application is of the type
calling for incremental-by-character recording,
the choice is clearly a cassette system. Available
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recorders in the latter category have been getting better and better recently.
In the past, the marketplace was cluttered with
companies that had merely modified an audio
cassette recorder for the digital job. These recorders were notorious for their unreliability and
they almost killed the cassette recorder industry
before it had a chance to begin to mature.
One indication of the increasing maturity of
the cassette industry is that the larger mainframe minicomputer houses, such as Digital
Equipment Corp. and Data General, have finally
become convinced of the reliability of cassette
recorders and have begun to market their own.
One of the few cassette drives to meet the new ANSI
specifications for cassette recording is the Electronic
Associates, EAi CT 1000. It uses a capstan, pinch roller
drive with a proprietary tension-adjust servo.

Cartridge recorders compete with cassette recorders for
high performance applications. Digitronics MCT-7 mini
cartridge transport uses a special spring-loaded cartridge and only a single de drive motor. It has a 7 ips
read /write speed and an 18 ips file search.

Tri-Data produces several digital cartridge recorders.
The drives handle either two or four cartridges at a time.
The 1/4-inch tape is contained within the cartridge as
an endless loop. Tri-Data's drives all output data in
parallel format of either 8, 12 or 16 bits.
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Cassette recorders have physical problems

Since even the best designed cassettes do not
provide accurate tape alignment across the surface of the magnetic recording head, the tape
transport must do this job. Among the techniques
used are: little metal finger guides connected to
one side of the recording head ; a pair of metal
rails across the surface of the head through
which the tape is passed; small grooved guides
that are placed a small distance from the head
either on one side or the other (sometimes these
are placed on both sides of the head) ; and spring
loaded guides placed on both sides of the head
a short distance away.
Each of these schemes has problems. However,
some additional guiding definitely is necessary,
and, therefore, one or a combination of these
schemes is us~d on most every recorder. The
main problem caused by these guides is that as
the tape skews to one side or the other, the
guides can cause edge damage to the tape. Some
companies get around the problem by pulling the
tape out of the cassette for a few inches and then
more carefully guiding it around a large capstan
and past the recording head. This scheme is used
by such companies as Dicom, Bell & Howell and
Electronic Processors. These techniques have, the
advantage of more accurate · gufd.ance,· ·but : the
disadvantage of more moving parts · and, there~
fore, less reliability~
Cassette recorders can be classified into two
basic categories, determined by the method of
driving the tape. The basic method2 are: capstan
drive and reel-to-reel drive.
In a capstan drive system, the tape is forced
against a capstan (a rotating cylinder) which is
turned by a de motor. The motor may either be
continuously rotating or may be servo controlled.
If it is continuously rotating, the tape is forced
against it only when tape motion is desired. If it
is servo controlled, the tape is against the
capstan at all times and is completely controlled
by it.
ELECTRONIC DESIGN
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In the continuously rotating capstan drives,
when contact with the tape is desired, a pinch
roller clamps the tape to the capstan and holds
it there, hopefully without slippage. The pinch
roller is driven by a solenoid in most cases and
is the cause of most of the problems that occur
with this type of drive. Pinch rollers can grind
dirt into the tape and can damage the tape when
they clamp down on it repeatedly. Sometimes the
tape has even been known to get stuck on the
capstan and wrapped around it.
All is not bad with capstans, however. They
do have the advantage of careful tape-speed control in the vicinity of the recording head. Capstan
drives that keep the capstan in contact with the
tape at all times eliminate the need for solenoids
that can fail. Also they eliminate the action of
the pinch roller banging into the tape. But the
capstan motor must have better performance
than is needed for other systems, and it must
have speed-control circuitry associated with it.
Some machines use a capstan on either side of
the head. This provides a certain amount of
redundancy and allows for more accurate tape
control. Of course, it takes an extra motor and
costs more.
Reel-to-reel drives use servo-controlled reel
motors on the two hubs of the cassette. They
often have a servo-controlled tension adjust
system as well as a servo-controlled speed adjust
system. They derive their servo information
either from the back emf of the motors, from
tachometers or from a prerecorded clock track
on the tape. These drives are much easier on
the tape and have less objectionable failure
modes. However, they have trouble maintaining
tape speed and tension within the tolerances that
a capstan machine meets routinely.
Cartridge drives are primarily of a capstan
variety. However, they usually have a method of
tension adjustment that eliminates the need for
pinch rollers. Guiding of the tape in the vicinity
of the head is done within the cartridge, and,
therefore, cartridges can usually be interchanged
from one drive to another as long as they are all
made by the same manufacturer.
Specs are often confusing

Reliability is the most important and least
understood spec of all. In fact, it doesn't even
appear on most spec sheets. Reliability encompasses error rate, MTBF (mean time between
failures) and MTTR (mean time to repair a failure once it occurs) .
Error rate breaks down into two categories:
hard error rate and soft error rate. Hard errors
are errors that will not be corrected no matter
how many times you try to reread the tape. Soft
ELECTRONIC D ESIGN
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High speed and high density are characteristics of the
Peripheral Dynamics 4200 Digital Cassette Tape Recorder. It is a reel-to-reel drive with servo-controlled tape
speed and tension. It records on 4 tracks in order to
store up to 8 million bits on_ a standard cassette.

Cipher Data's Mini-cette 2000 is a high performance
read-after-write cassette system. It is one of the few
cassette recorders that is compatible with the ANSI
specifications. It is also one of ·few recorders that allow
recording on both sides of the cassette. One track of
data is recorded on each side.

errors are errors that can be corrected upon one
or more rereadings of the tape. Typical }:lard error rate is 1 in 108 • Typical soft error rate is 1 in
107. Sometimes these numbers are measured after
a given number of passes of a cassette over the
head. Some manufacturers provide controllers that
will detect a bit error and automatically go back
and reread the tape location of the error a fixed
number of times or until the error is corrected.
Error detection is usually either by parity bit or
cyclic redundancy code. Some drives have a dualgap read-after-write recording head to facilitate
error detection.
MTBF is quoted, for cassette and cartridge
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recorders, at between 2000 hours and 5000
hours. MTTR is usually quoted at about 30 minutes. Few manufacturers, however, will tell you
how they arrived at these figures. Some manufacturers just guess. Others quote experience on
units in the field. Unfortunately, those units are
not necessarily the same model as the one you
are buying. Some companies calculate the figures
and others do some form of accelerated life
testing. These figures also depend upon the manufacturer's definition of a failure. For example,
although a motor might normally fail after 2000
hours, a manufacturer might quote 5000 hours
MTBF on the condition that the motor is replaced every 2000 hours.
MTTR is important only if you can repair the
machine yourself or get a service man out to
do it. Many manufacturers require that the recorder be returned to the factory for service.

Five of the more popular data encoding techniques are
illustrated in the table. Phase encoding is the method
accepted by the new ANSl-ECMA standard.

Remex RCP drives can be packaged with up to 3 drives
to a case or can be bought as a transport for a single
cassette. Remex stresses cassette interchangeability be·
tween systems and between decks in the same system.
The drive is of the dual capstan variety.

Capacity is not an extremely important spec,
neither is access time. In fact access time is so
long that it is never quoted. Capacity can range
from 0.2 Mb to over 11 Mb for cassettes and
cartridges. Sometimes it is also quoted in bytes
or characters.
Most manufacturers quote a capacity that is
derived by taking the bit density on the tape and
multiplying it by the length of tape, and then
again by the number of tracks. But this is not
realistic. Most data are recorded either in the
form of~ or 11 bit characters separated by intercharacter gaps, or in the form of multibit records
separated by multi-bit inter-record gaps. The
gaps are not usable capacity. Neither are the
preambles or postambles associated with each
data record. These gaps and other nondata bits
must be subtracted out to get usable data capacity. Inter-record gaps depend on the start and stop
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times of the drive being used. These times are
usually tens of milliseconds and they vary according to the read/ write speed of the particular
drive being used. Start and stop times are often
given on data sheets, but it is often not clear
which running speed is associated with them.
Spec sheets will often call out the method of
recording. It may be phase-encoded, biphase,
NRZ, NRZI, BMS, or some other technique.
Phase encoding is the method called out by the
ANSI standard. The accompanying table illustrates the differences between some of the more
common recording techniques.
Speed is often an unclear spec. Often more
than one speed is called out. For example, the
data sheet might say: Speed-2, 20, 80. This
usually means that 2 and 20 inches per second
(ips) are a pair of read/ write speeds. Rewind
or file search is most likely done at 80 ips. Most
capstan drive cassette machines do not read/
write at a higher speed than 15 ips. Reel-to-reel
cassette drives can occasionally read/ write up to
30 or 40 ips. Some cartridges can go even faster.
Environment is an often neglected factor in
specifying a cassette or cartridge drive. Is the
system going to operate on a factory floor, in an
office, a gas station or maybe a computer room?
If the answer is not a computer room, the environment may be crucial. Tape is not happy at
temperatures above 120 F and at humidities of
95 percent or higher. Tape can get soft and
ELECTRONIC D ESIGN
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Data cartridge from 3M Co. uses 1/4-in tape wound on
two coplanar reels. This cartridge accepts four tracks of
data recorded at a density of 1600 bpi. A unique plastic
drive band maintains tape tension within the cartridge
and allows single-point driving at speeds of up to 90 ips.

stretch. Or tape can stick to itself in the reel and
cause uneven tension as it pulls apart.
Price is the stickiest subject of all. What does
the price include? Does it include: a controller,
power supply, mounting hardware, case, read/
write electronics, more than one speed of operation, bidirectional operation, motor controls,
read/ write or read-after-write recording head?
If it contains a controller, does the controller
have: serial/parallel conversion, error detection,
error correction strategy, level shifting or special
interface to your digital system. Often, for OEM
customers, the price includes only the mechanical transport with no electronics of any kind. To
make a fair comparison, you must specify all the
desired options and get a written quote from a
variety of manufacturers.
Above all, it is necessary to run benchmark
tests. Never buy a cassette or cartridge recorder
without first trying it in your system. When
checking the quoted specs, make sure you test
in accordance with the manufacturer's test procedure, not your own. The manufacturers all
make the measurements differently.
Cassettes galore but few cartridges

A whole array of companies have recently
joined the cassette recorder scene. They includ~
Ross Controls, Memodyne, Interdyne, EAI,
Peripheral Dynamics and several others. LongELECTRONIC D ESIGN
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standing companies in the business include
Cipher Data, Sykes, Sycor, International Computer Products and Dicom. Many others fit into
an in-between category in terms of longevity and
penetration in the cassette business. Of the cartridge drive companies, Tri-Data and Digitronics
are the best known. Most talked about of the
1/ 4-inch cartridges is a one-year-old entry from
3M Co.
Single-point motor drive, internal tension control and a dual-hub coplanar package are some of
the features of the 3M cartridge. It operates at
speeds to 90 ips reliably and can stand tape acceleration and deceleration of 2000 in/ s 2 • Recording densities of 1600 bpi are recommended
on four tracks. This gives the 3M cartridge a
400-percent capacity advantage over ANSI standard cassettes. ANSI standard recording density
is 800 bpi on only 2 tracks. Soon to introduce a
drive for the cartridge is 3M itself. Others stating intentions in that direction include HewlettPackard, Kennedy and Mohawk Data Sciences.
Tri-Data calls its cartridge systems Cartri-files.
The cartridges are of an endless-loop design and
the read/ write speed is 10 ips.
Digitronics makes the MCT-7 cartridge drive.
This has a read/ write speed of 7 ips and a file
search speed of 18 ips. The cartridge is spring
loaded to maintain constant tape tension.
Few current cassette drives on the market
meet the new ANSI standard. Manufacturers
that do have drives meeting the standard include:
Dicom, Computer Access Systems, Peripheral
Systems, Raymond, Sycor, EAI, Interdyne, Sykes,
Ampex and Cipher Data. Some of these drives
are reel-to-reel and some are capstan types. All
of these drives are capable of being on-line minicomputer peripherals.
Among the drives aimed at the paper-tape-replacement market are units from: Kybe, Memodyne, Telex, Bell & Howell, Chalco, Remex, International Computer Products and others. Many of
the companies that make ANSI standard drives
also make paper-tape-replacement types. Most of
these drives are either incremental-by-character
in format or have a built-in buffer memory for
outputting data in the proper format. The major
advantage that these drives have over paper-tape
systems is ease of editing data on the tape. With
a cassette system you just rewrite over the record
to be corrected. For applications which merely
involve program loading or data loading, most
of these drives come in a unidirectional configuration. That is, they can drive the tape in one
direction only and can not back up and rewrite
a record.
Unidirectional drives also find a home in inexpensive computer terminals where they serve as
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buffer memory for a CRT. Better terminals use
bidirectional drives to allow more flexibility in
data manipulation.
Cassettes and cartridges are getting more

flexible and more reliable month by month. They
provide a reasonably inexpensive data storage
medium that can considerably expand the capability of small digital systems. • •

Need more information?
The products cited in this report have, of
necess ity, received only cursory coverage. And
they don 't represent the vendors' full lines.
Re a ders may wish to consult the manufacturers
li sted here for more details. For quick response,
circle on the retrieval card the boldface numbers that are shown below:
Ampex Corp., 13031 W. Jefferson Blvd., Marina del Ray,
Calif. 90291. (213) 870-2121. (Jim Casey, Marketing Support Manager)
.
Circle 380
Anderson -Jacobson , Inc., 1065 Morse Ave ., Sunnyvale, Calif.
94086. (408) 734-4030. (Richard lndermill, Director, Corporate Development)
Circle 381
Applicon, 22 Third Ave. , Burlington, Mass. 08103 . (612) 2727070. (Paul Schmitz, Vice President, Marketing) Circle 382
Bell & Howell, 360 Sierra Madre Villa, Pasadena , Calif. 91109.
(213) 796-9381. (Roy Gregory, Advertising Manager)
Circle 383
Braemare Computer Devices, 505 W. 79th St., Minneapolis,
Minn. 55420. (612) 884-8155. (Dick Morris, Executive Vice
President)
Circle 384
Burroughs Corp., 5411 N. Lindero Canyon Rd ., Westlake Vil lage, Calif. 91360. (213) 889-1010. (L. Coon, Product
Evaluation)
Circle 385
Canberra Industries, Inc., 45 Gracey Ave ., Meriden , Conn .
06450. (203) 238-2351. (Stephen Johnson , Marketing Manager)
Circle 386
Chalco Engineering, 15126 S. Broadway, Gardena, Calif.
90248. (213) 321 -0121. (Jim Fox, Director, Marketing)
Circle 387
Cipher Data Products, 7655 Convoy St., San Di ego, Calif.
9 2 1,11 . (714) 277-8070. (Peter A . Gilbody, Sales Manager)
Circle 388
Computer Access Systems, 2645 E. Buckeye Rd. , Phoen ix,
Anz. 85034. (602) 267-1444. (Brent Welling, Vice President)
Circle 389
Computer Terminal Corp. , 9725 Datapoint Dr., San Antonio,
Tex . 78229. (512) 696-4520. (Lloyd Shiller, Marketing Man ·
ager)
Circle 390
Conrac (Formerly Auricord), Mill Rock Rd ., Old Saybrook,
Conn . 06475. (203) 388-3574. (John Moore, Marketing
Manager)
Circle 391
Datacord, Inc .• 795 Kifer Rd ., Sunnyvale, Calif. 94086. (408)
73 2-7540. (Larry Lehman , Applications Engineer)
Circle 392
Data General Corp ., Route 9, Southboro, Mass. 0177 2. (617)
485-9100. (Gus Ashton, Sales Manager)
Circle 393
Delta_ Data Systems, Woodhaven Industrial Park, Cornwells
Heights, Pa . 19020. (215) 639-9400. (Howard Podguerski ,
Marketing Manager)
Circle 394
Dicom Industries, Inc., 715 N. Pastoria, Sunnyval e, Calif.
94086. (408) 73 2- 1060. (Robert Conger, Marketing Manager)
Circle 395
Digital Equipment Corp ., 146 Main St. , Maynard, Mass.
01754 . (617) 897-5111. (David Chertkow, Marketing Man ·
ager)
Circle 396
Digitronics Corp., Route 9, Southboro , Mass. 0177 2. (617)
481 -2 500. (Sy Glasser, Marketing Engineer)
Circle 397
Dynamic Peripherals, P.O. Box 56, Nabnasset, Mass. 01861.
(617) 692-4421. (Joseph Antognomi, President) Circle 398
Dytro Corp., 63 Tee St., Hicksville, N .Y. 11801. (516) 8222130. (Martin Raphael , President)
Circle 399
Electronic Associates, Inc., 185 Monmouth Pk ., West Long
Branch, N.J. 07764. (201) 229-1100. (Todd Martin, Manager, Cassette Transports)
Circle 400
Electronic Labs, 3726 Dacoma St., Houston , Tex. 770\ 8.
(7 13) 686-8656. (John Humhpreys, President)
Circle 401
Electronic Processors, 5050 Federal Blvd ., Englewood , Colo.
80110. (303) 798-9305. (John Geraghty, Assistant Product
Manager)
Circle 402
Genisco Technology, 18435 Susana Rd ., Compton , Calif.
90221. (213) 537-4750. (Pete Godinez, Sales Manager)
Circle 403
Hazeltine / Electronics Div. , Cuba Hill Rd ., Greenlawn, N.Y.
11740. (516) 261 -7000. (Sal Nuzzo , Vice Presid e nt)
Circle 404
Hewlett-Packard Calculator Div., 815 14th St., S.W ., Loveland , Colo . 80537. (303) 667-5000. (Dean Millett, Marketing Manager)
Circle 405
lncre-Data Corp., 6405 Acoma Road S.E. , Albuquerque , N.M.
87108. (505) 265-9575. (Roland Fischer, Marketing Manager)
Circle 406
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Interdata, 2 Crescent Pl. , Oceanport, N.J . 07757. (201) 2?9 4040. (Joseph Popolo, Marketing Manager)
Circle 407
lnterdyne, 14761 Califa St. , Van Nuys, Calif. 91401. (213)
787-6800. (Frank Bumb, Vice President)
Circle 408
International Computer Products, 601 Dooley · Rd. , Dallas,
Tex . 75 234. (214) 239-5381. (David Griffin, Marketing Manager)
Circle 409
Kybe Corp. , 132 Calvary St. , Waltham, Mass . 02154. (617)
899-0012. (Robert Borshay, Marketing Manager) Circle 410
Leach Controls, 717 N . Coney Ave ., Azusa, Calif. 91702.
(213) 334-8211. (Jim Shenk, Sales Manager)
Circle 411
Lockheed Electronics Co. I. T ., Route 22, Plainfield , N .J .
07061. (201) 757-1600. (Earl Nadeau, Director of Engineer·
ing)
Circle 412
MCA Technology, 13035 Statlcoy St., N. Hollywood , Calif.
91605 . .(213) 875-1900. (Bart B i ngaman, Sales Manager,
Uda c Div.)
Circle 413
3M Mincom, 300 S. Lewis Rd ., Camarillo, Calif. 93010. (805)
482-1911. (Ed Crosby, Marketing Manager)
Circle 414
Memodyne , 369 Elliott St., Newton Upper Falls , Mass . 0 2 164.
(617) 527-6600. (James Pastoriza, President)
Circle 415
Memorex , San Tomas, Central Expwy., Santa Clara, Calif.
95052. (408) 987-1000. ( Larry Lindsey, Product Manager)
Circle 416
Mobark Instruments, Inc., 1080-D Duane Ave ., Sunnyvale,
Calif. 94086. (408) 736-8540. (Dick Barton , Marketing Man·
ager)
Circle 417
MSI Data Corp., 340 Fischer St. Costa Mesa, Calif. 92627.
(714) 540-6600. (Gary Liebl, National Sales Manager)
Circle 418
NCR, Main ~ K Sts ., Dayton , Ohio 45409 . (513) 449-2 000.
(H. V. Schiffer, Vice President, EDP Products) Circle 419
North Am erican Philips, 100 E. 42nd St., New York , N.Y.
10017. (212) 697-3600. (Patrick Greaney, Marketing Man ager)
Circle 420
Novar GTE, 2370 Charleston Rd ., Mountain View, Calif.
94040. (415) 966-2773 . (Ted Tickett, Advertising Manager)
Circle 421
Peripheral Dynamics, 1809 National St., Anaheim, Calif.
92801. (714) 871-2200. (Jim Bybe, President)
Circle 422
Peripheral Systems, 215 Little Falls Rd ., Fairfield, N .J . 07006.
(201) 256-6171. (Lee Milligan, Marketing Manager)
Circle 423
Raymond Engineering, 217 Smith St., Middletown, Conn .
06457 . (203) 347-5611. (Robert Duffy, Product Manager)
Circle 424
Redactron, 100 Parkway Dr. S., Dept. 420, Hauppauge, N .Y.
11787. (516) 543-8700. ( Robert Schadt, Marketing Services
Director)
Circle 425
Remex , Div. of Ex-Cell -O Corp., 1733 Alton St., Santa Ana,
Calif. 9 2705 . (714) 557-6860. (Bill Walker, Sales Manager)
Circle 426
Ross Controls Corp., 381 Elliott St., Newton , Mass . 0 2 164.
(617) 969-9 240. (Edward A. Ross, President)
Circle 427
Sycor, 100 Phoenix Dr., Ann Arbor, Michigan 48104. (313)
971 -0900. (Richard Connor, Product Manager)
Circle 428
Sykes Datatronics , 375 Orchard St., Rochester, N.Y. 14606.
(716) 458-8000. (Tom Schaaf, Marketing Manager)
Circle 429
TEAC . Corp . of America, 7733 Telegraph Rd., Montebello,
Calif. 90640. (213) 726-0303. (Ken Wiliamson, Director of
Technical Products)
Circle 430
Tec htran Industries, Inc., 580 Jefferson Rd ., Rochester, N .Y.
14623. (716) 271-7953. (David Decker, President) Circle 431
Telex, 9600 S. Aldrich, Minneapolis, Minn . 55420. (612) R844051. (Pat Riley, Marketing Manager)
Circle 432
Tri-Data Corp., 800 Maude Ave ., Mountain View, Calif. 94040.
(415) 969-3700. (Lee McGrew, Marketi ng Manager)
Circle 433
Tycome Systems Corp., 75 Hamburg Turnpike, Pompton
Lakes, N.J. 07442. (201) 839-3000. (Dr. Eugene Starr
President)
Circle 434
Univac, Div. of Sperry Rand, 322 N . 21st St. W., Salt Lake
City, Utah 84116. (801) 328-8066 . (Dewaine L. Osman ,
V.lce President)
Circle 435
Van -Systems, 80 Skyline Dr., Plainview, N .Y. 11803. (516)
293-0141. (Joe Casey, Manager of Marketing Services)
.
Circle 436
Victor Comptometer Corp., 3900 N. Rockwell St., Chicago,
Ill. 60618. (312) 539-8210 (George Reich , Di rector of
Advertising)
Circle 437
Wang Laboratories, Inc., 836 North St., Tewksbury, Mass.
08176. (61 7) 851-7311. (Roland Boisvert, Marketing Manager)
Circle 438
Xebec Systems, Inc., 366 San Xavier Ave., Sunnyvale , Calif.
94086. (408) 73 2-9444 . (Andrew Nester, Marketing Director)
Circle 439
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Introducing
an
-compatible
cassette recorder for $525:
It's from Sycor. And it's compatible with
not only the ECMA standard, but also the new
ISO and ANSI standards.
· Which is good news for marketing.
Because by meeting these worldwide standards,
Sycor's new recorder is capable of worldwide
interchangeability. And this vastly increases its
application potential. Especially when you
consider how easily Sycor's Model 135 can fit
within your price requirements. Because it sells
for the lowest prices in the industry.
But there's also good news for engineering.
Because the Model 135's price includes control
and phase encoded electronics, a read-after-write
head, and a 12.5 ips. read/write speed

with a transfer rate of 10,000 bits per second.
And there are no interchangeability problems.
There's also good news for purchasing.
Because with Sycor you get fast delivery and
complete documentation from a proven
supplier. (There are over 7,000 Sycor cassette
recorders currently operating in 33 countries
throughout the world.)
Sycor's remarkable new Model 135
digital cassette recorder. Good news for the
entire OEM industry.
To find out more about it, contact Mr.
R. M. Connor at Sycor Inc., 100 Phoenix Drive,
Ann Arbor, Michigan 48104. Phone (313)
971-0900. TWX: (810) 223-6011.
*OEM price for 100 units

Si
SYCOR INC

100 Phoenix Drive, Ann Arbor, Michigan 48104.
(313) 971-0900 TWX: (810) 223-6011
Internat i onally Represented by Munzig International
Offices in Stockholm, London , Paris , Mun i ch , Geneva
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Avoid ECL-10,000 wiring problems

with boardto-board interconnects and Wire-Wrap techniques
that preserve the performance of PC-board layouts.
S econd of two articles
An important part of ECL-10,000 design oegins with the PC-board layout. The high-speed
advantages of this logic family cannot be maintained without careful attention to board interconnects. But there's more to the design than
that: The complete design also calls for board-toboard interconnects with the possible use of WireWrap techniques, and each of these can adversely
affect performance if recommended guidelines
are not followed.
In the design of system interconnections, four
parameters must be accounted for: line propagation-delay, line attenuation, crosstalk between
lines and reflections due to mismatched impedances. Whether you use single-ended lines or go
to twisted-pairs for board-to-board interconnections-or use Wire-Wrap techniques-each parameter affects system performance.

T

T TT

The types of single-ended lines that may be
used are as· follows :
1. Coaxial Cable. The well-defined characteristic impedance of this cable permits easy matching of the line, and the ground shield internal to
the cable minimizes crosstalk between lines. In
addition low attenuation at high frequencies allows the cable to transmit the rise times associated with ECL-10,000 signals.
Bandwidth and attenuation are the limiting
factors in coaxial cable use. The bandwidth required for ECL 10,000 is f = 0.37 / rise time =
0.37 / 3 x 10-9 = 125 MHz (for a 50-fl. load).
Attenuation, caused mainly by skin effect in the
cable and resulting in signal loss, limits the maximum usable length of line. For a maximum signal
reduction of 100 mV from the logic ONE and
ZERO levels (800 mV pk-pk to 600 mV pk-pk)
the · allowable total attenuation is 20 log (V in /
Vout ) = 20 log (0.8/ 0.6) = 2.5 dB. The maximum line length can then be calculated as 100
Tom Balph, Applications Engineering, Motorola Semicon ductor Products, 5005 E. McDowell Rd. , Phoenix, Ariz .
85008

48

TT

TT

T

ATTENUATION LOSS •2.5dB

100 t-1--.........
;::-t----t----+---t----

801-

-+---+--

--_,-;

-..J

_J

~

6 0 f----~""""""r---~~po..oc----+---+----+-+-----4'

~

20f----+--+--f-----+""""-=--"'....., - - - - + - - -- --I

~ 40rr--+'""'--"""~l-o.::-P~~~-f"""";::--+---+-+-----_,~
~ I~ RG59/U
-1
~ ~~~BB;~/U

_,

10 I_,
8 .0 1 - - - + - - + - - l - - - - - + - - - + - - - - + - - - + - - - - - - l
r
_,
6 .0 1--- + - - + - - l - - - - - + - - - + -- - - + - - - + - - - - - - l

4.0._1-_.1...._._.1.___._.1......1._.__
30

50

70

100

_..1__._ _l....._.,l....1...-J..l...1..l_.___ __.__
]~_,

__._
200

400

700 1000

FREQUENCY-MH z

1. Maximum coaxial line lengths for a constant 2.5-dB
attenuation loss depend on the operating frequency. This
plot of three common cable types assumes that the lines
have matched terminations .
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2. Multiconductor ribbon cables of the conventional type
(a) or with a ground shield (b) are flexible and can be
easily wired to connectors.

CARD FILE

EDGE
CONNECTORS

3. Ground screen simulates a ground plane. This con struction is useful when a solid plane is not practical,
as can be the case in point-to-point wiring.
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FREQ.
(MHz)

MAX
DIFFERENTIAL
VOLTAGE ATRT'"
(mV)

25

B

520

50

420

75

325

100

235

125

165

(lDW)

*50rT. TWISTED - PAIR LINE

8
4. Twisted pair lines provide maximum noise immunity.

From the de equivalent circuit (b), the voltage across

Crosstalk noise for a typical line driver/ receiver configuration (a) can be tolerated up to 1 V or 2.5 V, depending on the direction of the common-mode signal.

RT can be calculated. However as frequency increases,
this voltage decreases because of line attenuation (c).
Maximum line length depends on frequency.

ft x 2.5 dB / a, where a is the cable attenuation
in decibels per 100 feet at the operating frequency.
Curves of maximum line lengths vs operating
frequency for a 2.5-dB loss and for three cable
types are shown in Fig. 1. Generally a high-bandwidth cable is sought to preserve fast signal
edges, regardless of the system bit rate.
The curves are plotted for the case of a coax
line terminated with a resistive load that is equal
to the characteristic impedance of the line.
Standard carbon 1/ 8 or 1/ 4-W resistors work
well as line terminators. However, when using
precision wire-wound or film resistors, determine
the high-frequency properties of these devices.
It's possible that they may become highly inductive at high frequencies, and thus be unusable.
Coaxial caole are well suited for sending
single-ended signals over long lines. The constant
impedance and low attenuation of the cable allows transmission with minimum distortion.
2. Parallel-wire cable. Multiple-conductor cable,
as purchased or as constructed by lacing interconnecting wires together, is not normally recommended with ECL-10,000 or other high-speed
logic families because of crosstalk. The crosstalk
results from capacitive and inductive coupling of
signals between parallel lines. This type of line
is also susceptible to coupling of external signals.

Accordingly multiple-conductor, single-ended
cable is recommended only when shields are used
on each wire.
3. Ribbon cable. For systems requiring many
board-to-board interconnections, multiconductor
ribbon cable is often useful. In conventional
ribbon cable (Fig. 2a), the side-by-side arrangement of signal lines, with alternate ground wires,
defines a constant characteristic impedance.
For ribbon cable with a ground shield (Fig.
2b), the characteristic impedance is determined
by the shield. Every other conductor can still be
grounded for improved immunity to crosstalk.
As with coaxial cable, the maximum allowable
attenuation for a total signal loss of 100 m V is
2.5 dB. Attenuation per foot is generally higher
for ribbon cable than for coaxial. Consequently
the maximum line lengths for ribbon are normally limited to 10 or 15 feet.
4. Point-to-point wiring. A system consisting
of several logic cards can be assembled with edge
connectors to form a card file. Point-to-point
wiring via the board connectors is then useful
•
for system interconnections.
A ground plane is often formed by a large
printed-circuit board, to which the conmctors
are mounted. Metal can be left on one side of the
PC board to form the system ground, or on both
sides of the board to supply power to the system
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FREQ .
(MHz)

MAX
DIFFERENTI AL
VOLTAGE AT
RT"(mV)

25
50
75
100
125

600
475
350
240
175

I

* 50 FT TWISTED -PAIR

LINE

5. Pulldown resistors can also terminate a twisted-pair

'6. When using conventional ribbon cable as twisted-pair

line (a), providing full output levels to the receiver. Attenuation data for 50 feet of twisted-pair line and 50 n
pull downs (b) show higher differential voltages.

line, every other wire should be grounded to provide
a constant impedance~ This connection may be avoided
with "ribbon that comes with ground shields .

logic cards. The ground plane may be connected
to the frame holding the card connectors. These
card-file systems are commercially available from
a number of manufacturers.
When a solid ground plane is not practical, a
ground screen should be constructed on the back
plane. A ground screen can be made by connecting bus wires (wire size compatible with connector) to the edge connectors in a grid pattern
prior to signal wiring (Fig. 3). About every
sixth pin on the card edge connectors is used as
a ground, providing connection points for the
ground grid. This interconnection of ground
points forms a grid network of approximately
1-inch squares over which the signal lines are
wired. A characteristic impedance of around
140 fl can be expected for a wire over ground
screen.
To provide maximum signal purity a motherboard, composed of multilayer or two-layer
board, can be used to mount the card connectors.
Striplines or microstrip lines are designed on the
circuit board, along with ground and voltage
planes. Connectors are available to interface between cards and the motherboard with little line
discontinuity. The motherboard technique is normally used when the system design is advanced
to the point where few changes in the back-plane
wiring are expected.
For point-to-point wiring with a ground plane
or screen, soldered connections or Wire-Wrap
techniques are feasible. In general, a good technique is to parallel-terminate with approximately
100 to 140 n to - 2 V. The load resistor, with a
value near that of the characteristic impedance
of the line, minimizes ringing.
Series damping or termination can be used to
further reduce ringing. An unterminated line
with a fanout of 4 can be up to 15 inches long
when a ferrite bead is placed on the line.
For high-speed lines, such as those for clock
distribution, coaxial cable and twisted-pair lines
should be used between cards. Maximum integrity of clock signals should be maintained for
best system performance.
Twisted-pair lines, differentially driven into
a line receiver, as in Fig. 4a, provide maximum

noise immunity. Any noise coupled into a twistedpair line appears equally on both wires as a
common mode. Because the receiver senses only
the differential voltage between the lines, crosstalk noise has no detrimental effect on the signal
up to the common-mode rejection limit of the
receiver. The line receivers shown have a common-mode rejection limit of 1 V to a positivegoing signal and 2.5 V to a negative-going signal.
The minimum differential input voltage to obtain the ECL-10,000 logic level on the twistedpair lines is about 70 m V. However, for system
design, several factors call for use of a higher
value. These include noise, amplifier offset voltage and voltage gain vs frequency characteristics.
In general, a minimum voltage of 150 m V is
recommended.
Except at slow bit rates, attenuation is the
limiting factor for twisted-pair line length. From
the de equivalent circuit of the twisted-pair line
in Fig. 4b, the voltage across the terminating
resistor is (with the small de line resistance
neglected)
(5.2 V - 0.9 V) 100 .n
VR =
510 n + 100 n
= 0.705 v.
If V R exceeds 800 m V, the logic ZERO level of
- 1.7 V is reached, and the NOR output then
clamps the voltage at node B.
The voltage across the terminating resistor
'decreases as frequency increases because of attenuation in the line. A tabulation of the maximum available differential voltage across the
termination resistor vs frequency for a 50-feet
line is shown in Fig. 4c. Maximum line length
is determined by operating frequency.
Another method for terminating twisted-pair
lines uses pulldown resistors as terminations
(Fig. 5a). As a result, full output levels are presented to the receiver. Attenuation data for. this
line are shown in Fig. 5b.
Regardless of the type of termination, two
types of cable can be used with differential
twisted-pair lines:
1. Bundle twisted-pair cable. When running
ECL-10,000 signals in parallel with higher voltage analog or logic signals, use shielded twisted-
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MCIO l lS
PIN NUMBERS

Vas
OUT

VEE

RT

9
Vas

7. Twisted-pair lines offer this party-line technique (a).
The driving-gates are emitter-dotted. Bias voltage, V88 ,

8. A dual-in-line adaptor plug for discrete components
extends the versatility of Wire-Wrap techniques .

pair lines. Such lines have a foil shield on each
twisted pair that can be tied to the system
ground. Cables with several bundled twisted
pairs are available commercially.
2. Ribbon cable. Ribbon composed of several
twisted pairs is one type of ribbon cable available. Conventional side-by-side cable may also be
used with differentially driven signal lines
(Fig. 6). With every other wire grounded, the
signal lines then have a constant characteristic
impedance.
Under adverse conditions, differential twistedpair lines offer several advantages over singleended lines. These include power-supply and
temperature variations between panels or cabinets of a system and corresponding shifts in
logic levels within the system, all of which lessen
noise margins.
Differential lines are unaffected by variation
in logic levels, since the receiver detects only the
differential voltage between the driver outputs
rather than absolute logic levels. With singleended lines, noise generated on the signal line
by crosstalk and inductive coupling directly reduces noise immunity. Noise is coupled equally
to both wires of a twisted pair line, so the differential voltage is unaffected. As a result the receiver does not detect noise as long as it is within
ELECTRON IC D ESIGN
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VBB

available from the drivers and receivers, can be buffered
to handle the termination current (b).

the common-mode range of the receiver.
Data bussing, another interconnection technique, usually requires large fanout, long lines
and several driving points. An ECL-10,000 bus,
or "party line," can be made by emitter-dotting
gates together, provided only one driver is allowed to go high at one time.
Data bus lines on PC boards can be extended
for board-to-board use. The characteristic impedance of board-to-board interconnections will generally be from 100 to 150 n, so the termination
resistors must be adjusted accordingly.
Another scheme for bussing is the twistedpair party line of Fig. 7. The driving gates are
emitter-dotted, with all outputs held low when
they are not sending data.
In both bussing schemes the driving lines are
operating single-ended. However, the twisted-pair
bus retains the advantage of the common-mode
rejection of the line receivers.
Wire-Wrap techniques

Wire-Wrap is a popular technique for breadboarding large system prototypes and for interconnecting system logic boards. Because it permits changes in interconnections to be made
easily, it is extremely useful for breadboarding
new system designs. ECL-10,000 systems may be
Wire-Wrapped with high-density, dual-in-line
packaging boards. In addition Wire-Wrap can be
used for board-to-board interconnections when
the logic boards are mounted in a card file in edge
connectors.
Several types of Wire-Wrap boards for dualin-line packages are commercially available. For
ECL-10,000 systems, use a board that has voltage planes on both sides and low-profile device
mounting. Device mounting via pins set in the
board is also recommended.
The V oc pins of the mounted device should be
soldered to the Voc voltage plane (the voltage
plane on the device side of the board). When
the Voe pins are Wire-Wrapped to the V00 voltage source, a ferrite bead on a wire between the
V c , and the Voc2 pins of the same package help
avoid high-frequency noise and prevent oscilla51

9. This 4 x 4-bit multiplier prototype shows Wire-Wrap
with MECL 10,000 logic. Signals are taken on and off
the board with commercially available conventional multi-

conductor ribbon cable. Alternate lines are grounded ..
With Wire-Wrap, maximum clock rates of 100 MHz can
be obtained when using twisted pairs.

tion. Long leads from the ground plane to the
.V cc pins help induce oscillation, and may pick
up noise caused by the added inductance. V EE
pins may be Wire-Wrapped to the V EE voltage
plane with no detrimental effects. Bypassing on
the boa rd should be provided in a manner similar
to that for two-sided PC boards with a ground
plane.
Wiring rules for Wire-Wrapped interconnections a re similar to those for a wire over ground.
If a voltage plane is present, the characteristic
impedance of a Wire-Wrap interconnection is 100
to 150 n. Parallel termination, series damping
and unterminated lines can all be used.
With Wire-Wrap, the pulldown resistors can
be provided by commercial resi stor networks in
a single or dual-in-line package or by adaptor
plugs. Many manufacturers are marketing resistor networks in a variety of values suitable
for ECL-10,000 terminations. Resistor networks
with good high-frequency characteristics should
be used. Networks composed of discrete resistor
chips mounted in a package, or thick-film cermet
resistors with a minimum of interconnect metal
within the package, provide the best high-frequency characteristics. Wire-Wrap equipment
manufacturers have dual-in-line adaptor plugs
available to allow discrete components to be
mounted for use on the Wire-Wrap . board.

An example of a Wire-Wrap system is a 4 x 4bit multiplier that uses ECL 10,000 (Fig. 9). The
delay-line oscillator has a frequency of 30 MHz,
and the total system multiplication cycle time is
about 175 ns. The multiplier uses an add-shift
algorithm.
The clock distribution for this system uses a
parallel-terminated Wire-Wrap line (Thevenin
equivalent). Twisted-pair lines may also be used
for clock distribution and are helpful for higher
clock rates. With Wire-Wrap, the maximum
clock rates are about 100 MHz.
To get signals on and off the board, commercially available multiconductor ribbon cable is
used. Commercial cable adaptors, which plug into
the Wire-Wrap board, are atso available. Alternate lines are grounded to minimize cross-talk
and to generate a characteristic impedance for
the signal lines. • •
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Need a hard-copy peripheral? Before you
select a printer/plotter, know how they work.
Here is a quick review of the techniques used.
The wide variety of techniques used in
printer / plotters makes selection difficult. The
tradeoffs are many. Some units print better than
they plot. Some plot better. And some do both
equally well. Many are difficult to interface. A
few need frequent adjustments. And still others
can be nuisances-they're noisy, they spray ink
or wax, and they give off burning odors.
In selecting a printer / plotter, an engineer
must consider the problems of interfacing the
unit to his data source, the kind of type styles
he would like, the form and type of paper he
wants and the way the printed copy looks. He
must also consider the systems' accuracy, resolution and speed.
The interface tradeoffs

Unless a printer / plotter is designed to work
with the voltage levels, timing, word format and
architecture of a particular data source, some
minimum of hardware will be required to match
them.
Above this minimum the nature of the data
source determines the best tradeoff between
hardware and software. In a large computer
installation, advantage can be taken of the greater memory and programming capability available, and a printer / plotter that has less hardware
but more software can be selected.
A minicomputer, however, because of its limited memory, can operate better with a printer I
plotter that needs a minimum of software and
uses hardware to create the graphics and characters. In addition hardware can control the details of the printer / plotter's sequence of functions, which is dictated broadly by the computer.
For instance, a printer / plotter, in receiving a
turn-on command, may require a sequence of
detailed commands (start paper drive, · heater
on, activate power supply, etc.) that a hardwaremicroprogrammer (ROM) can furnish.
Hardware/ software tradeoffs must also be

Jill Peters, Project Coordinator, Varian Data Machines,
Palo Alto, Calif. 94303.
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made for applications-oriented requirements.
These could include such items as the storage of
data for special, selectable headers; the availability of a variety of standard forms (preprinted, or computer or hardware composed) ; the
selection of type styles; or even printing in different colors. Information for each item can be
stored, and the sequencing directed by eithe:r:
hardware or software.
Fonts, printing media and cosmetics

The printer / plotter technique used determines
the style and the way characters are generated,
the printing media that can be used, and the resulting cosmetic qualities of the printed copy.
Either hardware alone or a combination of
hardware and software can determine the font,
or particular style of the characters and symbols.
Many impact printers create a character in one
stroke with hardware alone. Like a typewriter,
impact printers offer a large variety of fonts
that often can be easily changed in the field.
Other types of printers-both impact and nonimpact-use a dot matrix to form a character,
typically a 5 x 7 or 7 x 11 array of dots. Software or circuit hardware provides the codes to
determine which dots in the matrix are printed.
The relative spacing and arrangements of dots
(squared-off or slanted) contribute to the style,
or font of the characters generated.
Printer / plotters that can print on the greatest
variety of paper forms and types (called printing
media), and have the least restrictions in the
selection of font styles, can produce the best looking printed copy, all else being equal. The forms
of printing media are categorized by physical
characteristics such as width, length and style
(sheets, roll or fanfold), transparency (opaque
or translucent). Paper types refer to the need for
special paper that may require chemicals or special handling.
While good printing media and well-designed
fonts provide the potential for good cosmetics via
the subjective reactions of "looks" and "feel,"
there are measurable cosmetic qualities such as
intensity, contrast, definition and distortion.
These measurable qualities are determined directELECTRONIC DESIGN
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1. Pen plotters are slow but find many uses, usually in noncomputer applications.
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2. Jet-squirt printers claim speed of 200 characters per second, but fog-up t he environment with ink mist.

ly by the printer / plotter technique used.
In addition, an undesirable quality like wet
(or damp) printed copy can result in wrinkling,
stretching or shrinkage. In general, a sharp,
black image on crisp-white paper is considered
good cosmetics.
Accuracy and resolution untangled

Accuracy and resolution are two terms which
are often confused. Each has a distinct meaning
and each separately contributes to "good" printed copy. In printer/ plotters accuracy is determined by how close a line, dot or character can
be placed to any given point on the paper on a
ELECTRONIC DESIGN
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repeatable basis.
For a pen plotter, accuracy is mostly determined by mechanical limitations such as backlash. It is usually measured in percent of the
length or width of the plot. Typical values would
be 5 mils or 0.5 % .
In an electrostatic printer / plotter, on the other
hand, accuracy can be virtually "perfect" in the
lateral direction. Since lateral-image position is
determined by electrically switching the signals
to styli in fixed positions across the paper, the
lateral accuracy is fixed at the time of manufacture and will not change over the life of the
device. The stepping accuracy of the paper-drive
mechanism in the longitudinal direction deter55

mines longitudinal accuracy which is subject to a
measurable tolerance. This is also given in percent of the plot length.
Resolution, however, is defined by the number
of resolvable lines or dots which can be plotted
per inch, e.g., 100 lines per inch. For electrostatic printer / plotters, resolution is determined
by the styli density (number of styli per inch)
and the longitudinal stepping increment.
Speed is a determining factor

Each category of printing or plotting device
measures speed in a different way. Line printers
specify output speed in lines of characters per
minute. Up to about 200 lines per minute is considered slow, 800 to 1400, medium, and above
this to about 5000 lines per minute, is fast.
Plotter speeds, on the other hand, are normally rated by the pen speed in inches per second
and acceleration (and deceleration) capabilities.
Often, an "average" figure, in minutes, is given
for the time required to plot on a particular
paper area. But this figure is highly subject to
the plot complexity. Though interesting, it may
be misleading, because there is no such thing as
"average" complexity.
Electrostatic printer / plotter speeds, however,
are independent of the plot complexity. The time
taken to cover a certain paper area is a definite
value. The lateral styli are electrically scanned
very rapidly. The longitudinal speed of the paper,
given in steps per second, therefore determines
the printing or plotting rate.
The direct-pen plotter is slow

Though many different mechanical configurations are possible, the usual arrangement for a
pen-on-paper plotter (Figs. la and lb) is to
move a carriage-mounted pen along a bar. This
bar bridges across the paper to produce the
X-axis. The Y-axis motion can be produced by
either rotating the paper fastened to a drum
(Fig. la), or more commonly, by moving the
bridge-bar itself (Fig. lb) across a flat sheet
of paper, in the flatbed version.
In these plotters, the pen must be manually
located at the zero or other starting position,
making sure to take out the backlash. This procedure must be followed at the beginning of
every new plot to avoid "zero point" errors. Also,
for no-write positioning, a mechanism for raising the pen off the paper must be provided.
Cheaper pen drives use analog de-servo motors. The position accuracy can be quite poor,
with the least expensive models off by 2 % or
more. High-accuracy units approach 0.1 %. They
56

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
•O
o• 0
+ 0 0 0 0 0 +
64 0540
500200

130000
140000
150000
160000
I 7 oOOO
180000
190000
200000
21 oOOO
220000
230000
240000
250000
260000
270000
280000
290000
300000

•

•
•
•

•

0

O•

•

•
•
•

•O
0
0

•

•

0
0
0
0
0
0

0
0

0

•

0 0 0 +
780880

0 0 0 +
930220

3. Impact printers are fast and economical but have
only a crude plotting ability and they are noisy.

often employ very complex, incremental drive
mechanisms and require precision machining and
assembly work.
The speed of producing a plot varies with its
complexity. The pen must trace each line segment
individually. Alphanumerics and symbols are
painstakingly generated one character at a time.
Even with the highest-speed unit (approaching
50 inch/ s), a plot of "normal" complexity can
take 20 minutes or more.
Though the copy from a well adjusted inkplotter can have good cosmetics, the line width
tends to vary with speed. Therefore, in the more
expensive models, capillary-ink pens have been
replaced with pressure-fed pens. But complex
feedback systems regulate the ink flow and additional reliability problems result. And this does
nothing to · help the original pen-clogging and
splattering annoyances.
Ink-plotter costs range from $1000 to $10,000,
for either the drum or small-flatbed plotter.
Paper costs are relatively inexpensive ( 0.3 cents
per square foot), but most applications require
preprinted paper. This saves time in plotting
recurring data, but it can raise paper cost to 10
cents per square foot.
The jet printer squirts ink

While direct-pen units are primarily plotters,
ink-jet or "squirt"-type units are printer / plotters
(Fig. 2). They shoot a stream of electrically
charged ink from a small jet. The stream is
acoustically treated to break the ink into a spray
which then passes through a set of electrostatic
deflection plates to form an image on the papzr.
Because the deflection range is limited to a
fraction of an inch, the jet mechanism must be
ELECTRONIC DESIGN
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moved across the paper by a carriage for each
new character. Single-jet devices normally print
about 10 char/ s (and cost about $7000) but some
have achieved speeds of 100 char/ s.
For higher printing speeds (to 200 char/ s)
multiple jets are used instead of a mechanical
carriage. However this presents an inherent reliability problem (besides costing about $10,000),
since one clogged jet can ruin the entire output
record.
Many other problems also plague jet systems.
Air currents and humidity can shift dots and
blur and distort printing. Also, all the aberrations
familiar to users of CRT devices exist in the deflection system, too. In addition, a fine ink mist
may develop near the printer.
Impact-on-inked ribbon are widely used

Many of the problems with liquid-ink methods
are eliminated in inked-ribbon systems. But an
inked ribbon requires an impact mechanism, so
it's noisy. The complex eletcromechanical systems
need frequent, often tedious adjustments. Critical alignments, when upset, cause both vertical
and horizontal printing distortions.
Impact printers produce reasonably good copy.
They use inexpensive paper, work at high speeds,
and even have a very elementary plotting capability (Fig. 3) though with poor resolution. They
are very popular for high-speed printing of computer outputs.
The price of an impact printer is directly
related to its speed. For example, 2000 lines/ min
costs over $45,000, 1100 lines / min about $20,000
and 8 lines/ min about $1800. Slow-to-medium
speed (500-600 lines/ min) printers, with 80 and
132 columns of characters, are available for
$5000 to $15,000.
Most impact printers have a fixed, though in
many cases field-changeable, font. Characters are
often arranged on a rotating drum which direct}~ strikes the ribbon, or they can be on a moving-
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flexible chain, which is struck by a hammer
against the ribbon. There are many other mechanical arrangements used to hold the font set
and strike the ribbon.
Less common is the matrix-hammer type. This
uses individual spikes that are preset by codedinput data. Direct impact against the inked tape
produces the variable dot-matrix character.
Electrolytics solve some problems

In electrolytic printing, a mark is created
where an electric current passes through chemically treated paper. Though acceptable for inexpensive, nonarchival (short-lived) printing,
the method has many disadvantages. Its slow
speed and poor cosmetics result in limited use.
The paper is brownish and produces a light pink
record of low contrast. Further, the record fades
completely in a matter of days.
In its favor is the moderately priced paper at
two cents per square foot. The device itself is
priced between $4000 and $10,000.
In operation, chemically-treated wet paper is
moved between two iron electrodes (Fig. 4a) . As
a modulated current passes between the electrodes,
iron is deplated from the positive eletcrode onto
the paper proportionately to the current. In a practical mechanism (Fig. 4b) the paper is placed
over a roller containing a raised helical iron
strip. This helix becomes one of electrodes. A
stationary sharp blade, which bridges and passes
current through the paper, forms the second
electrode. The helical electrode must be changed
periodically, since it is deplated with use.
As the helix turns, the "point" region of contact (through the paper) between the helix and
the bridging blade scans across the paper and
marks it whenever current passes. Alphanumerics
are produced in 7 to 10 scans (or revolutions) of
the roller at speeds up to 100 lines of characters
per minute. Plots are similarly produced.
With Z-axis modulation of the current, con-

PAPER

'

HELICAL IRON
STRIP

\

STATIONARY
BLADE

4 . Electrolytic printer I plotters are inexpensive, but the
poor cosmetics and short life of the copy limit appliE L ECTRONI C D ESIGN
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cations. Further, the helix must be changed periodically,
since it is depleted with use.
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30 HEATERS
ON HEAD

5. Thermal printers are quiet, but they need special paper, are slow and create unpleasant odors.

tinuous-tone copies can be produced, but this is
usually of more interest in facsimile work than
computers.
Thermics provide another approach

Thermic printers use special paper, too. Some
merely heat the paper (thermal types) and others
use an arc to evaporate wax from the paper. In
thermal systems the surface of the paper undergoes a chemical change, resulting in a visible
image. The chemically treated paper is "offcolor," usually pink or yellowish, and the image
comes out blue. Contrast is low.
In one form of thermal printer (Fig. 5), heat
is applied to the paper with a single heating
head containing a 35-dot heater in the form of
a 5 x 7-dot matrix. To print a chracter, the
head contacts the paper while the data source
activates the appropriate dot pattern. To print a
line, the heater head is moved across the width
of the paper on a carriage.
Because the heater time constant is relatively
long, this printing method is limited to about 30
char/ s. In addition, the time constant tends to
change. Thus, the heat applied will vary from
time to time or from heater to heater, resulting
in uneven contrast.
Though thermal printers are quiet, a serious
drawback is the unpleasant, burning odor they
create. Further, the permanency of the printed
copy is in question, since the paper is heat sensitive. Also, attempts at obtaining good plots with
this method have proved futile. The speed is too
slow and excess heater variations cause irregular
image intensity.
Although thermal printers are inexpensively
priced ( $2000 to $3000) and the paper costs moderate (three cents per square foot), the slow
58

speed, poor record quality and lack of plotting
capability, limit their use.
Arc burn-off printers employ a dark paper
with a light wax coating which evaporates when
exposed to a high current, revealing the dark
paper beneath. The voltage must be high enough
to form an arc. The rotating-helix configuration
(as in Fig. 4b) is often used as a scanning
mechanism.
While small helix printers can cost as little as
$200 and the paper expense is only about three
cents per square foot, the printing speed is very
slow, the records produced have poor cosmetics
and the evaporation of the wax creates an unpleasant odor. Also, the "burned-off" wax contaminates the area. Thus, the equipment needs
periodic cleaning. Burn-off printers are not generally considered as computer-output devices.
Photographies go to extremes

Of the methods employing special paper, the
photographic approach provides the greatest
range of quality and costs. The photographic
process can provide fine resolution at very high
cost or poor resolution for a fairly low cost.
But the process has yet to be developed for both
printing and plotting applications at good quality with moderate cost. Further, most photographic methods do not perform in real time.
Although "moderate" cost photographic devices (Fig. 6), using a mask projection technique, have been developed, they are limited to
alphanumerics with no plotting capability. Devices priced as high as $40,000 can deliver 300
char/ s. For $12,000 another unit can deliver 50
char/ s. Devices operated by hand (1 char/ s)
come as low as $6000.
Most troublesome of all is the high cost of
ELECTRONIC DESIGN
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Figures of merit for printers, plotters and printer/plotters
Printers
Multicopy

Reliability

Environmental

Operating
cost

Purchase
cost

Figure
of merit

Speed

Font

Record
quality

Line printer (impact)

4

4

3

5

4

3

5

2

30

Teletypewriter (impact)

1

2*

2

1

2

3

5

5

21

Thermal

2

2

2

1

3

1

2

4

17

1

3

4

3

3

21

Electrolytic

2

3

2

Photographic

2

3

4

1

3

3

2

2

20

Ink-jet

2

2

3

1

2

2

5

3

20

Electrostatic

5

2

3

1

5

4

3

3

26

Relia bility

Environ mental

Operating
cost

Purchase
cost

Figure
of merit

* Impact, but comparable to dot-matrix in quality
Plotters
Resolu - Record
Speed Accuracy
ti on
quality
Direct pen

2

5

5

5

3

3

2

2

27

Photographic

1

5

5

4

3

3

2

1

24

Line printer (impact)

3

1

1

2

2

2

5

2

18

Thermal

3

2

1

2

2

2

2

4

18

Electrolytic

3

2

4

2

2

3

3

3

22

Electrostatic

5

4

4

4

4

4

3

3

31

Font

Record
quality

Reliability

Environ mental

Operating
cost

Purchase
cost

Figure
of merit

Printer Plotters
Resolu Speed Accuracy
ti on
Line printer (impact)

3

1

1

4

2

3

3

5

2

24

Thermal

3

2

2

2

2

3

2

2

4

22

Electrolytic

3

2

2

3

2

3

3

3

3

24

Photographic

1

5

5

3

4

3

3

2

1

27

Ink-jet

2

3

3

2

3

2

2

5

3

25

Direct pen

2

5

5

1

5

3

3

2

2

28

Electrostatic

5

4

4

2

4

4

4

3

3

33

Printer speed (lines
per minute)
1. 0-15
2. 15-300
3 . 300-800
4. 800-2000
5. 2000 and up

Font quality
1. Helical scan
2. Dot-matrix
3. Vector
4. Impact
5. Projection Mask

Plotter speed (time to produce
a typical plot)
1. Over 10 minutes
2. 2-10 minutes
3. 30-120 seconds
4 . 10-30 seconds
5. up to 10 seconds

Multiple-copy
capability
1. Single
5. Multiple

Resolution (lines pe·r inch)
1. 5-10
2. 10-25
3 . 25-50
4 . 50-100
5. Over 100

A first approach to selection can be helped by
these figures of merit. But one must be aware that
such figures are often arrived at subjectively, depending on the bias of the author. Figures are

E L ECTRO IC D ESIGN

Purchase cost
(dollars)
1. 50-200k
2. 15-50k
3. 5-15 k
4 . 1-5 k
5. up to 1 k

18, Septembe r 2, 1972

Operating cost
{per copy)
1. 10¢ and up
2. 2-10¢
3. 0 .5-2¢
4 . 0. 1-0.5¢
5. up to 0.1¢

Accuracy
1. ±10%
2. ±5%
3 . ±1%
4 . ±0.5%
5. ±0.1%

given from 1 (poorest) to 5 (best) . The sum of the
figures for all the features appears in the righthand column as an over-all Figure of Merit. Frequency of use, however, doesn't follow the ratings .
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IMAGE ON PHOTO-MEDIA

LETTER MASK

6. Photographic methods tend to extremes in cost and
abilities. Cheap ones have poor qualities and good ones
are very expensive.

CHARGES
NOT VISIBLE

FIXED WRITING

VISIBLE RECORD

7. Electrostatic methods, when properly implemented,
provide a good approach to building a combined printer I
plotter. Speed is independent of image complexity.

silver halide paper (10 cents per square foot).
This plus the long wet-developing time (minutes
to hours) , limit the wide use of this technique.
A dry-silver method, though lower in price
(exposing device costs $3000) , and not as messy;
as the wet process, delivers less resolution and
accuracy, and poorer contrast. Further, the
record does not remain stable over long periods
of time, especially when exposed to wide swing~
in temperature and humidity.
A still cheaper zinc-oxide paper, used in lowcost copiers ($1000), requires a liquid toning
system. In addition, it has poor sensitvity, low
resolution and poor contrast. Besides, its sur60

face has a slick coating that inhibits writing.
The coating also makes paper separation difficult.
And at the highest end of the cost spectrum,.
the best resolution obtainable is with a silverhalide, wet process medium (paper or Mylar
backed) using a high-resolution cathode ray tube
as scanner and exposing device. Resolutions up
to 0.001 inch have been faithfully reproduced by
this method. Such a complete photographic-printing/ plotting peripheral as used in computer output to microfilm (COM) systems can cost as
much as $200,000, with prices starting at $30,000
for only the alphanumeric capability.
Electrostatics may have the answer

Eliminating the need for expensively treated
paper, complex or noisy mechanical systems and
clogging-liquid inks, electrostatic printer / plotters
(Fig. 7) employ a low-cost dielectric-coated
paper. The recording paper is electrostatically
pre-charged in a dot pattern representing the desired image, and then passed through a liquidtoner suspension of charged particles. The toner
particles adhere to the paper whenever a charge
exists, resulting in a permanent, high-contrast
image on the paper. A wide variety of electrostatic printing media are available, with the
basic paper types ranging from one to three
cents per square foot. Other recording media
such as gummed and translucent papers are also
used.
This system is mechanically simple. Only the
paper transport requires moving parts. Mechanical adjustments are seldom necessary and the
entire system is very quiet.
A fixed writing hea4, containing multiple conducting styli, places electrostatic dot charges
across the paper. The styli, fixed in a linear
array, are individually activated by binary signals and form the X-axis of the printer/ plotter.
Resolutions of 80 to 100 styli/ inch are common.
Usually, a step motion is used in advancing the
paper longitudinally forming the Y-axis. Thus
the X-axis scanning and Y-axis stepping cover~
every spot on the paper.
Printing, plotting or combinations of both are
done at a speed completely independent of the
image complexity. A solid black page takes as
little time as a nearly blank page. The speeds of
these devices are limited primarily by the capability of the paper drive. Printer / plotters that
can deliver up to 5000 lines of characters or sixty
plots, each 8-1 / 2 x 11 inches, in one minute, or
a combination of both, can be obtained for less
than $13,000. Slower devices with a capability
of 1000 lines per minute or a plotting rate of
12 such plots per minute are available for less
than $8000. ••
ELECTRONIC DESIGN
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A Great Stride Forward.
The EAi Cassette Tape Transport.
It's built for rugged action. To open a wide and wild
new range of design possibilities for the EOEM engineer. The new EAi CT 100 is like no other tape transport
you 've ever seen before. Because we made it simple.
Designed to ANSI and ECMA specifications, this
transport second-guesses its predecessors and competitors, outperforms them , because it has fewer moving parts
and features like modular construction and direct drive.
It's deadly accurate at any speed . It's all muscle,
clean and trim. Without an ounce of excess to raise
prices. Or take away from peak performance.
A single unit with all the control electronics you 'll
probably want comes in at well under $700. Price discounts start at four units. And the price goes down,
down , down from there.
So you can trim design costs to the bone. While you
get super reliability in data collection and readout.
Because we cut out all the problem-mak ing nonessentials. So there 's literally much less to bend, break,
twist or wear out. And we concentrated on basics. Such
as building everything into a solid , cast-aluminum
chassis that won 't flex. So there 's no misalignment during operation.

And we added direct drive with a brushless, noiseless DC capstan motor that is electrically controlled. For
an operating life that runs to more than 10,000 hours. For
start/stop times faster than 20 milliseconds. With standard speed selections from 4 to 24 ips.
Also , a unique NEOT (near-end-of-tape) sensor
tells you how many inches of tape remain for use. A
special head mounting makes
field adjustment unnecessary.
And you'll find many other
useful features. Plus singleand double-capstan models .
Modular wiring to fit your
needs. So you can make great
strides forward in design. All it
takes is one little step: Write or phone for details today.

F211

Electronic Associates , Inc.
195 Monmouth Parkway
West Long Branch, New Jersey 07764
(201) 229-1100
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(ideas for design)

Optical-trigger-link scheme
minimizes standby power
When optical trigger links are used for highvoltage level shifting and the elimination of the
ground loops, the use of line-operated power supplies may be troublesome. If batteries are used,
the power consumption needs to be minimized.
A useful technique for minimizing standby power
dissipation employs complementary switches as
pulse generators (see diagram).
The optical trigger link shown handles up to
1000 pulses per second and requires a supply
voltage of between 10 and 24 V.
Transistors Q , and Q" are normally OFF, and
capacitor C , charges to the supply voltage (minus
the voltage drop across CR,). When an input
pulse turns on transistor Q", capacitor C 1 diicharges via Q,, Q" and the LED.
When transistor Q" conducts, diode CR 1 becomes reverse-biased. Hold on is thus prevented

r·

CRI

RI

IN4 009

47

Cl

because C1 is no longer charged. As soon as C1
discharges, both Qi, Q2 and the LED turn off.
Diode CR1 becomes conducting and capacitor C1
again charges to the supply voltage. Resistor R z
limits the current through the LED.
The light pulse is transmitted by the fiberbundle to arrive at the remote detector, where
it triggers the photodiode. The output pulse is
generated by the discharge of C,, through transistor Q3 and Q, in a way similar to that for the
transmitter. Supply current at both the transmitter and detector is approximately fCV, where
f is the pulse rate, c is the capacitance of cl or
C3 , and V is the supply voltage.

C. A. J. Van der Geer, FOM Institiiut voor
Plasmafysika, Jutphaas, The N etherlands.
CIRCLE No. 311

...=... 10-24 Vdc

I

2N2907 A
QI

IN4 009
CR3

2N2222 A
INPUT CZ

C3 T

02

~

lµ.F

1µ.F

CR2

R3
47

2N2907 A

IN4009
Fl BERBUNDLE

M~I~

~·'-6-------------'::::::
3 mm DIA
LENGTH UP TO SEVERAL METERS

PIN
PHOTODIOOE
MD2

R2
3.3

"'------l"l OUTPUT
R4

Transmitter and detector operate without standby
power. Complementary switches Q, + Q" and Q" +

62

47

Q, act as pulse generators. Diode CR , acts t o
achieve hold-on prevention.
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We have documented
proof you can

looking for a...•

replace your
oscilloscope
for $79.95

The

ing new concept
today in electronic
testing. All digital
logic circuitry can be
tested for every condition you need to know. It
actually replaces wide band
pass type oscilloscopes costing $2,000 and $3,000. Write or
call now for your free copy of that
proof to: Tom Barth, Marketing
Manager, Department ED

Bi

HIGH QUALITY
POPiULARJIZE
_......ceramic capacitor1

Well, look toward USCC/ Centralab.
Our Mono-Kap™, a radiaf lead, epoxy coated
monolithic ceramic capacitor could be the
answer. They're available in six sizes from
.100 x .100 to .500 x .500 in NPO, W5R, Z5U
and Y5V dielectrics. Capacitance values
range from 4.7pF to 1OMfd in 50, 100 and
200 voe ratings.
USCC/ Centralab has developed highly automated assembly techniques for Mono-Kap
and our other ceramic capacitor productsfrom raw materials to chip capacitors to
leaded capacitors with no sacrifice to quality.
All this makes possible the fastest d~livery in
the industry on the wide variety of USCC components. Ask us, we'll give you our best.

Free~~·
· '~ @~,~;~o~;I~
IJp:'~

test
data

LOW COST

1421 S. Broadway
Dayton, Ohio 45401
Telephone(513)223-8161
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The World's Largest
Consumer
Electronics Catalog

For FREE Mono-Kap evaluation samples, write on company letterhtad to USCC/
Centralab ~ 2151 N. Lincoln
Street, Bidbank, California
/ 91504. ·FQr complete technical data on Mono-Kap, and a
FR·EE copy of our Ceramic
Capacitor Catalog, circle the
information retrieval number
below.

• Stereo/ Hi-Fi Components • Musical Instruments and
Amplifiers • CB & Ham Equipment • Tools and Test Equipment • Police and Fire Monitor Receivers • Public Address Systems • Photography Equipment • Semiconductors, Books, Parts • Plus Much More!

Send For Your Free Lafayette Catalog Today!
Lafayette Radio Electronics, Dept. 45092
P.O. Box 10, Syosset, L.l., N.Y. 11791

r------------------,

I
I

Name ..

:

Address

I
I
L

City

Send Me the Free Lafayette Catalog

·

45092

I

..................... ........................ ... ......... 1
... .................
...... ................

State

.. .......................................... :
. .............. ..........
. Zip

-----------------(Please include your zip code)
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U.S. CAPACITOR
CORPORATION

CENTRALAB
Electronics Division o GLOBE-UNION INC.

.J
'
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IDEAS FOR DESIGN

Synchronous gating controls
complementary clock signals
The syncnronous clock gate in Fig. 1 controls
clock signals without introducing false edges, lost
synchronism, or pulse shrinkage.
The gate is a cross-coupled latching circuit
whose operation is synchronously controlled by
the MODE input. Synchronous gating proves better than simple clock ANDing because it allows
gating signals to occur at any time during the
clock cycle without modification of the output
transitions determined by the CLOCK input.
The MODE input controls the gate. The level
of the MODE control at the positive edge of the
CLOCK determines whether the pulse is transmitted to the Q 1 or Q2 outputs. With the MODE
control LOW, output Q 1 follows the CLOCK input and Q2 is LOW. When the MODE control is
HIGH, Q2 follows the CLOCK, and Q 1 is LOW.
The output pulse width always equals the input
CLOCK pulse width, and the MODE control has
no effect except at the rising edge of the CLOCK.
The waveforms in Fig. 2 demonstrate the operation of the synchronous clock gate. It can be
seen that the MODE transitions that occur while

QI

the CLOCK is either HIGH or LOW have no
effect on the output. Only the MODE-control
state at the positive CLOCK transition is recognized for each clock cycle.
For applications requiring a gated clock, either
Q 1 or Q2 may be used as the clock output. Output
Q 1 is gated OFF with MODE-ONE, and Q2 is
gated OFF with MODE-ZERO. The inverting
outputs provide a gated CLOCK when required.
The two sets of inverting and noninverting
outputs provide versatility for many applications
other than clock gating. If the MODE control is
alternately HIGH and LOW for each successive
CLOCK pulse, the synchronous clock gate will
translate a single clock signal into a two-phase
clock. The MODE control signal may be derived
from the clock input b~ using a J-K flip-flop in
the toggle mode.
John R. R einert, Motorola Inc., S emiconductor
Products Div., 5005 E. McDow ell Rd., Pho enix,
Ariz. 85008
CIRCLE No. 312

CLOCK

CLOCK
MODE
(GATEl

Qi

QI

Q2
Qi

Q2

(GATE!
Q2

1. Synchronous clock gate transmits input CLOCK
to either output Q1 or Q2 depending upon level of
MODE input.
64

2. MODE transitions occurring when CLOCK is
either HIGH or LOW have no effect on outputs
01 or Q2.
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146 MOMO·KAP

TM

Monolithic capacitor values

NOW IMMEDIATELY
AVAILABLE

FROM YOUR

E Series surface connection or feed through , compact,
barrier-type terminal blocks for use with wires up to
# 16 AWG.
Model E-Surface connection , positive clamp which
eliminates need for lugs, looping or hooking of wires.
(EC variation has both internal and surface clamps for
greater wire capacity.)
Model EFT-Screw terminals externally, solder terminals internally (EFTC variation has surface clamps and
EFTM has movable insert to provide clamping.)
All models above-Available with 1 to 22 terminals,
factory assembled to your specifications, terminals on
3/a " centers. Rated at 10 amperes, 300 volts. Molded
parts are black, thermo-set phenolic. Mounting holes
are integral , .160 diameter for use with # 5 mounting
screw.
Contact factory for your nearest local Curtis representative, distributor, or for additional information.

CENTRALAB
DISTRIBUTOR

CURTIS DEVELOPMENT & MFG. CO., INC.
CNEMAJ •••m

3236 N. 33rd St. • Milwaukee. Wis. 53216
864 1
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OPTIGRAPH
SYSTEMS, INC.

The superior reliability of Centralab MONOKAP capacitors has already been tested
and proven. Now they're, available, for the
first time, from Centralab Distributors. That
means the same tested and proven local
service you've corrie to expect on other
Centralab components.
Let your distributor prove his reliability
for immediate delivery of the most complete
range of radial lead, epoxy-coated monolithic capacitor values in the industry. You
can rely upon his complete stock for the
prototype or small produ.ction quantities you
need . Let your distributor prove how fast and
how well he can handle your requirements.
Remember, he also stocks a complete line
of Centralab ceramic disc capacitors as well
as other highly reliable special purpose ceramic capac itors. You can depend on him for
feed-thru, variable trimmer and transmitting
types plus a wide range of polystyrenes and
miniature electrolytics. Check your requirements, then call your Centralab Distributor.
He has just the right capacitors you need .
Immediately!
Need complete Mono-Kap technical data
and the name of your closest distributor?
Write Centralab Distributor Products, Dept.
MK-1.

...
......

DIST R IBUTOR PRODUCTS

...

--·
~
CENTRALAB
Elect r onics Divisi on
GLOBE-UN ION INC.

5 7 5 7 NORTH GREEN BAY AVE NUE
MILWAUKEE, W ISCONSIN 53201

A Subsi diary of Capi to l Reproducti on s Inc.

213 East 12 Mile Road • Madison Heights, Michigan 48071 • Phone (3 13) 398-2424
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IDEAS FOR DESIGN

Digital sweep generator maintains
constant output voltage at specified time
A triggered triangle sweep generator holds its
output voltage constant when a pulse is applied
at the HOLD input. The circuit provides versatility not commonly found in digital sweep generators.
A pulse applied at the "trig" input clears the
shift register (Fig. 1) when the HOLD input

1. Sweep generator output level at point A is held
constant when a high pulse is applied at the
HOLD input.

CLOCK

TRIG

POINT A

TIME

2. Tim ing sequence for an eight-bit register is il lustrated by the waveform for the output at point A.

IFD Winner of April 27, 1972
Bernje Schmidt, CMOS Design Engineering
Manager, Motorola Semiconductor Products,
Inc., 5055 E. McDowell Rd., Phoenix, Ariz.
85008. His idea, "Schmitt trigger design
uses CMOS logic," has been voted the Most
Valuable of Issue award.
Vote for the Best Idea in this issue.

(Fig. 2) is low. The sum of the outputs at point
A equals zero. The output of the last stage, a
LOW, is inverted and applied to the shift register's input. This HIGH input is clocked down the
register, and the output at point A increases in
equal steps with each clock pulse.
After k clock pulses (where k is the number
of bits of the shift register) , the last stage becomes HIGH. The resultant LOW is clocked down
the register, causing a step voltage decrease at
point A, equal to the earlier increase, until the
cycle repeats. Upon application of a HIGH at
the HOLD input, the "trig" and clock are disabled, and the output remains constant. Voltage
follower A l provides isolation.
The smoothness of the sweep variation (step
size) depends on the length of the shift register,
k. A capacitor from point A to ground can also
help to smooth the output.
If the "trig" circuitry is disconnected, the generator becomes asynchronous. A sawtooth may
be obtained by connecting the inverted output of
the last stage to the register's "clear" input and
placing a HIGH at the register's input.
A divide-by-N counter may be inserted in the
clock line if the HOLD input is a function of the
circuit's output and clock time--such as for
coarse VCO control in code synchronization. A
logarithmic or square-law sweep may be obtained
by selecting appropriate values of R for each
output.
P eter Himmelheber, S enior Project E ngineer,
and Stanle'IJ Thomas, Project E nginee1", Naval
Electronic Systems T est and E valuation Facility,
St. Inigo es, Md. 20684.
CIRCLE No. 313

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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FIXED CAPACITORS ...
Hermetically Sealed

... in Glass!
FOR
MAXIMUM RELIABILITY
AND LONGER LIFE!

Free
Standard Optical Filters
Catalog

Now you can design circuit capabilities never
before possible! "Glass-To-Metal" hermetic seal
guarantees long-term reliability and greater
strength! All potential problems are ruled out
because they are sealed out ... with glass! High
to low temperature excursions (-100 °C to
+ 500 °C or vice versa) will not affect the thermally
. matched components! Contact surfaces are nonoxidizing even under the most extreme conditions!
Avai Iable in 4 sizes from .160 x .065 to .400 x .155
with capacitance ranges of 1 pf to .22 mid.
Write for catalog sheet.

Over 1,000 Standard Optical Filters listed with
specifications and prices.
All Standard Filters are of highest quality. These
filters have been carefully selected to satisfy 80%
of the needs of customers who are building
prototype instruments.
·
65% of all filters are in stock ready for immediate
shipment.
Send for your copy of Catalog C-6.

Monolithic=
Dielectrics= Inc.

m1BAIRD-ATOMIC ISystem Components Division
125 Middlesex Turnpike, Bedford , MA 01730
(617) 276-6420 Telex : 92-3491
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INFORMATION RETRIEVAL NUMBER 33

AJJOO

I
UNUSUAL BARGAINS.

CHOOSE FROM OVER 4.000

The OEM
Digital
Cassette
Deck

OPTICS• SCIENCE
ELECTRONICS

... because it makes no compromise in performance
or quality at low cost.
The secret is an exceedingly straight-forward
design for the ultimate in reliability and long life,
with minimum maintenance. The result is a cassette
deck that is small, lightweight, and quiet. Two reel
motors with two capstans give bi-directional recording, and electronic clutching and braking reduces wear. Our unique tape guiding system helps
eliminate problems of cassette variables. All serviceable elements are accessible for quick, easy
maintenance .. . in the field. And the AJ700 operates
in ANY position.
There 's more to the AJ700. Write or call us:
We promise what we say, and we service what we sell!

Iii Anderson Jacobson
1065 Morse Ave . •Sunnyvale, California 94086 • (408) 734-4030
Sales offices in principal cities throughout the U.S.A.
INFORMATION RETRIEVAL NUMBER 34
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CATALOG'
1,000's OF HARD-TO-FIND
BUYS FOR INDUSTRY._,_.
,.-.... Brand new 16"·page easy-to-read edition packed with new
~ products, charts, diagrams , illustrations . On·the-job helps;
quality control aids, unique , exclusive items to speed your
work, improve quality, cut development and production
costs! Loaded wi th optical, scientifi~ and electronic
equipment available from stock for industry, research
labs, design engineers, experimenters, hobbyists.
ONE SOURCE FOR ALL YOUR NEEDS
Tremendous variety . Terrific savings. Countless hard-to-get
surplus bargains . Many " one-of · a· kinds" nowhere else .
Ingenious scientific tools . Thousands of components:
lenses, prisms, wedges, mirrors , mounts, all types of accessories. Hundreds of instruments: nollution testing
equipment, lasers , comparators , magnifiers , microscopes ,
projectors , telescopes , binoculars , photo attachments , eco·
logical items , black light equipment and America 's largest
collect ion of unique light ing products .
BUY DIRECT WITH MONEY-BACK GUARANTEE
Edmund ships over 5,000 orders monthly to America 's
largest industrials - every item guaranteed ! You must be
satisfied , or return your purchase in 30 days for your
money back. Shop the catalog of America 's largest ScienceOptics-Electronics Mart with confidence! Get your FREE
copy without obligat ion . No salesman will call . Write now
for free catalog ' 'DA "

·

a

RDMUND •ClaNTIPIC CO.
300 aD•CDRP •UILDINCI
•.IUll"INllTOllW, NltW

.1•"••Y

TELEPHONE: 609.547.34u

0•007
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Tantalum powder boasts
highest capacitance

(new products)

N01·ton Co ., 1 Nev: Bond St., Worceste1·, Mass. 01606 . ( 617) 8531000. $27.50 to $32.50/lb.
A tantalum powder claimed to
be the world's highest capacitance
commercially available tantalum
powder enables development of
smaller devices, easier fabrication
and lower costs for capacitor manufacturers. Designated the SGV
series, the new powders are designed for low voltage devices up
to and including 35 V. They provide 8000 µ,F V / g compared to the
next best comparable powder of
6200 µ,F VI g. The higher capaci tance enables a cost saving of from
30 to 50 % over previously available Norton powders.
CIRCLE NO . 251

Substrate terminations
can be DIP soldered
A ugat, Inc., 33 P en·y Ave., Attleborn, Mass. 02703. ( 617 ) 222-2202.
P&A: S ee t ext; 4 wks.
Until now, packaging techniques
for E CL 10,000 logic have been
limited to two-sided PC ( microstrip) and expensiYe multilayer
(strip line ) boards. Wrapped-wire
terminations-offering lower hardware and layout costs and design
flexibility for field changes and repairs- were not widely used with
high-speed logic because of problems stemming from the 2-ns rise
time of ECL 10,000.
But Augat has announced a new
board that accommodates DIP
packages and wrapped-wire terminations. The major difference between this and earlier logic boards
is that it has a third voltage plane
in addition to the usual ground
and Vee planes. The added plane,
for VTT ( - 2 V ), allows the boards
to meet the following requirements
for ECL 10,000:
• Characteristic impedance ( Z0 )
of long circuit lines. This should
be controlled.
• A resistive load RL equal to
the characteristic impedance of the
line. The load should terminate
long circuit lines.
• Maximum circuit efficiency.
This results when R1. is terminated
68

by a source of - 2 V.
• Voltage bussing for Vcc• VEE
and VT"r· The busses should have
low series inductance with sufficient decoupling.
Augat's panel is fabricated in
three layers, with the third, V TT•
voltage plane sandwiched between
two insulating layers and the V cc
and V 1m planes on the top and bottom of the panel. Each voltage
plane forms a low-inductance voltage source. Areas for mounting
bypass capacitors to decouple the
voltage planes are also included.
Each DIP location has four auxiliary solderless-wrap pins connected to the V.n supply. These are
used for terminating a resistive
load. The load resistor ( R1, ) serves
as a pull-down resistor and also
terminates the line at the gate
input.
The characteristic impedance of
a solderless-wrapped line on the
Augat panel is normally 140 !.1.
Termination of a line is generally
effected by a 150-!.1, 1/ 8-W resistor.
The new panel series is initially
available in multiples of 30 DIP
patterns, up to a maximum of 180,
for standard boards in Augat's PG
panel style. Prices for a 30-pattern
panel range from $40 to $80 each,
depending on style and quantity.

B erg Electronics, I nc., York
Expwy,. New Cumberland, Pa.
17070. ( 717 ) 938-6711.
A line of ceramic substrate terminations, some of w hi ch are designed to mount onto DIP packs
and others for edge mounts, clip
onto the substrate rather than fasten into holes drilled through it.
They mechanically hold their position until wave soldered for a permanent connection. Since there is
no need to drill the substrate
there is no resulting breakage.
CIRCLE NO . 252

Potting epoxies reduce
thermal expansion
Transene Co.,· Inc., Route One,
Rowley, Mass. 01969. (6 17) 94825 01. $3.25/lb.; stock .
A one-part epoxy for pottin g
and encapsu lation of electronic assemblies and components is selfcatalyzed to reduce waste and simplify the process by eliminating
the need to weigh out and add
hardener. Transepoxy 310 is a silica fi lled epoxy system for general
purpose potting and encapsu lati on .
Transepoxy 320 is an alumina
filled epoxy system with hi gh thermal conductivity. T ransepoxy 330
is an optically clear unfilled epoxy
system.

CIRCLE NO . 250
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PACKAGING & MATERIALS

DIP breadboard handles
plug-in or hardwired ICs

Press-fit edge connector
offers_modular approach

Elco Corp., Maryland Rd. & Computer A ve ., Willow Grove, Pa.
19090 (215 ) 659-7000.
A modular card edge connector
provides a means to update connection systems without the need
to redesign existing PC cards with
their 150 or 156-mil center contact
traces. The card edge connector
comes in modules of four and six
contacts. The modules can be
ganged together to custom design
connectors to fit the existing PC
card, without soldering.
CIRCLE NO . 305

Christiansen Radio Co. 3034 N estall, Laguna Beach, Calif. 92651.
(714 ) 497-1506.
The Model 14/16 DIP MiniMount breadboarding system has
a pressure-sensitive adhesive to
hold it in place while interconnecting wires are installed. Either
14-pin or 16-pin dual in-line packages may be accommodated . The
pressure-sensitive backing allows
the Mini-Mount to be moved or
exchanged as the circuit develops,
yet holds it firmly in place in the
finished assembly.
CIRCLE NO. 254

LSI flat pack offers
alumina loaded body

A Public Service
Announcement:
This comparison is brought to you with ulterior motives by
Cipher Data Products.
All the "yes" answers and the low price make the Cipher Mini-Cette
2000 ideal for test instrumentation, data acquisition, program loading
and overlays, sort/ merge operations-in fact, for any application where you
need to get the maximum throughput and highest reliability from your
minicam pu ter.
Since the information for the other manufacturers is based on the
best information available to us, don't hestitate to call them.
Then call us collect for more details or a demo.
COMPARISON OF MINI-MAG TAPE SYSTEMS
FEATURE

National Beryllia Corp., Sealox
Product Div., Greenwood Ave.,
Haskell, N.J. 07420. (201 ) 8391600.
A 30-lead flat pack for MOS / LSI
applications, the 051-2268, is 3/ 8
x 3/ 8 inch in size, with an alumina loaded glass body, Kovar bottom
and Kovar seal ring plated with
gold. Metallized lids and preforms
are available. Hermetic to 10- ,
rugged and dependable, and capable of volume production and high
yields, 051-2268 has a 200-mil
square die bond area, with overall lead frame dimensions of 1.240in. x 0.700-in.

Read-after-write?
Backspace record?
Backspace file?
Recognize interrecord gap?
Search for
file mark?
ECMA/ANSIcompatible?
High-speed search for
data or location
Drive mechanism
Max read speed
Max write speed
Price with coupler
(1 drivel
Telephone

CIPHER
CASSETTE

TRI-DATA
CARTRIDGE

SYKES
CASSETTE

DICOM
CASSETTE

Yes
Yes
Yes

No
No
No

No
No
No

No
No
No

Yes

No

No

No

Yes

No

No

No

Yes

No
Location
only
Solenoid
667 cps
667 cps

No
Location
only
Solenoid
1200 cps
1200 cps

No
Location
only
Solenoid
500 cps
500 cps

Both
Direct
2400 cps
600 cps
$3625

$3100

$3440

$4350

714/277-8070

415/969-3700

716 I 458-8000

408/732-1 060

c1· her
Data f?.oducts
(714) 277-8070
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MODULES & SUBASSEMBLIES

NEW

Low Cost, 12-Bit

D/A Converter

• Bipolar - 2's Complement
Coding
• Pretrimmed - Ready to Use
• Full Range -10V Output
• TTL, DTL Compatible
• All Hermetic Components
• 2" x 2" x 0.4"

$45

in hundreds

Now at a remarkably low OEM price . .. The DAC372-12 is a fine performance,
general purpose 12-bit DIA converter featuring 30PPM/ ' C temperature coefficient , 0-70 ' C operation, and SµSec settling. The unit incorporates th in film
precision resistors and is complete and ready to use. Price for 1-9 - $75.
Need ultra fast settling? The DAC372-WB-12, using an extremely fast internal
amplifier, settles in under 950nSec for a full 10V output range .. . a remarkable
unit at only $120 (1-9) . Contact us for full details.

INFORMATION RETRIEVAL NUMBER 37

MULTICHOICE IN MULTITHROW
COAXIAL SWITCHES
an equal
opportunity employer

Type-M choices include 2 sizes, 3 connector
types, single pole-3, 4, 6 throw ... Latching or Selective actuator, indicating circuitry , 2 mountings, 28 Vdc or 115 Vac .

Transco Products, Inc., 4241 Glencoe Ave., Venice, Calif. 90291

FET op amps combine
1.5 µ s settling, 105 CMR
Introni cs, 57 Chap el St., N ewton,
Mass. 02158. ( 617) 332-7350. FA540: $55; FA541: $68.

The F A540 and F A541 are differential FET op amps which combine a settling time of 1.5 µ,s with
100,000 CMRR. In addition, Model
F A541 offers a low drift of 2
µ, V /° C, minimum. Others specs include a gain-bandwidth of 5 MHz,
10 pA input current, and 10 11 n input impedance. Both amplifiers are
packaged in a miniature 1.25-inch
square by 0.4-inch high epoxy case.
Mil spec versions of both units are
available for operation from - 55
to +125 C.
CIRCLE NO. 256

Multiplying d/a settles
to 0.01% in 1.5 µs
Datel Systems, Inc., 1020 Turnpike
St., Canton, Mass. 02021. (617 )
828-6395. 8-bits, $99 ea.; 12-bits,
$139 ea.; stock.

· The DAC-MV series d/a converter s are plug-in modules capable of full four-quadrant multiplication. Input factors are a bipolar
variable r eference which will operate from dc-200 kHz and a digital word of up to 12 binary-bit
resolution. The units also have a
built-in voltage reference ( + 6.2
V ) , which can be externally pin
strapped for conventional d/ a operation. Prime features are: output r esponse of dc-200 kHz; output
settling time of 1.5 µs to 0.01 % of
FS. The DAC-MV Series are available in word lengths of 8, 10, 12
binary bits and two or three-digit
BCD. Input coding can be straight
binary, binary coded decimal, offset binary or two's complement.
The analog input reference range
is ± 5 V and requires a source current of 1 mA. Full scale analog
output can be either unipolar (0 to
+10 V @ 5 mA ) or bipolar ( ±5 V
@ 5 mA ) . Accuracy specifications
include ± 1/ 2 LSB linearity, ± 30
ppm/° C tempco and ±0.01 % FS
accuracy. All models feature a fast
output settling time of 1.5 µs for
eithe1· a FS digital input change or
for a FS reference voltage change.
CIRCLE NO. 257
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Serial-output a/d converters
make data-shuffling easier
CONVERT
CM D
STATUS
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STROBE - - - - '
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Analog Devices, Route 1 Industrial
Park, P.O. Box 280, Norwood,
Mass. 02062 . ( 617) 329-4700. ADC10Z: $99 (1-9 ) ; ADC-12QZ: $129
( 1-9 ) .
By designing-in the circuitry to
control the timing of serial-output
data from two new a / d converters,
Analog Devices has saved the designer time and money.
Both parallel and serial outputs
are provided. But unlike competing
units- which also offer both parallel and serial outputs- the Analog
Devices units provide an additional
output: a 200-ns strobe pulse
whose ONE-to-ZERO transition indicates a completed, or valid, serial
bit. Thus the strobe pulse can be

. .. ....... ,.~~ .... -•-a ""' .. -··· -•• ,.~" -• "'""'
ANALO(l
CI OEV
! CtiS

AD&tOl
: - - ': ': - .. -11: : :

"'ti:,.- 1!

::>"<.I>~''""""

;:.11111111;

"'~~"

-·

used to clock the serial data into
a receiving shift register . No external delay or synchronization
logic are necessary.

The $99 and $129 costs of the
ADC-lOZ and the ADC-12QZ, respectively, make them more expensive than at least three competing converters of similar
relative accuracy ( ± 1/ 2 LSB ) .
However, the ADC-lOZ converts in
20 µs - 2-1 / 2 to five times faster
than its 10-bit competition. And it
exhibits slightly less gain temperature drift: ± 40 ppm/° C vs 50
ppm /° C. The 12-bit ADC-12QZ is
also faster-40 µs against 100 to
200 ,1..ts for competing un~ts-but
its gain TC of 30 ppm /° C is about
par with similar units.
Perhaps more important, both
units are guaranteed to be monotonic (have no missing codes ) missing codes (monotonicity ) over their
operating temperature ranges,
which are 0 to 70 C for the ADClOZ and 0 to 50 C for the ADC12QZ.
In addition to the built-in timing control, two other features
make the 10-bit ADC-lOZ and the
12-bit ADC-12QZ easy to use:
They both contain built-in, temperature-compensated voltage references and, by use of jumpers,
allow the selection of any of four
input ranges: 0 to + 10 V, ± 10 V,
0 to +5 V and ±5 V.
The outputs of the two units are
TTL/ DTL compatible. Both require ± 15 V and +5 V, and both
come in a 2 x 4 x 0.4-in. package.
CIRCLE N O. 258

NALOc;y

INIECHS A-435°0 LOG AMPLIFIER, I~ Tl-lE
EA~Y WAY TO S'CALE A CUR.RENT OR..

VOLTAGE. 1T~ SMALL ANO INEXPEN'?IVE,
(3uT HAS AN 2> DECADE D'/NAMIC RANGE,
+ 1% A~URAt:..'{ AND± 0.04% TEl"IPCO.
~Nc;i1iVITIE~ Al(E 2/3 VIDECADES, 1
V!DaAD£. Al-ID 2 V/DfCADf:. AND Tl-+E'
A-4~51 DOES THE SAME~ NEGATiY£

INPUT5. BOiH ARE TRIMMABLE, NULl.ABLE
AND UNSHORTA BLE.

·1:r. •...•e·h
• ..
/220 COL.f'MM-; S"AN7,4

INCORPoRA1ED

(.408) 244-0500

QA.e.4 OI. gsoso
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Less than l~V
Offset! •

ICs & SEMICONDUCTORS

0

new
Ultra-Low Thermal

Comparator costs slashed
by introduction of quad

emf Reed Relays!
• Unique new method (pat. pend .) virtually
eliminates thermal offsets, permits use of
almost any type reed switch . . . Hg wet , dry ,
high voltage .
• Remarkably independent of ambient temperature,
environment.
• Many contact forms, pin configurations
available.
• Units also available at less than 500 nanovolts
per switch, or less than lµV differentially
between switches.
• Greater than 10 11 ohms isolation resistance.
• Rugged molded package . Moderate price .

V+

1/4 LM3901

100/LA

Write for Complete New Catalog MR-6.1

OUTPUT

CiO

COT O-COI L COMPANY, INC .
59 Pavilion Avenue, Providence, R. I. 02905
Tel: (401) 941-3355

CAI
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TUNING DIODE
GLOSSARY b, ~ so

SUPER Q®

FOR SUPER
QUALITY IN
MSI DIODES .
THE 1N5461A, 1N5139. the MV & GC. our own
HA & SQ SERIES GLASS D0-7, & D0· 14, th e
CERAMIC PACKAGED ABRUPTS AND HYPER·
ABRUPTS ARE SUPER MADE, SUPER RELIABLE,
AND JUST PLAIN SUPER .

HYPER Q ™:?;HQ~~~

GOOD CAPA·
CITANCE TUNING RATIO THE HAlBOO & 1900
SERIES HYPERABRUPTS in D0-7 are great for UHF
USES.

FOR BETTER
TUNING RA·
TIO
WITH
GOOD Q THE 2001 THAU 2B01 SERIES PROVIDE
OCTAVE TUNING CAPABILITY FROM UHF THAU
VHF TO HF. AVAILABLE IN PAIRS OR SETS TO
TRACK ± 3% OVER SPECIFIED VOLTAGE TUNING
RANGES. FOR VT FILTERS, SYNTHESIZERS,
VCXO/ TCXOs.

FOR
MICROWAVE
TUNING WITH EXCELLENT
Q
AND
HYPERABRUPT TUNING RATIOS.
A NATURAL FOR MICROWAVE TRANSISTOR TUN·
ING AND THE BEST GUNN CONTROL AVAILABLE
ANYWHERE.
FOR

MORE

COMPLETE DEFINITIONS. PLEASE WRITE

lliJ S Delectronics in~

34-32 57th STREET, WOODSIDE, N.Y. 11377

National Semiconductor Corp.,
2900 Semiconductor Dr., Santa
Clara, Calif. 95051. (408) 7325000. P: Se e below; stock.
With the introduction of the industry's first quad comparatorN ational Semiconductor's LM3901
-the cost of a single precision
comparator reaches a new low.
Consisting of four essentially LM311 comparators on a single chip,
the LM3901 is priced at $3.80
( 100-999 ) , or 95¢ a comparator. In
1000-up quantities, the cost drops
to 50¢ a comparator. By comparison, a single LM311 sells for $3.15
( 100-999 ) .
Moreover the LM3901 features a
total power current drain of only
800 µA for all four comparators.
This current is essentially independent of the magnitude of the
power-supply voltage. And that can
be as low as 2 V.
All four comparators are individually available for independent
applications. The comparators can
operate from a single power-supply
voltage over the range of 2 to 36 V
de (or dual supplies over the range
±1 to ±18 V de ).

When operating from a 5-V supply, the power consumption is 4
mW, or only 1 mW per comparator.
The output can sink a maximum
current of 20 mA, and response
time, as measured with a 100-mV
input step (5-mV overdrive), is less
than 1 µ,s. Input current is typically 35 nA, with input offset current at 3 nA and input offset voltage of less than 3 mV, typically.
Another important feature is
that the input common-mode voltage can range to ground even with
one supply (see diagram). The input common-mode voltage range is
from ground (or somewhat less
than ground) to 1 V less than the
power-supply voltage. This allows
voltage comparisons to be made
with very low-level input signals.
The outputs can be ORed and
can also be operated from a different power source. This type of output is useful in many system applications since it functions as a
single-pole single-throw switch to
ground. Thus a clamping function
is provided.
For LM3901
CIRCLE NO. 2 59

orcall 212 672-6500
INFORMATION RETRIEVAL NUMBER 41

72

ELECTRONIC DESIGN

18, September 2, 1972

LED/lamp drivers
cut component needs
T exas Instruments Inc., P.O. Box
5012, M I S 308, Dallas, T ex . 75222.
(2 14) 238-3741 . SN74143N and
SN74144N: $3.60; stock.
Two monolithic TTL/ MSI ICs
each contain a four-bit synchronous counter, a four-bit latch, and
a seven-segment decoder / LED or
lamp driver. Designated the SN54/
74143 and SN54/ 74144, these complex circuits each contain the
equivalent of 86 gates . And each
can be used to replace the SN54/
74160 decade counter, an SN54/
7475 four-bit latch, and an SN54/
7447 seven-segment decoder/ driver.

Now you can specify:
•

Clean-cut, modern design

•

Time-Tested, tough phenolic case

•

Environment-Free Viewing Area
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Counters draw 85 mW
with speeds to 23 MHz
Advanced Micro D evices Inc., 901
Thomp son Pl., Sunnyvale, Calif.
94086. ( 408 ) 732-2400. Molded
DIPs: $6 ( 100 up ) .
A 4-bit synchronous up / down
counter pair, the Am93L60 decade
and Am93L66 hexadecimal counters, operate at speeds to 23 MHz
with power dissipation of only 85
mW. The power is one-fourth,
the speed, one-half of the standardpowered counterparts. The new
counters offer separate up and
down clocks and asynchronous parallel loading.

all in the new Simpson

CENTURY SERIES
PANEL INSTRUMENTS
•

1V2", 2%", 3%" and 4%" sizes. Ranges, scales
and other characteristics to meet your exact
requirements.

•

Variety of movements. Matching Relays,
Wattmeters and Elapsed Time Meters also
available.

CIRCLE NO . 261

SCRs, TRIACs in
replacement line
GTE Sylvania Inc ., 730 Third A ve.,
New York, N.Y. 10017. (2 12) 5511000.
As part of a replacement line,
the company offers a comp lete
family of SCRs (5400 and 5500
series ) and TRIAC devices (5600
and 5700 series) . The SC Rs range
from a sensitive 800-mA device to
a rugged 34-A unit. Also featured
are a ful! ran ge of stand-off voltage capab iliti es. The TRIAC devices include a 2.5-A-gate unit, a
40-A device and a selection of
power TRIACs. They feature all
standard valu es of stand-off voltages and man y have four-mode
triggerin g capabi li ty.

Standards now in stock at electronic distributors
everywhere. For custom specials, see your Simpson
Representative ... he's listed in the Yellow Pages.

INSTRUMENTS THAT STAY ACCURATE

I

DIVISION

SIMPSON ELECTRIC COMPANY

5200 W. Kinzie St., Chicago, Ill. 60644, Phone: (312) 379-1121
Export Dept: 400 W. Madison St., Chicago, Ill. 60606, Cable SIMELCO
IN CANADA: Bach-Simpson, Ltd., London, Ontario
IN INDIA: Ruttonsha-Simpson Private, Ltd., International House,
Bombay-Agra Road, Vikhroli, Bombay

CIRCLE NO . 262
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Hybrid CATV modul,es
good to 300 MHz

Hybrid circuit forms
basic building block

Hutson Industries, 2019 W. Valley
View Lane, Dallas, Tex. 75234.
(214 ) 241-3511.
An 8-A triac or SCR is now
available in the company's Cermacels-miniature ceramic cells. The
thyristors are available in 200 V,
300 V and 400 V (V oRoM) ratings.
The new devices are hermetically
sealed and passivated with inorganic glass and feature the company's
Di-Mesa chip construction.

Motorola S emiconductor Products,
P.O. Box 20912, Phoenix, Ariz.
85036. ( 602) 273-3466.
Three hybrid
modules, for
CA TV systems, offer wideband
amplification with low noise figure .
The MHW560 provides 16 dB of
power gain with a bandwidth of 40
to 300 MHz (within ±0.3 dB). A
noise figure of 8.5 dB maximum is
specified. The MHW561 provides
an additional 15 dB gain and is intended as the output function in
a line extender. The third module
type MHW562 is intended for use
as the output amplifier in a trunkline amplifier.

Ledex Inc., 123 Webster St., Dayton, Ohio 45401. (513) 224-9891.
$22 (100 up ); 48 hrs. (25 units ) .
Over a dozen circuits to shape,
stretch or squeeze pulses can be
built usfng as a basic building
block, the LMD-1-a hybrid thickfilm control circuit and power
driver. With two external resistors, for example, a Schmitt Trigger driver capable of handling 50
V, 10 A loads can be made. With
a capacitor and resistor, a programmable pulser can be built with
a pulse rate from 1000 pps to less
than one pulse every ten minutes.

CIRCLE NO. 263
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8-A thyristors come in
miniature ceramic cells

T300: the cassette
designed for data

miniature DC motor with
reinforced shaft
now ... less than
*

s10

Fully complies with ANSI and ECMA standards for
digital data recording. It's the ultimate in cassettes
- the only one with performance specifications:
• Zero dropouts - certified after final assembly to
ANSI and ECMA specifications
• Off-center slot for use in drives built to ANSI
and ECMA specifications
• Hinged record-lockout tabs can't be removed
... and misplaced
• Fiberglass-reinforced screwed case dissipates
static charges - doesn't attract dust
Stocked worldwide in key cities for fast delivery. For
brochure with performance specifications, write or call:

INFORMATION TERMINALS
1160 Terra Bella Ave., Mountain View, CA 94040
(415) 964-3600
INFORMATION RETRIEVAL NUMBER 43
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Dla.1 .02411
Lgth. 1.63411

no cogging
torque up to 3.5 oz. in.
speed up to 7000 r.p.m.
mechanical time constant
19.6 X 10-3 sec
made in switzerland
Designed for instrumentation, comput~r
peripheral tape decks, xy recorders, medical applications, oceanography applications
Portescap U.S. 730 Fifth Ave.,

New York, N.Y. 10019

call us collect
In New York: (212) 245-7716 • In Los Angeles (213) 469-7393
·eased on 1000 units or more
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ICs & SEMICONDUCTORS

FIFO memory chip boasts
improved data-buffer specs
CLEAR

LC

WRITE ADDRESS COUNTER
OUTPUT
ENABLE

11

01

32• 8
STATIC RAM

INPUT
REGISTER

OUTPUT
REGISTER

la

Oa

EX

SIC

OUTPUT
CONTROL
LOGIC

READ ADDRESS COUNTER

OUTPUT
CONTROL
LOGIC

soc

NEW
SHORTER
CASE!
SCHAUER
ZENERS
1-WATT

All welded
and brazed assembly

AVAILABLE STORAGE COUNTER
(UP/DOWN COUNTER)

No fragile
nail heads

soc

SIC
COUNTER

COUNTER

DC
01

FF(8)

Signetics, 811 E. Arques A ve., Sunnyvale, Calif. 94086. ( 408 ) 7897700. P&A: S ee below.
First came Fairchild's 3341 4bit-by-64 word FIFO (first-in /
first-out ) memory-a monolithic IC
that functions as an asynchronous
data buffer. Now, close on the heels
of the 3341, Signetics offers the
2535-a monolithic 8-bit-by-32word FIFO buffer register with decreased fall-through time, serial /
parallel input and output and more
level indicators for data presence.
The use of either the Fairchild
3341 or Signetics 2535 IC allows
two systems with different clock
rates to communicate with each
other. Each IC operates over a frequency range from de to 1 MHz.
A major difference between the
two FIFO memory chips results
from the use of a 32 x 8-bit static
RAM in the Signetics 2535 (see
diagram ) . In the Fairchild device,
a 64 x 4-bit register is used. The
static RAM in Signetics' p-channel
MOS device allows a greatly reduced fall-through time-the
amount of time required for data
transmission starting with an
empty buffer. Signetics' 2535 has a

FF(l6)

.028 DIA.
GOLD PLATED
NICKEL CLAD
COPPER LEADS

fall-through of 2 J.LS maximum. It's
many times higher for the Fairchild device.
Another difference is the capability for serial or parallel operation at the input and output with
the Signetics 2535. In the Fairchild
3341, both input and output must
be operated serially. Thus additional circuitry would be needed when
the 3341 is used to obtain the
useful parallel mode of operation.
In another improvement, the Signetics' device provides 1/ 4, 1/ 2 and
3/ 4-fill signals in addition to
buffer FULL and EMPTY. With
the Fairchild IC, only FULL and
EMPTY are given.
The disadvantages of the Signetics 2535 include higher price
and larger package. In quantities
of 100, the 2535 costs $31.70 (vs
$20 for the Fairchild 3341) . Packaging of the 2535 is 28-.lead ceramic or plastic DIP (vs 16-lead
DIP ) . Deli very of the new IC is
two weeks (sample quantities).
For Fairchild 3341

U.S .A. Made

ALKYD RESIN

..L

18

+ -

-

1
16

CASE LENGTH
0.320" MAX.- -

SAME LOW PRICES FOR
1% TOLERANCE ZENERS
ANY VOLTAGE
FROM 2.0 TO 18.0
Quantity
1-99
100-499
500-999
1000-4999
5000 up

Price Each
$1.07
.97
.91

.86
.82

IMMEDIATE SHIPMENT
Send for rating data and
20%, 10%, 5% and 2%
tolerance prices.
Semiconductor Division

SCHAUER
MANUFACTURING CORP.
4511 Alpine Ave ., Cincinnati , Ohio 45242
Telephone 513/791-3030

CIRCLE NO. 266

For Signetics 2535
CIRCLE NO. 267
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evaluation
samples

application
notes

design
aids

Header /connectors

Magnetic diodes

Screen conversion factors

A fam ily of H-106 header/connectors have snap-on covers in four
heights: 170, 220, 295 and 500
mils. The covers have a smooth
surface to faci litate marking of customer part number or other identi fication. Cover material is glassfilled nylon. The units are available
in 14 and 16 p in configurations.
JOLO Industries.

A four-page data sheet describes
magnetic diodes, the new magneticsensitive semiconductor devices
wh ich change their internal resistance as a function of an external
magnetic field . By altering the
magnetic field, electrical signals
may be obtained which allow the
conversion of non-electrical quantities into electrical quantities.
E u r op ea n E lectronic Products
Corp., Culver City, Calif.

A plastic size-selector and conversion factor card measures 3 in.
x 6-3 / 4 in., is durable, and can
be carried in the pocket or kept in
a desk drawer for ready reference.
One side gives the relationship between Tyler and U.S. screens with
millimeter and fractional inch openings together with an illustration
of the particle sizes. It helps select
the size of activated charcoal or
other granular material to be used
for a specific purpose. The opposite side gives conversion factors
to aid in a wide range of chemical
and engineering calculations. Barnebey-Chaney ..

CIRCLE NO. 268

Ribbon cable

CIRCLE NO. 2 73

F lat-bonded round-conductor ribbon cable is available with from
10 to 30 conductors, 7 or 19
strands, and PVC insu lation withstanding up to 1000 V. Bi-Tronics
Inc.
CIRCLE NO. 269

DIP 22-pin sockets
A high quality socket that takes
all standard 22-pin dual-in-line
memory packages is available with
either standard three-wrap or replaceable t h ree-wrap pins. Molded
of diallyl phthalate, the sockets
have flame resistance per MIL-M14, Grade SDG-F. Cambridge
Thermionic Corp.
CIRCLE NO. 270

Brazing fixtures

Photon couplers
A 32-page application note on
photon couplers discusses the pros
and cons of different optoelectronic coupler systems, coupler terminology, key parameters, their interrelationships, and a wide variety
of applications. General E lectric
Co., Semiconductor Products Dept.,
Syracuse, N.Y.
CIRCLE NO. 274

Hybrid package technique
A method or reflowing predeposited solder offers various advantages for standard hybrid packaging. In permitting multiple stacking of double-sided PC boards,
many of the advantages of multilayer of equal circuit complexity
and reliability are offered. Catalog
No. 926-1 contains information on
the select solder deposit technique.
Amp Inc., Harrisburg, Pa.

CIRCLE NO. 27 7,

Cathode spectral response
A 23 x 16-inch wall chart gives
spectral sensitivity curves for photo-emissive cathodes and shows
transmission characteristics for
various window materials and other relevant data. EMI Electronics
Ltd., Electron Tube Div.
CIRCLE NO. 278

Plastics properties chart

Tinnerman fasteners provide
support for bent tube fluorescents.
The clips provide self-retained support for t he U-shaped ends of the
lamps, eliminating t h e need for
screws, rivets or crimping. Eaton
Corp., E ngineered Fasteners Div.

Thermistor Applications Data
Requirements Guide (AG-lA) is
designed to assist and reduce the
time necessary to select the proper
thermistor for applications which
most often present the design engineer problems, such as: time delay, transistor compensation, coil
compensation, surge suppression,
temperature measurement-control
and liquid level sensing. Fenwal
Electronics, Framingham, Mass.

The first six pages of "Plastics
Properties Charts," treat 37 properties of thermoplastics, including
a "Highlights" column on 19 plastics that industrial buyers have
found helpful-a short primer on
each "family" written in simple,
direct language. The following six
pages treat 36 properties of thermosets, with relevant footnotes.
The concluding spread is devoted to
24 significant properties of industrial laminates. Resins and fillers,
and characteristics and applications, are shown along the lefthand edge, and across the top are
listed mechanical, electrical, and
physical and thermal properties of
popular laminates used in electronics, aerospace, and other applications. Commercial Plastics and
Supply Corn.

CIRCLE NO. 272

CI RCLE NO . 276

CIRCLE NO . 279

Brazin g and other holding fixtures made of alumina ceramic are
fired to tolerances of ± 0.5 mi ls
without machining. The high alumina content imparts a number of
fixture advantages including dimensional stability and resistance
to high temperatures (up to 2500
F), thermal shock, and wear factors such as chipping and breaking. Ceram Corp.
CIRCLE NO. 271

Fasteners for fluorescents
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Thermistor applications
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(new literature)
Tone-burst generator
The Universal Tone-Burst Generator is described in a four-page
brochure. All proprietary call systems with which the instrument
can be used are listed. Operating
features and applications are presented together with specifications.
Singer Instrumentation, Los Angeles, Calif.
CIRCLE NO. 300

Ac relays
Complete electrical and pncmg
information on solid-state ac relays
is contained in a 12-page catalog.
Hamlin, Inc., Lake Mills, Wis.
CIRCLE NO. 301

Modems
The Model 2012, a synchronous
modem capable of automatic answer operation at 2400-bits per second over dial-up telephone lines, is
described in a six-page brochure.
Included are descriptions of important features, detailed theory of
operation and complete technical
specifications. An outline drawing
of the printed circuit card is included, as well as a block diagram,
a data mode timing diagram,
an illustration showing the transmitted signal frequency spectrum,
and a block diagram of both calling
and answering station call procedure sequence. Intertel Inc., Burlington, Mass.
CIRCLE NO. 302.

Logic modules
Details and prices of the JlOOO
range of logic modules are given
in a brochure. Jasmin Electronics
Ltd., Leicestershire, U.K.

Nortronlca dellgna, mMufacturera end
delivers lndUltrY'• most oominhenstve
line of Mlnl-Dlgltel recqn:lina Meda end
ellled products for modem eppllcetiona
In minl·compWNS. desk-top celcul•·
...._ d8lli entry ayatems, c....ne recordels encl guener Inch heeds for
the 3M Deta C8rtrkJGe.
We .i.o effer ~ t9Chnlcel end

~'="end~pu~
Perhepl moll Important. Nortronlcl

hu unkl• . . . . . . In Mini-Dian.I

metkela-the abllltY to halp you Mlect
the hud which will alve your product
the flexibility and rellallillty YoU clemand
at • price you cen live with-end the
ablllty to match your NqUirernenta for
~or production ~ntldea.
If you're d"lgnlng MJal-DigJtal
equipment. we haVe gutte a story to tell.
Wrtte or cell Nortrontc. tl4aY tor engl8'1d .._I~ or reguest
•
(If our ~ Dlgeat for Mlnl"'9calding.

'World'• IMder tn "'8Qnetic hHc:t9'

NORTRONl€S COMPANY, INC.
1101 Tllltll AYllut North • Mllln11111Da. Mllllllllta 514Z7 • (812) 146·0481
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CIRCLE NO. 303

Comm connectors
Color-styled, all-plastic 50-contact Vite! connectors and plugs for
the telephone industry are described in a 12-page catalog. The
catalog also covers bridging adapters, flat cable assemblies, doubleended splices and a splice designed
especially for the "interconnect"
market. Viking Industries, Inc.,
Chatsworth, Calif.
CIRCLE NO. 304

"The
Specialists"

For voltage reference (TC Zener) diodes,
knowledgeable engineers look to Dickson first
because Dickson has been a specialist in reference
diodes since 1960. This specialization just naturally
means more quality built into every device. The
standard line includes voltages from 6.2 to 200V
and test currents from 0.5mA to 1OmA. Try us!
Write, today, for new 6-page Zener selection guide.
"Where Quality Makes The Difference"

.DICICSO.itl'
ELECTRONICS

CORPORATION

PHONE (602) 947·2231 TWX 910·950·1292 TELEX 667·406
P. 0 . BOX 1390 • SCOTTSDALE, ARIZONA 85252
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NEW LITERATURE

Graphic and digital recorders

Disc system

A line of analog and digital record ing instruments, programmable data acquisition systems,
multipoint and event recorders are
described in an eight-page catalog.
Esterline Angus, Indianapolis, Ind.

A four-color, eight-page brochure describes the Model 844 universal controller and disc storage
system for OEMs and end-users.
Photographs illustrate the ca bi netry. In addition, the brochure describes the design and applications
and contains a descriptive specification sheet for different disc
drives available with the new controller . Peripherals General, Inc.,
Cherry Hill, N .J.

CIRCLE NO. 324

MOS modem
A six-page, two-color brochure
describes a MOS modem featuring
4800 bps full-duplex operation.
American Data Systems, Canoga
Park, Calif.
CIRCLE NO. 325

Micro 1600 manual

DIP transformers

An 88-page reference manual describes the Micro 1600 minicomputer. The manual has seven chapters and an appendix with a
microcommand reference table. The
seven chapters conta in design features, system description, microcommand repertoire, control panel
o p e r a t i o n, microassembler program, input/ output information,
physical characteristics and system
power. Microdata Corp., Santa
Ana, Calif.

A new catalog sheet covers data
on 14 and 16-pin dual-in-line quad
pac transformers, Series 1900. It
includes drawings, maximum ratings, turns ratios, primary inductances and other specifications.
Also shown is similar data on general-purpose pulse transformers and
balanced center tapped transformers. Muir Industries, Inc., Tecate,
Calif.
CIRCLE NO. 326

CIRCLE NO. 320

Four-inch recorder
Terminal blocks
Detailed specifications on a full
line of quick-connect terminal
blocks are given in a bulletin which
covers 250, 187 and 110-mil terminal sizes. Underwriters Safety
Device Co., Chicago, Ill.
CIRCLE NO. 321

Thermal switch
Type R-3 bi-metal thermal switch
is presented in a two-page bulletin.
Included are a complete description, specifications and an installation drawing. Control Products,
Inc., E. Hanover, N.J.
CIRCLE NO. 322

The Alden 400 "push-to-print"
recorder is described in a two-page
data sheet. Alden Electronics &
Impulse Recording Equipment Co.,
Inc., Westboro, Mass.

CIRCLE NO . 330

Data modems
A brochure describes a complete
line of low-speed, Bell-compatible
data modems. Pulsecom, Falls
Church, Va.
CIRCLE NO . 331

Portable chart recorders
Photos and specifications for
the Model TR-711 portable ana log
strip chart recorder are provided
in a bulletin. Comp lete basic specifications, as well as price and ordering information, are included.
Prices are also provided for a special starter kit and accessories and
options. Gulton Techni-Rite Electronics, E. Greenwich, R.I.
CIRCLE NO. 332

Data processing

Basic information on the company's line and add-on core memories and individual storage units
are described on data sheets. Computer Hardware Consultants &
Services, Inc., Newtown, Pa.

"Data on Demand," a 16-page,
full-color brochure, explain s the
services the company provides for
commerce, industry and government. These include the design and
installation of computer-commi,rnications systems which gather data
over any distance, process it and
deliver it in the form required, as
fast as necessary. Teleprocessing,
Industries, Inc., Mahwah, N.J.

CIRCLE NO. 328

CIRCLE NO. 333

CIRCLE NO. 327

Add-on memories

Disc memory

EMC compatibility

A machine-insertable connector
for circu it boards that gives a
mechanical through connection
which resists impact, vibration and
thermal shock is described in a
four-page bulletin . Berg Electronics, Inc., New Cumberland, Pa.

Model L107MS disc memory system is described in a two-page data
sheet. In addition to giving technical data and features of the system, the data sheet also contains
a complete specifications list and
dimensional drawing. The Singer
Co., Librascope Div., Glendale,
Calif.

CIRCLE NO. 323

CIRCLE NO . 329

A technical discussion, EDPF
part number coding and specifications, dimensional data for EDPF
series filters are discussed in a 68page catalog, which is avai lable for
$3. A capacitive and inductive reactance calculator is included. Cornell-Dub lier, CDE, Marketing
Communications, 150 Avenue L,
Newark, N.J. 07101

Connectors
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UDAC STORES MORE!
Record by character on command, five
track parallel format on quarter inch
tape driven in a true incremental
mode with 200 steps per inch.
Read by character or at slew rate with
a speed of 600 steps per second .
The cartridge holds 300 feet of tape and
five tracks let you store more data.

ueJec

mca technology inc.
13035 Saticoy St., No. Hollywood, Calif. 91605
(213) 875-1900
$660
INFORMATION RETRIEVAL NUMBER 48
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Write for our free folder "Fast Lead Exposure."

WOUED ELECTRODICS
A DIVISION OF SOUT HER N WEAVING COMPANY
P.O . Box 189, Mauldin, S.C. 29662, (803) 288-4411
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(Advertisement I

ELECTRONIC DESIGN'S function is:

500-line Real-Time Spectrum Analyzer Acts Like 650-Lines
Second generation Mini-UbiqTM Model UA-1 5A
low frequency real-time spectrum analyzer -.smaller, lighter, easier to ·use and less expensive
than Federal 's famous Ubiquitous® 500-line analyzer is better for on-the-spot frequency analysis, machine noise diagnosis, computer automatic systems. Incorporates a sharper, computerdesigned filter for increased selectivity can
separate closely spaced components as if it had
650 frequency lines. Widest choice of range 12 ranges from 1OHz to 50kHz; highest frequ_ency
and amplitude accuracy; computer control of input
amplitude range, analysis range, and presamplmg
filter; operation with we ighting functio~ on or off;
sweep termination adjustable for high sweep
rates; earphone monitor of filtered input.

Federal Scientific Corp.

CIRCLE NO. 171

615 West131st Street. New York, N.Y . 10027

Create Your Own Power Supply Sub-Systems
TOM
ll111hPnl••"""""'
TOMD
lhialOu1p111
!'Ul4f.'r

Supply Modules

CIRCLE NO. 1 72

85 Horsehill Road, Cedar Knolls, N. J. 07927
Tel. (201) 267-1900

PC Drafting Aids Catalog

-- . -···-· -

;,,) BY·BUK

.. ·-~·--

Thousands of time saving, cost saving artwork
ideas are found in the By-Buk P-50 catalog of
pressure sensitive printed circuit drafting aids.
With the most practical artwork patterns for: TO
cans, multi-pads, dual-inlines and flat packs fea tured. Donuts, connector strips, teardrops, ovals ,
tapes, tees, elbows, etc. , by the hundreds are included in the most comprehensive list of sizes.
Opaque black, transparent red and transparent
blue materials for one and two-sided board designs. For a free copy and samples, write today.
CIRCLE NO. 173

By-Buk Company
Subsidiary of Webtek Corp., 4326 W. Pico Blvd.
Los Angeles, California 90019 (213) 937-3511
80

Want a subscription? ELECTRONIC DESIGN is sent free to qualified engineers
and engineering managers doing design work, supervising design or setting standards in the United States
and Western Europe. For a free subscription, use the application form
bound in the magazine. If none is
included, write to us direct for an
application form.
If you do not qualify, you may take
out a paid subscription for $25 a year
in the U.S.A., $35 a year elsewhere.
Single copies are $1.50 each.
If you change your address, send us an

New T. D. I. brochure offers designers complete
details in grouping its famous line of adjustable
range TOM (single output) and TDMD (dual out put) power supply modules in a single package to
meet exact requirements, without expensive cabling, racks or accessories. All modules feature
front panel voltage and current limit adjustment ,
test points and indicator lamps. OV crowbar protection is built in. Outputs available 1.0 to 305
VDC and 0.06 to 60 .0 AMPS,

Transistor Devices, Inc.

• To aid progress in the electronics
manufacturing industry by promoting
good design.
• To give the electronic design engi neer concepts and ideas that make his
job easier and more productive.
• To provide a central source of
timely electronics information.
• To promote communication among
members of the electronics engineering community.

old mailing label and your new address; there is generally a postcard
for this bound in the magazine. You
will have to requalify to continue
receiving ELECTRONIC DESIGN free ..
The accuracy policy of ELECTRONIC
DESIGN is:
• To make diligent efforts to ensure
the accuracy of editorial matter.
• To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
"Across the Desk."
• To encourage our readers as responsible members of our business
community to report to us misleading
or fraudulent advertising.
• To refuse any advertisement deemed
to be misleading or fraudulent.
Microfilm copies are available of
complete volumes of ELECTRONIC DESIGN at $19.00 per volume, beginning
with Volume 9, 1961. Work is now
ih prq.cess to complete the microfilm
edition of Volumes 1-8. Reprints of
individual articles may be obtained
for $2.00 each, prepaid ( $.50 for
each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Microfilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 telephone
(313) 761-4700.
Want to contact us? If you have any
comments or wish to submit a manuscript or article outline, address your
correspondence to:
Editor
ELECTRONIC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662
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Electronic Design
Advertising Sales Staff

quick Od/

New and current products
for the electronic designer
presented by their manufacturers.

Bryce Gray
Sales Manager

Rochelle Park, N.J. 07662
Robert W. Gascoigne
Daniel J. Rowland
50 Essex Street
(201) 843-0550
TWX: 710-990-5071

Philadelphia
Thomas P. Barth
50 Essex Street
Rochelle Park, N. J. 07662
(201) 843-0550

••••
~

Boston 02116
Richard L. Green
20 Columbus Avenue
Boston, Mass.
(617) 482- 7989

Chicago 60611
Thomas P. Kavooras
Berry Conner, Jr.
200 East Ontario
(312) 337-0588

Cleveland

New precision frequency synthesizer
at signal generator price . Covers
from .1000 Hz to 9 .999 MHz in 8
ranges.
Frequency accuracy /p lus
and minus 10 ppm over 0·50° C./
TTL square wave output. Various
options available. Price $495 .00.
Syntronics, Inc., 169 Millham Street,
Marlboro, Ma., 01752. (617) 481·
7827.

Thin-Trim® variable capacitors are
designed to replace fixed tuning
techniques. Applications include
crystal oscillators, CATV amplfiers,
communication and test equipment.
Series 9410 has high Q's with five
capacitance ranges from 1.0 · 4.5
pf to 10.0 · 50.0 pf. Johanson
Manufacturing Corporation, Boon·
ton, N. J. (201) 223·2676

INFORMATION RETRIEVAL NUMBER 181
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Prototypes of precision snap-action
thermostats from Elmwood, widely
specified for quick, reliable re·
sponse; proven industrial and mili·
tary performance record. Environ.
expos. -85 • to 550 ° F; narrow or
wide diff.; rated to 15 amps. Wide
choice of brackets, terminals . Elm·
wood Sensors, Inc. (401) 781-6500.
TWX 710-381-6413.

EC offers nearly 100 capacitance
values in its new line of 100-Volt
Flat-Pak, Axial and Radial-Lead Met·
alized-Polypropylene Capacitors. Ca·
pacitors are epoxy encapsulated in
Diallyl Phthalate. Stand-off feet are
provided on both Flat-Pak and Radial
Lead units. Engineered Components
Co., 2134 W. Rosecrans Ave., Gar·
dena, Cal. 90249. (213) 321 -6565 .

INFORMATION RETRIEVAL NUMBER 183
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High quality panel meters. Extensive
experience gives you a diverse line
of reliable panel instrumentation.
Please contact us for more detailed
information. Sanyo Products Corp.,
P. 0 . Box 125, Shinjuku , Tokyo,
Japan.

Aside from the various types of con·
nectors, we have plugs, jacks, test
leads, semi-conductors, resistors,
capacitors, jumper cables, intercom
sets, etc. LICHT CORPORATION,
Toshin Bldg., No. 1·2, 2·chome,
Sotokanda, Chiyoda·ku, Tokyo,
Japan. Phone: 253-8785.
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Thomas P. Kavooras
(Chicago)
(312) 33 7 -0588
(call collect)

Los Angeles 90303
Stanley I. Ehrenclou
Burt Underwood
2930 Imperial Highway
Inglewood, Calif
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FREESTANDING
NEMA 12 single door; single door , dualaccess ; two-door ; two-door, dual-access. Versat il e mounting panel and relay rack angle
arrangements. EMl / RFI shielding optional.

CONSOLES,CONSOLETS
Nearly 2 dozen models with a large variety
of accessories . Sturdy 14 gauge steel construction . All-weld ed seams , gasketed doors,
oil tight . NEMA 12 . EMl/RFI shielding
opt ional.

INSTRUMENT ENCLOSURES
Oil-tight. 12 standard sizes , 6 x 6 x 4 to 14 x
12 x 6. 14 gauge steel , continuously welded
seams . No holes or knockouts. Gasketed covers. Optional interior mounting panels.

Your needs for instrument enclosures
vary widely and del ive ry is important.
That's why there are Hoffman distributors
strategically located throughout the
U.S.A. Offering precision-built enclosures
of all different sizes and shapes. With
factory backup on all catalog items .
NEMA 12 and JIC type electrical/electronic enclosures, including pushbutton
boxes and wireway. We also do custom
fabrication. Write for catalog and name
of nearest distributor.

(product index)
Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed
here with page and Information Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category
Components
brazing fixtures (ES)
CATV module
comparator, quad
connectors (NL)
counters
diodes, magnetic (AN)
fasteners (ES)
header/ connector (ES)
LED/lamp drivers
photon couplers (AN)
relays, ac (NL)
sockets, DIP (ES)
spectral response (DA)
terminal blocks (NL)
thermal switch (NL)
transformers, DIP (NL)
Data Processing
a/ d converters
computers (NL)
converter, d/a
data processing (NL)
disc memory (NL)
disc system (NL)
four-inch recorder (NL)
logic modules (NL)
memories, add -on (NL)
modem, MOS (NL)
modems (NL)
modems (NL)
recorder, portable (NL)
recorders (NL)
ICs & Semiconductors
amplifier, operational
buffer register
CATV module
comparator, quad
counters
driver, power
flat pack
LED/ lamp drivers
modem , MOS (NL)
SCRs, TRIACs
thermistors (AN)
thyristors
transformers, DIP (NL)

Page

76
74
72
78
73
76
76
76
73
76
77

76
76
78
78
78
71
78
70
78
78
78
78
77

78
78
77

78
78
78
70
75
74
72

73
74
69
73
78
73
76
74
78

Modules & Subassemblies
a/ d converters
71
amplifier, operational
70
converter, d /a
70

ELECTRICAL
ENCLOSURES
HOFFMAN ENGi NEERING COMPANY
Divis io n of Federal Cartridge Corporation
ANOKA, MINNESOTA DEPT ED-212

Packaging & Materials
board, solderless wrap
breadboard
cable, ribbon (ES)
chart, plastics (DA)
connectors (NL)
conversion card (DA)
edge connector

68
69
76
76
77

76
69

IRN

Category

Page

IRN

68
76
69
76
76
68
78
68

253

271
264
259
323
261
273

epoxy, potting
fasteners (ES)
flat pack
header/ connector (ES)
hybrid packaging (AN)
tantalum powder
terminal blocks (NL)
terminations

272

268
260
274
301
270
278
321
322
326
258
320
257
333
329
330
327
303
328
325
302
331
332
324
256
267
264
259
261
265
255
260
325
262
276
263
326
258
256
257
250
254
269
279
l04
277

256

272

255
268
275
251
321
25i

new literature
computers
connectors
connectors
data processing
disc memory
disc system
four-inch recorder
logic modules
memories, add -on
modem , MOS
modems
modems
recorder, portable
recorders
relays, ac
terminal blocks
therma I switch
tone-burst generator.
transformers, DI~

78
77

78
78
78
78
78
77

78
78
77

78
78
78
77

78
78
77

78

320
304
323
333
329
330
327
303
328
325
302
331
332
324
301
321
322
300
326

application notes
diodes, magneti G
hybrid packaging
photon couplers
thermistors

76
76
76
.76

273'
275
274
276

design aids
chart, plastics
conversion ca rd
spectral response

76
76
76

279
277

278

evaluation samples
brazing fixtures
cable, ribbon
fasteners
header I connectors
sockets , DIP

76
76
76
76
76

271
269
272
268
270
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KONEKTCON® MAKES THIS EASY! It's the
Molex system that solves the most complex
board-to-board, board-to-component, chassis-to-board interconnection problems. It's
economical. Reliable. Quick. Versatile. Uses
only four basic connectors. Unique rigid
square wire male terminals permit stacking
of multiple board connections to the same
circuits. Molex vibration assembly method
stakes up to 300 terminals per minute for
wave soldering. Preassembled round male

terminal wafers also available for 2 to 18
circuits. Three female terminal assemblies
provide incomparable flexibility: cable-toboard; board-to-board, parallel; board-toboard, perpendicular; and board-to-chassis.
Plus a variety of options, including a 3-circuit power transistor. For technical specs
call (312) 969-4550. Or write: Molex I ncorporated, lisle, Illinois 60532.
~
••• creating components that
simplify circuitry
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CA3118AT
CA3118T .

CA3146AE
CA3146E

CA3183AE
CA3183E

We've UPPED our VcEo to 40 volts ...
to give you flexibility with extra muscle
' We've taken our already popular
CA3018, CA3046, CA3083 transis-.
tor arrays and upped their VcEo ratings from 15 volts to 30 and 40 volts.
The new CA3118AT, CA3118T,
CA3146AE, CA3146E, CA3183AE,
CA3183A now bring you a new level
of design flexibility in our widely accepted I ine of mono I ithic transistor
arrays.
They offer a broad variety of configurations - Darlingtons, differential amplifiers and uncommitted transistors - for communication, con trol, and instrumentation equipment.
High-current types CA3183E and
CA3183AE offer capability up to 75
mA.
If compact, economical design

and high voltage are important to
you . . . use these new RCA arrays,
CA3100 Series. They 're the logical
choice for lamp and relay drivers,
, thyristor triggering, and for most signal processing and switching systems
from DC to 120 MHz. (If Vern to
15 volts meets your requirements,
specify
the
standard
CA3018,
CA3018A, CA3045, CA3046 or
CA3083.l
If you have been using discretes,
take advantage of RCA's unequalled
experience in the design and manufacture of high-quality transistor
arrays. If you've been voltage- or cur rent-limited by previous arrays check RCA's six new types now.
For more information see your

International: RCA, Sunbury -on -Thames , U.K .. or Fuji Building, 7-4 Kasumigaseki,
3 -Chome , Chiyoda- Ku, Tokyo , Japan. In Canada : RCA Limited , Ste , Anne de Bellevue
810, Quebec.
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RCA Representative or your local
RCA Distributor. All types are available from stock in quantity for new
designs. For technical data, write
RCA Solid State, Section 571-2
Box 3200, Somerville, N.J. 08876.
ic
Type

VCEO

CA3118AT
CA3 118T
CA3146AE
CA3146E

40
30

CA3183AE
CA3183E

30

40

30

40

Price

lmax.)
mA

Package

l100Q..unit
level)

50
50
50
50

12L
12L
14L
14L

T0-5•
T0 -5·
DIP••
DIP••

$1 .40
.98
1.40
.98

75
75

16L DIP••
16L DIP••

1.50
1.25

•operates over full military temperature
range of - ssoc to 12soc

••operates

over

range of - 400C to

ambient

+asoc

temperature

RC"

Solid
State

products that make products pay off

