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We built m
the decoder/driver
so you don't have to.
Not only the decoder/driver but the memory too:
Now available for immediate delivery is the

excellent readability over awide viewing angle
in acompact . 600 inch by .400 inch package.
So why wait? For immediate delivery on the

HP 5082-7300 series solid state display.
It's completely TTL compatible. All you do is

HP 5082-7300 call your local HP sales office, or

address it directly with four- line BCD input. The

Hewlett-Packard, Palo Alto, Calif. 94304.

on- board IC allows for either the storage of input
data or real-time display. You save design time,
space and money, and get acompletely reliable

In Europe: 1217 Meyri n-Genev a, Switzerland.

integrated display system.
A bright . 290 inch high, shaped character gives
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Wh the best
hi frequency transistors
cost less than the second best.
It doesn't happen often. But in the case of
microwave transistors, you don't have to
trade off performance to get the lowest
price. That's because we've combined
advances in silicon semiconductor technology with efficient mass-production.
The result to date has been:

We can deliver most orders from stock.

More power out.
That's the function of the new HP 11.
It fills the power gap between the HP 21
and high power devices. As apreamp

The workhorse: HP 21.
This small signal transistor is the
backbone of any RF/microwave amplifier
design. It has a12 dB gain at 2GHz
(useable to 5GHz), anoise figure of
4.2 dB at 2GHz and aprice of only $ 19
each in small quantities. So you won't
be making tradeoffs in your design.

Firm delivery
and great reliability.

in its stripline packages. All for just $75
each. No other transistor can make
that statement.
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Really low noise.
The HP 22, asignificant new high
frequency device, has amaximum
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And you can count on device reliability.
Our proven manufacturing process not
only provides excellent parameter
stability from batch to batch but insures
healthy devices. Like 10 million hours
MTBF for the HP 21.
An HP field engineer is nearby to answer
your questions and handle your orders
promptly. Why not give him acall for
complete information about our
transistors. Or write Hewlett-Packard,
Palo Alto, California
94304.
Europe: 1217
MeyrinGeneva,
Switzerland.

output or linear driver, it offers low
distortion from 2to 4GHz. Yet it costs
the same as the small signal HP 21.
1
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The low price of success.

GA(ma )

You've seen the kind of performance our
transistors offer. Now let's get down to
the cost factor.

NF(max)
8 910
Frequency ( GHz)

guaranteed noise figure of 4.5 dB at
4GHz with 6.5 dB gain when biased for
optimum NF ( 10 V, 5mA). With 3
dB more gain across the band than the
HP 21, the HP 22 is useable to 8GHz

Quantity

HP 21

1-99 $ 19
100+

15

HP 22

$75
65

HP 11 .

$ 19
15

(Domestic USA prices for snipline package,

04117

Can you afford not to use them ?

HP transistors: asmall price to pay
for performance.
hEWLETTi
à
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Publisher's letter
During the more than 42 years that

Electronics has been published,
there have been a great many
changes in its format. Some were
revolutionary, some evolutionary—
but all were designed to help the
magazine keep pace with our readers' changing expectations and
changing information needs.
We've just completed another redesign, one that has— among other
things— added two new sections to
the mixture of news, analysis, technical articles, and new products information that we bring you every
two weeks. This redesign is an evolutionary one: therefore, many of
the changes may not be apparent at
first glance. But we're sure you
won't want to miss the two new sections— Engineer's Notebook and Engineer's Newsletter. You will find
them on pages 113 and 117, respectively.
These departments add a whole
new dimension to Electronics. The
material in both departments will
deal with various everyday problems that continually frustrate engineers. The emphasis is on the engineering tradeoffs involved in solving
design problems. as well as insights
and tips on applications, novel designs, and engineering sl-ortcuts.
The best examples of what you'll
be finding in the new sections are
the headlines of the stories in the
first Engineer's Notebook:
• A quick solution to conductive
heat treatment problems.
• Coaxiai buses help suppress
power supply transients.
• Finding open- loop gain without
opening the loop.
And we'd like this to be a twoway street. If you have any ideas
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that you think would be of interest
to your fellow readers, send them to
us, addressed to Dick Gundlach.
The rest of the changes include a
Highlights section added to our
Contents page ( see page 3). We've
done that to speed you on your way
to the most important and timely
stories in the magazine.
Then we've added some new
types of headlines.in the Electronics
Review section ( see page 29). We
designed these to make it easier for
you to find the stories that interest
you most.
From now on, you'll find our
Probing the News section immediately following Electronics Review.
We made this change so that all
news stories will be near the front of
the magazine for your convenience.
Now, you'll be able to find all of
Electronics' up-to-the-minute stories
of technology and business that are
covered in the newsletters and Electronics Review right beside the indepth analyses of industry trends
that are the specialty of Probing the
News.
Also, don't look for the old, yellow newsletter pages. From now on,
the Electronics, Washington, and
International Newsletters will be
printed on acrisp white stock that's
easier to read.
All these changes add up to a better way to meet your changing expectations and information needs. I
would welcome your comments and
suggestions.
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The new Krohn- Hite Model 5200 linear sweep/'unction
generator gives you more versatility and performance fo(
your money. If that's asweeping statement, we stand ready
prove it! Model 5200 generates basic sine, square, triangle arc
ramp waveforms that you can manipulate with sweeps and triggers
from 0.00003Hz to 2MHz. For even more versatility, the new Model 530G
adds an exponentia ramp for logarithmic sweeping a.
:only $ 695 For fast \
action, call the Wavemakers at ( 617) 491-3211, TWX 710-320-6583, Erchn-Hite \
Corporation, 580 Massachusetts Ave.. Cambridge, Mass. 02139.
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Readers comment
Eight rays
of hope for the
incurably
trigger-happy.
You know how it is with conventional dual-channel scopes. You reposition a trace and you have to
adjust the trigger. A man can get
retrigger-happy.
Well,Dumont's 1050/1060 scope series
puts an end to all that. All eight
models have trigger systems that
bypass the positioning circuits. Result: No loss of trigger ( in either
channel, in any position), no trace
flicker in dual trace, and no readjusting the trigger level after trace
positioning.
Ask us about our 1050/ 1060 Series.
About the easy operation, about the
tremendous sensitivity, about the excellent wide- band operation.
At prices that begin at $1845, they
should shed alittle glow in the budget department too.
Write or call for details.

Decoding tree
To the Editor: Louis E. Frenzel Jr.'s
decoding trees described in " Positive and negative gates trim package
count" [
Electronics, Oct. 25, 1971,
p. 78] can be rearranged by using
7408 quad AND gates throughout,
but using 7408 or 7400 at the output

OSCILLOSCOPE

LABORATORIES. INC

side to give N or Fl decodes, as required. The package count is identical. but the circuit is quicker to
check over.
Bernard Jones
Crossfield Electronics Ltd.
London, England
FET current source
To the Editor: Two errors somehow
escaped the scrutiny of your proof
readers in my Designer's casebook
article, "FET current source gives
stable, precise ramp," [
Electronics,
Nov. 8, 1971, p.81]. First, in the
text, the last sentence in the next- tolast paragraph should read, " Once
FF 1 is reset, its output goes high,
C1 discharges fast through D1.terminating the ramp." Please note
that the bar was left off the 4
.
5in the
text as published.
The second error occurred in the
schematic. The Q output of flip-flop
is shown connected to the inverting
(-) input of the 741 op amp,

6
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741 inputs.

Thomas D. Price Jr.
Saunderstown, R. I.

Revised version

DUMONT OSCILLOSCOPE
LABORATORIES, INC.
40 Fairfield Pl.,W. Caldwell, N.J.07006
(201) 575-8666 TWX ( 710) 734-4308

OLIMONT

whereas it should be connected to
the noninverting (+) input. The
drain of the FET goes to the inverting input. In other words, reverse
the plus and minus symbols on the

To the Editor: In Max Artusy's article, " Tunable active filter has controllable high Q" [
Electronics, Jan.
31, p.57], I fail to agree with the
equation for resonant frequency—
fo 1
/7T(R IR2C 1C2) 1
2
-and results
based on the values shown in the
schematic.
Where have Imade an error? Has
the author erred?
Leonard E. Herzmarsh
Biomedical Instrument Systems
Prairie Village, Kan.
• Other readers who raised this point
include Alexander Bell, of Xan Instrumatics, Beaufort, N. C.; Joseph S.
Laughter, of the University of Tennessee's division of biomedical instrumentation; Harry G. Newman, of
Sangamo Electric Co., Springfield,
III.; and William S. Wagner, of the
University of Cincinnati's department
of electrical engineering.
The author replies: there are several points that require clarification
concerning the circuit, which is perhaps better described as atunable active bandpass filter. The floating
junction of R1 and C1 should have
been grounded (see corrected schematic below). Resonant frequency is fc,
= I /[2.
7(R1R2C1C2)" 21, where R1 =
R2 and Ci = Co. To prevent oscillation, the following condition must be
met: I + R4/ (R + R3)must be less
than 3. The op amp is, of course,
made by Fairchild and many others.
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ANOTHER MYTH DESTROYED.
Myth: National doesn't make FET op amps. And, even if they
did, they probably wouldn't be as good as bipolar
devices. And, besides, everybody knows that FET op
amps have lousy offset voltage and drift specs.
And, FETop amps are too expensive. And, anyway, why
not just go to amodule house in the first place...

Fact:

National does make FET op amps. A "family" of five
devices, to be exact. Including the super precise
new LH0052 (with an offset voltage of 0.1mV, an offset
voltage drift of just 51,WPC, and bias current of less
than 1pA); the LH0022 ( high performance good general
purpose FETop amp); the LH0042 ( lowest cost FETop
amp on the market with even better performance than
cheap module designs); the LH0033 ( at 1500V/µS, the
fastest voltage follower available anywhere); the LH0032
(a 500V/tiS device); and coming soon: The preciseand- speedy new LH0062 ( slew rate, 80V/µS; bandwidth,
15mHz; settling rate, 800nS). Significantly, each of
the above was designed and manufactured completely
in-house using aspecial chip construction technique
combining the best of J-FET and bipolar technologies. All
of which goes to show that FET op amps are, indeed,
alive and well at National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara, California
95051. Phone (408) 732-5000. TWX: (910) 339-9240.
Cable: NATSEMICON.

NATIONAL.
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40 years ago

RANGE
CHANGE

From the pages of Electronics, March 1932

Extralytict Aluminum lytic Capacitors give you
extended temperature range without
sacrifice in life or leakage current.
Type 601D Tubular Case

55C to + 105C

Type 602D Cylindrical Case

55C to +85C

Superior performance over entire temperature
range, unlike conventional %/tics that do not
operate satisfactorily at low temperatures,
High volumetric efficiency, long shelf life, low
leakage current. Withstand high ripple current,
Write for Engineering Bulletin 3456A or;

Power supply filter capacitors specifically
designed for maximum efficiency. Offer the
power supply design engineer the lowest ESR
and the highest ripple current capability per
case size available today for long, trouble-free
life. Write for Engineering Bulletin 3457 or;

CIRCLE 2400N READER SERVICE CARD.

CIRCLE 241 ON READER SERVICE CARD,

MORE FROM SPRAGUE ... THE BROAD- LINE
PRODUCER OF ELECTRONIC PARTS

e

4

HALL EFFECT SWITCH ICs. Actuated
magnetically, not mechanically or optically. Hall generator trigger circuit and
signal amplification circuit on single silicon chip. Reliable ( no moving parts).
Easy interfacing with DTL/TTL/MOS
logic. High speed. Low cost. Write for
Engineering Bulletin 27,402A or;
CIRCLE 2420N READER SERVICE CARD.

U.L. LISTED FILTERS. Series JX5000
for EDP equipment and general-purpose
use. Rated 125/250 VAC, 0-60 Hz, 1
thru 50 amps. 60 db @ 150 kHz, 80 db
from . 5 MHz thru 1 GHz. Special designs and rectangular multi- circuit units
also available. Write for Engineering
Bulletin 8210 or;

TYPE 430P METFILMe'E' CAPACITORS.
High- Voltage metallized polyester- film
capacitors designed for voltage multiplier circuits used in electrostatic copiers, TV power supplies, etc. Working
voltages from 4,000 to
15,000 V. Capacitance
is stable with time,
temperature, voltage.
Write for Engineering
Bulletin 2445.1 or;
CIRCLE 244 ON
THE MARK
READER SERVICE CARD.

BLUE JACKET- - RESISTORS. Vitreousenamel power wirewound. Unique allwelded end- cap construction eliminates
moisture paths along leads, anchors
leads securely to resistor body. Expansion coefficients of vitreous enamel, ceramic
body, and end caps
are closely matched.
Write for Engineering
Bulletin 7410E or;

CIRCLE 2430N READER SERVICE CARD.

SPR AGUE*
OF RELIABILITY

CIRCLE 2450N
READER SERVICE CARD.

Harmfulness of city smoke, less because of smoke particles breathed
into the lungs than because smoke
decreases the transparency of the air
and shuts out part of the health-giving rays of sunlight. was emphasized
by an exhibit on clean air and clean
streets arranged recently by the
committee on public health relations of the New York Academy of
Medicine. One new instrument
shown was a portable meter and
recorder for ultraviolet rays. Two
such meters. one inside the smoky
area of a city and another somewhere outside the smoke zone, provide acontinuous record of the percentage decrease of the solar rays by
smoke.
Springfield. Mass., makes use of a
new application of carrier currents
or high- frequency impulses on the
power wires, to control 800 local
street lights. The regular power service is 60 cycles, while the control
impulses for the street lights are 480
cycles, and those for turning on and
off the water heaters are 720 cycles.
Use of carrier currents, of course.
eliminates the necessity of a separate circuit for the control mechanism, hence making possible a pronounced saving. The double-control
method. employing currents of two
frequencies. is already so practical
that it is suitable for general utility
purposes.
Groszkowski, writing in L'Onde
Electrique. Paris. describes use of
the new Lange- Schottky photocell.
Cu.,0-Cu. specially sensitive to the
ultrared radiation's. A quartz lens
forms the image of part of the
anode of the tube under test on the
sensitive surface of the cell, thus
eliminating the effect of the glass
bulb, of daylight. and of the cathode
luminosity.
Dr. Karl T. Compton, president of
the Massachusetts Institute of Technology. has announced that construction will shortly begin on a
15.000.000-volt X-ray tube, to be
operated by a Van de Graaff electrostatic generator. The tube will be
of the double- acceleration type.

TECHNICAL LITERATURE SERVICE, SPRAGUE ELECTRIC CO., 35 MARSHALL ST., NORTH ADAMS, MASS. 01247
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This new "See-Through" mask will
more than double your present
production yields of
usable semiconductor devices.

Your yields
will increase.
Dry processing eliminates residue, swelling and
contamination which account for most rejects in finished chips. Also, GAF®
Microline® " See-Through"
Plates eliminate rejects due
to misalignment.
Your production costs
will decrease.
Photomasks are made
right "on- site" on low-cost
equipment thereby saving
you time and outside costs.
Also, these masks last about
10 times longer than conventional emulsion photomasks.
The resolution characteristics of new GAFe

Micro 1ine® Plate are without
n-atch. Micron line-widths
are easily obtained.
(Manufacturers in
commercial production have
resolved 2000 ' Ines/ mm
using the United States Air
Force resolution target in
the photorepeater.)
New wafer
photofabrication system.
The processing of silicor wafers using GAF®
Micotine® positive-working
photoresists and GAF®
Microline® plates results in
a simplified, positive high
yield system for producing
usable semiconductor
devices.
If high reject rates are
the problem in your com-

pany, just fill out the coupon.
We'll gladly send you full
technical data on these new
products and/or phone for
an appointment to demonstrate just how great the savings can be in your own
plant.
Available Plate Sizes:
2"x2"x0.060"
21
/ "x2 1
2
/ "x0.060"
2
3"x3"x0.060"
31
/ "x3 1
2
/ "x0.060"
2
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Help save
inner space.
New Burndy High- Density Connector

We've been busy winning another space
race. Our new 145- position,
high-density connector
takes less space,
but still offers
several distinct
advantages.The
nylon hood with
a unique molded
hinge permits it to be
opened without removal from the connector.
This simplifies wiring inspection and
correction and protects the wires.

An original, five- position,
strain-relief-cable clamp of molded nylon
allows you to choose from straight
through to a90° takeoff
by simply turning the
cable to the desired
position and locking
the clamp.
Contact spacing
is .100" centerto-center
(shown at
right actual
size) in asquare
grid arrangement
which permits adapting the connector for
automatic or semiautomatic solderless wrap.

The contacts are standard
#220 rear- release type qualified to
MIL- C-38999 and accommodate
wire sizes 22-28.
These contacts
can also be used
with the miniature round Compact Bantamni
connectors,
available in 9
configurations. Another Burndy
first- 3discriminating keys in a
rectangular connector which
prevents inappropriate mating of
làce connectors on the panel. By
inserting : he keys in the molded
keyways, 18 different discriminations can be made. Use this new
high-density connector for mother
board or I/O It's ideal for computer
mainframe and peripheral applications.
So make things better for yourself—
specify the new HD145 connector.
And get more out of inner space

e

Norwalk, Colnect.c.ut 06856

Circle 11

on reader service card

SCHOTTKY
TTL DEY CES
EIELIVERABLE
MMEDTELY

Electronics/ •

Our TTL Family Tree has avigorous
new Schottky branch:
SSI devices now. Proprietary MSI
(and more SSI) devices soon.

Just as important, these are but the first of the
new Fairchild Schottky TTL family. Soon other
SSI elements. Soon also, our first 93S series of
proprietary MSI functions.
FAIRCHILD TTL/SSI DEVICES AND AVAILABILITY
Device

11111

Our TTL Family Tree continues to grow. Now anew
Schottky branch: SSI in volume now. MSI coming up. To
give you new ways to solve
your very-high-speed digital
systems design problems.

Schottky TTL Devices are
pin-for-pin replacements
for slower, functionally
equivalent elements in existing TTL systems. An
example of the speed improvement achieved is
shown in the table below. These Schottky functions
can be used to selectively replace devices in critical
speed limiting paths within the system.
.4
1/10..

TTL SWITCHING TIME COMPARISON
EXAMPLE: HEX INVERTER

TpLH (
turn-off delay) TPHL (
turn-on delay)
Typ.
Max.
Typ.
Max.
9N04/7404
9H04/74H04
9SO4/74SO4
9SO4A/74SO4A

12.0

22.0

6.5

10.0

8.0
9.0

4.5

3.0

3.0
2.5

4.0

2.5

15.0
13.0

Description

9S00/54S00, 74S00
9S03/54S03, 74S03
9SO4/54SO4, 74SO4
9S05/54S05,.74S05
9S20/54S20, 74S20
9S22/54S22, 74S22
9S40/54S40, 74S40
9S74/54S74, 74S74
9SO4A
9S05A
9S64/54S64, 74S64
9S65/54S65, 74S65
9S140/54S140, 74S140
9S109
9S112/54S112, 74S112
9S113/54S113, 74S113
9S114/54S114, 745114

Quad 2-Input NAND
Gâte
Quad 2-Input NAND
(O. C. ) Gate
Hex Inverter
Hex Inverter ( 0.C.)
Dual 4-Input NAND
Gate
Dual 4-Input NAND
(0.C.) Gate
Dual 4-Input NAND
Buffer
Dual D Flip-Flop
Fast Hex Inverter
Fast Hex Inverter
(0.C.)
AND-OR-Invert
AND-OR-Invert ( 0.C.)
Dual 4-Input NAND
Line Driver
Dual J-K Flip-Flop
Dual J-K Flip-Flop
Dual J-K Flip-Flop
Dual J-K Flip-Flop

Available
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
2nd Qtr.
2nd Qtr.
2nd Qtr.
2nd Qtr.

FAIRCHILD TTL/MSI FUNCTIONS AND AVAILABILITY

5.0

Device

Description

Available

3.5

93S41
93S05
93S39
93S10
93516
93S12
93S42
93S00

4Bit ALU/Function Generator
Variable Modulo Counter
Multiple Port Register
Synchronous Decade Counter
Synchronous Hexadecimal Counter
Eight Input Multiplexer
Carry Look Ahead Unit
4Bit Universal Shift Register

2nd Qtr.
2nd Qtr.
3rd Qtr.
3rd Qtr.
3rd Qtr.
3rd Qtr.
3rd Qtr.
3rd Qtr.

Note: All speeds listed in nanoseconds.

Important areas where speed limiting occurs
are: decoder and multiplexer expansion; memory
addressing and selection; general arithmetic and
control functions; prescalers and counters; and
elimination of skew problems in clock distribution.
System speed improvements of 20 to 50% can be
expected in these situations without any major
redesign. Power requirements, logic levels and
noise margins remain compatible with the slower,
lower cost standard TTL devices which can be
retained when speed is not important.
For your Schottky needs we now have 13 TTL/SSI
functions, making us the only major supplier to
second source these devices. And we can deliver
them immediately. Our 9S and 93S series are completely interchangeable with the 54/74S series.

Other MSI functions in development include high speed decoders
and parity checkers.

Whatever your High Speed needs we have the
answer. Schottky TTL for retrofitting existing
systems, or our temperature compensated Easy
ECL 9500 family for new high-speed systems.
Your Friendly Fairchild distributor has both our
Schottky TTL and Easy ECL devices in stock,
deliverable immediately. Or for more information,
we have data sheets and application notes on both.

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415) 962-5011. TWX: 910-379-6435
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More
power
to
you!
AND BANDWIDTH TOO...
Our Model 406L is an
ultra-wideband RF power amplifier
whose wide range of frequency
coverage and power output
provides the user with the ultimate
in flexibility and versatility in a
laboratory instrument. Easily mated
with a wide variety of signal
sources,this completely solid state
unit amplifies AM, FM, SSB, TV
pulse and other complex
modulation with minimum distortion
Constant forward power is
continuously available regardless
of the output load impedance
match, making the 406L ideal for
driving highly reactive loads.
Unconditional stability and
instantaneous failsafe provisions in
the unit provide absolute protection
from damage due to transients and
overloads. Complete with power
supplies and output meter, this low
cost instrument provides over 5
watts of power from 100 KHz to
over250MHz
andthere'snotuning

Applications include:
• RFI/EMI testing
MI Laser modulation
la Communication systems
II Ultrasonics
• Laboratory
instrumentation
• Spectroscopy
For complete information
write or call
Electronic Navigation Industries,
3000 Winton Road South,
Rochester, New York 14623.
(716) 473-6900

People
fessorship, established to bring distinguished women scholars to MIT.
She believes it is important for
women students in the sciences to
have a role model, and so has been
active in several women's programs
at MIT. She has conducted aseminar
MIT has just appointed the only tenon women in science and engineerured woman professor in its school
ing, and more recently helped orgaof engineering, Mildred S. Dresnize a forum to explore women's
selhaus, an associate head of the EE
roles at MIT.
department. The first woman to be
While national figures show adenamed to a major academic post in
cline
in the number of engineering
the engineering school, in her new
students [
Electronics, Feb. 28, p. 42],
position Dresselhaus is responsible
Dresselhaus says "there is no erofor electrical science and engineersion in enrollment in my section".
ing, which includes about half of the
The computer science section is also
1,100 students and 110 faculty
attracting an increasing number of
members in the department. The
students. MIT may be running
other half are in the computer scicounter to the trend, she thinks, "beence and engineering section.
In her new role, Dresselhaus has a cause distribution of students is so
largely in math, science. and engihand in shaping curriculum policies.
neering areas."
"A department is always building
She has noted certain trends in
up things," she says, "but with a
student interest. "Computers are
constant budget some things are let
very high on the list," she says, "and
slide; they get out of date. Ihave to
job opportunities, at least for the
see that everything goes together, to
near future, seem very good. This is
see to the natural changes."
one area where we have to turn
One change she hopes to make in
down students because the size of
her new post is to increase the attenthe department is limited." On the
tion paid to junior faculty members.
electrical sciences side, she says.
Dresselhaus feels they shouldn't be
"We are going into bioelectric engioverburdened with courses and
neering on a much larger scale, and
committees, and should be given
student interest is high in controls."
"every chance to shine as researchers." It is also important to inform
them of their chances for promotion
and tenure, especially since tenure is
no longer automatic. " Junior faculty
should be alerted to their chances so
they don't fizzle away."
Physicist. Dresselhaus was asolid
The heads of most successful small
state physicist at mIT's Lincoln Lab
companies seem to be entrepreneurs
until 1967, when she was appointed
who chafed under the restraints imto the Abby Rockefeller Mauze pro-

Dresselhaus scores

an MIT first

Staudte and Statek:
parlaying a layoff

Town and gown. Mildred Dresselhaus
is MIT's associate EE department head.
Jurgen Staudte gained by layoff.

ELECTRONIC
NAVIGATION
INDUSTRIES
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0.251)11
b(max)
AD523. This one has the lowest bias current
of all high performance I.C. operational amplifiers.
Even ours. Especially theirs.
The AD523 is our new
series of J-FET input
operational amplifiers.
It's the first linear I.C.
to guarantee 0.25 picoamp of bias current
under operating conditions. At either input
terminal. And in alow
leakage case.
And you know what
that means.
This amplifier is more
charge- sensitive and an

order of magnitude
more current- sensitive
than other linear IC's.
And with 15 liVrC of
offset voltage drift,
90 dB of CMR, and a
slew rate of 5V//isec.
We did anumber of
important things to give
you this performance.
Like combining
matched small geometry FET chips with a

Circle 15 on reader service card

specially designed
monolithic thin-film
chip. And mounting
them in TO-99 can with
high resistivity gass
insulation and aguard
pin connected to it.
So you can minimize
surface leakage currents, power supply
induced input noise,
and capacitive pickup.
You can evaluate a
package of five AD523's
at the hundred piece

price if you order right
now.
You can see all the
things we make to solve
more of your problems
better than anyone else
by sending for our 1972
Product Guide.
Analog Devices, Inc.,
Norwood, Mass. 02062.
Tel. ( 617) 329-4700.

ANALOG
DEVICES

the original

People

only from Scanbe

••••••

-------------

with exclusive features from Scanbe's dual inline
ME- 2 Sockets. Four pin lengths, solder tail, one
two and three level solderless wrap in 14, 16 or
24 pm models.
Exclusive features include:
Closed entry design means precision alignment for DIP leads
Side gripping contacts means BO% more contact pressure
Low insertion force means no damage to DIP's
Highest reliability means Scanbe
Solder relief, replaceable pins, optional screw
mountings and U.L. approved molded nylon for
caps and bodies are other customer benefits
along with Scanbe's quality and experience. The
best contact your D P can make is a Scanbe
ME-2 Socket.

IL]
16

24 PIN

SCANBE MANUFACTURING CORP.
3445 Fletcher Ave • El Monte, Calif. 91731
Telephone: ( 213) 579-2300

Circle 16 on reader service card

posed on them by large organizations. But not Juergen H. Staudte
(pronounced Jurgen Stout), 34,
president of Statek Corp., in Orange, Calif. " Iwas happy at Autonetics, and in the Air Force before
that. Ididn't mind working for abig
organization. You might even say,"
the German-born Staudte adds with
a smile, " Ienjoy being regimented."
But Autonetics laid him off, and
he turned the misfortune into an opportunity to found acompany to develop an idea he had been considering since college—subminiature
quartz frequency-determining crystals processed by the photolithographic batch techniques that have
made transistors and Ics pratical.
Staudte was born in East Germany, and had almost completed
chemical engineering school when
his father was arrested for " warmongering" and sentenced to five
years. Staudte and the rest of the
family then escaped to Hamburg
(his father made it out later), where
he went to work as ajunior chemical
engineer in the oil industry. However, the inflexible West German
educational system didn't recognize
his East German studies, so he came
to the U.S. in October 1956.
No wild blue. He had been in the
country only a month when he received a draft call, so he "volunteered" for the Air Force. Plans to
become a pilot fizzled because he
wasn't acitizen, so he got out. After
working at Hallicrafters, in Illinois,
he realized that he had to get a degree, and worked at Elgin National
Watch Co. in the calibration laboratory while he attended Aurora College. He received his bachelor's in
physics after three years, then
joined a midwest firm as an engineer in crystal manufacturing.
But it was a little limiting," he
says, " so Iwent to Michigan State to
study acoustics under agraduate assistantship." He got an Nis in physics. While at Michigan State, an ad
for 1- mil- thick quartz blanks in a
Swedish magazine gave him the
idea for making crystals.
Then he got a job at Autonetics,
got caught in the layoff flood, took
the chance to apply his ideas, and
started Statek.
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5th edition from the leading SCR and triac supplier incorporates 15 years of appilication experience.

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

A

A

A

A.

Digivue E12-60 Display/Memoiy Unit. An
812 X 81.2" square panel of 512 x 512 lines at
50 lines per inzh resolution.

B.

Digivue 2E6-50 Display/Memory Unit. A 5'.2 x 101'4" panel of 256 x 512 lines at 50 lines
per inch resolution.

C. Digivue 64-33 Display/Memory Unit. A 2x 8" panel o 64 x 256 lines at 33.3 lines per
inch resolution.

A

Digivue Display/ Memory Units.
Take alook at tomorrow.
You can have it today.
Take alook at Digivue display/memory units from
Owens-Illinois. With the kind of visual impact
needed in the new age of communication. And
then consider this combination of features never
before available in any other single display panel:
Inherent Memory— Flicker- free display without refresh requirements. Your computer is, in effect,
free to perform other operations after addressing
Digivue display/memory units.
Selective Write/Erase — Digivue display/memory
units are digital display devices: with no digital- toanalog conversion necessary. You directly address Digivue display/memory units at individual
display points on the panel matrix for selective
write or erase at micro- second speeds.
Drift- Free Images— The intersections of thin, narrow electrodes imbedded in the panel positively
define all elements of the images.
Rear- Projection— Because Digivue display/memory units are transparent they are ideally suited for
rear- projection. You have drift- free registration between computer- generated displays and opticallyprojected images.
Design Adaptability—Digivue display/memory
units are flat, not curved. As a result, information
at the edges is just as sharp and accurate as in
the center. And a Digivue display/memory unit is
uncommonly slim— regardless of display area—
allowing for a variety of installation possibilities
. . in desks, walls, drawers, consoles.
Hard-Copy Potential— The resolution of a Digivue
display/memory panel allows for integration with
standard office duplicating processes to produce
page at a time hard- copy printouts of excellent
quality.
Digivue display/memory units are available from
Owens-Illinois in sizes ranging from 80 by 256 display lines at a resolution of 33 electrode lines per

inch to a 512 by 512 display lines panel with a
resolution of 60 lines per inch and adisplay capability of up to 4000 characters. One of them just
has to be right for your system.
Think what these Digivue display/memory units
can do for time-sharing applications, management information systems, computer- aided instruction . . . and dozens more including airline
reservations displays, aircraft cockpit displays,
financial data terminals . . in fact any display
terminal for direct readout from digital computers
or data systems.
WHO IS OWENS-ILLINOIS? 0-I is amulti- product,
multi- national manufacturing and marketing organization with 140 major facilities and sales in
excess of $ 1.5 billion a year. You may think of us
as a packaging products company, but we also
manufacture and market adiversified product line
that includes everything from laboratory glassware
to inertial guidance test systems for deep- space
vehicles.
AND WHY ARE WE MAKING DISPLAY UNITS? As
a natural extension of our already broad- based
capabilities— in television bulbs, microelectronic
products, ground glasses, new generation materials for technical, commercial and industrial
use, and elements necessary for laser technology.
We're committed to change, to the future, and to
Digivue display/memory units.
If you and your organization are also committed
to the future and to opening new and more effective communications systems, we'd like to hear
from you. We'll send you technical data on Digivue
display/memory units and a copy of our new fullcolor brochure.
Call or write: Jon Klotz, Marketing Manager,
Electro/Optical Display Business Operations B,
Owens-Illinois, Inc.. P. 0. Box 1035
Toledo, Ohio 43601 • ( 419) 242-6543.

OWENS-ILLINOIS
Toledo, Ohio 43601
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Flat-Pack RF/Pulse
Low Cost
Low loss

Transformers
TP-102

Five new ANZAC flat-pack
transformers are ready
to help you improve
performance and packaging
of your solid-state circuits.

$6.00

Shown twice actual size
MODEL

BANDWIDTH ( MHz)

TP-100
TP-101
TP-102
TP-103
TP-104

IMPEDANCE (
Ohms)

INSERTION LOSS (
db max)

5 - 1000
5 - 1000

50 unbal / 12.5 unbal
50 unbal / 50 unbal

0.4
0.4

5 - 500
5 - 1500

50 unbal / 200 unbal
50 unbal / 200 bal
50 unbal / 600 bal

0.5

.05 - 100

International Electronic Components Exhibition: UNIE, Parc des Expositions. Porte de Versailles. Paris,
April 6-11.
International

Conf.

(INTERMAG):

IEE,

on Magnetics
Kyoto International Conference Hall. Kyoto.
Japan. April 19-21.
International Symposium on Circuit
Theory: IEEE. Sheraton- University
Hotel. Universal City, Calif., April
19-21.
Southwestern IEEE Conf. & Exhibition ( swIEEEco): IEEE. Baker Hotel
& Dallas Mem. Aud., Dallas. Texas.
April 19-21.
Conf. on Computer Aided Design:
IEEE, IEE, University of Southampton, Southampton, England.
April 25-28.
National Telemetering Conf.: IEEE.
Houston Shamrock Hilton Hotel,
Houston. Texas, May 1-5.

0.4
0.5

(DC isolated)

Electrochemical Society Spring
Meeting: Electrochem. Soc.. Shamrock Hilton. Houston. Texas. May
5-12.

2
50 OHM
UNBALANCED

Meetings

5
12 5 OHM
UNBALANCED

International

r

Electronics Conf.:
Queen Elizabeth Hotel. Montreal. Canada. May
7-11.
ILI.E. AIP, OSA„APA,

'LA-Aja

PINS 1.3,4.6 ARE GROUNDED TO CASE

TP-100
50 OHM
UNBALANCED

5

50 OHM
UNBALANCED

200 OHM
UNBALANCED

2
2
6
50 OHM
3ALANCED

PINS 1,3.4,6 ARE
GROUNDED TO CASE

Joint Computer Conf.: IEEE,
Convention Center. Atlantic City.
N.J.. May 15-18.
Spring

PINS 1,3,5ARE
GROUNDED TO CASE

7

TP-101
50 OHM

TP-102
6

6

UNBALANCED

2

200 OHM
BALANCED

50 OHM
UNBALANCED
PINS

16.3

200 OHM
BALANCED

ARE

GROUNDED TO CASE
PINS 1,3,5 ARE GROUNDED TO CASE

TP-103

anzac
III(

International Semiconductor Power
Converter Conf.: IEEE. Lord Baltimore Hotel, Baltimore. Md.. May 710.

TP-104

Electronics Conf.: IEEE,
Sheraton Dayton Hotel, Dayton.
Ohio. May 15-17.

Aerospace

5

Electronic Components Conference:

Electronic Industries
Statler-Hilton Hotel,
D.C., May 15-17.
International

39 Green Street • Waltham, Mass. 02154
(617) 899-1900

TWX ( 710) 324-6484

Assn.. IEEE,
Washington.

Microwave

Sym-

Arlington Park TowChicag.o. Mas' 12- 15.

posium: IEEE,

Division of Adams- Russell
20
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If you'd rather be sailing
Let SAE solve your packaging problems.

Surely there's something you'd rather do than hassle
with component selection, packaging and assembly. So

Or consider unique Dipstik. It gives twice the IC density
as PC methods, and eliminates lots of hardware.

let us handle all that. You take a few moments to daydream about that 100 schooner.

Whichever method you choose, we can supply the components you need to do the assembly yourself. Or, we'll
pick the parts, do the assembly, and let you do the wiring.
Or well provide everything: components, assembly, and
Wire- wrap'. So, just call us in ... and you can go sailing!

Only SAE offers you three choices in packaging systems:
Plug-in, Planer, and Dipstie.
We make all the hardware for plug-in systems, including
PC cards, card guides, card files, enclosures, connectors, sockets, mounting, and bussing.
Go planer, and we'll provide logic panels, mounting hardware, sockets, all peripheral items.

Free bumper sticker for your desk. Display your
"druthers"! If sailing isn't your thing, tell us what is.
Maybe we have a bumper sticker for that, too. We'll also
send a new brochure on how we can free you from
packaging problems and drudgery. Write us:

I'd rather be
sailing
Stanford Applied Engineering Inc.
340 Martin Avenue, Santa Clara, California 95050
Electronics/March 27 1972
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Think Twice:
How will you choose
your next portable scope
...on faith, or on fact?
Forget everything you ever knew
about portable scopes; today's portables are something else entirely. In
the last year, both major scope manufacturers have brought out completely new lines. So, choosing anew
portable on "blind faith" in your old
make is about as sensible as marrying agirl you've never met, just because her second cousin was Miss
America in 1967.
The only rational way to choose a
new portable today is to make a
head-on comparison between our
scopes and our competitor's. And
this means more than just aquick
look at price tags and specs. It means
a thorough investigation of total
acquisition cost. Be sure you check
these specific points:
Initial purchase price. Are you
getting the best price available?
HP's Portables are priced as much
as $ 200 below the competition,
with special purchase agreements
available.
Ease of Use. Are the controls
simple and logical? Or are they a
jungle of tightly packed knobs. Ten
minutes a day, spent in needless
tinkering, can add up to hundreds of
Electronics/March 27, 1972

dollars ayear in wasted man-hours.
Fieldworthiness. Some scopes have
such high power requirements that
battery operation is impossible. HP
feels that a portable scope should
have "goanywhere" capabilities, so
our Portables all use low-powerrequirement designs which permit
battery operation. Low power requirements also mean lower heat,
which prolongs component life. As
aresult, only HP's Portables eliminate the need for fans, or dustadmitting vent holes.
Calibration and Service. Have you
considered how much your scope
will cost you after you've purchased it? For example, HP Portables are quickly calibrated —
requiring approximately half the
time required to calibrate our competitor's portable scope. This could
save you hundreds of dollars over
the life of your scope. And are you
going to have to deal with one manufacturer for scope service, and another for your voltmeters, signal
sources, etc.? Or can you save time
and money by limiting your dealings to one company? And don't forget training aids; HP offers live

demonstrations, video tapes and
literature to simplify conversion
problems.
Look into all these points, and we
think you'll find that you'll save alot
of time, effort, and money — and
avoid alot of frustration— by choosing HP's Portables. But don't take
our word for it; make the comparisons yourself.
For arevealing package of information on HP's new Portables, send
for afree copy of our " No-Nonsense
Guide to Oscilloscope Selection."
Or contact your local HP field engineer for ademonstration. Check before you choose. Hewlett-Packard,
Palo Alto, California 94304. In
Europe: 1217 Meyrin Geneva,
Switzerland.

Scopes Are Changing;
Think Twice.
082
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You can assemble our SMA connectors

in less time than it takes to shave.
Five minutes. That's all it takes to assemble our
SMA connectors for subminiature coax cables. A
significant savings in production time.
You get your Amphenol SMA connectors factory
preassembled, thus keeping loose parts at a minimum. And by using an inexpensive tool kit to prepare the cable, putting them all together is a snap.
Parts loss is virtually eliminated.
Amphenol set the trend by making its SMA connectors of high- strength, heat-treated beryllium
copper material, which is three times stronger than
stainless steel. These superior connectors are, of
course, completely intermatable and interchange-

able with existing stainless steel designs. Ariphenol
was the first source qualified for MIL- C-39012 SMA
connectors.
Available in a wide variety of flexible and semirigid cable connectors; receptacles for strip- line,
MIC packages, and numerous other microwave
components. And if you need SMA specials or complete cable assemblies, come to the world's largest
manufacture- of coaxial connectors.
See your authorized Amphenol distributor or
write Amphenol RF Division, Bunker Ramo Corporation, 33 East F..anklin Street, Danbury, Connecticut 06810.

BUNKER
RAMO
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Universal IC
timer, by Signetics
to sell for 75 cents

Laser standard set
at 1 mw/cm level

List grows for
2- way television
experiments

Electronics/March 27, 1972

Signetics Corp. is reversing common semiconductor pricing practices in
a marketing gamble that could have a big payoff. The Sunnyvale,
Calif., semiconductor house has developed a universal IC timer and
priced it at 75 cents in lots of 100. Instead of hoping that appliance
makers will design the new circuit into their washers, dryers, and the
like so that prices can come down as volume goes up, Signetics is making the price so low to start with that designers will almost be forced to
use the part.
The circuit is capable of time delays from 1microsecond to 1hour
with astability of 50 parts per million per degree centigrade. It contains
acomparator, aflip-flop, and abuffered output stage; timing is controlled by an external resistor and capacitor. Also, the circuit can work in
or out of TTL levels, can supply up to 200 milliamperes of output
drive, can be configured as ahighly stable one-shot timer, or an ultrastable oscillator in which the duty cycle can be adjusted independent
of frequency.

The latest draft standard by the American National Standards Institute
for the safe use of lasers specifies amaximum permissible exposure of
continuous radiation on the eye of 1milliwatt per square centimeter—
still not what laser manufacturers were hoping for.
This " safe" level, which increases in steps as exposure time on the 7millimeter-diameter eye decreases, is well above the 40 microwatts/cm 2-level regarded by manufacturers as so disastrously low when
it was proposed last autumn but below the 5to 10 mW/cm 2 they regard
as safe.
"There are still many objections but it will in all probability go
through," comments C. Harry Knowles, who vociferously opposed the
40
level. He is a member of the ANSI laser committee and president of laser producer Metrologic Instruments Inc. of Bellmawr, N.J.
Weighing in favor of approval is the desire to provide a national consensus on safety that would prevent states from coming up with different
standards of their own.

More cable television operators and hardware manufacturers are getting together in bidirectional cable TV experiments to find out if interactive programing using the bands below 50 megahertz is feasible. A
neck-and-neck race to be first with 25 home subscriber terminals linked
to minicomputers is on between Hughes-supported Theta-Com, Los
Angeles, and RCA's new cable acquisition, EJE Inc. of North Hollywood, Calif. EIE is set to try 25 connections-24 homes and one gasoline station— in Orlando, Fla., together with operator ATC Corp. of
Denver, Colo. Theta-Corn's partner for a similar hookup in El Segundo, Calif., is TelePrompTer, New York, the largest CATV operator
in the U.S.
Meanwhile, Tocom Inc. of Irving, Tex., is clearing the red tape to set
up atwo-way experiment in asection of Irving that eventually will cover
some 2,400 homes, apartments, and businesses. All the trials will concentrate on digital return of information from subscribers via computer
interrogation of home terminals.
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Memorex enters
computer field

Sears to sell
$100 NR calculator

Sperry to market
liquid crystal
displays in fall

Autonetics readies
small version of
D 216 computer

Memorex Corp., the Santa Clara, Calif., maker of magnetic tape, disks,
and computer peripheral products, has brought out its first mainframes.
The two compatible machines, MRX 40 and MRX 50, are manufactured by Midwest Systems Inc., the company's wholly owned subsidiary in Minneapolis [
Electronics, June 25, 1971, p. 25].
The machines are aimed at amarket defined by the company as " below the IBM system 360 model 30." Architecturally, they are virtual
multiprocessing systems. In each, eight processors, a memory, and an
arithmetic and logic unit ( ALU) share acommon bus. Four of the processors actually process data, and the rest, being dedicated to inputoutput functions, are termed virtual processors. To the user they look
like one black box— he need not distinguish between them in his programing. They share the ALU and the memory. The combination, the
company says, produces atask switching time of essentially zero.
The memory is ahigh-speed semiconductor array. The MRX 40 can
hold up to 64 kilobytes of MOS main memory ( 1.6- microseconds total
cycle time). The MRX 50's main memory capacity is 128 kilobytes, and
main memory cycle time is only 800 nanoseconds. Monthly system
rental ranges from $ 2,500 to $ 8,500; shipments begin in September.

North American Rockwell will begin delivering in June electronic calculators that are expected to sell to the consumer for about $ 100.
Among the customers is Sears Roebuck. The calculators, which will
have unique features and case designs for individual customers, will
use liquid crystal displays and MOS ICs manufactured by NRMEC—
North American Rockwell Microelectronics Co.
NR has contracts for more than 150,000 machines with Sears, Lloyds
of California, Logic Data of Chicago, and others to be announced. And
Donn L. Williams, president of NR's Electronics group, says that
worldwide sales are expected to total at least amillion units ayear.

Sperry Information Displays in Scottsdale, Ariz., best known for its
inexpensive seven-segment gaseous displays, will start pilot production
of liquid crystal this September— ayear ahead of schedule. The displays
use packaging technology similar to the firm's present planar displays,
and prototypes are operating from -26 to + 7T C with no degradation
after 5,000 hours of dc operation.

Now that its D216 military computer using large-scale MOS plus
plated-wired memory is nearing qualification and first deliveries in
June, North American Rockwell's Autonetics division in Anaheim,
Calif., is working on aminiature, lower-cost version called the DM216.
It will be preceded in December by the DI216, atwin of the D216 except for anew CPU that features higher throughput and microprogram
control. Then, late in '73, the DM216, using beam-lead versions of the
chips plus anew 2-mil plated wire memory, will be ready.
The 16- bit, 8,192-word machine will have 2- microseconds add time,
weigh only 4.5 pounds ( as against 15 lb for the D version), require 30
rather than 48 watts, and have avolume— including the power supply—
of 0.07 instead of 0.26 cubic feet. Autonetics projects its price as about
half the D216's $ 30,000 in quantities of 100.
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introducing the OEM Yardsticks

Yardsticks named do not yardsticks make. And
while their minicomputers may be good, they're
not good enough to be OEM yardsticks.
They're not even close. Large gaps stand
between their definition of an OEM yardsticK
and that of GRI's Functional Process
Minicomputers*, the computers with the origiral
Universal Bus System. Gaps consist ng of the
dramatic simplicity, ease and efficiency with
which you integrate a GRI computer into your
systems environment.
GRI's yardsticks: the cost of writing real- tine
software, of designing hardware interfaces,
of debugging both the hardware and the
software—the cost and effort it takes to get the
total system actually up and running. Yardsticks!
*Paterted

GR! computers' unique combination of
functional programming languages and software,
sets them apart as standards of efficiency for the
real-time applications of today's minicomputers.
It all comes down to accommodating your
system to THEIR computer or using a GRI computer designed to accommodate YOUR system.
Yardsticks? Decide for yourself. Write for the
GRI story and see if we're not talking your
language about yardsticks.
Write to: GRI Computer Corporation
320 Needham Street, Newton, Mass.

02164

Phone: ( 617) 969-0800. Cable: GRICOMP
Go ahead and crack a nut.

•

GRI Computer
CORPORATION
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Ion Imp1fln
By NAT SNYDERM AN

NEW YORK — Ion implantation is gaining
favor in semiconductor factories and is generating a tidy little business for a handful of
equipment suppliers virtually unknown a few

SDarks Tidy Front-EndIonBusiness
implantation has 1
producers which have installed ion implanters.
vé
Fa irchild, Mostek and Hewlett-Pac
karh
d a

circuit processing, notably in MOS.
National Semiconductor, Intersil and American Micro- systems are amon the major IC

Ortec at $250,000 to

000.
Electronic
ee'o-

The HP- 35 employs MOS/LSI circuits using ion- implant processes.

Accelerating at Mostek

Hewlett-Packard thinks they are
the largest presently in volume production. Each circuit is equivalent to
6,000 transistors — a total of 30,000
devices. They are made by Mostek
especially for Hewlett-Packard ( Dallas) and American Microsystems
(Santa Clara, Calif.).

.

( eel — Mostek Corp.,
DALLAS
here, has ion-iniplanted more
t,
100,000 wa f
er seMOS/LSI circuits
during the past 15 months, according
Wd- to Bob Palmer, vice-presidentof the
th- firm's Worcester, Mass., processing

\el

1m-

operation.
All of the wafers were implanted
vrith a single machine purchased
rack from
Accelerators, inc., Austin,
1,east: Tex. Another machine is on ord er

Device engineers hay
permits them to dope
fine adjustments o

will be delivered in April.
Equipment manufacturers estimate the total
cost of the three systems IBM will buy from

Technology

ton- Implant Production

technique for doping sei
— generally thin-films
formly over each wafer
ty from wafer to wafei
process, in this technolo
ized, accelerated to hi
barded onto the surface
they penetrate and then

units on order.
A solid endorsement of the ion bombarding
art will soon be given by IBM which has placed
orders for three machines — two for East
Fishkill and one for Manassas, Va. — reported
to be a prelude to a push in MOS circuits.
Made by the Ortec division of EG&G, the units

years ago.
Cons idered a laboratory maverick until recently, ion implanters have evolved into sophisticated front-end production equipment which
may one day compete with diffusion in micro-

--er-

ora, NY

The HP- 35 may well be one of the
major developments of the current
decade and the harbinger of things to
come.

Hewlett-Packard Introduces
Electronic Pocket Calculator
PALO ALTO, Calif. — Hewlett-Packard Co.

said it has introduced a new electronic pocket
,
en'ts
i5nsuch calculator called the HP-38.
"ean
William R. Hewlett, presided, compared pr
Co- the nine-ounce battery-powered calculator to a niL
frig
D.
"fast, extremely accurate electronic slide rule,
\ne- with a solid-state memory similar to those used
in- in computers." The HP-35 is approximately
three inches wide, six inches long and one inch
high and will sell for $395, according to Mr.
Hewlett.
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within a few years. Equipment will be refined and
become less costly as more suppliers move into
this market. Because of its ability to adjust thresholds, make depletion devices, make CMOS devices.
etc., it is too useful a tool to ignore. Circuits made
by ion implantation will be cost- competitive with
most ot
ologies and offer some perf
EDWEEE, 9/15/71

ues

n Ot
flf
Electron
eeting in Washington. D. C.
where, of the twelve papers presented t
on the subject, nine described applications other than the most common
,ly known ones.

\

Today ion implantation is big news.

EDN/EEE, 12/15/71

Look what we started!
Two years ago you probably never heard
of ion implantation. Today it's big news—
helping turn bright ideas into profitable
products.
MOSTEK was the first to use ion
implantation in the volume manufacture
of MOS/LSI. beginning in 1970. Since
then we have made process and product
innovations that have initiated an
industry- wide movement towards
implantation. Today you will find our
implanted MOS circuits in an ever
widening range of applications including: business and scientific calculators;
electronic organs; credit verification
terminals; industrial timers; computer

peripherals; medical electronics;
avionics; portable measuring instruments and modems. Looking ahead,
implanted MOS is ideal for such new and
exciting areas as utility meter reading, time keeping, and automotive
electronics.
If you are considering using MOS
in your products, check what implanted
circuits can do for you, both technically
—(lower power, higher speed, and operation over broad supply voltages)-and
economically. Let MOSTEK recommend
acustom approach or one of its standard
implanted MOS circuits to meet your
needs.

advance. Th is was bore

Devic es recent
M
Internati onal

OSTEK

CORPORAT1011
1400 Upfield Drive
Carrollton, Texas 75006
(214) 24 2-149 4

Regional Sales Offices: West 11222 La Cienaga Boulevard, Inglewood Calif 90304 ( 2)3)649-2600 East. 60 Turner Street. Waltham Mass 02154 ( 617) 899- 19107
Midwest Southeast 515 S W Avenue Jackson Michicjan 49203 ( 517) 787-0508
International: MOSTEK GmbH, 7Stultgart 80, WaldburgstrasSe 79, West Germany 0711-731305: System Marketing Inc.. Center News Bldg
W G Booth Pty . Ltd., 39 Church Street, Hawthorn, Victoria 3122. Australia.
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Electronics review
Significant developments in technology and business

First CCD vidicon,
for Picturephone,
built by Bell
500-element linear arrays and are
compared to those encountered with
working on charge-coupled strucsilicon-diode targets."
tures that minimize element spacing
The Bell device has its 128-by- 106
128 by 106 elements, but
for the high-density arrays required
array arranged on a 192-by-240- mil
in vidicons.
chip, large by lc standards. But
denser versions are coming
Bell Labs executives are enthusince diffusions are required only at
for commercial application
siastic about cœs for vidicons, havthe outputs and fabrication involves
ing all but abandoned the alternate,
metalization only, chip size is not
Bell Laboratories has built the first bucket brigade approach as an imthe critical factor in yield.
solid-state vidicon using charge- mediate imaging technique. Eugene
However, as pointed out by H.A.
coupled technology. It promises bet- I. Gordon, director of Bell's opto- Watson, head of device developter performance and reliability, at a electronic department, general diment, Bell's CCD chip requires
lower cost, than conventional cam- rector of the work, says:
highly sophisticated metalization
era tubes. Unlike recently an"The CCD camera is the next gennounced solid-state imagers, such as eration of vidicons. We frankly are
Whole picture. Bell Labs' Carlo Sequin, a
RCA's [
Electronics, Feb. 28, P. 72], surprised at the speed at which the
key developer of CCD vidicon, adjusts disthe Bell device approaches the reso- CCD effort has progressed. Two
play on Picturephone in lab demonstration.
lution required by many video years ago no one had heard of a
transmission applications. In fact, it CCD; nine months ago we had the
was the need for a cheap, reliable, bare bones of 8- by-8-element imand small camera for Picturephone agers; now we have something apthat spurred Bell's work.
proaching a camera target. And alThe Bell camera can be used for though the device is still in a
Picturephone by scaling of the ele- developmental stage, the speed of
ment array by a factor of 2 in both CCD implementation is so far ahead
directions—from 128 by 106 ele- of the development rate of the siliments to, say, a 210-by-210 array. con-diode tube in acomparable peThat prospect is not distant, since riod of time in its history, that probresearchers there already have built lems of CCD vidicon fabrication pale

Developmental array contains

CCD vs silicon
One major advantage charge-coupled-device vidicons have over silicondiode versions is ease of manufacture. For one thing, a CCD vidicon requires no diffusions in the silicon to form image elements; the diode vidicon
requires several hundred thousand diffusions. CCD vidicons are scanned
with conventional MOS shift- register circuits—small, low- power, inexpensive, and available. The diode vidicon is avacuum tube requiring a highvoltage, high-power magnetic-field electron-beam scan, which often burns
in and degrades performance. Nor are CODs subject to lag—or smearing.
Most important, CCD cameras, since they are built with standard semiconductor technology and require conventional low-cost scanning circuits,
will be cheap and small compared to today's vidicons. Since this year's
camera tube market is expected to reach $50 million, it's no wonder that
commercial camera makers (GE, RCA, Fairchild, Ti) are racing to build CCD
vidicon versions.
El
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techniques— many parallel electrodes, each 9 micrometers wide,
with 2-µ,m gaps. Since 10- i
um fabrication rules are standard in the IC
business, Bell's 2-µm gaps may indeed become adifficult standard to
achieve in production, especially
when larger arrays are built. To
avoid the metalization strictures,
Bell is looking at other structures,
using double metalizations, overlapping electrodes, buried channels,
and the like.
1:1

single track around a rotating disk
of ordinary video tape. The device is
critical to the operation of the Telebeam system because it will eventually be the relatively low-cost
means by which a company will
provide awhole range of free information services in addition to the
movies, plays, and sporting events
usually associated with pay TV.
These hotel-room services will include information about the hotel itself, about restaurants in the neighborhood and their menus, and
about such things as plays, concerts,
Commercial electronics
and other events taking place
throughout the city.
Telebeam is also considering tying into airline and theater ticket reservation systems. By presenting airline schedules and prices at the
request of the guest, the system
When the Telebeam Corp. demon- would enable him to book space
strates its new system for bringing and order tickets from his room.
Operation. The frame grabber
pay television and other services
into hotel rooms next month, it will
plucks the desired frame of informaalso be spotlighting apiece of election from those stored in a minitronic gear that in years to come
computer system located in the hocould have sales in the millions of tel and deposits it in arotating disk
units. The device, dubbed a frame
on a turntable beside each Tv set
snatcher, or grabber, is designed to
The disk continually refreshes the
display still pictures on aTV set. Its
television picture, while the central
sales potential is judged not by its
computer is free to handle other
use in Telebeam-type systems alone,
requests.
but in its usefulness in two-way eduSeveral companies have been decational television and information
veloping frame grabbing devices
retrieval and display systems.
(see panel). Price is paramount: SysTelebeam's frame grabber, develtems Resources' unit is now in the
oped by a Plainview, N. Y., com$600-to-$ 700 range, but once it is
tooled for large-scale production,
pany, Systems Resources Corp.,
stores a frame of information in a this figure could readily drop to
$150, says Eugene Leonard, the
Time frame. Airline schedule is stored in
president. Leonard's device relies on
frame grabber from Systems Resources.
acircular disk of magnetic material
cut from ordinary video tape. This is
fastened at its center on amachined
aluminum turntable having a 1
/4
inch-wide circular groove cut about
an inch from its circumference.
`TII!
7ritnn:tett:
Early units relied on an 8-inchdiameter disk, but now Leonard is
T.W.118.1t.'Sitt*' .
moving to a 10-inch-diameter disk
for "better resolution."
Drilled into the bottom of the
groove and through the outer edge
of the turntable are tiny holes,
spaced at about 90°. As the turntable spins, air suction from its spinning outer edge creates a vacuum
that sucks the magnetic tape down

Frame grabbers:

a big market?

•
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Grab bag
While the Telebeam pay-TV system relies on a frame grabber
made by Standard Resources
Corp. of Plainview, N.Y., other
companies are also in this potentially lucrative market. Systems
Resources and Sony Corp. store
frames magnetically, while systems made by Hughes Aircraft
Co. and Princeton Electronic
Products rely on silicon tubes.
The hope now is that big orders could get the price down to
about $50, according to William
F. Mason, technical director of
Mitre Corp.'s Systems Development division in McLean, Va.
Mitre is setting up a prototype
two-way cable TV education system; McLean bases his $50 on a
system serving 10,000.
Mason plans to use electronic
storage tubes— Mitre now feels
that the VTR cassette and reelto-reel approaches are too expensive. However, Mason says
that prototype tubes of 1or 1.5
in. cost $ 500 each.

into the groove. The effect is enough
to produce a circular trough in the
spinning magnetic disk. One frame
of information is produced with
each revolution. The speed of the
driving motor is controlled by the
TV synchronizer.
A magnetic read/write head,
positioned over the groove, actually
rides on an air cushion over the
groove in the tape. "The tape bends
out of the way of the head and into
the groove," Leonard explains.
Thus, the head experiences next to
no wear.
Infinite. Each 7- in.-diameter track
can store elements with 70 nanoseconds of resolution, and adisplay
can have infinite starting point resolution. This translates to 70 characters on 30 lines in a standard 525line system using an 8-in, disk at
1,800 revolutions per minute, according to Leonard. With the 10-in.diameter disk spinning at 3,600
rpm, he hopes to get 120 characters
on 60 lines by using two tracks and
a 1,100-line TV monitor.
Either unit will weigh under 15
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pounds and stand about 8 inches
high. In addition to discrete power
supply and motor drive, the electronic components will take up a
minimum of space because they are
packaged on one LSI and three hybrid circuits. The LS1 chip contains
circuitry for decoding the address of
the room guest, conditioning the signal for recording, decoding the
read-back signal, and deriving the
motor- drive signal. The hybrids
consist of aread/write preamplifier,
a composite video output module.
and avideo input and sync stripping
function.

Military electronics

Pentagon looking
to European arms
The Pentagon's global view of defense is being expanded to include a
worldwide view of weapons procurement in adrive to achieve technical compatibility and lower costs.
As Assistant Defense Secretary
Eberhardt Rechtin put it to asmall
group of Electronics Industries Association members in Washington
recently: " Here's a tough one. U.S.
systems are going to have to be
compatible with—or at least adaptive to—systems of other free-world
countries. We cannot write the interface specifications. Those systems
which are not adaptable," Rechtin
declared, "are going to have ahard
time of it."
Inevitable. "Foreign systems are
going to appear in U.S. inventories," Rechtin says. "The best bet
is that we will make these foreign
systems under license to them.
"But there is really not much
choice as to whether or not some of
them are going to appear in our inventory. Costs for U.S. systems are
going to have to be brought down if
we are going to afford adequate
quantities to compete with the free
world in the selection of systems for
our mutual defense. After all, if the
British, French, or Germans can offer us a product to do almost the
same job at a tenth of the cost,
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Companies find educational VTR
agrowing and lucrative sideline
Electronics firms have been flirting
with the education field for years—
by conducting seminars and selling
handbooks, reference books, and
design aids— but generally as an adjunct to regular sales efforts. Now,
however, several of the best-known
names in electronics have committed themselves to the business.
The latest is Texas Instruments,
which has set up an independent
profit entity, called the Learning
Center, devoted to the manufacture
and marketing of video tape courses
and technical books. It's a big market, considering the number of vocational schools, colleges, junior
colleges, and graduate programs.
But, says Donald C. Scharringhausen, Components group market
communications manager, " We
don't have enough history of education VTR [video tape recording] to
know how big it really is."
More to come. The learning center's initial three offerings are a 12hour, 12-set VTR on basic solid
state, selling for $2,580; a more
specialized 11- hour set on metal oxide semiconductors selling for
$3,575; and a $2.95 textbook on
general electronics. TI plans to add
asemiconductor memory course by
midsummer, and courses on linear
and digital circuits are planned.
Because of the cost of the tapes,
they're obviously aimed at corporate and college users. In fact, William N. Carr, a professor at Southern Methodist University and one of
the authors of the MOS course, is
using the TI tapes in a graduate
class studying MOSics.
In the business longer has been
Hewlett-Packard Co., Palo Alto,
Calif., which got into it by producing

training tapes for instrument calibration and maintenance. Jim Taylor
says that H-P soon found out there
was a need for tapes explaining basic concepts.
There are three types of tapes: tutorial, which come with questions
and answers in a complete training
package; operation of equipment
which includes applications data;
and maintenance " we tear down a
scope," says Taylor, " and show
where R-23 is and what happens if
you adjust it."
Full library. H- P has a library of
some 77 video programs on 100
reels. One of the best, Taylor says,
is a nine- hour 15-tape series on
transistors. This series, complete
with textbook and assignments,
sells for $ 1,350. Typical customers
include the Navy and junior colleges; Stanford University will
present the course over a closedcircuit TV net.
As far as H- P is concerned, Taylor says, " the business grew like
Topsy. After we introduced some of
the calibration and maintenance
tapes, we found that others that
contained basic information ( such
as the transistor one) were
needed." Next on the H- P production schedule is aseries on troubleshooting of transistor circuits; this
will be out in about ayear.
Taylor points out that the H- P
tapes are not made merely by aiming a camera at a man standing up
in front of a room, reading a script.
"We have trained professional producers, writers, directors, and
equipment. This includes 11 studios. All we lack to be acommercial
TV station is an FCC license and a
transmitter."
D

Ti's Scharringhausen: A big market, " but we don't know how big it really is."
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ship- to- ship missile under Navy
tests, joint service tests of the British- French WG-13 helicopter for
possible application in the Navy's
Lamps program, ajoint U.S.-British
sonar for surface ships, and the joint
U.S.-French sonar development
program called RAP for Reliable
Acoustic Path.
Both Fcester and Rechtin say that
about one-third of Europe's annual
outlay of roughly $ 3 billion for
nonstrategic R&D can be duplicated
(see table) and that savings can be
achieved through increased joint efforts or assignment of agiven weapons area to the country or countries
that have demonstrated expertise.
This approach, it is said, could provide one way of getting around
growing constraints on R&D budgets.
Jobs. Rechtin visualizes U.S. licensing of production of foreign systems as away around congressional
criticisms of defense industry unemployment—what he calls "the bellyto- the- bench problem"—while holding down overall DOD budget increases. Congressional approval of
systems "depends on how much it
costs, also," he explained.
Rechtin's view is that "we may
not have much choice if trends keep
going the way they are. The effec-

there's not much choice as to what
most of the free world will do,"
Rechtin warned. "And so, we might
as well."
Trend. The first significant U.S.
move toward broadening its procurement perspective to include foreign systems developed by allies was
made by David Packard when he
was deputy defense secretary. Packard pushed the Army to buy and
test models of the French Ratac
field artillery radar, as well as lowaltitude field air-defense milliles, including the French Crotale [
Electronics, Dec. 21, 1970, P.39], British
Aircraft Corp.'s Rapier and the
West German Nord combine's Roland [
Electronics, March 29, 1971,
p.31]. Crotale has completed preliminary tests successfully, with Rapier
tests tentatively set for spring, and
Roland for this fall. "Selection of
one of these systems would eliminate the need for a U.S. development," says John S. Foster, director
of defense research and engineering.
Foster, when outlining his fiscal
1973 research and development program to Congress, identified 10
other foreign systems under U.S.
scrutiny.
Those with heavy electronics content include: the French Exocet
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*In millions at standard rates of exchange. Source: Pentagon estimates.

Over there. About $ 1billion of Allies' military R&D annually duplicates U.S. efforts.
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tive U.S. productivity is half that of
most of Europe. Idon't see how we
stay in business."

Government

Computer to sense
gas in mines
Present sensing of poisonous or explosive fumes in coal mines isn't
precise, fast, or comprehensive
enough to suit the U.S. Bureau of
Mines. To remedy the problem, the
bureau will begin operating an experimental computerized sensing
system in June that will probably
yield enough data from which it
could
require
similar
systems
throughout the coal industry, say
sources close to the program. The
bureau's effort is likely to generate a
good market, adds A.C. McInnes,
supervisor of instruments and communications for the Mine Safety
Appliance Co., Pittsburgh, Pa.,
which is developing and installing
the experimental system in the bureau's Bruceton, Pa., test mine under a $606,000 contract.
Warning. The experimental offthe-shelf system will use a General
Electric PAC-30-2 computer with
32,768 words of core storage. The
topside computer will analyze sen,or inputs from 10 areas deep in the
mine and display new readings on a
operator control console every minute. If any element of the system
malfunctions, or if the concentration
of methane in a shaft approaches
explosive limits, the computer will
automatically warn the operator
and the mine by flashing lights and
buzzers.
Besides methane, the sensors will
measure carbon monoxide, hydrogen, air temperature, rate of temperature change, air velocity, noise
and smoke. The carbon monoxide
and hydrogen sensors, for example,
pull the sampled air through chemically- treated cells. An excessive
concentration of either gas triggers a
chemical reaction, the heat of which
energizes a thyristor. Currently,
most such measurements are taken
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In Answer To Your Gripes About
Every Other Portable Recorder
The no jazz CPR 4010. A 7 speed,

1/2"

or 1" tape, 10 1
2 "reel portable recorder/reproducer.
/

Old Clichés Revisited
What's so great about it? Mainly, its the easiest machine around to use, maintain and service. ( We know you've
heard that before, but bear with us for a minute.)

Operation
We've got a single knob for transport speed and electronics
equalization. Automatic. Other transport functions are pushbutton controlled including our proprietary AUTOLOAD
automatic, mistake proof tape loader that works precisely.
Every time. All the electronics are in one housing. Even
monitor meters, voice logger, 7speed servo card, and all
14 record and reproduce modules. It's easy to add options
because it's pre-wired. All you do is plug in.

Maintenance and Servicing
Time for the annual P.M.? It's no big deal. The back panel's
hinged. Just flip it down. All motors, power supplies, electronics,
etcetera, are right there. ( It even runs in this position.) Nothing
special needed. How's that for simplicity?

Performance
Briefly, from the top: 7speed transport, 15/16 to 60 ips; 7 speed direct, all automatically switched, 300 kHz at
60 ips; 7speed FM record; 40/20 kHz, automatically switched. Any 2
speeds of FM reproduce; low tape flutter and TBE; isolation from reel
perturbation via dual capstans and tension sensors. Low mass,
closed loop IRIG servo system. The same electronics design
as our top- of-the- line VR-3700B

Bell & Howell & the CPR 4010
Get all the specs. Just ask Bell & Howell, CEC/Instruments
Division, 360 Sierra Madre Villa, Pasadena, California 9109.

CEC/WISTRLIMEMS DR/mum

CI

BELL E HOWELL
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manually, says Thomas N. Nasiatka, staff engineer for the bureau.
Voice communications between the
control room and each station, as
well as between stations, will be
handled by the experimental system. The computer also will check
continuously to make sure that the
data and voice lines are working.
Each sensor will have agage so that
underground workers can check air
conditions at their stations.
Going to work. "The purpose of
the experiment," says Nasiatka, " is
to demonstrate that technology exists to do this kind of job." The bureau's mine doesn't produce coal,
but "we can simulate various kinds
of environments to test out the
equipment," he says. "We're pretty
sure the system is going to work,"
Nasiatka adds, and it will help " develop better sensors to make the sys-

Communications

tern we will be testing more economical."
Computer sensing systems would
be valuable because "it's helpful to
the operator to pick up these conditions in advance," Nasiatka says.
And continuous operation is an advantage also. In addition, a future
system might automatically condition the air, as well as monitor it.
The bureau's work, spurred by the
1969 Coal Mine Health and Safety
Act, is part of an over-all research
program [
Electronics. Sept. 13, 1971,
p. 103].
A commercial system wouldn't
need to be as elaborate, says
McInnes. "You could use an inexpensive computer— maybe a mini—
and telemetry systems," he estimates. "You wouldn't need the CRT
display, hard copy, or redundant
power capability either."
EJ

em Union Telegraph Co., Hughes
Aircraft Co. with General Telephone & Electronics, RCA Corp.,
and tiny Western TeleCommunications Inc., all arrayed around
Hughes or similar satellites. Group
2consists of Communications Satellite Corp, and AT&T. In the two
"novel" groups are ma- Lockheed
with their proposed 48- transponder
spacecraft, and Fairchild Industries
with its craft based on Applied
Technology Satellite F.
Two paths. The staff offered an
option of whether to join or go it
alone to Western TeleCommunications, RCA, and Comsat-AT&T. Industry observers conjecture that
Western can't go independent and
might not be included in the first
group, either. RCA, which reportedly
hasn't solidified its proposed system,
was given some restrictions if it went
along, which might induce it to stay
in Group 1. Comsat-AT&T is seen as
a profitable and efficient team, but
there is some speculation that AT&T,
which has wanted its own system,
might pull out after an operational
system got saturated, leaving Comsat high and dry.
The staff's plan " makes it all
reau, headed by Bernard Strass- pretty even," says one industry inburg, hinged its recommendation on
sider. Members of the first group
technological considerations, the can get together to share risks and
seven commissioners must still as- costs while the "novel" companies
sess the politics of the matter when
have been told "to go do whatever
the full FCC begins oral arguments you want to," he says. Grouping
on the report on May 1.
Comsat with AT&T and restricting
Four main groups of applicants AT&T to only long lines and WATS
were chosen because the FCC staff service recognizes a " political and
says it wanted to team those with practical situation," the spokesman
existing customers and proved tech- says.
nology, and combine those with
Concerned. One interested party—
"novel" technology and no custom- the White House Office of Teleers. Group 1is composed of West- communications Policy, which says

Suppliers are winners, no matter

which way FCC goes on domsat
Communications equipment makers

will be the ultimate winners in the
domestic satellite system competition, no matter which proposals now
pending before the Federal Communications Commission are approved. That's the reaction of manufacturers and the Electronic
Industries Association to an FCC
staff recommendation that narrows
the field for the commission. A final
decision is expected this year.
Potential. "Whoever wins— we
still make the equipment," observes
EIA vice president John Sodolski. He
adds that domestic satellite systems
offer immeasurable potential for
producers of ground stations; so do
the microwave links and other hardware to interconnect users.
In addition to the business potential for satellites and ground interconnection hardware, Sodolski
points out that the domestic satellite
market should markedly expand the
cable television and special-service
common carrier industry.
Though the Common Carrier Bu-
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Mid- May decision?
A final domestic satellite decision by
mid- May is the new goal of FCC
chairman Dean Burch, commission
sources report. Burch wants to
wrap up the program two weeks
after completion" of three days of
hearings on the staff report scheduled to begin May 1. Though industry skeptics question whether Burch

lil.lnillinliir
,.. ... .
can get his six fellow commissioners
to move that quickly, sources say
Burch is determined to get the dom sat question on the agenda for the
week of May 15, Speculation is that
Burch also may face some foot dragging, though, by the White
House
Office
of
Telecommunications Policy.
E
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There's more to
ESP rectifiers than you might think.
Customers have already perceived at least two additional
features that provide more reasons to go ESP — low leakage,
especially at high temperatures and operation over the full
military range of — 65°C to + 175°C.
Now Unitrode has added three more reasons. The voltage
range has been increased to 150V. The three UES series are
now available as 1N5802 through 1N5816. And you can get
them in high efficiency assemblies as center tap rectifiers.
bridges, and higher current modules.
Of course, you already know about the 15nsec typical
recovery time in any circuit — forward voltage drop as low as
0.8V at 20A — continuous ratings of 2.5A to 20A — very low
diode losses and low cost — and off-theshelf delivery from local Unitrode
distributors. These features alone added
up to the best in Efficiency. Speed and Power.
And now there are five additional
features that make very good sense.
Maybe there's even asixth one.
Unitrode Corporation, 580 Pleasant Street,
Watertown, Mass. 02172 ( 617) 926-0404.

Call your local franchised Kierulff or Schweber distributor
for your ESP Rectifier " free sample card:'

CIrcle 35 on reader service card
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it wants an "open skies" approach
apparently is concerned about the
staff's recommendation and is likely
to have further words about any
domsat decision.
Three posers. When the May
arguments begin, the staff has urged
the commission to seek opinions on
three questions: should domsat be
open to everyone or restricted, as
the staff suggests? Should AT&T be
limited just to phone service?
Should Comsat have to choose between AT&T or a separate system?
Cable television backers seem to
have gotten strong support from the
recommendations. Particularly
pleasing was the staff's urging that
cable users be allowed to use lowcost receive- only earth stations.
"They did us a good turn there,"
says a National Cable Television
Association spokesman. " We have
leverage in our favor" against costs
of long- lines or microwave connections, such as those by AT&T.
E

Instrumentation

6- pod coupler
simplifies job
A six- port coupler developed at the
National Bureau of Standards in
Boulder, Colo., promises to enable
engineers to use three inexpensive
off-the-shelf hybrid junctions to
measure transmission-line voltage,
current, power, complex impedance,
and phase angle. Present methods
are complex and require expensive
components.
The device, developed by Cletus
A. Hoer, consists basically of apair
of directional couplers, in addition
to the junctions. It has four side
arms and two main-line ports. By
measuring only the magnitudes of
the voltages at each of the side
arms, one can calculate all the other
desired data.
Actually, only three of the magnitudes are needed to determine the
system completely, but the fourth
enhances the accuracy of the phaseangle calculations and provides an
estimate of the accuracy of all of the
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Poor man's lab. Three hybrid junctions and a pair of directional couplers make this preci
sion measurement setup. Adjustable impedance at the heavy cross allows nullification of
some system errors by setting V. = 0 when ashort is placed at the reference plane.

measurements. In the diagram,
and iare the voltage and current at
the reference plane, while a and b
are the amplitudes of the forward
and reflected voltage waves, respectively. The side-arm outputs are
voltages proportional to the subscripted quantities.
Good sweeper. Instead of measuring voltage, one could use power detectors on the side arms and still calculate all of the quantities of
interest. As Hoer will explain when
he describes the coupler at the Conference on Precision Electromagnetic Measurements this June in Boulder, the device is made entirely of
broadband components, hence it is
well suited to making measurements
on aswept- frequency basis.
An important feature of the new
device is that it does not require
high-quality junctions and couplers
to yield accurate results. So long as
the components are stable, their imperfections can be nulled or included in the calibration of the output detectors.
Eli

Logic

Raytheon offers
power ECL
Large- mainframe computer builders, taking their cue from the rest of
the industry, now seem willing to
consider standard logic families.
Texas Instruments' 5400/7400 series

has become the standard in
electronics circles, and it appears
that Motorola's MECL 10,000 series
will become the standard ECL family in computer circles.
Fairchild Semiconductor has
brought out a line [
Electronics,
March 13, p. 41], and the latest company to announce MECL 10,000-type
parts is Raytheon Semiconductor.
The Mountain View, Calif., firm
is actively soliciting development
contracts for what it calls TPECL
(temperature and power supply
compensated ECL), which the company will make in either MECL
10,000 pinouts or Fairchild 9500
pinouts.
Fast. Speed is one of the most important specs in an ECL circuit, and
Walter Seelbach, manager for advanced development at Raytheon,
says that because TPECL is made
with Raytheon's V- ATE process
[Electronics, June 7, 1971, p. 35] it is
faster than the others. For the Raytheon equivalent of the 10109 and
95102 dual OR-NOR gate, the spec is
1.5 nanoseconds typical propagation
delay versus 2 ns for the Fairchild
and Motorola parts.
The big advantage, however, is
that the user doesn't have to worry
about power-supply fluctuations—a
built-in voltage regulator keeps the
high and low logic levels within a
few millivolts of the nominal value,
even over wide fluctuations. For
TPECL, with a v„ of 5volts at 25°C
and all outputs loaded with 50 ohms
to -2v, high-level output is 915 mv
±
45 mv. This is guaranteed not to
TTL
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Harris' Family of Op Amps.
They're adifferent breed.
By design.
Harris oo amps have always been alittle bit different ever since we introduced the industry s
first internally compensated op amp back in 1966.
Today, we still make our op amps alittle different. For example, our PNP's, or better put, our N —
are vertical instead of lateral to give you
superior AC performance without sacrificing
lOO
2a
2 41112
ROSI
24511
24
,
111 2214, 1
5,1
DC characteristics.
Then take our designs. We employ a
single gain stage to provide better behaved
frequency response. Our bias networks are abit
more complex for uniform performance over a
wide range of supply voltages and temperature
ranges, and our output stages have better
output current capabilities. Ir testing we're
different too— more thorough. In fact. we were
guaranteeing slew rates and rise times long
litOUFNCV
before other manufacturers cid. Consider just
two examples:
Harris wide band general purpose op amps offer:
▪ Close loop bandwidth up to 100 times greater at the same gain or 100 times greater gain
capability for the same bandwidth than the common 741 types.
la Much lower closed loop phase shift, lower gaii error, and lower distortion at all frequercies.
• Superior response at higher gains.
• Hundreds of times better DC performance ( for example. the HA- 2600/2620 has a5nA bias
current 300MQ input resistance, aid 100K minimum open loop gain).
FULL POWER BANDWITFI 120V. PP .00.1
FREOUENCY
10K

11(

741, 107,
MOST OTHERS

02
100K

114 300

114.21300

HA .520

4
_
1

7

HA 2510

HA 240., i

10

RA..

100

Harris high slew rate series offer:
• The only monolithic high slew rate amplifiers
that are true operational amplifiers. They can be
operated inverting, non- inverting, or balanced with
fast settling times. In fact, they provide improved
performance in virtually any standard hookup.
II The fastest settling time of any monolithic op
amp. ( For example, the HA-2520 settles in
250 ns to 0.1%.)

SLEW RATE • VOLTS PER MICROSECOND

• Higher output voltage swing at high frequencies.
(It you have ever tried to put a10V peak 1MHz sine
wave through a741 type, you know what we mean.)
In summary. Harris makes adifference... our family of proprietary devices and popular
alternate source devices can offer you the best price/
performance op amp package for your system.
Full military temperature range ( - 55 °C to • 125 °C):
HA- 2101A
HA-2101
HA-2107
HA-2107-3

HA- 2600 HA-2620 HA- 2500 HA-2520 HA- 2909
HA-2602 HA-2622 HA-2502 HA-2522 HA-2700
HA-2510
HA-2400
HA-25'2

Commerical/Industrial (0°C to -I70°C):
HA-2301A
HA- 2201A
HA- 2307

HA-2207 HA-2505 HA-25'.'5 HA- 2704 HA-2404
HA-2605 HA-2515 HA- 2911 HA- 2705 HA- 2405

All in standard 741 pin-compatible
configuration. ( Except HA-2400/2404/2405
4-chaniel op amp.) For detals see your Harris
distributor, representative, or contact us direct.

HARRIS
SEMICONDUCTOR
A DIVISION OF HARRIS INTERTY PE CORPORA 10N

P.O. Box 883, Melbourne, Florida 32901
(305) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury. New York (!. 16) 334-7474; Rockville. Maryland (301) 881-2970; Hollywood, Florida ( 305)927-0511 / Harvey/R & D Electronics:
Lexington. Massachusetts ( 617)861-9200 / Semiconductor Specialists, Inc.: Chicago ( 312)279-1000: Detroit (313)255-0300: Minneapolis ( 612) 884-8132; Kansas City (816)452-3900;
St. Louis ( 314)428-6100; Dallas ( 214) 358-5211; Indianapolis (:t1 7) 243-8271; Pittsburgh ( 412) 781-8120; Dayton ( 513)278-9455 / R.V. Weatherford Co.: Albuquerque ( 505)265-5671:
Anaheim ( 714)547-0891; Austin ( 512) Enterprise 1443: Dallas :214)231-6051; Denver ( 303: 427-3736; Glendale ( 213)849-3451: Houston ( 713) Enterpr se 1443; Palo Alto (415)321-5373;
Pnoenix ( 602)272-7144: Pomcna ( 714)623-1261; San Diego ( 714) 278-7400: Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley. Massachusetts ( 617) 237-5430:
Wayne. Pennsylvania ( 215)687-6680: Palos Heights. Illinois ( 312) 597-7t10; Melbourne. Fkwida (305) 727-5430; Pa.o Alto. California (415) 321-2280; Melville, New York ( 516)249-4500;
Syracuse. New York ( 315)463-3373: Washington. D.C. ( 202) 337-4914; Dallas. Texas ( 214)231-9031: Scottsdale. Arizona ( 602) 946-3556; Long Beach. California ( 213)426-7687.
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vary more than 1.3 mv per volt of
power supply deviation, and not
more than 10 pv per degree centigrade of temperature deviation. For
Fairchild's 95102, the deviation is 9
mv per volt of power supply deviation and 60 v/°C of temperature
change.
Besides the difference in specs,
the two new ECL circuits are being
marketed differently. Fairchild will
come out with standard circuits.
while Raytheon will work with customers in developing aline of products. The primary reason for this is
money— Raytheon, smaller than
Fairchild, can not spend in-house
dollars to develop circuits. But Seelbach points out that the Raytheon
circuits, whether they have Fairchild
9500 or MECL 10,000 pinouts, will
be "standards" in that they will be
compatible with the other devices in
the family.
It's also interesting to note that
many of the new Fairchild 95100
parts are pin- compatible with
10,000 parts, and so it appears that
for the mainframe business, the
standard family will be MECL
10,000, even when it is called 95100.
Seelbach says samples will be
available next month in the form of
adual OR- NOR gate with either Fairchild 9500 or MECL 10,000 pinouts;
the price for the Raytheon parts will
be about $ 5.

Displays

Planar processing
yields big figures
Workers in fast-moving technologies have away of abandoning
relatively fresh developments before
all their potential has been realized.
A new type of display developed by
Antex Corp., Palo Alto, Calif., is a
good example of that. Antex was
formed ayear ago by Ken T. Chow,
founder of Electro Nuclear Labs,
and has been developing lightemitting-diode displays for calculators. The company is now supplying them for several Japanese calculator makers.
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ANODES
(THIN FILM DEPOSITS
OF FLUORESCENT
MATERIAL)

Solid state
CONDUCTIVE
GLASS

I
— II II
II — I
17_1 I II
— II I
-S\ CATHODE

(ACTIVATED CESIUM
PLANAR EMITTER)
Number game. Panarray display, made by

planar process, features half- inch to 2- inch
figures and needs low voltages.

Chow, aware that most of the talk
about large displays these days is
centered around liquid crystals, felt
that there was much to be gained by
expanding existing technology. The
goal was to come up with alow-cost
display for half- inch to 2-inch characters. The result is Panarray.
Low voltage. The biggest advantage over other planar panel arrays
is that Panarray is alow-voltage display ( Burroughs' Panaplex requires
upwards of 200 volts) and thus it
can be driven directly by mos circuits. While Panarray is only in the
developmental stages now, William
S. Routh, engineering vice president, says that samples should be
available in about six months.
Panarray combines an excited
phosphor digit, similar to what can
be found in RCA's Numitron and
several Japanese display digits, with
planar processing techniques. In a
three-layer sandwich,
a sevensegment pattern of phosphor material is deposited on the back of a
glass plate, and electrodes are attached to each segment. This is
backed up by a conducting glass
plate which acts as a control grid.
Next comes a cathode, which is a
plate coated with a cesium oxide,
producing what Routh calls an active emitter.
Using digit multiplexing, the
middle layer, or grid, controls which
digit in an array is on. Total drive
current of adisplay in on the order
of "tens of microamps at 20 volts,"
according to Routh, and the display
is available in most colors.
E

Correlators offer
cheap solutions
A pair of digital LSI correlators developed at TRW Systems, Redondo
Beach, Calif., promise an economical solution to important problems
in bit synchronization, bit detection,
error correction, and pulse compression. Furthermore, they achieve
high yields on chips as large as, or
larger than, any others made to
date—and one of them uses a fabrication technique that some people
think is largely obsolete in today's
world.
Digital correlation requires a binary word to be delayed by a time
increment, multiplied bit for bit by
another underlaid word, and the
products then added. Both new TRW
circuits use exclusive-OR gates to do
the multiplying. Ordinarily, exclusive-OR gates are used for binary
addition, but here analog summing
does that chore.
Respective bits of the two words
to be correlated. as inputs to the exclusive-oRs, are interpreted as ±1
rather than 1and 0; in this context
the exclusive-OR output, inverted,
correctly represents the product of
the inputs.
Epi method. One of the two correlators is made with conventional
epitaxial techniques, but interconnections on the chip require two
levels of metalization. The chip also
has acermet film to form stable resistors and to inhibit achemical reaction between aluminum and silicon, which tends to reduce the yield.
The other correlator is made by a
triple-diffusion process, using arsenic instead of phosphorus as a collector dopant, a technique some
consider obsolete. Arsenic diffuses
more slowly, and therefore the diffusion is harder to control than
when phosphorus is used; also, devices made with diffused arsenic
have a relatively low unity-gain
crossover frequency. These factors
hastened the general acceptance of
the epitaxial deposition process for
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While you're---reading about our
new X-band solid-state
communications amplifiers,
your competitor may
be ordering
them.
Quick reactions have never hurt anybody.
Especially in the microwave amplifier field,
where there's a crying need for advanced designs.
Because until now, all that's been available has
been tubes.
And tubes, you know, can burn out. And they're
expensive.
So now, Hughes announces its new solid-state
avalanche diode amplifiers.
System- proven in the F-14, F-15, and Phoenix
programs.
Superior quality. Low voltage power supply.
Less system down time for your customer.
And very, very inexpensive.
Right now, we're delivering our solid-state ADAs
for 1W systems in C, X, and Ku bands. And for
millimeter wave systems through V- band.
All you have to do is stop reading and write us
at: Electron Dynamics Division, 3100 W. Lomita Blvd.,
Torrance, CA 90509.
Or better still, in case your competition has
ordered some, call: 12131 534-2121.

HUGHES
HUGHES

AIRCRAFT

ELECTRON
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in 1% Tolerance
1-Watt Zeners

SCHAUER

Immediate Shipment
No fragile
nail heads
All welded and
brazed assembly
Gold plated
leads

Low
Prices

ANY voltage from 2.0
to 18.0
Quantity
Price each

Together. Pair of LSI digital correlators from TRW. Top device is made by conventional epita-

1-99
$ 1.07
100-499
. 97
500-999
. 91
1000-4999
. 86
5000 up
. 82
Write for complete rating data and
other tolerance prices.

lc manufacture. And where diffusion is still in use, arsenic is the dopant for the buried layer, not the
collector. But using arsenic for the
collector in the correlator results in
asimpler process that requires only
one level of metalization.
Yields with the epitaxial method
are similar to those obtained with
conventional integrated circuits,
such as p-channel mos devices. This
is remarkably good because the epitaxial chip measures a whopping
214 by 236 mils. The epitaxial correlator is good for data rates of 25 to
200 megahertz and up.
On the other hand, although the
triple-diffusion method is basically
inferior in some ways—its maximum
data rate, for example, is only 30
MHz— it reaches yields much higher
than those of the epitaxial method,
and the maximum data rate is good
over the entire military environmental specifications of temperature,
humidity, and so on. The triple-diffused correlator is on a220-by-230mil chip—about the same area as the
epitaxial one but adifferent shape.
Getting good yields on such
enormous chips is remarkable in its
own right. If chips of amore pedestrian size— say, 100 to 125 mils

Buy The Kit!
A
$54.57
value
for
only
g1
'
16 5Ca ee
0111

sc

$

-

24

5°

Kit conta.ns a 51- piece assortment
of SCHAUER 1% 1- watt zeners
covering the voltage range of 2.7
to 16.0. Three diodes of each voltage in reusable poly bags. Stored
in a handy file box. Contact your
distributor or order direct.
Semiconductor Division

SCHAUER
Manufacturing Corp.

4514 Alpine Ave. Cincinnati, Ohio 45242
Telephone: 513/791-3030
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xial fabrication; bottom one by triple-diffusion method using arsenic as acollector dopant.

square—were used, the yield at the
chip level would probably be several times higher; but then, of
course, interconnection problems
would arise, limiting the yield and
the reliability at the system level. D

Avionics

NASA test
advances VTOL
Vertical takeoff and landing ( VTOL)
aircraft look ideal for short-haul
commuter traffic in built-up urban
areas, but two technological problem areas have been dimming that
promise—noise and uneconomical
operation. The aircraft must operate
under all weather conditions on
flight paths that will lessen their perceived noise, keep them safe, and
minimize their hover time so that
they won't burn up too much fuel.
Until now, VTOL advocates have
had to rely too much on the pilot.
But researchers at NASA's Langley, Va., Research Center claim a
major milestone in VTOL avionics
development with the first fully
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Call RCA if you
want to talk about

MIL- M-38510
cos/mos
Now, for high- reliability types in COS/MOS ICs — for full
MIL-STD-883 — call RCA.* And let's talk about advanced
MIL- M-38510 techniques. In RCA's rapidly evolving 38510
program, high- reliability type product becomes not just the
result of scteening, it will be built in, through procedures
being developed to the specification:
•Scanning electron microscope ( SEIM)
•Radiographic inspection
•Product traceability for permanent product control
• Rigorous operator training to maintain high quality- control
standards
The COSIMOS CD4000A series is available in high- reliability types now being produced under MIL- STD-883, with
SEM

inspection specified

in NASA- Goddard Space Flight

Center specification GFSC-311-P12A, on special order.
And, since RCA's COSIMOS production is asingle, integrated process, process advances that are developed for
high- reliability product are automatically

RCA's scanning electron microscope at 1000 X
magnification shows excellent conformity of
conductors over wafer contours, assuring continuity and reliability of metal interconnects.
This is a dramatic example of process refinements achieved under the RCA high- reliability
program which are automatically applied to
commercial products.

reflected in the

commercial type you specify.
If you want the leader's standard of quality plus volume
capability and systems cost effectiveness, go COS/MOS. See
your RCA Representative or your RCA Distributor. Or write,
RCA Solid State, Section 70C-27, Box 3200, Somerville, N.J.
08876.

International:

RCA, Sunbury- on- Thames, U.K., or

P O. Box 112, Hong Kong. In Canada: RCA Limited, Ste.
Anne-de- Bellevue 310, Quebec.
*For information on high-reliability COS/MOS and our MILM-38510 progress,

call

RCA's

high-reliability marketing

specialist, Garry Miller (201) 722-3200 Ex t. 2805.

Solid
State
products that make products pay off

6000 X magnification shows excellent metal
coverage over an oxide step, eliminating intermittent opens,thereby enhancing reliability.
The scanning electron microscope has become
a major tool in RCA's ciagnostic and highreliability procedures.
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for

INQUIRY > QUOTE
ORDER > DELIVERY

Specify
(

)STOM

---

Mica Capacitors
For
hermetically
sealed or
potted in
applications
CIVIR Type

CER Type

CEIVI Type

For specialized
mounting arrangements
and operation
under selected
environmental
parameters
For
specialized
form factors
and operation
under
environmental
extremes.

Custom Electronics can fill your
mica capacitor requirements in
minimum reaction time ( inquiry,
to quote- order- to delivery).
Meet your design engineer's
requirements for higher voltage,
higher temperature and greater
reliability by calling on
Custom Electronics for Mica
Capacitors.
The greatest single cause for
capacitor failure is a short in
the dielectric material.
Consequently, we precisely inspect anc grade all of our
dielectric material before
production. The result is the finest
quality capacitors of their kind
available today.

Write or call on your application
today!

----

STOM

7,6/ The QC Fanatics
CUSTOM ELECTRONICS, Inc.
Browne St., Oneonta, N. Y. 13820
PH: 607-432-3880
TWX 510-241-8292
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Electronics review
automatic landings by a manned
CH-46 tandem- rotor helicopter. Using aNASA-developed experimental
landing system, the helicopter flew
automatically two to three miles to
the intended spot at speeds of 60
miles per hour at an altitude of 800
feet. At 1,500 feet from touchdown,
the helicopter automatically decelerated until it was hovering 50 feet
over the touchdown point and then
landed. The pilot monitoring the
operation had to intercede once
each flight to flick on the descent
mode, reports John F. Garren, program manager.
Signal smooth. The Langley- developed guidance equipment included a Bell Aerospace GsN-5
ground-based tracking radar, linked
by fm multiplex to onboard equipment: an Electronic Associates
analog computer, and aspecial inertial signal-smoothing device with a
fixed-gain common filter. The last
device, by coordinating radar signals with the aircraft's instruments,
provides control signals to a fouraxis servo-control system.
NASA considers the tests significant. Garren explains, because it
freed the pilot from actual flying so
he could judge the flight better.
Commercial wroL craft will need
guidance and avionics systems that
select each landing profile for optimum noise, safety, and fuel requirements—a task no pilot can perform
now, he says. "Conventional aircraft
find alanding speed and hold it until touchdown," he explains, " but
with wroL you keep the speed as
high as possible for as long as possible because low-speed flight burns
up fuel at ahigh rate."
The tests indicate that, besides
special avionics, VTOL- based transit
will need ground- based radar
equipment at each landing pad.
"You need good range information
and good ground-speed information," which is best provided by
such equipment. Garren says.
fl

For the record
Site. The world's largest planned ra-

dio telescope finally has a home—
Datil, N.M. And electronic subsystem makers are getting ready to

compete for chunks of an anticipated $ 20 million in contracts. The
telescope, which will operate at microwave frequencies of 2,695 and
8.085 megahertz. is an array of 27
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dish antennas arranged in aY with
each arm about 13 miles long. Each
dish will be 82 meters in diameter.
The project, called VLA for very
large array, will be managed by the
National Radio Astronomy Laboratory. Completion is scheduled in 5
years; total cost is estimated at $ 76
million. The fiscal 1973 budget contains $ 3million [
Electronics, Jan. 31,
p. 75], and Congress has still to approve the program.
The message. Only one new ele-

ment, although an important one,
turned up in President Richard
Nixon's unexpectedly brief special
message to Congress on expanding
civilian research and development
through new technological opportunities [
Electronics, Sept. 27, 1971,
p. 33, and Jan. 31, p. 76]. The new
proposal calls for creating a larger
role for state and local participation
in the effort under athree-part program.
Nixon said he wants science adviser Edward David to develop
broader ties with state and local
groups through discussions aimed at
developing: ( 1) systematic means
for communication of local groups'
R&D priorities to appropriate Fed-
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The lose- label redder converts the vats ine reflections 1
.
rom the box label to hinan .
coded pelses. A He Ne laser is the deaf-illumination source because ii needs nil
complex focusing optics. Furthermore the precise beam is collimated ad along its
length. naking the system largeli. independent of the box position.

Il

Boxes, boxes, and more boxes.
Hundreds of them, zipping along
an automated conveyor- belt. In
some are motors for air conditioners; in others, hinges for
freezer doors, agitators for wash-

he computer-controlled system.
It used to be done with mirrors,
nd atouchy optical system with
an unreliable tungsten light
source. And it made mistakes.
But the new laser system* stays
right on the beam— regardless
of variations in ambient light
tensity and color— and the only

ing machines, blades for electric
carving knives.
Each box is destined for a
particular assembly line, and
somehow, miraculously, it arrives
at the right time, in the right
order, with the right parts. Yet no
one seems to be keeping track of
things; how does it happen?
The secret is abinary coded label on each
box, and alaser beam that knows how to read.

own- time on the assembly lines
sover the weekend.
Spectra- Physics OEM lasers
are shedding new light on alot of
old problems, in manufacturing,
communications, transportation,
research, you name it.
Perhaps you have aproblem one of our lasers
could illuminate. Write the # 1laser people
-oday at 1250 West Middlefield Road,Moun-

Label-reading Laser
helps get it
all together
Regardless of the position of the box or the
label, it can't get by the laser scanning station

without revealing its identity, contents, and destination to

tain View, California 94040, 415/961-2550.
'mad .• hy Beals Recognition Systems. Southfield. Michigan

Spectra- Physics
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The Ortec P-554
Ion Implantation Processor:

Electronics review
eral agencies so they can be incorporated into Federal planning;
(2) ways of assuring state and local
access to Federal R&D centers' technical resources in such areas as
transportation, the environment.
and energy programs, and ( 3) aggregation of state and local markets for
specific products so industries can
give government purchasers benefit
of innovation and economies of
scale.
That final point, say industry officials, could accelerate and expand
sales of such items as communications equipment for law enforcement to state and local markets.

•It's safer and simpler to operate than the
other machines on the market.
•Its price is competitive.
•It can be delivered in 90 days or less.

Sounds great.
But who's Ortec?
The question is justified. For all you

operator has only to load the tray with

know, we could be a garage opera-

wafers and push a button to start the

tion.

implant cycle. After that, the process

Truth is, we were once just that—

is completely automatic.

about twelve years ago. Now we're

Safety precautions—for both oper-

one of the leading producers of ion

ator and the wafer load—are elab-

sources, semiconductor detectors,

orate. With our system of interlocks,

and electronic instrumentation for nu-

it's nearly impossible for an operator

clear

to foul up the works. Or expose him-

physics

research.

We're

into

life-sciences instrumentation, too, and

self to

x-ray analysis systems.

hazard.

high- voltage or

radiation

We're no strangers to vacuum and

But perhaps the best proof of per-

accelerator technology, for sure. Both

formance is for us to implant a few

are in our normal line of work. And as

of your wafers. Which we'll be glad to

for semiconductor technology—well,

do. Or, if you prefer, we'll send you a

we're the world's largest

copy of our P-554 brochure. Either

manufac-

turer of precision silicon and german-

way, you have only to call or write our

ium radiation detectors.

systems specialist, George Thoeming.

In other words, although you may
not have heard of us, we've been toiling in your back yard for quite some
time.
And our Ion Implantation Processor

The phone number: ( 615) 482-4411.
The address: Ortec Incorporated, 110
Midland Road, Oak Ridge, Tenn.
37830. In Europe: Ortec Ltd., Dallow
Road, Luton, Bedfordshire, England.

shows it. The P-554 is a very practical
production machine. Take, for ex-

Phone: LUton 27557. Ortec GmbH, 8

ample, its extraordinary simplicity: the

West Germany.

München
1001.

13,

In

Frankfurter

Ring

81,

Phone: ( 0811) 359-

Japan: Toyo Trading

Co.,

Tokyo. Phone: 279-0771.

ORTEC®
A
5296
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Univac spectrum. Computer facilities for the Federal Communications Commission's spectrum
management task force operating in
Chicago will be provided by Sperry
Rand Corp.'s Univac
Washington. D.C.. under a 40month contract for 5870,000. The
computer will assemble information
on land mobile radio service in the
Chicago area to determine the most
efficient use of those frequencies.
Losers in the competition were IBM.
Control Data. and Honeywell.
China Hap. RCA Global Communications. Inc.'s S2.9 million communications satellite earth station
which it sold in January in Shanghai
to the People's Republic of China
and which went on the air in February [
Electronics, Feb. 28, p. 44] got
its permanent export license from
the U.S. Department of Commerce.
And that action has generated a
disapproving uproar among members of Cocom, the committee that
coordinates allied controls on the
sale of high-technology equipment
to Communist powers.
However. Washington could
hardly take back the ground station
now. RCA says it is in operation,
with Intelsat 4 over the Pacific carrying telephone, leased- channel.
telegraph, and facsimile communications between the U.S. and China.
Upset nations such as Japan and
Britain contend that Cocom rules
have barred them from sale of comparable high-technology equipment
to the mainland Chinese.
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Meet Trinidad electronics specialist Derrick Govia
he speaks your language!

You need people who understand anc respect expensve electronic equipment, right? Well, you're looking
at one of them, Derrick Govia. Service Manager for
one of Trinidad & Tobago's leading electronic companies.
He's got good fingers and a good head and he believes that " Trinidad & Tobago has great potential for
foreign investment in any field."
If that's the kind of talk you like, you'll hear plenty of it
in our 10-year cid nation, from young, highly trained
people like Derrick Govia, from older successful businessmen who might serve as your partners, help introduce you to new sales areas like the new CARIFTA
market that spans the Caribbean.
Think about it Then contact us or fill in and send this
coupon.
Electronics/March 27, 1972

irc

Trinidad 8t Tobago
Industrial Development Corp.
•:00

Nee York N Y 1001,"
F
5-9360
Clyde `:. trlls(n North American Director

Piease serd me factual information
Tobago as api investment location.

on Trinidad &

Name & Title
Company
Address
City & State

Zip
Tel. No.

Product Line
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SUE:
THE FIRST GIRL MINICOMPUTER.
It's awoman's right to change her mind.
SUE is as different from other minicomputers
as women are from men. And for the same reason.
It's the way she's built.
SUE is the System User Engineered minicomputer.
From the beginning, the first principle in her
make up was flexibility. In that she's unmatched.
Look at her main frame. The wide bandwidth
Infibus you see there has plugs for up to 24
cards. Memory cards. Logic cards. Arithmetic
cards. Input/Output cards. Special interface cards.
Even multiprocessors on acommon Infibus. So
there are literally hundreds of SUEs. What she can
do depends on the number and combination of cards chosen for a
particular application.
In short,

whatever kind of minicomputer you want her
to be, she is. And that's all you pay for. Exactly the
minicomputer you need.
As your needs change, you can change SUE.
Simply by changing cards. You can expand her
memory to 32K. You can mix core and semiconductor memories, and memories of different
speeds, in the same system. She'll give you a
thruput of 80 million bits asecond.
If you've got asystem that's look:ng for aminicomputer, have we got abeauty for you.
Call SUE for her vital statistics. ( 213)
722-6810 or write: 6201 E.
Randolph St., Los Angeles,
California 90040

Lockheed Electronics
Data Products Division.
A Subsidiary of Lockheed Aircraft Corporation.

Visit SUE on the COMPUTER CARAVAN in acity near you.
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EI
A turns around
on export trade
legislation. . .

. . . seeing
threat in
Burke-Hartke bill

Airlines may use
X-ray units for
tighter security . .

. . . as may
Customs in
war on dope

Addenda

Electronics/March 27. 1972

Pressured by what it calls a changed "climate of opinion," the Electronic Industries Association says it now favors extension of the Export
Administration Act of 1969. It is urging the Government to remove
those export controls found to be " unnecessary burdens on the U.S. export industry."
This position differs from its recommendation of eight months ago
that Congress " take no action" on extending act. Nevertheless, EIA's
governors for second time deferred development of an international
trade position paper (
Electronics, Nov. 22, 1971, p. 45).

The change in EIA's attitude stems from the introduction of the Foreign Trade and Investment Act of 1972 by Rep. James Burke ( D.,
Mass.) and Sen. Vance Hartke ( D., Ind.), which EIA and other groups
contend is strongly protectionist and certain to produce international
trade wars. At the same time, EIA's governors have formed a committee to monitor the nine-part bill to thwart possible efforts of organized labor to get sections passed as riders to other laws.
The AFL-CIO's reported withdrawal of the bill from its " must pass"
list indicates to industry leaders that labor has given up on getting it
through Congress as apackage. The legislation would amend tariff and
trade laws to " promote full employment and restore adiversified production base," would exact penalties on companies with foreign plants,
and would eliminate foreign tax credits.

Besides making the airlines buy about 400 more magnetometers, the
Government's speedup of anti-skyjacking precautions is expected to result in the purchase of short-pulsed, low-dose-X-ray equipment for baggage inspection. Moreover, some FAA staff members are saying privately that X-ray machines to screen passengers will eventually replace
the magnetometers. For baggage inspection, one expert's guess is that
one or two X-ray snoopers, costing $27-$45 thousand each, might be installed at about 100 likely airports to be used in case of athreat.

As part of aphased experimental program to help crack down on dope
smuggling, the U.S. Customs Bureau is expected shortly to announce
purchase of two second-generation X-ray devices from American Science and Engineering Inc., Cambridge, Mass., for evaluation in New
York City. The two units, at atotal cost of $ 120,000, will test the usefulness of X-rays in spotting contraband in high-volume mail.

A two-week trade mission to explore communications and industrial
electronics sales to the Soviet Union, Poland and Czechoslovakia is set
for September by the Government and the Electronic Industries Association, which expects to sign 12 corporations for the trip. The seven
signed up so far include GE, GTE- Sylvania, Magnavox and RCA. . . .
The Army's $ 171 million request to continue FY 1973 advanced development on SAM- D, successor to the improved Hawk, is seen vulnerable in Congress in view of speculation it will not go to production.
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Washington commentary _
Defense procurement policy and practice: the case of the F-14
By October the Navy must exercise its option to
buy 48 more F-14 fleet defense fighters from
Grumman Aircraft. And insiders on both sides
of the project agree that, when it does so, the
price will be higher. Renegotiation of the
Grumman contract is starting, despite public
pronouncements by high defense officials about
holding Grumman's feet to the fire.
Defense Secretary Melvin Laird, for example, told Congress not long ago that " while
the contractor has indicated that he is unwilling
to accept this option, we retain the position that
we have avalid and legal contract with Grumman." Yet Laird nimbly sidestepped the issue
of specific prices when he added, " Iwant to reassure the Congress that the option will be
exercised only if Iam convinced that the F- I4
will provide the capability the Navy needs and
at a realistic cost." What is realistic? Laird
didn't say.
The money in the till
The current fiscal year budget of the Pentagon comptroller has the Navy down for 48
planes at nearly $ 1,031 million, including initial
spares, RDT&E, and asmall amount for related
military construction. That works out to a bit
more than $ 21.4 million a plane without Government- furnished weapons. On the same
basis, the Navy wants to commit itself to 48
more planes in fiscal 1973 for $ 734.8 million, or
an outlay of roughly $ 15.3 million aplane.
If that price is renegotiated upward— and industry sources, including some subcontractors,
believe it will be— it will make ajoke of former
Deputy Defense Secretary David Packard's effort to give credibility to the concept of " fixed
price" contracts. A new F-14 contract will also
give a very hollow sound to the ringing statements of such dedicated persons as assistant
secretary of defense Eberhardt Rechtin, who
recently told electronics manufacturers that
contractors' price must contain " numbers
which really mean something and which Defense must enforce."
The Grumman side
The other side of the coin, the Grumman
side in the case of the F-14, is that some unrealistic economic estimates were inserted in the
proposals of F-14 bidders by the Pentagon. For
example, bidders were required to premise
their costs on an estimated inflation rate of less
than 4% when it has proven to be more like
three times that figure. Moreover, individual
contractors' overhead escalated sharply as eco-

48

nomic recession set in and contracts were cut
back. Thus were first estimates of overhead
charges found to be low. Now Grumman is trying to convince the Pentagon that the company
should not be held responsible for aprice built
around faulty Federal economics.
But Congress is unlikely to buy those arguments in this election year. Viewing the problem in the simplest terms, the public is going to
be left with the impression that the F- I4 is but
one more mucked- up military program to be
recited with the litany of Lockheed's C-5A Supertransport, General Dynamics' F-111 swingwing fighter, and their predecessors.
A way out?
Is there a way out? Solutions are being
sought by the commission on Government procurement, which has been at work more than a
year. Ironically, however, that body's effort has
slipped to the point that its report, expected at
the end of last year, will not come out now until
the end of 1972, after the election.
Apart from the prospect of canceling the
F-14 program and substituting the Air Force's
F-15 now under development by McDonnell
Douglas, an unlikely prospect at this point, it
seems there is little that can be done to hold
down the cost of the Grumman plane. But
there may be an answer for future contractors if
the Defense Department will eliminate the requirement that bidders accept its economic
forecasts and permit them to substitute their
own estimates predicated on Federal statistics
plus any other private intelligence they may
want to factor in. Then at least they would be
responsible for their own pricing policies and
be better held accountable.
The Pentagon's comptroller, Robert Moot,
says his office has found that there are techniques available which can determine " the final actual cost of asystem within 10% to 20%,"
compared to the spread of up to 200% or more
that has resulted from some major buys in the
past. If so, these techniques need to be made
available to industries such as aerospace and
defense electronics whose technological expertise far exceeds their capability in Federal procurement economics.
That contractors need such information
quickly is demonstrated not only by the immediate problem of Grumman but also by the
broader observation of assistant secretary
Rechtin when he commented that, in defense
procurement generally, the United States " has
run out of price."
—Ray Connolly
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Ca
we do MOS
Custom MOS is our offering.
Custom MOS starts with custom design.

e. gr

12- DIGIT
.FOUR-FUNCTION
DISPLAY CALCULATOR
CHIP CT5001

We have ateam of system and circuit designers
who have worked together on major products
for major names like Canon, Olympia, Omron,
Olivetti. Lagomarsino, IBM, SCM, and Eiko.
Custom MOS requires computer-aided design
and artwork generation
We're equipped to do it all in-house on our
Calma/Calcorttp computer/plotter system.
No waiting.
Custom MOS is done best when the guys
who do the system development, design and
artwork also oversee production.
We've got the newest production, test, and
packaging equipment available. It's all in place.
Operating. Delivering. And growing.

in 50,000
quantities.
Other quantity
prices on
request.
Coming: In April, CT5003/4,
2- chip multi- function printing
calculator set with memory —
programmable for 8-16 digits;
in May, CT5005 12- digit display calculator chip with memory; in June, CT5006 printing
circu.t to match the CT5005.

If custom MOS is what you need
for computers, terminals, industrial controls,
instrumentation, timing circuits, or whathaveyou
—and if speed is of the essence— give us acall.
We do MOS. Fast.

And what can we do for you?

TM

CAL-TEX SEMICONDUCTOR, INC.
3090 Alfred Stteet, Santa Clara, California 95050
(408) 247-7660
Electronics/March 27' 1972
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In the grand traditi

The 3M drive band.
A new concept in tape handling.

Based on an entirely different, elegantly simple drive technique,
the new ScotcliBrand Data Cartridge combines reel-to-reel
performance with cassette convenience and price.
The Data Cartridge functions as its own transport and needs to be driven at only asingle point.
There are no pressure pads, no pinch rollers, no capstans— tape

4,

Scotch

handling is fast, accurate and
precise with no external tape
guidance.
With our new technique,
tape is handled — not just

DATA
CARTRIDGE

driven — in the Data Cartridge.
The drive band travels around
three tension rollers and is
wrapped partially around the
tape on both hubs, making

RELATIVE PERFORMANCE

,
S•
AT I
BLE _
—TAPE
D ED A

S
BC
RO
AN
TC
DH
2

CARTRIDGE

0.150"
CASSETTE
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in of the paper clip:

"rolling" contact with the tape. Tape wear is
FIXED
GUIDE
extremely low since the tape oxide touches nothing else except the head. Compliance in the
band provides controlled tape tension at all
times. No machine operation can cinch, spill,
stretch or break the tape.
A single external motor powers the drive
band through contact with extended hubs
on one of the tension rollers. Tape motion is
easily controlled by starting, stopping or
reversing this motor.
Since no external guidance is required, tape/head alignment is
simplified and avariety of head and data configurations may be
used with consistently high data reliability.
The end result is low cost digital data storage like nothing
you've ever seen before. The Data Cartridge starts and stops
Electronics/March 27, 1972

READ
RITE
HEAD

W

within 25 ms at any operating speed, shuttles at
up to 180 ips, stores up to 8times as much data
as the 0.150" cassette and has an expected lifetime in excess of 5000 passes.
Add to this acost comparable to cassettes
and only one quarter that of . 1
/ "compatible
2
tape decks, and you have abreakthrough in
digital tape handling for any application.
Need more data? Simple.
Contact Data Products, 3M Company,
300 S. Lewis Road, Camarillo, California 93010,
Tel. ( 805) 482-1911. TWX 910-336-1676.
FIXED
GUIDE

Data Products
Circle 51
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Now, HeIibkers covered cermet
trimmers for Iow-budgeprojects.
contamination.Which means, in addition to
There's not much sense in using cheap
cermet stability and better resolution, you
wirewound or carbon trimmers anymore.
get long-term dependable performance.
Not when the new Helipot Series 91 Cermet
The breakthrough price is just 350 each
Trimmers are available off-the-shelf for a
in the 50,000 piece quantity, and they're
few cents more.
equally well- priced in other quantities.
These single-turn, 3/8 ". covered trimmers
Send now for complete data on the
come in 10 different mounting styles and
Series 91 Trimmers ... the finest of their
19 standard resistance values from 10
class. We've made them for
ohms to 2 megohms. Covered
Beckman'
your projects where the budget
construction helps protect
may be tight, but you don't want
against moisture, corrosive atINSTRUMENTS, INC.
to compromise performance.
mospheres, dust, oil and other
HELIPOT DIVISION
Fullerton Collforrno
HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE
INI IRNATIONAL SUBSIDIARIES AMSTERDAM CAPE TOAN GENEVA GLENROTHES SCOTLAND MEXICO CITY MUNICH PARIS STOCKHOLM TOKYO VIENNA
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Flowering of MOS, displays brighten
cloudy view at Paris Components Show
April in Paris is usually a lot
gloomier than the song suggests, so
it may well be suitably cloudy from
April 6 through 11 during the Paris
Components Show, Europe's largest
international electronic products exhibition.
The show at the giant Porte de
Versailles exposition hall will have
just over 1,000 exhibitors from 25
countries—down about 100 from last
year because of what show managers call "economic constraints."
For the first time, however, there
will be large block exhibits sponsored by the United States, Japan,
and Spain, showing products made
by smaller companies from those
nations. The new American exhibit
represents 48 companies—most of
them seeking sales representatives
for their products in Europe.
Despite acontinuation of the generally sluggish markets that characterized European electronics in
1971, there are enough bright spots
to generate optimism among component makers that 1972 will end up
better than last year. French manufacturers underscore this optimism
with plans to introduce important
new products, including integrated
circuits for watch markets and other
applications, liquid crystal displays,
diversified instruments, and electronic components for automotive
use.
British instrument makers are focusing special attention at the burgeoning market in vhf/uhf mobile
radio systems and in communications generally. German companies, although not optimistic
about the near-term prospects of the
semiconductor and component market, view 1972 as the year for metaloxide semiconductor devices to take
off in terms of applications and production. The Germans also point
out that the semiconductor price decline has been arrested, and that de-
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mand for TV components continues
strong.
French exhibits. Among French
exhibits— which represent about
40% of the total—one highlight will
be the introduction of ThomsonCSF'S liquid-crystal display that
changes color as voltage is raised
and lowered. The firm will demonstrate it in a system with brilliant,
solid, uniform colors that can be
used on an XY grill to create images of alphanumerics. The formula
for the crystals includes a proprietary additive, Thomson says, and
this formula enables a relatively
large surface to react uniformly to a
given voltage. Also, the parallel
alignment of the crystal's molecules
is achieved by electrically controlled
birefringence, a method which
Thomson says has significant advantages over the more generally
used dynamic scattering mode.
Sescosem, France's only native
broad-line semiconductor supplier,
will feature a 100-product line of
temperature- compensated zener
diodes, infrared emitters and couplers, an automotive lc that combines amplifier and oscillator functions, a complementary-mos circuit
for electronic watches, low- and medium-power thyristors, and power
transistors.
British exhibits will spotlight new
instruments, many of them aimed at
makers and users of mobile radio
systems. Two new instruments mark
the debut of light-emitting diodes in
British- made units. Both instruments are portable, taking full advantage of the low-voltage characteristics of LEDs.
Marconi
Instruments Ltd. will show a 61
/2
pound frequency counter intended
for field-checking of mobile radio
transceivers. It uses HewlettPackard's seven-by-four gallium arsenide phosphide diode matrices in
afour-digit readout.

Also using LEDs is a 21
2/
pound
multimeter from Solartron Electronics group. The four-digit readout
uses seven-segment numerals, all on
the same substrate, from Monsanto
and Bowmar. Counters will be exhibited by Advance Electronics
Ltd., SE Laboratories Ltd., and G.
and E. Bradley Ltd. Among component features will be Plessey Company's lines of emitter-coupled- logic
frequency dividers, integrated circuits for TV, and avariety of calculator chips.
West German MOS. In West Germany, volume delivery of mos devices will get underway in 1972.
Marketing officials at Siemens AG
predict that the mos market will
double to about $ 6 million. During
the past year, Siemens has readied
for mass production more than 20
mos circuits of varying degrees of
complexity, and for 1972 another 50
are planned. Besides using conventional manufacturing technologies
such as high-voltage p-channel and
nitride techniques, the company is
increasingly concentrating on ionimplantation methods to come up
with circuits capable of operating
with less-than- 10-volt supplies.
mos components on the Siemens
stands at Paris will range from lowcomplexity circuits with 20 to 40
gates per chip to devices with more
than 600 gates on a chip smaller
than 18 square millimeters. Applications are in telephone communications equipment, computer peripherals, and entertainment
products.
Siemens will also show ICs for
sensor-type channel selection in radio and TV sets, and low-speed logic
ICs. AEG-Telefunken will exhibit a
new delay line for TV receivers, using the French Secam color transmission standard, and acathode-ray
tube designed for transistorized
broadband oscillographs.
D
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In telephone companies around the
world, inclusion- free copper- clad
laminates from Norplex provide the
extra measure of dependability demanded by sophisticated communications systems. They are without
equal for stress- free uniform quality
and reliability.
The Lint- Pickers take such infinite
pains in manufacturing a superior
product, they have had to design
much of their own quality- control

equipment. This way they can guarantee it will meet or exceed NEMA.
MIL- P and customer specifications.
This careful attention to detail continues even after the sale. Your account is in the hands of an in-depth
service organization, headed by your
Norplex representative. He is an experienced laminate engineer, and a
qualified problem- solving consultant
in his own right. He is supported by
a customer- service team on the " inside" and a technical service depart-

ment " outside" in the field. Together
they offer readily available expertise
second to none.
For the most complete line of laminates in the industry, call on the LintPickers from Norplex Division, UOP
(Universal Oil Products Company).
Main Office and Plant
Norplex Drive
LaCrosse, Wisconsin
54601
608/784-6070

Franklin Office and Plant
P.O. Box 186—
Route 31 North
Franklin, Indiana 46131
317/736-6106

How the Lint-Pickers
keep the conversation clear.

Norplex laminates
bYUOP
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Russians and U.S.
companies push to
open Soviet market

Philips aims $ 870
video cassette unit
at consumer market

East Germans show
off liquid crystals
at Leipzig Fair

Laser to read
current flow in
electric lines
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The Soviet Union's drive to obtain high-level Western computer and
data processing know-how for its economy is accelerating. Three
groups— including banking, planning, and scientific research leaders—
are to be sent to the U.S. soon to study American advances. It would be
Russia's highest-level computer-related industrial delegation to have
toured the U.S.
And the potential of the Russian market is atwo-way street. American companies are eager to cash in— when export controls on many
strategic items, such as large computers, are eased. Many observers expect an easing to be announced around May*22, when President Nixon
is due in Moscow for summit talks. Control Data Corp., for one, is reported to be near asale of aCDC 6200 for use at the Dubna nuclear research institute. And Russian sources say that Roy Ash, Litton Industries' chairman, is due to visit Moscow to promote Litton's sales
prospects. An ITT team is planning asimilar trip in early April. What's
more, LBM is still awaiting U.S. Government approval for the sale of a
System 360/50 brought to last fall's Leningrad computer show and
then delivered to the chemical industry ministry. It won't be hooked
up, Moscow sources say, until final approval of the deal.

Starting in April, Philips will hit the market with video cassette recorders for consumer uses. They will initially be distributed in several West
European countries— including Belgium, Denmark, Luxembourg, the
Netherlands and West Germany— with sales elsewhere following later.
The VCR equipment, for magnetic recording and playback of black
and white and color tv programs, operates with 30-, 45-, or 60- minute
cassettes. The price for arecord/playback system incorporating aclock
and a built-in color tv receiving section will be around $ 870 on the
German market. A 60-minute cassette will sell for about $43.

East Germany's electronics industry, though generally lagging behind
Western technology, is apparently doing well in some specific areas. At
the Leipzig Spring Fair this month, East German component makers
showed for the first time liquid crystal display elements for applications
in desk calculators, measuring equipment, and other electronic indicating systems. The prototype devices, shown operating in time- indicating
equipment, are now being offered to prospective customers, according
to East German experts on the stands.
The seven-segment digit elements displayed in Leipzig are IC-compatible and consume less than 100 microwatts per digit. Designed for an
ambient temperature range from 10° to 60°C, the new liquid crystal devices come in two sizes and feature response and decay times of about
100 and 200 milliseconds, respectively. The current rçquirements are
from 1to 2microamperes.

An experimental laser-based instrument for measuring current flow
may soon go to work on transmission lines of the Central Electricity
Generating Board, Britain's national electricity utility. Emission from a
helium- neon laser at ground level is polarized and split into two beams

55

International newsletter
directed at the end faces of two flint-glass rods, fixed one on each side of
the conductor. The polarization angles rotate in the glass in proportion
to the magnetic field induced by the current flow, but in opposite directions. The angle is measured on the ground in adouble detector, which
receives the beams reflected from the back faces of the rods. Two contrarotating beams enable common interference from adjacent lines to
be detected easily. CEGB men say the system offers, compared with the
conventional technique, vastly improved bandwidth-30 to 50,000 amperes compared with 100 to 4,000 amperes— better sensitivity to transients, 50% cost savings, and no effective limit on line voltage because
no insulation is required.

Swedish defense
budget leans toward
unsophisticated gear

Ion implantation
scheme cuts uhf
transistor noise

Color TV cassette
uses 8- mm film

The Swedish government has proposed that about $2.6 billion be appropriated over the next five years for defense material purchases and
research and development. The sum was much less than the military
had hoped for, even though it does constitute aslight increase over current appropriations. In presenting the proposal to parliament, defense
minister Sven Andersson outlined new Swedish thinking in the type of
armaments this neutral nation will need in the future. Defense will be
aimed at preventing an agressor from securing afast footing in the nation, which in turn means creating deep defenses as well as forces in
strength on coasts and the borders. For electronics companies, that
means a greater amount of less sophisticated weapons systems, rather
than afew highly sophisticated ones, will be called on to do the job.

Mullard Ltd. reckons to halve noise in its microwave transistors by using ion implantation to implement an idea proposed by Shockley 25
years ago but not practicable until now. Using electron beam lithography, afine nichrome-gold grid is built over the transistor surface,
roughly at right angles to the emitter and base contact fingers. Boron
implanted between the grid bars creates low resistance paths from the
base contacts under the emitters to active base areas. Further, the grid
bars are narrow compared to the emitter stripes, reducing base resistance into active base areas. The combined effect on some test uhf transistors is to cut noise from 8 decibels to under 4 dB at 2 gigahertz,
mostly from adrop in base resistance from 56 to 14 ohms. The price is
a sacrifice of about 15% in F. The researchers believe the technique
will provide 4gigahertz devices with anoise figure of 2dB, about half of
what is quoted for the best devices presently available.

A new color video cassette system that uses conventional 8- millimeter
film has been developed by Vidicord Ltd. of Britain. The Vidicord OR1will sell for about $ 1,000 and will hit the teaching and training market
early next year. A home-market version is planned for 1975-76. The
first prototype, introduced this month at the Vidca video cassette show
in Cannes, France, uses a new EMI improved phosphor CRT with a
0.1 microsecond decay time and a 1.5-square-inch raster. Lawrence V.
Mayhead, designer of the OR- I, says the new CRT uses less expensive
photomultiplier tubes and eliminates the need for corrective electronics
called for in slow- phosphor tubes. He claims the system's main advantage is the wide availability and low price of compatible software.
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How many Cherry Switches
can you find in these products?
HINT: Think big. Think of 97,650 switch configurations
that let products like those above use mostly stock switches
like those below. Think of Cherry's modern new facilities ...
with staffs of electrical, mechanical, tooling, industrial and
manufacturing engineers guiding every phase of design and
production. Think of 160 million switches produced during
19 solid growth years. And 104,000 more new switches passing through Quality Control every day, keeping our volume
high ... and our prices low.
How many Cherry switches can you put in your products? Find out: Check Cherry's latest big catalog. Send for
your free copy today.

7

1. Vending machine, up to 10 Cherry switches.

261-010 K
M
d
le
CHERRY

2. A TV tunes with 2 Cherry switches.

11111

E62- 00A Subrnmature

T70- 01A Thumbwheel

ey

o u

-

S31- 20P

3.

Washer- dryer combination, at least 3, up to 7.

"oldie"

4.

Electric typewriter, 1 or 2 Cherry switches.

B.

Photocopy machine, a surprising 55!

E69- 20A Panel Mount

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan, Illinois 60085

6. An auto, 1 to 6 Cherry switches.
7.

A computer has 2 Cherry switches.

8.

Electronic video recorder, 5 Cherry switches.

9.

Electronic calculator- 63 Cherry " Goldies."

10.

Digital data generator, 4 Cherry thumbwheels.

IT ADDS UP TO AT LEAST 146 CHERRY SWITCHES!

Makers of patented Leyerwheel/Thumbwheel Switches, Matrix Selector Switches, Snap- Action Switches and Keyboards.
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Ampeconomotion

It doesn't cost any more
for aquality connector.
It could cost less.
How do we do it?
Well, first we design a totally new miniature rectangular
connector that practices economy without losing sight
of reliability. After all, you need both.
That's good,

but we go

beyond that. We offer you

AMPECONOMATION—fast working automated application machinery in your own plant for high speed appli-

Put them together—quality, low initial cost and lowest
applied cost, and you've got a miniature rectangular
connector that's hard to beat. Which is exactly as we
planned.
Sound reasonable? It's more than that. It's downright
economical, and the facts to prove it are available now.
Just write AMP Incorporated, Harrisburg, Pa. 17105

cation of contacts. Depending on your requirements,
machine capacities range from 2,000 to 12,000 finished
terminations per hour with single applicator. So, which-

INCORPORATED

ever machine you choose, you're assured the greatest

Manufacturing and direct sales facilities worldwide: Barcelona, Brussels, Buenos

number of reliable contacts at the lowest applied cost.

Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo,
s'Hertogenbosch ( Holland). Sydney, Stockholm, Tokyo,Toronto, Turin, Vienna.

Accepts # 26-18 AWG, solid or
stranded wire in insulation
diameters of . 050" to . 110".

Positive locking feature on
housing prevents disengagement of connector halves or
dislodgement from panel.

Available in 1, 2, 3, 4, 6, 9, 12,
15, 20, 24 and 36 positions.

Pin or socket crimped in same
applicator.

Available in tin or gold plating
on contacts.
One piece, molded " clam- shell"
strain relief to facilitate wire
bundling—available in 20 &
36 circuit. Strain relief
grommet available to cover
three ranges of cable diameter.

Egg- crate design of socket
housing and extended skirt of
pin housing fully protect
contacts.
Cap and plug mountable in
same panel cutout.

Commoning bars available for
2, 3 & 4 circuit.
Two locking lances
assure positive retention.

*1.0. 7072
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Probing the news

Japanese target: MOS markets
Manufacturers, taking dead aim at the computer memory potential,
make determined effort to catch up in semiconductor technology
by Charles Cohen, Tokyo bureau manager
Japanese digital integrated circuit
manufacturers are out to capture
the fastest-growing lc market of
them all— the metal oxide semiconductor memory market. By 1975,
that market is expected to grow to
$400 million, an increase of 90%
over today's figure. This added to
the expected growth in calculators,
business equipment, and consumer
and government sectors will bring
the estimated mos market up to
$700 million by 1975.
Although the Japanese are aiming their heavy guns at memories,
they will participate in all sectors of
the MOS market— for example, in
calculators, where they already have
a beachhead in equipment and assembly. Only two years ago, 100%
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of the calculator chips sold in Japan
came from the U.S. By midyear the
Japanese are expected to take o‘er
45% of that market.
Competing with U.S. Using the
most advanced n-channel silicon
gate technology, Nippon Electric
Co. is building random access
memories that compete with the
best that U.S_ manufacturers are offering. For example, I,024- bit RAims
with 220-nanosecond access times—
for mainframe, buffer, and scratchpad memory— are already in production; units of 2,048, 4,096, and
even 8,192 bits are goals, offering
Ls! circuit users speed- power products unheard of ayear ago.
Like semiconductor manufacturers everywhere, Japanese corn-

panies are relying heavily on new
mos technology to accomplish their
aims in the digital lc market. Right
now, production of digital ics in Japan is about evenly divided between
mos and bipolar. In the next year or
so. mos production is expected to
rise to about 60% of the total, but
the ratio will not become more lopsided than that. HiFoe Osafune, general manager of the Semiconductor
division at Nippon Electric Co.
thinks mos will overshadow bipolar
because of its increasing use in computer peripherals and terminal
equipment.
One of the most advanced memoOn the way to MOS/LSI. At Toshiba, a thermal diffusion furnace is being loaded.
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memory being built by NEC is a
programable metal aluminum semiconductor array [
Electronics, Elecries in production in Japan is a tronics International, Feb. 28]. OsaI,024- bit memory using n-channel fune says demand for that unit now
technology. Seitaro Tsuneki, assist- exceeds supply. By the end of the
ant general manager of Nippon year, he expects the company's
Electric's lc division, says his commemory business to total half of its
pany's I,024- bit n-channel memory LS! business. He adds that, in addinow on the market outperforms In- tion to the general-purpose LSI
tel's 1103 in every specification, inmemories, NEC will also build decluding compatibility with transis- vices for buffer memories, main
tor- transistor logic for some types.
memories, and read-only memories
Chip size is about 130 by 138 mils—
for microprograming.
slightly larger than Intel's chip.
Hitachi, the largest producer of
N-channel in production. NEc's flmos in Japan, is now shipping samchannel line includes a 512- bit
ples of 100- bit and 1,000- bit Inteldynamic memory, a 256- bit static compatible shift registers with silimemory ( both available immedi- con gates. The registers are aimed
ately), a I,024- bit dynamic memory,
for use in terminals, such as teleto become available in April, and a typewriters and line printers.
1,024- bit dynamic memory for TTL
In April, Hitachi plans to ship
without drive or sense circuits, to samples of 1103-type high-speed
become available in June.
RAMS. And by the end of the year,
Toshiba says that it is by-passing
Hitachi predicts that its non-calcun- channel technology altogether
lator LSI business will reach about
and concentrating on development
10% of its total sales.
of complementary mos. Mitsubishi
Who's making MOS. Other Japaclaims to have developed n-channel
nese entries in mos include Mitsumos in its laboratory, but says it has
bishi Electric Corp. and Toshiba
no orders.
Corp. Sony Corp. has produced
Hitachi Ltd. says it now can make
some chips, and Matsushita Elecmos memories with 1,024- bits and
tronics Corp. expects to start probipolar with 256 bits. Ion implantaduction this summer, with Sharp
tion is under development, and HiCorp. beginning production units by
tachi expects a product within a fall. Fujitsu Ltd. has begun producyear.
tion of n-channel memories for its
Another general-purpose LSI
computers. Oki Electric Industry

Probing the news

A U.S. view of Japanese MOS/LSI technology
Hitachi, Nippon Electric, and Mitsubishi are recognized by U.S. Semiconductor makers as the main Japanese producers of MOS. But even these
companies are considered to be at least ayear behind the U.S. One American firm cites two limitations of Japanese MOS makers: " Their chips are
relatively small, under 150 mils," and their computer-aided design for custom parts is " very limited," as regards both software and equipment.
Another source, James lmai, president of lmai Marketing Associates Inc.,
Sunnyvale, Calif., says that the Japanese are on the right track and that
they will be successful in MOS " as long as no new technology comes
along." In other words, it took them years to develop an MOS capability and
if something new came along, it would take them years to shift their technology and build that up, too.
Imai believes this is abasic difference between U.S. and Japanese planning: in the U.S., many companies are working on many things at the same
time, but in Japan the companies tend to work on one thing at atime and
expect it won't be the wrong one.
At Texas Instruments, Eugene R. McFarland, semiconductor circuits marketing manager for the Dallas- based Components group, says that TISony— a Japanese-manned and -managed company wholly owned by
Texas Instruments— has the potential to pull alongside the U.S. in MOS/LSI
capability. " They have assembly and test technology that's technically
equivalent to that in the U.S.," he says.
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Ltd. and the Seiko group of companies are expected to begin manufacture of logic chips for calculators
and electronic watches.
So far, NEC8 has sold about 1.5
million bits of its 144- bit mos
memory chip, used in cache memories of Japan's Electro technical
Laboratories large-scale project
computer, and in Nippon Telegraph
and Telephone Public Corp. DIPS
communications computer. NEC is
also working on high-speed bipolar
memories for internal use. But because all Japanese computer manufacturers make semiconductors, NEC
doesn't feel there is a general market for bipolars in Japan.
Sueo Hattori, senior vice president and director, says NEC is producing 5million bits of memory per
month. And, when NEC completes
its new production line at the company's plant in Kumamoto City in
Kyushu this summer, it will add another 20 million bits to its monthly
capacity.
Hattori says there is a good
chance that NEC can compete with
U.S. firms because costs are falling
rapidly. Initially, NEC's price will be
about 5 cents a bit for standard
(64,000- bit) memory subsystems
consisting of I,024- bit devices
mounted on printed circuit boards.
But when demand begins to approach capacity, the price may go to
1cent abit, says Hattori.
Sacrifice now to gain later. The
Japanese are dead serious about
taking over the mos market even if
it means financial sacrifice at first.
Osafune says NEC is willing to take a
loss on its MOS so that it can keep
production lines going and develop
economical and reliable production
technology. When the scene shifts to
computer components, where NEC
expects to be able to operate profitably, the company will be all set to
go.
The effect of technical assistance
agreements, such as between Texas
Instruments and TI- Sony and North
American Rockwell Micro- electronics Co. and Sharp, is difficult to
gauge. The U.S. production knowhow being transferred to Japan is
probably at least two years old and
confined to relatively unsophisticated devices. If the Japanese catch
up with U.S. manufacturers, it will
be on their own.
E
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JUST ONE COULD SAVE YOU
A LOT OF REWIRING WHEN
YOU EXPAND.

Brand-Rex produces over 3,000
new designs every year.
Every year we design over 3,000 new
wire and cable configurations... because
your needs constantly change. Each new
design must be as sophisticated as the
equipment it connects... so it's as right for
tomorrow's applications as it is for today's.
That's why Brand-Rex products are
designed into the first stages of so many of
today's advanced systems, in the telephone/

communications; computer/peripheral;
commercial/appliance; industrial/utility;
and military fields. Even our tubing and
sleeving and micrbwave dielectrics are
made with the future in mind.
For our comprehensive All- Products
Brochure, write to Buck Rogers, Brand-Rex
Company, Willimantic, Conn. 06226.
Or call ( 203)423-7771.

Blef1D-REX...WA9 AHEAD In WIRE nnD CABLE
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Components

X-band amplifiers go solid-state
By stacking up to five stages, designers at several companies
have built amplifiers with 1-W output and 30-dB gain
by Lyman J. Hardeman, Communications & Microwave Editor
The high-gain solid-state X- band
amplifier is about to poke through a
number of technological barriers
and emerge as a practical component in microwave relay systems.
Because of greater reliability, lower
power requirements, and potentially
lower costs of solid-state amplifiers,
the day of the travelling-wave-tube
amplifier for systems requiring 1- to
2-watt output with 30-decibel gain is
ending.
Design engineers at several microwave houses have recently overcome the major problems in achieving stable amplifiers with high gain
over bandwidths of several hundred
megahertz. In every case, multistage
amplifiers are proposed— but that's
about all the designs have in common. Numerous combinations of
negative- resistance amplifiers and
injection-locked oscillators are being
used, with both Gunn and Impatt
diodes as the active elements.
As frequency allocations at the
lower end of the microwave spectrum become saturated, the market
for solid-state X- band amplifiers, industry spokesmen predict, will call
for at least several hundred units a
year for the next few years.
Companies in the race include
Hewlett-Packard, Hughes, Raytheon, Microwave Associates, and
Watkins-Johnson.
The engineers at Hewlett-Packard
Co., Palo Alto, Calif., have changed
over from conventional amplifier
designs to a two-stage injectionlocked oscillator that achieves 1-w
output with 30-dB gain. Over-all efficiency is about 4.5%. The amplifier
consists of a varactor-tuned Gunndiode first stage, followed by a
fixed- tuned Impatt diode output
stage.
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HP feels its approach is the most
economically viable in the commercial market. "We will soon be able
to sell this amplifier for under $ 800
in quantities of 100," predicts Del
Hanson, project manager responsible for the amplifier's development.
iLos. The advantages of an injection- locked oscillator over reflection-diode amplifiers are, according
to HP: greater gain per stage over
the desired bandwidth, higher efficiency, less sensitivity to temperature, and lower cost.
Hughes Aircraft's Electron Dynamics division of Torrance, Calif.,
makes a commercial amplifier that
operates in the 7- to- 11 gigahertz
band. The two-stage -silicon Impatt
unit yields 10-dB gain with 1-w minimum output. Single diodes power
each stage. The amplifier sells for
under $ 1,000 each in lots of 100.
According to Richard Johnson,
marketing manager for solid-state
devices at Hughes. the company is
presently developing injectionlocked oscillators to give greater
than 20-ds gain to drive its commercial unit. "Adding a high-gain unit
like this would just about double the
sale price," says Johnson.
A third manufacturer developing
injection- locked oscillators is Raytheon's MicroState division, Waltham, Mass. Its 30- dB gain design
comprises three stages— all powered
by GaAs Impatts, a company specialty.
The first stage gives about 10-dB
gain with a broadband amplifier for
operation at all X- band frequencies.
An injection- locked Impatt-diode
second stage yields some I7-dB gain
with up to 300-MHz bandwidth. Finally, a single Impatt diode adds

about 4-dB gain to gi‘ e 1W output.
The noise added in the last two
stages of the amplifier is 50 to 75
picowatts in a 3-kilohertz bandwidth 5.5 MHz away from the carrier. Since the amplifier is being developed for digitally modulated
systems, lower noise was not a goal.
The company feels that, if necessary, this noise added figure can be
reduced to under 20 pw.
Microwave Associates, Burlington, Mass., puts four cascaded
Gunn-diode stages together to obtain 30 dB of gain and a 1-w output.
Says Allen A. Sweet, who engineered the design, "Trying to get
that gain with fewer stages makes
the amplifier susceptible to spurious
oscillation."
Staging. With a 1- mw input, the
gain of the first stage is 10 dB. The
second and third stages add 10 dB
and 5dB of amplification. Two parallel diodes in the output stage
boost the signal level by 5dB to the
1-w output. The four-stage amplifier operates at an efficiency of 2%
with anoise figure of 16 dB.
An amplifier built by WatkinsJohnson Co., Palo Alto. Calif..
achieves 30-dB gain at X- band, but
uses Impatt diodes in the last three
of five stages. Gunn devices power
the first two stages, and were chosen
over Impatts to get lower noise.
"An important advantage in these
amplifiers over the traveling wave
tube," says Keith Kennedy, head of
WJ's solid-state research and development. " is that stages can be
added almost indefinitely. Each
stage contributes up to ±-0.2-dB additional gain across a typical 5%
band, but compensation can be
made in higher-gain units to flatten
the over-all response."
E
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JUST ONE COULD SAVE YOU
A LOT OF REWIRING WHEN
YOU EXPAND.

Brand-Rex produce/ over 3,000
new design/ every year.
Every year we design over 3,000 new
wire and cable configurations... because
your needs constantly change. Each new
design must be as sophisticated as the
equipment it connects... so it's as right for
tomorrow's applications as it is for today's.
That's why Brand-Rex products are
designed into the first stages of so many of
today's advanced systems, in the telephone/

communications; computer/peripheral;
commercial/appliance; industrial/utility;
and military fields. Even our tubing and
sleeving and microwave dielectrics are
made with the future in mind.
For our comprehensive All- Products
Brochure, write to Buck Rogers, Brand- Rex
Company, Willimantic, Conn. 06226.
Or call ( 203)423-7771.

BMW-REX...UM AHEAD in WIRE nnD CABLE
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X-band amplifiers go solid-state
By stacking up to five stages, designers at several companies
have built amplifiers with 1-W output and 30- dB gain
by Lyman J. Hardeman, Communicathns & Microwave Editor
The high-gain solid-state X- band
amplifier is about to poke through a
number of technological barriers
and emerge as a practical component in microwave relay systems.
Because of greater reliability, lower
power requirements, and potentially
lower costs of solid-state amplifiers,
the day of the travelling-wave- tube
amplifier for systems requiring 1- to
2-watt output with 30-decibel gain is
ending.
Design engineers at several microwave houses have recently overcome the major problems in achieving stable amplifiers with high gain
over bandwidths of several hundred
megahertz. In every case, multistage
amplifiers are proposed— but that's
about all the designs have in common. Numerous combinations of
negative- resistance amplifiers and
injection- locked oscillators are being
used, with both Gunn and Impatt
diodes as the active elements.
As frequency allocations at the
lower end of the microwave spectrum become saturated, the market
for solid-state X- band amplifiers, industry spokesmen predict, will call
for at least several hundred units a
year for the next few years.
Companies in the race include
Hewlett-Packard, Hughes, Raytheon. Microwave Associates, and
Watkins-Johnson.
The engineers at Hewlett-Packard
Co., Palo Alto, Calif., have changed
over from conventional amplifier
designs to a two-stage injection locked oscillator that achieves 1-w
output with 30-dB gain. Over-all efficiency is about 4.5%. The amplifier
consists of a varactor-tuned Gunndiode first stage, followed by a
fixed- tuned Impatt diode output
stage.
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H-P feels its approach is the most
economically viable in the commercial market. "We will soon be able
to sell this amplifier for under $ 800
in quantities of 100," predicts Del
Hanson, project manager responsible for the amplifier's development.
•H..0s. The advantages of an injection-locked oscillator over reflection-diode amplifiers are, according
to H- P: greater gain per stage over
the desired bandwidth, higher efficiency, less sensitivity to temperature, and lower cost.
Hughes Aircraft's Electron Dynamics division of Torrance, Calif.,
makes a commercial amplifier that
operates in the 7-to- 1l
gigahertz
band. The two-stage -silicon Impatt
unit yields 10-dB gain with 1-w minimum output. Single diodes power
each stage. The amplifier sells for
under $ 1,000 each in lots of 100.
According to Richard Johnson,
marketing manager for solid-state
devices at Hughes, the company is
presently developing injection locked oscillators to give greater
than 20-dB gain to drive its cornmercial unit. "Adding a high-gain unit
like this would just about double the
sale price," says Johnson.
A third manufacturer developing
injection- locked oscillators is Raytheon's MicroState division. Waltham, Mass. Its 30-dB gain design
comprises three stages— all powered
by GaAs Impatts, a company specialty.
The first stage gives about 10-de
gain with abroadband amplifier for
operation at all X- band frequencies.
An injection- locked Impatt-diode
second stage yields some 17-dB gain
with up to 300- MHz bandwidth. Finally. a single Impatt diode adds

about 4-dB gain to give 1-w output.
The noise added in the last two
stages of the amplifier is 50 to 75
picowatts in a 3- kilohertz bandwidth 5.5 mHz away from the carrier. Since the amplifier is being developed for digitally modulated
systems, lower noise was not a goal.
The company feels that, if necessary, this noise added figure can be
reduced to under 20 pw.
Microwave Associates, Burlington, Mass., puts four cascaded
Gunn-diode stages together to obtain 30 dB of gain and a 1-w output.
Says Allen A. Sweet, who engineered the design, "Trying to get
that gain with fewer stages makes
the amplifier susceptible to spurious
oscillation."
Staging. With a 1- mw input, the
gain of the first stage is 10 dB. The
second and third stages add 10 dB
and 5dB of amplification. Two parallel diodes in the output stage
boost the signal level by 5dB to the
1-w output. The four-stage amplifier operates at an efficiency of 2%
with anoise figure of 16 dB.
An amplifier built by WatkinsJohnson Co., Palo Alto, Calif.,
achieves 30-dB gain at X- band. but
uses Impatt diodes in the last three
of five stage.. Gunn devices power
the first two stages. and were chosen
over Impatts to get lower noise.
"An important advantage in these
amplifiers over the traveling wave
tube," says Keith Kennedy. head of
w- J's solid-state research and development, " is that stages can be
added almost indefinitely. Each
stage contributes up to ±-0.2-dB additional gain across a typical 5%
band, but compensation can be
made in higher-gain units to flatten
the over-all response."
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Bendix pri
connectors

You know close order drilling. It's what's
called for to produce ultraprecise hole
locations in printed circuit boards. Eliminate this need and you'll cut costs for
sure. Bendix P.C.B. connectors help you
do precisely that. Their optional floating
pin terminations " give" enough to make
it easier to align pins with the printed
circuit board holes.
Bendix boasts other features, too.
Options like wire wrap or solder termina -

circuit board
an end to close
drilling.

tions. Straight or right angle. Insertable
crimp contacts.
Appliications? Wherever printed circuit
boards are used, such as switching
circuits, computers, business machines,
process controls, etc.
Chances are, Bendix Printed Circuit
Board connectors can help you. Why not
find out. The Bendix Corporation, Electrical Components Division, Sidney, New
York 13838.

Signetics chooses 10,000
Two years from now you'll wonder why you waited.

Take the time for agood hard
look into ECL 10,000's high
speed/performance advantages. And engineer your
own head-start into tomorrow's optimized logic. Available today— and tomorrow—
from the major new source for
ECL series 10,000. Signetics.
Because Signetics never
settles for less than total IC capability, we researched your future requirements in high speed logic. And cut through
the claims of existing ECL alternatives without
mercy. All the know-how, the back-up, the all-out
commitment you expect in Signetics linear, digital
and MOS, stands behind our development and production of proven, line- ready ECL 10,000 devices.
What's in it for you? A constant reliable supply
of the best high speed/low power trade-off yet.
Typical speed level: 2.0 ns propagation delay per
gate. Low power dissipation of 25mW—with no
special cooling required in any environment, still
air or forced. Switching rise
and fall times compatible
with conventional system
layouts ( 3.0 ns edge
speed).
ECL 10,000 delivers
outstanding design/
function flexibility. Multi-

level gating on asingle chip,
through open emitter outputs and high impedance
inputs, means asignificant
savings in gate and package
count. Plus afree choice of
terminating schemes and logic
interconnects.
Packaged in plastic Silicone
DIP or Cerdip, Signetics ECL 10,000
line will provide acomplete high speed
logic family— some already on-shelf in
factory or distributor stock, the remainder
due by summer.

signetics

1-11/1,1 IN 2
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10112

Contact your Signetics
salesman, rep or
distributor for availability information. He will
also rush you our
informative ECL 10,000
booklet, free upon
request. Or write
Signetics/ECL directly.
811 E. Argues Avenue,
Sunnyvale,California
94086.

SIGNETICS ECL 10,000 SERIES
10101
10102
10105*
10106*
10107
10109
10110
10111

Quad 1- Input OR/NOR Gate
Quad 2- Input NOR Gate
Triple 2.3.2- Input OR/NOR Gate
Triple 4.3,3Input NOR Gate
Triple 2Input Exclusive OR/NOR Gate
Dual 4,5Input OR/NOR Gate
Dual 3- Input 3-Output OR Gate
Dual 3- Input 3Output NOR Gate

10112
10113*
10115*
10116
10117
10118
10119*
10121*

Dual 3- Input 1
0R/2- NOR Gate
Quad Exclusive -OR Gate/Comparator
Quad Differential Line Receiver
Thole Differertial OR/NOR Line Receiver
Dual 2-wicie 2.3- Input OR-ANWOA Invert Gate
Dual 2-wice 3.3Input OR-AND Gate
4-wide 4.3,3.3-Input OR-AND Gate
4wide 3.3,3.3-Input OR-AND/OA Invert Gate

10130
10131*
10161
10162
10170*
10171*
10172*

Dual DType Clocked Latch
Dual DType Master-Slave Flip- Flop
1of 8 Demultiplexer/Decoder ( Low)
1of 8 Demultiplexer/Decoder ( High)
9 • 2Input Parity Circuit
Dual 1of 4 Demultiplexer/Decoder ( Low)
Dual 1of 4 Demultiplexer/Decoder ( High)

'Corning soon

51511iltiCS
A subsidiary of Corning Glass Works
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Unmanned banks —a new investment
Automatic teller stations offering up to 80% of banking functions
promise to generate abillion-dollar market in next few years
by Marilyn Offenheiser, New York Staff
for the magnetic stripe, which must
In Japan. the front runners are FuAny investment-minded banker with
be encoded at 75 bits per inch, 40
an extra $ 12.000 to $ 50,000 can cash jitsu Ltd.. Oki Electric Industry Co.
characters on asingle track. A probLtd.. and Omron Tateisi Electronics
in with a new automated banking
lem is that the magnetic stripe can
Ltd.
machine. An automated teller can
'Mini' heart. The automated bank
be rubbed, scratched off, or altered.
handle 80% of the bank's funcA Diebold spokesman says that the
teller, with a minicomputer as its
tions— including withdrawals, decompany is now embedding the
posits and transfers— and save a heart, uses printers, card readers,
stripe into the card. The magnetic
bank about $ 10,000 a year, accord- and optical and magnetic sensing
stripe approach is not mandatory,
ing to acost study done by Payment equipment. To activate the mahowever— Digital Security Systems
Systems Inc.. New York City. for chine, auser inserts acredit card encoded with a magnetic stripe and
offers an automated teller that uses
the Mosier Safe Co.
apunched plastic card.
The market is just opening up.
then punches his account number
Mechanics to electronics. "On the
Already 350 automatic tellers have on akeyboard. The computer is prowhole, teller systems still have a lot
been installed, and 300 more are on gramed to "capture" stolen cards,
of mechanical parts, but we are conorder for the 75,000 banks in the
but if the card is good. the user
verting to total electronics as fast as
United States. " We expect a market
pushes the proper button to comwe can." states Robert Faught, marplete his transaction, and a printer
in the billions [ of dollars] over the
keting manager at Docutel. The
next few years," says Justin Guidi,
delivers areceipt.
Docutel teller uses acore memory in
president of Digital Security SysNone of the teller stations on the
the minicomputer and mos circuitems, a leading manufacturer of market is compatible with each
try. " But the closest thing to optoeother and "won't be, since none
automated banking equipment.
lectronics right now is the photocells
wants to change." according to
In addition to Digital Security
Ward. But the American Banking
we use to check for error," continues
Systems. Natick. Mass., other autoFaught.
Association has set up a standard
matic teller makers include Docutel,
Irving, Texas; Mosler Safe Co.,
Automatic teller Units offer 24- hour banking and provide 80% of services. There are 350
Hamilton. Ohio; Diebold Inc.. Canunits in operation in the U.S.. 300 more on order.
ton, Ohio,; and Burroughs Corp.,
Detroit, Mich. As the market grows,
however, other companies providing
equipment to banks now— including
IBM, Poughkeepsie. N.Y. and Optel
Corp., Princeton. N.J.—can be expected to expand further into the
automatic banking market. " Right
now." says Earl Ward, Mosler's
marketing manager of automated
products, " the market is much
greater than we can supply."
Europeans were among the first
to install cash-dispensing systems in
their banks, but have been slow on
the uptake with automatic teller stations. Leading makers for the laggardly market are England's Smiths'
Industries Ltd. and Chubb & Son
Ltd., France's CIT, Germany's Siemens AG, and Sweden's Metior AB.
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Burroughs is upgrading its model
RT2000 automated teller, which has
been marketed in the United Kingdom for the past year. The Burroughs teller uses a controller to
check the reliability of the logic circuitry. Although Burroughs is using
diode transistor logic now, the company says MOSiLSI will be introduced soon. The system operates
from a microprogramed head- pertrack disk memory that completes a
transaction in 7seconds. " Other systems have 30-second transaction
times," says Burroughs' John Healy,
corporate production manager,
"and that can be an eternity for the
user."
Going on-line. None of the tellers
is on-line to acentral computer now,
although each company claims to
have that capability. Data is stored
mainly on punched paper tape. but
other options are available. " Now.
someone has to collect the information periodically from the teller,"
says Ward. " But when we are online, the information will go directly
into the bank's central processor."
However. Digital Security's Guidi
predicts that developing on-line
software programs- will deter conservative bankers. It takes time to
set up special software programs

that have to be incorporated in the
bank's central computer." he says.
Another problem is created by
the banks themselves: because it's a
legal hassle to get a branch charter.
most bankers are opting for terminal installations in their bank lobbies or vestibules to reduce operational costs and provide 24- hour
service. So far, only one bank, the
Huntington National Bank of Columbus. Ohio, has installed an automatic teller as a branch. However,
Columbus City National bank, says
vice president John Fisher. "will
eventually open an unmanned
branch bank for drive-in customers,
as well as pedestrians."
Eliminate money? The Hempstead Bank of Syosset. N.Y.. is taking another route. Point-of-sale terminals. installed by participating
local merchants, have been hooked
up on-line to the bank's central processor. Besides dispensing cash, purchases made in the stores are automatically transferred from the
customer's checking account to the
merchant's. The bank's aim is to
eliminate both checks and credit
cards— perhaps even money itself.
Eventually," says Michael Shade,
vice president. " the bank will be authorized to pay a customers' bills—
such as utilities— directly. This will
eliminate paperwork, and eliminate
the branch bank altogether."

Banking on electronics
How does a business like banking become technologically oriented? The

HOLDER FOR PRINTED CIRCUITS
PCS 2M for printed circuits 200x250 mm.
PCS 3G for printed circuits 200x450 mm.
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routes to automation are various: the progressiveness of a technically oriented bank chairman, close association with a bank supplier, and employing men from other fields.
Six years ago, Bruce Wood Hall, chairman of the Hempstead Bank, Syosset, N.Y. found himself unable to get a check cashed on a trip. Hall, trained
in construction engineering, got together with the bank's executives, drew
up a plan in laymen's terms, and began knocking on doors. Two years ago,
the bank hired an engineering consultant after the initial terminal contract
was farmed out. " We should have hired him five years ago," says vice president Michael Shade. " We were like fish out of water. This has been a real
learning experience."
The Huntington Bank, Columbus, Ohio, has had a long association with
the Mosler Safe Company, a supplier of bank vaults and safes. When Mosler decided to expand its services, the Huntington Bank naturally went
along with the tide, relying on the technical expertise at Mosler. " But a bank
does need someone who is technically inclined," says David Cottie, vice
president, who himself has abackground in engineering.
John Fisher, vice president at Columbus' City National Bank came out of
the radio business. Says Fisher: " A bank today has to import and attract
men from other industries. Our data processing group is from the computer
field. It's the job of these men to keep abreast of technology and develop
relationships in the field."
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Ship-satellite system sought
Proposed network, to be operational by 1980, would provide navigation
and communications for ships on Atlantic. Pacific. and Indian Oceans
by William F. Arnold, Aerospace Editor
A worldwide satellite communications and navigation network to
connect 4,460 large vessels with
computerized data links is being
jointly advanced by planners in the
U.S. Maritime Administration and
the shipping industry. Still in the
planning stage, the network would
cost at least $ 256 million over a
seven-year installation period, including satellites, ground terminals,
shipboard terminals, and landleased circuits, according to industry
estimates.
The proposed Maritime Satellite
System ( Marsat), to begin operation
by 1980. would cover the Atlantic,
Pacific and Indian Oceans. Each
satellite would use global coverage
antennas; four large- antenna
ground stations would reduce satellite power requirements; and a network control center would use large
computers to direct communications
traffic. Shipboard terminals would
include automatic- pointing antennas and computers to process
communications data. Ship-to-satellite links would use the L band, and
satellite- to-shore
communications
would use the C band. The network
would use existing technology, say
its backers.
The system most likely would be
privately run. Possible operators
would be an Intelsat- like group, the
Communications Satellite Corp.
(Comsat). private companies, or a
consortium of maritime interests. A
network that would combine Marsat
and the proposed Aeronautical Services Satellite ( Aerosat) looks favorable.
Brass key. "Satellite communications and navigation capability
will be the greatest thing to ever hit
the U.S. maritime community." says
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Edward P. Fitzgerald, chairman of
the advisory telecommunications
special committee for the American
Institute of Merchant Shipping
(Alms), an industry trade group promoting the system. He points out
that 93% of the messages aboard
ship today are sent by " brass key"
telegraphy in Morse code at a slow
rate and require six hours delivery

time. The new network would " give
1- minute access time to any ship in
the world" with " land- line quality"
facsimile, digital, and real-time
communications, Fitzgerald says.
"It costs 38 cents aword today," he
adds. " You could send it for about 6
cents with satellites."
The Maritime Administration
also considers such a network long

All the ships at sea. The proposed maritime satellite system would use C- band ship-toshore, L- band ship- to-satellite links for fast global communications and navigation.
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overdue. "We have a tremendous
asset in space technology that heretofore hasn't been used in the merchant marine," says Stanley D.
Wheatley, chief of the Office of Advanced Ship Operations, who adds
that the system is an effective way
for fleet owners to keep competitive.
Ship size and costs are increasing,
and, even though they handle more
cargo, vessels have to be kept at sea
longer to recover the huge investments by their owners.
Phase two of a four-phase experimental program leading to an operational domestic system is being
started by the Maritime Administration, says Harry A. Feigleson,
program manager. Nine merchant
ships will be selected, along with a
Maritime Administration ship, for a
test of shipboard terminals late this
year. The five-month test will use
NASA's Applications Technology
Satellites ( A"rs) 3and 5.
Unfortunately, says Feigleson, the
ship-to-satellite test will use C- band,
the Intelsat frequencies of 4 and 6
gigahertz. "They're the wrong frequencies, but we can get the systems
techniques checked out." Maritime
is dickering with NASA for L- band
space— either on the upcoming ATS
F or G— to test the system pre-operationally as phase three.
Operational. A prototype system
should begin operating in 1975,
about the same time the Aerosat is
to be ready, Feigleson says. The
prototype system would use four
satellites— two over the Atlantic and
two over the Pacific— and existing
earth stations. He estimates the cost
at about $ 150 million.
But, "you may need more than six
satellites in aworldwide operational
system," he says. " It depends on
whether or not you have navigational services in the satellite."
S-cubed. Also as part of the $3
million phase-two effort, the Maritime Administration is gaining experience with ground station technology at the National Maritime
Research Center, Kings Point, N.Y.
Here, the new Maritime Data Coordination Center will spearhead antenna tracking and control center
research, Wheatley says. The satellite project is part of a program,
called S-cubed ( for Ship/Shore/Satellite), that is designed to spur
shipboard automation and comput-
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erization, he says.
The comparatively low initial investment should attract users, says
the Initial Maritime Satellite Consortium ( Imsco). composed of large
corporate fleet owners. Officials estimate that a shipboard terminal
would cost about $ 22,000, including
about $9,000 for installation. Deck
and mast- mounted equipment
would include a high-gain antenna,
automatic tracking unit, duplexer
and rf lines, preamplifier and preselecLor, totaling about $ 7,000. Belowdeck gear, costing about $ 6,100,
would include up/down converters,
voice, data, and access control
modems and a 100-watt power amplifier.
By 1980, Irma) officials foresee
Marsat accommodating simultaneously as many as 1,500 vessels in
the Atlantic. Each ocean would be
served by a maximum of 10 equivalent voice channel's, of which teletypewriter traffic would require only
one-quarter the effective satellite
power of voice circuits. Small,
simple satellites— requiring less than
500 watts of dc power—would be
used. Ships would be polled for
messages. Estimated traffic per ship
per day would be about 2.5 minutes
each of business and crew personal
radio-telephone and 200 words of
radio-teletypewriter traffic.
Easy money. The network would
return its investment in a relatively
short time, according to a confidential Imsco study. With the 4,460 potential subscribers, which comprise
only 30% of the projected world's
large vessel fleet, the network would
completely pay for itself in seven
years. "The system is not only selfsupporting, it is profitable," the
Alms- backed study says.
Several additional factors are propelling Marsat. In addition to
proven satellite technology, a mandate was given the Maritime Administration by the 1970 Merchant
Marine Act to upgrade the Merchant Marine. The strong interest
by oil companies is indicated by
Imsco, composed of representatives
of British Petroleum Tanker Co.,
Shell International Marine Ltd., Sea
Land Services S.S. Co., the Standard Oil Companies of New Jersey
and California, and their affiliates,
Esso International, Humble Oil Co.,
and Chevron Shipping.
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Computers

IBM threat to hold back
service vexes industry

CALIFORNIA
Palo Alto • 415-327-1520
Santa Ana • 714-835-4822
FLORIDA
Winter Park •

305-644-0954

Computer giant has refused to service some machines

ILLINOIS
Des Plaines •

312-297-5560

with enhanced memories; are the changes that drastic?

INDIANA
Fort Wayne •

by Wallace B. Riley, Computers Editor

MASSACHUSETTS
Wakefield • 617-245-7880

Some users of International Business Machines Corp.'s System 360
are finding that IBM won't maintain
their machines because they've enhanced the main memory beyond
the IBM-specified maximum capacity. A maker of these memories, Advanced Memory Systems, Inc., got
so worried at the turn of events that
it haled IBM into court. The legal
hassle hangs on the changes required for expanding IBM computer
memories.
Memory enhancement ( as distinguished from memory add-on,
which does not exceed IBM's maximum) requires some internal
changes to the central processor.
IBM says these changes render the
machine unfamiliar to its servicemen, and therefore unserviceable.
Thus far only users of System 360
model 30 with enhancements from
Data Recall Corp., El Segundo,
Calif., have received these notices.
But the development worries at least
four other leading companies— Advanced Memory Systems Inc., Sunnyvale, Calif.; Ampex Corp., Marina del Rey, Calif.; Fabri-Tek Inc.,
Minneapolis, Minn.; and Electronic
Memories & Magnetics Corp., Los
Angeles, Calif.— as well as users of
larger models of the 360 where enhancement requires fewer changes
than on the model 30.
The 360/30's specified memory
capacity ranges from 8,192 to 65,536
bytes. Data Recall has enhanced
some of them to 131,072 bytes.
Complicating the situation is the
slack in IBM's revenues from System
370 sales, because customers are
trading in their 360s for 370s at

nearly a one- for- one rate. Sa\,
Frederick G. Withington, a computer- industry analyst at Arthur D.
Little Inc., Cambridge, Mass., " This
cuts sharply into IBM's income and
for multiple trade-ins may even represent negative income."
Worse yet for IBM, many customers who previously replaced their
IBM peripheral equipment with
compatible gear from independent
makers at lower prices are now trading in their 360s for new 370s, but
keeping the old non- IBM peripherals. Thus IBM is getting hit twice h \
the same competition.
Modifications. What are these
changes that IBM says cause so
much difficulty for its servicemen?
"The biggest one is an extra bit position in each of the five address registers in the model 30," says Edward
V. Garcia, vice president, technical
operations, at Comma Corp., alarge
independent maintenance firm.
Doubling the memory size requires an increase in the address
length from 16 to 17 bits. In addition, the "wrap- around" detection
logic, which warns that a program
has called for amemory location beyond the maximum, must be modified, as does the address decoder,
which now must decode 17 bits instead of 16. Finally, the microprogram must be changed.
Architecturally, all models of the
360 are geared to a 24-bit address,
capable of directly addressing over
16 million bytes. But physically the
smaller models, like the 360/30, are
restricted to much lower capacities.
Modifications in the 360/30 are
more extensive for memory en-
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Miniature Ceramic Capacitors
WIDEST SELECTION OF MINIATURIZED CERAMIC
CAPACITORS IN THE INDUSTRY!

ICAPACITANCE
RANGE
1pF to 10uF
i
._
21
i
(
TEMPERATURE I
Characteristics

Voltage Range
25 to 500 Vdc

Erie is in the Red Cap winner's circle because of a well engineered component
that's backed by a unique process control system. Combine this with talented,
motivated people and you have Erie as the leader in its field. These tiny high
quality capacitors are not new ... but they are the best. Our customers
attest to it. Our test laboratories prove it.
Red Cap dlielectrics are manufactured by Erie's exclusive Monobloc Process'
. .. a modern, time- proven ceramic film technology. And tough environmental
extremes routinely are endured by our own Jet- Seal, ahard, bright red polymeric
protective coating. ( The superior aesthetic appearance of Jet- Seal comes
to you at no charge.)
Erie Red Caps have it all. 21 temperature characteristics 1pF to 10uF
capacitance range. Ratings from 25 to 500 Vdc. You name the application ...

Encapsulated
by
"JET SEAL -

we've got a Red Cap for the job. All this is due to Erie's total in-house capability
from exclusive ceramic formulations to unique packaging. So on your very
next buy of ceramic capacitors do it the easy way . .. specify Erie Red Caps.
Write TODAY for Red Cap brochure 8000
or call our nearby factory representative.

Meet or Exceed
Requirements
of MIL- C-20
MIL C 11015
As applicable

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie. Pennsylvania
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at Circuit Technology
we make our
customers
smile
We have the know how to miniaturize
complex circuit functions and subsystems
without compromise in performance. We
combine creative circuit design, extensive thick
film hybrid manufacturing experience and unique mechanical packaging to
produce quality custom devices in compliance with MIL- M-38510
and MIL- STD- 883.
Illustrated below are just afew of the custom hybrid circuits we have
supplied, over the years, to our satisfied customers.
A High Speed AID Converter
B 100 MHz Bandwith Video Amplifier ( 1.25" x 1.25" plug-in)
C Two Watt Servo Amplifier
(1" x 1" Flatpack)
D Analog Multiplier ( 5/8" x 5/8"
Flatpack)

E Voltage Regulator ( 3/8" x 3/8"
Flatpack)
F Active Filter ( SHP) NAFI
Module
G FET Input Operational Amplifier ( Triple Deck TO5)
and many, many more.

Our credits include: F14 • F15 • S3A e E2C e AGE • F4 • ATS
• Apollo • Pioneer • Sea Sparrow • SRAM
For a complete description of our capabilities send for our custom
hybrid circuit listing, you may find something very close to what you
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need. Better yet, send us your circuit requirements
and we will send you aquote to make you smile.

Circuit Technology Incorporated

II •••

160 Smith Street, Farmingdale, N.Y. 11735 • (
516) 293-8686
'
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Probing the news
hancement than are those in larger
models, because they involve the input/output channels and because
the 360/30's data path is 8 bits
wide— just right to handle an unenhanced memory address in two machine cycles. That 17th bit requires
more machine time, obtained
through microprogram changes.
Larger machines have external i/o
channels, wider data paths, and
higher specified memory capacities,
making the changes simpler.
Changing words. The microprogram for the 360/30 contains
just over 3,000 words, of some 70odd bits each; 500 of these are
changed when the memory is enhanced. " But the most extensive
changes involve only five or six bits
per word, and most of them are only
a bit or two," says Garcia. And actually making the change, after its
correctness has been checked, is
very easy; it involves only punching
a few holes in a Mylar card similar
to a conventional paper punched
card. Conductive spots on the Mylar
make one plate of an array of capacitors; the other plate is a permanent part of the machine. Changing
the microprogram involves only
punching anew 12-word Mylar card
and installing it in place of the original. " These changes to the microprogram, together with the new
printed circuit cards and some new
wires, are rather ordinary when
compared with the total number of
cards and wires in the machine, and
with changes that are routinely
made to correct bugs' and improve
performance," says Garcia—speaking, of course, from the serviceman's
point of view.
Pull cards. But a supplier of enhanced memories has a different
view. "We feel safer from errors by
pulling all the cards and replacing
them with our own," says H. Frederick Koehler, chief engineer for
core and semiconductor memories
at Ampex Corp.'s Computer Products division. Koehler also feels that
the changes of enhancement are
bigger than routine changes. " But
we follow IBM's standards, so it's
only a problem of magnitude," he
hastens to add. " I'm not sure other
makers follow them."
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POWER SUPPLY
MODEI :
OLTPLI •

COM

INPUT :
SERIAL :

C SENS
—SENS
••
A-CUSE
POS YOU
AD/

All 51 models in our OEM series qualified for UL
Every one: from 4to 32 volts, trom 0.9 to 36 amps. That's
another big bonus to boost your confidence in our OEM
power supplies. Proven in actual use, now they're proven
through UL's exhaustive testing for cool operation and
safety requirements.

NEC ¡ OLT
ADJ

7

A-CHUI

Yes, these are our low-priced units. But you still get
0.1% regulation, reliable overload protection, stability,
versatile mounting, off- the- shelf delivery, and our " guaranteed forever" performance. All the dependability you
always get with any ACDC power supply. So follow UL's
lead and make us big on your list.

acdc electronics inc.
Oceanside Industria Center, Oceanside, California 92054, ( 714) 757-1880
Circle 7:3 on reader service card

If TRW can design
a700-volt,10-amp, 20Onsec
power switching transistor
....think what TRW can do for you
in precision motor systems/
resistive networki
and back plane connectors.

TRW's SVT 7000 Series power switching transistors
have a pulse energy rating of 4.5
KW for 100msec. They make
significant size, weight
and cost savings possible in such designs
as off-line power supplies and power modulators. Microwave and
mobile transistors, hybrids,
high speed diodes and microelectronic power amplifiers
are some other areas of TRW's advanced semiconductor technology. ( For more information, circle 216 on
the reader service card.)
TRW/Globe precision fractional horsepower motors
operate everything from
sophisticated space and
missile systems to highvolume industrial applications. Globe precision
miniature motors are
available from 1/1000 to
1/6 hp, AC, DC or wound
field, in over 40 types, with
integral gear trains and achoice
of ratios. Also as blowers, fans, timers,
actuators, motor switches, tachs, pumps
and " next assemblies:' And these are just examples of
the hundreds of AC and DC motors and motor systems
we offer. ( For more information, circle 217 on the
reader service card.)
TaNFilm" resistive networks are an excellent example
of TRW/IRC advanced resistor technology.
These subminiature precision
thin-film devices offer
inherent low noise,
excellent stability,
4
and hermetic performance without
hermetic cost.
Tolerances of
±0.03% are quite
feasible. TRW also
makes the industry's
most complete line
of discrete fixed resistors. ( For more information,
circle 218 on the reader service card.)
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TRW/Cinch back plane connector systems solve the
high density interconnection problem characteristic
of computers and
related equipment.
They consist, basically, of aseries of PC
board edge connectors
mounted on a precision
punched aluminum plate,
with voltage and distribution capabilities. Other
Cinch connectors meet the
precise needs of every segment of today's electronic
industry. ( For more information,
circle 219 on the reader service card.)
What else do we make? Just about every type of
electronic component in the books from actuators to
zeners. Plus amplifiers, cable, capacitors, crokes,
diodes, filters, gearmotors, power hybrids, inductors,
RF modules, potentiometers, printed circuits, rectifiers,
resistors, transformers, tuners, wiring harnesses,
color convergence yokes...and more.
One source— your local TRW representative— offers
you all of these product lines and can suPply almost
all of your component needs. With a direct pipeline to
all of our plants, he can assure you fast delivery,
applications assistance, custom designs ard special
engineering help whenever you want it.
Think what TRW can do for you. Then call or write
TRW Electronic Components,10880 Wilshire Blvd., Suite
1700, Los Angeles, CA 90024. Phone ( 213) 475-6777.

TRW

ELECTRONIC COMPONENTS
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WHAT'S OURS IS YOURS.
FREE FOR 30 DAYS.
STATE-OF-THE-ART
ELECTRONICS: Longer life,
higher noise immunity and
higher accuracy because of
the LED's, photo-transistors
and fiber optics used in all our
readers. ( TRS9300BD with 71/
2"
reels shown.)

SPEED: Stop-on- character at up
to 750 ch/ swith our 8000
Series, up to 300 ch/ swith
our 9000 Series, and no
overshoot — ever. ( TS-8000
with 10 1
/ "reels shown.)
2

411111% ,„,...
•

41111.

GENTLE TAPE HANDLING: Noiseless, fully- proportional
reel servos and asprocket drive virtually eliminate
tape wear and tear at any
speed. ( TRS9300B with
51
/ "reels shown.)
4

HIGH RELIABILITY: No lamps to replace,
all solid-state electronics and only one moving
part ( the sprocket drive) with an MTBF
of over 10,000 hours. ( TR-9300B shown.)

ERROR- FREE TAPE READING:
Self-cleaning, easy access heads read
all standard tapes with up to 60%
transmissivity. ( TRF9300B fan-fold
reader shown.)

MINI- READER: Reads
bidirectionally at the same
300 ch/ sspeed and uses
the same state-of-the-art
electronics as all our
other 9000 Series readers.
(TRM9300B shown.)

HOW TO GET YOURS:
If you need versatile, reliable, state-of-the-art
readers, they're yours for the asking.
Just write or call our tape reader
department and get what you need.
Free for 30 days.
Electronic Engineering Company of
California, 1441 East Chestnut Avenue,
Santa Ana, Calif. 92701.
Telephone ( 714) 547-5651.

EECO OEM readers and spoolers: what more could you ask for?
76
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RT-01.The data entry terminal
you didn't think there was the remotest chance you could afford.
An RT-01 with a16-character
keyboard, numeric Nixie* i-eadout, four status indicators to
display non-numeric information
from your computer, Teletype and
ETA serial line compatibility will
only run you from $600 to $1000.
Or as little as $500 without
the Nixie display. Chickenfeed.
So now, if you're abig opera-

tion, you can have an RT-01 here,
an RT-01 there, an RT-01 everywhere you've ever wanted one.
If you're little, you can have
one at last.
We've got abooklet that'll
tell you all about it that you can
write for.
Or, if you're in as big ahurry
as we hope you are, we've got a

good egg who'll be happy to run
right over and explain it to you.
We're the Logic Products
Group, Digital Equipment
Corporation, Maynard, Massachusetts 01754. (617) 897-5111.

d
"Reg isierKi trademark of Burroughs Corporation

Circle 77 on reader service card

NOW YOUR MOS/LSI
BUILDING BLOCKS
CAN LAST
FOR. NERATIONS.
When you know
about our advances in
the state of the art,
you're able to get a
continuing return on
your design investment in
our MOS/LSI electronics.
Over and over again.
Since MOS/LSI circuits embrace
so many functions, it's just good
business to think of using them in
different systems. And, with our
unique custom- layout computeraided design, we give those circuits
versatile building-block capabilities.
In a single basic design, for instance, we provide MOS/LSI building blocks for several model generations of calculators, accounting
machines, cash registers, appliance
timers, automotive controls, or for
modem and multiplexing subsystems of data transmission and telecommunication equipment.
MOS/LSI beats the high
cost of product development.
Our MOS/LSI building-block
circuits can be adapted quickly and
inexpensively for use in asuccession
of different models. You can produce anew model before your salesmen can say " competition"— and
go to Petty Cash instead of your
Board of Directors to finance the
changes.
We can even make it possible to
produce a number of different

models of a machine from
exactly the same circuits.
Wiring changes, that's all.
And, of course, circuit costs
drop. Because you buy in
quantity for a number of models,
instead of buying afew circuits for
each model.
Lower costs elsewhere, too.
Mastery of MOS/LSI design and of
o high-volume production has enabled us
lllllllllltlllhllllliult to produce commercial electronic systems at an alltime low cost. As much as 50% the
cost of conventional systems— electromechanical or electronic.
And, our MOS/LSI systems can
be packaged so that non-electronic
manufacturers can assemble them
into their equipment without teaching employees new trades.
For many of the functions performed today
by little black boxes
selling for around
$20,000, you can
buy our MOS/LSI digital
filter circuits ( in

e

small quantities) and fabricate a
plug-in digital filter for less than
$1,000. Or, you can buy our MOS/LSI modem circuits and save substantially.
We've MOS/LSI memory systems
and circuits that cost less per bit
than conventional devices— and
we're ready with other processes,
too. For example, silicon-on-sapphire ( SOS) diode arrays that make
beautiful ROMS ( 3,000-plus bits)
with 20 ns maximum access times.
Within 24 hours we'll custom encode
them with our special laser and sell
them to you one by one for $64.
Less, much less, in quantity of
course.
Collaboration made easy.
As part of NR's Electronics Group,
we're ready to share with you the
long-term commitment required for
new product design, testing and
development.
Even more.
We'll join you in
product planning, so
that you may share in
the progress of current
research.
Drop us aline on your
company letterhead for a
copy of our new brochure,
"The Economics of Change!'
Write A.B. Chambers, P.O. Box
3669, Anaheim, California
92803.

North American Rockwell
Microelectronics Company
78
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Write

Centralab Technical Ceramics...
in line with your design requirements

Centralab
for
Bulletin
No. 1117TC2

What's next for our ceramics?
We've been involved since 1928 when
we built vacuum tube bases for sixtube radios.
Since then new- idea ceramics for
electronics have put us in such varied
applications as medical and scientific
equipment, instrumentation, home and
portable appliances, communications,
office machines, computers and
peripheral equipment_ Our ceramics
have found use as hybrid circuit and
thin-film substrates, VHF tuner parts,
LED substrates, MOS packages, LSI
multilayer interconnections, SCR
housings and vacuum tube parts.
So, what's next for our ceramics?
Only your new design requirements will
tell. You can specify aluminas,
steatites, cordierites, or metallized
ceramics in the configurations you need.
A variety of metallizing systems is
Electronics/March 27, 1972

available to insure satisfaction in your
particular application. We also offer full
capabilities in ceramic- to-metal
assemblies and engineering service to
aid you in design.
It's this kind of involvement that
allows Centralab to be one of the
largest manufacturers of technical
ceramics. And, because we're also our
own largest customer, it's important
that we produce only the finest ceramics
available. To us, developing better and
more reliable ceramic materials for
electronics means higher quality
electronic components. It will mean
the same to your products.
What's next for our ceramics?
Whatever you need. For the complete
capability story, call Centralab
Technical Ceramic Sales at (414)
228-2942.

GET CENTRALAB
THE " IN LINE" FOR
YOUR DESIGN
Hybrid Microcircuits
Pushbutton & Rotary Switches
Capacitors
Potentiometers
Technical Ceramics
Ceramic Packages
Semiconductor Devices

CENTRALAB
Electronics Division
GLOBE- UNION INC.
5757 NORTH GREEN BAY AVENUE
MILWAUKEE. WISCONSIN 53201
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MOD POT versatility is unmatched.
Hundreds of standard modules
give you millions of options.
MOD POT is the most versatile %"
square potentiometer available
today. A whole family of cermet or
hot-molded composition resistive

modules, switch options and vernier
drives with single or concentric
shafts. These pre-engineered. pretested modules form single, dual,
triple or quadruple section controls.
Millions of possible combinations
to solve your unique control problems. Cermet elements are rated at
2watts ( 70°C) with resistances from
100 ohms to 5 megs. Composition
eleinents rated at 1watt ( 70°C) with

resistances from 50 ohms to 10
megohms, five standard tapers. And
if you need something truly special
we're equipped to handle that too.
Call your appointed A- B dislributor
for details, or write: Allen-Bradley
Electronics Division, 1201 South
Second Street, Milwaukee, WI
53204. Export: Bloomfield, N. J.
07003. Canada: Galt, Ontario.
United Kingdom: Bletchley, Bucks.

NEW DIMENSION ELECTRONICS
fe

Actual Size

EC71-30 © Allen-Bradley 1971

ALLEN

-

BRADLEY
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Data to speed over
20 GHz radio relay
Japanese to install an all- digital
13- hop trial link, using phase- shift
keying with four- phase modulation
by Yasuaki Ninomiya,
Nippon Telegraph and Telephone Public Corp.. Tokyo, Japan

D Until recently, the increasing demand for communications has not forced the use of frequencies above 15
gigahertz. But with anticipated demand for new communications services and saturation of transmissions at
presently used frequencies, digital techniques are being
developed to overcome the less desirable propagation
characteristics that must be tolerated at the higher frequencies.
This advancing technology has made feasible for the
first time a multihop radio relay link operating in the
quasimillimeter band at about 20 GHz. Such asystem is
being developed in a large project at the Musashino
Electrical Communications Laboratory of the Nippon
Telegraph & Telephone Public Corp.
NTT now operates a commercial digital radio relay
system in the 2GHz band, with a capacity of 240 telephone channels per radio carrier. The highest frequency
fm radio relay operates at 15 GHz and has a hop distance of about 13 kilometers. It is designed as a local
system, however, with maximum length of about 200
kilometers and a capacity of 960 telephone channels.
Bell Laboratories in the United States is presently testing a digital system at 20 GHz, but only a single- hop
link is being evaluated.
The experimental 13- hop system, planned for the
near future, will span approximately 60 km between
two of the company's laboratories. An experimental
single- hop system was constructed last month to study
the various interference characteristics and problems of
pole- mounted stations.
The goal of the current experimental effort is to
achieve a transmission capacity of 4,000 megabits per
second, which is equivalent to about 57,000 two-way
voice telephone channels.
To achieve this, a maximum of 20 transponders will
be used in each repeater station- 10 in each direction
(Fig. 1). The 3.5 GHz total bandwidth is centered near
20 GHz.
The relatively high tolerance to interference achieved
by using digital modulation allows two carriers of the
same frequency ( one horizontally polarized and one
vertically polarized) to be used as two separate radio
channels under normal propagation conditions. However, heavy rainfall degrades the polarization of the radio waves. This may make it necessary to stagger horizontally and vertically polarized channels, which will
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not permit the entire two- fold capacity increase potentially available.
The 13- hop circuit will initially have only two channels in each direction. This long system is intended to
study transmission characteristics of multistation relays
and characteristics of simultaneous transmission of several kinds of information, including voice, picture telephone, and data.
The choice of 20 GHz results from atradeoff between
the crowded frequency spectrum at low frequencies and
higher attenuation losses, together with difficulty in
building hardware at high frequencies.
Prototype receivers and transmitters were completed
in 1970, and tests have shown that they should be suitable for practical use. Improved units have been manufactured, and further development is continuing on a
commercial system.
Each transmitter and receiver ( Fig. 2) will have acapacity of 400 megabits per second and utilize four- level
phase-shift-keyed ( PsK) modulation and coherent phase
detection.
The 60-km system, a first at 20 GHz, will have a hop
distance between repeaters of about 5km, alittle longer
than the hop lengths planned for commercial links in
the future ( these commercial circuits will be designed
for atotal length of 2,500 km). Longer hop distances increase outage caused by heavy rainfall, but because the
experimental circuit is relatively short, the
5- km hop distance is considered satisfactory.
Commercial systems probably will be mounted on
steel pipe poles about one meter in diameter at aheight
20 meters above ground level. The experimental installation will be mounted on towers to facilitate frequent
adjustment and changing of equipment for tests.
Digital system improves quality
In existing frequency- modulated analog systems, the
noise on each span adds, and the total circuit noise thus
increases approximately in direct proportion to the
number of repeaters. However, with digital repeaters,
the transmitted pulses are regenerated in each repeater
to eliminate distortion caused by noise. Thus, network
quality remains relatively high, regardless of the number of repeaters.
When it rains, the noise on an fm system increases in
direct proportion to the additional attenuation caused
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CHANNEL BRANCHING FILTERS
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. Using full bandwidth. In full operational system, twenty 400-Mbis transponders ( ten in each direction) are accommodated in a 3.5 GHz
bandwidth with acomplex network of polarization and channel branching filters. Notice alternate use of transmitting bands.
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INPUT
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RECEIVER
LOCAL
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DIGITAL
EQUALIZER

TRANSMITTER
REFERENCE
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PULSE
AMPLIFIER

4- PHASE
MODULATOR

rf
AMPLIFIER

OUTPUT
BRANCHING
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2. Repeater. Each 400-Mbis repeater utilizes coherent phase detection in the receiver and four- level phase-shift- keyed transmitters.

by the rain. The regeneration of the signal in digital
links, however, maintains the transmission quality without degradation so long as the signal level does not decrease below athreshold.
Because of the large number of repeaters needed at
20 GHz, digital transmission is the only type that can be
used because it is the only kind of system that can maintain a satisfactory s/n ratio under adverse conditions.
Spacing for the individual spans is determined by the
probability of circuit outage that can be tolerated over
the total route length.
At lower microwave frequencies, another important
factor helps determine the choice between analog and
digital systems. The Pcm-encoded voice signal generally
occupies a bandwidth several times that of the frequency-modulated signals commonly used for microwave telephone repeaters. But there are many ways of
increasing the efficiency of spectrum utilization of the
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digital signal until it approaches that of the frequencydivision- multiplexed fm type.
Phase-shift keying is more efficient than conventional
frequency- modulated systems for the transmission of
data and video signals. A typical FDM fm system with a
capacity of 1,800 voice channels is capable of a data
transmission rate of 4,800 bit.s per channel, or about 8.6
megabits per second over asingle rf carrier.
The information capacity of the phase-shill- keyed radio carrier can be increased by dividing the available
360° into smaller increments. In this system, four- phase
modulation has been chosen, a tradeoff between increased capacity and the lower tolerance to interfering
signals encountered at more than four- phase levels.
A digital system using four- level phase-shift keying
could transmit about 60 mb/s using the same ri spectrum. or about seven times the information capacity of
the analog circuit. The relatively high tolerance to inter-

Electronics/March 27, 1972

ference achieved by using the digital modulation also
allows afrequency to be assigned to more than one link
in the same geographic area.
With the requirement for many repeaters separated
by short hop lengths, it is necessary to design repeaters
carefully to reduce costs and increase reliability, as well
as to provide amodulation system to reduce the effects
of cumulative noise and distortion.
Repeater gets cost-cutting design
Costs will be lowered and reliability increased by use
of semiconductor devices— both microwave integrated
circuits at rf and high-speed monolithic logic circuits at
baseband. With these general requirements as guidelines, the repeater configuration was determined.
A 1.8-meter Cassegrain antenna, which is limited in
size for aesthetic reasons, gives the repeater a gain of
49.6 dB at 21 GHz. The receiver noise figure is slightly
lower than 10 dB. These parameters, together with adesign objective allowing a50-dB margin for rainfall fading, require a transmitter power of 200 mw, a value
which is achievable at reasonable costs for asolid-state
power source.
Relay station equipment consists of two antennas, the
FDM repeaters and three levels of branching filters.
These filters separate vertically and horizontally polarized waves, receiving and transmitting signal bands,
and the individual channels.
While the vertical/horizontal and receive/transmit
branching filters use conventional designs, the channel
branching filter design is new. The technique was developed for millimeter-wave systems. Again, the main requirement was cost, since each repeater will contain
dozens of these filters.
Channel- branching filters must maintain a balance
between interference due to coupling between adjacent
channels caused by a wide passband and distortion of
transmitted pulses by an excessively narrow passband.
A bandwidth of approximately 300 mHz appears best.
The channel- branching filters ( Fig. 3) consist of an input waveguide, multiple ring resonators, and output
waveguide. The ring resonators are bent along the 1-1plane with coupling to apertures in that plane.
The output of a two- ring filter contains the desired
frequency attenuated by about 0.3 dB. Attenuation at
frequencies 300 mHz on either side of center frequency
is at least 15 dB. Similar performance for a three-ring
filter is shown. The two-ring resonator design has been
adapted.
Quasimillimeter wave oscillators are used in two
places in each repeater—one as areceiver local oscillator
and one as a reference oscillator in the transmitter.
Gunn devices are used in both.
Recently developed Gunn oscillators have a power
output of 40 milliwatts with afrequency stability within
±5x 10 -5 over the operating temperature range of - 10
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performance and were adopted for the 20 GHz link.
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4. Steady Gunn. Oscillator incorporates a non-reflecting termination at the end of the stub which couples the Gunn diode to stabilizing cavity. Thus, unwanted oscillating modes, which can be generated during turn-on, are suppressed. Output is 40 mW. Invar cavity
yields an output with afrequency stability within ±-5 x

to + 60 C. Output power over the same temperature
range varies less than ±0.5 dB.
In the receiver, the oscillator output exceeds the excitation requirements of the mixer, so a3-dB attenuator is
used between the oscillator and the mixer. The transmitter oscillator has a varactor diode connected in parallel with it for narrow- band frequency modulation for
transmission of supervisory signals.
The oscillator is reflection-stabilized by a high-Q Invar cavity. It differs from other stabilized oscillators in
that it has only a single tuned circuit. In other oscillators, the Gunn diode is coupled to the stabilizing cavity
through astub that resonates between the discontinuity
at the diode and the short circuit at its far end. The
presence of these two heavily coupled cavities causes
the resonant frequency to split into two modes, either of
which may start when the oscillator is started. This
greatly complicates maintenance.
Termination prevents resonance
in the new Gunn oscillator, the short circuit al the
end of the stub is replaced by a non-reflecting termination ( Fig. 4), which prevents the stub's operation as a
resonant cavity. Thus, the oscillator diode is effectively
coupled into the stabilizing cavity, and unwanted
modes are suppressed.
A microstrip mixer is used in the receiver to downconvert the incoming signal to an intermediate frequency of 1.7 GHz ( Fig. 5a). The circuit is fabricated on
a substrate of fused quartz. Schottky barrier diodes are
used in the balanced mixer circuit to give a bandwidth
of 600 mHz and aconversion loss of about 5 dB. Noise
figure is 10 dB. A two-stage i
fpreamplifier follows the
mixer, giving the l.7 GHz signal an extra I6-dB gain.
The main i
famplifier is of stripline construction on
alumina substrates ( Fig. 5b). Ten microwave transistors
give the amplifier a gain of 70 dB at the center frequency of 1.7 GHz. Amplifier bandwidth is 800 mHz, but
a two-stage filter at one interstage coupling limits frequency response to 400 MHz. Pi
ndiodes automatically
control intermediate- frequency gain over a dynamic
range of about 56 dB.
The demodulator, designed for phase-coherent detection of PSK signals ( Fig. 6), is implemented with microwave IC in the l.7 GHz i
fportion and monolithic logic
circuitry in the baseband portion.
A key feature of the carrier regenerator is the use of a
four- phase reverse modulator. As shown in the diagram, the incoming signal is divided in a 3-dB coupler.
The signal on one path is detected to form two separate
200 mb/s pulse streams, each of which is amplified. The
signal on the second path is fed into a reverse modulator with the appropriate time delay so that it arrives at
the same time as the detected pulses.
The amplified pulses reverse- modulate the modulated i
fcarrier, cancelling the phase modulation produced at the transmitter to give an unmodulated signal.
This unmodulated 1.7 GHz signal is then amplified and
5. Up front. A microstnp balanced mixer ( a) converts down to an i
f
of 1.7 GHz with a noise figure of 10 dB. A two- stage preamplifier
boosts the signal 16 dB; main i
famplifier ( b) provides 70- dB gain
with automatic level control over a range of about 56 dB.
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6. Four- phase demodulator. The 400-Mb/s demodulator uses MIC construction at the if frequency and monolithic logic circuitry at base
band. Block diagram shows how reverse modulator regenerates i
fcarrier. Four- phase detector drives pulse regeneration circuitry.

fed into aphase comparator, the output of which determines the phase of the voltage-controlled oscillator that
is the reference for the four- level phase detector.
The clock- pulse regenerator is conceptually similar to
the carrier regenerator. The four-phase demodulator of
Fig. 6 is followed by adigital equalizer. This configuration was chosen over a more conventional phase delay
equalizer between the i
fpreamplifier and the main i
f
amplifier because improving the phase response with an
equalizer does little to improve the pulse waveform.
Because of distortion in the amplitude response, a
given pulse in the received pulse train will cause, not
only alarge output at its own sampling time, but also a
small output at the sampling time of the next pulse. A
feedback loop, consisting of a delay line ( equivalent to
one clock interval), a variable attenuator, and a subtracting circuit, cancels the output from agiven pulse at
the sampling time for the next pulse. This does not provide true pulse shape equalization, but it does provide
the required reduction in intersymbol interference. The
reconstructed baseband pulse stream now modulates
the transmitter.
The transmitter reference oscillator operates with
about 40- mw output, a comfortable operating level for
the Gunn device.
A transmitter amplifier boosts the output to the
higher level required by the system. An injection phaselocked Gunn diode amplifier serves this function.
Amplifier gain is about 10 dB, and output power is
greater than 200 mw over the operating temperature
range from - 10 to + 60°C.
The four- phase modulator ( Fig. 7) is driven by two
separate 200 Mb/s streams, giving an output modulation rate of 400 Mb/s. In the modulator, two Schottky
barrier diode switches control the phase by adding and
subtracting rf line segments in increments of sr and .77/2
radians. This control is accomplished by switching
shorted transmission lines of lengths À4 and À/8, respectively, in and out of the circuit. Power loss between the
modulator input and output terminals is about 2 dB. A
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7. Modulating

at

500

Mb/s.

Four- level

phase- shift

keying

is

achieved with two 200-Mb/s pulse trains driving switching diodes to
alter rf transmission path lengths. Rf transmission loss is about 2dB.

similar modulator technique developed several years
ago is now operating in phase-shift-keyed repeaters at 2
GHz. [ See Electronics. May 25,1970, p. 91.]
The future holds no limit
Operation of both the single- hop test link and the 13hop 60-kilometer link will provide additional data on
degradation of cross- polarization by rainfall, variations
in rainfall fading with direction, and other types of interference and signal degradation.
These data will be used in the design of acommercial
20GHz digital radio-relay system. Testing of such asystem is expected to begin in afew years.
The Nippon Telegraph and Telephone Public Corp.
is continually evaluating broadband communications
systems. Components for a 40-80GHz circular waveguide system are also being developed.
Tentative features of such a system include gallium
arsenide Schottky diode up- and down-converters, a
I .7GHz thin-film i
famplifier and Impatt diodes for use
in the local oscillator. The most recent laboratory measurements show Impatt power outputs of 91 milliwatts
at 82 GHz.
Twenty-six channels in each direction will each have
a transmission capacity of 800 Mb/ using four- level
phase-shift keying.
Ej
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Building a range tracker
with digital circuits
Breaking down basic servo loop into its fundamental components simplifies design of digital range tracker; optional features, such as
an excess- range computer, can also be added with relative ease
by Edwin Drogin,

AIL, adivision of Cutler- Hammer. Deer Park. N.Y

Designing aradar system. even asimple one. usually
takes up a good deal of engineering time and creates
many problems in hardware implementation. But digital design techniques and the availability of sophisticated large-scale ics are simplifying the whole business. A complete digital range tracker, for example, can
be built with only one or two LSI chips. A very complex
tracker, of course, would require alarger bank of digital
circuits, perhaps even an entire small general-purpose
digital computer.

tronic switches. An early and a late gate actuate the
switches to isolate the target from earlier or later reply
pulses.
When the reply pulse is centered between the gates.
equal energy is passed by both switches, and the voltage
outputs from the two RC integrators become equal. As
the target moves from the center position. the voltage
difference between the two integrators varies monotonically, as the range error graph shows.
To cover the full range of possible error outputs. the
early and late gates must be at least as wide as the exGetting down to basics
pected target reply pulse, and in practice are made very
Most digital range trackers cannot be designed in a wide to ease the problem of acquiring a high- velocity
strict step-by-step fashion. Still, the basic guidelines can target. Such gates also help the system stay in track durbe derived from the fundamental elements that make ing rapid target maneuvers or bad signal fades.
up any standard tracking loop.
A voltage-controlled oscillator converts the error voltIn its digital form, such a loop is commonly built age to digital form. The vco is driven by a single- pole
around a binary counter that starts when a radar pulse double-throw electronic switch, which is connected to
is transmitted and stops when areply ( echo) pulse is re- the error voltage for half acomputation cycle and to a
ceived. The number left in the counter represents the reference voltage for the other half. A square wave osrange ( distance) of the target from the radar system.
cillating at or less than the radar pulse repetition ireThis sort of measurement is an open- loop technique
that is feasible for a single target and a high signal-to1. Digital range tracker. iiiock diagram of basic tracking loop comnoise ratio, provided the reply pulse either has a fast prises three fundamental subsystems. Analog- to-digital converter
rise time compared to the range accuracy desired or has follows range error, gate generator isolates target's reply pulse, and
range register stores ultimate target range information.
arelatively constant amplitude.
Unfortunately, few of these conditions are met in the
real world. It is usually necessary to construct atracking
loop that follows the target's range. The loop must be
unaffected by the presence of other possible targets ocSERIAL
RANGE
BINARY
curring either earlier or later than the target of interest.
REGISTER
RANGE
ERROR
And noise effects, pulse rise time, and variations in tarOUT
REGISTER
get amplitude should also be minimized.
The analog- to- digital converter
A block diagram ( Fig. 1) of a digital range tracking
loop shows the three key loop elements: an analog-todigital error converter, a tracking gate generator, and a
range register ( integrator). There may also be several
auxiliary subsystems. such as a display interface and
manual or automatic range position and slew systems
for target acquisition. Further, it may be necessary to
add circuitry to prevent a transmitter pulse from interfering destructively with atarget reply pulse.
One popular technique for implementing the first
main element—the a- d error converter— is illustrated in
Fig. 2. Here, the video reply pulse is applied to two elec-
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2. From analog to digital. Error measuring circuitry and error counter make Jp analog- to-digital converter. When video reply pulse is cen
tered between early and late gates. outputs of RC integrators are equal. Error voltage is created as target shifts from center position. Range
error graph shows gate tracking characteristic. Voltage- controlled oscillator converts error voltage to digital output for up/down counter. I'
error voltage is greater than reference voltage, net count after one up/down cycle is positive. If it is smaller, net count is negative.

quency (PRF) is applied to the switch input. ( The
square-wave frequency should be high compared to the
time constant of the RC integrators.)
The output of the vco is adigital clock, which feeds
an up/down counter. While the vco is connected to the
error voltage, the counter counts up. It counts down
when the vco is connected to the reference voltage. If
the error is higher than the reference, which is nominally 0 volts, there will be a net positive number in the
counter at the end of one up/down cycle. The reason is
that the vco frequency output is higher when the
counter is counting up than when it is counting down.
Conversely, if the error voltage is lower, the counter will
contain anet negative number.
In actual practice. the up/down counter is enabled
for only part of the square-wave period, as indicated in
Fig. 2, to allow time for transients in the vco output to
settle after switching. Also, there must be enough time
to load counter contents into the error register and to
clear the counter before the next cycle. With this enabling scheme, the square-wave frequency need not be
precise. For example, it could be the PRF of a variablePRF radar. Only the two enable intervals must be precisely matched.
Tweaking the converter
A relatively inexpensive VCO is allowable, since its
center frequency is not critical and can drift slowly
without affecting circuit operation. ( The residual count
error accumulated in the counter depends only on the
stability of the vco's frequency- versus-voltage characteristic.) Also, the tracking point can be made to compensate for switch offsets and dc voltage drifts by adjustment of the reference voltage, since the loop
automatically makes the error and reference voltages
equal.
If the design allows switching from the error voltage
output to a potentiometer. it becomes possible to slew
the early and late gates in or out manually with respect
to range. To provide avery fast slew capability, the bi-
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nary error count from the counter can be loaded into
higher- bit positions in the error register.
As the amplitude of the target reply pulse fluctuates,
the gain of the error- measuring system also fluctuates
and may lead to under- or over-damping of the tracking
loop—or even to instability in more complex loops. To
avoid this, the integrator outputs can be summed and
the resultant voltage used in an automatic gain control
circuit. The over-all gain is usually set so that a motion
of the target reply by E feet from the center position
will result in adigital error count equivalent to E feet.
The gate generator
The second key loop element for a digital range
tracker is the early- late gate generator. This consists of a
range counter and associated logic.
At the start of the transmitter pulse, the one's complement of the expected binary digital range is loaded into
the range counter, which then moves in the up direction. The time it takes for all counter flip-flops to reach
logic Iis equivalent to the time it takes for the target
reply pulse to be received— that is. if the target is at the
exact digital range expected.
Because this all-logic- 1state detects target range, an
ordinary ripple-carry counter can be used instead of a
synchronous binary counter. Specifically. the first
counter flip-flop is the last to go to logic Ionce all other
counter flip-flops have arrived there. Consequently, the
delay in reaching an all- logic- 1state is the necessary
number of clock periods plus the delay of the first flipflop after clock actuation. This being identical to the delay of a fully synchronous counter, a 'ripple-carry
counter is quite adequate.
Figure 3a illustrates agate-generating technique with
asimple counter chain of flip-flops A through J. NAND
gate G 1 is enabled when the outputs of all the flip-flops
become logic I. This resets the early-gate flip-flop ( G2
and G3), and sets the late-gate flip-flop ( G4 and G5).
The former is set at some count less than the all-logic- I
state, the latter reset at some count past this state. These
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Analyzing tracking loops
The input variable to a digital range tracker may be a
quantity like shaft position, the phase of some sine wave
or other waveform with respect to a reference, or the time
of occurrence of some pulse with respect to a reference
pulse. The output of the tracking loop is simply a digital
representation of the analog quantity. It is compared with
the input variable, and any discrepancies result in a digital error that is used to drive the digital output closer to
equivalence with the input.
If the computation (sample) raté is high compared to
the loop noise bandwidth, the loop transfer function can
be approximated with Laplace transforms:
E„/E i = G(1 + G) = aK/(s 2 + aS + aK)
where G is the open- loop transfer function, s is the Laplace operator, and a is the low-pass cutoff radian frequency of the integrator in the error measuring circuit. If
a simple RC filter is used, then a = 1/RC. Variable K is
called the velocity constant— this is simply the update
rate that achieves unity gain in the error subsystem. For
example, if the range register is updated 50 times a second, then a 1-foot error will result in a range rate of 50
feet per second in the register.
The denominator of the loop transfer function is the
characteristic equation, and can be written as:
s2 + as
aK = S2 + 2F(.0„s + w„ 2
where (.0„ is the undamped natural frequency of the loop
in radians per second, and Fis the damping constant. For
this loop:
n = 2Fce o and K = w„i2F
When F is unity, the loop is critically damped. If F is
less than unity, the loop is underdamped and will overshoot and/or oscillate before settling to some final value
after astep input. For F = 1:
= 2(e„ and K = w„/2
Manipulating the values of K and a, therefore, allows
the setting of noise bandwidth and the lag or lead error

gate edges do not have to be accurate; therefore the
counter propagation delays do not matter. But the edge
of the pulse derived from the all- logic- Istate is critical.
because it corresponds to the tracking point.
In practice, there may be several available counts for
setting and resetting the two gates so as to provide avariety of gate widths for a variety of situations. For instance. a wide gate could be used for target acquisition
and a narrow gate for tracking. For a narrow gate, signals B and Cof Fig. 3a are fed to NAND gate G6 to generate the early-gate set pulse. Signal
prevents additional set pulses from falsely restarting the early gate or
interfering with the reset pulse. Similarly, the load command to the range counter resets the late gate. prevénting ahangup if that gate is run into the next transmitter
pulse for maximum range.
Delays in the transmitter and/or the radar beacon ( if
the target carries one) can distort range. To compensate
for them, the width of the load command pulse can be
varied. Alternatively the position of this pulse with respect to the transmitter pulse may be varied to obtain
the same result.
A sum gate is provided for agc circuitry and an absolute- range gate for a digital display. The second gate
starts when the flip-flop chain starts counting and ends
at the tracking point ( beginning of the late gate). It is
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for a constant-velocity target. Usually K is limited to some
submultiple of the radar pulse repetition frequency, and a
is then established for best damping.
Higher-order loops can be implemented by adding velocity, acceleration, and even higher- order registers. With
a velocity register installed between the error and range
registers in the loop, the characteristic equation becomes
a cubic equation. And there is no lag or lead error for a
constant- velocity target, since the velocity register, after
an initial transient interval, stores the target velocity,
causing the range register to follow the target with zero
error in the error register.
Besides eliminating lead or lag error problems, higherorder loops can have narrower bandwidths than firstorder loops. And since the integrators are all digital, the
drift or gain- stability problems that complicate high- order
analog loops are nonexistent.
Loop analysis with Laplace transforms may be inaccurate for high- order loops, because the higher the order of
the loop, the higher the data sampling rate must be as
compared to loop noise bandwidth: For an exact analysis
of a digital range tracker, z-transforms or finite difference
equations must be used for characterization, since a
tracker is asampled-data system.

RANGE
OUTPUT

TARGET
POSITION

used to gate clocks to a binary-coded-decimal counter
that drives a decimal display system. By selecting the
appropriate clock rate to the BCD counter, the same display can read out in miles. feet. kilometers. or any other
desired system of units.
Interpolation boosts resolution
For the digital range tracker of Fig. I. range resolution depends on the clock rate to the range counter.
However, by adding the three- bit interpolation network
shown in Fig. 3b to the gate generator of Fig. 3a, the
resolution of the entire tracker can be improved without
increasing the clock rate. For instance. a6.2- megahertz
clock rate allows a tracker resolution of about 80 feet.
Adding three delay lines will improve the resolution to
10 feet— the equivalent ola 49.6-nt Hz clock.
The path of the tracking pulse through or around
each delay line is controlled by the three lowest-order
bits of the tracker loop— for this example. represented
by 40. 20, and 10 feet. respectively. The range counter
receives the highest-order bits ( 80 feet and up). There is
a fixed delay. even with all delay lines bypassed. But it
is easily calibrated out of the system by adjusting the
range counter load point or the tracking point on the
reply pulse.
Although this interpolation technique is relatively
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3. Counting and gating. Time required for every flip-ilop in range counter ( a) to go to logic 1 is time neeued to receive target reply pulse
Early gate is enabled at some count lower than all- logic- 1state late gate is reset at higher count Sum gate output is for automatic gain control circuitry, and absolute- range gate output allows incorporation of digital display . Inserting interpolation network ( b) improves resolution
without increasing clock rate Number of interpolator delay lines corresponds to number of lowest- order tracker- loop bits needed

easy to implement, it does not allow the range to be displayed to full system resolution: for it doesn't make use
of the absolute- range gate or the clock to the range
counter. A way to avoid using a higher- frequency clock
and yet improve display' resolution is to set up a separate range counter that employs all the range hits.
If this counter is driven by the same clock that drives
the gate-generating counter, the range gate produced
will be eight times wider than true range, when interpolating over three bits. But now the range gate and
system clock can directly drive a BCD counter to produce a range display' with full system resolution. The
maximum update rate for the display will be restricted
to one-eighth the radar PRF because of the interpolation
scale factor introduced.
The range register
The third and last key loop element is the range register. It's shown in Fig. 4
-with its associated error register
and adder.
The error signal ( represented by inputs El through
E3)from the up/down counter of the a-d converter subsystem is transferred, in parallel, to the error register.
Then it is shifted out serially to an adder, where it is
summed with the range information stored in the range
shift register. Serial arithmetic is used to save parts. and

Electronics/March 27. 1972

also because the required shift rates are usually low
compared with the capability of standard lc's.
The error register need not have as many bits as the
range register, since the error requires fewer significant
bits than the range. Instead, the sign bit is fed to the input of the error register, and is used to fill the higherorder error bits. This can be done when the same number of clocks drives the error and range registers.
A positive error has asign bit of logic 0, so that zero is
added to the higher-order range bits. A negative error is
converted into two's complement form with asign bit of
logic 1and added to the range. In effect, a negative error automatically subtracts from the range since all
higher-order error bits are also logic I. For the two registers in the figure. a burst of 10 shift clocks circulates
the range through the adder to complete one cycle.
Adding excess- range computation
Sometimes, high-PRF radars are used, because they
reduce the peak power required in tracking long-range
targets, yet maintain adequate average power on the
target. Figure 5a shows the echo pattern in relation to
the transmitter pulses for such a radar. The true range
of the target is RT and the apparent range is RE (
also
called the excess range):
RE = RT -nP

89

ERROR DATA IN
7

E5 ( SIGN)

E4

E,

RANGE REGISTER
E2

eictttt

RLEAST SIGNIFICANT BIT

ADDER
—0

SHIFT CLOCKS

G

—c

E

—C

—
—C

CARRY
IN •

CARRY OUT

Át0

A

C

t
R9

R8

R,

R5

R4

R3

RI

Ro

ERROR REGISTER
RANGE DATA OUT

CARRY FLIP Ft OP
4. Storing range data. Error signal from error c;uunter is fed tu error register

Error is then shifted to adder and summed with existing range

data in range register Since serial arithmetic is used, only a few parts are needed. and these can be operated at low shift rates

A

REPLY 2

lí REPLY 1

TRANSMIT 1

2
3

(b)

)
4

1

RANGE REGISTER

ABSOLUTE- RANGE
COUNTER

CLOCK

PRF Ii

ABSOLUTE RANGE
GATE IFI TI

PRF

lc)

EARLY GATE
LATE GATE
COUNTER
FLIP FLOP
5. Worthwhile additions. Tracking long-range target requires highfrequency radar that causes multiple- pulse echo pattern ( a) To find
true range ( R.0 of target. an excess- range (RE ) computer ( b) is
needed Absolute- range counter provides gate proportional to width
of RT Excess -' ange counter is only on during absolute- range gate.
making its count the desired RI.
: for generating proper early and late
gates

Anti- eclipsing circuit ( c) prevents transmitter pulse of am-

biguous- range radar from eclipsing target reply
runs into transmitter pulse

If early or late gate

NAND gate is enabled. and radar jumps

to new PRF so that new RE can be found without loss of track.

where P is the radar interpulse period and n is the integer number of' echos.
To track the target and utilize all the transmitter
energy efficiently, aset of' early and late gates is needed
at a range RE from each transmitter pulse. At the same
time, the range in the range register should be true
range. RT.Both requirements can be met by including
an excess- range computer. like the one in Fig. 5b, between the range register and arange counter that cycles
at the radar NU:.
This "computer" is merely an additional pair of range
counters. One of them generates an absolute- range gate
that is proportional to RT in width and that is essential
for displaying range in any radar. The other operates
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during the absolute- range gate interval, but is cleared
during every transmitter pulse time. The count remaining in the excess- range counter at the end of the absolute- range gate is the desired excess range. This RE output is then used to generate the necessary early and late
gates. The excess range is updated at a rate that is
counted down from the radar PRF.
To ensure that the range in the range register is true
and does not reflect an incorrect number of echo pulses.
the radar usually has several PRFs—that is. several values of' P. For each PRF. the value of RE will be different.
so long as the various values of P have no common factors and true range RT is less than the product of the Ps.
If these conditions are met, a new value of RE will he
computed when the PRF is changed. But the target remains in the early and late gates if and only if, the
range register contains the correct value of RT.
For acquisition purposes. it is unnecessary to jump
back and forth between different PRFs to make sure that
the range register is slewed to the correct range. Rather,
target returns can be shown on adisplay that has awide
enough sweep to cover the full range. And every nth
transmitter pulse must be jittered. Then, when the display sweep is synchronized to the jittered pulse, the true
target echo appears to be steady. The approximate true
range can now be measured off the display to check that
the range register is slewed to near the correct value.
Anti-eclipsing circuitry
With an ambiguous- range radar, a tracked target
may run into a transmitter pulse. forcing RE to go to
zero since RT = nP. Because the receiver cannot usually
be on during the transmitter pulse time. there is also the
possible danger of loss of' track. To avoid these problems, the position of' the early- late gates in relation to
the transmitter pulse can be monitored by an antieclipsing circuit ( Fig. Sc).
Both gate signals drive a NOR gate. forming a sum
gate that is applied to a NAND gate along with the radar
PRE,.Whenever an early or late gate bumps into atransmitter pulse. the NAND gate is enabled. and the radar
PRF is jumped. causing the radar to operate at a new
Pill'. The time constant of the anti-eclipsing circuit is
long enough to hold the radar at the new PRF, so that a
new RE can be calculated and tracking can be resumed.
Many other features can easily be added to a digital
tracking loop. These include automatic search and acquisition logic, anti-jamming circuitry. self- test logic,
and self-calibration logic.
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Small. Very small. In fact, the smallest.
We call them our Series 1400. They're hermetically
sealed and have better specs. Ideal for HI-REL military/aerospace
applications. Ask about our MIL STD 883 capability.
MODEL 1412 mini-chopper. Unique. Gives you
unbelievable flexibility in solving critical packaging problems.
High performance. Like, ±
- 25 µV max initial offset, 0.25 µNM drift,
and 30 pA bias current, 2pA/°C drift. Price: $ 104 in 100's.
MODEL 1414/10. Fastest FET op-amp in aDIP
package. 65 Vktsec slew rate. Settles to .01% in 800 nsec. 20 pA
bias current, 25 rnA output current. Price: $45.50 in 100's.
MODEL 1402 micro power FET op-amp with 0.5 mA
quiescent current, .±-4V to ±24 V supply range, 15 pA typ bias current, and 10 1.À.V/°C drift. All this, and more, in aTO-8case. Ideal for
pollution-monitoring devices, oceanography, and portable test
equipment. Price: $44 in 100's.
A small price to pay for the best. And we can prove it,
with evaluation samples. Off the shelf shipment from the industry's
largest selection of linear circuit modules.
Get full details from your local Philbrick representative
or Teledyne Philbrick, Allied Drive at Route 128, Dedham,
Massachusetts 02026. For toll-free ready data dial (800) 225-7883.
In Massachusetts, (617) 329-1600.

Philbrick Linear Microcircuits.
The good ones.
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Designer's casebook
Series-connected op amps
null offset voltage
by Lawrence Choice
Burr- Brown Research Corp.. Tucson, Ariz

The input offset voltage and offset voltage drift of adifferential operational amplifier can be held essentially to
zero by connecting a second amplifier at the inverting
input of the first. This auxiliary op amp must have an
offset voltage and drift that are matched to the primary
op amp. The additional amplifier will then act as a

floating voltage source, canceling any offset volta
As shown in ( a). unity- feedback a-mplifier AI is connected to the inverting input of amplifier A, providing
afloating offset voltage source between A2*s non- inverting input and its output. ( If Ai's offset characteristics
were matched with opposite polarity to those of A,
then A1 could he placed at A2's non- inverting input.)
Letting V,,„ represent the input offset voltage of A2.
VA1
the voltage across AI.A,, the open- loop gain of A. and
E1 and E2 the two input signals. then output voltage E,,
can he written as:
E„ = - Au( - E2) Vy
If Vm = V,,,.. then:
E„ = - A„(E i-E2)
The composite amplifier consisting of AI and " 2 can

Getting rid of offset voltage. Letting amplifier A1 act as floating voltage source ( a) effectively eliminates offset voltage and offset voltage drift
of amplifier A. As long as AI and A2 are matched, their offset voltages cancel, keeping offset of composite amplifier at zero. Composite amplifier of ( a) can be used as conventional single operational amplifier for either inverting ( b) or non- inverting ( c) applications.

E

BURR BROWN
3500 MP

(c)

he used as a very- low- drift inverting amplifier, like the
one illustrated in ( h). Resistors RI. R, and R3 are
added to decrease the effects of amplifier bias current
on total offset voltage and drift. This particular unitygain composite amplifier configuration will he stable in
circuits having feedback factors as large as
When used as a unity-gain non- inverting buffer. the
composite amplifier should he compensated as indicated in ( c). The compensation does not reduce amplifier small-signal bandwidth.
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ey = ex/(1 + ex)
l'or small values of ex.this equation degenerates to:
ey = ex
which is a linear function representing a I: Icompression ratio between e„ and e. For large values of ex.the
function becomes asymptotically limiting:
ey = ex /e x =
Over-all limiter transfer function can be written as:

Linear signal limiting
with feedback multiplier
by R .
J.Karwoski
Raytheon Co

Equipment division. Sudbury. Mass

A signal can be linearly compressed or limited over a
wide dynamic range by using a four-quadrant analog
multiplier as afeedback element. Particularly useful for
audio applications, this linear limiting technique does
away with the signal distortion that occurs with nonlinear methods. Also, the linear limiter does not require
the careful calibration and many trial- and-error adjustments needed for anonlinear limiter.
The control section of the linear limiter consists of
three operational amplifiers and a multiplier. Op amp
A I is the throughput amplifier with local feedback
through resistors R1. RI.and Ro. When RI
:is shorted.
the control circuitry is bypassed. and the circuit becomes alinear voltage- follower:
e„ = + RF/[R Ro/( + Ro)])
The fundamental feedback equation for the limiter is
based on amplifier Al:
e„
A„e iR I + A„/1)
where gain A„ is determined by Ai's local feedback arrangement of RI
,and RI in parallel with Ro. Feedback
factor fi depends on the control section. whose operating function resembles the basic feedback equation.
The relationship between multiplier input ey and multiplier input ex becomes:

e„

1 BFMR, R2/(11, -• 11 2)]
1 • 410 li k.(e i),,/11,

Multiplier output exey/10 and the product of gains of
amplifiers A". A3.and Ai are represented by the factor
410(0 0,. where ( e1),,,, is the peak input signal amplitude. Resistor Ri
.
, controls both circuit gain and compression. However, for any single value of ei.the limiter
can be set to provide again of unity. regardless of RF's
resistance and how much or how little limiting is
needed. Additional over-all gain adjustments are then
unnecessary, even if the compression ratio must be
changed.
With a 100- millivolt input, the circuit illustrated supplies a 100-mv output. no matter what the setting of RF.
For any value of RF.resistor RI is selected to keep:
I+ RF/R IR0/(R i + R2)] = I + 410R F(100mv)!Ro
Circuit compression ratio can be varied by changing the
value of RF. but circuit gain remains unity for ei = e„ =
100 mv.
The performance curves show the limiter's transfer
function for three compression ratios with circuit unitygain point at 100 mv-1: I ( no compression. RI, = 0).
8:1 ( maximum compression. R1. = 25 kilohms). and 3:1
(midrange compression).

Variable linear limiter. Compression ratio can be varied by adjusting resistor RF without changing circuit gain—limiter's unity-gain point remains e, — e„ = 100 millivolts. Amplifier A l is controlled by local feedback through resistors RE., RI,and R2 and by additional feedback from
multiplier and amplifiers A ,A„, and A I.When RE. = 0, compression ratio is 1:1, when RF = 25 kilohms, compression is 8:1.

COMPRESSION
AND GAIN
ADJUSTMENT

240

kí2

25 kS2
R2

PHILBRICK
4452

1501(12
361(52

1N4606
A„
741

47 IKS2

7.51(12
330 S2
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Simple logic circuits
compare binary numbers
by Edward J. Murray
Inter- Computer Electronics Inc., Lansdale, Pa.

In real-time data acquisition applications, determining
the relative magnitude of two binary numbers with
hardware, rather than software, now requires only three
logic modules if data is being transferred serially. Previously, rather complex circuitry was needed.
Only the most-significant difference between two
coincident serial data streams defines their relative
magnitude. If the least-significant bit is transmitted
first, the last difference between coincident word bits
determines which is the largest word. When the mostsignificant bit is the first transmitted, the first difference
establishes relative magnitude, and all other differences
can be ignored.

Six logic gates (a) can compare two words when the
least-significant bit is the initial input. Eight logic gates
(b) are needed when the most-significant bit arrives
first. The heart of both schemes is a three-state latch
that provides three comparisons for input words A and
B: A is greater than B, A equals B, and A is less than B.
The timing diagrams in ( a) and ( b) illustrate circuit
operation when input A is octal number 25 ( binary
010101) and input B is octal number 15 ( binary
001101). Signals A and B are not limited to a fixed
number of bits per word. Any variable word size can be
used if the results are interrogated after the word has
been transmitted and a reset pulse precedes the word
being interrogated.
This type of binary comparator is useful in preliminary data sorting and number ranging prior to software
processing for multi-channel data acquisition. In the
timing diagram, the "result available" waveform indicates the best interrogation periods.
Designer's casebook is aregular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly the circuit's operating principle and purpose. We'll pay $50 for each item published.

Checking number size. To find relative magnitude of serial words A and B, only most-significant differences between coincident data bits
must be considered. Transmitting least-significant bit first (a) requires six gates for comparison. Two additional gates are needed ( b) if mostsignificant bit is transmitted first. In timing diagrams, octal 25 ( binary 010101) is compared to octal 15 ( binary 001101).
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PM 3210
$1350

es
Best
price/
performance
ratio

25 MHz/lnill
15 pf input capacitance
No dc drift*

For service application in production
testing, quality control, medical
research and computer servicing,
Philips' new PM 3210 easily gives
you the best all around price/
performance ratio of any scope
in its field: dual trace 25 MHz at 1 mV
sensitivity per channel ... dual delay
lines... input impedance 1M / 15pf
XY displays with only 2° phase
shift from 0 to 5 MHz ... 16
combinations
of vertical display modes

Easy to use

No correction needed for dc drift,
self-correcting ... push button mode
selection ... automatic triggering, 10
1-1, to 25 MHz

Easy to read
10kV acceleration and 8 x 10 cm
screen produce clear, unambiguous
displays

Easy to service
Plug-in circuit boards throughout

Easy to buy
Call Dick Rude, Sales Manager, Test
& Measuring Instruments today
(914-664-4500). He's holding a
demonstrator for you.

PHILIPS
ELECTRONIC
INSTRUMENTS
750 S

FULTON AVE , MT

VERNON. FAT

10550

A DIVIS101, OF PEPI, IC
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New applications open up
for the versatile isolation amplifier
Extremely high common- mode rejection ratios and common- mode voltage
ratings make isolation amplifiers ideal for awide variety of tasks— from
preventing the electrocution of heart patients to measuring off- ground signals
by C. Peter Zicko,

Analog Devices Inc., Norwood, Mass.

El For measuring off-ground signals. protecting delicate
circuitry against high common- mode voltages, or interrupting leakage paths in medical applications such as
cardiac monitoring, an isolation amplifier is often an
economical solution to an otherwise costly problem. At
first glance it looks much like an instrumentation amplifier, but is distinguished by its extremely high commonmode rejection ( even with high source- resistance unbalance), high common- mode and differential- voltage
rating, high common- mode and differential- input resistance, and low leakage capacitance between input circuit
and ground ( see table).
Unfortunately, an isolation amplifier has less gain.
less bandwidth, greater temperature sensitivity, and
greater noise than an instrumentation amplifier. This
performance degradation arises from the signal modulation circuits used to achieve isolation.
Many applications
From these general characteristics, it is clear that the
most obvious application for isolation amplifiers is in
data-acquisition systems. Here. off-ground current or
voltage readings must be transferred to levels about
ground so they can be fed to computers. recorders. and
1.

Reversed

operation.

Isolation amplifier works backwards in

power- supply application, converts grounded input to floating output. Caution: this mode requires an isolated power supply that can
float at the same potential as the amplifier's output.

9i)

other data- handling equipment. In general. the low cost
of modern isolation amplifiers has created awhole new
range of applications, much as the development of' lowcost operational amplifiers did for linear circuits.
For example. the isolation amplifier not only is useful
for measuring signals that are floating hundreds of volts
above ground, it can also reverse the signal flow, and
actually feed control signals from information sources
at ground level to circuitry that is floating at some high
voltage level ( Fig. I).
In the illustration, adc power supply is controlled by
digital commands that are fed to the digital- to- analog
converter. The power supply is designed so that either
output terminal can be grounded for a choice of positive or negative output polarity. In one instance, consequently, the regulating circuitry will be off-ground to
the tune of the full-scale output voltage. Coupling problems are solved, of course, by interposing the isolation
amplifier between the regulating signal source ( d-aconverter) and the actual voltage- regulating circuits. Conversely. but not shown, feedback signals for closed- loop
voltage control may be brought down to ground level
by an isolation amplifier working in the conventional
way.
Monitoring motor current
An isolation amplifier's excellent 60- hertz commonmode performance is brought to bear on the motor load
indicator of Fig 2a. Because of its up to 115-decibel
common- mode rejection ( cmR) from de to 100 Hz. the
amplifier can handle high- voltage ac measurements, as
well as de. In this instance, where the delta connection
eliminates any neutral line at or near ground potential.
the current shunt is inserted directly into one of the
three-phase lines, and readings are transferred to
ground by the amplifier. A unit's 1,000-volt commonmode-voltage ((' mv) rating enables applications of this
type to handle motors operating from 1.000-v peak supplies ( 600 Vrms). or dc supplies in the 1.000-v region.
If isolation amplifiers with high cmy ratings were not
available, it would be necessary to use a pair of
matched voltage dividers to reduce the cmv ( Fig. 2b).
But because the pair cannot be matched perfectly. the
dividers would degrade the temperature stability of the
circuit and reduce its CMR.
An important class of applications for isolation amplifiers—one that has nothing to do with the dangers or
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How it works

flows; no net bias current flows under these conditions.
Normally. a differential amplifier has two independent
bias currents, one each at the inverting and non- inverting

The remarkable specifications summarized in the table
derive from the carrier system, which is used to transfer
both signals and power between the amplifier's shielded
input stage and the rest of its circuitry. Because a high
carrier frequency ( 150 kilohertz) is used, the amplifier is
able to provide a small- signal bandwidth of 2 kHz and a
full- power response up to 200 Hz.
The high- value resistor, R,,, limits the differential fault
current in case one of the input FETs fails. It also keeps
the differential input resistance high during periods of
input- amplifier saturation. This series resistor gives the
amplifier its 5.000- volt differential input rating. making it
independent of linear operation of the input circuitry.
Because the FET input preamplifier operates singleended ( non- inverting), only a difference input current

inputs, and requires a return path for these currents.
Unlike the ordinary instrumentation amplifier, which depends upon precise component matching for its common- mode rejection, the isolation amplifier exploits its
low- leakage transformer coupling to obtain a distinct interruption in the common- mode circuit. This makes it inherently immune to common- mode signals and highly insensitive to input imbalances.
In point of fact, only the unavoidable leakage capacitance between the shielded input section and the rest of
the circuitry keeps the comon-mode rejection ratio from
being infinite. The reason is that the leakage paths are
the only mechanism through which the common- mode
input can affect the amplifier's output.
SINGLE POLARITY + 9V
TO . 28 V OC SUPPLY

SHIELD ISOLATES INPUT CIRCUI
FROM PRIMARY SUPPLY, OUTPUT
ANO GROUND
RESISTOR R, LIMITS
DIFFERENTIAL FAULT
CURRENT

UP TO 115 98 CMR AT
60 Hz WITH 5kS2SOURCE
UNBALANCE

—1
Cs, _ I.. > Cs

r\ «
I

5k12

IC
150.k Hz
CARRIER

mnt
10' 12

AOSCILLATOR
150.kHz

LT, 150 kHz REFERENCE
FOR DEMODULATOR

PHASE
SENSITIVE
DEMOD

1pf
SIGNAL AT
UNITY GAIN

AMPLIFIER RECOVERS IN 200 MS
FROM 5kV DIFFERENTIAL AND
COMMON MODE INPUT PULSES

LOAD
50 kS2

$4

L
SHIELD \
0
C)
r
.,,,,-- AMPL HAS 1,000 VOLT V, s,
RATING, WITHSTANDS 5kV
DIFFERENTIAL OR V, s,
PULSES

LEAKAGE
CAPACITANCE
. 10 pF

CURRENT
SHUNT

SCR CONTROL OF
SPEED OR TORQUE

TO
I
ND I
CATOR
AND CHA RT
RECORDER
aI

2. Motor monitor. Excellent common- mode rejection of isolation amplifier allows measurement of ac motor current ( a) Amplifier has useful
gain to 10 kHz, permitting observation of steep- fronted SCR waveforms on oscilloscope. With ordinary low-CMV instrumentation amplifier.
voltage divider network is required ( b). This reduces CMR because of imperfect matching of resistors
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.1-- WIDE SEPARATION SITE

ON SITE

CURRENT FEEDBACK AT LOCAL
GROUND POTENTIAL

AD

ISOLATED FEEDBACK
MAGNET DRIVE
AMPLIFIER
DIGITAL
COMPUTER
CONTROLS
CURRENT
PATTERNS

DA
p.

e
ISOLATED CONTROL
SIGNALS
TO OTHER
MAGNET SYSTEMS

3. Ground separation. Isolation amplifiers keep analog and digital signals separated in this digitally controlled magnet system.

4. Uniformity. Driving all strain gauges in series from a single constant-cJrrent source ensures uniform excitation:It also ensures the
occurrence of a high CMV at top of transducer chain; this situation is
easily resolved with isolation amplifiers.

inconveniences of high common- mode voltages— is the
electrical separation of different parts of' an electronic
circuit. For example. it is often wise to separate the
analog and digital portions of a computer-controlled
hybrid circuit. When this is done, interface errors in a-d
and d-aconverters can be eliminated, and ground loops
between different components in the system can be broken. In addition, true electrical separation of different
circuits can prevent digital pulses from riding on sensitive analog lines, thereby obscuring least- significant- bit
analog increments.
Ground separation
A representative application of this technique is given
in Fig. 3. where adigital computer operating in aclosed
analog-digital loop sets up precise time- varying currents
in a nuclear accelerator's magnet system. Although just
one loop is shown, aparticle accelerator may often have
20 different magnet coils, with total power consumption
in the megawatt region and total area in the hundreds
of square yards. The technique of analog-digital isolation not only keeps digital pulses out of analog signal
lines, but provides benefits in reverse: for it allows each
analog load to operate at whatever ground potential
prevails at the load site, without imposing difficult common- mode problems at the a- dand d-ainterfaces.
A modern technique for ensuring uniformity of transducer excitation is to use current forcing ( Fig. 4) rather
than to energize several transducers in parallel from a
common voltage source. This approach overcomes
problems arising from voltage drops in the lines feeding
the different transducers and ensures tighter reading of
different pressure, temperature, and other values. For
example. in agricultural research, it is necessary to measure the temperature differential of a sun-warmed field
to a resolution exceeding 0.I'C. and this becomes difficult if line drops introduce uncertainty in thermistor excitation voltage.
If a large string of strain-gauge or thermistor transducers is to he driven from a single constant-current
source, then appreciable common- mode voltage will appear at the upper end of' the transducer chain ( Fig. 4).
Here. then, is an example of the need for an amplifier
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220 V,
60 Hz LINE
SHIELDED
CABLE

TO EKG
DISPLAY
SHIELD

EKG ELECTRODES

LEAKAGE FROM POORLY
GROUNDED EQUIPMENT
"FLOATS" UNGROUNDED
PATIENT AT 220 V, 60 Hz

5. Life and death medical applications, where patients may be in contact with poorly grounded equipment. isolation amplifier breaks leakag,

,

nus prevents electrocution of the patient The fatal current need be only a few microamperes in many cases.

AMPLIFIER'S 60- dB INPUT- TO-SHIELD CMR SEPARATES BABY'S HEARTBEAT'S FROM MOTHER'S,
WHILE 115-dB INPUT-TO- GROUND CMR ATTENUATES 60-111 PICKUP

6. Fetal heartbeat monitoring. Here the problem is not only to reject any muscle noise, but to detect weak signal from baby's heart in presence of strong cardiac signal from the mother. Solution is high common- mode rejection of isolation amplifier.
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TABLE

KEY SPECIFCATIONS

CMRR for unity gain with 5,000 ohms of
source unbalance from dc to 100 Hz

Common- mode voltage range

Differential input voltage range

Input- to- ground leakage

Bias current configuration

Small- signal passband

Price ( 1— 9)
(100-999 )

ISOLATION AMPLIFIER vs INSTRUMENTATION AMPLIFIER

ISOLATION AMPLIFIER •

TYPICAL INSTRUMENTATION AMPLIFIER

115 dB

80 dB

±1,000 V

•10 V

(5,000 V, peak)

± 1,000 V

,10 V

(5,000 V, peak)

Transformer isolated; 10 11 ohms shunted

Feedback generated depends upon

by less than 10 pF.

linear circuit operation.

Single bias current; amplifier needs only

Two bias current; third wire is needed

2 input conductors,

for bias return.

dc to 1.5 MHz

dc to 2 kHz

$ 109

$ 30 to $ 150

$ 67

S 25 to $

35

'The isolation amplifier described in this table is the Analog Devices' Models 272 — 275.

with high common- mode rejection and the ability to
handle 100 vor more of common- mode voltage.
Another important instrumentation application of
isolation amplifiers is in cardiac monitoring, where the
heart signals can be masked by muscle noise, electrochemical noise, residual electrode voltages. and 60- Hz
power- line pickup. An amplifier designed for highperformance cardiac monitoring must provide the utmost in common- mode rejection in the dc to 100- Hz
band, handle substantial source resistance unbalance.
and separate a few millivolts of heartbeat signal from
50 to 500 mv of residual electrode potential created by
electrochemical processes at the patient-electrode interface.
Cardiac monitoring
Safety specifications skyrocket when it comes to cardiac monitoring during open-heart surgery or intensive
care of patients. In these cases, because the resistance of
exposed organs drops to the fractional-ohm level. millivohts of inadvertently applied leakage voltage can
create the 20 microamps of body current now known to
be lethal. Consequently, an electrically isolated amplifier must be used to avoid grounding of the patient as
the electrocardiograph electrodes are connected to the
heart.
This isolation is an important safety requirement because the patient may be in contact with such hazards
as poorly isolated or grounded respiratory equipment.
heart-lung machines, and bed- moving servomotors
(Fig. 5). If so, electrical connection to grounded EKG
displays would complete the leakage- to-ground path for
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the potentially dangerous currents from these sources.
The transformer isolation and 10-picofarad maximum leakage capacitance between the isolation amplifier's input and other circuits limits the fault current to
well below the 20-µA danger level, even when the
patient is exposed to afull 220-v, 60- Hz line. An amplifier with a I.000- v cmv rating. of course. easily handles
accidental connection of the input electrodes to 220-v
sources. And a5.000-v peak differential input rating enables the amplifier to withstand the high-voltage defibrillation pulses that may be applied in an emergency.
In fetal heartbeat monitoring ( Fig. 6), the isolation
amplifier's specifications can be exploited even further.
In this demanding application, not only is it necessary
to reject muscle voltages, 60- Hz pickup. and electrode
potentials, but the amplifier must be able to distinguish
between the weak fetal heartbeat and the much
stronger cardiac signals of the mother. The separation
between parental and baby heartbeats is accomplished
by the 60-de common- mode rejection between input
electrodes and shield, while the I15-de input- to-ground
CMR screens out 60- Hz pickup. muscle noises, and other
interference. In addition, because the amplifier can
achieve its high common- mode performance at unity
gain, 500 millivolts of residual electrode potential can
be handled without its being driven into saturation.
Since isolation amplifiers have only recently become
available at unit prices below $ 70 in OEM quantities.
their full range of applications has not yet been
scratched. In the next 10 years. like the op amp over the
past decade. they are certain to turn up with increasing
frequency and in the most unexpected situations.
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One-shot timing performance:
don't take it for granted
Study of industry standard monostable multivibrator—the 9601type of one- shot— reveals that vendor- to- vendor variations in
timing accuracy are wide enough to prevent device interchangeability
by David E. Green Honeywell Information Systems Inc..

Billerica. Mass

D All too often. designers presume that a component's
data sheet is precise. Inaccurate performance specifications are not intentional misrepresentations on the part
of the manufacturer. Instead, they result from problems
inherent in processing techniques. device geometries, or
packaging effects. But, no matter what its cause, excessive performance variations— particularly those of socalled building blocks that can be used in a number of
applications and that are readily available off- the-shelf
from several manufacturers— must be brought to the designer's attention.
Consider, for example, the industry standard retriggerable monostable multivibrator. typified by the
9601. A recent study of a dozen sample lots of these
one-shots from several different companies shows that
the variations in output pulse width are so severe—
sometimes approaching 60%— that some manufacturers
are re-evaluating their current designs. whereas others
are already in the process of redesign.

Timing errors become especially significant for small
values of timing capacitance. For instance, the oneshot's minimum true output pulse is specified to have a
maximum value of 65 nanoseconds, but approximate
extremes of 30 and 92 ns were observed.
Examining the problem
Pulse width variation for the monostable is specified
at aminimum of 3.08 microseconds and amaximum of
3.76 its about anominal output of 3.42 its. Or. in-specification variations of timing accuracy can be thought of
as ±10%. Therefore, after accounting for timing resistor
and timing capacitor tolerances, as well as supply voltage variations, the designer must deal with an overall
timing limit tolerance of ±15% to ±-20%, making any additional one-shot timing inaccuracies difficult to handle.
Adding a trimmer potentiometer is the simplest way
to compensate for this wide tolerance spread. or even
poor one-shot timing— but an acceptable trimmer is
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1. Testing the one-shot. Test circuit for retnggerable monostable multivibrator employs unit TTL load on each output.Timing network formed
by Rx and ON determines output pulse width at 0 and O. Capacitors CI and

O2

are fixed at 10 picofarads ( including stray capacitance and

fixture capacitance), and minimum Cx is held to 5 pF. Output pulse width is measured at device's low-level logic threshold.
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SAMPLE
LOT
1

1

2
3

1

I
N\

4
5

6

kk
••••%.

7
8

9

10

11
12

Rx

4 kS2

cx

5 pF

50 kS2
5 pF

4 kS2

34 kS2

50 Id/

34 kS2

50 kS2

1,600 pF

500 pF

500 pF

1,600 pF

1,600 pF

2.Plotting the results.Pulse width variations of over 500 9601- type one- shots are shown as percentage deviation from mean pulse width ( 7()
for entire group. Test points for 12 sample lots are plotted individually. Values noted for RN and C\ are those used to obtain indicated mean
pulse widths frcm 68 ns to 24 ,Ls. Scattered distribution of results indicates significant discrepancy between actual and specified timing performance. Also, output pulse variations from one vendor to next are so great that parts cannot be used interchangably.
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generally more expensive than the multivibrator itself.
And for most printed circuit boards, no provision is
made for adding atrimmer at some later date if aproblem arises.
Specified one-shot timing accuracy implies that the
part holds pulse-width variations to ±10% for outputs
above and below the nominal 3.4-us value. However,
extensive testing of over 500 of these multivibrators
shows that this is not true. The study notes the variation
in output pulse width for 12 sample lots of 9601-type
one-shots from anumber of different vendors.
,The test circuit used is illustrated in Fig. I. Stray capacitance and capacitance from the test fixture are represented by capacitors C1 and C2. The total value for
Sach of these capacitors is fixed at 10 picofarads to permit the use of avariety of test fixtures. Timing capacitance Cx is held to aminimum value of 5pF since the
minimum data sheet value of 0 pF is not really achievable in practice.
Both Q and joutputs are terminated with a unit
transistor-transistor logic load and a 15-pF load capacitor that includes probe capacitance. ( In this case, aunit
load is the equivalent of a standard Tn._ gate that requires the one-shot to supply 60 microamperes for its
high output and to sink 1.4 milliamperes for its low output.)
All pulse widths for the study were measured at
the low-level logic threshold of the Q output.
The graph of Fig. 2summarizes test results by comparing the mean pulse width for each sample lot (i) to
the mean pulse width for all the units tested (y). Final
values of R
. are indicated along the horizontal axis,
showing the mean pulse width obtained for the timing
components used. For every combination of timing
component values, there is aset of 12 data points, each
point representing the percentage deviation of mean
pulse width
for agiven vendor from the group mean
width of. which ranges from 68 ns to 24 ps.
Analyzing test results
Several observations can be made from the graph.
For instance, the data point at 2.29 us, near the standard test point of 3.4 us, suggests that the number of
units meeting specification is not very high since deviations from 51- are significant. Also the ±10% tolerance
band is drastically exceeded for several pulse widths, indicating aserious discrepancy from predicted performance.
For some sample lots, output pulse width diverges
from its specified value as pulse width increases, even
though published timing data states that the output
width should be linearly related to timing component
values when Cx is greater than 1,000 pF.
In addition, for narrow output pulses, performance
tracking from vendor to vendor is particularly poor,
with a highly undesirable broad distribution of data
points. A user changing vendors would encounter significant timing performance differences, especially since
the plot deals only with deviation from a mean, and
does not show worst-case errors. For example, when
Rx = 50 kilohms and Cx = 5pF, supposedly identical
devices from vendor 6 and vendor 12 can generate
pulses ranging from 237 to 732 ns in width.
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Published timing data
The expected output pulse width of the widely used
9601 type of monostable multivibrator is easily determined from its data sheet. Generally, how the unit's
timing is computed depends on the value of timing ca-.
pacitance C. When Cx is greater than 1,000 picofarads, output pulse width can be computed:
T = 0.32R xCx(1 + 0.7/R x)
where T is in nanoseconds, timing resistance Rx in
kilohms, and Cx in picofarads. For Cx values of less
than 1,000 pF, manufacturer's timing curves, like
those shown, must be used.

Rx = 50 k
Rx = 30 kS2
Rx = 20 I<S2
Rx = 101(1/
Rx = 5 kS2

A singular advantage to testing pulse width is the
ability to select those vendors whose products fall
within the desired tolerance of ±-10% over the full timing range. One-shot timing should be monitored for all
pulse widths of interest by using permissible combinations of Rx, between 5and 50 kilohms, and C. up to
1,000 pF.
As this study decidedly points out, in-spec performance at one pulse width does not imply across-the-board
in-spec performance. One vendor's products, for instance, exhibited unorthodox characteristics even
though the one-shots passed the standard 3.4-us ±-10%
pulse width test for Rx = 10 kilohms and Cx = 1,000
pF. Some devices displayed avariation of ±-40% around
a68-ns mean pulse width, while others could not generate pulses wider than 3.5 us under any conditions.
Once the vendors whose products track together are
selected, additional testing should still be done for absolute certainty of timing performance. To virtually eliminate any excessively inaccurate one-shots, the tests
should fix the allowable ±-10% timing tolerance as the 3s
limit of aGaussian distribution of test results. Based on
the graph of Fig. 2, the recommended pulse widths and
tithing networks are: 85 ns ±-10%, 5kilohms and 5 pF:
380 ns : 10%, 50 kilohms and 5 pF; 3.4 us ± 10%. 10
kilohms and 1,000 pF: and 17 us ±10%, 50 kilohms and
1,000 pF.
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In 1971 RCA Solid State introduced
448 new products.„now

The FICA
hot ¡tie
gets
hotter
in 1972
Last year RCA's tremendous surge in solid state capability erupted in an outpouring of
448 new devices— new products, new packaging, improved performance— for expanded
coverage to meet the demands of today's market.
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Here's the 1971 record for new commercial and
developmental types:
Linear IC's
Single and dual op amps,
triple programmable
op amps, transistor and
Zener diode arrays,
analog multiplier, sense
amplifier, power control
circuits, low- noise op
amps, AM/FM communications circuits, and
stereo multiplex decoder,
in packaged, chip, and
beam lead versions.
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COS/MOS IC's.
3to 15 Volt Circuits
Gates, gate arrays,
buffers, complementary
pairs, flip/flops, latches,
adders, decoders,
multiplexers, counters,
shift registers, timing
circuits, memories and
chip versions.
Power Transistors
Hometaxial II.
high- power n- p- n,
high- voltage n- p- n,
medium- and

151
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high- power p- n- p,
VERSA WATT n- p- n
and p- n- ptypes, and
n- p- npower amplifiers.

Power Hybrid Circuits
Amplifiers, series regulators, arrays, building
blocks and chips.

37

Thyristors and Rectifiers .
72
High- current 80-A triacs,
ISO WATT ceramic
isolated plastic triacs,
400 Hz high- commutating
dv/dt triacs, glass passivatedplastic triacs and SCR's,
fast- switching SCR's and
rectifiers, SCR/ rectifier
arrays, and fast- recovery
power type rectifiers.

RF Power Transistors
Types for microwave,
broadband, mobile- radio,
and single-sideband
applications.

13

The momentum is continuing in 1972. New products, new technological advances,
new application aids will be introduced throughout the year. For 1972, RCA's goal616 man-years of solid state technology at Somerville, N.J. and at the David Sarnoff
Research Center at Princeton, N.J. Here's how RCA developments in 1971 and 1972
will influence the directions of solid state in the remainder of the seventies:

Linear IC's
RCA, a leader in consumer linear IC's,
recently made one of the largest single
product introductions ever to come from
a solid state supplier: 21 new types for
the communications, controls and instrumentation markets. The pace continues
in 1972, with many other new types— including op amps, A/D converters, control circuits, transistor arrays. The total
line of 175 types represents one of the
industry's broadest- coverage sources.

COS/MOS IC's
RCA pioneered complementary- symmetry MOS, and now has more design, engineering, technological and manufacturing background than anyone in the
industry. RCA shipped 7 out of 10 of all
C/MOS devices delivered in 1971. Besides the 3- to 15- volt commercial types
announced in 1971, RCA initiated and
completed numerous custom LSI devices. Coming in 1972— additional functions including three- level registers,
triple AND/OR pairs, word- organized
memories, counters, buffers, latches,
multivibrators, multiplexers.

Power Transistors
In 1971 RCA led the industry with: the
concept of thermal- cycling ratings to extend equipment life; cost-effective highvoltage devices to make off-line switching economically feasible; and delivery
of cost-effective reliable plastic packages. In 1972 RCA is extending its lowcost packaging ( plastic and metal) technology to all the power transistor manu-

facturing approaches—hometaxial chips
for linear operations, multi-epitaxial design for fast switching, and a wide range
of Darlingtons, both n- p- n and p- n- p.
Perhaps this capability is why RCA is
filling 39% of the industry's power sockets ( November, 1971 EIA figures., U.S.
factory sales).

Thyristors and Rectifiers
To the industry's broadest line of triacs,
RCA added the first 80-A device last
year, and continued to lead the way in
plastic/glass passivated chip technology. RCA remains the world technology
center for TV horizontal deflection devices. The 1971 sales record: industry
thyristor sales down about 10%, RCA up
about 10% ( U.S. factory sales).

Power Hybrid Circuits
RCA now offers the industry's broadest
commercial line for use in servo amplifier, audio amplifier, deflection amplifier,
power supply, hammer driver, stepper
motor, high- current dc motor control and
many more applications. And it's still
expanding.

RF Power Devices
In 1971, the RCA- originated ovgrlay technology was expanded in a rapidly developing line of emitter- ballasted high- output microwave devices. A broad new line
of emitter- ballasted microwave power
transistors already announced in 1972
is providing 10 W at 2 GHz and 6.5 W at
2.3 GHz — in both stripline and coaxial.

RCA

Liquid Crystals
Single-digit and fourdigit transmissive
and reflective sevensegment readouts.

6

New products announced
at the rate of more than
one aday.
What does this mean to you?
First, a major source of supply, broad
product range ( 10,000 devices)...ability
to deliver products in volume with competitive pricing.
Second, a worldwide sales organization with in-depth applications back-up
and a strong network of distributors to
serve you.
Plus, a total capability of people, products and technology that brings an applications- oriented approach to your requirements...and results in reliable
systems cost effectiveness with RCA
products.
And now RCA has expanded technical
and applications information to bring you
up to date on all existing and new RCA
types in the 3000- page, six- volume SSD200 DATABOOK series. Updating service will keep you posted on 1972 developments.
Before you make any commitments
for solid state devices, check RCA— the
hot line that's getting hotter all the time.
See your RCA Distributor or Sales Representative about any of the product
lines listed here. Or call Dan Del Frate,
Marketing Manager, about your special
requirements. RCA Solid State Division,
Box 3200, Somerville, N.J. 08876; ( 201)
722-3200. International: RCA, Sunbury,
on-Thames, U.K., or P.O. Box 112, Hong
Kong. In Canada: RCA Limited, Ste.
Anne de Bellevue 810, Quebec.

Solid
State

products that make products pay oft
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Digitizing multiple rf signals
requires an optimum sampling rate
Based on an advanced radio using an analog- to- digital converter
to process aselected signal, design rules relate lowest
a- d conversion rate to rf passband width, not carrier frequency
by Arthur G. Stephenson,

TRW Systems Group. Redondo Beach. Calif.

E Sampled-data techniques have recently been combined with analog-to-digital conversion in an experimental wideband high- frequency radio receiver ( Fig. 1),
proving the practicability of on-line real-time digital reception of atransmitted signal. If multiple tunable digital filters and fast digital conversion are used, and the
cost of analog-to-digital converters and large-scale integration continues to drop. such a digital receiver could
be designed to do the job of multiple conventional receivers. For example, asingle digital receiver could very
likely handle signals from 16 stations at atime.
Commands from a digital computer can instantaneously set the digital filter to the desired center frequency. As a result, the receiver's output, suitably demodulated but in digital format, is ready for data
processing. The computer processing analyzes the signal, and through feedback to the receiver, provides
automatic tuning for optimum signal-to-noise ratio.
Key to the receiver's versatility is the analog- to-digital converter that rapidly samples and digitizes a pre
selected rf passband. Sampling creates multiple image
spectra of the original band, each of which— also digitized, but centered at lower ( and higher) frequencies—
contains the same information as the band. Any digitized spectrum can act as input to the digital filter.
Functionally, each spectrum is analogous to an intermediate- frequency passband obtained by heterodyning.
Consequently, creating spectra by sampling and a-d
conversion can be thought of as digital heterodyning,
similar to the analog heterodyning of conventional receivers. Sampling, though. creates many "intermediate
frequencies" at the same time.
The digital receiver ( Fig. 2) can be tuned to within
100 hertz anywhere in the radio- frequency band of 2to
30 megahertz. The varactor-tuned presampling analog
filter selects any 1.5- MHz portion of that band, and its
output is then digitized by the a-d converter into 8- bitsplus-sign data words at any of four sampling rates up to
14 million times asecond.

hertz to 6 kilohertz. The demodulator contains logic to
process a- m, fm, pm, and pulsed cw signals.
Because of the samplings and digital conversion processes. the design of a digital receiver has to take into
account considerations that are foreign to the superheterodyne receiver. The most critical is the selection of
the a-d converter's sampling frequency. If this is not
done properly, particularly with respect to the bandwidth and roll-off characteristics of the analog presampling filter, the sampling process will generate
spurious signals in the spectrum of interest.
Known as aliasing signals, they can crowd this spectrum. defeating the selectivity of the pre-sampling filter
and negating the benefits of digital heterodyning and
processing. During the development of this receiver, criteria for the optimum sampling frequency have evolved
which can be applied to the design of other bandbass
sampling systems. And, because practical system constraints may prevent use of an optimum sampling frequency, additional information for non- optimum
sampling frequencies has also been worked out.
The a-d converter, when digitizing an analog signal.
samples the input for avery short time, called the aper-

Filter action
In accordance with command signals, the tunable
digital filter momentarily looks at any selected frequency in the rf passband. The corresponding stream of
digital words represents the modulated signal of the selected transmitter. Also on command, this filter can be
set to any one of eight bandwidths ranging from 250
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1. Digital receiver. Experimental radio uses sampling and digital filtering techniques to permit signal processing for optimum tuning.
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2. Digital heterodyning. In the experimental radio, the analog-to- digital filter supplies multiple information spectra, one of which feeds into a
remotely tunable digital filter. The filter's output is demodulated in digital cirmat tor signal-to-noise analysis by acomputer.

ture time. Then, during a longer hold time, it digitizes
the analog signal. It repeats this operation periodically,
depending on the sampling frequency, Fs.
According to sampled-data theory for the low-pass
case, the sampling frequency must be at least twice as
great as the highest frequency of interest (F0) in the
sampled time-varying signal if it is to preserve the information content. In practice, to minimize aliasing, the
sampling frequency must be even greater.
In the present context, the optimum sampling frequency is one that in combination with asuitable presampling filter is high enough to attenuate aliasing to
some satisfactory value. On the other hand, choosing
too high a sampling frequency puts a burden on the
specifications of the analog-to-digital converter, to the
point that, even with the best a-dconverters now available, digital heterodyning would be difficult in the rf
spectrum. Also, high sampling rates mean high data
processing rates, and thus more cost for equipment.
Although sampling actually occurs on time-varying signals, the consequences are easier to understand'if
they are represented in the frequency domain. Fig. 3a
shows the frequency spectrum envelope for atime-varying signal containing frequencies starting at zero ( F0
or dc) and going up through FH. (
In this ideal band- limited spectrum, the solid sloping line does not indicate
actual spectral characteristics, but is an artifice to distinguish the original spectrum from its mirror- image.)
The sampling process repeats or images the original
spectrum at harmonics of the sampling frequency Fs,
where each image spectrum is located in frequency with
respect to its harmonic as the original spectrum is with
respect to Fs.In Fig. 3b the repeated spectra also slope
down to the right. However, the sampling process also
"folds" each imaged spectrum, including the original
one, around Fo and Fs and its harmonics, creating a
series of mirror- image spectra, shown here as sloping
down to the left. In Fig. 3b, the sampling frequency has
been chosen as exactly twice the highest frequency. F0.
and because of the sharp cutoff characteristics of the
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FH Fs

2Fs

3F,

Fs = 2FH

(cl

h\

rf

Fo F3do

ACTUAL SPEC TRUM
ALIASING ERR ORS
(d )
—F 3d8 F0 F3d8 Fs
Fs =

2F s

3F0

2 F3do

3. Sampled data. In digitizing a low-pass band, an actual spectrum
:n roll- off ( c) creates more aliasing ( d) than ideal spectrum ( a)

original none of the spectra overlap to create aliasing
frequencies that intrude into any other spectrum.
A more typical case, however, is alow-pass filter with
a gradual roll-off characteristic ( Fig. 3c). Here, F3,
114 is
the same as Fo ,and Fs is twice this frequency. In this
case, when the sampling process creates its repeated and
image spectra ( Fig. 3d), the portion of the original spectrum above the 3-dB frequency repeats and folds into
all spectra, creating aliasing. The figure implies the
cure— increasing Fs for a given roll-off characteristic
will separate the spectra and reduce aliasing.
Consider now an rf bandpass spectrum with ideal
cutoff frequencies at the filter's 3-dB points ( Fig. 4a).
This spectrum contains many carrier frequencies, each
modulated with an information- bearing signal. Assume
that only one carrier frequency exists, centered between
Fo and FL,the lower edge of the spectrum, and that this
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4. Optimum Sampling rate. Digitizing an rf passband ( a) creates multiple image spectra ( b). ( c). and ( d). the separation of which depends on
the sampling frequency F,. Optimum sampling is shown in ( b). in which the selected F. causes A F \ to equal AF v.

5. Spectral density. The sampling frequency depends on the width of the passband, shown here as the same for five different cases. Corn
outation of the actual sampling frequency for a given case depends on the spectral density. K, the number of spectra below the original band.

is modulated by only one signal with a bandwidth B =
(F 11 -FL). Because the sampling process must preserve
only the integrity of the information signal. the required
sampling frequency depends on the width of the hand,
which is much less than the carrier frequency.
The optimum sampling frequency. or rate for digitizing abandpass signal, is the lowest one that produces an
acceptable signal distortion from aliasing. The occurrence of aliasing also depends on the presampling filter's selectivity and on the symmetry of the roll-off characteristic on each side of the filter's center frequency.
Since roll-off in practical filters is usually nonsymmetrical, distortion due to aliasing is minimized when each
spectrum is separated by the same amount, in fre-
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quency, from its neighboring spectra. Optimum sampling frequency. then. occurs when -1Fx = AFy. as shown
in Fig. 4b. The effects of non-optimum sampling rates
are shown in Figs. 4c and 4d.
The optimum sampling frequency depends not only
on equal separation but also on the bandwidth and
where the bandpass center frequency falls in relation to
the total frequency spectrum. Figure 5 contains representations of the same- bandwidth original spectrum at
five different center frequencies in the total 2- to 30- MHz
range. In each casé, the optimum sampling frequency is
the same and, as shown, may be lower than the original
spectrum. The five cases differ in spectral density, which
is defined as the number of spectra. K. between zero
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The preceding relationships do not give the actual
frequency width of the separations which are needed to
evaluate aliasing effects. Using the edge definitions in
Fig. 6and only integer values of K. the separations are:

frequency and the original bandpass spectrum.
Figure 6 defines the spectral edges of passbands for
odd and even spectral-density numbers. With these
edge definitions, the optimum sampling frequency for
each K value can be determined by setting (iFy =
where ..1Fy is the frequency separation between the
original and the next higher spectrum. and Al x is the
separation between the original and next lower band.

..‘F x = 2F 1,-KF s
-1Fy = ( K+ l)F s-2F,,

For K = 1
(2F s-F il )-Fi l = F1,-( Fs-F1,)
2F 5-2F il = 2F 1,- Fs
FsF,1)
—2(F
'13+
For K = 2
F,-( 2F 5-FL) = ( 2F s-F 11 )-(Fi l-Fs)
2F,- 2F 5 = 3F 5-2F 11
2(F 1 + h i)
Fs = ' 5
For K = 2n
(2n + 1)F 5-2F 11 = 2F,,-2nF s
4nF s + Fs = 2F 1,+2F il
— 2(F i + h i)
'
4n + I
For K = 2n + I
(2n + 2)F s-2F 11 = 2F 1,-( 2n + ) Fs
4nF s + 3F s = 2F 1, + 2F H
2(F 1, + F11 )
Fs —
4n+3
For the general case, including K=O. the optimum
sampling frequency is
2( Ft, + h i)
=
2K+ I

Spectra positions
If the fractional portion of the value of K computed
in Equation 4 is less than one-half, the nearest aliased
spectrum centers above the center of the original spec-
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Equations 2and 3 apply to both optimum and non-optimum sampling.
In practice, the sampling frequency may have to be
derived from the system's clock. Then, more than likely,
the separations will be unequal, or non-optimum. To
determine the separations with non-optimum sampling,
the value of K is first determined from Equation I. rewritten
The fractional part of the K value obtained from
Equation 4 is dropped, and the remaining integer-value
of K is inserted into Equations 2 and 3. The answers
provide basic information about the non-optimum separation of neighboring spectra. However, the fractional
value actually obtained from Equation 4 provides additional insight into aliasing. For example, if the computed value of K contains a fractional value of exactly
one-half ( K + 1
/), the sampling frequency is a submul2
tiple of the center frequency of the spectrum being sampled, and there is adirect overlap of 3-dB points of the
spectra. That is, aliasing will occur regardless of the presampling filter scharacteristics.
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6. Edge definitions. With these spectral edge definitions of multiple spectra resulting in either odd or even values of K, the actual values of
separation between neighboring spectra can be computed for both optimum and non- optimum sampling frequencies.
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7. Final evaluation. Even with an optimum sampling frequency to reduce aliasing, some further aliasing can occur; for the skirts of the pre
sampling filter may generate frequencies that intrude into the selected imaged spectrum that is fed into the tunable digital filter.

trum. If the fraction is greater than one-half, the nearest
aliased spectrum centers below the center of the original
spectrum.
If either solution to Equation 2 or Equation 3 results
in anegative number, the spectra overlap. With no negative solution, the smaller of the two spectrum-separation values is used to determine whether separation
meets aliasing requirements.
As mentioned, the foregoing analysis presupposed an
original spectrum with 3-dB-down points at FL and F11
and with extremely sharp cutoff at these frequencies. In
the practical case, the presampling filter has skirts that
roll off gradually, so that frequencies extend above and
below the 3-dB points. As Fig. 7shows, the skirts introduce spurious signals into the desired spectrum. Here,
in the worst-case condition, the unwanted alias signals
are down 30 dB in the spectrum.
If the sampling frequency is fixed, but attenuation is
still not satisfactory, the filter's order can be increased to
provide sharper roll-off. A convenient way to specify
the filter's selectivity for this kind of application is to determine acceptable aliased spurious content at a specified frequency away from the spectrum's center frequency. This frequency is (.1F z + 1
/B), where AF z is the
2
lesser of Fx or AFy, as shown in Fig. 7. The attenuation vs frequency parameter then specifies the rejection
requirements of the filter.
If the sampling frequency can be altered, the results
of Equations 2 and 3 can be examined to determine
whether Fs should be increased or decreased to reduce
aliased signals. If AF x is less than AFy, then the optimum Fs is higher than the one postulated, which should
therefore be increased. If AF x is greater than .1Fy, Fs
should be reduced.
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Once the correct sampling frequency has been determined to provide adequate spectra separation, and the
filter's selectivity has been adjusted if necessary to minimize spurious signals, any one of the image spectra below the frequency of the original spectrum can be selected as the input to asucceeding stage in the system—
since they all contain the same information. Generally
the digital filter is locked-on to the imaged spectrum
that is closest to Fo and that is adirect and not amirror
image of the original spectrum. By choosing the lowest
possible spectrum, the digital filter's processing-speed
requirements are kept to aminimum.
Aperture time
Although the sampling rate of the a-d converter depends on the rf bandwidth, and not on the much higher
carrier frequency, the maximum carrier frequency that
can be digitized is determined by the a-d converter's
aperture time. In general, the aperture time is inversely
proportional to the carrier frequency and the a-d converter's bit length. For example, a 7- bit a-d converter
(128 quantization levels) with an aperture time of I
nanosecond can digitize a 100- megahertz carrier with
an error less than 1quantization level. Some commercial sample-and- hold circuits that are used for a-d conversion have aperture times of less than 100 picoseconds.
In the high- frequency range, digital heterodyning
avoids requirements for analog frequency conversion
and thus the need for a synthesizer, or analog heterodyning. But even for higher frequencies such as vhf and
uhf bands, a digitizable intermediate frequency can be
obtained using an analog synthesizer stepped in increments as large as 50 MH z.
El
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It took us years to develop
the best stereo microscope.
Now give us afew minutes to prove it.
Let us compare our StereoStar/zoom to any
stereoscopic microscope in your lab.
Our microscope offers high resolution, larger
fields of view, greater working distance. We
have as wide amagnification range as you're
likely to need: afull 6to 1zoom range with
magnifications from 3.5 X through 210 X.
The zoom control knob is coupled—so that it's
conveniently located on both sides, for either
left or right-hand operation. And the entire
head is easily rotatable through 360°.
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135 years of optical excellence went into the
AO StereoStar/zoom. Let us compare it to any
stereo microscope in your lab. After all, if it's
worth your money, it's worth your time.
Call your AO Representative. Or write for our
convincing 24-page brochure.
AMERICAN OPTICAL
CORPORATION
SCIENTIFIC INSTRUMENT DIVISION • BUFFALO, N.Y. 14215
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DROP IT.
Here are six good reasons to go solid state with Litronix
LEDs:
1. They last and last. Solid state LEDs have an anticipated life span far, far greater than their fragile
bottled ancestors, as long as 20 to 30 years.
They can take vibration and they don't break.
2. And they are quiet. Solid state LEDs
produce no electrical noises, that's no RF
interference. That's a cost savings on
fancy shielding.
3. They love IC's. Solid state LEDs
operate at low voltage and low power.
They are directly compatible with IC's
and that makes them ideal for handheld battery operated things. No voltage converter needed and you save again!
4. Small, medium and large. Solid state LEDs
come in all sizes. To name but afew: Our DL-62
has a6/10 inch character in a DIP. Our DL- 34
has four, 1/8- inch digits set on 187 mil centers
for end- to- end stacking. (Calculator people
love it.) And there's the DL- 10A. It's a high
efficiency, high brightness, low cost, 1
/4
inch
display. ( Purchasing agents love it.)
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5. No hidden costs. If you buy a glass tube
display, it may cost you more than you bargained for. Add up the cost of a socket, a
voltage converter or a transformer, a high
voltage rectifier, additional assembly time
and costs— then compare.
6. Litronix. We have abroad range of LEDs
in the shape, size and cost range to compete
with bottle displays. Write for our opto guide
—it's free.
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Engineer's notebook

Finding open- loop gain
without opening the loop
by David Luttropp
Hewlett-Packard Co., Loveland, Colo

Measuring the closed- loop response of regulated power
supplies can be a tricky problem, particularly when operational amplifiers are used. Even though lc makers
supply frequency- response plots for their devices.
closed- loop response problems always pop up when an
additional pole or zero is picked up from the pass transistor and filter. The total loop response now depends
on both the op amp and the additional circuitry.
Unfortunately, measuring open- loop response requires breaking into a high-gain loop, which isn't very
practical. It is much better to determine the open- loop
response with the loop closed.
Circuitry can be designed and built to do the job, but
with Hewlett-Packard gain phase meter model 3575
handy, you're already halfway there. Simply add an ac
voltage source, dc-coupled and floating in series with
the feedback path, and determining open-loop gain is
almost reduced to reading ameter.
Although the oscillator's signal isn't critical, it should
be low enough for the amplifier to remain linear. An oscilloscope can be used to monitor the signal.
The open- loop response of an amplifier with gain A

Coaxial buses help suppress
power supply transients

Typical test setup needs floating direct- coupled oscillator

and feedback function can be expressed as:
A /3 =

T ( +

ZOUT)
ZIN

If Z,„ 11 is much less than Zit ,. then the expression reduces to E,„, s/E i„. The gain and phase plot of E,„, s/E i„is
a simple Bode plot, but the 3575 is well suited for this
role because it measures the log ratio of E,„,, and Eh,
and the phase between them.

axially configured with polyvinylchloride tubing slipped
over the inner tube and heat-shrunk tightly to it.
An experimental feeder- line section can be made easily by using copper tubing in sizes readily available
from a hardware store. Connections to the section are

by Herman Levin, Jeffrey O'Neil, and William Lord,
Colorado State University. Fort Collins. Colo.

The engineer using today's faster logic circuits may face
the problem of power supply switching transients that
have frequency components in excess of I gigahertz.
Adding suppression networks to an adequately designed power supply will have little effect, but suppressing these transients along the power-supply feeder lines
proves aviable technique.
Instead of using large parallel tubes just to satisfy the
system's current requirements, try them in a coaxial
configuration. and thus attenuate those transients, as
well. A practical approach is to use copper tubes co-
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Experimental coaxial section uses standard copper tubes

"13

made at the ends of the inner and outer tubes. For convenience, holes can be drilled prior to assembly in the
outer tube at regular intervals, and connections to the
inner tube can be made by drilling small holes through
111111111111111111111111.1111111111111111-F002
sgeTlaN I. URCE RESISTANCE 50 Si
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No.

Frequency equivalent of transient
1GHz
100 MHz
10 MHz
38

23

3.5

2

41
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3

43

30
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4

45

32

12

5

41

22

2

Inner tube
nominal

PVC tubing
nominal

Bus
No.

Outer tube
nominal

the sleeve and inner tube and using blind pop- type rivets to attach the leads. Connections to the outer tube
can be made with clamps or presoldered connectors.
When production quantities are involved, most of the
parameters can be optimized: the dielectric material
and ratio of tube diameters can be chosen to increase
the attenuation, and the inner tube connectors can be
made with special feedthrough components for ease of
fabrication.
Standard coaxial cable can be substituted for the copper tubes and sleeving. However, an excessively large
cable would be needed to equal the current-carrying capacity of the tubes, and making connections to the inner
conductor of standard coax isn't simple. Moreover, the
ratio of the tube diameters can be adjusted to provide
greater attenuation per unit length of the power supply
feeder line.
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4
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4

Burbank Calif

Anyone looking for ashortcut to solving the conductive
heat transfer equation should find this nomograph very
useful. It is based on the more familiar units of watts
and inches, and can help solve for any unknown within
ihe equation. The accuracy of the result depends on
how careful you are in plotting the points.
For example, suppose you wished to find the temperature drop across each segment of aone- inch-square
sandwich of beryllium oxide and aluminum, separated
by a0.001- in, layer of air. that must conduct 30 watts.
The nomograph can be used to solve for _IT across
the 0.12- in. Be0 layer once the heat conductivity, k, is
found ( table lists typical values).
•Draw aline from 30 on Q scale to 0.12 on L scale, and
note the point where it crosses reference line I.
•Draw another line from this reference point to 80 on k
scale ( exact value depends on the particular type of
Be0). Note where this line crosses reference line 2.
• Draw athird line from this point through Ion the left
side of A scale- and read 0.78 -C on the left of the AT

. 375in.

Equivalent B & S
wire size

.315in.

4

. 500

.430

2

1/2

. 625

.545

1

. 750

.666

.875

.785

1.125

1.025

3/
4

1

by International Electronic Research Corp. staff,

Inside diameter

3/
8

5/8

A quick solution to conductive
heat transfer problems
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Outside diameter

Material

Silver
Copper
Gold
Aluminum, pure
Aluminum, 63S
Magnesium
Beryllium oxides
Red brass
Yellow brass
Beryllium copper
Pure iron
Phosphor bronze
Soft steel
Monel
Lead
Hard steel
Steatite
Pyrex
Grade A Lava
Soft glass
Water
Mica
Paper- base phenolic
Plexiglas
P-43 casting resin
Maple
Pine
Polystyrene
Glass wool
Air

Density
(Ib/in. 3 )

00
0000

Thermal
conductivity, k ( Btu/hr-ft- F)
(W/in.- °C)

0.380
0.322
0.696
0.098
0.100

10.6
9.7
7.5
5.5
5.1

241
220
171
125
116

0.063
0.109 to 0.136
0.316
0.310
0.297
0.284

4.0
1.7 to 3.9
2.8
2.4
2.1
1.9

91
38.7 to 88.7
63.7
54.6
47.8
43.2

0.318
0.284
0.318

1.3
1.18
0.9

29.6
26.8
20.5

0.409
0.284
0.094

0.83
0.65
0.06

18.9
14.8
13.6

0.094
0.085

0.032
0.03

0.728
0.683

0.094
0.0361
0.101
0.0497
0.043
0.045
0.025
0.018
0.038
0.001
0.000043

0.025
0.0167
0.015
0.007
0.0047
0.0046
0.0042
0.003
0.0027
0.001
0.0007

0.569
0.380
0.341
0.159
0.107
0.105
0.096
0.067
0.061
0.023
0.016

Electronics/March 27, 1972

scale. ( lf the right side of the A scale were used, then the
right of the AT scale would also have to be used).
The AT across the 0.09- in, thick piece of aluminum
and the AT across the 0.001- in, air gap are found in
similar fashion. But there is one correction that must be
made for the air gap case: since the L scale does not extend to 0.001, a factor of 10 must be used and the line

c

ø.ua

U.

IV

8 888 8 8
PI#

I #

- 0000
0
tit I1•141

drawn from 30 on the Q scale to 0.01 on the L scale.
The remaining steps are performed in the same way, except for the last. When the line is extended and intersects the AT scale at 430C, a correction factor of 10
must again be applied. The corect AT is 43C.
Engineer's Notebook is a regular leature in Electronics. We invite readers to submit original
and unpublished design, applications, and measurement ideas.
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SAMPLE SOLUTION
= 10 W

T2

L = .
25 IN
K = 100
A = 2
AT = 0.28409

FINDING AT
NOTES
STEP 1: DETERMINE POWER (3 ( WATTS).

1.

NOMOGRAPH INCORPORATES CONVERSION OF
(BTU FT F1 UNITS TO WATTS IN ' C. ( BTU-FVF
UNITS MUST BE USED WHEN EQUATION IS USED
IN PLACE OF NOMOGRAPH).

2.

WHEN AT < 1°C, USE AREA AND AT NUMBER ON
LEFT SIDE OF AREA AND AT LINES. WHEN
AT > 1°C, USE AREA & AT NUMBER ON RIGHT
SIDE OF AREA AND AT LINES.

3.

FOR VALUES NOT SHOWN ON Q, L, K, & A LINES,
A MULTIPLICATION FACTOR MAY BE EMPLOYED.

STEP 2: DETERMINE THICKNESS L ( INCHES).
STEP 3: CONNECT POINTS OF STEPS 1 & 2. THIS FIXES
REFERENCE POINT ( 1) ON REFERENCE LINE 1.
STEP 4: DETERMINE THERMAL CONDUCTIVITY
K ( BTU/HR-FT -° F).
STEP 5: CONNECT REFERENCE POINT ( 11.WITH POINT
DETERMINED IN STEP 4. THIS FIXES
REFERENCE POINT ( 2) ON REFERENCE LINE 2.
STEP 6: DETERMINE CROSS-SECTIONAL AREA
(SQUARE INCHES).
STEP 7: CONNECT REFERENCE POINT ( 21 AND AREA,
AND EXTEND LINE TILL IT CROSSES THE
AT C SCALE.
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INCREASING Q OR L BY A FACTOR OF 10
INCREASES AT 10 TIMES; INCREASING K OR A BY
A FACTOR OF 10 DECREASES AT BY AN ORDER
OF MAGNITUDE,
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YOU HAVE A
SPECIAL NEED FOR
FAST TURNAROUND.
ALLTHE BIG 3
GIVE YOU IS THE
OLD RUNAROUND.

It's sad but true. The giant
semiconductor manufacturers are

manufacturing processes to solve therm
Raytheon Semiconductor is on the

And, small as we are, we're
backed by abillion- dollar corporation.

geared to meet mass demands. They

leading edge of our technology with

Which gives us the strength to offer you

are not geared to meet anybody's

such processes as beam- lead and

volume production, the highest quality

special needs.

V- ATE, such facilities as ccmputer

products at reasonable prices, and

aided design and testing,such products

absolute reliability.

Raytheon Semiconductor is.
We're organized to handle unusual

as bi-polar memories, the Beyond Super

requirements. We even have anew

Beta op amp, and high-speed ECL

Quick Reaction Capability program

and TTL devices.

designed for superfast turnaround

Raytheon Semiconductor is

If you have aspecial need,
we'll meet it.
Call up our Director of Marketing
or nearest regional sales manager

on hot projects. We're small and agile

small enough to offer you personal

enough to deal effectively with your

attention from engineering, manu-

Raytheon Semiconductor, 350 Ellis

special problems.We have the technical

facturing, product applications, and

Street, Mountain View, California 94040.

know-how and s:ate-of-the-art

top management.

(415) 958-9211.

and talk to him about it. Or stoply

RAYTHEON

Come to
Raytheon Semiconductor.
We're ready to go with you all the way
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Engineer's newsletter
March 27, 1972
Try compatibility
for instruments
until standards set

Check specs
for DIP
lead lengths

N- channel MOS
has advantages
for logic circuits

Hot pencils—
S10 a dozen

Addenda

Got any thoughts on how programable test equipment should be standardized for timing, coding, connectors, and other interface factors?
The Scientific Apparatus Makers Association, 1140 Connecticut Ave.,
N.W., Washington, D.C. 20036, has put out aquestionnaire on the subject in preparation for upcoming standardization meetings of the International Electrotechnical Committee meetings in Germany. You can
get a copy of the questionnaire from James E. French at SAMA.
Meanwhile, if you're designing aprogramable instrument and haven't
set your own standards yet, make it compatible with existing equipment
if at all possible. The easiest way to do this, says Robert Fulks, engineering vice president at General Radio, West Concord, Mass., is simply to look at the catalogs of other instrument makers. The GR 1682
and 1683 automatic bridges are examples of his own company's standards, says Fulks, who heads the IEC working committee.

If you're using sockets for dual in- line packaged integrated circuits,
you'd do well to keep an eye on your IC supplier's specs on DIP lead
lengths. Dick Grubb, marketing manager for Augat, Inc., Attleboro,
Mass., says that tolerances on DIP lead lengths are so wide that some
IC makers have tooled up for leads at the shorter end of the tolerance
band, and some users are having difficulty with leads that aren't fully
gripped by the socket contacts.

Look for n-channel MOS to make its mark in MS! AND LSI logic circuits— perhaps even before it succeeds in memories; it's as fast as TTL,
and its logic levels, reference levels, and other specs are compatible
with TTL. Thus, you will be able to breadboard a circuit with TTL
logic cells and then have it translated directly into n-channel MOS,
where you'll get the benefit of lower costs because of higher densities.

Ten bucks for a dozen pencils? Try that on your purchasing department. But if you're trying to figure out how to mark ceramic substrates
before firing with something that doesn't vaporize at temperatures as
high as 1,500°C in the furnace, such pencils may be the only way to do
it, says George Lane, president of Electro Materials Corp. of America,
Mamaroneck, N.Y. EMCA, amaker of thick- film paste, has been making and using the pencils in the lab, and now is going to sell them. The
per-dozen price drops to $ 6at the 10-dozen level, Lane adds.

Need asimple but accurate analog squaring circuit? Connect the voltage to be squared to the input of an analog- to-digital converter and
also to the reference input of amultiplying digital- to- analog converter.
Let the a-d output be the other input to the d- a; output of the d- athen
is the square of the input. ( From Bruce Smith, Micro Networks Corp.,
Worcester, Mass) . . . '` Understanding Solid-State Electronics," a 12chapter self- teaching book from the Texas Instruments Learning Center, Dallas, is as good abasic book as we've seen. For $ 2.95, it will take
anovice from basic electricity through MOS and linear ICs.
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in Microsystems /
International's new /
monolithic 2048 bit ,
MOS ROM family

A choice of five ROM's and PROM's that meet
just about every application need.
There are MF1701 and 1702, both recognisable
by their quartz window. Unique because you
can erase a program on the spot, simply, with
high intensity ultra violet Ii9ht. Then electrically
program it again, and again.
That is why these PROM's are being widely
used for system prototypes and in low volume
applications requiring a frequent reprogramming capability.

1701, 1702
mie1601, 1602
mF1301

MF1601 and MF1602 primarily for the lower
volume applications, use the same 256 word
by 8bit chip and are electrically programmable
by you or us.

MF

When you need high volume, lower cost ROM's,
our mask programmed MF1301 is unbeatable.
There are many options on product, but none
on quality. Its the best. With our guarantee that
all 2048 bits are programmable, and 100% factory tested for performance, plus immediate
delivery. All good reasons for you to contact
Microsystems International. Now.

silicon gate MOS LSI from
the performance leader
microsystems international limited, box 3529 station C. ottawa, canada -

Illitmicrosystems
international

montreal. ottawa toronto. brussels. Stuttgart. london. palo alto. union.

For further information- call or write your nearest Microsystems sales office or distributor.
U.S.A. MICROSYSTEMS INTERNATIONAL SALES OFFICES: CALIFORNIA - Palo Alto,Phone 415-493-0848 ILLINOIS - Schaumburg, Phone 312-894-766D NEW JERSEY - Union, Phone 201-964-3131.
SALES REPRESENTATIVES: ARIZONA - Scottsdale, Erskin Associates, Phone 802-263-7654. SALIFORNIA - Los Alto., W.W. Posey. Phone 415-948-7771. Santa Ana, Ric& Associates, Phone 714
-557-6453 CONNECTICUT - New Canaan, Stan Pierce Inc., Phone 203-966-4630. FLORIDA Indialantic, Tech- Rep Associates, Phone 305-723-9140. Largo, Tech- Rep Associates, Phone
813-595-2834. GEORGIA - Chamblee, Tech- Rep Asecicialea, Phone 404-939-8339, ILLINOIS - Itasca, Lou Bache, & Associates, Phone 312-773-1810. INDIANA - Indienepolls, R.E. Marquart & Associates, Phone 317-253-3997 MARYLAND - Baltimore, L.H. Kolman Co.. Phone 301-752-8756. MASSACHUSETTS - Norwood, Stan Pierce Inc., Phone 617-762-3164 MISSOURI - St. Louis Pent Sales
Co., Phone 314-427-7200 NEW YORK - Cicero, Advanced Components Inc., Phone 315-699-2671 New York, ABC Electronics Sales. Phone 516-747-6610. OHIO - Columbia, Tom Mulligan d Associates.
Phone 614-457-2242. PENNSYLVANIA - Philadelphia, ABC Electronics Sales. Phone 215-464-2275. TEXAS - Addieon, Campion Sales, Phone 214-239-9196.
DISTRIBUTORS: ARIZONA - Phoenix, Kierulfl Electronics, Phone 602-273-7331. CALIFORNIA -Gardena. Santa Monica Bell, Phone 213-321-5802 Los Angeles. Wesco, Phone 213-685-9525. Menlo
Park, Bell Electronics. Phone 415-323-9431. Sen Carlo.. Sterling Electronics, Phone 415-592-2353 San DIego,Kierullf Electronics. Phone 714-278-2112. COLORADO -Denver, Kierullf Electronics, Phone
303-343-7090. LONG ISLAND - Freeport. Milgray Electronics Inc., Phone 516- 546-9000. MARYLAND - Baltimore. Arrow Electronics Inc.. Phone 301-247-5200. MASSACHUSETTS - Dedham, Gerber
Electronics, Phone 617-329-2400. Wetertown, Sterling Electronics, Phone 617-982-9720. MINNESOTA - Minneapolis, Hall Mark Electronics Corp., Phone 612-925-2944. NEW YORK - Buffalo, Genesee
Radio d Parts Co. Inc
Phone 716-873-9661. Rochester. Simcona Electronics, Phone 716-328-3230 NEW MEXICO - Albuquerque, Kierullf Electronics, Phone 505-247-1055. TEXAS - Dallas. Semiconductor Specialists Inc.. Phone 214-358-5211. WASHINGTON -Seattle, Kierulff Electronics, Phone 206-763-1550.
CANADA - MICROSYSTEMS INTERNATIONAL SALES OFFICES: ONTARIO -Ottawe, Phone 613-828-9191. Toronto, Phone 416-366-7721.

QUEBEC - Montreal, Phone 514-875-2814

SALES REPRESENTATIVES: BRITISH COLUMBIA - Vencouyer, A.W. Bleue, Phone 604-685-7914.
DISTRIBUTORS: BRITISH COLUMBIA - Vancouver, R.A.E. Industrial Electronics
QUEBEC - Montreal. Cesco Electronics Limited, Phone 514-735-5511.
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Ltd.,
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604-687-2621.

ONTARIO -

Mahon,
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Specialists ( Canada)

11.1d.,

Phone

416-6713-1444.
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New Products

LSI packages make room at the top
Ceramics manufacturers to market side- brazed types
that provide avariety of cavity sizes for big MOS chips
by Stephen E. Scrupski, Packaging & Production Editor

mos chips are getting larger, and it's
not just because more functions are
being put on them. In addition,
computer-aided design increasingly
is being used to lay out the chips
and, though it is much faster and
makes fewer errors, the computer
just isn't as efficient as a human in
making use of available space.
So semiconductor makers are
looking for packages with larger
cavities to accommodate the bigger
chips designed by computers. Packages with lead frames brazed to
pads on the top surface are limited
in cavity sizes by the space needed
for the pads. When lead frames are
brazed to the underside of the package, some users fear short circuits to
the printed circuit board. The third
approach is to braze the leads to the
sides of the package, and the increasing popularity of this design is
indicated by a series of new LSI
packages to be announced in the
next month or two.
Kyocera International Inc., Sunnyvale, Calif., which last August introduced the first 40-lead sidebrazed package—with a 250-milssquare cavity— is ready to announce
a40-lead side-brazed package with
a310- mils-square cavity. The earlier
package has since been made the
standard at Fairchild Semiconductor division for all its custom-designed mos chips.
American Lava Corp., Chattanooga, Tenn, a subsidiary of 3M
Co.; Metalized Ceramics Corp.,
Providence, R.I.; and Semiconductor Component Substrates
Corp., Garland, Texas, will also be
marketing side-brazed Ls! packages
during the next month.
However, not all ceramics makers
are ready to jump on the band-
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wagon. Centralab Electronics division of Globe Union Inc., Milwaukee, has had a40-lead DIP with
a 250- mils-square cavity on the
market for more than a year, and
one with a 315-mils-square cavity
was introduced late in 1971.
Centralab brazes leads to the underside of the top substrate, but another layer of ceramic—slightly narrower— raises the bonding pads
away from the printed circuit conductors and thus prevents shorting.
J. C. "Chuck" Thompson, Centralab
sales manager, points out that his
package preserves the planar packaging format, whereby the lead
frames come out in the same plane
as the package and are bent down in
the last phases of production.
Retooling is required for the sidebrazed package, but a bending step
is not required. And one ceramic
package maker views retooling for
the side- brazed package as the

"dues" that asemiconductor maker
must pay for wide cavity sizes.
Kyocera offers a full line of sidebrazed packages— from eight to 40
leads— both in white and black ceramic, used for light-sensitive chips.
In the 24-, 28-, and 40-lead packages, maximum cavity size of the
first packages was 250 mils square.
Now, the 310-mils-square cavity " is
about the maximum you can get
with the side-brazed package," says
Arthur Jonichi, Kyocera vice president. Typical price for the new 40lead unit will be less than 90 cents in
quantity, he adds.
One interesting offshoot of the
Kyocera package is the receptacle
recently introduced by Amp Inc.,
Harrisburg, Pa., which handles a
leadless side-brazed package. Contacts in the socket simply press
against the bonding pads along the
sides of the package. The receptacles are zero-insertion- force type—

Versatile. Receptacle from Amp Inc. handles leadless ceramic package that is designed for
side- brazed lead frame, as well as packages with pads on top.
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Procond is
young
(electronics
too)
Plastic film
and electrolytic capacitors
for entertainment
and professional
field.

PROCOND S.p.A. - 32013 Longarone, Italy.
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the contacts are actuated when the
cover is pivoted into place. In its
present form, the receptacle handles
a40- lead package and provides contacts to the printed circuit board on
the same 600-mil spacing as packages with leads.
Another version of the Amp receptacle will handle the ceramic
package introduced last year by the
Electronic Products division of E.I.
DuPont deNemours & Co., Wilmington, Del. The DuPont package
normally uses a lead frame with a
C-clamp structure that grips the
edges of the substrate and is soldered to bonding pads on the top
and bottom of the substrate. For use
with the Amp receptacle, the lead
frames would be eliminated, and
contacts in the receptacle would
contact the pads on the top.
DuPont also is working on a
"simulated" side-brazed package,
which should be ready in about
three months, reports John J. Cox,
division manager for packages. The
C-clamp lead frame in this package
is used on pads that are remote from
the cavity; but near the center of the
package edge—where the cavity is—
the top arm of the C is removed so
that contact is made only to the side
and bottom of the ceramic.
Only four of the 20 leads along
one side of the 40-lead package
would have to be modified in this
way, says Cox, in order to reach cavity sizes of 310 mils square or even
larger. Structural integrity would be
maintained because the lead frame
is held together by the shorting strip
until the final stages of the process,
when it's clipped off for final test.
The Fairchild custom-mos operation has standardized on sidebrazed packages for all devices.
Fairchild has had to re- tool to
handle the vertical leads on the
package, but Tom Dyer, program
manager, points out that the use of
standard seal rings and the savings
in elimination of the lead- bending
step, together with improvements in
packaging, more than pay for any
redesign of test jigs and the like.
Dyer sees the Amp receptacle as a
useful approach in reducing cost of
maintenance and board rework. By
eliminating the lead frame, the

on reader service card

package cost may drop to less than
20 cents, assuming high-volume usage, Dyer predicts.
"Side- brazed packages will take
the major portion of Lsis," says
Robert Applewhite of American
Lava. Right now, his company has
packages of this type with up to 22
leads, and it is tooling up for 24-,
28-, and 40-lead units.
Metceram has a22- lead unit, and
Frank Rydwansky, applications
manager, says the 40- lead housing
will be available within afew weeks,
followed soon thereafter by 24- and
28- lead versions.
At scs, tooling was begun in the
third quarter of last year for sidebrazed packages, marketing manager Don Fleming says, and units
with 28 and 40 leads are now being
released in evaluation quantities.
Prices could drop to 80 cents each in

For memory chips. Side- brazed LSI package with 22 leads is made by Metceram.

large quantities, Fleming says.
Texas Instruments' Hermetic
Seals department, Dallas, is providing sample lots of 22- lead sidebrazed packages, but hasn't yet
made a full commitment because TI
officials are not convinced that it's
the way to go, says Richard Presby,
marketing manager.
Another approach to wide-cavity
packages is being taken by Space
Ordnance Systems, Saugus, Calif.,
which is offering a 40-lead glass-ceramic package with adie-bond area
measuring 280 by 350 mils at about
90 cents in large quantities. For
smaller packages with leads on 300mil spacing, the company recently
introduced a unit in which the Kovar lead frames are bent before the
glass-ceramic is fused to the metal.
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1,577,103 Photodiodes

Typical ST Vidicon shown with greatly enlarged p:irtion cl silicon target.
Thirty photodiodes of the 613,3 4 6 covered by the standa -c 4:3 raster are shown.

... make one silicon target that takes
the compromise out of vidicon performance.
It took a technological breakthrough to produce RCA's unique silicon target structure. RCA conceived a
way to achieve the excellent performance of which silicon targets are inherently capable. Then one of the industry's most talented teams went to
work. The no- compromise performance was well worth the wait. Now
available from stock are silicon target
vidicons with outstanding resolution,
as well as low dark- current and low
lag.
The RCA-4532A is the outstanding example of this unique photodiode
target technology and is intended for
high-quality TV pickup. The RCAElectronics/March 27, 19)72

4532 is ideal where quality criteria are
'ess strirgent.
RCA ST-Vidicors have the sensitivity needed for security and surveillance. Quantum efficiency of at least
60% through the visible range provides
pictures at as low as 0.1 lux ( 0.01
-ootcandle)
on the faceplate. Covert
systems using infrared are made possible through the ST-Vidicon's 30% QE
at 900 itanometers.
Use the ST Vidicon wherever you
now use a conventional vidicon. Get
:ow lag, low dark-current, immunity to
highlight burn, and high sensitivity.
Use tin broadcasting, education, security, and surveillance.

Ask your RCA Representative or
RCA Iriclustrial Tube Distributor for
more information oi these and other
RCA ST Vidicons. For technical data,
write: RCA, Commercial Engineering,
Section 70C-27/ZC13, Harrison, N.J.
07029. International: RCA, 2-4 rue du
Lièvre, 1227 Geneva, Switzerland, or
Sunbury- on-Thames, U.K., or P.O.
Box 112 Hong Kong.

Electro
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Stop
wasting matchesTRW power resistors
won't burn!

PGR power resistors are flameproof, not just flame
retardant. You can't beat them for economy and
reliability. Available in IRC's famous Metal GlazeTm
thick film construction, PGR's come in 1to 5 watt
sizes, values to 100K,
2, 5 and 10% tolerances.
PGR resistors are tough enough to withstand transients, even continuous power overloads without
failure. Under severe fault conditions, these units
open without flame or sufficient heat to ignite
adjacent components. If your product must be certified for fire safety, it will pay you to investigate.
If non-flammability isn't enough benefit, compare
the price with other power resistors — even those
not designed to be flameproof! The PGR is less

than 60 in quantity. That's why so many appliance,
TV, and industrial users specify TRW.
PGR joins IRC's type PW wirewound series which
for many years has been the price and performance leader in consumer electronics. PW's are
available in equivalent sizes to PGR and serve
those applications where lower resistance values
down to . 1 ohm are required. In addition, specific
fusing characteristics and positive temperature coefficients are available where the resistor is used
for component or circuit protection. 2 to 50 watts.
Call us about your application. TRW/ IRC Fixed
Resistors, an Operation of TRW Electronic Components, Boone, N.C. 28607. ( 704) 264-8861.

TRW®
IRC RESISTORS
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Software cuts sensitivity-analysis cost
Easy- to- use computer program checks hundreds of parameters
in seconds, determining their effect on circuit- output functions
by Lucinda Mattera, Circuit Design Editor
Running through a sensitivity
analysis with most computer pro-:
grams can be time-consuming and
very expensive. But a software system called Aedcap (Automated engineering design circuit analysis
program) can now reduce the cost of
sensitivity analysis to a matter of a
few seconds and a few pennies. Besides dc and ac sensitivity analysis,
new features include worst-case
analysis and finding the square root
of the sum of the squares.
Aedcap, which was developed by
SofTech Inc., Waltham, Mass., allows the user to treat his design as
though it were breadboarded or
being checked with an oscilloscope.
He can vary the dc bias conditions
and then perform ac analysis, all
with the same conversational language that is used to create models,
Analyzing dc sensitivity.

subcircuits, and circuits.
Sensitivity analysis with a computer allows the user to vary each
design parameter individually by
the same or different amounts and
determine the effect each change
has on circuit performance.
The illustration is an example of a
dc sensitivity analysis printout for
the amplifier shown. The sensitivity
of the voltage, V(14,0), across resistor R12 (
from node 14 to node 0
[ground] in the circuit) is found. For
example, resistor R5, which is nominally 811 ohms, has a sensitivity of
1.3 x 10 -3 volts per unit, and
causes about a 10-millivolt change
in V(14,0) when varied by 1%. All
the figures in the normalized column represent a 1% parameter
change. To find the effect of larger
or smaller percentage changes, the

normalized 1% figure is simply multiplied by the desired factor. Transistors, as usual, are represented by
the desired computer models.
A sensitivity analysis usually involves many circuit parameters- 102
for the amplifier shown. But Aedcap
performs sensitivity analysis in a
single mathematical step- by transposing amatrix ( interchanging rows
and columns) that represents the
circuit being analyzed. For a 55node circuit, Aedcap will hold computer costs to alittle more than $40
for both an initial dc analysis and a
100-parameter sensitivity analysis.
The program is available for inhouse installations or on a timeshared basis through National css
of Stamford, Conn.
SofTech Inc., 391 Totten Pond Rd., Waltham, Mass. 02154 [ 339]

In asecond, Aedcap program checks 102 parameters of amplifier circuit, at right. Printout shows results.

SENSITIVITIES FOR V(14,0)
ELEMENT
ATTRIBUTE
VALUE
UNITS
R1
1.00000E.02
RESISTANCE
R2
1.00000E.02
RESISTANCE
R3
4.80000E.03
RESISTANCE
R4
4.80000E.103
RESISTANCE
R5
8.11000E.02
RESISTANCE
R6
2.17000E.03
RESISTANCE
07
8.20000E.02
RESISTANCE
R8
RESISTANCE
1.32000E.03
Rg
RESISTANCE
0.50000E4.03
910
1.32000E.03
REStSTANCE
911
5.25000E4.03
RESISTANCF
912
5.25000E.03
RESISTANCE
01
0.00000E.01
RC
7.00000E.01
RB
1.0(1000E-18
IES
1.10000E-16
ICS
9.99999E-01
BBE
9.9ggg9E-01
NBC
5.0000BE.01
BF
.00000E.00
E.01
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SENSITIVITY
VOLTS/UNIT

(NORMALIZED)
VOLTS/8

2.37239E-07

2.37239E-07

-2.15485E-07

-2.15445E-07

3.25505E-08

1.56282E-06

-3.09637E-08

-1.68625E-06

1.30346E-03

1.05710E-02

-1.45855E-04

-3.16505E-03

6.04530E-04

3.31715E-03

-9.45963E-04

-1.24867E-02

«1.63611E-05

-.7.35350E-04

-7.30131E-15

-9.63773E-14

1.78757F-15

9.38475E-16

8.58711E-06

2.60823E-06

-1.29860E-16
-2.15645E-07
1.19616E4.10
1.87225E-01
-3.13231E-03
0.00000E.00
7.18141E-07
-2.21779E-16

-5.19640E-15
-1.50812E-07
1.19616E-06
2.05947E-17
-3.13231E-05
0.00000E.B0
3.59070E-07
-1.10889E-17

1.6007

Z

16
El

010

12v

15
14
R12
5.25
LS-2

18

RI

1

R3

R6

4.8

2.17 k12

ks2
E2
-

5.25 k1-2

17

12 V
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Now that we're in your systems,
we're looking for aplace in your hearts.
It's not that we're unhappy.
Our instrumentation recorders are the finest made...they're proving it in systems around
the world.
But we would like to remind you that we
can make life even easier for you.
We have acomplete line of easy-to-use, versatile test and calibration equipment. Lab-type
and portable. Flutter meters and test sets. A sweep
generator that shows
Audio
you the response of your
Flutter Meter
recorder across its full fre8100
quency range at aglance.

A tape care package that cleans, winds, burnishes and certifies your tapes in minutes with
the push of abutton.
Just about everything you'll ever need for
trouble-shooting your systems and taking care
of your tapes faster, with a lot less grief.
So why not get all the details on all our instruments today.
To know them is to love
them.
INSTRUMENTATION PRODUCTS

filincom Division

3 rn
COMPANY

Flutter Meter
00
aIog
Test Set
100

alibr

a eWinder
Selectable
Stepping
scillator

TLC for your tapes
and systems.
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Components

A-d converter
measures ratio
12- bit unit based on
successive approximation
technique sells for $ 150
Analog-to-digital converters that
can produce adigital value from the
multiplication ( or division) of two
analog inputs simplify the data acquisition problems for subsequent
signal processing. Now, such aratiometric ADC can be obtained for between $ 150 and $ 180, depending on
required accuracy. The new line
from Hybrid Systems, called the
ADc560 series, yields a 12-bit output
and is based on the successive approximation technique.
The ratiometric ADC operates in
two modes. In one case, one input is
the supplied reference voltage and
the other is an external measured
variable. Here, the digital output
represents the product (or ratio) of a
variable multiplied by aconstant. In
the other case, the reference is disconnected and another external
variable is connected, so that the
digital output represents the product of two input variables. These input signals can be between 0and 10
volts or -5to + 5volts. For a measuring transducer requiring an external reference voltage, that voltage can be the same as the ADC
reference, thus reducing the effect of
reference voltage fluctuations and

1.•
UI

ryo rupsysTovis
coop.

o
Clo

ARC 560

vÇ'J

AIn

'
CON"

TER

!HYBRID SYSTEMS
CORP.
SERIES ADC SII0
A/O CONVERIER

the effect of common mode noise.
The four units in the series offer
different accuracies. The ADc560-10
is accurate to within 0.05% and is
priced at $ 150. For $ 175, the
ADc560-11 offers accuracy to within
0.025%; and the ADc560-12, priced
at $ 180, is accurate to within
0.0125%. All provide two's-complement output. The ADc560-3-BCD
produces three- decade binarycoded-decimal output, has an accuracy within 0.05%, and costs $ 150.
The ADc560 line uses all hermetic
components and thin-film resistors
for long-term accuracy. Conversion
time is 20 microseconds.
The modules measure 2 by 2 by
0.4 inches for card mounting, and
they require ± 15-volt and 5-volt
power supplies.
Hybrid Systems Corp., 87 Second Ave.,

0°C to 70°C. Settling time to 0.01%
of its final value is under 500
nanoseconds and, more typically,
300 ns, according to Smith; although, since it requires an external
operational amplifier for output,
settling time will be controlled by
the amplifier.
Micro Networks Corp., 5 Barbara Lane,
Worcester, Mass. 01604 [ 342]

Time-delay relays
offered in 60 models
A line of time-delay relays is designed for use in timing and inputpower applications. The line consists
of four families: delay-on- make, delay-on- break, single-shot, and flipflop configurations. There are about

Northwest Park, Burlington, Mass. [ 341]

12- bit d- aconverter
is housed in a DIP
Functional
trimming— adjusting
film resistors according to their effects on circuit operation rather
than on resistance value alone— is
the key to high accuracy of a 12- bit
digital-to-analog converter built by
Micro Networks Corp. and housed
in a hermetically-sealed 16-lead
dual in- line package. With a laser,
thin-film Nichrome resistors on silicon substrates as small as 40 mils
square can be trimmed to within
0.01% of absolute value, and ratio
can be trimmed to within 0.003% of
desired value.
The trimming operation takes 2
to 3 minutes per circuit, says Bruce
Smith, product marketing manager
at Micro Networks. For aconverter
with I-volt full-scale output, for example, all digital inputs are turned
on, and resistors are trimmed until
the output voltage falls within the
specified accuracy limits. Then the
input is changed, and the next resistor is trimmed until that output
voltage is reached,. and so on until
all the resistors are trimmed.
The 12- bit unit offers linearity
within one-half of the least significant bit over the operating range of

15 models in each family. Input is
120 volts ac and 24 vdc, and output
is double-pole double-throw, 10ampere resistive. Repeat accuracy is
to within ± 2%, and life is rated at 5
million operations. Price starts at
$14.75.
Degmi Systems Div., Nottil Industries Inc.,
7648 San Fernando Rd., Sun Valley, Calif.
91352 [ 343]

Mercury- wetted reed switch
is only 1.5 inches long
A double- throw form C mercurywetted reed switch is 1.5 inches
long, with a 0.214- in.- maximum
glass diameter and 0.805- in.- maximum glass length. Switching voltage of the model MRC-DT is 28 volts
dc at up to 0.5 ampere, and breakdown voltage is 1,000 v dc minimum. The device is designed for
applications where contact bounce
cannot be tolerated, for dry-circuit
applications, and for high inrush
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If your catalog data is
over 7months old, it's
probably out of date.
Send for the latest
GE catalogs...they're free.
Ell-CIR()NICS

loads. Price is S4.50 in quantities of
1.000. delivery front stock.
Hamlin/Inc.. Lake Mills. Wisc. 53551 1
345 1

. ,,,

•
Solid State Lamps: 4
pages. Data covers 11 infrared and 4 visible Solid
State Lamps, previously
called Light Emitting Diodes, plus 2 SSL Numeric
Readout displays. Diameter
range, 0.080" to 0.230".

Sub- Miniature
Lamps:
24 pages. Data covers over
200 sub- miniature lamps.
Lamp life up to 60,000
hours. Diameters '/4" and
smaller.
Circle Product Card # 161

Circle Product Card # 160

Miniature
Lamps:
40
pages of data covering over
500 miniature lamps ranging from 3 to 20,000 hours
average rated life. With a
design voltage range of
from 1.2 to 125, and candlepower range from . 02 to
250. Diameter range from
11/
32" to 2%6".
Circle Product Card # 162

eit

Rf detector has flatness
of 0.1 dB per octave
An if detector for use in the range
of 1to 500 megahertz has a flatness
of 0.1 decibel per octave. Called the
model 450A. the unit uses lowthreshold, hermetically sealed silicon diodes instead of temperaturesensitive germanium diodes. The internal components are potted in a
silicon compound : Ind the detector
will withstand a 500-milliwatt rf

ELEcr•onics

(H.

Sealed Beam Lamps: 16
pages. Data covers over
180 Sealed Beam lamps,
ranging from 4'4" to 8" in
diameter, with a design
voltage range of from 4.0
to 115 and initial candlepower of from 150 to
600,000.

Glow Lamp: 8pages. Data
covers 77 Neon Glow Indicator and Circuit Component lamps. Diameters
ranging from 1
/
4" to 13
/".
4
Circle Product Card # 164

Circle Product Card # 163

Solid State Optoelectronics Selection Guide:
4 pages. Data covering SS
Emitters, Photon Couplers,
18 Detectors, Photo Transistors Arrays, Programmable Unijunctions Transistors, Selecon Controlled
Switches and Rectifiers
(SCS's and SCR's).

put o‘erload inden tH ick.
S35 each for one to nine.

Price

1
,.,

Synergex Inc.. 459 E. Main St.. Denville. N.J.
07834 [ 3441

Circle Product Card # 165

Voltage- controlled crystal
All of the above catalogs have been revised or updated in the past 7
months. To get the catalog(s) you need, free of charge, circle the
product card number shown under each catalog or write, General
Electric Company, Miniature Lamp Department, Nela Park, Cleveland,
Ohio 44112.

GENERAL
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oscillator consumes 20 m\N
A \ oltatle-controlled ' til oscillator lises 0111V 20
aimed at applications ni radio communications equipment w here
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space. weight. and power requirements are critical. The unit is
housed in a hermetically sealed container measuring 0.75 cubic inch.
The model JKTO-8.5 is designed fbr
an center frequent:\ between 17.5
and 22.5 megahertz. Price in 100lots is
each.
Knights Inc.. Sandwich. III 60548 [ 346]

Talk to Gudebrod

Zero- crossover switch

... about tying wire bundles
Lacing Tapes
Dial Cords
and Systems

isolates load from input
A zero-crosso\ er switch assures
zero-\ oit switching 11\ forming an
electrical cushion between the signal
input and load power. The output
switching circuit is isolated from the

...about harness rooms
Speed
Economy
Lab Control
Vibration
Tempera:ure

input signal through a reed relay.
The series 6500 module is suitable
for switching solenoid and high-intensit‘ la m p' loads. Contact termination is single- pole single- throw
with contact rating of 1.0 ampere at
120 v ac. 50/60 hertz. Minimum life
is 10 7 operations.

...about Quality
... and about our
quarter of acentury
of experience with tough
problems like yours!

Guardian Electric Mfg Co . 1550 W. Carroll
Ave . Chicago. III 60607 [ 347I

Glass delay lines attenuate
over 14- megahertz band
Glass delav lines offer 30-decibel
main sigiial attenuation. 14megahertz bandwidth, and less than
50 dit spurious levels. They are
aimed at applications in broadcast
and studio equipment. The units
measure 2.64 by 1.39 by 0.57 inches.
and have nominal delay time values
of 64 microseconds. Added benefits
are low insertion loss and wide noise
margins. Price is S245.
Corning Memory Products. Electronic Products Div.. Corning Glass Works, Raleigh,
N.C. 27609 [ 348]
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G

udebrod is known around the world as the "Quality
House" for Lacing Tapes and Harness systems. We
use knowledgeable company men and have five branch
offices in the United States to serve you. Write to this
address for prompt return of our Product Data Catalog.
Should you be well into a project that needs immediate
attention—phone the nearest office . . . Ask for the
Electronics Division. Then we can really do some talking!
Philadelphia 215— WA 2-1122
Chicago
312— DE 7-3025
New York
212— LA 4-5858
Burbank
213-848-3962
Boston
617— HA 6-5347
Charlotte
704-333-9591
Export Division Office in New York

udebrod Bros. Silk Co., Inc.
FOUNDED

el

ectron ¡ci

IN

1870

Ion

Dept. 813
12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107

Circle 127 on reader service card

127

New products

Instruments

Amplifier
is on achip
Device offers high
common mode rejection,
slews at 8volts/microsecond
For signal acquisition, signal processing, recorder front-end, and
other applications, designers often
need so-called instrumentation amplifiers: specialized linear circuits
with high common mode rejection.
high input impedance, good linearity, and a small temperature
coefficient. Analog Devices Inc., has
developed what it says is the first
monolithic device that fills the definition. It's called the AD520.
The usual approach to low-cost
design combines a number of IC op
amps and a closely matched network of resistors in a package or on
a board. This costs money in chips,
in resistors, and— perhaps even
more— in the packaging. which can
range from module size to a printed
circuit board or more. But at $ 18
each, Analog says, the AD520 is a
half to a third the price of discretecomponent amps.
Competing devices use external
feedback stabilization and outboard resistor networks to improve
common- mode rejection. Analog
has switched to internal current
feedback, and, instead of outboard
resistors, uses direct-coupled Darlington- paired input transistors in
each channel, not only to get more
than 100 decibels CMR through tight
transistor beta and breakdown
matching, but also to obtain an input impedance of 2 x 10" ohms.
The only outboard resistance
needed is a single gain-controlled
trim pot, and the unit allows practically constant input impedance
over again range of 1to 1,000.
Unlike input impedance. CMR
does vary with gain— but not so
much as to hamper the user. At a
gain of 1, CMR already is 70 dB,
even with a I,000-ohm imbalance

128

between the two inputs— and generThe $ 18 unit price drops to $ 12 in
ally, input loads are matched as lots of 100. Delivery of the AD520 is
closely as possible when an instrufrom stock.
mentation amp is installed. Between Analog Devices Inc., 420 Turnpike SI., Candc and 100 hertz, CMR rises to 90 dB ton, Mass. 02021 [ 351]
at again of 10, to 106 dB at again of
100, and to more than 110 dB at a
gain of 1,000. And though adc lowPortable scope has 350 MHz
frequency amp, the AD520's CMR at
bandwidth at 5 mV/division
1,000 Hz still is 86 dB.
Input bias is only 30 nanoamperes
The highest gain- bandwidth prodwhile offset is 10 nanoamperes and
uct a\ ztilable in an oscilloscope is
trims to zero. Analog spokesmen say
combined with easy- to- use features
they are trying to lower the latter
and portability in the model 485 despecification even further.
veloped by Tektronix Inc. It is a
To avoid matching and tempera350- MHz. I - nanosecond-per-diviture tracking problems. Analog's desion, dual- trace scope that weighs
signers have placed many resistors
20.5 pounds.
on a thin film overlying the chip.
The user has achoice of switching
The thin film resistors are not only
to 50 ohms or 1megohm input immore accurate than diffused resispedance. Other features include
tors but also have a common heat
trigger holdoff, trace separation, exsink in the chip itself. Thus Analog
ternal trigger display, alternate delayed sweep, automatic vertical
scale- factor readout, auto- focus, and
B-sweep intensity control. Singlefunction pushbuttons add to user
convenience.
At 5- millivolts- per-division sensitivity, selection of the high impedance limits the full-sensitivity bandwidth to 250 MHz. but the 50-ohm
impedance permits a 350- MHz display. A separate signal path for the
50-ohm input gives aVSWR of 1:1.2,
and an automatic internal detection
circuit protects the 50-ohm input by
disconnecting the amplifier whenever the signal exceeds 5 V rms or
claims a voltage drift at unity gain
0.5 watt and 0.1 watt-second.
of only 0.01% per degree centigrade,
and at a gain of 1,000, a maximum
Automatic vertical scale- factor
readout for attenuating probes is
drift of 0.05%/°C. Maximum nonlinearity for the circuit is 0.02%.
provided by three light-emitting
diodes located around the edge of
Although designed to work at low
frequencies, the AD520 slews at 8 each input attenuator knob. A
volts per microsecond. This is very
fast for any linear fc, according to
Analog spokesmen, and lits it for
applications like electrocardiography or electroencephalography,
where the average wave is a lowfrequency one, but where highfrequency information often is contained in abrupt level changes. The
ac performance of the device is such
that its full ± 10-v, 5-mA output is
available over a 150- kHz bandwidth. The AD520 is packaged in a
14- lead plastic DIP.
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glance at the LEDs assures the user
of the correct volts/division on the
screen.
To complement the higher bandwidth, the 485 has 1 nanosecond/division without magnifier.
and this is believed to be the fastest
sweep available on any portable oscilloscope.
An auto- focus circuit makes it unnecessary to readjust the focus each
time the intensity is changed. This
means that the focus will always be
correct in single-shot photography.
A beam- limit circuit protects the
CRT phosphor from high- intensity
burns.
Overall dimensions of the 485 are
20 5
/
8 by 12 by 69/16 inches. Price is
$4,200. Delivery time is 90 days.
Tektronix Inc., P.O. Box 500, Beaverton,
Oregon 97005 [ 352]

So you're
looking for
low frequency
filters...

\
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Frequency counter covers
20 Hz to 18 GHz range
A frequency counter designated the
model 6057, offers continuous-wave.
frequency- modulated, and pulsemodulated measuring capabilities of
input signals from 20 hertz to 18 gigahertz. The unit combines an automatic computing transfer oscillator
for cw measurements with an advanced manual transfer oscillator

—

o.

measuring technique for fm and
pulsed rf, all within a portable
bench instrument. Full digit readout
is to nine places, with automatic
decimal point and annunciator.
Pulse widths can be as short as 100
nanoseconds, and resolution is selectable in decade steps down to 1
Hz. Price is $ 5,450.
Options include binary-codeddecimal output, remote programing,
and a choice of high-stability oscillators to tailor a model 6057 to

better check
Vernitron...

(
the filters people)

For VLF receivers, M Nay systems, Omega systems, command- destruct systems,
underwater sound — these miniature ceramic LF filters are about one- tenth the
size and weight of comparable low-frequency types, yet have narrower bandwidths, lower insertion loss and greater stability. This means you can pack more
performance into one- tenth the space — and have no worries about shock,
vibration, thermal drift. Available in any discrete operating frequency from 7.5
kHz to 50 kHz — including the Omega f.'s of 10.2, 11.3 and 13.6 kHz. They're
fixed- tuned, so you have no installation adjustments to make. Hermeticallysealed, immune to environments ... and there's no need for shielding.
Performance ? Just the single- resonator models have 20 dB 3dB bandwidth
ratios less than 13, stopband attenuation to beyond 30 dB from dc to above
100 kHz. Less than 5 dB insertion loss. And that's not all!
Cascaded Models for Higher Selectivity, Higher Rejections
Great thing about ceramic LF filters — they can be cascaded together in the
same package, for quantum jumps in selectivity and rejection — with minimum
sacrifice to volume and weight. Vernitron supplies them in 2,- 3- and 4- resonator models. Some examples:
2- resonator Models- 40 dB/3 dB ratios of 10; stopbands to above 60 dB.
3- resonator Models-60 dB/3 dB ratios of 10; stopbands to above 80 dB.
4- resonator Models- 80 dB/3 dB ratios of 13.5; stopbands to above 90 dB.
Both Mil- spec and commercial models. Prices will surprise you. They're at least
competitive with conventional types, and often considerably less. If ifs in the
7.5 kHz to 50 kHz range, it will pay you to check Vernitron. Send us your requirements. We'll send complete specs and technical data.

Vernitron Piezoelectric Division
232 Forbes Road / Bedford, Ohio 44146 / ( 216) 232-8600
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special requirements and to systems.
Delivery time is 30 days after
receipt of order.
Systron-Donner Corp., Instruments Div., 888
Galindo St., Concord, Calif. 94520 [354]

Spectrum analysis system
tests ssb, a- m, fm units
Providing rapid tests for calibration
and troubleshooting of single-sideband, a-m, and fm transmitters and
receivers, the csA-290 system consists of aspectrum analyzer, a twotone audio generator, and a high-

lumplata
IFIF Nalaita
]r4thiliúj ¡
ri N
SE ruúr circla
How Hermes did away with vast rhombic or log-periodic
antenna farms. Shoed away by a shrewd array:
Take 1 meter diameter loops, 4 meters apart, and get an
omni directional broad-band receiving array.
Covers 2 - 32 MHz.
Optimum beam characteristics for both long and short range
communications.
Rosette configuration of linear arrays gives a number of
overlapping high gain beams - all available simultaneously.
* Using less than one hundredth of traditional real estate.
Aperiodic Loop Systems are shrewd enough for restricted
space, quick set up, roof mountable, or just below ground
level. And portable version now available.
From polar icecap to sweltering tropics.
Installed in more than 52 locations for more than ten governments and more than 32 of their agencies.
Give up the antenna farm. ASK US
Hermes Electronics Limited
Suite 315
2020 F Street N. W.
WASHINGTON
D.C., 20006
Telephone 202 296-2978
TWX 710-822-1106
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impedance probe. Signals from 10
hertz to above 40 megahertz are displayed with 10- Hz resolution and
70-decibel distortion-free dynamic
range. Price is $4,950.
Nelson- Ross Electronics, 5 Delaware Dr.,
Lake Success, N.Y. [ 356]

Generator puts out
26- kilowatt pulses
Designed for semiconductor testing,
modulating microwave tubes, laser
pulsing, and other applications, a
pulse generator designated the
model 350A provides 10%-duty- factor output pulses. Peak power output varies from 26 kilowatts for a
single pulse to 2.1 kw at 10% duty.
A plug-in feature allows good impedance matching between thé
pulse generator and load for any
impedance between 0.1 ohm and
20,000 ohms. Continuously variable
output pulses from 0 to 2,100 volts
are available, and pulse width may
be varied from 0.1 microsecond to
300 /is. Pulse rise and fall times are
30 to 50 nanoseconds respectively.
Price is $4,490.
Velonex, Div. of Varian, 560 Robert Ave.,
Santa Clara, Calif. 95050 [ 357]
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If your IC Logic
doesn't give you
a guaranteed 3.5 volt
noise immunity...

Fire yours and hire ours.
HiNIL, High Noise Immunity Logic
Teledyne's Series 300 HiNIL has a 3.5 volt
worst-case noise immunity spec. But that's just
one reason for designing with HiNIL. Here are
afew more that take the sweat out of industrial
logic design.
HiNIL offers MSI. Included in the Series 300
are such complex functions as BCD to decade
decoders and drivers, Nixie'drivers, decade
and hexadecimal counters, a quad latch and a
4- bit comparator.

in the family, including the simple gates, have
ample output sink and drive currents to operate
asmall lamp or relay.
For output interfaces to TTL, DTL or MOS — you
simply connect an open collector output through
apullup resistor to the desired high logic level.
HiNIL is versatile. Every IC in the Series 300
family comes in a 16 pin dual- in- line package,
providing better than 10% more functional
utility than you get with most standard TTL
circuits. Vcc and Ground take up two of the
pins, leaving 14 for functional use compared
with 12 for TTL. You can do more with HiNIL.

HiNIL is slow. HiNIL is one of the slowest logic
families since relays. It has anice 100- nanosecond propagation delay, so it is unperturbed by
high voltage transient noise. HiN IL won't switch
falsely when afork lift rolls by or a lathe turns
over.

HiNIL is priced right. It's priced competitive
with TTL. Need we say more?

HiNIL is easy to use. There are very few system interfaces that cannot be handled simply
with HiN IL devices. The open-collector devices

Write for afree copy of our 64 page HiNIL handbook. Save yourself from those embarrassing
noise problems— use Series 300 HiNIL.

WTELEDYNE SEMICONDUCTOR
1300 Terra Bella Avenue

Mountain View. California94040 ( 415)968-9241

TVVX 910-379-6494 Telex: 34-8416

N,,,,0,s areefs:rued trademark of Burroughs Corp.
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The mini-maxi machine.
Kearfott SKC-2000 Airborne Digital Computer
has anew number AN/YUK-13.

Existing, working
hardware designed
to accommodate
tomorrow's technology,
today.

Floating point arithmetic
eliminates scaling
problems and permits
use of Fortran IV
compiler.

Large machine architecture used in compact
airborne digital computer
is readily expandable.

True modularity. Machine
architecture and
mechanical design permit
virtually unlimited
addition of CPU and
memory modules.

Unique mechanical
design provides for
adequate cooling of
MSI/LSI devices used.

We can provide you with awhole

Here's a general purpose, high performance digital computer based on

family of compatible modules for

a single data and control bus, and

our SKC-2000. And one of our ex-

an interconnecting series of mod-

perts can help you put together a

ules. Modules that can be combined

winning combination, from a mini-

to form a simplex central computer,
a multi- computer or a multi- proces-

machine all the way up to a maxi-

sor—simply, quickly, efficiently.
But there's more. Through the

For more information, and a detailed new brochure, writeThe Singer

use of asynchronous module opera-

Company, Kearfott Division, 1150
McBride Ave., Little Falls, N.J. 07424.

tion, a complete spectrum of input/
output capabilities is made possible.
Because the SKC-2000 modules can
be mixed and matched, and even
replaced as new technological advancements are made.
132

Circle

machine.

Or call ( 201) 256-4000.

SINGER

Typical Characteristics ( CPU)
Number Systems

Binary, floating point
and two's complement
fixed point

Data words,
Floating Point

24 bit mantissa,
8 bit exponents

Data words,
Fixed Point

32 bits including
sign

Instruction
Words

16 bits short,
32 bits long

Instructions

99 total long & short

Address Modes

Direct, indirect,
relative, immediate

Average Execution Times For
1.9m sec
memory ( LSI)

Add- 2.125m sec,
multiply - 5.875u sec
Divide - 5.8754 sec

Memory words
directly
addressable

131,072

AEROSPACE & MARINE SYSTEMS

132 on reader service card
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New products

Microwave

One- port counter
covers 18 GHz
Instrument has-35-dBm
sensitivity to 12.4 GHz,
—25 dBm up to 18 GHz
It's not usual to measure X- band
signals and signals in the 1-Hz region through the same input port.
Neither is it usual to make microwave frequency measurements without changing plug-ins, switching
ranges, or tuning a transfer oscillator. However, if this versatility is desired, Hewlett-Packard's Model
5340A microwave frequency
counter is the instrument to do it.
H- P says that this is the first microwave counter that can trigger reliably on signals as small as - 35
dBm ( up to 12.4 GHz) and - 25 dBm
(up to 18 GHz). The counter displays
eight digits with both the decimalnoint position and the correct units
aitomatically selected. The counter
is actually two instruments in one.
For frequencies to 250 MHz, it acts
as a direct counter. Above this frequency, it changes into an automatic transfer oscillator system. To
prevent incorrect measurements and
confusing displays, the instrument's
circuits are disabled while it decides
how it's going to operate.
In addition to its full-range 50ohm input port, the 5340A has a
1-megohin input that can be used
over the frequency range from 10 Hz
to 250 MHz. This second port has a
sensitivity of 50 mv rms for a sine
wave. A front- panel slide switch selects either of the two ports.
The counter's resolution can be
varied from 1Hz to 1 MHz in seven
decade steps. Since the unit can only
display eight digits at a time, it is
necessary to overflow the most significant digit of the display to increase the obtainable resolution at
the higher frequencies. When in this'
mode, the instrument energizes an
OFLO lamp to remind the user of the
invisible digits.
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The standard instrument, which
has a time base with an aging rate
of less than 3 parts in 10 7 per
month, is priced at $5,300. For an
additional $400, the counter comes
with a special high-stability time
base with an aging rate of less than
5 parts in 10 10 per day. The standard time base changes by less than
2 parts in 10 6 over the range from
-20 to + 65°C. The high-stability
time base cuts the temperature drift
to less than 1part in 108.
Inquiries

Manager,

Hewlett-Packard

Co.,

1601 California Ave., Palo Alto, Calif. [401]

4GHz transistors put out
5watts at 30% efficiency
Five watts of output power at 4
gigahertz can now be extracted from
a commercial transistor. Its performance gives the circuit designer
new optiços in developing C-band
communications gear and for applications in S- band telemetry, electronic countermeasures, and
phased-array radar. The devices can
also be used as driver circuits for
X- band radar and communications.
The 5-watt device is one of the
new series msc4000 transistors developed by Microwave Semiconductor Corp., Somerset, N.J. Typical
saturated power output versus frequency for units in this series is
shown in the graph.
"Efficiency for the 5-w, 4GHz device is above 30%," says Ron Rosensweig, the company's president,
"and 25% efficiencies are achieved

at 4.5 GHz with 1-w output." Power
gain at 4.5 GHz is about 5 dB, increasing to 10 dB at 2.3 GHz, with
50% efficiency.
Key to the transistor's performance is an interdigitated structure
that yields an unusually high ratio
of emitter periphery- to- base area.
With emitter fingers of 1- micrometer width aligned to within 1.5
p.m of the base, the company claims
an emitter periphery- to-base area
ratio of eight can be achieved. Thermal resistance is less than
7.5°C/watt for model msc4005 and
30°C/w for model msc4001.
Projected mean- time-to-failure is
greater than 20 years when the device is operated at ajunction temperature of 140°C. This is achieved
with bandwidths greater than 10%
in the 2- to-4GHz range.
Prices are: msc4005, $ 400;
msc4003, $ 250; and msc4001, $ 175.
Microwave

Semiconductor

Corp.,

100

School House Rd., Somerset, N.J. [402]

Shutter coaxial switches
offer low insertion loss
A remote shutter coaxial switch is
designed for applications including
protection of components from rf
overload in receiver circuits. Frequency range is from dc to 12.4 gigahertz, and isolation is 60 decibels
minimum. Insertion loss from dc to
7GHz is 0.3 dB maximum, and from
7to 12.4 GHz it is 0.6 dB maximum.
Price is $90 for dc-control units and
$105 for ac-control types. Delivery
is from stock.
RLC

Electronics Inc., 83 Radio Circle, Mt.

Kisco, N.Y. 10549 [ 405]

Harmonic absorption filter
passes 8GHz, stops 16 GHz
A harmonic absorption filter, designated model 2748, passes 18
gigahertz and absorbs 16 GHz.
Passband loss is 0.2 decibel, and
voltage standing wave ratio is 1.10
maximum. The 16 -GHz absorption
of 30 dB is achieved with virtually
no reflected power, and the unit
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ari EMPLOYMENT
FM OPPORTUNITIES

POSITIONS VACANT
Electronic Technicians, Relay Technicians
—Rapidly growing southwestern utility
has immediate openings for qualified electronic and relay technicians. Electronic
technicians must have aminimum of three
years experience in installation, testing
and troubleshooting all types of telemetering, supervisory, load control, power line
carrier, microwave and mobile radio systems. First or second class F.C.C. license
is required. Relay technicians must have a
minimum of three years experience in installation, testing and troubleshooting all
types of protective relaying, plant and
substation control equipment. Experience
with solid state relays desirable. Starting
rate of both positions is $5.49 per hour
with excellent fringe benefits. Address
complete resume of experience and education in confidence to: P-7004, Electronics.
An Equal Opportunity Employer.

New products
mates with wR112 waveguide
flanges. The 2748 measures 1.93 by
4.50 by 6.87 inches. Price of the filter is $ 575 and delivery time is six
weeks.
Microwave Filter Co. Inc., 135 W. Manilus
St., E. Syracuse, N.Y. 13057 [404]

are built on sapphire substrates, and
use thin-film integrated circuits. Applications are in wideband military
and commercial fields requiring
high linearity. Three versions are

Transistor delivers 20 W
at 400 MHz to 1.2 GHz
A power transistor, designated
model D20-28, offers 20 watts available power from a 24- to 28-volt
supply over the range of 400
megahertz to 1.2 gigahertz. The device features single-chip construction and the ability to withstand an
infinite voltage standing wave ratio
at all phase angles when operated at
rated output power from a 24-volt
supply. Price is $70.
Communications Transistor Corp., 301 Industrial Way, San Carlos, Calif. 74070 [406]

available. Power output is 10 milliwatts for two types and 5 mw for
the third. Linear tuning accuracy is
to within ±
-0.1%. Prices start at less
than $ 1,000 in production quantities.
Avantek Inc., 2981 Copper Rd., Santa Clara,
Calif. 95051 [407]

Miniature attenuator
ELECTRONIC CALCULATORS
Wanted On O.E.M. Basis
A male company with national and international distribution network is interested in marketing a line of office
and/or portable electronic calculators. Our client may
consider providing assistance after prototypes have been
reviewed and approved. Quantity delivenes must begin no
later than 120 days after signing of agreement. All replies
will be acknowledged. Forward specs, photos and proposals in confidence to:

Institute of Consumer Research

P.O. Box 3131, Grand Ces. Sta., N.Y.C. N.Y. 10017

CIRCLE 952 ON READER SERVICE CARD
RADAR SYSTEMS GROUND AND AIRBORNE. AUTOMATIC
TRACKING ANTENNA SYSTEMS, NIKE AJAX. NIKE HER-

gr.

CULES. M-33. MS0-1A. MPS- 19. MPS- 9. SCR 584. TPS-1D.
TPS-28, FAA-ASR- 2. AIRBORNE SYSTEMS. APN-84. APN-IO2.
APS-20. APS-27
APS.45.
IBM 650. IBM 704

DPN-19.

DIGITAL

COMPUTERS

LARGEST INVENTORY OF RADAR AND
MICROWAVE EOUIPMENT IN THE WORLD.

RADIO RESEARCH INSTRUMENT CO.
3 OuINCY ST., NORWALK, CONN. 06850

1203/ 853-2600

CIRCLE 953 ON READER SERVICE CARD

operates over dc to 2GHz

Miniature choke is useful

A miniature, continuously variable
attenuator with flat frequency response measures 1.3 inches long by
1.62 in. in diameter, making the device suitable for applications in rflevel control where panel space is
limited. The model 907 offers attenuation ranges of either 0 to 10
decibels or 0to 20 dB. Both versions
operate over the frequency range of
dc to 2gigahertz. Incremental phase
shift of the rf signal as afunction of
the attenuation setting is 1°/dB
times the frequency. The model 907
with 10-dB range is priced at $ 300,
and the unit with 20-dB range, $ 325.
Weinschel Engineering, Gaithersburg, Maryland [403]

from 300 MHz to 12 GHz

YIG-tuned transistor

useful over the range from 300 MHz
to 12 GHz, is suited for broadband
modulators and power supply filtering. Price is under 50 cents each in
small quantities.
Piconics Inc., Cummings Rd., Tyngsboro,
Mass. 01879 [408]

Exceptionally high self-resonant frequency, coupled with broadband
characteristics, makes the M series
miniature microwave choke useful
for a variety of applications in oscillators, frequency multipliers, mixers, and some radio-frequency interference equipment. The choke,

Don't forget the

BOX NUMBER
. . . when answering the
classified advertisements in
this magazine. It's our only
means of identifying the advertisement you are answering.
134

oscillator covers 4-8 GHz
Series AV 7400 )1'1G-tuned transistor
oscillators are operable over the
range of 4 to 8gigahertz. The units
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New: I. C. Burn-In System

Power Burn-1n System
with Heat Sinks interchangeable
to any case style in 30 minutes!

Front and rear doors, allowing programming of power
supplies and stimuli on either or boti doors, are features of a new oven sys:en for aging IC's and power
devices. This standard system permits configurations
of 30, 58 Cr 74 board positions and is designed for
either maximum pin usage. maximum density or a mixture of both. The oven system is versatile, so that regardless

of

the

original

configuration

systems

✓ Demountable heat sink bars
hold constant temperature for Burn- Ins,
HTRB, Life Testing, Product Evaluation.
✓ Versatile System never becomes obsolete.
✓ Complete System or Modules available.

are

Write or call for Standard Burn- In Literature.

easily changed over. Send for Bul.etin OV-62.
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TELEPHONE
(
617)245-5900

WAKEFIELD ENGINEERING, INC.
Systems Div. Wakefield, Mass. 01880 •

Circle 214 on reader service card

MULTIPLE
APPLICATION
LED/PHOTOCELL
MODULES
5S series light ccupled LED/Photoceli Modules
are comprised of aGallium Phosphide light
emitting diode w.th fast- response Cadrmum
Selenide photcconductive detector. Optical
coupling senhanced by aclear epoxy encapsulant
without degrading high emitter-to-detector
isolation voltage. Solid-state; hermetically sealed ei
package or high reliability; directly compatible
with AC circuit y: ideally suited for switching
triacs or feedback.
NSL options: Silicon photodetector, neon or
incandescent lamp Optically Coupled Isolators.
Let us look at your applications. Technical
literature on request.

NATIONAL
SEMICONDUCTORS
LIMITED

Phone: 617-245-5900

Circle 135 on reader service card

Push ON Push OFF

Exceptionally high cur-

ALTERNATE ACTION

rent. 6A @ 125 VAC.
Snap- action —
with
fast make & break con-

DPDT

•

4PDT

SPDT

tacts. SPOT, OPDT &
4PDT — useable either

\

as Norm. Open,
or
Norm. Closed switch.
Silver contacts & terminals. Also available as
momentary.

ALCO5UUlTCH®
DIV.

OF

ALCO

ELECTRONIC

PRODUCTS,

Shown with
optional swItch guards
INC.,

LAWRENCE.

MASS

Circle 149 on reader service

card

Two series: MRA
Series with adjustable stop & in 1-2-34 poles on a single
deck with max. of 10
or 12 positions.
MSRE waterproof
series meet high reliability
standards;
non-adj.1 to 4poles.
500 mA @ 125 VAC.

331 Cornelia St, Plattsburgh, N.Y. 12901, ( 518) 561-3160
2150 Ward St., Martreal 378, Que., ( 514) 744-5507

Circle

148 on reade' service card

Circle

150 on reader service card
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New products

Semiconductors

MOS RAM offers
100-ns access
'Invisible' refresh mode
allows 1,024- bit n- channel
unit to simulate cores
The availability of a 100- nanosecond 1,024- bit metal oxide semiconductor random-access memory
has put mos back at the leading
edge of memory technology. The
EA1500, a 1,024- bit n-channel RAM,
is being marketed by Electronic Arrays Inc. Besides being the fastest
MOS RAM available, it has other unusual features, such as invisible refresh. This is atechnique that allows
direct simulation of core memories,
and means that the memory can be
refreshed with a single pulse without interruption of the normal cycle.
Conventional RAMS cannot be refreshed by a single pulse because
they require a refresh buffer for
each column in the 32- by-32 array
of storage cells. The n-channel silicon-gate process permits buffering
to be incorporated in each cell. Consequently, it is not necessary to determine logically which columns are
scheduled for refresh and then address pulses to those columns. The
EA1500 cells are arranged so that
any "write" pulse is bussed to all
write data in all cells. However, only
the addressed cell will accept the
new data input.
Refresh intervals of most RAMs
depend on charge-storage time in
the storage field effect transistors—
normally 2 milliseconds. But the
EA1500 has slow charge leakage, extending the storage time to 5 to 10
ms, depending on operating temperature.
If desired, modules of a memory
system built with EA1500s can be refreshed only on demand. One technique is to place a timing circuit in
each memory module and refresh
that module whenever 5 to 10 ms
have elapsed without a write into
that module. If write accesses are

136

made randomly throughout the
memory, this mode may eliminate
any busy time. " Invisible" refresh is
an alternative mode, requiring a
write pulse in every regular memory
cycle, following chip-enable time
during aread operation.
Memory configuration, which is
easily expandable, is 1,024 by one..
The new memory is available in
two versions. The EA 1500 offers a
maximum access of 85 ns at 70°C
and operates from ±-15-Y supplies.
Power dissipation is 185 milliwatts.
The EA1501 operates from ±-12
and has a 150-ns access time. Power
dissipation is 89 mw. The EA 1500 is
priced at $25 each in quantities of
100; the 1501 sells for $ 10.50. Delivery is from stock.
Electronic

Arrays

Inc.,

501

Ellis

Street,

Mountain View, Calif., 94040 [ 411]

Dual in- line oscillators

and other products using high density circuits. Single lot price is $ 8.35
for aDPDT model with a24-volt coil.
The 48-volt version is priced at
$8.90.
Potter & Brumfield, a Div. of AMF, 1200 E.
Broadway, Princeton, Indiana 47670 [ 415]

FET features 0.6 1.LV noise
over 10 Hz to 20 kHz range
A field effect transistor called the
c813N is designed for low level
amplifier use in applications such as

are for data applications
A series of miniature dual in-line
clock oscillators is designed to meet
the requirements of medium and
high speed digital applications. Designated XO-300, the series features
outputs directly compatible with
DTL and TTL digital integrated circuits through the tise of tcs in the
oscillator output stage. Frequency
ranges from 1megahertz to 4 MHz
in some models and from 4 MHz to
25 mHz in other versions. Delivery is
from stock.
Bulova Watch Co. Inc., Electronics Div., 6120 Woodside Ave., Woodside, N.Y. 11377
[414]

Miniature DIP relays aimed
at commercial applications

professional microphone amplifiers,
instrumentation inputs, and phonograph and tape playback amplifiers.
Input noise voltage is six microvolts
rms over the frequency range from
10 hertz to 20 kilohertz. Other characteristics include a gate leakage of
3.0 nanoamperes and apinch-off of
1.5 volts. Price is $ 35 in small quantities.
Teledyne Crystalonics,

147 Sherman St.,

Cambridge, Mass. 02140 [416]

A miniature relay with dual in-line
terminals measures 0.020 by 0.020
by 0.210 inch long, arranged on a
0.200 by 0.300 inch grid. The
double-pole double-throw relays are
encased in black nylon dust covers
and are intended for applications in
commercial areas such as television
cameras, dictating machines, desktop computers, copying machines,

IC stereo decoder uses
phase lock loop technique
A monolithic integrated circuit, capable of decoding multiplexed frequency modulated signals in radios
and tuners, operates without using
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Mittel"
Size 5watt

Mind
tuning inductors. The device, designated the mc1310, uses phase lock
loop technology to lock onto the 19kilohertz pilot signal provided by

cModel T. 1014 D 5

GIVIiniature
cHigh93and
PM
Transmitter
—

G MightrMitterG awer

the stereo broadcaster, and to create
a signal which is in phase with the
pilot signal and double the frequency. This 38-kHz subcarrier is
then used to demodulate the stereo
information. Price in 100 lots is
$4.35.
Motorola Inc., Semiconductor Products Div.,
P.O. Box 20924, Phoenix, Arizona 85036

Ground data Corporation has taken full advantage of recent
linear integrated circuit developments by salid state component manufacturers, to provide a very small crystal- controlled transmitter for voice operation in the l36 to 175 MHz
portion of the RF spectrum. The Model T-10140-5 features
small size and exceptional battery life for unattended use.
A VOICE- OPERATED SWITCH turns the output stages off
and reduces battery drain by more than 90% when no audio
is present.
The unit operates with any 50- ohm antenna
Microphone, antenna, and battery not ricluded.

Ground 'data
4014 N. E. 5th TerraceCORPORATION
'

[417]

Fort Lauderdale, Flérida 33308 phone: ( 305) 563-2527

Circle 151 on reader service card

Reference diode chips
are packaged as LIDs
Channel- mounted temperature
compensated reference diode chips
are part of aline of zener regulators
and rectifier chips. The units are
packaged as leadless inverted devices and may be mounted either in
the inverted position by epoxy or

solder reflow, or in an upright position by wire leads bonded to the
gold metalized legs. The units can
be used in hybrid circuit applications and measure 0.080 inch long
by 0.082 inch wide by 0.040 inch
high.
Centralab Semiconductor, 4501
Dr., El Monte, Calif. 91734 [418]
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N. Arden

If you read the May 31
issue of TIME, you won't want
to miss the 1971 issue of
Georgia's Industrial Survey.
If you caught the
cover story of the
May 31 issue of
TIME, you read
that " the Southern
boom has urbanized
and industrialized
Georgia more quickly and
completely than the rest
of the Deep South.
"Georgia leads the
region's indexes of growth
and change."
Of course, you don't
have to take TIME's

word for what's
happening
in Georgia.
You can send for
your free copy of our 197 1
Industrial Survey and get it
straight from the source.
[—Georgia

Department of Industry & Trade
Industry Division. Dept. EL- 10, P.O. Box 38097.
Atlanta, Georgia 30334.

Please send me acopy of your 1971 Ind
l us
itlt
e
rial Survey.
Name
Company
ddress

Georgia, the unspoiled.
Circle

137

on reader service card
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BECOME ThE
WORLd eS TALLEST
ELECTRONiCS

compANy...
iN LEAdvillE, /
ColoRAdo.

New Products/materials
Cure coating, manufactured in powder form, is designated Eccocoat
721. The material is applied to a
component that has been preheated
to 180°F. A post-cure of several
hours at 180°F or one hour at 250°F
will develop electrical properties
and chemical resistance. Price is
about $ 2or $ 3per pound.
Emerson &

Cuming

Inc.,

Canton

Mass

02021 [ 476]

Electroless gold bath will plate
uniformly ( regardless of loading)
thick, nonporous deposits of 24-karat gold directly on many metal and
seeded surfaces with good adhesion
and solderability. The bath is autocatalytic and deposits the gold to
any desired thickness. One-gallon
samples are available at $ 30.
Kollmorgen

Follow on the heels of the
gold rush, the silver, lead and
zinc strikes, and the molybdenum boom. At an elevation of
10,152 feet, you'll be situated
at the entrance to our nation's
finest ski country. Yet commercial property can be
obtained at un inflated prices,
and several liberal loan programs are available to keep
your immediate site and
construction costs at a
minimum.
Leadvil le and many other
Colorado cities also have the
transportation and the natural
resources you require. Not the
least of the latter are the educated, talented people who
live here, love it, and will
never leave it.
Learn about 127 Colorado
communities — including
Leadvi Ile — that have prime
industrial sites to suit your
business. Send for our free,
83- page Executive Portfolio.
Write William C. Hacker,
Colorado Division of
Commerce and Development,
1252 State Capitol Annex,
Denver, Colorado 80203.

COLORADO
where there's room to live and breathe
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Corp.,

Photocircuits

Div.,

31

Sea Cliff Ave., Glen Cove, N.Y. 11542 [ 477]

Protective coating, called AntiHeat, acts as aheat sink in welding,
brazing, and soldering operations.
The material confines heat to the
area being worked on and prevents

the adjacent areas from becoming
hot. Application is by spreading or
brushing and is effective on metals.
Big Three Industries Inc., Hamilton Blvd., S.
Plainfield, N. J. [ 478]

Anaerobic sealant, which cures
within 5 to 10 minutes, is called
Arontite. The material is a singlecomponent liquid compound, and
14 types are available to prevent
loosening, leakage, and wear.
Vigor Co., Div. of B. Jadow & Sons Inc., 53
W. 23rd St., New York, N.Y. 10010 [ 479]

Black devitrifying solder- sealing
glass for alumina integrated circuit
packages features amelting point of
355°C. Sealing temperature and
time of Code 7587 material ranges
from 10 minutes at 470°C to 3minutes at 510°C. Price depends on
quantity and type of mesh ordered.
Four thousand pounds or more, for
example, in the 100/400 mesh range
is $ 2.75 per pound. Delivery is from
stock.
Corning Glass Works, Electronic Materials
Dept., Corning, N.Y. 14830 [481]

New books
Physical Design of Electronic Systems, Volume IV: Design Process,
Staff, Bell Telephone Laboratories,
Inc., Prentice- Hall, Inc., pp. 595,
$19.95.
This is the last volume in a series
published during the last year dealing with all aspects of the design of
electronic systems. Previous books
presented an over-all look at the design process itself and considered
physical and mechanical design, engineering materials, and new semiconductor devices. This volume covers logical and functional aids to
design, computer aids to design, system reliability, and the system approach to physical design.
Particularly good is a discussion
of "decision trees" in the first chapter. Using the design of areed relay
as the example, the authors show
how to arrive at the proper choices
for the reed material, the contact
plating, and the gas inside the envelope. With a decision tree, the designer can at least bound the prob-

lem, making afirst cut at the design
of a complex system, or in simpler
cases, arrive at the proper decisions.
Variations in design tolerances
are also discussed, although details
are left to the referenced texts.
Computer-aided design gets extensive treatment, with emphasis on
programing. Reliability, although
it's been well-covered in many texts
and journal articles, is made more
meaningful in this book because of
the communications outlook of the
authors, in which system reliability
is heavily dependent on so many
factors.
The sections on partitioning
should find immediate interest
among many engineers because of
the ever-changing cost tradeoffs involved, as integrated circuits become more complex. The book
closes with acase history of an advanced data processing system design. This makes interesting reading
in itself, since it touches every base
of the design process.
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INVESTMENTS

Where do you turn
when your broker
lets you down?
One year ago, as Wall Street was emerging from its most tumultuous period
since the 1930s, the investing public
was presented with an extraordinary legislative package. Called the Securities
Investor Protection Act, the law created
a new government corporation— quickly
acronymed SIPC by the Street—to guard
the average investor against the failure
of a brokerage firm. At least, it protected
him up to $50,000 in losses of cash or
securities if his broker went broke.
It did nothing, however, for the investor whose broker manages to stay
solvent but does a shabby or even
fraudulent job with the investor's resources. Today this is a bone of investor- broker contention. It is gnawed
)Copyright 1972 McGraw-Hill, Inc.

from time to time, but particularly in
times like these, when the going gets
tricky in the market. " The first thing an
aggrieved investor should do," says the
sales manager of a leading New York
brokerage, " is to try to distinguish between the vagaries of the stock market
itself and the possibility— and Irepeat,
possibility—that his broker just isn't cutting it. A sliding market can make even
the most honest broker look bad."
Once the investor has made up his
mind that it's the broker, not the market,
who's at fault, he has a number of avenues of recourse open to him. Depending on the severity of his grievances, he
can trade his customer's man for a new
one within the same house, take his
business elsewhere, or— if he has suspicions of chicanery backed by solid evidence— refer the matter to arbitration
procedures offered by the major stock
PERSONAL BUSINESS, like all McGrawHill publications, is written for aselect audience. Prepared each month by the Personal Business staff, it is devoted entirely
to your own interests and activities. Its
theme: Better management of your time
and money. Personal Business reaches a
limited audience and there is no separate
subscription list, or rate.

markets, or even haul the rascals into
court. None of these, however, can be
done without some wear and tear.
Even if it's simply a matter of distaste
for a particular customer's man (" Ican't
seem to get through to that idiot," is the
way it is sometimes expressed), the
move may not be easy. Brokerage
houses do not like shifting accounts
around in-house. It's bad for morale. It
makes it look as though the house is impugning the skills of one broker against
another. And it pricks at the heart of a
universal brokerage commandment:
Thou shalt not steal a customer from thy
fellow broker— in this house, anyway.
The new man, in other words, may feel
slightly soiled, at least in the eyes of his
brethren. Brokerage houses prefer conciliation. If that fails, and the account is
big enough, they will probably make the
change, however.
Breaking off with the firm altogether is
simplified if the investor has personal
possession of his securities. Otherwise,
he must go to his new brokerage house,
fill out a form authorizing transfer of the
securities, sign it, and generally wait
several days for the switch to occur.
All this presumes that the investor is
simply displeased with the way his portPersonal Business 1

folio has been performing and wants to
try his luck elsewhere. Unfortunately
there are times, too, when an investor
feels he has actually been victimized. He
may feel, for instance, that his account
has been " churned"— that shares were
bought and sold merely to generate
commissions for the broker. He is likely
to get that feeling when he balances the
market value of his portfolio, say, six
months ago against what it is today, and
finds that the broker has done appreciably better than he has.in the interim.
But that tabulation alone will get him
nowhere in court or in arbitration before
the New York Stock Exchange, although
"churning" is a violation of Rule 405 of
the NYSE constitution.
Complaints of " churning" largely apply to discretionary accounts, and Rule
405 specifies that a broker must have a
firm knowledge of his customer's investment objectives. For the protection of all
coocerned, this is best stated in writing.
But even then, an unhappy investor must
produce solid evidence that the broker
not only violated the understanding, but
did so in bad faith. And that takes meticulous evidence, hard to get. Proof of
loss—the basis of any suit— is also difficult, since hindsight or " what might
have been" doesn't count.
A case of " bad faith" might be made
of the following ingredients: A novice investor inherits $ 20,000, and a broker is
told in writing to invest it conservatively,
for income. But the broker has an allotment of Hot Shot Software, a new underwriting, and is having trouble getting rid
of it. So he buys 500 shares for the investor. Hot Shot not only produces no
income, it bombs altogether before the
broker can shuffle the customer into
something more substantial. In court, he
should be asitting duck.
Another case in which an investor has
hopes of collecting is when he can prove
his broker is buying stock for him that he
is actively selling off for other accounts.
This is a violation of the Securities & Exchange Act ( Rule 10-B 5). In the most
notable recent case, Merrill Lynch settled up with retail customers who
charged that Merrill knew that Douglas
Aircraft was about to report large quarterly losses, tipped off its institutional
customers ( who began to sell) and let
the retail customers go right on buying
Douglas.
For the investor with a legitimate complaint, the least costly recourse is the arbitration route set up by the stock exchanges. The Big Board's cost structure
for arbitration varies with the extent of
the claim, but even at its most expensive, the procedure is no more than
$120 per hearing—and often, one hearing will be enough. Here's how it works:
First, any investor who wants to recover damages from a broker is wise to
have a lawyer, one familiar with securities law. Claims are initiated by filing
2 Personal Business

with the NYSE's Arbitration Director
three copies of a typewritten statement,
which must include the name of the investor's attorney, a chronology of facts
upon which the claim is based, and the
exact amount of damages claimed.
When received, the arbitration director
sends it to the opposing party, which
generally has 10 days to reply with its
own statement.
When he has all statements, the arbitration director will set up an arbitration
panel— it may vary in size and makeup,
depending on the size of claim and
wishes of the investor— and schedule a
hearing. ( New York isn't the only place
arbitration will be scheduled by the exchange. They may be held in 12 other
cities as well). Prior to the hearing, attorneys for either party Or the arbitrators
themselves may use subpoena power to
extract testimony or summon witnesses.
If for some reason the investor is pressing his case without a lawyer's help, the
Big Board's arbitration director will arrange for issuance of subpoenas.
Hopefully, the hearing will be held on
its scheduled date. It begins with opening statements by each party ( usually
the attorneys); then, the investor's case
is presented, complete with witnesses,
presentation of documentary evidence
and cross-examination. Closing statements are made, and the parties are dismissed. The arbitrators then meet privately, reach their decision and sign an
award— if the investor has made his
case. Their decision is final, and the Big
Board member firm is bound by Exchange law to pay off.
The major problem with the arbitration
procedure is that it is prolonged, often
taking as much as one year to complete.
But an investor has other options.
For instance, he can always carry
his troubles to the SEC, whose new
chairman, William J. Casey, seems intent on policing Wall Street. While the
SEC is chronically handicapped by overwork and under-financing, a legitimate
complaining letter to the chairman ( with
a copy to the offending brokerage) has
been known to work wonders. Writers of
such letters, of course, should check
them with their lawyers beforehand to
avoid the risk of libel.
"An investor's best bet," says the
branch manager of a major brokerage,
"is to check out the brokerage and his
customer's man very carefully before he
allows either of them to execute a
trade." In any book of investor- broker
relations, this might well stand as Rule 1.
—PETER F. EGAN

BOOKS

WALL STREET:
SECURITY RISK
BY HURD BARUCH
ACROPOLIS, $8.95
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Sometime within the next year or so,
Congress is expected to pass what may
well be the most sweeping legislation for
Wall Street since the Securities Exchange Act of 1934. Among other
things, it will impose more rigorous control on the New York Stock Exchange by
the Securities & Exchange Commission,
and thus give Chairman William J. Casey's activist SEC a stronger hand in
dealing with practices
that have
scarred the financial community in recent years.
An indicator of the SEC's tougher
stance is Wall Street: Security Risk, by
Hurd Baruch, special counsel for the
commission. While both Baruch and the
SEC insist that the commission is not responsible for its contents, the book obviously has Casey's blessing. More important, Wall Street: Security Risk is a
skillful and authoritative account of the
weaknesses of the self- regulatory mechanism so cherished by the Big Board.
Says Baruch: " The securities industry
has a long tradition of opposing every
constructive change in the markets, and
such is its power that it may again prevail, unless the public understands and
actively supports proposed reforms."
So, Baruch's editorial exercise is as
much a plea for greater investor awareness as it is an indictment of Wall Street.
But as an indictment, the book serves its
purpose. In his discussion of the 196870 back- office crisis, for example, Baruch notes that Goodbody & Co. once
showed differences of $ 43-million between actual securities on hand and the
amount the company's books said
should be on hand. Yet, Goodbody's reserve against such differences was a
scant $ 1.5- million.
Baruch also delves into the brokerage
community's capitalization structure
that— although toughened by the Big
Board not long ago— once allowed almost instant withdrawal of funds by a
firm's partners. And he castigates the
non- competitiveness of Wall Street's
commission rate structure— suggesting
that while the securities industry extols
competitive capitalism, it rarely practices
what it preaches. Concludes Baruch:
"With ' friends' such as it has had at the
head of the securities industry in the
past, capitalism has had no need of
enemies."

"I'll tell you this. For 24 years
I've put Champions in every single
car we tune up at my service
station ... from Caddys to Fords
and Chevys to these new

Japanese machines.
"They're the best darn plug you
can put in any engine or my name
isn't Robert Tank, Omaha,
Nebraska."

Toledo, Oho 43601

20 million people have switched to Champion Spark Plugs.

Investment costs
that trim taxes,
increase profits
"Tax deductions for investment expenses is a muddled proposition," says
a tax lawyer with one of New York's
leading firms. " A lot of people don't
know how far they can go—and others
go too far." All of this is, in itself, quite a
reasonable proposition, considering the
ambiguity of the rules.
The investor who pays out sizable
amounts for investment- related services,
or who travels widely to manage his investments, knows how fast these costs
can add up— sometimes they can even
make the difference between a modest
profit and a loss on an investment. Unhappily, though, there are no clear, specific tests for determining when a particular expense is deductible. There is a
general rule that allows an investor to
deduct costs incurred to produce or collect investment income, or for the management of property held for investment.
But application of the rule breaks down
into several trouble areas.
In most cases, the key issue is
whether there is a direct connection between the expense and the investment.
For example, in a situation where an investor travels out of town to see his investment counselor for portfolio review,
there is no argument— the travel costs,
as well as the counselor's fees, are deductible. But what if the investor travels
to astockholders' meeting? Here the line
is much finer. If he is a major owner of
the company trying to safeguard his investment, the trip costs might be deductible; but where he is simply one of hundreds or thousands of shareholders, the
trip would not be considered by Internal
Revenue to be essential to the investment. In another situation, a stock market amateur made daily lunchtime visits
to his broker's office; he watched the
ticker tape to get the " feel" of the market. IRS disallowed his travel expense
deductions— the connection between
merely pondering the tape and managing an investment portfolio was too
tenuous.
For a deduction, the expenses must
be related to current investments and
merely looking at prospects won't do. In
one case, an investor traveled widely to
inspect possible investments for diversifying his portfolio. He also hired an investment service that reported on the
companies he was investigating. All re4 Personal Business

lated deductions were denied because
the investments weren't owned at the
time. Turning the coin, an investor who
travels to check on income property,
such as a rental building, can deduct his
travel costs. In a recent case, an investor's travel expenses were deductible
even though the property was not actually producing income. He owned a
Florida orange grove which was not yet
yielding fruit. Still, he was permitted to
deduct the cost of long trips to the grove
to supervise the installation of tree heaters, and such. But his wife's travel expenses weren't deductible, even though
she was a part owner— it simply wasn't
necessary for her to accompany her
husband, said the court.
Legal fees in connection with investment property may or may not be deductible. The lawyer should be asked to bill
separately for services related to capital
outlays ( such as property purchase or
long-term leases) which do not give rise
to deductions, and income items ( such
as collection of rents, preparation of tax
returns, tax audits, and such)— which
produce deductions.
Legal fees in connection with property
purchase are non-deductible capital expenses. But what if an investor buys
property as part of a tax-saving plan?
Here the fee should be split— allocated
between tax advice and purchase expense. A carefully itemized bill will help
the investor who is trying to convince Internal Revenue that at least part of the
fee is legitimately deductible.
If an investor has an office- at-home for
working on his investments, he may
have atax deduction.
In a new case, Internal Revenue conceded that maintenance and depreciation attributable to such an office can be
deducted. A retired investor claimed that
he used about 50% of his large residence in his investment activities. Internal Revenue, however, estimated that he
used only about 900 sq. ft. of a total of
1,500 sq. ft. So based on this ratio, it
allowed a deduction for maintenance,
expenses, and depreciation of 6%. The
Tax Court accepted the allocation of
footage, but the court estimated that the
square footage total was 9,000, not
15,000. Based on a ratio of 900 to
9,000, the allowable deduction was
raised to 10%.
In this case, the result for the taxpayer
amounted to a considerable reduction of
his original claim. Still, the decision is favorable. It is of considerable importance
to the highly active investor as well as
the man who looks after his investment
portfolio in retirement.
One clear-cut rule: The cost of a safe
deposit holding securities is deductible.
—BERNARD GREISMAN

Tax scene: dollar
items in the news
FRIGID LOSSES. In one of its unnerving
generalizations, Internal Revenue says
that a casualty loss is the " complete or
partial destruction of property resulting
from an identifiable event of a sudden,
unexpected, or unusual nature." Putting
this rule to practice has confounded
some taxpayers, and snow-and- ice casualties are atop the slippery list. People
tend to overlook some less obvious
write-offs. For instance, such items as a
car motor that froze solid, a garage wall
that caved in due to freeze- and-thaw,
and the killing of tropical plants by
"chill" have produced dollar- saving deductions. . . . In a current Tax Court
case, seeping water had caused a house
to settle. Stopped up drains caused
snow to crack the garage floor and undermine walls. IRS denied the deduction,
but the Tax Court sided with taxpayer
despite possible negligence on his part.
The case becomes an arguing point— in
a common situation.
SAVINGS POSTPONED. " Deferred" interest earned on a long-term savings deposit over a span of more than a year is
taxable on a monthly pro rata basis.
New rules provided by the Tax Reform
Act of 1969 apply to certificates of deposit, beginning January 1, 1971. For
example, say that on June 1, 1971, a
taxpayer bought a $ 10,000 certificate of
deposit with a three-year redemption
value of $ 11,941. Thus original issue
discount is $ 1,941, and the ratable
monthly portion includable in taxable income is $53.92—$1,941 divided by 36
(months). Taxable income for 1971 is
$377.44 ( 7 months x $ 53.92); for 1972
and 1973 it comes to $ 647.04 ayear ( 12
months each), and for 1974, $ 269.60 ( 5
months). . . . Banks and S & Ls must
file information returns with IRS.
CHILDREN'S GIFTS. Shares of stock
may be given to minors with the much
publicized custodian account used as a
vehicle for transferring the property.
If the donor dies before the child is 21,
the value of the stock is normally not included in the donor's taxable estate_
There may be a hitch, though, when the
donor has named himself as custodian.
In a new federal court case, the estate of
a donor-custodian was liable for the
added estate tax. A father-donor might
wisely name someone else as custodian— friend, relative, family lawyer, or
such. This will take the onus off.

We're trying to keep gas companies
from running out of gas.
If they run out of gas, you run out of
gas. Gas to boil water for your morning coffee, gas to heat your home, gas
to power your manufacturing plant.
One of our subsidiaries, C-E Lummus, is working to prevent this by
offering gas companies new processes
that make natural gas out of ingredients found in ordinary oil, to assure
you of ahot cup of coffee before work
. .. or an operating plant when you

get there. We're building three of the
first plants to manufacture Synthetic
Natural Gas in the U.S. to keep you
supplied.
And we're also working with the
federal government on the next step:
designing and building one of the
country's first pilot plants to create
clean-burning natural gas out of coal.
Which will help cat down on one of
the nation's pollution problems, too.

So until gas companies find additional natural sources of natural gas,
we're one of their most promising
resources. And as one short-term
solution to the fuel crisis, we think
Synthetic Natural Gas is anatural.

EE

COMBUSTION ENGINEERING, INC.
277 Park Avenue, New York, N.Y. 10017

Our name in the process industries...C-E Lummus.
Other C- E names: C- E Combustion Division • C-E Industrial Group • C-E Natco • C- E Tyler • C- E Cermatec • C- E Canada.

REAL ESTATE

Mixing profits
with pleasure
in condominiums
FROM PALM SPRINGS
TO MAJORCA, THE
IDEA'S CATCHING ON
A case of March doldrums— that guaranteed annual state of mid- winter
blues— can persuade even the thriftiest
traveler to fork over $ 100 a day for a
double room near a beach, agolf course
or a ski slope. In the past few years,
however, penny-wise vacationers have
discovered the resort condominium, and
developers from the Mediterranean to
the Rockies are rushing to accommodate a demand that shows no sign of
abating.
For many, the resort condominium is a
dandy way to enjoy a place in the sun
when they want it— and at the same time,
pocket a tax shelter, an appreciating asset, and a potential profit. " Many of our
buyers consider it an investment alternative," says Roy D. Chapin, Ill, marketing
vice president of John's Island, a posh
ocean- front golf resort north of Vero
Beach, Fla.
Indeed, the investment motive is so
strong that many developers have had to
alter their plans to accommodate it. " We
expected asignificarrt number of sales to
people who would not rent their units on
a transient basis," admits David Warner,
vice president for land development of
Rockresorts, Inc. ( 1290 Avenue of the
Americas, New York, N.Y. 10019),
which is currently building luxurious
condominium units along a fairway at
Puerto Rico's Dorado Beach. " We have
discovered that the bulk of our market is
people interested in investment."
From the sandy beaches of Majorca to
the glistening slopes of Aspen and the
desert mecca of Palm Springs, real estate developers are tuning in to this burgeoning new market. The economics of
an affluent society with its many threeday weekends and increasingly common
four- week vacations has spawned a new
breed of tax- conscious, leisure- minded
investors. Buyers range all the way from
well-heeled globe-trotters who have long
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Ultra-private Village Two, New Hope, Pa., oilers sports unlinited

eschewed the burdens and responsibilities of a second home to young
"swingers" who probably could not buy
a primary home at today's prices.
Typically, the condominium developer
organizes or cortracts with a maragement company, which services the community and rents out the units when
owners are not in residence. The management company charges afee for protecting and maintaining the unr, plus a
percentage of the gross income earned
from rentals.
This income can be substantial. At
Mission Hills Golf & Country Club in

Patm Springs, Calif., for example, aluxuriously-appointed $50,000 unit will bring
as much as $3,000 a month. At Villa Dorado in Puerto Rico, a one- bedroom
condominium rents for $ 125 a day during the winter season when Dorado
Beach Hotel charges $ 105 for a double
room. Bo:n are offered Dn a modified
American plan.
The management's share of this rental
income represents asignificant bit of recurring income to the developer. For this
reason, many developers require that
the unit be made available for rent during specified periods of the year. At Es-

Condominium resort on St. John's Island ( Fla.) is golfer's dream.

You get alot more than agoodlooking sporty car when you buy
aJavelin.
You get acar that's been roadtested and checked over so thoroughly, we make this promise: If
anything goes wrong and it's our
fault, we'll fix it. Free.
And, if we have to keep your
car overnight to fix it, over 1900

r.

When you buy anew 1972 car from an American
Motors dealer American Motors Corporation guarantees
to you that, except for tires, it will goy for the repair or replacement of any part it supplies that is defective in material
or workmanship.
This guarantee is good for 12 months from the dare
the car is first used or 12,000 miles, whichever comes first.
All we require is that the car be properly maintained
and cared for under narmal use and service in the fifty
United States or Canada and that guaranteed repairs or
replre
be made by an American Motors dealer

dealers will loan you acar. Free.
Finally, you get aname and tollfree number to call in Detroit if
you have aproblem. And you'll
get action, not arunaround.
Nobody in the business does
all this for you after you buy acar.
Which is probably why people
who've never bought acar from
us before are buying one now.

AMERICAN MOTORS
BUYER PROTECTION PLAN

The
Sheraton-Park
in Washington,

D.e.

Where alittle
meeting goes
along way.
Lecture rooms. Conference
rooms. Reception rooms.
Rooms for meetings of 20
or 200. Spacious suites in
our Congressional Wing for
all-day sessions in complete
privacy. At your disposal
after your meeting, all the
superb facilities of the
Sheraton- Park, including
luxuriously refurbished accommodations at moderate
rates. Write for our conference brochure or call our
sales office collect at 202265-2000.
S

Sheraton-Park
Hotel /it. Motor Inn
2660 WOODLEY ROAD. NW
SHERATON HOTELS AND MOTOR INNS
A WORLDWIDE SERVICE OF Irr

Director of Sales
Sheraton- Park Hotel & Motor Inn
2660 Woodley Road, N.W.
Washington, D.C. 20008
Please send me your conference
brochure, including complete information on smaller meeting
facilities.
Name
Title
Organization
Address
City

State
/ii)
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tate Questa Verde in St. Croix, for example, a condominium owner has the
use of his apartment for two weeks in the
winter season and four weeks in the
summer. ( Vice President Spiro Agnew
was among the early purchasers of
these units.)
Many of the ski- resort condominium
developers exact similar agreements so
that they, too, may get a piece of the
high- rent action in peak season. Increasingly, though, ski resort developers
are installing year-around facilities such
as tennis courts, golf courses, and artificial lakes for boating and swimming to
attract the non-skiing market during
other periods of the year. At Breckenridge, Colo., for example, Four Seasons
Village, now under construction, will feature bowling, golf, tennis, sailing, horseback riding and skeet shooting as well as
live theater and concerts. And Village
Two, a condominium resort at New
Hope, Pa., even offers year-round skiing
and swimming— courtesy of plastic snow
and an enclosed pool.
International travelers who prefer their
pleasures urban-style are also getting a
crack at the investment condominium.
The Melia Organization of Spain ( its
U. S. address: 30 East 42nd St., New
York, N. Y. 10017) is finding a ready
market for the " Apartotels" it is developing in major cities around the world. Its
$23- million, 1,000- unit Melia Castilla in
Madrid, the largest hotel in Western Europe, has sold all but a handful of its
apartments to investors at prices ranging
from $21,000 for a studio to $ 53,000 for
larger suites. In addition to occasional
use of the apartment and the income

Mission Hills Golf and Country Club spreads
over 680 acres outside Palm Springs, Calif.

earned by it in his absence, a buyer also
gets a 20% discount in all other hotels in
the Melia chain, 20% off on car rentals,
10% on Melia tours, and 5% on investments in all future Melia real estate developments.
Melia buyers pay 20% down, the rest
in five to 20 years, at 8%. Melia charges
5% of gross rentals to cover operating
costs and promotion expenses, and 15%
of the net rental income as a commission. It has land and plans for additional
urban hotels in London, Paris, Brussels,
Rome, and Mexico City. Beach resorts
include the Magaluf in Majorca, which is
nearly sold out, and the Alicante, now
under construction on the eastern coast
of Spain. A third is planned for Puerto
Rico.
The condominium hotel has caught on
in many other areas, too. Many of
Hawaii's hotel units are individuallyowned and rented out. Developers of
John's Island are building a 108- room
ocean- front hotel, all of whose rooms
will be sold to members of its property
owners' association and run as an investment for them. Chapin estimates a
relatively- low break-even occupancy
rate of 30%.
Beachfront property has almost a
built-in appreciation factor for investors.
So does property bordering a wellplanned championship golf course by a
"name" designer. Buyers of golf course
condominiums at Sea Pines Plantation
on Hilton Head Island off the coast of
North Carolina have seen their units appreciate from less than $ 20,000 to well
over $ 45,000 in a few years. Resales at
John's Island have been even more
heady: A golf cottage that sold for
$48,500 one and a half years ago is now
selling at $ 70,000. " And we never have

one on the market more than three
hours," says Chapin.
Golf course architect and planner
Desmond Muirhead usually aims to combine the appeal of both water and golf
course views in his condominium communities. At Mission Hills, for example,
the $44,000 to $95,000 condominium
units are on an island in a lake in the
middle of the golf course— safely out of
range of errant golf balls.
Nothing must detract from the
course's appeal to the golfer, Muirhead
says. " At the same time, the course's
main function is to help sell houses. The
trick is to balance these two factors."
As in any other types of real estate investment, however, the resort condominium is only as good as its location, its
design, and its management. An investor
may, of course, depreciate the unit,
write off an occasional trip to inspect his
investment, and deduct management
fees for the period during which he
makes the unit available for rental—even
if there are no takers. He may even clear
enough this way to cover the cost of
amortizing the investment. But a poor
rental record won't make the unit very
appealing when he tries to re-sell it. So if
capital gains figure in his reckoning, he
had best do some preliminary research
before he takes the plunge. One of the
best ways to evaluate a unit from a tenant's point of view is to rent one like it
from another owner.
Despite the caveats, however, the
condominium boom continues to
spread. It has even reached the boating
market. A new wrinkle dubbed " Aqua minium," dreamed up by a houseboat
dealer in St. Thomas, Virgin Islands, is a
floating version of the condominium
housing concept.
The buyer purchases afully-equipped,
46-ft. houseboat for $ 50,000 through the
Compass Point Club in St. Thomas. If he
makes the boat available for charter at
least 26 weeks out of the year, Aqua miniums, Inc., says his net return over a
five-year period will be $ 45,500. A fiveyear franchise fee of $ 3,000 is paid to
Aquaminiums out of the first year's rentals, but all charges for mooring, maintenance, insurance and such are absorbed by the company. The owner gets
four weeks free use of the boat a year. If
he uses it more than that, however, he
must pay the management company its
share of potential income it lost while he
was aboard.
—RESA W. KING

If you are planning to build any
type of industrial, commercial,
or institutional building, this free
guide is a " must" regardless of
how much you intend to spend.
It tells how to avoid costly
mistakes in planning. And covers
the numerous questions that
should be answered before
construction begins...such as
engineering, zoning, soil tests,
drainage, access roads, rail
spurs, expansion potential.

It also explains the advantages of
Pascoe metal building systems.
There is no obligation. And
additional copies are available
upon request.

Pascoe builds

them better.
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Your free building
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PASCOE STEEL CORPORATION

P. 0. Box 6968. Dept. A-1
Los Angeles. California 90022

n Please

send me my free Pascoe building construction guide
and literature.
r] Have an authorized Pascoe Builder call for an appointment.
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FTD

Speed*
Gift

THE GOOD LIFE

Ways with coffee:
In acup or cake,
or even on meat
THE BEAN IN CUISINE
FROM RED- EYE GRAVY
TO TALLEYRAND'S CUP

Now you can wire abeautiful,
fresh flowers and gift combination
almost anywhere in the country.
Just call or visit your FTD florist
and choose from his Speed-A-Gift
collection.
It's so easy. No wrapping, no
mailing, no worries. Why not surprise
aloved one, thank afriend.., or just
remember someone in avery special
way for no special reason?
Available through your FTD
Florist.
Pictured above is SG-17, Cups and
Caddy. Colorful, footed mugs designed
for display on functional see-through
caddy. Has easy-carry handle for
no-spill service.

The gift
that
travels
by wire.

Americans consume better than 30
pounds of coffee per person each year,
one way or another. Most of it is sipped
from that favorite cup, but a good deal
reaches the American palate through
candy, ice cream, baked goods and
other culinary efforts. Next to chocolate
and vanilla, coffee is our favorite flavor.
It can be bitter or sweet ( but never cloying), and it is great drunk straight or
wedded to such lovely things as thick
cream, Cognac or chocolate. And, as a
flavoring for cuisine, it is a many-splendored thing.
One of the most unusual recipes
among the manifold ways coffee can be
used in cooking comes to us from Mrs.
Joseph Martinson, wife of the noted coffee taster and roaster. Here it is:

BAKED STEAK, COFFEE SAUCE

Take a thick steak— at least 21
2 in.
/
thick. Sear it quickly in butter on both
sides. Place it in a baking dish. Add
generous dollops of chili sauce, A-1
Sauce, a cup of canned mushroom
pieces, agenerous handful of tiny button onions (or acut-up larger one), salt,
pepper, and apinch of paprika. Bake at
325 degrees for about two hours, basting now and then. Twenty minutes
before the end, pour a cup of very
strong coffee into the pan. Continue
basting. When you serve, use the pan
juices as gravy. As a matter of fact, a
favorite recipe for " country" ham in
the South calls for coffee added to the
fry pan in which a thick slice of ham
has been cooked. That is the famous
"Red Eye" gravy of Kentucky, Tennessee and points South. But the coffee
yen knows no regional boundaries, and
Mrs. Martinson's steak is a success
anywhere.

Coffee in its non- beverage form is
more usually a dessert component. For
instance, there's coffee gelatin: Soak 2
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tsps. unflavored gelatin in 1
2 cup water
/
for five minutes; boil a cup of water and
add to the gelatin; then add two very
strong cups of coffee, 1
/ cup sugar and
2
3 cloves, and pour into mold. Better yet,
try this:
COFFEE SOUFFLE
3
4cup

hot, strong coffee
2tbsps. flour
/ cup sugar
2
1
/ tsp. vanilla
2
1
3 tbsps. butter
1/4 cup cream
4eggs, separated
pinch of salt
In the top of adouble boiler, melt the
butter and add the flour. Pour the coffee in slowly. Bring it just to the boiling point, then add the sugar and salt,
then stir until smooth. Add the egg
yolks, and keep beating until the mixture is thick. Fold in the egg whites
(well beaten, of course) and the vanilla.
(It may be wise to have an extra egg
white or two— it can only help assure a
nice rise). Pour into a soufflé dish and
bake at 400 degrees for 25 minutes, or
until nicely risen. Serve it with
whipped cream, and discover why coffee soufflé is considered a dessert par
excellence.

It is as abeverage, of course, that coffee is most popularly known. Everyone
has his own favorite method of making
it— Joseph Martinson, for instance, used
to boil his in an ordinary saucepan with
just coffee, water and an egg shell, without percolator, drip pot, pressure or
other gadgetry. So telling anyone how to
make coffee is about as productive as
telling a confirmed martini man how to
mix his next one. Possibly the best tip for
making good coffee is use enough coffee. Remember this before all: Coffee
cannot be too strong!
There are ways, however, to add variety to your coffee drinking. Cappuccino,
an Italian coffee, is a favorite, but it is
best made with an Italian pressure coffeemaker. Unless you have one, relegate
Cappuccino drinking to restaurant visits.
But anyone can easily make Café BruOf.. It is nicest when made at table in a
chafing dish, but it can be made in a
small saucepan on the stove just as well.
To make enough flavoring for six small
cups of coffee, use 1cup of Cognac, 10
lumps of sugar, six or eight whole
cloves, the rinds of half an orange and a
quarter of alemon. Heat almost to a boil,
then touch a match to the Cognac and
flame it— but don't let it burn too long.
Pour a good teaspoonful into each demitasse of strong coffee.
Another interesting version of our favorite beverage is Cuban Coffee, a much
richer drink than good old café au lait.
Instead of using water, simmer ( but do

not boil) I/2 cup of ground coffee in two
cups of milk and 1 cup of cream for five
minutes. Strain. Serve with sugar and
whipped cream.
For a change from regulation iced coffee, there is the Italian invention, Coffee
Granito—a sophisticated version of a
drink often made with fruit juices. To
make it, dissolve 1
/ cup of sugar in a pint
2
of very strong, hot coffee. Let it cool,
then put it in a bottle and set it in the
freezer compartment of the refrigerator
or a pot of cracked ice. Turn it from time
to time. It must be half frozen, about the
consistency of mush, and it is usually
served in sherbet glasses.
Indeed, when it comes to being imaginative with coffee, there are even ways
for the coffee- lover literally to have his
cake and eat it, too. The most obvious
way is to bake a coffee- flavored cake
like this:
COFFEE CAKE, MOCHA ICING
To make the cake, beat together 1
2
/
cup of butter and 1cup of brown sugar.
Add two eggs, 1
/ cup of molasses, 1,4 cup
4
of strong coffee, and 2cups of flour sifted with 3 tsps. of baking powder. Add
1/4 tsp. of ground cloves, V4 tsp. of cinnamon, 1
/ tsp. of salt. Divide the mix in
4
half, and bake as two layers for about
25 minutes in amoderate oven.
Now for the icing. Cream 1
/ of a cup
2
of sweet butter, 1cup of confectioner's
sugar, and 1 tbsp. of cocoa. Mix thoroughly. Add 3 tbsps. of strong, hot coffee and enough more sugar to make the
icing thick enough— but not too thick—
to spread easily. Beat well, and coat
both layers and sides while the layers
are still warm.

These, of course, are only a few of the
ways that man has devised to enjoy the
savory pleasures of coffee, for which we
owe a debt ( according to legend) to an
anonymous goatsherd of ancient Arabia.
One day, the story goes, he noticed that
his goats were behaving with unusual
liveliness after nibbling some berries
growing on a glossy- leaved bush. He
tried some, and found them awful. With a
little experimenting, however, he found
that when roasted they weren't bad, and
brewed they were even better.
However it came into being, coffee
has been captivating palates throughout
history. Among its most devoted admirers was the famous Talleyrand, who is
reputed by some biographers to have
sipped up to 40 cups of the brew a day.
And, in Talleyrand's immortal words.
there was only one way to make it:
"Black as the Devil, hot as Hades, pure
as an angel, sweet as love."
—ROBERT J. MISCH

Just one
thing
has made
us the
leader.
Performance.
Consistently, Snelling & Snelling—the world's largest
employment service—has performed for many of this
nation's largest and smallest employers.
And they have learned if we don't have immediately
available the people they need—we find them.
Quickly. Efficiently.
And with measurable savings in time, aggravation
and in another vital area—money.
Look us up in the White Pages. And watch us perform.
Consistently.

SnollingSnefling
The World's Largest Employment Service
with 540 offices coast to coast
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American antiques:
where tastes and
values aim high

Antique shows and auctions this winter make the point that more buyers with more
money are seeking Americana than ever before in history. Values are up 5% to 10%
over last year, and the trend is to more of the same. High-styled 18th century furniture— the prime buy— has tripled in value in 10 years. Limited supply in the face of
rising demand is fundamental. So is the current trend in taste toward the simplicity
of the past, and away from disappointing machine- made products. . . . Pre- 1830
antiques are most coveted, and today the market is bullish for the works of leading
18th century cabinetmakers such as Goddard, Townsend and Chapin. A Goddard
Queen Anne chair recently brought $ 15,000. Works of lesser known men of the period fall into the $ 2,000-$10,000 range. Federal period pieces ( circa 1800) by such
cabinetmakers as Seymour, Duncan Phyfe and Shaw are priced from $ 150 for
small chairs up to $ 1,500 for sofas and highboys. A boom is also on for Empire furniture ( 1800-1820), with a current range of $ 100 to $ 700.
Museums such as New York's Metropolitan ( American wing) and the Boston Museum of Arts are excellent places to learn about antiques. Auctions conducted by
leading

houses are good, too ( though country " barn"

sales may

be wisely

avoided). Top dealers are well known at local museums. Characteristically, the better dealers stick to prices, and offer little chance for dickering. . . . Must reading:
American Furniture, the Queen Anne and Chippendale Period 1725-1 788, by Joseph Downs; American Furniture of the Federal Period 1788-1825, by Charles F.
Montgomery; and Fine Points of Furniture: Early America, by Albert Sack. The
magazine, Antiques, will give you the feel of the market with its deceptions and vagaries.

"Retirement"— or
graceful layofff?

"Pretty soon it'll be like the military," says a Chicago management consultant.
"You'll be ' retired' young enough to start asecond career." . . . His view is held by
a growing number of specialists. A report by J. K. Lasser, for example, indicates
that early retirement is being used by more companies as a way to replace older
men with younger ones. Lasser points to IBM with its pensioned retirement at age
55, and notes that the company is now offering added early- retirement inducements to 25-year men. IBM's action still isn't common, but it's being adopted by
more corporations. . . . A Boston consultant notes: " What this does for many
people is to move up their normal retirement planning by quite a few years. A
middle manager, especially, will want to keep on top of this trend— and plan accordingly." (
Personal Business will review early- retirement, and add practical tips,
in a future series on career- planning.)

If you work at home amid cluttered surroundings, consider tidying up operations
with the aid of an ingenious piece of Norwegian- made furniture called The Home
Office. It's a cleverly integrated and unobtrusive version of the old giant-size roll-top desk that held everything from a 30- lb. typewriter to
fishing tackle. The Home Office has ample cubbyhole space for the
usual gadgetry, folds into a sleek cabinet ( Greatwood Products, 290
Madison Ave., New York 10017; $ 370). . . Real estate scene: Find a
good buy in a townhouse? H. Dickson McKenna's A House in the City
piles up ideas on renovation of the classic row house; it's an A-1 review, beautifully illustrated ( Van Nostrand, $ 12.95). . . . Good life: PB's
restaurant-of-the- month is Chicago's Blackhawk where on St. Patrick's Day the Irish coffee is strong pub-style. Mix was created by barman Joe Sheridan at Shannon
airport: Heat a tumbler with hot water, then fill 34 up with strong piping hot coffee.
Put in 3 small sugar cubes and add 2 oz. Irish whiskey. Top with 1 tsp. whipped
cream . . . PB's hotel-of-the- month: the new Innisbrook Resort & Golf Club, near
Tarpon Springs, Fla.: with two 18- hole courses and golf pro Mike Souchak.
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Reduce Custom Power Supply Time and Cost
With ahandful of Powercube's new CirkitblockTm
modules and afew clip leads, you can quickly synthesize avirtually infinite variety of supplies covering
the gamut of required voltage and current ratings.
Cirkitblock modules have demonstrated capability
to meet most design needs and are packaged within a
1" x1" x2" basic building block so you can assemble
supplies of any complexity to any form factor you
need in building block fashion.
Design time to operable prototype can be reduced
by more than half because conventional breadboarding is eliminated. Your quickly assembled
"breadboard" of Cirkitblock modules
becomes your operable prototype.

Cirkitblock modules use space technology, but are
specified and priced for industrial applications. They can
substantially reduce the " as installed"
power supply cost in instruments,
calculators, computer peripherals,
process control equipment, and communications gear.
1), ' gm tl Pow,.
Modol,
Cirkitblock functional modules not
only save design time and money; they're also alot of fun
to work with. Circle reader service number to learn more
about Powercube's Cirkitblock functional modules.

Breadboard
Custom Power
Supplies In
Minutes
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POWERCUBE CORPORATION
214 CALVARY STREET, VVALTHAM, MASS. 02154 ( 617) 891-1E330
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Specify Dale Edgeboards
Dale is ready to deliver your choice
of three of the industry's most popular edgeboard connectors...very
well made...very interchangeable...
very competitively priced. If you're
looking for an edge in meeting production schedules and holding the
line on costs, contact Dale today.

Get your edge by
calling 605-665-9301
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New . 156" model with reliable bifurcated
bellows contacts. Single row ( 6, 10, 15, 18, 22
contacts) Double row ( 12, 20, 30, 36, 44 contacts)
Solder eye terminals. For 1/16" board.
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EBT 156 Top- selling . 156" model with rugged
tuning fork contacts ( 8, 10, 12, 15, 18, 22). Dip,
solder eye or wrap terminals. For 1/16" boards.
EBTL 050
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Industry's thinnest . 050" model. Only
.158" thick for 1/32" boards; . 190" thick for 1/16"
boards. Cantilever-style contacts ( 8, 16, 20, 25,
32, 50, 64 per side).

DALE ELECTRONICS, INC.
East Highway 50, Yankton, South Dakota 57078. In Canada

Dale Electronics Canada. Ltd., A subsidiary of The Lionel Corporation

Circle 902 Reader Service Card

