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Lasers are lighting the way to the newer applications. Laser
applications once thought of as technology is making strides in
science fiction. Memories, fusion, diode, ion, chemical and other
wide band communications, and laser types. To be enlightened,
laser radar are some examples of beam coherently over to p. 24.




the pot...

the switch ...

- the modules...

| and add “quality-touch” appeal
to your product.

FEEL THE POT . . . a smooth, quality feel, only from Bourns® 81/82 Model Potentiometers.
Rotational torque range, only .3 to 2.0 oz. inch, is consistent for one, two, three or four cup
~ assemblies. :

- Independent linearity of £5% and low 1% CRV provide exceptional setability in both cermet
~and conductive plastic element types.

~ CLICK THE SWITCH* . . . one that really clicks, with positive action detent at either CW or
- CCW end. The Bourns Model 85/86 potentiometer/switch combination is rated at 2 amps in
DPST style and 1 amp in DPDT. Contacts are constructed of fine silver with gold overlay. This
provides exceptionally low contact resistance, for reliable operation at low level analog or
logic signal levels — or any application requiring an *‘on-off”" function.

GANG THE MODULES . . . potentiometers and switches. Up to 4 modules can be ganged on
- the same single or dual concentric shaft, without sacrifice to the satin-smooth feel or the
sure-fire click. Other options include a wide choice of bushing and shaft styles, P.C. pins or
solder lugs. Think of the possibilities! Now you can specify custom pots and switches
assembled from “off-the-shelf”” modules — at standard cost and leadtime.

Add “quality-touch™ appeal to your equipment with BOURNS Model 80 Family of Modular
- Potentiometer/Switches. Write or call today for complete technical information, direct or
through your Bourns distributor.

FEEL, CLICK, GANG . . . BEAUTIFUL!

- TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside, California
92507, Telephone (714) 781-5122 — TWX 910 332-1252.
*Patent pending

042/23 22 42 » Belgium 02/218 2005 » France 01/2039633 « Germany 0711/24 29 36

ngdom 01/572 6531  Japan 075 92 1121 e Australia 86 9410 e Brazil 257-3535
CIiRCLE NUMBER 262



New Sangamo Type 101 Aluminum Electrolytic Capacitors
for up to 100 kHz filtering in Switching Power Supplies:

COOLER PERFORMANCE.

Type 101 Capacitors
Electrical/Mechanical Specifications

Capacitance Range

450 uF to 465,000 uF

ESR Values at 20 kHz

.0048 ohms to .040 ohms

Max. Ripple Current | 40 amps at 65°C;
Capability at 20 kHz | 31.4 amps at 85°C
Operating -55°C to +85°C
Temperature Range
Vi 5 i VD!
When you need olta.ges Available 5 to 190 © :
. - Nominal 1.375" x 1.625
longer-life capacitors for your Case Sizes (34.93 mm x 41.28 mm)
higher-frequency (10 to to 3.000” x 5.625”

(76.2 mm x 142.88 mm)

100 kHz) switching regulator
power supply—play it cool.

Terminal Connections

Standard threaded
insert type

External Insulation

Look into new,

Uniform polypropylene
coating

cooler-operating Sangamo
Type 101 Computer-Grade
Aluminum Electrolytic Capacitors. :

Their unique Thermal Pack™ case
mechanically secures the internal wound
section. And compresses the extended conducting
cathode foil into metal-to-metal contact with the
aluminum case bottom.

Results: Rugged construction. No need
for potting compound. Less weight. More volume
for gas expansion. And vastly improved heat
transfer and dissipation, for cooler performance.

Get high capacitance, low impedance,

high ripple current capability —and economy—
CIRCLE NUMBER 2

gineering samples.
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in a great new case. Specify Sangamo
Type 101 Computer-Grade Capacitors.
Write for complete specs and en-

Sangamo Capacitor Division, Box 128,

Pickens, SC 29671; phone: (803) 878-6311;
TWX: 810-397-2496; Telex: 57-0441.

SANGAMO |
CAPACITORS

A DIVISION OF SANGAMO WESTON, INC.




TO-5 RELAY UPDATE:
Solve your energy

crisis with
O-5relays

Subminiaturization and pc board compatibility —
two obvious advantages of Teledyne TO-5 relays.
But there’s another outstanding advantage: low
coil power consumption. This feature is best
illustrated in the above graph which shows our
TO-5 relay power savings compared to other
miniature relays. The Teledyne 412 Series
dissipates about 30% less power than the .150”
grid relay, and 50% less than the 2 crystal can.
Our sensitive 432 Series is 65% less than the
.150” grid. And 75% less than the V2 crystal can.

“/*™ TELEDYNE RELAYS

{} Low Coil Power Consumption

MILLIWATTS
g 8 8

Pmﬂias!ﬁaﬁon at Nominal Coil Vbﬂa@e

This means you can save over 6 watts in a typical
system using, let’s say, ten TO-5 relays. In the end,
you gain significant advantages in terms of thermal
and power supply considerations that can help
prevent an “‘energy crisis’’ in your system.

Our complete line of TO-5 relays includes military
and commercial/industrial types, with virtually all
military versions qualified to established reliability
MIL specs. For complete data, contact Teledyne
Relays — the people who pioneered the TO-5 relay.

e Hybrid “T" Series
SPDT & DPDT types with internal transistor
driver and suppression diode

e “D” and “DD”’ Series
Military and commercial/industrial versions
with internal suppression and steering diodes

* Maglatch Series
SPDT, DPDT, and 4PST magnetic
latching types

e Centigrid® Series
World’s smallest relay — only .225” (5.72mm)
high x .370” (9.40mm) square

o Hi-Rel Series
Screened versions for space flight
applications (NASA qualified)

* High Environment Series
Hi-temperature, Hi-shock, and
Hi-vibration types

3155 West El Segundo Boulevard, Hawthorne, California 90250

Telephone (213) 973-4545
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Now AMP’Ss most versatile
1nterconnect10n system
1S even more So.

We've added a
whole famlly
of pin —
headers.




Top performance in a tiny space. AMPMODU posts,
receptacles and headers make your packaging designs
as tight as necessary.

We’ve also made it easier to place pins on a board. Forget
about positioning pins one at a time. Forget costly front-end
insertion equipment. Because AMP engineering ability shows
up in our recently introduced AMPMODU pin headers.

Pins are fully protected. Headers are polarized and have
self-retention locking latches. Headers fit everywhere on a
board, including board center.

Ten basic header styles offer several thousand possible
variations. You can approach mass termination with
AMPMODU headers. Up to 80 positions.

These headers now complement the AMPMODU interconnection
system, which features dual cantilever spring beams in the
receptacle, five basic contact types and board to board or
board to wire versatility. The forgiving nature of the receptacle
design also ensures a uniform, positive electrical contact with
the mating posts, evervtime.

At AMP our application, service and sales engineers are located
throughout the world, and are ready to help you with
prototyping as well as providing a complete after-sale service.
For more facts about AMPMODU headers, write or call
Customer Service. (717) 564-0100. AMP Incorporated,
Harrisburg, PA 17105.

SEE US AT

AMP

MILAN BIAS SHOW INCORPORATED

CIRCLE NUMBER 4
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Reduce Your Power Supply Size
and Weight By 70%

A new way has been found to sub-
stantially reduce power supply size
and weight. Consider the large
power supply shown at left in the
above photo — it uses an input
transformer, into a bridge rectifier,
to convert 60 Hz to 5 volts DC at
5 amperes. This unit measures
6%x4”’xT%"” and weighs 13 pounds.
Abbott’s new model Z5T10, shown
at right, provides the same per-
formance with 70% less weight and
volume. It measures only 24’x4"”’x6"”
and weighs just 3 pounds.

This size reduction in the Model
Z5T10 is primarily accomplished
by eliminating the large input
transformer and instead using high
voltage, high efficiency, DC to DC
conversion circuits. Abbott engi-
neers have been able to control the
output ripple to less than 0.02%
RMS or 50 millivolts peak-to-peak

maximum. This design approach
also allows the unit to operate from
100 to 132 Volts RMS and 47 to 440
Hertz. Close regulation of 0.15% and
a typical temperature coefficient of
0.01% per degree Celsius are some
of its many outstanding features.
This new Model “Z” series is avail-
able in output voltages of 2.7 to
31 VDC in 12 days from receipt of
order.

Abbott also manufacturers 3,000
other models of power supphes
with output voltages from 5 to 740
VDC and with output currents from
2 milliamps to 20 amps. They are
all listed with prices in the new
Abbott catalog with various inputs:

6069 to DC
40069 to DC

28 VDC to DC

28 VDC to 400 €2
12-28 VDC to 60 Ay

Please see pages 1836-1848 of your 1976-77 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 676-682 Volume 2 of your 1976-77 GOLD BOOK for information on Abbott Modules.

Send for our new 60 page FREE catalog.

abbott transistor

GENERAL OFFICES
5200 W. Jefferson Blvd.
s Ang CA 90016

EASTERN OFFICES
1224 Anderson Ave.
Fort Lee, NJ 07024

LABORATORIES,

Br3) SSea18s
INCORPORATED (213) 336:818

(201) 224-6900
Telex 13-5332
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Across the Desk

Converter series includes
several useful features

On p. 172 of the June 7 issue of
ELECTRONIC DESIGN, you featured
an 8-channel R/D converter. Since
ELECTRONIC DESIGN has a reputa-
tion and policy of comparing com-
petitive units, I was surprised you
did not mention DDC’s hybrid syn-
chro or resolver converters in the
story.

We at DDC have a similar prod-
uct, the Model HMSDC series, that
has been available for over three
years. It is far superior to the
MN7200 in that it features simul-
taneous sampling, 150 us conver-
sion time, single-line-per-channel
addressing, a temperature range of
—55 to +105 C. It also can ac-
commodate multiple references
with mixed frequencies and dif-
ferent line-to-line voltage levels.

For full data Circle No. 319

Steve Muth
Marketing Product Manager
ILC Data Device Corp.
Airport International Plaza
Bohemia, LI, NY 11716

ED issue may inspire
youth to greater glories

Your “200 Years of Progress” is-
sue of Feb. 16, 1976, merits sincere
congratulations for a job well done.
This year, when “Bicentennial”’ has
too often become distorted to “Buy-
centennial,” your issue provides a
refreshing assurance that our past
can be portrayed with the justi-
fiable pride it deserves without dis-
playing Old Glory on a beer can or
bumper sticker.

I hope copies of this issue will
find their way to reference shelves
where future young scientists may
receive inspiration to say “But,
folks, you ain’t seen nothin’ yet!”

In the interests of accuracy, and
without being too critical, I'd like

to call attention to the statement
on page 121 that “Telstar settled
into a nearly perfect orbit, in
which the satellite appeared to
hover over the same spot.” Unfor-
tunately, that is inaccurate, since
a synchronous orbit of about
22,000 miles is implied. Telstar had
an apogee of 3503 miles, a perigree
of 593 miles, and a period of 157.8
minutes.

Syncom, by Hughes, in Febru-
ary, 1963 became the first to
achieve synchronous orbit, but
without operating. Syncom 2, in
July, 1963, followed by Syncom 3
in August, 1964, both achieved
synchronous orbits and operated.
Many have followed since then to
this most useful position in spacc

As one of a team of General
Electric engineers working in 1960
to develop a synchronous satellite
called Advent, I remember the ar-
guments between recognized ex-
perts of orbital mechanics as to
whether a stable, synchronous orbit
was possible or whether it was a
theoretical “knife edge” condition
that could neither be attained nor
substained.

Name Withheld

Inaccuracies disputed in
exchange on hybrid amp

In your June 7 issue (ED No.
12, p. 32) Fred Pouliot of Analog
Devices generated inaccuracies of
his own in attempting to correct
the “inaccuracies” that appeared
in the new product story “Hybrid
Isolation Amplifiers Avoid Trans-
formers but Maintain Isolation”
(ED No. 23 Jan: 19, - 1976,5p. 9L ).

He stated that the Model 275 re-
quires a board area of 8.75 in.?
and has a volume of 7.79 in.?. The
combined figures for the Burr-
Brown 3650 isolation amplifier and

(continued on page 10)

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

‘iDIP!!
Isolators

OPTRON
OPTICALLY COUPLED
ISOLATORS

NEW HIGH ISOLATION VOLTAGE
“DIP”’ SERIES OFFERS
HIGH TRANSFER RATIO

Now, OPTRON provides a 5 kV isola-
tion voltage capability for its standard
six pin plastic dual-in-line isolators. A
new, unique internal design allows
high voltage isolation while still main-
taining a high current transfer ratio.
The 5kV DC or 3750 rms AC feature is
available for all devices in OPTRON'’s
popular OPI 2100 and OPI 3100
series.

OPTRON's extended “DIP” se-
ries includes JEDEC types 4N25
through 4N38A, features complete in-
terchangeability with popular industry
types and provides an inexpensive
coupler for every application. Devices
are available with isolation voltages of
1500, 2500 or 5000 volts with min-
imum current transfer ratios rang-
ing from 2.0 to 500%.

OPTRON'’s “DIP” and
a full line of other isolator
packages with isolation
voltages to 50 kV provide
the versatility required for
maximum electrical and me-
chanical design flexibility.

1.5 kV isolation with

| ' 60% current transfer ratio.
Phototransistor base lead
OP1102 ayajlable. Hermetic TO-5
package.
OPI 110
10 kV isolation and 40% current trans-
fer ratio. 4 usec switching time in low
cost miniature plastic package.

Detailed technical information on
“DIP” and other isolators as well as all
OPTRON optoelectronic products . . .
chips, discrete components, assem-
blies, and PC board arrays ... is
available from your nearest OPTRON
gales representative or the factory

irect.

OPTRON, INC.

1201 Tappan Circle

Carroliton, Texas 75006

214/242-6571 » TELE)( 73 0701
® TWX-910-860-5
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Draw one of these:

r—
& &
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660

Never thought you'd own a
Porsche, did you? Well,there’s only
one way to find out: fill out the
coupon.

Advanced Micro Devices will
send you a contest kit that includes
two samples of your choice of three
terrific high-speed comparators—
the Am685, Am686 or Am687 —
applications materials, data sheets
and contest entry form.

Then you design an original
application using the high-speed
comparator you've chosen. That

shouldn’t be too hard to do because
Advanced Micro Devices’ compar-
ators are the fastest, most accurate
parts you can get. Anywhere.

If youre the winner, you'll own
a brand new, shiny, speedy Porsche
924. Which is one of the fastest,
most accurate cars you can get.
If your design comes in second or
third you’ll win a Porsche Chrono-
meter. The next six winners win
Porsche Racing Team Jackets.

You must have your entries in
by January 15th. A panel of impar-

tial experts will pick the top 10
designs. A drawing will be held to
determine the winners. And we'll
announce the names of the winners
by March 1, 1977. ;

In the meantime, you've got
some very important things to think
about. Like what color you want.
Do you want a silver body with
black interior? Red with saddle?
Blue with tan? How about a gold
racing stripe along the side?

And you thought linear com-
parators were boring.

Advanced Linear

i

Advanced Micro Devices ® 901 Thompson Place, Sunnyvale, California 94086 e Telephone (408) 732-2400 e
Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics.

ELECTRONIC DESIGN 21, October 11,
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Drive one of these:

First, the kit. Then, the car.

Don’t wait around! Only the first 3,000 entries will be eligible. Send us the
coupon, attached to your company’s letterhead. No letterhead, no kit.

Advanced Micro Devices, 901 Thompson Place
Sunnyvale, California 94086

I'm a player. Here’s my coupon and letterhead. Send me the kit and the parts.

NAME
COMPANY
ADDRESS

PART TYPE Am6850 Am686 [ Am687 [
(Check Box)

ELECTRONIC DESIGN 21, October 11, 1976




ACROSS THE DESK
(continued from page 7)

the Model 700 isolated supply are
AL : SR S 3.29 in.2 and 0.95 in.?, respectively.
i In addition, he stated that “The
lm‘ml cmmuc"o" E Analog Devices Model 275 includes
-IC 1 AI. PmlNG S in its specifications, errors created
' by the power supply. The external
supply required for the Burr-
Brown unit has additional error
terms that must be considered.”

Leakage current is one of the
most important isolation specifica-
tions. The AD275 is specified at
8 wA max (115-V ae, 60 Hz); the
Burr-Brown 3650 plus the Model
700 have a total of 1.5 MA max at
a higher voltage (240-V aec, 60
Hz).

Marketing people (me included)
tend to be biased towards their
own products. But, in matters con-
cerning one product vs. another it
is the customer who ultimately de-
cides which product best serves his
needs. So, we’ll see Fred, we’ll see.

Dennis Haynes
Product Manager
Burr-Brown Research Corp.
International Airport

Industrial Park

Tucson, AZ 85734

Misplaced Caption Dept.

INSTRUMENT CASES-- TIC SERIES

TVA Series Vertical Assembly— . Trim: extruded anodized alumi-
Construction Details réurtn _gith texturbe’d \ﬂnylhmladys
. Outside removable flush en
(1 Frame, 2 End Panels, Rear Door) panels (16 ga.)
3. Recessed hand grip for panel
removal
. 2 pr. panel mounting angles,
fully adjustable front to rear with
tapped 10-32 holes on EIA &
WE Standards spacing (12 ga.)
. 1” dia. holes for cable entry
beneath base
. Recessed caster mounting holes
. 1 piece formed steel base pro-
vides for heavy equipment mount-
ing area and concealed caster
mounting (14 ga.)
. 1 piece solid top for extra rigid-
ity-and squareness (14 ga.)
. Foam gasketing (3 sides)
. Magnetic closure gasket
. Door stiffener channel
. Keyed latch and brushed alumi-
num pull handle
. Horizontal cross-brace and panel
mounting angle supports
. Quick release, spring loaded door
hinges (top and bottom)
. 118" dia. knock-outs for rear
. %able gnt;y leder‘n?‘z;th ;iar door
16. Formed steel uprights a. ’ ’ :
provide 12" recess to pa(nelg ) Let's see. We'll say it uses three
mounting angles . microprocessors, consumes 800
{\"Igf;m{‘%se S}L%“g:,{gss“’"‘““’ in milliwatts, delivers 45 watts rms,
has a sensitivity of 2 microvolts,

Welded, formed steel construction
and never breaks down.

Complete catalog and pr

“PREMIER METAL PRODUCTS COMPANY Sorry. That's Gerard Dow's “Self-
381 Canal Place, Bronx, N.Y. 10451/(212) 993-9200 Portrait,” which hangs in the

Rijksmuseum in Amsterdam.

CIRCLE NUMBER 8
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SORENSEN

IS THE SOURCE:

FOR RELIABLE OPEN-
FRAME POWER SUPPLIES.

SOC, our new line of open-frame power supplies:

» Standard voltage and package sizes  Stocked for immediate delivery

* 115/208/230 Vac input standard ¢ Conservatively designed and rated

¢ Made in U.S.A. with quality components » Low heat dissipation, high temperature stability

* No overshoot with turn-on, turn-off or power * One-year warranty, worldwide service organization

failure * UL recognized
del No. Seri A ° ° o nput Power: Vac 105-125, 190- 3
Mdal o i i e g ws gu¢ Lt to 250 available by using taps on transformer.
ggg g:g g gz 3.0 2-; 1.8 $32 Frequency 50 to 63Hz. (Derate 10% at 50Hz.)
SOC 2-10 c oV 18'8 glo g'g g; Voltage Regulation (comb. line and load):
; - - +0.15% + 6mV for 105 to 125 Vac and 100%
SOC 5-3 A 5V 3.0 2.4 1.8 32 load change
SOC 5-6 B 5V 6.0 4.9 3.8 54 = 35
SOC 510 c 5V 10.0 8.0 65 67 Voltage Ripple and_N_mse. 1.5Tvorms, 5mVpp.
Temperature Coefficient: 0.03%/°C.
288 15:1'8 g ng 1'8 ;g 122 2‘21 Drift (24 hours): 0.2% after 1-hour warm-up.
SOC 12-6.0 c 12v 60 50 42 67 2:;13;3 Sensing: 100mV maximum drop in
SOC 15-1.5 A 18V 1.5 1.2 1.0 32 Operating Temperature: 0°C to 60°C.
288 12:2‘8 CB: :g:/’ g'g i'g gg 2; Storage Temperature: —20°C to +85°C.
S 1'0 4 s 1'0 '75 '55 o Overvoltage Protection: Available on all mod-
4 ‘ ’ : els except 2 volt. Specify by adding “VP”’ suffix

et o b %4 o by & to model number and add $8 to unit price.
e o.e 7 5y 0‘8 '64 ‘45 = Current Foldback: Automatic, factory-set to
SOC 28-2.0 B 28V 2.0 17 1.4 54 éﬁﬁnof.rgge:vggigz‘output U
SOC 28-3.1 c 28V 3.1 26 2.0 67 " kil e

* Free-air rating — no external heatsink. ** £5% adjustable. 3 &

Call us for OEM discounts:
(603) 668-4500.

Sorensen

676 Island Pond Rd.,
Manchester, N.H. 03103.

—e3nz

QuIRyy a2,

T807 o-3,

(A Raytheon Company)
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How can you guarantee your product

for ninety days

if the parts that go into it
aren’t guaranteed for mnety seconds?

When you're in the business of
marketing information systems
and modems that sell from $500
to $50,000 it doesn’t help to have
your customers think of you as
anything less than a really solid
operation.

Of course, you're only as solid as
the products you sell.

The best way to get your custom-
ers believing in you and your prod-
uct is to make that product better
than anyone else—and to guarantee it. Resss

But how can you be sure nothing will go
wrong with the machines you make if you
can't be sure of the parts you put into
them?

The answer is you can't,
using guaranteed parts.

At MF Electronics, we make molded
crystal oscillators the best way anyone
knows how to make them. Since we feel
they’re the best, we're able to guarantee
them for one full year.

unless you're

The difference between
oscillators.

What separates
good oscillators from
bad is space. Space is
one thing there
shouldn’t be any of
inside an oscillator.
But the way most
oscillators are made,
space is one thing you
can count on.

The hollow truth about
crystal oscillators.

Look at this oscillator. The fact that we
can lift the cap to show you what's wrong
with it shows you what's wrong with it.

"
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nsE 2

' rantee
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arrants th
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MF Electr from defects
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After the crystal and other parts are

attached to the base, the cap is glued on,

creating a bond that's tenuous at best.

Air seeps through this bond, allowing
dirt and moisture to collect. You've got a
leaky oscillator, one that's prone to loose
parts and electrical shorting. That's how
deadly a breath of fresh air can be to the
inside of an oscillator.

The un-holey oscillator:
It's molded. What a blessing.

CRYSTAL OSCILLATOR
10M

o~ ME
AL ELECTRONICS

5406-

[ J
0476

o o

A molded oscillator, on the other hand,
has no holes, no open spaces, nothing to
hide and nowhere to hide it. Its crystal is
hermetically sealed and set in a monolithic
block of solid black plastic. There are no
spaces for air to penetrate, no room for dirt
or moisture to accumulate. Wave solder-
ing can’t even deteriorate the unit, so
there’s no danger of loose pins or joints.

A test that rings true.

One of our customers, who is also one
of the country’s largest users of crystal
clock oscillators, tested the performance of

various oscillators. He found that MF's
molded oscillator lasted 3000 hours in an
85°C/85% relative humidity test. If you've
ever done any oscillator testing yourself
you know how remarkable that is.

Two more solid reasons to use
MF Crystal Oscillators.

3rd overtone crystals are used in MF’s
molded oscillators to provide greater elec-
trical and mechanical stability in frequen-
cies exceeding and including 20 MHz.

And an MF molded oscillator is the only
one made that meets the UL oxygen index
guideline of 28%.

Because we're solid,
your product is more solid.

So when you use MF molded crystal
oscillators, you're giving your product a
more efficient component, a heart that will
beat longer. And your customers will be
giving you fewer complaints and service
calls.

MF Electronics is the only company that
makes molded crystal oscillators. We
invented them.

We make what we think are the best
crystal oscillators you can buy. And we
guarantee them, so your product can be
“the best you can buy.”

Guaranteed!

THE MF GUARANTEE

MF Electronics warrants this
molded crystal oscillator to be free
from defects for one year from date
of purchase.

Any oscillator found to be defec-
tive during this period may be re-
turned to the factory, postage paid,
for repair or, at our option, replace-
ment without charge.

MF Electronics limits its liability
to the repair and/or replacement of
the returned MF oscillator.

ELECTRONICS CORP.

118 E. 25th St., New York, N.Y. 10010 (212) 674-5360 TWX: 710-581-4109
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UN'VERS AL’S For two-wire, full-duplex operation at 1200 BPS, Universal Data

Systems proudly announces the Model 1212, the newest addition

NEWEST to the UDS family of data modems. The unit operates synchro-
nously or asynchronously over unconditioned dial-up or private

MODEM telephone lines.

Terminal interface discipline with the 12-12 is identical to that
commonly used for 103/113 modems. Using experience-proved
phase shift modulation techniques, the UDS-12-12 transmits at
1200 BPS or any integral sub-multiple rate, without restrapping
or adjustments.

The 12-12 is insensitive to word length, and it includes integral

5

provision for automatic remote and local loopback testing. De-
livery: 45 days ARO. For technical details contact UDS today.

$600 Single Unit Price.

member ot
iDcviAa

universal daba sistiems

4900 Bradford Drive « Huntsville, Alabama 35805 ¢ Telephone (205) 837-8100 « TWX 810-726-2100

Createg by Hall & McKel

CIRCLE NUMBER 11



Today more

than ever...
We make your

16-pin 4K

RAM business

our business.

Our Austin plant has
tripled volume production
of the MCM6604.

Again.

and again
last quarter!

MOTOROLA
Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC.

-still
the production house

14

* P.O. BOX 20912

PHOENIX, AZ 85036

FOI' hllndl'eds, or for hundreds of thou-
sands to meet volume production 4K RAM needs, call
your authorized Motorola distributor or Motorola sales

office.
ALABAMA, Huntsville
ALABAMA, Huntsville ...
ARIZONA, Phoenix
ARIZONA Phoenix . ...
RNIA, Culver City
CALIF RNIA, EI Segundo
CALIFORNIA, Irvine
CALIFORNIA, Mountain View
CALIFORNIA, Mountain View
CALIFORNIA, San Diego
CALIFORNIA, San Diego
ALIFORNIA, Sunnyvale
LORADO, Comm

.(205) 837-8700

.Hall-Mark Electronics .
-(205) 533-1170

Hamilton/ Avnet Electronics
Hamilton/Avnet Electronic;
. .Liberty Electronics/Arizo
Hamilton Electro Sales:
Liberty Electronics Corp
.Cramer/Los Angeles
.Elmar Electronics, Inc.

.(213) 322-8100
(213) 771-8300

-.(714) 565-9171
i § (408) 739-3011
City .. <.....(303) 287-9611
vve...(303) 534-1212

-(203) 792-3500
. .(203) 7620361
. .(203) 239-5641
-(305) 925-5401
(305) 927-0511
.(305) 894-1511
(305) 855-4020
(404) 448-9050
.(404) 448-0800
(312) 638-4411

LORADO, Denver
NNECTICUT, Danbiy

NNEC , North Haven .
FLORIDA, Fv Laudema\e
FLORIDA, Hollywood

FLORIDA, Orlando

FLORIDA, Orlando

GEORGIA, Atlanta

GEORGIA, Norcross

ILLINOIS, Chicago

ILLINOIS, Eimhurst Industrial Park

(312) 279-1000
ILLINOIS, Eik Grove Village Schweber (312) 593-2740
ILLINOIS, Mt. Prospect Cramer/ Chic; (312) 593-8230
ILLINOIS, Schiller Park Hamiiton/Ayj (312) 678-6310

INDIANA, Indianapolis
INDIANA, indianapolis

Graham Ele
Pioneer/In

KANSAS, Lenexa . «Hall-Mark - (913) B88-4747
KANSAS, Lenexa . Hamilton/ tronics (913) 888-8900
MARYLAND, Gaithersburg Cramer (301) 948-0110
MARYLAND, Gaithersburg Electronics (301) 948-0710
MARYLAND, Hanover (301) 796-5000
MARYLAND, Rockville (301) 881-3300
MARYLAND, Savage (301) 792-7000

TTS, Lexington (617) 861-9200

TTS, Newton (617) 969-7700

TTS, Waltham (617) 890-8484

MASSA TS, Woburn (617) 933-8000
MICHIGAN, Detr (313) 491-1012
(313) 522-4700

MICHIGAN, Lwama
MICHIGAN, Livonia

NI A, Edi
SURI, Hazelwood
ISSOURL. Earth City
NEW JERSEY, Cedar Grove
NEW JERSEY, Cherry Hil

(609) 424-5993

NEW JERSEY, Mt. Laurel (609) 234-2133
NEW JERSEY, Moorestown (609) 235-1900
NEW JERSEY, Pennsauken (609) 662-400(

NEW JERSEY, Saddle Brook

NEW JERSEY, Somerset

NEW MEXICO, Albuguerque
YORK, Farmingdale

NEW YORK, Hauppauge, L.|

NEW YORK, Rochester

NEW YORK, Rochester

NEW YORK, Rochester

(716) 275-0300
(716) 442-7820
(716) 461-4000

NEW YORK, Syracuse (315) 437-6671
NEW YORK, East Syracuse (315) 437-2642
NEW YORK, Westbury, L.I. (516) 333-5800
NEW YORK, Westbury, LI (516) 334-7474
(516) 921-8700
(919) 273-4441
(919) 725-8711
(216) 464-2970
OHIO, Cleveland [ Hamilton/Avnet Electronics (216) 461-1400
OHIO, Cleveland Pioneer-Standard Electronics, Inc. (216) 557 3600

Hamiiton/Avnet Electronics
Pioneer/Dayton
Cramer/Cleveland
Hall-Mark Efectronics
Pioneer/ Philadelphia
Pioneer/Pittsburgh

Dixie Radio Supply Company, inc. .. (803) 779-5333

OHIO, Dayton

SOUTH CAROLINA,

TEXAS, Austin Sterling Electronics (512) 836-1341
TEXAS, Dallas Hall-Mark Electronics (214) 231-5101
TEXAS, Dallas /Avnet Electronics (214) 661-8661
TEXAS, Dallas hweber Electronics (214) 661-5010
TEXAS, Dallas (214) 357-9131
TEXAS, El Paso (915) 533-9555
TEXAS, Houston Hall-Mark Electronics (713) 781-6100
TEXAS, Houston Hamilton/Avnet Electronics (713) 526-4661
TEXAS, Houston 8 Sterling Electronics, Inc. (713) 627-9800
UTAH, Salt Lakg Hamilton/Avnet Electronics (801) 262-8451
WASHINGTON, Hamilton/Avnet Electronics (206) 746-8750

WASHINGTON, Seatile Almac/Stroum Electronics (206) 763-2300
WASHINGTON, Seaitle Liberty Electronics Corp. (206) 763-8200
CANADA
CALGARY, T2E 6L7, Alta ... .Varah's $ (403) 276-8818
LONDON, Ont. CM Peterson Co., Ltd. (519) 434-3204
MISSISSAUGA, Ont Hamilton/Avnet (416) 677-7432
OTTAWA, On!. Zentronics, Ltd (613) 238-6411
OFTAWA, K2C 28B4, Ont Hamilton/Avnet (613) 226-1700
ST. LAURENT, P.Q. H4S 1G2 Hamilton/Avnet (514) 331-6443

, Ont. Zentronics, Ltd. (416) 789-5111
TOWN OF MOUNT ROYAL, P.Q Zentronics, Lid. (514) 735-5361
VANCOUVER, B.C Varah's (604) 873-3211
WINNIPEG, Man varah's (204) 633-6190

MOTOROLA AMERICAS DISTRICT OFFICES

ALABAMA, Huntsvllle 35805, 2608 Artie St., Suite 3 (205) 533-1650
ARIZONA, Phoenix 85018, 4350 E. Camelback Road, Suite 250F (602) 994-6326
ARIZONA, Scottsdale 85251, 8201 E. McDowell Road, Room 3135 (602) 949-3811

CALIFORNIA, Encino 91316, 15720 Ventura Bivd,, Suite 504 (213) 986-6850
Mail to: P.O. Box 7669, Van Nuys, CA 91409

CALIFORNIA, Orange 92668, One City Blvd. West

Bank of America Tower Bldg , Sulte 722 (714) 634-2844
Mail to: P.O. Box 11987, Santa Ana, CA 92711

CALIFORNIA, San Diego 92111, 7071 Convoy Court, Suite 210 (714) 560-4644
CALIFORNIA, San Jose 95117, 4020 Moorpark Ave., Suite 116 (408) 985-0510
CANADA, Ontario, Downsview, M3N 1Y4 Motorola Semiconductor Products, Canada
490 Norfinch Drive (416) 661-6400
CANADA, Ontario, Ottawa 6 Motorola Semicanductor Products, Canada
Suite 106, 1007 Merivale Rd 613) 729-4361
CANADA. Quebec. Montreal 9 Motorola Semiconductor pmm.m Canad
7800 Cote de Liesse Road 1-6881
CANADA, Vancouver, B.C Miolaroia Semmicondictor Prodycts. Canada
706 E. 7th Street (604) 985-3141
COLORADO, Denver 80237, 3515 S. Tamarac, Suite 330 (303) 773-6800
CONNECTICUT, New Haven/Hamden 06518, 3074 Whitney Avenue,

Building C, Room 1 (203) 281-0771

FLORIDA, Ft. Lauderdale 33313, 8000 West Sunrise Bivd. (305) 584-6000
FLORIDA, Pompano Beach/F!. Lauderdale 33309,
1001 N.W. 62nd Street, Ft, Lauderdale
FLORIDA, Orlando/Maitland 32751, 520 S. Maitland Ave
FLORIDA, St. Petersburg 33702
9720 Executive Center Drive North, Suite 108
ILLINOIS, cmraqo Schiller Park 60176, 4825 North s:un Street

(305) 291-4333
(305) 644-3422

(813) 576-6030
(312) 678-7205

ILLINOI! vankw\ Park/Schaumburg/Consumer 6019/

9 E. Algonquin Road, Room 2! (312) 576-2788
ILLINOIS, Schaumbuvg Industrial 60172, 1301 East Algonquin Road (312) 576-5518
INDIANA, Fort Wayne 46805, 2777 Maplecrest Road, Room 31 (219) 485-1691
INDIANA, indianapolis 46250, 6525 East 82nd Street, Suite 106 (317) 849-7060

IOWA, Cedar Rapids 52403, 4403 First Avenue, S.E., Suite 304 (319) 393-8632
KANSAS, Kansas City/Mission 66202, 6700 West Squibb Road, Suite 104 . (913) 384-3050
MASSACHUSETTS, Boston/Lexington 02173, 2 Militia Drive (617) 861-1350
MICHIGAN, Ben(on Harbor/Douglas 49406, 36 South Center (616) B57-2159
to: P.O. Box 567, Saugatuck, M1 49453
MICHIGAN, Delvuw Garden City 48135, 1812 Middlebelt Rd
Mail to: P.O. Box 355, Garden City, Ml 48135

(313) 261-6200

MINNESOTA, Minneapolis 55426, 6950 Wayzata Blvd.. Suite 424 (612) 545-0251
MISSOURI, St. Louis 63141, 760 Office Parkway (314) 872-7681
NEW JERSEY, River Edge 07661, 337 Johnson Avenue (201) 488-1200
NEW YORK, Poughkeepsie/ Fishkill 12524, Route 9 (914) 896-8970

NEW YORK, Long Island/Hauppauge 11767, 350 Vanderbilt Motor Parkway _(516) 231-9000
NEW YORK, Rochester 14618, 3380 Monroe Avenus (716) 381-7220
NEW YORK, Syracuse 13211, 123 Pickard Bidg E. Moiloy Road (315) 454-9373

NORTH CAROLINA, Raleigh 27612, 4509 Creedmoor Road, Suite 118 (919) 782-7604
OHIO, Cleveland 44143, 840 Brainard Road
OHIO, Dayton 45439, 3490 South Dixie Drive, Room 130
OHIO, Columbus/Worthington 43085, 933 High Street, Suite 116
OKLAHOMA, Tulsa 74145, 4833 South Sheridan, Suite 406
OREGON, Portland 97221, 1730 S.W. Skyline Bivd., Suite 203
PENNSYLVANIA, Pmlaaelpma Ft. Washington 190: A

501 Office Center Dnve Sulte 1
SOUTH CAROLINA, Columbla 29204, US. No 1 ch"‘ at 1-20
TENNESSEE, Knoxville 37919, 9041 Executive Park Drive.
400, Suite 403

(513) 294-2231
(614) 846-9460
(918) 664-5227
(503) 297-2235

(215) 643-4500
(803) 788-0585

Building (615) 690-5592

TEXAS, Dallas 75240, 4825 LBJ Freeway, Suite 140 (214) 661-9829

TEXAS, Houston 77018, 2010 North Loop West, Suite 111 (713) 688-4583

WASHINGTON, Seattle/Bellevue 98005, 300 120th Avenue, N.E., Suite 202 . (206) 455-3700
WASHINGTON, D.C./MARYLAND, Lanham 20801,

900 Princess Garden Parkway. Suite 804 (301) 577-2600

WISCONSIN, Milwaukee/Wauwatosa 53226, 909 North Mayfair Road (414) 476-5554
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sands of custom designed dip and sip networks
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60 S. Jefferson Road ® Whippany, N. J. 07981 ¢ (201) 887-8100
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Monolithic capacitors have been

our business for nearly three decades.

We build them better.

v ]

” Porcelain Capacitors: first then and now.

Vitramon, Incorporated was the first com-
pany to offer monolithic capacitors when we
introduced the porcelain dielectric back in
1948.

In those days, ‘VY’ Porcelain Capacitors
were the most stable available. Today — 28
years later — our 29 styles of porcelain ca-
pacitors are still among the most stable com-
ponents offered.

For nearly three decades, they've proven
they can operate efficiently where the word
critical is routine: in spacecraft, missiles and
high-frequency microwave equipment.

‘VY’ Porcelain Capacitors are available for
many special purposes. For example, our VY

Jitnam™

87 High Current parts have ratings of 2000 Vac
and 10 Amps RF. The High Voltage series op-
erates at 2500 Vdc — and the ‘THIN LINE’ com-
ponents feature axial, radial and edge-radial
configurations.

If you're looking for established reliability,
we offer CYR and CY parts approved to MIL-
C-23269 and MIL-C-11272 — backed by mil-
lions of test hours.

In short, we're building porcelain capac-
itors better today than ever before — and we
deliver what we offer.

Please call us for more details: (203)
268-6261.

Vitramon North America
Division of Vitramon, Incorporated
Box 544, Bridgeport, Conn. 06601

Subsidiaries: Vitramon Limited (London) « Vitramon GmbH (Stuttgart) + Vitramon France

S.A.R.L. (Paris) -

Vitramon Pty. Limited (Sydney) -

Vitramon Japan Limited (Tokyo)

CIRCLE NUMBER 14
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The one variable the world
can standardize on.

Our new Type M conductive plastic variable resistor is hard metric. A 10 mm
cube that's tiny, flexible and rugged. The MINI-METRIC is the smallest dual
pot available today. Manufactured in the United States, it's dimensioned
the way the rest of the world thinks. Allen-Bradley has what you need;
or, it can be ordered through our distributors. Ask for Publication 5239.

/»:"/, 1P 4
single or dual pot or ; Z U
pot/switch combinations P~ (.394-inch) for all combinations.

A

27277

Y77~ LO | P70eqorens

conductive plastic resistance
elements, =20% tolerance,
standard resistance values
conform to IEC.

case, bushing and shaft for
electrical isolation.

ALLEN-BRADLEY

Milwaukee. Wisconsin 53204 EC131
CIRCLE NUMBER 15




You can buy
this signal generator

for a 3-month job,
and then let it

gather dust.

When you buy electronic test equipment
for a short-term project, you’re stuck with the
equipment after the project is completed.
Maybe it’ll sit around gathering dust and cost-
ing you money. Or maybe you could sell it at
a loss.

Or maybe, you should have rented it
from REL

When you rent equipment from us, you
keep it only as long as you need it. When you’re
through with it, you send it back. Since you pay
only for the time you have your instruments,
you never have to spend your money on idle
equipment. Short-term needs are just one
reason for renting. Immediate delivery is an-
other. Because we maintain over $10 million in
inventory in fully stocked instant inventory
centers around the country, you can get
delivery within hours.

You can rent
this signal generator
for a 3-month job,
and returnit
when you're done.

REI stocks over 8,000 fully checked-out
test instruments. And they’re ready whenever
you are. For the full story on renting as well as
our low prices, send in the coupon for prompt
delivery of our free illustrated catalog. Or call
us now for your immediate requirements.

99 Hartwell Avenue, Lexington, Mass. 02173.
Please send me your free instrument rental catalog:

Name Title

Company

Address
City
Tel. Number

Rental Electronics, Inc., _}
|
|
|
|
|

Rental Electronics, Inc. €9

A PEESICO LEASING COMPANY

Burlington, MA (617) 273-2770 e

Gaithersburg, MD (301) 948-0620 ¢ Oakland, NJ (201) 337-3757 e Ft. Lauderdale, FL (305) 771-3500

Des Plaines, IL (312) 827-6670 ¢ Dallas, TX (214) 661-8082 ¢ Mountain Vlew CA (415) 968-8845 ¢ Anaheim, CA (714) 879-0561
Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513

CIRCLE NUMBER 16
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Electron Devices Meeting
to discuss VMOS progress

Recent advances in VMOS tech-
nology have produced microwave
power transistors with double the
power output and upper-frequency
limit. In addition, parasitic capaci-
tances that had limited the speed
of first-generation VMOS arrays
developed for memory applications
have been reduced substantially.

All these improvements will be
reported and discussed at the In-
ternational Electron Devices
Meeting in Washington, DC, Dec.
6-8.

A microwave, vertical-channel
MOS transistor (VMOST) that
uses 1-um gates to reduce capaci-
tance and increase the upper oper-
ating frequency to around theo-
retical limits will be described at
the Dec. 8 session by Dr. Terry
Heng, manager of microwave de-
vices at the Westinghouse Research
Laboratories in Pittsburgh.

“Previously, we reported obtain-
ing about 3 W at 1 GHz,” says
Heng, “but with our latest devices,
we're up to 6 W at close to 2 GHz,
which is the state of the art.”

The Westinghouse device is a
uniquely fabricated silicon
MOSFET “with the gate deposited
by angle evaporation rather than
vertical evaporation,” Heng adds.
“As a result, we can reduce gate
length to only 1 yum, thus minimiz-
ing parasities.”

Heng continues: “Our process is
unlike others used for VMOS. No
chemical etch is required. We have
the transistor fingers very close to
one another, and each finger has an
oxide overhang. The metal is evap-
orated and deposited through the
overhang.”

But since the evaporation occurs
at an angle, a photoresist opening
of 3 um is used to obtain a 1-um
gate. This 3-to-1 dimensional ad-
vantage makes the process substan-
tially less critical than using a
vertical deposition and a 1-to-1 ra-
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tio between gate and photomask
opening.

“Because we’re using the 3-pum
mask to get the 1-um gate, our
yield is almost 100%,” says Heng.

The VMOST s highly linear.
The third-order intermodulation
product power compared to carrier
power, a standard industry com-
parison, is down, typically, 24 to 26
dB, compared to 17 to 19 dB for
bipolar transistors.

“We're also working on a gal-
lium-arsenide version of this de-
vice,” Heng says, “because with
silicon we probably can’t get up
beyond 4 GHz. Cutoftf frequency on
our devices is now about 5 GHz.
To get a factor of 3-to-5 increase
in frequency response, we’ll have
to go to a new material like the
gallium arsenide.”

The original VMOS-array proc-
ess—the early work was done at
Stanford University by Dr. J. J.
Rogers and Dr. James Meindahl—
deposits the gate metallization and
then, unlike the Westinghouse ap-
proach, requires a chemical etch.
A principal drawback to the origi-
nal process is the relatively high
overlap capacitance associated with
the way the gate is incorporated
into the structure. As a result, gate
speed is limited and unsuitable for
high-speed memory arrays.

This capacitance problem has
been reduced roughly one half with
new processing techniques develop-
ed by American Microsystems,
Santa Clara, CA. Dr. I. S. Bhatti,
senior R&D engineer at AMI and
J. J. Rogers will describe the proc-
ess in their joint paper, “Minimi-
zation of Parasitic Capacitances in
VMOS structures.”

“We've done two things,” says
Bhatti. “We’ve changed from phos-
phorus to arsenic junctions. And
we're now using a structure like
self-aligned thick oxide. Under the
gate there’s a thick oxide layer on

the edge of the V groove.

“For a typical N-MOS device
with phosphorous junctions,” Bhatti
continues, ‘“the average gate-drain
overlap capacity is about 0.54 fem-
tofarad (fF) per micron overlap.
With the arsenic junctions, the
overlap capacity is reduced to
0.29 fF/micron.

As a result, Bhatti points out,
American Microsystems is looking
at fast, 1-k static VMOS RAMs
with access time in the range of
40 to 50 ns. The higher speed is
possible, thanks to effective short-
channel lengths of 1 to 2 um.

LSI reference voltage
source is introduced

The need for a reference-voltage
source that can be deposited on
MOS LSI chips in controllers and
microprocessors for analog controls
has been satisfied by a tempera-
ture-stable MOSFET reference
source developed by General Elec-
tric Research Laboratories, Sche-
nectady, NY. The device will be
described by GE researchers Dr.
W. J. Butler and Dr. C. W. Eichel-
berger at Session 23 of the Inter-
national Electron Devices Meeting.

Operated in the punch-through
mode, the MOSFET device has
demonstrated a temperature sta-
bility of 1 ppm/°C over a range of
0 to 100 C—in the laboratory.
Nevertheless, Butler feels that in a
production environment, deviations
in the reference voltage would be
less than 10 ppm/°C, for a 100-C
temperature spread from 200 to
300 K (73 C 10i27C):

The MOSFET is operated as a
two-terminal device supplied by a
constant current source. By adjust-
ing the value of current through
the MOSFET, the temperature co-
efficient can be changed from nega-
tive to positive.

CCDs beware:
Here come the bubbles

Magnetic bubble memories,
which have been talked about for
so long, are about to enter the
marketplace. And that could spell
trouble for charge-coupled devices
(CCDs).

A 100-kbit, bubble-memory chip,
345-by-365 mil in area, is now be-
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ing sampled by Texas Instruments.
It will be in production by the mid-
dle of next year, and a 500-kbyte
chip will be in production by 1978.

The bubble-memory chip will sell
for about 0.05¢/bit. Although CCD
memories sell for about 0.03¢/bit,
the density offered by bubbles is
much larger.

The CCD chips that are now
available contain only 16 kbits.
65-k chips are in the works, but
these are still significantly smaller
than the TT bubble device.

The most important difference,
however, is that bubble memories,
unlike CCDs, are nonvolatile.

The bubble chip has a major/
minor-loop memory construction,
with 144 working minor loops of
641 bits each and one major loop.
An additional 13 minor loops can
be used only as spares and not to
increase the capacity of the memo-
ry. Thus, of the 100 kbits on the
chip, 92 are actually usable.

The inclusion of spares on the
chip is unusual to semiconductor
technology and helps TI overcome
yield problems on such a dense
device.

After fabrication, the chip is
tested to see which loops are not
functioning properly. This infor-
mation is then fed into a special
section of memory. In an applica-
tion, the controller first looks at
this section of memory to deter-
mine which loops are operational,
so the spare/replacement opera-
tion is transparent to the user.

The chip will come in a 14-pin,
1-in. wide, dual-inline package
with coils and magnets.

New technique controls
atomic layers of crystal

The synthesis of a new crystal-
line material by scientists at Bell
Laboratories, Murray Hill, NJ,
could lead not only to tailor-mak-
ing materials with built-in elec-
tronic and mechanical properties
but also to the development of an
entirely new class of optical semi-
conductors.

The construction of the mate-
rial? called a monolayer crystal,
demonstrates the ability to accu-
rately control the periodicity and
substance of actual atomic layers
of the crystal, according to the
scientists. This type of control dis-
tinctly contrasts with existing

20

crystal-growing capabilities in
which the microstructure of the
crystal is determined by natural
thermodynamic and chemical proc-
esses.

The monolayer crystal’s growing
process is called molecular-beam
epitaxy. Alternate layers of arse-
nic, aluminum and gallium—each
one atom thick—are deposited on a
gallium arsenide base. This layer-
by-layer growth process produces a
crystal that has a mirror-smooth
surface and exhibits anisotropic
electrical and optical properties.

The resultant crystal has the
same average composition as crys-
tals used in fabricating light-emit-
ting diodes and solid-state lasers.

X-ray-laser development
put back on the beam

The development of practical
X-ray lasers heretofore has been
stymied because, unlike the optical
energy in regular lasers, the X-
rays tended to pass through any
reflecting surfaces without being
reflected.

But now Amnon Yariv, a re-
searcher at the California Institute
of Technology in Pasadena, CA,
has solved this problem by apply-
ing what he calls an “internal
Bragg scattering” of X-rays to
gallium phosphide crystals.

The X-rays are directed at an
angle at the long, thin crystals.
Once inside, the X-rays are reflect-
ed by the crystals’ atomic planes
and made to bounce back and
forth, explains Yariv.

As the X-rays bounce back and
forth, their energy builds up until
coherent X-rays are given off by
the crystals.

Because the crystals act like
waveguides, adds Yariv, laser ef-
ficiency is high while the need for
input pumping power is small.

Compact storage battery
operates for 10,000 hrs

The electric-powered automobile
has moved one step closer to reali-
ty with GM’s successful test of a
compact lithium/iron sulfide bat-
tery cell.

The experimental cell not only
operates for more than 10,000
hours—believed to be a world’s

record—but also reportedly packs
the energy of a conventional lead-
acid battery into 1/5 to 1/10 the
space (as measured in watt-hours
per unit volume). If successfully
developed, such a battery might in-
crease the 20-to-30-mile range of
current, lead-acid-battery-powered
urban vehicles to 200 miles before
recharging is needed (see News
Scope, ED No. 20, Sept. 27, 1976,
Py 219

The compact cell has been tested
through more than 700 cycles of
heavy discharge and recharge—
also believed to be a record—dur-
ing 14 months of continuous oper-
ation. The cell operates at tempera-
tures in the range of 650 to 900 F
—high enough to keep its inor-
ganic salt electrolyte in a molten
state.

During the test, the cell was
operated in a laboratory furnace
under a controlled helium atmos-
phere. In actual operation in a ve-
hicle, the lithium/iron sulfide bat-
tery would be hermetically sealed
and housed in an insulating jacket.
This insulation might add a 10%
to 159% weight penalty, says GM
researcher Dr. John Dunning.

Although “little degradation in
either specific energy or in cur-
rent efficiency” was seen during
early cycles of test, Dunning notes,
“a short circuit gradually develop-
ed in the cell, so that the current
efficiencies fell from nearly 100%
to 20% at the end.”

And although the record life-
time and cycles of the cell indicate
that progress is being made in the
laboratory, problems of high cost,
durability, and performance im-
provement still remain.

A consumer revolution:
‘basement’ computers

The increasingly popular hobby
of building computers in the base-
ment promises to be “nothing less
than the leading edge of a consum-
er-computer revolution,” according
to a study by the Venture Develop-
ment Corp., Wellesley, MA.

The hobbyist ranges from the
“home brew” experimenter to the
sophisticated engineer, the re-
searchers warn, adding that the
manufacturers who fail to appre-
ciate the differences in the consum-
er's needs will probably not suec-
ceed.
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_ - your
microprocessor

coming. So

we designed and we've even got the
an entire family frames, drawers, and racks.

of socket homes for it. Our socket cards,

Socket cards the 3D Series,
for card file mounting, come with built-in
and we've even got test points,

the card files. a ceramic monolithic bypass capacito

Socket boards
for LSI mounting in
frames, drawers, and racks,

r

at each socket,

and solder tab connection
to pins on LSI chips.

Our socket boards,

the 2D Series,

offer a good selection of
socket complements,

and are compatible

with other boards

for hybrid installations.
We also offer

automated wiring service.
We're ready
for you.

| !
1441 East Chestnut Avenue, Santa Ana, California 9270 4/835-6000
Also stocked and serviced in North America by G. S. Marshall, R-A-E, Zentronics.
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Toggle Switches

Bat, lever lock, Designer
Line, sealed. Big, broad
choice.

{ Cutler-Hammer, of course! The broadest

Rocker Switches ; 5 s
Singles and multiples. line. Styled to meet today’s and tomorrow’s
Wide, colorful selection requirements. They’re solid quality, look
range. Legend% too. great, work long and hard. Carried in stock
Sk for local availability by Switch Distributors.
Backed by Cutler-Hammer sales engineers
who can deliver innovative design help for

Pushbutton Switches Tool Handle &

Choice of sizes, colors, Slide Switches

circuits, ratings. Styled Variable speed, reversing.
to “turn you on”. Double insulated.

Switch to No.1




Choice.

Hermetics, non-sealed,
potted. Power, latching,
and timing functions.

the exact switch or relay you need— luminated Switches
when you need it. Rockers, paddles,

It’s no wonder so many designers specify pushbuttons, indicators.
Cutler-Hammer. For quality, reliability, Snap-in and bushing.
availability, and style. For commercial,
industrial, and military applications.

We simply offer more—of everything!

Snap Switches Rotary Switches
Lever, roller, leaf, and Precision and general
pushbutton actuators. purpose. Single and
Four terminal styles. multiple wafer.

Switch Accessories
Guards. Boots. Seals.
Caps. Decorator
facenuts. And much
more to protect, code
or customize.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis. 53201
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The pace of new laser developments
quickens, both in and out of the lab

Lasers are coming out of the lab
and into the real world in more
and more applications, ranging in
diversity from pollution detection
to welding.

Helium-neon (He-Ne) lasers can
be found in video discs, super-
market scanners and a host of
other useful equipment. Argon-
ion lasers are helping the medical
and dental professions. And mili-
tary as well as nonmilitary appli-
cations are steadily increasing.

Meanwhile, in the laboratories,
room-temperature diode lasers and
sun-pumped YAG lasers are being
developed to improve communica-
tions here and in space. And,
thanks to current research on
excimer lasers, fusion is well on its
way to becoming a power source.

He-Ne laser proliferating

Helium-neon lasers, due to their
low cost and high reliability, fig-
ure in hundreds of different
applications.

Almost anywhere that precision
alignment is necessary, He-Ne
lasers have found and are finding
a home. The construction industry
employs them to dig straight tun-
nels and measure distances. The
machine-tool industry uses them
for positioning on milling ma-
chines.

A potentially large market for
these lasers is the home video-disc
player. The MCA-Philips joint
venture in the video-disc field uses
a laser to read the markings on the
dise.

Holofile of Woodland Hills, CA,

David N. Kaye
Senior Western Editor
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Like radar, lasers can be used to track aircraft and missiles. However, the
lack of ground clutter with systems like this Nd:YAG laser tracker from GTE
Sylvania allows low-flying vehicles to be tracked with great accuracy.

has just announced a holographic
data-recorder and playback system
that was jointly developed with
TRW Systems. Up to 200 Mb of
data can be stored in a series of
2 X 2-mm holograms on a 4 x 6-
in. piece of microfiche.

The holographic data recorder
and playback system is used main-
ly as a credit card verifier. All the
numbers of bad credit cards can
be stored on a single piece of fiche.
The card can be read by an em-
bossed card reader and compared
automatically to the data stored on
the fiche. Any bad cards can be
readily identified. A He-Ne laser is
used to illuminate the holograms
on the fiche.

Holograms illuminated by He-Ne
lasers are also being used for non-
destructive tire testing.

The largest future market most
probably will be supermarket scan-
ning. Now that most products sold
in the supermarket have the uni-
versal product code printed on
them, markets are considering in-
stalling point-of-sale terminals
with laser scanners that can read
the code. Once the code is read, the
terminal automatically records the
price and prints a tape that in-
cludes an alphanumeric descrip-
tion of the item as well as the
price.

Many medical applications

Argon-ion lasers figure in most
medical laser applications. One of
the pioneer uses of lasers in medi-
cine was in retinal coagulation.
Now argon lasers make reconnect-
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ing detached retinas routine.

But the primary focus is bleed-
ing in the gastrointestinal system.
An endoscope containing three sets
of fiber optics has been developed
by Michael Bass of the University
of Southern California.

One bundle of fibers is run co-
herently and terminates in a view-
ing plate. Another bundle allows an
intense light to be transmitted
down to the area of interest so that
it can be viewed through the view-
ing plate. Finally, a single fiber is
connected to the laser, so that
when the area of interest is spot-
ted, the laser can be fired to
cauterize the area and stop the
bleeding. Thus, bleeding ulcers can
be cured without the need for
surgery.

Research is currently underway
to investigate the possibility of de-
stroying cancerous cells in the skin
by dyeing them and hitting them
with laser light. The darker can-
cerous cells should absorb more
light and be damaged more readily
than unstained normal cells.

Work is also underway to per-
fect the laser scalpel. Ideally, this
scalpel will allow for bloodless
surgery, since the laser will cauter-
ize as it cuts. The problem so far
has been that the laser, while
burning, creates smoke that im-
pairs the surgeon’s vision. Develop-
ing a device that sucks away the
smoke should solve this problem.

Dentists look at lasers

Dentists are becoming increas-
ingly interested in lasers. At the
Cincinnati Children’s Hospital Re-
search Foundation, researchers
have focused a ruby laser beam on
tooth cavities and have been able
to obliterate the decay. Laser en-
ergy is absorbed by the dark, de-
cayed parts of the tooth, but not
by the healthy areas. Due to its
speed and lack of excessive heat,
laser drilling most likely can be
carried out without anesthetics, ac-
cording to the researchers.

Researchers at UCLA, among
other institutions, are investigat-
ing the use of lasers in sealing
tooth enamel to prevent cavities or
fuse cracks in teeth. By focusing
laser light through a fiber-optic
strand, lasers might be used to seal
and clean the inside of root canals
as well.

A great deal of attention is
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Two gears of an automobile transmission component are welded together by
a high-power CO, industrial laser from Avco Everett Research Laboratory.

Machine-tool positioning is easy with
the Hewlett-Packard 5501A Laser
Transducer System. The system uses
a two-frequency laser head and inter-
ferometric optics for precise linear
displacement measurements.

centering on improving tunable dye
lasers. Dye lasers are primarily
used by physicists in absorption
spectroscopy.

An argon-ion laser pumps a dye,
such as Rhodamine 6G. The dye
fluoresces and relaxes by giving off
a broadband of wavelengths. By
tuning the optical cavity, it is pos-
sible to tune an argon-ion dye laser
from about 400 to 800 w. This
tuning requires more than one dye,
however.

Two of the major commercial
fabricators of dye lasers are Spec-
tra-Physics, Mountain View, CA,
and Coherent Radiation, Palo Alto,
CA. The most significant difference
between the dye lasers produced by
the two companies is the tuning
technique used.

Spectra-Physics inserts a wedged
interference filter in the cavity.
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The filter is a glass plate with a
three-layer coating. The bottom
coating is a layer of reflective coat-
ing. On top of that is a wedge of
silicon dioxide of linearly varying
thickness. The third coating is an-
other layer of reflective coating.
The cavity is tuned by moving
the wedge up and down and ex-
posing the laser beam to differing
thicknesses of silicon oxide.
Coherent Radiation uses a vari-
ation of the Leo filter, which is a
birefringent plate tilted at Brew-
ster’s angle and simply rotated in
the cavity. As the plate rotates the
effective-transmission length

through, the plate changes, and the
cavity is tuned.

Chemical lasers for DOD

The Department of Defense is
very interested in chemical lasers
for its weapons systems. These
lasers depend on a chemical reac-
tion rather than electrical energy
for pumping. Much of this work is
classified, but two known com-
panies pushing the state-of-the-art
of chemical lasers are Aerospace
Corp., El Segundo, CA, and TRW
Systems, Redondo Beach, CA.

Aerospace is working on nitro-

This Q-switched YAG laser, from Korad, is cutting through 1/4-in. thick
titanium. YAG lasers are also being tested for communications.

Nd:YAG pulsed laser systems, such as the HL-103 from International Laser
Systems, are used in such applications as nondestructive testing and bal-

listics research.
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gen fluoride (NF) lasers with a
wavelength of about 0.9 u. NF
should be more efficient than the
long-worked-on HF (Hydrogen
Fluoride) lasers, according to
Steven Suchard of Aerospace. Due
to their huge potential powers,
Suchard also foresees these lasers
being applied to fusion work. The
NF laser, however, is not working
in the laboratory yet. TRW is work-
ing on carbon nitrogen radical
compounds for chemical lasers.
This work is also very early.

Military applications abound

The military’s interest in laser
applications does not stop with
high-powered laser weaponry. In-
terest includes many other appli-
cations: laser range finders, laser
target designators, laser fiber-optic
battlefield communications, and
missile and ring-laser guidance
systems for aircraft.

A 4-laser-assembly engagement
system by Menet Corp., Santa
Monica, CA, is now used to record
rifle hits in war games. The pack-
age of four injection-diode lasers is
mounted on each rifle. Each target
carries a retroreflector. When the
target is hit, a pulse of laser en-
ergy reflected from the target is
detected and scored electronically.

The new technology

It wasn’t too long ago that room-
temperature diode lasers lasted
only a few minutes in the labora-
tory. Recently, however, their life-
times have been extended to about
10,000 hours. And although com-
mercially available diode lasers are
only quoted at a couple of thousand
hours, laboratories are reporting
lifetimes as high as 100,000 hours.

“We can now confidently make
GaAs diode lasers that will last at
least 100,000 hours. They have an
efficiency of about 50% with about
10 mW of output,” says Bernard
DeLoach, head of the GaAs Laser
Dept. at Bell Laboratories, Murray
Hill, 2 NJ

These lasers operate at about
0.9 u. By adding aluminum to the
active layer, the wavelength can be
shifted down to around 0.8 p.

“Our AlGaAs diode-laser’s real-
time data are up nearly 20,000
hours already, and we feel that
100,000 hours are not unrealistic,”
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Give your data communications

system a little goose and it'll put out
ten times as much.

Open up the back of any Data General com- in any proportion. They can handle any-

munications system, pop in our single-board
DCU/50 Data Control Unit, run through alittle
step called COMGEN and stand back. Because
that system can start pumping out ten times
as much data. And possibly a good deal more.

What makes this all possible is a rather
clever piece of engineering.

We’ve designed the DCU/50 as an intel-
ligent programmable controller. So it takes
over jobs the CPU used to do. Things like
character handling and code conversion.
Which frees up the CPU processing power
and speeds up total systems throughput.

On the other hand, you may not need
more throughput. Instead, you may need
more lines or different types of lines. Both of
which are just as easy to get. You just plug in
some different boards.

We make modular synchronous and
asynchronous multiplexors you can mix

thing from one to sixteen lines, are fully
software supported and work equally well
with or without the DCU/50.

Which brings up a rather significant point.

When you buy your communications
equipment from Data General, you can get
exactly what you need right now. And later,
if you need more throughput, more lines or
different types of lines, you won’t have to
throw out anything. All Data General com-
munications hardware and software are com-
pletely compatible. So you can add on to what
you already have.

Write for our free brochure, “The Sensible
Way to Use Computers in Data Communica-
tions” and detailed information about the
DCU/50 Data Control Unit.

And if that isn’t enough information, we'll
send a sales engineer who can also put out
ten times as much.

DataGeneral

¢» Data General, Route 9, Southboro, Mass. 01772, (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361
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reports Harold Lockwood of RCA
Laboratories in Princeton, NJ, an-
other hotbed of diode-laser activity.
“Although current diodes have las-
ing thresholds in the 200-mA region,
we are looking to lowering them to
between 50 and 100 mA.” Lock-
wood also envisions an increase in
the output power to about 50 mW.

These laser diodes will be used
in high data-rate (more than 30
MHz) communications through
fiber optics. Bell Laboratories, At-
lanta, GA, is already testing this
potential application by driving a
pair of 2100-foot bundles of low-
loss (about 6 dB/km) fibers 44.7
Mb/s with a diode laser. Each bun-
dle contains 144 fibers. Silicon-
avalanche, photodiode detectors
are used on the receive end.

This sort of technology would
enable a 1/2-in. diameter bundle
to carry about 50,000 telephone
calls. In contrast, a copper-cable
system requires about 6 cables,
each with a 3-in. diameter, to car-
ry the same load. Bell expects to
install fiber links between central
offices by the early 1980s.

YAG lasers also figure promi-
nently in the future of communi-
cations. A sun-pumped YAG laser
of the type demonstrated by GTE
Sylvania last year will be used in
1980 by the Air Force on a com-
munications satellite to test Gb/s,
data-rate, space-to-space laser com-
munications.

Excimers for fusion

One of the most interesting laser
developments of late is the excimer
laser. An excimer is an unstable
molecular bond that forms between
a pair of electrically excited ele-
ments. As the bond breaks, energy
is given off in the form of laser
light.

The most actively pursued exci-
mers are combinations of inert
gases and halides, such as fluorides,
bromides and chlorides. The exci-

(continued on page 30)

The principle of dye laser action is
shown as a blue argon-ion laser
beam from a Spectra-Physics laser
is passed through a dye solution.
The greenish light is a fluorescent
effect in the dye that has a broader
spectral band than the original laser
beam. Spectral lines from that
broad band can be selected by cavity
tuning.
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A jet stream of Rhodamine 6G dye is hit with light from a Coherent Radiation
argon-ion laser. The result is a dye laser that can be tuned from about 480
to 520 nm.
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First quad BIFET op amp.
Super Beta performance at low cost.

An innovation from Texas
Instruments. The new TL084.
The industry’s first four-in-one

BIFET operational amplifier.

Joining Bipolar and JFET
technologies on the same TL084
chip gives you the outstanding
qualities of Super Beta plus ex-
cellent AC characteristics: Ex-
tremely low input current, high
speed, and less noise.

PSR Uslly. Siew dlstrlbutqrs. Ina qhmce of pacl‘(-
OpAmps  Current Offset Gain Rate ages: 8-pin plastic or ceramic
perPackage (pA)  Voltage (mV) Bandwidth V/us DIP, TO-99 metal can. Electri-
! -
SURE Do teend . 80,000 2 10 05| cally and mechanically equiva-
LM324 (Quad General lent to their counterparts. Only
Purpose) 4 45,000 2 07 051 $1.60 for LF355P (100 pieces).
LM308 (Super Beta) 1 1,500 2 1.0 0.2 Also consider subbing TI’s
S CoNRRED o y 25 5 | LF155 for certain Super Betas.
LF356  (Single BIFET) 1 30 3 50 12 Same pin-out. And you'll get
TLOB4C (Quad BIFET) 4 30 4 25 7 | ‘em faster at a savings.
Typical data at 25°C For more details on TI's in-

All at down-to-earth economy.
Only $4.35 ($1.09 per function) in
100-piece quantities. Plastic or ce-
ramic 14-pin and 16-pin dual-in-line
packages. Same pin-outs as the
LM124/2902.

©) 1976 Texas Instruments Incorporated

New source for LF155 op amps.

If your LF155 op amps are coming
too slow or costing too much, check
out TI. Immediate delivery from TI

TEXAS INSTRUMENTS

INCORPORATED
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novative TLO084 quad or the
LF155 op amps, call your TI Distrib-
utor for data sheets. Or, o
write Texas Instruments, ﬁ
P.0... Box. 5012, M/S 308,
Dallas, Texas 75222.

63084




(continued from page 28)

mer laser’s big selling point is its
high efficiency, coupled with short
pulses, high peak powers and wave-
lengths in the UV.

The goal in fusion work is to
develop what the Energy Research
and Development Administration
(ERDA) calls the “Brand X” laser.
It will have a wavelength of be-
tween 0.3 and 0.5 u, 10 W of
peak power, 100 ps to 1-us pulse
width and at least 5-to-109% effi-
ciency. All of these characteristics
are theoretically within reach of
excimers. Peak powers are already
in megawatts, and efficiencies in
the 1% range for such excimers as
xenon fluoride, krypton fluoride
and argon fluoride.

“We should soon be seeing ef-
ficiencies in the 10-to-15% range,”

Various dyes can be used to tune the dye laser all the way from 400 to 800

nm. These are some of the typical dyes used. The performance data are for
the Spectra-Physics Model 375 high-performance CW dye laser.

says Mani Bhaumik, manager of
the Advanced Research Laboratory
at the Northrop Research and
Technology Center in Haw-

thorne, CA. Excimers also look
promising for applications in mili-
tary weapons systems and isotope
separation. mm

Photodiode preamp available in small package

A photodiode/preamplifier mod-
ule, which comes in a small pack-
age and whose characteristics can
be “tailored” to a specific applica-
tion, has been developed by General
Electric Co.’s Space Technology
Products Div. in Philadelphia.

Using a highly sensitive silicon
avalanche photodiode, the hermeti-
cally sealed “Laser Eye” is design-
ed for applications like laser range
finders or laser scanners. In typical
scanning systems, a laser beam
scans a region of the earth’s sur-
face. The reflected signal carrying
information about the “target”
area is detected and amplified by
the photodiode/preamplifier.

The GE unit can be modified (by
the manufacturer) to conform to a
variety of customer needs. Charac-
teristics that can be altered include
such properties as preamplifier
bandwidth, sensitivity (to protect
the detector in situations of high

signal strength), and coupling (ac
“or de).

Sensitivity is specified at 3.3 X
10°-V output per watt of illumina-
tion, under conditions of a 15-ns
pulse at 0.9-um wavelength. RMS
dark noise at the output is quoted
as 10-¢ V.

“Laser Eye” weighs 40 gms and
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Photodiode/preamplifier weighs a scant 40 gms, yet provides high sensitivity.

Its characteristics can be modified for specific applications.

is 1.8 ecm x 14 ecm X 3.6 em in
size. Its power supply leads are
filtered internally to permit opera-
tion in noisy environments.

The unit currently comes in two
models, the LE-303 and LE-304,
which differ only in their operat-
ing bandwidth. ==
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From the leader in power
device technology and
innovator in plastic
packaging . . .

STORS

der chip attachment
or superior power and

temperature cycling

capability

e Good current gain

e Fast switching speeds

e Color coded for polarity
(NPN or PNP) and lead
configuration

General Electric’s technology,
experience and quality
products can serve your
industrial application needs.
Our Power Transistor Selector
Guide and factory personnel
are available for your inquiries.
Contact your local GE distrib-
“utor or write to General
Electric Co., Electronics Park,
Bldg. 7, Box 49, Syracuse,
NY 13201.

GENERAL 3 ELECTRIC
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PROVEN PERFORMANCE
CRYSTAL CLOCK OSCILLATORS

Motorola’s K1100A leads the industry with a crystal clock oscillator that

has a proven track record of more than one million units. That's right . . . over
one million oscillators are in use by satisfied, repeat customers. That's not

all ... . we feature fast deliveries.

How versatile is the K1100A? With over 1200 frequencies already designed,
and same day shipment for standard stock frequencies of 4, 4.9152, 5, 10,
and 20 MHz . . . you make the decision.

Oscillators are available from 250 kHz to 32 MHz, +0.01% stability from 0°C to
70°C, TTL compatible, and standard +5V dc input.

For full specifications and prices on the oscillator that design engineers
trust, write Motorola, Component Products Department,
2553 N. Edgington, Franklin Park, Illinois 60131. ,_’;;,’::f
Or call (312) 451-1000, ext. 4183.

MOTOROLA

MOTOROLA

Communications and Electronics Inc.
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CAPACITANCE
RANGE
1pF to 10uF
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Voltage Range
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Encapsulated
5%
“JET-SEAL"”

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

As applicable

Not New...Just the Best

ERIE RED AP

Miniature Ceramic Capacitors

WIDEST SELECTION OF MINIATURIZED CERAMIC

CAPACITORS IN THE INDUSTRY!

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 dielectrics are manufactured by Erie’s exclusive Monobloc Process®
... amodern, time-proven ceramic film technology. And tough environmental
extremes routinely are endured by our own Jet-Seal, a hard, 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 . . .
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.

ERIE TECHNOLOGICAL PBODUCTS. INC.
Erie, Pennsylvania 16512
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DRAMATIC CHANGES ARE TAKING PLACE
IN THE WORLD OF INSTRUMENTS ...

DON’T MISS THIS MAJOR EDITORIAL WRAP-UP

® PROGRAMMABLE INSTRUMENTS e BATTERY-POWERED INSTRUMENTS
Exactly what “programmable” means. Discussion of the Circuit and packaging techniques used to achieve power
IEEE-488 and CAMAC interface busses. efficiency, portability, ruggedness, small size and other
e SMART-INSTRUMENTS desirable features.
Instruments that include wPs, memories or other ad- e SAFE INSTRUMENTS
vanced circuits for calculations, self diagnosis, automatic Design techniques to avoid hurting operator or damaging
operation, etc. external equipment. Discussion of safety codes.
e COMBINED INSTRUMENTS e STANDARDS AND CALIBRATION
Instruments that combine several functions — e.g. scope, A look at primary and secondary standards and stable
DVM and counter — with special emphasis on synergistic transfer instruments for calibration. Questions the mean-
results. ing of “‘traceable to NBS.”

e MEDICAL ELECTRONIC INSTRUMENTS

Update on diagnostic and clinical instruments with em-
phasis on design problems rather than applications.

INSTRUMENTS ’76

A full-scale, full-staff report with emphasis on the incorporation of microprocessors in instruments and the new sophistication
that is sweeping the instrument field. Watch for it November 22.

IT'S ANOTHER REASON WHY ELECTRONIC DESIGN IS THE
BEST READ ELECTRONICS PUBLICATION IN THE WORLD!



From the first connector to the
last termination, we can put con-
nector back panel assemblies to-
gether to your exact specifications.

We make our own connectors,
stamp our own metal, make our
own circuit boards and program
our own automatic wiring ma-
chines. Since we control every step
of the process, we can promise you

zero electrical defects on delivery.
You can minimize your capital in-
vestment by letting us do the com-

plete job. But, if you have your own
assembly or semiautomatic wiring
capability we'll stop at any point
you want. We'll even sell you just
the connectors, on 0.100, 0.125,
0.156 or 0.200-in. centerline
spacing, if that’s your need.

So, if you're wrapping up the de-
tails of a new product design, it's
time to start rapping with us. For
complete details, contact GTE
Sylvania, Connector Products
Operation, Titusville, Pa. 16354.
Phone 814-589-7071 TWX 510-
692-6763.

SYLVANIA

CIRCLE NUMBER 24

Our package deal:

with
_or without wrapping.



K E p C O m resolution: 2 or 3- digit BCD; 8-, 10-
OLY or 12-bit binary.
Te | YOUF u grounding: fully isolated optically.
dlgltal ChOICE & volts and amperes: to 1000V, to 90A.
pOV\_/er of: u unipolar and bipolar outputs.
Supphes ' ® high speed or conventionally filtered

output.

Kepco’s Digital Programmers are composed of individual PC
Cards that may be combined as you require to form a control
system. The combination to the left provides a 12-bit, 2-range
channel for voltage setting, plus an independent 8-bit channel
to set a current limit. It is housed in a convenient ‘‘quarter-
rack’’ assembly, seen here from the rear.

Both channels are strobe-accessed for noise immunity, have a
built-in delay (10 usec) for deglitching and are optically iso-
lated so that either side of your power supply (up to 1000V)
may be grounded. Data inputs are TTL compatible, comple-
mentary-logic with built-in storage registers. The programmers
have isolated on-card a-c operated power supplies— all you
need to do is plug ‘em in.

The SN Programmer’s outputs are d-c analog signals, suitable
for the control of any of Kepco’s Operationally Programmable
power supplies, either the high speed kind (whose response is
illustrated below) or conventionally-filtered models.

SRR TR R T

Manual Program Generator =

(two 12-bit words) for system test.

Response character of the
BOP 1000M, programmed
from -250V to +250V, show-
ing strobe and delay.

Model BOP 1000M

Programmed - 250V to +250V
100V/cm, 100 usec/cm.

BIPOLAR VOLTAGE

The SN Programmer mates per-
fectly with one of the new Kepco
high voltage, bipolar units, Model
BOP 1000M with an SN—12R
(12-bit) Card controlling voltage,

UNIPOLAR VOLTAGE

The SN Programmer also mates
beautifully with Kepco’s many high
speed unipolar power supplies, for
example, a Model OPS 55—5M.
With the SN—12R Card for voltage
control and the SN—8R Card for

R and an SN—8R (8-bit) card control-
Il ' : ling current. Your Bjpolar output current control, you get a Unipolar
4250V 4+ m‘m: = is: output of:
; ‘ ‘ [ 7 RANGE RESOLUTION RANGE RESOLUTION
NS L 4 98 -1000V to +1000V_| 244 mV 0-55V 13.2 mV
l -100V to +100V 24.4 mV 0-5.5V 1.3mV
il 1 ~-40 mA to +40 mA 0.16 mA 0-5A 20 mA

STROBE

I
I
I I
-
-

Deglitching —

Delay ||" Albkmeites

For complete specifications and
applications notes on our full line
of voltage and current regulators

Response character of the
OPS 55—-5M, programmed
from 40V down to 5V, show-
ing strobe and delay.

Model OPS 55-5M

Programmed from 40V to 5V
10V/cm, 10 psec/cm.

STROBE =
- _ T - t
‘ [

a0V |
oUTPUT
P

Deglnlchmg'l
Delay

KERPCO.

KEPCO, INC. « 131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 U.S.A.

(212) 461-7000 = TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
CIRCLE NUMBER 25

and digital programming interfaces,
write Department FJ— 05
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| Washington Report

Foreign military sales resume growth trend

Foreign military sales, which had been declining steadily for the past
three years, have suddenly spurted upward.

On a single day this past September, the Pentagon submitted to Con-
gress proposed letters of offer to foreign customers that totalled $6-billion
worth of military hardware and services. Orders for the entire previous
fiscal year amounted to $8.3 billion, down from $9.5 billion the year
before.

The big ticket item in U.S. military sales abroad is fighter aircraft,
particularly the General Dynamics F-16. An order for 160 F-16s from
Iran, at an estimated cost of $3.8 billion, was the major factor in the $6
billion package sent to Congress. Four NATO countries earlier ordered
348 F-16s.

Electronic systems are expected to be dominant in the coming year.
Saudi Arabia is planning a $1 billion command and control system for its
domestic police force, and Iran has Rockwell International under contract
for systems integration of its proposed $500 million Ibex electronic sur-
veillance system.

Technology studies due for October release

Two ad hoc study groups commissioned by the President’s Office of
Science and Technology Policy have completed their review of technology
and its impact on the economy and their findings are due to be released
this October.

One group, led by Dr. Simon Ramo, vice chairman of the board at TRW,
examined the contribution of technology to the economy. The other, led
by Dr. William Baker, president of Bell Laboratories, considered antici-
pated advances in science and technology. More than 60 issues covering
the spectrum of the physical and biological sciences are involved.

The purpose of the studies is to identify the areas in which the recently
reactivated Office of Science and Technology Policy can oversee federal
activities for the President. That office had been dormant for the past
three years until Dr. H. Guyford Stever, former director of the National
Science Foundation, was appointed presidential science advisor.

Defense business booms in California

California, which already has the lion’s share of the defense business
and is considered a critical state in next month’s presidential election, in-
creased its share of military business from 21.2% last year to 23% for
the fiscal year ended June 30.
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A recent Pentagon analysis of how military prime contracts were dis-
tributed by state during the past fiscal year shows that California received
nearly $9-billion from the previous fiscal year.

New York was a distant second with $3.3-billion in military prime con-
tracts, down from $3.7 billion from the year before.

Pentagon officials maintain that their figures are not a true picture of
how much money winds up in the individual states because the figures do
not take subcontracts into account. California, however, does lead the na-
tion among electronics and other subcontractors as well as the big air-
frame prime contractors.

DOD to charge for use of production facilities

For years, the Defense Department has encouraged its contractors to
woo overseas markets for their military equipment by permitting them
to use government-owned facilities rent-free if potential foreign sales are
involved.

No more. The Army has advised its contractors they will have to pay
to use its facilities. The other services are following suit. The new policy
is contained in a revision to the Armed Service Procurement Regulations.

The policy applies to both prime and subcontractors involved in com-
mercial transactions with foreign governments. Permission to use the
facilities must be obtained in advance. Exact charges will be determined
by the Pentagon’s Office of the Assistant Secretary of Defense for Instal-
lations and Logistics.

NASA to test fly-by-wire flight controls

Electronic digital “fly-by-wire” flight control systems might cut air-
craft production costs by 10% and permit weight savings of up to 20%
over aircraft with conventional mechanical control systems, the Air Force
estimates. Nevertheless, both military and commercial users are leery of
the new technology because adequate test data are scarce.

So the National Aeronautics and Space Administration (NASA) has
begun a test program at its Dryden Flight Research Center, Edwards, CA.
Three IBM AP-101 digital computers, similar to those used in the Space
Shuttle, are hooked into the pilot’s control stick in an F-8 Crusader fighter
plane. The goal is to determine if lightweight wires can translate the digi-
tized signals to the aircraft control surfaces. '

Capital Capsules: The National Oceanic and Atmospheric Administration (NOAA) is
pulling together its technology-related activities into a new Office of Ocean
Engineering, headed by Steven N. Anastasion of NOAA’s Office of Marine
Resources. The new office will consolidate the agency’s work in data
buoys, undersea vehicles and ocean instrumentation. . . . The Navy has
installed the first of tweo visual simulators for its new LAMPS helicopter
at Norfolk, VA. The second one will be installed later this year at San
Diego. . . . The recent congressional compromise on production funds for
the B-1 bomber has permitted the defensive electronic countermeasures
program to remain on schedule. Subcontractor AIL will deliver ground-test
hardware in mid-1977 and first-flight-test hardware in early 1978. Defen-
sive ECM will not be installed on the first 34 of the 240-aircraft program,
however.
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TEKTRONIX now has 5 ways
to look at logic.
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The New DF1 Formatter
First, we gave you the timing display and
binary readout with our 7D01 Logic
Analyzer. Now, with the DF1 Display
Formatter, which is dedicated to the
7D01, you have five display formats to
operate from, all in a 7000-Series main-
frame. Now you can convert a timing
display into tables of words in Binary,
Hexadecimal, Octal ... or a mapping
configuration . .. whatever your applica-
tion requires.

A STATE TABLE mode of operation
produces standard tables of up to 16
lines of 16-bit words. Using the 7D01’s
cursor, you can step through these ta-
bles word-by-word in Binary, Hex, or Oc-
tal. A 17th word is added to each table
emerging from the 7D01's memory, to
serve as a “key” and indicate you are
indeed scrolling correctly through the
long memory. The 7D01’s fine cursor

0011 1000 1100
g:‘)“mnonm 1000
1001 1000 0011 0010

0 0100110001100100

=25 nER5 2855

O D D OO
85n25an2 5288
S

<]

control steps the display line-by-line,
while the coarse control advances it
table-by-table.

One of the most powerful analytical
capabilities provided by the STATE
TABLE mode is that you can display two
tables-a reference table of “proved”
data plus a “new” data table drawn from
a system under test—on the same crt for
side-by-side comparison. New data that
is different from the reference data is
automatically intensified ... you im-
mediately know faulty data exists, and
you know its location.

With the DF1 you can map, not just
one, but three ways. The ability to map
FAST, SLOW, or MANUAL lets you
quickly recognize a word of interest,
track it, isolate it, then pinpoint it for de-
tailed analysis. The importance of map-
ping is derived from the speed with
which you can isolate problems.

The logic analyzer package shown
(7603 Option 1, 7D01, DF1) starts as low
as $5790. If you already own a 7000-
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Series mainframe, add the 7D01-1
(7D01/DF1 combination) for only $4390.
Also consider that your money buys you
these important 7D01 features: 1) Word
recognition, 2) 16 channel operation,
3) 15-ns asynchronous timing resolu-
tion, 4) 4k formattable memory (4, 8 or
16 channels), and 5) High Z probes.

For more information or a demonstra-
tion of the DF1, contact a Tektronix Field
Engineer near you. Or write Tektronix,
Inc., P.O. Box 500, Beaverton, OR
97077.

United States sales prices are F.O.B. Beaverton, OR. For
price and availability outside the United States, please con-
tact the nearest Tektronix Field Office, Distributor, or
Representative.

TEKTRONIX
- committed to
technical excellence

FOR TECHNICAL DATA CIRCLE # 241
FOR DEMONSTRATION CIRCLE # 242



isplays.

Because your system deserves
a bright, sharp image.

You put a lot into each OEM system: good circuit
design, quality components, careful testing. But end
users will judge it by the information they get from the
display. They expect bright, sharp images. That’s why
HP’s 1332A, 1333A, and 1335A CRT displays make
excellent choices for all types of systems —from spec-
trum, network, and chemical analyzers, to automatic
test systems.

Each display has a very small spot size that focuses
uniformly over the complete viewing area, regardless
of writing speeds or intensity level. This eliminates
the need to refocus at each intensity setting and assures
crisp images, even around the outer edges of the
screen. Fine image detail with excellent contrast and
uniformity make them particularly well suited for appli-
cations involving complex graphics, especially those
with alphanumeric data.

The 1335A, a variable-persistence, storage, and
non-storage display, introduces a totally new CRT
design optimized exclusively for information display.
It offers exceptionally good resolution over the entire
8 x 10 cm screen. And the 1335A is versatile too. Any
operating mode —erase, store, write, conventional, or
variable persistence—can be selected with manual
front-panel controls, remote program inputs, or a com-
bination of both. Manual controls can be inhibited en-
tirely during remote operations. The 1335A isawelcome

addition to medical and instrumentation systems.

OEMs who need a larger viewing area and a
brighter image at faster scan rates like the 1332A.
They appreciate its 9.6 x 11.9 cm viewing area, its
superior performance, and the ease with which the
1332A, like the others, integrates into a variety of
racks and cabinets.

For photographic recording of displayed data, the
new 1333A offers new performance levels. Its ex-
tremely small spot size of 0.20 mm (0.008 in.) pro-
vides the exceptional quality necessary for easy and
accurate photo evaluation. And its 8 x 10 cm screen
allows reproduction on Polaroid film with very little
optic reduction. For convenience, all frequently used
controls on all of these displays have been placed on
the front panel for maximum accessibility.

Which display best fits your requirements? Let
your local HP field engineer help you decide. Or
write for specific details. We’ll help you pick a dis-
play that makes your system look as good as it
actually is. oes9 A

HEWLETT lﬁﬁ . PACKARD

Sales and service from 172 offices in 65 countries. _
1507 Page Mill Road. Palo Alto, California 94304

CIRCLE NUMBER 27
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PRICE/PERFORMANCE BREAKTHBOUGH‘a ; . %I

— FUNCTION oy ML

g RANGE ~———=—

ZDIJ 20:  OHMS DC DC
m 200 vac MQ (kQ)

il

V M POW“ 8

SIMPSO

MODEL 464 L

Laboratory, R & D, and for

Digital Multimeter ™

e 3% Digit, 0.43” LED Readout e High Accuracy: == (0.1% of reading + 1
e Highly Reliable LSI Circuitry digit) on all 5DC V Ranges (+15 to 35°C)
o Bi-Polar Operation and Automatic Zero e Choice of Battery/AC Line Combination or
e Full Pushbutton Selection of Ranges AC Line Operation Only
and Functions ® H_lgh 'Impact_ Shock-Resistant Case with
e 28 Ranges: 6 AC current ranges to 10 amps Tilt-View, Adjustable Handle
6 DC current ranges to 10 amps ® Co_nformst to Applicable ANSI C39.5 Re-
6 resistance ranges to 20 megohms OIS
5 AC voltage ranges to 600 volts Model 464A Iine operation ............ $210.00
5 DC voltage ranges to 7000 volts Model 464D line and battery operation . . . . . $247.00
KATY INDUSTRIES
ORDER FROM YOUR ELECTRONICS DISTRIBUTOR
oy SIMPSON ELECTRIC COMPANY
= 853 Dundee Avenue, Elgin, lllinois 60120 + (312) 697-2260
m CABLE: SIMELCO -+ Telex: 72-2416
HHSTRUMENTS '“‘I' STAY ACCURATE IN CANADA: Bach-Simpson, Ltd., London, Ontario INDUSTRIAL
IN ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall EQUIPMENT

GROUP

IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay

CIRCLE NUMBER 28
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WWHO MAKES THESE

USTON

We don’t make commodity ICs. Our 15 years of intensive
experience in ICs is devoted to the development and manu-
facture of innovative circuits . . . circuits making special con-
tribution to industry technology . . . circuits manufactured
under the most exacting QAR program ever implemented . . .
creative circuits such as the types shown here. If you can’t
quite do the job with standard products, we can design inte-
grated circuits tailored to your needs.

e Printer Controllers * Brake Fluid Monitors
e Ground Fault Interrupters e Seat Belt Interlocks

e Smoke Detectors e Clock Circuits

® Voltage Regulators * Photo Diodes

* Photographic Shutter Controls * Quad FM Decoders

e Camera Flash Controls e Electronic Timers

e Stroboscopic Controls e Electronic Games

® Auto Ignition Circuits e AM/FM/TV Circuits

» Hall-Effect Switches e Communications Circuits
* Anti-Theft Controls * CB/Scanner Circuits
e Lamp Monitors e MOS Custom Circuits
e Low Coolant Monitors

For the full story on digital bipolar and MOS circuits, write
or call George Tully; for consumer entertainment and other
linear circuits, write or call Bob Milewski; for automotive and
photographic circuits, write or call Brad Marshall.

Sprague Electric Company, 115 Northeast Cutoff,
Worcester, Mass. 01606 (Tel. 617/853-5000).

ICs for IMAGINATIVE DESIGNERS

|Gs?

45S-6113

SPRAGUE

THE MARK OF RELIABILITY °

..and you thought we
only make great capacitors.
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(7 ACROMPOCESSOR IDESHE

MP development systems need more
power to speed up software debugging

Microprocessor development systems help the
engineer generate and debug software for his
application. But even with the recent flood
of new wPs, development systems have been slow
to evolve. Bruce Gladstone, vice president of
Microkit, Santa Monica, CA has some views on
future trends.

I look for three important features to appear
in future development systems: in-circuit
emulation and analysis, ability to use one
development system with more than one uP,
and more efficient generation of application
software.

In-circuit emulation was introduced by Intel
some time ago. It replaced the 8080 in the
user’s system with a plug that connects to a
development system. Now the user is able to
debug hardware and software in a real
environment.

With in-circuit analysis, the programmer

hooks into an existing uP in a system and
runs tests on that system. He can set breakpoints
and see if the test program ever reaches that
breakpoint. He can examine user mzamory.
In effect, he can find out whether his uP is
working properly in the environment that it
must run in.

You should not have to spend many thousands

(continued on page 42)

Restructured 8080 assembly language eases programming

| Bsal-80, a restructured assembly language, replaces
8080 assembly language statements so that programming
becomes easier. The language is used with the company’s
text editor, loader and relocatable assembler. The software
package, on paper tape, is supplied as part of a development
system continuing a keyboard/display unit, along with the
requisite 8080 processor and associated circuitry. A user-
supplied teletypewriter is also necessary to feed data into
the system.

Bsal-80 provides a non-mnemonic, replacement

statement language structure which is as efficient as assembly language but much easier

to compose. If . . . Then, Begin . .. End, Else Begin . . . End commands, parametric macros,
and equate indentifiers, make structuring documentation of Bsal-80 programs easier than
normal assembly language programs. Relocatability and automatic memory allocation are

provided through Local and Global data declarations and Entry and External program

declarations via the linking loader.

For example, a normal 8080 assembly-language statement might read INRA. This
instruction means ‘““increment the register or memory location called A”’. The equivalent
Bsal-80 statement is: “A = A + 1”. Some other Bsal-80 statements might be translated into
two assembly language statements by the assembler.

The development system, called Model 80-BDS, sells for $3950.
muPro, Inc., 10340 Bubb Rd., Cupertino, CA 95014. (408) 996-1137.
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MICROPROCESSOR DESIGN

(continued from page 41)

of dollars for a particular development system
for each different uP. Whether it be through
personality cards or some other technique, I
believe that the development system of the
future must be able to work with a wide variety
of uPs.

Almost every uP and development-system
manufacturer has made similar development
systems. They have used a teleprinter as the
console and the sole I/0 device in their systems.

I feel that a CRT terminal, with a system
designed specifically for it, is a better way to go.

Unfortunately, a teleprinter ties you down
to a very slow device. Because of the speed
limitation, only a small amount of the
information that should be displayed for easy
program debugging ever gets to you, and
vou’re forced into elaborate command strings to
do even the simplest job. For example, most
teleprinter-oriented systems have a debug-

monitor program with 15 or 20 commands,
when only four basic commands are really
necessary. You must be able to store data,
display data, and set and reset breakpoints.

If I merely add a CRT terminal to a
teleprinter-oriented system, my task is only
eased slightly. If I want to execute my pro~ram,
display the change in memory location, display
the contents of the registers and display the
flags, I'm still going to have to type in
commands to do each one of them. On the other
hand, if I design my system for the CRT to
begin with, I can display all of that information
with a single command.

Debugging becomes easy because we can
write our entire CRT display (960 characters)
in half the time it takes to print one character
on a teleprinter. You can look at the contents
of the registers at the same time you are
looking at the contents of memory. Then, as
vou make a change in the program, you can
execute and look immediately at all of the
pertinent data once again.

Program larger EPROMs on an Intellec 8/Mod 80

If you have Intel’s Intellec 8/ Mod 80 development
system and you’re looking around for a software-controlled
EPROM programmer that will work on 2704/2708
devices, the Model 2730 programmer is for you.

The Intellec 8/ Mod 80 already programs 1702s. But
the 2704 and 2708 store more bits, don’t slow down an
8080 system like the 1702s do, and cost less per bit.

The programmer plugs into the system via a ribbon
connector and consists of two PC boards. First, the
software, which is supplied on paper tape, is loaded into

two 1702 EPROMs These are then plugged into the Intellec; this is the control program.
To program either a 2704 (512 x 8) or a 2708 (1 k x 8), the IC is plugged into the
2730’s programming socket. The starting and ending locations in RAM that are to be
duplicated into the EPROM are then enterad, and the programmer is activated.

The programmer also transfers data from an EPROM back into any specified location
in a RAM. In addition, it verifies (compares the contents of a programmed EPROM with
RAM data) and prints out any differences.

The Model 2730 costs $365 for the complete system.
Texas Microsystems, Inc., 3320 Bering Dr., Houston, TX 77057. (713) 789-9820.

CIRCLE NO. 508

Simplified 16-bit microprocessor is easier to use

In its effort to make microprocessors simpler and easier to use, Texas Instruments of
Dallas, TX, has come up with a new 16-bit unit that is in a smaller package than its
predecessor and contains an internal clock.

Dubbed the TMS 9980, the new micro is a low-performance version of the currently

(continued on page 44)
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AMPERES

The failure. A 16 W overload causes this 1/2 W carbon film resistor
to burst into flame. The initial failure mode is a short circuit,
causing even more current to be drawn as shown on the meter.

The successful failure. The TRW 1 W rated BW-20F (1/2 W size)
stays cool and fuses quickly and safely under identical power surge
conditions. The failure mode, as shown, is an open circuit.

A failure your circuit
can live with.

Failsafe, Fusible, Wirewounds Offer Built-In Circuit Protection.

Cool wirewounds like our BW failsafe series have a
dual personality.

They provide stable resistance to normal operating
current. But at specific overloads, they open circuit like a
good fuse. So, as shown above, they'll protect your cir-
cuit from excess heat and fire in places where severe
fault conditions are encountered.

The BW failsafe series, UL listed per Document 492.2,
can save cost by eliminating the need for both resistor

and fuse. Save space, too, because they're about half the
size of standard 1 and 2 W devices.

Depending on your specific circuit parameters, other
TRW film and wirewound resistors can be engineered to
meet your requirements.

For more information on resistors your circuit can live
with, contact TRW/IRC Resistors, an Electronic Compo-
nents Division of TRW, Inc., 401 N. Broad St., Phila., Pa.
19108. Tel. 215-922-8900. Telex: 710-670-2286.

TRW irc REsISTORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW

CIRCLE NUMBER 30
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MICROPROCESSOR DESIGN

(continued from page 42)

available TMS 9900. Unlike the 9900, which comes in a 64-pin DIP, TI's semiconductor
designers have performed some microsurgery and squeezed the 9980 into a 40-pin DIP
The reduction in the number of pins is made possible by the multiplexing of the 16-bit
data words onto only 8 pins instead of the 16 pins used in the 9900. The new micro’s
internal clock makes the chip easier to use and eliminates the need to connect an external
4-phase clock to the chip, saving still more pins.

While the 9980 is slower than its predecessor, it is nevertheless capable of executing
the entire 9900 instruction set, including the hardware multiply and divide. And, as with
the 9900, direct accessing (DMA), memory mapped I/0 and serial 1/0 are possible.

It also features six interrupts.

Along with the new micro, TI has also introduced four peripheral circuits that are
compatible with the 9980, as well as the rest of the 9900 series of components. The first
of these is the TMS 9901. This is a programmable-systems-interface chip that provides
interrupt prioritization, I/0 control and interval timing. Under program control, the chip
can provide up to 15 individually maskable interrupt-request lines or up to 16 progammable
1/0 ports. y

The next chip in the newly introduced series is the TMS 9902, which is a universal
asynchronous receiver transmitter (UART). The data rate of the UART is programmable
and ranges from 5 to 76,800 bits/s. Additional programmable features of the 9902 include
selection of even parity or no parity and character lengths of from 5 to 8 bits.

Synchronous communication control is provided by the TMS 9903. In addition to
handling various synchronous data transmission protocols—such as IBM’s new
synchronous data link control (SDLC) and Bi-Sync—the 9903 can handle data rates that
range up to 250-k bit/s. Character length and sync register are programmable and an
interval timer is provided.

The last chip of the series is the TIM 9904. This is a four-phase clock generator driver.
While the other chips in this series are NMOS devices, the 9904 is a low power Schottky
semiconductor. Schottky technology is used because of the high speed required. The output
of the 9904 however, is MOS compatible.

Sample quantities of the new chips will be available during the fourth quarter of this
vear and the first quarter of next year.

Texas Instruments, Inc., P.O. Box 5012, MS/84, Dallas, TX 75222. (214) 238-2}81.
CIRCLE NO. 509

A MODEL TO TAKE HOME = 3060 WattAcDC
TO MOTHER.

Series “B” Modules

LOW COST 50-60 WATT
DC-DC CONVERTERS

-
E II Ec H ..HIGH DENSITY POWER MODULES

CIRCLE NUMBER 101
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10 to 30 V Supply \ Pulsing Output During i
Ramp System Transients
Vee Out In  VControl PWM Out Osc Out
Q0---0-0
10 8 5 |6 4 14
—O Output
7.8 V Reference F - u1pu
; R
e—r= utput
Ramp Q
VRef 9 Vit f At = Capability
78V AAA a
I t——O Output
 HENEEN r o et =
+
= ~ . | s{OR0,
= = ¥ (95
L
126 10 2 36 7& 150 156 = 1 'Y
Gnd Reqt Cext F/F Dead Time Inhibit Output 2 1« 8’
Out  Adjust Inhibit 4R \_v?
. Independent
Operating Frequency Dead Time Independent Control of

2 to 100 kHz

Adjustment Inhibit

T2L/CMOS Compatible

Output 2 for Symmetry
Correction Possible

If switching regulator control

is all work and no play,
boy, do we have news for you.

1" ltusedtobeadull,
tedious job putting together
reference, oscillator, PWM,
phase-splitter and dual
alternating outputs from
numerous components to
form a regulator control
circuit. Not to mention hours
of design time.

The MC3420 Switchmode
regulator control circuit has
changed all that.

Now all you do is plug it
in and you've got all the
functions needed to regulate
the simplest to the most
complex constant frequency

*Trademark Motorola Inc
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switching power supply.

It's virtually all things to
all designs.

e |t has a power supply
voltage range of 10V to 30V.

e |[t's capable of 2 to 100
kHz operation and can be
slaved to others like itself
for synchronization.

e |ts O to 100% dead-time
comparator is unique.

e |[ts outputs are open-
collector type with a satura-
tion voltage of 0.5V @ 40mA
and can block 40V.

e |t features an inhibit
input and has options for

MC3420 Switchmode* Regulator Control

independent control of one
output for implementing a
symmetry correction control
loop.

Best of all, it’s priced at
just $5.75(100 up), a pittance
compared to what it cost in
parts and time before.

Now it's so easy and
simple to control single and
double-ended supplies,
transformer-coupled dc-to-dc
converters, transformerless
voltage doublers and polarity
converters et al you'll wonder
what happened to all the hard
work. We did it for you.

Motorola Semiconductor Products Inc., Box 20912, Phoenix, Arizona 85036

CIRCLE NUMBER 31

MOTOROLA Semiconductors
—and you thought we were just a production house
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General Time's new
DIGITAL Timers are

changing the way
equipment is being

designed...

here's what you should know about them.

@ Their low, low prices and high dependability enable
them to replace both low and high accuracy analog timers

as well as most electro-mechanical timers.

® Their digital circuitry provides exceptional + 0.5% repeat
accuracy in all time ranges — even those as long as 60
minutes. Their short reset, recycle and abort times give you

a new level of design flexibility.

® They're now in stock at all Distributors listed below. For complete information
about General Time Q-20 Digital Timers use the reader service number provided. t

AUTHORIZED STOCKING DISTRIBUTORS

ALABAMA

CRAMER
Huntsville (205) 539-5722

ARIZONA

CRAMER
Phoenix (602) 263-1112

METERMASTER
Phoenix (602) 273-7331

CALIFIORNIA

CRAMER

Irvine (213) 771-8300
(714) 979-3000

San Diego (714) 565-1881

Sunnyvale (408) 739-3011

METERMASTER
Los Angeles (213) 685-4340
Palo Alto (415) 968-6292

NEWARK ELECTRONICS CO.
Inglewood (213) 678-0441

COLORADO
CRAMER
Denver (303) 758-2100

NEWARK ELECTRONICS
Denver (303) 757-3351

CONNECTICUT

ARROW ELECTRONICS, INC.
Hamden (203) 248-3801

CRAMER
No. Haven (203) 239-5641

HARTFORD, ELECTRIC SUPPLY

Hartford, CT. (203) 233-3694
NEWARK ELECTRONICS
Westport (203) 226-6921
DISTRICT OF COLUMBIA

CRAMER
Gaithersburg (301) 948-0110

FLORIDA

ARROW ELECTRONICS, INC.
Ft. Lauderdale (305) 776-7790

CRAMER
Orlando (305) 894-1511
Hollywood (305) 923-8181

NEWARK ELECTRONICS
Ft. Lauderdale (305) 587-2372

GEORGIA

CRAMER
Atlanta (404) 448-9050

ILLINOIS

ALLIED ELECTRONICS
Elgin (312) 697-8200

CRAMER
Mt. Prospect (312) 593-8230

METERMASTER

Elk Grove Village (312) 593-8650

NEWARK ELECTRONICS
Chicago (312) 638-4411
Hickory Hills (312) 599-2300

INDIANA

GRAHAM ELECTRONIC SUPPLY

Indianapolis (317) 634-8486

IOWA

NEWARK ELECTRONICS
Cedar Rapids (319) 362-1171

MARYLAND

ARROW ELECTRONICS, INC.

Baltimore (202) 737-1700
(301) 247-5200

CRAMER
Hanover (301) 796-5790

NEWARK ELECTRONICS
Beltsville (301) 937-5085

MASSACHUSETTS

ALLIED ELECTRONICS

Braintree (617) 848-4150
(800) 225-1890

ARROW WLECTRONICS, INC.
Burlington (617) 273-0100

CRAMER
Newton Centre (617) 969-7700

GRAYBAR ELECTRIC CO., INC.

Boston (617) 482-9320

NEWARK ELECTRONICS
Woburn (617) 935-8350

V9 GENERAL TIME
i) A TALLEY INDUSTRIES COMPANY

INDUSTRIAL CONTROLS DIVISION
THOMASTON, CONNECTICUT 06787
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MICHIGAN
CRAMER
Livonia (313) 425-7000

NEWARK ELECTRONICS
Oak Park (313) 548-0250
Wyoming (616) 241-6681

MINNESOTA

ARROW ELECTRONICS, INC.
Bloomington (612) 888-5522

CRAMER
Edina (612) 835-7811

NEWARK ELECTRONICS
Minneapolis (612) 331-6350

MISSOURI

OLIVE INDUSTRIAL ELECTRONICS

St. Louis (314) 863-7800

NEW JERSEY

ARROW ELECTRONICS, INC.
Moorestown (609) 235-1900
Saddlebrook (201) 797-5800

BROWNELL ELECTRO INC.
South Plainfield, (201) 753-4600

CRAMER

Moonachie (201) 935-5600

Cherry Hill (609) 424-5993
(215) 923-5950

NEWARK ELECTRONICS
Kenilworth (201) 272-8410

NEW MEXICO

CRAMER
Albuquerque (505) 265-5767

CIRCLE NUMBER 32

NEW YORK

ARROW ELECTRONICS, INC.
Farmingdale (516) 694-6800
Fishkill (914) 896-7530

CRAMER

Endwell (607) 754-6661
Hauppauge (516) 231-5600
Rochester (716) 275-0300
E. Syracuse (315) 437-6671

NEWARK ELECTRONICS
Rochester (716) 473-6600
Plainview (516) 822-5000

NORTH CAROLINA

CRAMER

Raleigh (919) 876-2371
Winston-Salem (919) 725-8711

OHIO

ARROW ELECTRONICS, INC.
Cleveland (216) 464-2000
Kettering (513) 253-9176

CRAMER
Cleveland (216) 248-8400
Cincinnati (513) 771-6441

HUGHES-PETERS, INC.
Cincinnati (513) 351-2000
Columbus (614) 294-5351

NEWARK ELECTRONICS
Cleveland (216) 361-4700
Cincinnati (513) 874-5115

PIONEER
Cleveland (216) 587-3600

STOTTS-FRIEDMAN
Dayton (513) 224-1111

CLEVELAND TIME CLOCK
AND SERVICE CO.
Cleveland (216) 861-2496

ELECTRONIC DESIGN 21,

OKLAHOMA

CRAMER
Tulsa (918) 836-3371

PENNSYLVANIA

WEST CHESTER ELECTRIC SUPPLY
West Chester (215) 696-7500

RHODE ISLAND

W. H. EDWARDS, INC.
Warwick (401) 781-8000

TEXAS
CRAM
Dallas (21 4) 666-9300

NEWARK ELECTRONICS
Garland (214) 271-2511
Houston (713) 782-4800

UTAH
CRAMER
Salt Lake City (801) 487-4131

NEWARK ELECTRONICS
Salt Lake City (801) 486-1048

WASHINGTON

CRAMER
Seattle (206) 762-5755

WISCONSIN
ARROW ELECTRONICS, INC.
New Berlin (414) 782-2801

CRAMER
Oak Creek (414) 764-1700

NEWARK ELECTRONICS, INC.
Brookfield (414) 781-2450
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Rickeys tackling the SDK-80

microcomputer kit for his next science project.

Rickey likes soccer, lizards, hot
fudge sundaes, skateboards and
microscopes. He can’t decide if he'd
rather be Franco Harris, Bobby
Fischer or Jonas Salk.

When his Dad brought home
the Intel SDK-80 microcomputer
systems kit, Rickey helped him put
it together. It took only four hours.
Everything was there. The 8080

CPU, RAM, PROM, programmable,

1/0O, a printed circuit board with all
those capacitors and resistors and
the other things that go with it. The

best part was the instruction manuals.
Every step was clearly explained. It was
easy. The programming part looked
especially interesting. So simple. Just
imagine talking to a computer.

The big thrill came on Saturday
when they went to his Dad’s office to
use a terminal. When they connected
the SDK-80 to the teletypewriter
they got a printout. That was excit-
ing. Within an hour they were talking
to the computer, then inventing
games. They stayed all day.

Now Rickey is building a micro-

computer of his own. He may be the
first kid on his block with his own
computer. Thanks to a $350 low
interest loan from his Dad.

If you're interested in being the
first on your block to have a micro-
computer, contact your Intel distri-
butor: Almac/Stroum, Component
Specialties, Components Plus,
Cramer, Elmar, Hamilton/Avnet,
Industrial Components, Liberty,
Pioneer, Sheridan, or L. A.Varah.

Microcomputers.

i .
First from the beginning. Intel

3065 Bowers Ave , Santa Clara,California 95051
CIRCLE NUMBER 33



There is no more

accurate 12-bit A/D
converter on the market...
and it’s monolithic.

Differential and overall linearity within
2 LSB. Inherently monotonic operation
(and no missing codes). Immunity to
noise transients. They all add up to un-

ideal for inputting to microprocessors.

Compared to modules, the 8702 offers
immediate significant cost savings plus
the prospect of even greater future

usually high accuracy for our 8702, a economies due to its monolithic con-

single chip, 12-bit CMOS A/D converter. struction. And the savings in PCB real estate go
The 8702 has some other important advantages, without saying.

too. CMOS technology means very low power The 8702 comes in a 24-pin ceramic DIP. Other

dissipation — typically less than 20 mW. It is easy versions include 8 and 10 bit devices in ceramic,

to use; no active auxiliary components are and an 8 bit unit in plastic for commercial environ-

needed. And its latched parallel outputs are ments. Call or write for full details.

“/T TELEDYNE SEMICONDUCTOR

1300 Terra Bella Avenue, Mountain View, California 94043 Tel: (415) 968-9241 TWX: 910-379-6494 Telex: 34-8416
SALES OFFICES:

DOMESTIC: Salem, N.H. (603) 893-9551; Stony Brook, N.Y. (516) 751-5640; Des Plaines, IL (312) 299-6196;

Los Angeles, CA (213) 826-6639; Mountain View, CA (415) 968-9241 « INTERNATIONAL: Hounslow,

Middlesex, England (44) 01-897-2503; Tiengen, West Germany 7741-5066; Wiesbaden, West Germany
06121-39171; Kowloon, Hong Kong 3-240122; Tokyo, Japan 03-405-5738

CIRCLE NUMBER 34
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RECOGNIZED BY
AMERICAN REVOLUTION
BICENTENNIAL
ADMINISTRATION

ELECTRONIC DESIGN is
deeply honored to have
received official recogni-
tion as a participant in the
American Revolution Bicen-
tennial Celebration, with
authority to display the
Bicentennial Symbol.

Teaching the horse
not to eat

Farmer Jack taught his horse to quit eating.
This made for fantastic efficiency since the
horse’s output-to-input ratio was almost in-
finite. Jack was delighted. He didn’t need to
master business math to know that profit mar-
gins soar if you maintain finite income and
reduce expenses to zero. And it worked.
Briefly.

Unfortunately, the horse quit working. In
fact, it quit breathing.

Charlie was ancther farmer, except that he
ran an engineering department in an electron-
ics company. Charlie decided to impress the
president with dramatic improvements in his
department’s efficiency. So he fired a couple of his engineers and urged
the others to work harder. Why shouldn’t 20 guys design as well as 22
guys? And they did. Or so it seemed, but some things didn’t get done—
things Charlie never noticed.

When Charlie saw his department functioning with fewer engineers, he
realized that the remaining engineers didn’t need so many secretaries.
Or technicians. Or draftsmen. So he fired more people. In time he noticed
that some of the engineers were typing. And wiring. And drafting. He
knew that was inefficient, so he fired them.

Eventually the president noticed that the company was surviving and,
in fact, growing more profitable, as engineering expenditures shrank. So
he decided to impress his boss, the board of directors, with dramatic im-
provements in the company’s efficiency. He wiped out the entire engineer-
ing department, including Charlie—the ultimate efficiency. And it worked.
Briefly.

Then competition started turning out newer, better and less expensive
products. And the company started losing money—slowly at first, then
rapidly. And the terrified board ordered the company to design new prod-

ucts in a hurry.

But there were no more engineers.
GEORGE ROSTKY

Editor-in-Chief
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THE LOGICAL CHOICE—Second in a series

Nothing—not even a scope or a
voltmeter or even another logic tester.
Because CSC's Logic Monitor™ 2 is
the most convenient, efficient way ever
developed to monitor circuit activity in
digital IC’s: it provides instant and
continuous display of static and dy-
namic states of DIP IC’s up to 16 pins.

Its built-in power supply, high in-
put impedance and selectable logic
thresholds provide the most accurate
monitoring of counters, shift registers,
gating networks, etc., on big, bright
LED’s. And because there is no load-
ing of the circuit under test, logic level
shifts, false tnggerm/arrﬂ power sup-

ply loading (that can occur with some
equipment) are problems of the past.

LM-2 is a second-generation IC
test instrument consisting of two units
—a connector/display and a switch-
able precision voltage reference
power supply. In operation, the thres-
hold switch on the power supply is set
to the proper logic family (RTL, DTL,
TTL, HTL or CMOS). A clip lead is
connected to the ground (plus VCC
lead, in the case of CMOS), and the
connector/display unit simply clipped
over the IC under test. That's it.

Each of the 16 pins on the con-
nector/display unit automatically

connects to the corresponding IC pin
without any possibility of shorting, and
feeds one input of a voltage compara-
tor circuit. The other input is fed from
a precision selectable voltage source.
When the voltage on a particular pin
is more positive than the reference
(logic .““1"), the corresponding LED
lights — at any pulse frequency from
DC to 30KHz (50% duty cycle).

If you're looking for an easy way
to monitor digital circuits, LM-2 with its
16 channels of automatically-in-sync
information and fast, instinctive oper-
ation, can't be beat. You won'tfind any-
thing like it, anywhere near the price.

CSC’S LOGIC MONITOR 2.

AT

Fully isolated power supply
module—Constant, bright 7
LED readings without draw- 4
ing power from circuits
under test

Clip module slips easily
over IC—Now, checking
static and dynamic states

of dual in-line IC’s of up to
16 pins is literally a snap

4,95, NOTHING ELSE LETS YOU DO SO MUCH SO FAST
_ AND SO WELL FOR SO LITTLE.

Sturdy, high impact con-
struction throughout—At
CSC, part of making a good
thing means making itto &

Selectable threshold level
—Matches characteristics
of logic family under test—
RTL, DTL, TTL, HTL or
CMOS

Non-corrosive nickel-silve!

contacts—For maximum
reliability and minimum
contact resistance

Precision plastic guides
and flexible web*—For
short-free positive contact
with IC under test

Big, bright 16-LED display
—More information and no
more eyestrain—get a pic-

ture of everything that's
happening simultaneously,

High input impedance
—100K impedance for mini-
mum circuit loading

CONTINENTAL SPECIALTIES CORPORATION

For more information, see your distributor or write for our catalog and distributor list.
44 Kendall St, Box 1942 New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227 West Coast office:
Box 7809, San Francisco, CA 94119 e 415-421-8872 TWX: 910-372-7992

CIRCLE NUMBER 35
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*U.S. PAT. NC. 3,914,007
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“I'll tell you why this OEM

picked PDP-8. It's good engineering
and it's good business.’

The man in the picture is
Dr. David Kemper, biochemist
and product manager in
charge of development,
production, installation
and field support for an
amazing analytical device
called Rotochem Ila, from
American Instrument Co.

The computer inside his

\

productis a PDP-8A from Digital.

Dr. Kemper is buying scores of
them. Why?

“They’re inexpensiveina
market that's cost sensitive.
They’re incredibly reliablein a

\
e} we can’t beat. We can
. offer the capability to run

50 tests on each of 250

ucce

e
.s "co
Ny

market that's reliability oriented.
And our customers can get
service anywhere in the
world. The PDP-8A
gives us the perform-
ance we need at a price

Sensitive but tough. High in
performance, low in cost. “Good
engineering. Good business.” It's
the same story you hear from
OEMs around the world. And
that's why PDP-8's the most

CIRCLE NUMBER 36

successful minicomputer ever.
Digital Equipment Corpo-
ration, Parker Street, Maynard,
MA 01754. (617) 897-5111.
European headquarters: 81 route
del’Aire, 1211 Geneva 26.
Tel: 4279 50. In Canada: Digital
Equipment of Canada, Ltd.

50,000 computers saving
managers millions.




Technology

Consider solid-state photodetectors for
your next sensing application. But before you design with them,
check these pointers on how they work and how best to apply them.

Use solid-state photodetectors to sense, measure
or digitize your data. But before you design them
into your system, make sure to check not only
the electrical specs, but the optical and mechani-
cal ones as well.

Optoelectronic detectors are beginning to ap-
pear in many new applications—from data recep-
tion in high-speed optical-fiber data links to all-
solid-state television cameras and headsets for
the wireless reception of stereo from a nearby
receiver.

There are many different types of active de-
tectors to choose from, including pn, p-i-n and
avalanche photodiodes, phototransistors and
multidevice arrays.

Most of these devices, when kept dark, operate
as normal diodes or transistors. However, when
ultraviolet, visible or infrared light shines on an
intentionally overlarge, reverse-biased junction
it generates free charge carriers in the mate-
rial."** The electron-hole pairs increase the
minority current (reverse leakage) and thus the
veneral current flow in the detector.

Avalanche photodiodes are operated at high
levels of reverse bias to get amplification. They
are, though, similar in construction to the regular
pn devices. Unfortunately, the avalanche multi-
plication of free carriers creates a lot of noise
which can be detrimental for very low level sens-
ing—especially at low frequencies. The noise in-
creases as the gain goes up.

In general, p-i-n photodiodes are also similar
to the pn devices, except that between the p and n
materials is an intrinsic layer. This extra layer
decreases the capacitance that exists between the
p and n regions which, in turn, results in faster
photodiode response times.

Phototransistors employ the same basic prin-
ciples as photodiodes, but they deliver larger
currents that can perform some control func-
tions. In a phototransistor, the base-collector
junction absorbs the radiant energy and electron-

Gerhard Krause, Director of Research and Development,
and Fritz Keiner, Design Engineer, Optoelectronic Ele-
ments, Siemens AG, D8000 Munchen 1, Postfach 103,
West Germany.
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1. Relative spectral response curves for photodiodes
compare the responses of normal silicon devices (a),
silicon with enhanced response in the blue portion of
the spectrum (b) and germanium photodiodes (c).

hole pairs are generated to form the collector
current. The holes diffuse their way into the
base, which, in turn, injects electrons into the
base, and thus amplifies the light energy. How-
ever, unlike normal transistors, many phototran-
sistors don’t have external base connections.
Some phototransistors do have a third lead, this
lead can be used for gating purposes.

Multidevice arrays, such as used in the all-
solid-state television cameras, can contain as
many as 10,000 devices on a single silicon chip.
Many of the arrays also include decoding and
scanning circuitry on the same chip.

Check the specs before buying

Whether you decide to use a photodiode, photo-
transistor or array, there are many electrical
specs that should be considered since even within
one device family there are many variations.
Photodiodes, for instance, come in just about all
shapes, sizes and ratings, as illustrated in Table
1. The wide differences make selection difficult.

Photodetectors made from the same basic ma-
terial tend to have substantially the same photo-
sengitivity per unit area, but minor differences

ELECcTRONIC DESIGN 21, October 11, 1976



Table 1. Comparison of common photodiodes

Manu- Device Dark Capaci- Rise Active NEP Case
facturer current tance time area W/\/HZ
(nA) bias pF t. (us) mm?
Texas In- TIXL 98 2 2 0.045 1 — To'S
struments (25 V) (12 V)
Telefun- BPX 34 - 25 1 0.035 — Ceramic/
ken oV per plastic
%hoto- 50-element
iod arra
Standard i v y.
photo- Siemens BPX 90 5 170 0.8 5 — Plastic/
diodes (10 V) (10 V) as
array
also
RCA C30814 600 5 0.025 20 — TO 8
(200 V)
RCA C30803 300 2 0.025 5 — TOL5
(200 V)
Siemens BPW 32 0.003 80 1 1 2.1 x8105551 “Plastic
v v
Philips BPX 94 0.1 70 — 1.44 210 TO 18
Photo- (1v) (5 V)
diodes
with Fairchild FPT 102 0.1 20 —_ 0.775 15 X107 Miniature
low dark (10 V) (10 v) :
current 7
uDT PIN 020A 0.05 5 0.005 0.2 6 x 1015 TO 18
(B V) BYv)
Siemens BPW 33 0.02 500 1 7:5 B 310" Plastic
(5] v
Hewlett- 5082-4205 0.15 0.7 0.001 0.3 1.4 x 10+ Micro-
Packard (10 v) (1o0v) ceramic
uDT PIN 12 2 x 103 100 0.014 200 1 x 1012 Special-
uULC (1o v) (1ov) case
Fast Siemens BPW 34 2 15 0.01 7.6 4.27% 10 Plastic
photo- (1o0v) (10 V)
diadles RCA 30807 40 2.5 0.003 | 08 — TO 18
45 V) (45 V)
Siemens BPX 65 1 35 0.0005 1 3.3 X110 TO 18
(20 V) (20 V)
Motorola MRD 500 2 — 0.001 — — TO 18
(20 V)
Schottky uDT PIN 5 200 5 0.007 4 2.2 % 108 Special-
barrier (10 V) BYv) case
photo-
diodes
Germanium | Philips OAP 12 15 x 10* — — 1 — Miniature
photo- (10 V)
diodes
in the spectral response curves are always with a color temperature of 2856 K), silicon

present. The material resistivity has different
values, depending upon where the chip was lo-
cated in the wafer. Diffusion depth and the
quality of the antireflection coating commonly
applied to the chips can also affect the response.

For a standard illuminant (the unfiltered radi-
ant flux of a tungsten-oxide incandescent tube

ELECTRONIC DEsSIGN 21, October 11, 1976

photodiode sensitivity is about 10 nA/(lux X
mm?). The radiation at the optimum wavelength
(Fig. 1) gives the detectors a peak sensitivity of
about 0.55 A/W. Photodiodes typically have a
photosensitivity tempco of 0.1 to 0.2% /°K.

The linearity of the diode response can be a
major problem for illuminations higher than 10°
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lux, but otherwise nonlinearities are negligible.
When photodiodes are operated in a photovoltaic
mode, the generated emf is approximately pro-
portional to the log of the incident flux (assum-
ing the detector has a forward bias of at least
70 mV).

Watch out for dark current

Photodiode dark current is perhaps the most
critical diode parameter for direct-coupled appli-
cations as well as in applications where the detec-
tion threshold is determined by noise. And, as
with all semiconductors, temperature increases
swell the reverse current. For instance, a tem-
perature rise of 25 C increases the diode dark
current by an order of magnitude. Dark current
is also partly determined by the diode’s reverse
voltage—it is proportional to the square root of
the reverse voltage.

Photodiode frequency response is often deter-
mined by the load resistance used and the diode’s
junction capacitance. The capacitance, at least
for broadband amplifiers, limits the detectors
capability to sense weak signals in the presence
of noise (noise-determined threshold). The small-
er the capacitance per unit area the better the
diode’s performance.

Capacitance is proportional to the junction
area divided by the square-root of the reverse
voltage. Unfortunately, photodiodes with low re-
verse currents have large reverse capacitances;
so be careful when you select a diode. Sometimes
you might be able to compensate for the capac-
itance by using negative feedback or some com-
pensation networks.

As the diode load resistance approaches zero,
‘the operating frequency limit is reached. This
limit is determined by the diffusion time of the
carriers in the heavily doped semiconductor
region and by the transit times of the carriers
in the space-charge region. The spreading resist-

Table 2. Avalanche diode
characteristics

Manu- Device* | Photo- | Oper-|Active NEP

facturer - current | ating | area | w/\/Hz |
gain | voltage| mm?2
v
EMI S 30500| 100 140 | 0.2 —
to
200

Texas In- | TIXL 59 | 200 170 | 045 |2 X 10-
struments

Texas In- | TIXL69 | >600| 170 |1.8 2 X 1018
struments
RCA C30811 | 50 350 | 0.5 —

*All diodes listed are silicon and are housed in TO-5 cases.
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2. These phototransistor chips are Siemens type BP
102. The bright circular spot is the emitter contact, the
triangular spot the base and the dark square the photo-
sensitive area, which measures 0.6 mm?.

ance of the semiconductor material also acts, to-
gether with the load resistance, to lower the oper-
ating frequency limit of the detector.

If noise limits the threshold, operation of a
photodiode in the photovoltaic mode will always
be inferior to that of a reverse-biased diode. The
optimum reverse bias for many diodes is about
0.1 V at low frequencies. .

Photovoltaic operation may be necessary if the
dc components of the dark current cause prob-
lems. For well-defined linear operation, the volt-
age generated by the diode should not exceed a
few millivolts at low-incident-flux intensities.
This voltage is often generated by the offset volt-
age of the op amp via its feedback path. Error-
compensation circuitry can often eliminate the
offset problem of the op amp. Usually, for low-
incident-flux intensities, photodiodes with the
lowest values of dark current can deliver the
largest photovoltaic outputs.

Photomultipliers or diodes? A tough choice

At optical wavelengths above 900 nm the photo-
diode offers performance superior to that of the
photomultiplier. If the noise generated by the
incident background radiation cannot be neglect-
ed, photodiodes are preferable for weak signals
because they have greater quantum efficiencies
than photomultipliers.

The photodiode also has better stability and
linearity than a photomultiplier. However, when
weak digital signals (signal to noise ratio <<
100) must be detected, the best photomultipliers
do top diodes in performance.

Avalanche photodiodes offer internal gain and
thus don’t require the ultra-low-noise amplifiers
normally needed. Unfortunately, the high oper-
ating voltages of 100 to 400 V, and the high
stabilities necessary for operation, are draw-
backs.”%7"* The quantum yield is usually smaller
than that of normal photodiodes, and the signal-
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to-noise ratio is lower at low frequencies because
of the multiplication noise generated by the ava-
lanche. Gain-bandwidth products of avalanche
photodiodes, however, can reach 80 GHz. Some
typical devices are shown in Table 2.

The p-i-n diodes offer a faster response than
normal pn junction diodes. And, they avoid the
high voltages, needed by avalanche diodes, for
operation. P-i-n’s are also smaller, lighter, more
rugged, more stable and less expensive than most
photomultipliers. For most standard applications
the external bias voltage needed by the p-i-n’s is
about 20 V, maximum and is typically between
10 and 20 V.

Phototransistors compete with diodes

Phototransistors have response curves similar
to those of photodiodes.? However, due to varia-
tions in current gain caused by processing, photo-
transistors have considerable linearity error.
Table 3 shows many commonly available photo-
transistors and their characteristics; a typical
chip is shown in Fig. 2.

Phototransistor linearity can be improved by
the use of appropriate circuitry so that the
linearity matches that of photodiodes.?'° The sig-
nal-voltage-gain of a simple phototransistor is
typically between 100 and 1000, and for Darling-
ton-connected transistor-phototransistor pairs it
can reach values higher than 10,000. When you
select a phototransistor, be careful. Many manu-
facturers sort the transistor batches into differ-
ent photosensitivities for a given type.

The cutoff frequency of circuits using photo-
transistors is far lower than that of circuits that
use photodiodes. This is partly due to undesired
feedback from within the phototransistor (caused
by the collector-base capacitance) and partly due
to the finite-current gain-bandwidth product, fs.
Small-signal rise and fall times for a load resist-
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3. This automatic-exposure timer circuit can measure
light intensities to 10-2 lux and has an automatic adjust-
ment of op amp offset before each measurement.

ance, R, ; a current gain, 8; and a capacitance,
Cep; are governed by

b=t — B/(4 32 +4. 8325 Uep? 3¢ Ry %) /2

Switching times can be reduced by keeping the
load resistance as small as possible. Darlingtons
are, of course, even slower than ordinary photo-
transistors because their gains are so much high-
er. Darlington response times can be kept low by
using active-load resistances and capacitance
compensation.'t?

Photodetector arrays—composed of diodes or
transistors in linear, circular or two-dimensional
patterns—can serve many applications even when
their resolution is far below that of television
cameras. Spectral responses of arrays are similar
to those shown for discrete devices in Fig. 1, and
sensors for the near-infrared spectrum are also
available. Good sensitivity in video applications
can be obtained by extending integration times
up to 40 ms for the picture signal. Detection
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4. With a bandwidth of 1 kHz, this photodetector circuit
performs better than many photomultiplier circuits with
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signal-to-noise ratios of more than 10. The JFET input
prevents diode loading.
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thresholds as low as 10° W/cm? are available.
Some typical arrays and their specs are listed in
Table 4.

Designing with photodetectors

Depending upon your application, one type of
photodetector may perform better than another.
Let’s look at several applications and see how the
different conditions affect detector selection. For
many applications, as in automatic exposure

timers, light meters and some instruments, there
is usually a three-step process to select a
detector:

1. Select a photodetector with a chip area
necessary to do the job.

2. Use a device that has, in the spectral range
of interest, the smallest ratio of dark current to
the product of (active area) x [area-independ-
ent spectral sensitivity (A/W)].

3a. Work with the smallest possible reverse
voltages. (For many applications, less than 1 V

Table 3. Common phototransistor types

Manu- Device Photo- Rise time/ Dark Half
facturer sensitivity (*) fall time current aperture
mA/[mW /cm2] t./t; us nA angle
L (deg)
Siemens BPX 38/lll 0.34 8 12 40
(1 kQ) (25 V)
Plane Texas In- TIL 99 0.25 8/6 <100 —
window struments (100 Q) (10v)
Fairchild FPTi"136 0.18 2.8 10 50
(100 Q) (A%
Philips BPX 25 2.6 1:5/1:5 100 7
(50 Q) 24 V)
Texas In- TIL 81 4.4 8/6 <100 12
struments (100 Q) (1o0v
Lens Motorola MRD 300 1.5 6.5 <25 —
(20 V)
Siemens BPX 43/1ll 1.67 8 12 18
(1 kQ) (25 V)
Monsanto MT2 0.13 2/2 1 10
(100 Q) (GAY))
Texas In- TIL 604 035 8/6 25 22
struments (1 kQ) (R0 V)
Micro- Motorola MRD 604 0.425 4.8/4.8 <25 —
ceramic (30V)
package Philips BPX 71-204 0.55 3/2.5 <25 20
(1 kQ) 30V)
Telefunken BPW 15 0.2 1.6/1.7 10 15
(100 Q) (20 V) &
Siemens BPX 80/l 0:53 3 25 16
(1 kQ) (25 V)
Linear Fairchild FPA 700 0.175 4 4.0 50
array (100 Q) (GA"))
Texas In- TIL 630 >0.075 8/6 50 —
struments (1 kQ) (30 V)
Darling. Motorola MRD 370 20 50 100 —
ton ; aowvy
photo- Telefunken BPX 99 60 80/60 10 12.5
transistor (100 Q) (20 V)
Siemens BP 103/1ll 0.135 5 5 58
fgenerator (1 kQ) (30V)
Special or
versions rf pulses
Telefunken BPY 78 — — 100 oD
photothyristor 4oV

* For a tungsten lamp at color temperature of 2856 K, 1000 lux corresponds under normal test conditions to approx. 5 mW/cm?.
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is sufficient.) Or,

8b. Use the detector as a photovoltaic cell. In
this case, only a small forward voltage is per-
missible (less than 1 mV/pA-mm?). Be careful,
though, because undesired op-amp offset voltages
can feed back to the photodiode via the feedback
path. And, of course, devices with the lowest dark
currents are the most desirable.

A typical circuit for an exposure timer with a
sensitivity of 0.01 lux is shown in Fig. 3. The
circuit automatically adjusts the offset each time
an exposure reading is taken.

Incident light can cause problems

In many applications, such as in security in-
stallations, remote controls, sound transmission
and parts handling, daylight or artificial light
cannot be prevented from falling on the detector.
This extra light causes a background current in
the detector and thus additional noise. This extra
light must be minimized.

To help screen the light, you can place in front
of the detector an optical filter that passes only
the desired portion of the spectrum. The trans-
parency within the passband should be as high
as possible, preferably better than 90%.

Try to use a device with the largest possible
active area, or intensify the received optical
power with a lens. Select a detector with the
best response in the critical portion of the spec-
trum. The use of a tuned circuit as the load re-
sistance can also help eliminate the effects of un-
wanted incident light.

No stringent demands are made upon the
amplifier. For the preceding applications, the
photodiode, because of its high quantum efficiency,
offers performance superior to that of the photo-
multiplier. An avalanche photodiode would not
improve performance any further.

Photodetection systems that use a light beam
modulated at frequencies of less than 3 kHz or so
and have noise generated by unmodulated radia-
tion that can be considered negligible, find many
applications in industrial environments. Here are
some guidelines for selecting these detectors:

1. Use a photodiode with the largest possible
ratio of active area divided by noise equivalent
power (NEP). (The NEP is equivalent to the in-
cident radiation in W,/V_I-TE necessary to produce
an output signal equal to the detector noise.) If
possible, intensify the optical power with a lens
to get best efficiency.

2. If no NEP value is specified, select a device
that has, in the spectral range of interest, the
largest ratio of active area x area-independent
spectral sensitivity, divided by the square-root of
dark current.

3. Use a very small reverse voltage (approxi-
mately 0.1 V) to power the device. Using the
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Table 4. Comparison of
photodetector arrays

Manufacturer | Device Number of | Maximum | Spacing| Notes
photo- scanning of

diodes |frequency | photo-

(Hz) diodes
(um)
Fairchild CcD 101 500 10° 30 Linear
array
International | M 1024 1024 4 x 10° 25 Linear
Photomatrix array
Ltd.
Reticon RL 1872 F 1872 10° 15 | Linear
array
Reticon RO - 64 64 25 % 10"| 100 | Circular
array
International 22Dl 64 x 64 |3 x 10" — | Square
Photomatrix array
Ltd.
Fairchild CCD 201 100 x 100 | 4 x 10"| 31/41 | Rectan-

gular
array

detector in a photovoltaic mode degrades the
results.

With a bandwidth of 3 kHz the photodiode sur-
passes the photomultiplier for a spezcified signal-
to-noise ratio greater than 10. The photomulti-
plier offers advantages only over very narrow
bandwidths. Fig. 4 illustrates a photodetector cir-
cuit with a signal bandwidth of 1 kHz. The only
critical requirement is that the gate current of
FET Q, must be held to less than 1 pA.

Photodetectors work at high frequencies

Operation of photodetectors finds much use in
video scanning and data transmission applica-
tions, at frequencies reaching 30 MHz if unmodu-
lated background noise is negligible. Again, there
are many different considerations before picking
a detector:

1. Use the largest possible beam cross-section,
provided that the active area of the det:ctor is
fully illuminated. If possible, intensify the re-
ceived optical power.

2. Select a device with the largest ratio of
active area x area-independent spectral sensi-
tivity, to the square-root of the device capaci-
tance.

3. Take the highest reverse-voltage for the
selected photodiode.

4. Select a compatible amplifier with a small
value of input capacitance.

5. Choose the load resistance for the detector
as close as possible to the permissible maximum
to obtain the maximum bandwidth needed. If
necessary, allow for a decrease in freauency re-
sponsc at the input and compensate for it in the

amplifier. (continued on page 58)
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5. For operation at frequencies exceeding 5 MHz, this
photodetector circuit uses compensation that is fed back

6a. Apply a feedback signal to the low end of
the load resistor so that its load resistance is
effectively reduced. Or better still,

6b. Compensate for the capacitance of the
photodetector and amplifier.®

At bandwidths of 5 MHz, p-i-n photodiodes can
detect signals as weak as 102 W/Hz'/*> with a
signal-to-noise ratio of 1 (Fig. 5). This value is
approximately proportional to the square-root of
the frequency. With avalanche photodiodes you
can obtain a ratio of 2 x 10-* W/Hz'/? and with
the best but relatively expensive photomultipliers
a ratio of 10** W/Hz'/2, However, for signal-to-
noise ratios greater than 100, the p-i-n photo-
diode has performance superior to the best photo-
multiplier.

At frequencies above about 30 MHz photode-
tectors are found mostly in fiber-optic data links
and optical measuring equipment—and don’t for-
get, the background noise caused by unmodulated
incident radiation must be negligible. Many of
the same selection rules apply, but just to reen-
force them here are the two most important that
should be included for selecting the optimum
device:

1. Pick an avalanche photodiode with the
largest ratio of active area to NEP, but make
sure the active area is fully illuminated.

2. Don’t select a gain larger than is necessary
to overcome the noise of the subsequent ampli-
fier ; You might have to use a diode with a slight-
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through C, to balance the photodiode capacitance. The
JFET amplifier prevents diode loading.

ly larger than necessary active area.

Avalanche photodiodes perform better than
multipliers as long as the signal-to-noise ratio is
kept to more than 5 throughout the spectrum of
interest. P-i-n’s have a worse signal-to-noise
ratio than avalanche diodes, but are usually used
because they use lower voltages.

Photodetectors work with high intensities, too

One other large group of applications with
high light intensities that require photodetectors
include the paper-tape readers, photoflash units
and short-distance photoelectric controls. For ap-
plications like these, there are some additional
selection guidelines:

la. Use phototransistors only if the irradient
intensity approximately agrees with the values
printed on the device data sheet. Lenses might
be needed to concentrate the light. Or,

1b. Choose circuit configurations in which the
current gain of the phototransistors has no direct
influence on the output (Fig. 6). Or,

lc. Use photodiodes or photovoltaic cells.

2. If necessary, select the phototransistor or
photodiode with the smallest ratio of dark cur-
rent divided by the product of active area x
area-independent spectral sensitivity.

3. Remember that the limiting frequency of
phototransistors is inversely proportional to the
load resistance and current gain.
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6. This computer-controlled photofiash circuit integrates
the photocurrent with C,. Only when the base-emitter
junction is turned on does the oscillator start to trigger
the quench tube.

4. If small signals are to be detected use a
photodiode, instead of a phototransistor since
phototransistors have an undefined amplification
factor. (See 1a).

5. Phototransistor collector voltage is not criti-
cal. Voltages ranging from 5 to 12 V are typical-
ly used. mm
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Whether you’re a green apple or a trucking guy, even if you drive a preg-
nant roller skate and want help the next time you get bubble trouble, here’s the
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TECHNOLOGY

Control an LP-filter’s cutoff frequency
electronically. Cover a 20:1 range with a digital control
that can be linearized and set with a thumbwheel switch.

Few active low-pass filter configurations allow
electronic control of cutoff frequency over a wide
range. Fewer still provide both a given shape
factor and a near-zero dc offset voltage. How-
ever, the two-pole low-pass filter arrangement in
Fig. 1 exhibits all these properties. It allows con-
trol over at least a 20:1 control range; the range
can be extended to over 50:1 before the filter’s
shape factor is appreciably changed. Further, it
is an easy matter to cascade as many filter sec-
tions as is necessary to satisfy a particular need.

Controlling the cutoff frequency

The filter’s cutoff frequency can be varied by
controlling the gain of both A and B (Fig. 1a).
Theoretically, they can each have any value less
than +1, but as a practical matter, they should
be kept below about +0.75.

Changes in cutoff frequency occur too rapidly
for good control with values much greater than
+0.75. Also, the filter’s shape factor changes
significantly for gains close to +0.9. However,
gain in the negative direction is limited only by
amplifier saturation. For the maximum control
range, A and B may take on both positive and
negative values.

A convenient way of controlling A and B is
with a multiplying d/a converter. This device
accepts an analog input voltage and provides an
output current proportional to both the analog
input and a digitally applied word.

Fig. 2 shows such a variable-gain circuit, using
an AD7520 multiplying DAC. An R2R-ladder
network with CMOS current switches provides
digital inputs. The two LM747 op amps convert
the current output of the converter into a volt-
age output. The circuit can provide a bipolar out-
put voltage. Resistors R,, R, and R; define the
relationship between most-positive and negative
gains, and the input variable resistor, R,, adjusts
the gain limits.

In the AD7520, almost all the input currents

4

Olyn G. Boyle, Consultant, 9802 Edison St., Alliance, OH
44601.
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1. A two-pole Butterworth low-pass filter can be built
from two capacitor-multiplier circuits in tandem (a),
made up of two basic circuits (b) with an over-all feed-
back resistor, R,. A generalized equivalent circuit (c)
helps in deriving performance equations for the filter.

are directed to output I,,, when all the digital in-
puts are at a logic ONE; the currents go to I,.

with all digital inputs at ZERO. The I,, output

signal current to op-amp A, provides the negative-
gain value, and I,, to op-amp A, provides the
positive-gain values. Fig. 3 shows the relation-
ship between gain A and the digital control.

N is the most negative gain required. It occurs
when all inputs are at logic ONE, and

N'=R./R.; or R,— Ri/N,

where R, is the output resistance of the I,, port.
Resistance R, is about 10 kQ. But because R.
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varies significantly from device to device, the
circuit includes input pot R, to trim the negative
gain, N.

The most positive gain, P, when all inputs are
at logic ZERO, is

e (Rl/R:) (Rx/Rx)-
And since
Rx = RI/N!
then
P =R/ Ri)EN,
With P thus related to N, the single trimmer

15
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i o w1
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% 12/ B9 02 v . 10
° Bl 810 VRer [~ + A2
: GND LM 747
> 2 b'b > __L3 =
20k33333 =
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2. The variable-gain amplifiers, A and B in Fig. 1, can
be implemented with multiplying a/d converters.

Xg = HIGHEST DECIMAL SETTING
P = MOST POSITIVE GAIN
GAIN A N = MOST NEGATIVE GAIN

o vo

X
DECIMAL
SETTING

—_————————d g

3. The cutoff frequency of the filter can be linearly re-
lated to decimal settings of a thumbwheel switch that
controls the gain of the filter-system amplifiers.
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adjustment establishes both limit values. In
Fig. 2, maximum gain, N, is set at =7 and P at
approximately 0.65. The cutoff frequency range
is greater than 20:1.

Putting the filter circuit together

Fig. 4 is a schematic of the low-pass filter using
the variable-gain amplifiers of Fig. 2. The two
LM310s serve as low-bias-current voltage buffers
with unity gain, and the LM308 is a low-bias-cur-
rent op amp whose gain determines the amplifier
term, K, in the simplified filter circuit (Fig. 1a).
These low-bias-current amplifiers minimize de-
offset voltages caused by bias currents. The LM-
747 op amps in the DAC aren’t low-bias-cur-
rent devices; the final outputs of both variable-
gain circuits drive capacitors that block any dec
offset.

The dc path through the filter is fixed and in-
dependent of the gains of the multiplying DAC;
thus, the low-bias-current devices can hold the
de offset of the filter to less than 3 mV over the
entire cutoff-frequency range.

Switches S, and S, provide a convenient way to
adjust the gain of the two variable-gain circuits.
With the two switches open and an all logic-ONE
digital input, the gain of each variable-gain cir-
cuit is adjusted to its most negative value (=7).
Switches S, and S, are closed for normal filter
use.

For a filter cutoff-frequency range of 50 to
1000 Hz—a 20:1 range—and a Butterworth
filter response, the circuit is designed with a
damping factor, 6 = \T/Z

Examining the basic filter configuration

It’s apparent that the two-pole filter in Fig. 1a
uses two sections of the simple capacitor-multi-
plier (Miller-effect) circuit shown in Fig. 1b.
The capacitor-multiplier circuit has a transfer
function,

E,/,E;=1/[1 +sRC(1 - A)], (1)
where A is the gain of an ideal voltage amplifier.
The cutoff frequency of this circuit is therefore

fo=1/[27 RC (L —:A)l]. (2)
Clearly, the cutoff frequency can be adjusted by
varying the gain A.

Not so obvious is that two of these circuits can
be employed in tandem to provide a second-order
transfer function whose natural frequency also
can be adjusted by the amplifier gain, A. At the
same time the tandem circuit can maintain a
constant damping factor independent of A.

Fig. 1lc is a generalized equivalent circuit,
where Y, and Y, are capacitor susceptances, Y.,
Y. and Y, are conductances, and A and B are
amplifier gains.

An analysis of the node equations of Fig. lc
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4. The complete filter uses two variable-gain circuits. For a 50-to-1000-Hz cutoff range, C is 0.12 uF.

yields the transfer function as follows:

% =KY, Y. /[Y:(1 = B)[Y,+Y.+Y:(1 = A)

+ ¥ X, (1 — K) Y s Yol — A1 Y] 4S)
By setting A —= B = 0, both the circuit and
transfer function reduce to a form given by Burr-
Brown,' though Burr-Brown’s equation is incor-
rect—Y, in the denominator is missing.
The standard form of a transfer function for a
second-order system is
E, w?*,
_E—.—:S'-’+28w,,s+w'-’”’ (4)
where w, is the natural radian frequency, and
where & is the damping factor. Eq. 3 is converted
to this standard form by substituting
¥, =l Re ¥ —ra.Cf Y= 8.C,
O — 117180 Nii—11/Ry
and simplified by setting A — B; thus,
1 1+ (1-XK)(R.,/R;) ]2
2= (1 — A) l: R.R.C.C: :|

(5)

f, =
(6)

i 1 R,c._.>'*:+
~ 2[1+ (1 -K)(R/R)]'”? ' RC,

- 1/2 TRAC\AAR Gy 1/2
) () k0] e
R.C, R2,C, R.C.

where

G, (dc gain of the filter) =

)

K
1 (1 e K) (Rl’/th)
(8)

Eq. 6 indicates that the circuit’s natural, or cut-
off frequency, can be adjusted by varying A, and
Eq. 7 doesn’t contain A, therefore the damping
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factor is independent of A.
Tosimplify Eq. 7, let'R, = R. = R, —'R, and
G, —=Cs;="C:sthen
2

i
Solving for K gives

- &0
K=2- <=6,

when 8 = V 2/2.

Then Eq. 7, when solved for C, yields

e (2 - K)z

27 fc-R(1 — A) °

Wathif.— 50 Hz, A= —7, Ri=10:k@Q:andiK —
—6, C is 0.12 uF. The dc gain of the filter from
Eq. 8 is —3/4. Fig. 5 is the filter’s frequency re-
sponse at several different cutoff frequencies. The
same flat response characteristic of a Butter-
worth filter is obtained at each cutoff frequency.

Linearizing the bandwidth control

The filter’s cutoff frequency can be made to
correspond directly with the settings of a deci-
mally coded thumbwheel switch (Fig. 6). The
switch addresses a PROM ; the memory’s output
provides the required binary word to linearly
control the DAC. An implementation of this idea
uses an Intel 1702A, 2048-bit PROM,

Because the PROM provides about +5-V out-
put for logic ONE and —4 V for a logic ZERO,
1N914 diodes are used in the PROM’s output.
The AD7520 can’t accept a negative digital input
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5. The filter's response at several different cutoff frequencies has the same shape and roll-off characteristics.

voltage. Thus the digital inputs are kept between
approximately +4 V and ground.

Programming of the 1702A PROM can be done
on the Intellec 8 which uses an 8080 microproc-
essor. The PROM contents are easily determined.

A7 11
A6
AS
A4

PTO

80 ——211 A3 17024 d/a
A2
Al
AO
Vee
Vee
Vee
Ves
PROGRAM

TS

a 1

FROM
BCD SWITCHES
A

<
—_——— e ———)
[+ 1]

LSB

GG

VWA
AAA

VWA
AAA

VWA

8 ——

§G ——
2 NOT USED

| ——

Q. A PROM can be used to linearize control of the
filter's cutoff frequency and allow the use of a thumb-
wheel-switch to set the cutoff value.
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Using Eq. 6, let

¢ __1__" 1+ (=—rK) (R Rs) 32

xR 271' RIR‘_’-CICL’ ]
be the cutoff frequency of the filter, when gain
A is zero. Then,

fo=10/(1—A)
and
Since from Fig. 3,
AN B)
A= |:——Xd X] + P, (10)

then from Eqgs. 9 and 10,
X=Xs{1~P— (LA N =)

Decimal setting, X, is then converted to the de-
gsired binary values for each different cutoff
frequency, f., before coding the PROM.

For the filter in Fig. 5, the cutoff-frequency
resolution is approximately 10 Hz for the nar-
rowest bandwidth, and it decreases to about 50
Hz for the widest bandwidth.

Additional even numbers of filter poles are
easily obtained by cascading several stages of
the circuit. An odd real pole can be obtained by
adding a single capacitor-multiplier stage on the
end of the filter. The Burr-Brown reference is an
excellent source for obtaining the needed damp-
ing factor for each of the filter stages that may
be cascaded. mm

Reference

1. Huelsman, L.P., Graeme, J.G., Tobey, G.E., Oper-
ational Amplifiers; Design and Applications, Burr-Brown,
McGraw-Hill, New York, NY, 1971, p. 296.
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RELATIVE COST
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Here’s a way to get a micro- |
computer thats exactly the ¥
right size for your product. f
Its a custom micropro- .
cessor. Weve made millions ‘
of them since 1966. And ~ §
we'e selling more of them f
today than ever. \ 4
The reason is simple. &
When you buy a standard
microprocessor, you could be pay-
ing for a lot of built-in functions
that you don’t need. And, even

application, we
may advise a standard
microprocessor —ours! We
make the best one going, the
AMI 6800. So you can be sure
that our recommendation will be
completely unbiased.

Bring your hot new idea to your

i

though the standard part is g0, come to us. Nobody can match ~ nearest AMI sales office. Or write
cheaper going in, you can tell by our experience in custom MOS, for our brochure on Custom MOS
the chart that custom comes out with our full-time staff of engi- to: AMI, 3800 Homestead Road,
ahead in high volume runs. neers, technicians and marketing ~ Santa Clara CA 95051. One way

If you're not sure which way to  specialists. We've recently developed or another, we'll help you cut
a totally new method of design that out the fat.
cuts about 25 percent off the

Long Beach CA (213) 595-4768 ¢ San Jose CA

Guston CHIIE S development cycle time. And our  (408) 249-4550 « Altamonte Springs FL

Off-the-Shelf MiCroproCessSors wm wm w =

{ 1 1 (305) 830-8889 » Elk Grove Village IL
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a (612) 559-9004 » Monsey NY (914) 352-5333
all the CMO.S‘ N Channel or Cleveland OH (216) 292-6850 * Ampler PA
P-Channel circuits you want. (215) 643-0217 » Richardson TX (214) 231-5721

e tailor-made MOS
fromAMIL

AMERICAN MICROSYSTEMS. INC
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SURPRISEK!

An Engineering Masterpiece:
A Schotiky Diode in a DO35 Package

HP’s HSCH-1001 (1N6263) Schottky gives you lower forward voltage than other silicon semiconductors in your
circuit: 410 mV max at I mA. So it turns on sooner and with less loss. It’ highly efficient, with only
200 nA reverse leakage current at 50 V, 15 mA forward current at 1 V, and picosecond switching speed. With an
operating temperature range of —65°C to +200°C it is ideal for harsh environments. And we offer it
in a hermetically sealed package rugged enough for automatic insertion.
It’s ideal for waveform clipping, clamping and sampling, transistor speed-up, and
rf signal detection and power monitoring. or anywhere else you might use
germanium or silicon general purpose diodes.

Price in 1000 quantities is 45¢* This engineering masterpiece HEWLETT ﬁﬁ_? PACKARD

is in stock now. *Domestic U.S price only
In the U.S. contact Hall-Mark, Schweber, Wilshire or the Wyle
Distribution Group (Liberty/Elmar) for immediate delivery.
In Canada, contact Schweber Electronics or Zentronics. Ltd.

Sales and service from 172 offices in 65 countries.
1507 Page Mil Road. Palo Ato. California 94304

For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, Atlanta (404) 434-4000, Los Angeles (213) 877-1282 01613
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TECHNOLOGY

Avoid failure of PC board components
by limiting the circuit board’s vibration under stress.
Make the board stiffer, if necessary, to cut down movement.

Electrical engineers often allow poor mechan-
ical design of PC boards because mechanical fac-
tors are the last thing on their minds during the
electrical design phase. Therefore, it is important
to consider some of these factors before the design
is frozen.

PC boards suffer under vibration

Circuit boards that operate for extended per-
iods under severe vibration will often suffer from
fatigue failure. It can occur in the form of broken
solder joints, broken wires on electronic compo-
nents, cracked printed-circuit runs or broken pins
on electrical connectors.

Extensive testing and analysis with sinusoidal
and random vibration has shown that fatigue
failures on plug-in circuit boards are related to
the dynamic displacements at the center of the
board.

The board is assumed to be mechanically hinged
on all four sides—the connector forming one
hinge, and the card supports on the other three
edges forming the rest. The hinges allow the
board to bend but not to move. Also, all compo-
nents are evenly distributed over the circuit
board. For mechanical conditions that differ
drastically from these the solution will also vary."

For rectangular boards, a simple equation re-
lates the maximum allowable displacement (from
rest position) to the length of the shorter side.!

Ohar = 0003 > (1)
where b is the shorter linear dimension of the
board.

When the dynamic displacement at the center
. of the circuit board is less than this value, the
circuit board, the components and the connections
won’t fail.

Equation 1 provides an adequate margin of
safety for stresses that are developed in the elec-
trical lead wires of circuit components such as
resistors capacitors, diodes, flat-pack integrated
circuits and hybrid circuits. These components

Dave S. Steinberg, Staff Engineer, Singer Co., Kearfott
Div., Little Falls, NJ 07470.
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are supported by their wires, which extend from
the opposite sides of the component body and are
soldered to the circuit board. As the board bends
back and forth under vibration, the component
wires bend also and eventually break (Fig. 1).

Components located at the center of the board
will get the greatest stress, particularly if their
wires are parallel to the shorter side of the board.

Dynamic displacement at the center of a typi-
cal plug-in circuit board can be determined for
both sinusoidal and random-vibration environ-
ments :

1. Circuit boards bend during vibration, with the most
severe stresses on the lead wires of the components in
the center of the board.

2. When random vibration is applied to a system having
a single degree of freedom, the system responds by
oscillating at its resonant frequency.

ELECTRONIC DESIGN 21, October 11, 1976



8= —-9'8f2(:°"‘ (2)

The symbols in this equation have a slightly
different meaning for the two kinds of vibration.
For sinusoidal vibration the peak single-ampli-
tude displacement occurs at the center of the
board. So, the natural frequency of the board
(f,) must be determined. The output-acceleration
force acting at the center of the board must also
be calculated in gravity units, G,,..

For sinusoidal vibration, get f,, then G,

The natural frequency can be calculated as
follows :

e DA b 5
f"—?\/r[? ) %!
E h

D— board-stiffness (Ib-in.)

12 (1 — u?)
mass W At
Pt (Ib s2/in.*)
where:
E — board modulus (Ib/in.?)
of elasticity,
h — board thickness, (in.)
u — Poisson’s ratio,
W — total weight of (1b)
circuit board
and compo-
nents,
g — acceleration of (386 in./s*)
gravity,
a — board length, (in.)
b = board width. (in.)

3. A white-noise power spectrum contains a uniform
power spectral density over a given frequency range. It is
a commonly specified environment for boards.
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The output acceleration force, G,,;, can be de-
termined from the input acceleration and the cir-
cuit-board transmissibility, Q, at its resonance,
as shown:

Gnlll = Gin Q (4)

If there are no sinusoidal-vibration test data
available for the circuit board, its Q can be ap-
proximated from the natural frequency :

Q=Vft, (5)

For random vibration, calculate G,

For random vibration Eq. 2 will give the single-
amplitude displacement at the center of the board.
The maximum value is determined from the maxi-
mum output acceleration force, G,.., Eq. 6.

Equation 3 is still used to calculate the circuit
board’s natural frequency—actually the number
of positive zero crossings, N,, because it is really
the number of times the displacement-amplitude
curve crosses the zero axis with a positive slope.

A plug-in circuit board is not really a single-
degree-of-freedom system. When it is subjected
to a wideband random-vibration environment,
usually up to 2000 Hz, the fundamental and
several higher harmonic resonances will be ex-
cited at the same time. Since most of the compo-
nent stress will occur at the fundamental resonant
frequency, the higher harmonic modes can usually
be ignored with very little error (Fig. 2).

When a plug-in circuit board is approximated
as a single-degree-of-freedom system, the output
acceleration force, G,,, can be determined:

LA m™
Gout — 3 '\/7 Ps fn Q (6)

where,

f, = natural frequency of board (Hz),

Q = transmissibility of board at its

resonant frequency,

P. = power spectral density (G*/Hz).

The equation represents the three-sigma (30)
acceleration force, which is three-times greater
than the root-mean-square (RMS) force. For a
Gaussian distribution, the 30 value represents
the maximum acceleration level that will be likely
to occur.

The white-noise spectrum is the most common
type of random vibration specified for board test-
ing. This has a constant-power spectral density
over a wide bandwidth (Fig. 3).

Use of the equations for sinusoidal-vibration
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and random-vibration environments can be dem-
onstrated with a sample problem.

Solving an actual problem is simple

The epoxy-fiberglass plug-in circuit board
(Fig. 4) is proposed for two different programs.
The first program specifies a sinu~oidal vibration
environment with an input-acceleration force of
5 G peak from 72 Hz to 2000 Hz. The second
program specifies a white-noise, random-vibra-
tion environment, with a power spectral-density
input of 0.10 G*/Hz. The problem: determine if
the circuit board and its components wi'l have an
infinite fatigue life in both environments.

First solve Eq. 1 to determine the maximum
allowable circuit-board displacement for both en-
vironments, based upon the length of the shortest
side, b, which is 4 in.

6 max = 0.003(4.0) = 0.012 in. (7)

The natural frequency of the circuit board is
also required for both environments. The physical
properties of the epoxy fiberglass board are:

E =2 x 10 1b/in.? for G-10 epoxy fiberglass;

the modulus of elasticity

h = 0.062-in., board thickness

@ = 0.12, Poisson’s ratio

T (2 x 10°) (0.062)*

O S e P

— 40.30 lb in., stiffness
W = 0.35 b, total weight
g — 386 in./s?, gravity
= 6.0 in., board length
— 4.0 in., board width
B 0.35
" (386) (6.0) (4.0)

— 0:3778' x 104 1b s?/in.?

Substitute into Eq. 3 for the natural frequency :

o 40.30 [ RN b ]
£ DNEOBTITR 0 |36 16

— 146.46 Hz (8)
Now, evaluate the individual environments. Con-

TR = )

4. The plug-in printed circuit board used in the example
is 0.062-in. thick and made of G-10 epoxy-fiberglass, a
very common construction.

70

sidering the sinusoidal vibration environment
first, Eqs. 4 and 5 can be combined as shown:

N o e U (9)
where G;, = 5 G sinusoidal peak input

f, —146.46 Hz, from Eq. 8

G = (5.0) V 146.46 = 60.51 (10)

Sustitute Eqs. 8 and 10 into Eq. 2 to find
the amount of circuit board displacement that re-
sults from sinusoidal vibration

o (9:8)i605B1) 3
Oq = ~(14646)°  — 0.0276 in. (11)

Since this displacement exceeds the maximum
of 0.012 in., Eq. 7, the design is not acceptable
for the sinusoidal-vibration environment.

Well, maybe it will work in random vibration

Next, consider the random-vibration environ-
ment. The output acceleration force—the response
—of the circuit board, G,.., can be determined
from the following data:

P. = 0.10 G*/Hz; power spectral density

f, — 146.46 Hz, see Eq. 8

Q =V 146.46 = 12.1, transmissibility
Substitute these values into Eq. 6; for the 3 o
force

G =8 \/—727—(.10) (146.46) (12.1) = 50.05 (12)

Substitute Eqs. 8 and 12 into Eq. 2 for the
displacement of the circuit board due to the
random-vibration environment

= _____(9(-2 éi%;’f) — 0.0231 in. (13)

Since this displacement exceeds the maximum
allowable displacement of 0.012 in., as shown
in Eq. 7, the design is not acceptable for the
random-vibration environment either.

If the natural frequency of the circuit board
is increased, the dynamic displacements will de-
crease very rapidly, as shown by Egq. 2. Use
stiffening ribs or increase the thickness of the
circuit board to accomplish this.

In our example, if the circuit board thickness is
increased to 0.093 in., the natural frequency will
be increased to 269 Hz. For the sinusoidal-vibra-
tion environment, the dynamic displacement at
the center of the circuit board will then be de-
creased to 0.011 in.

For the random vibration environment, the dis-
placement will now be decreased to 0.0107 in.
Since these values are both less than the maxi-
mum allowable displacement of 0.012 in.,, as
shown in Eq. 7, the design is now acceptable for
both kinds of vibration. ==

References
1. Steinberg, Dave 8., Vibration Analysis For Elec-
tronic Equipment, John Wiley & Sons, New York, 1973.

2. Crandall, Stephen H., Random Vibration, Technology
Press, MIT and John Wiley & Sons, New York, 1958.
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ANNOUNCING FAIRCHILD’S

30 PICOAMP

IN METAL CAN AND PLASTIC!

The p.AF156 Family.
The gnd source you've
been waiting for.

Plus the logical next step.
Your first source
for plastic mini dip.

Fairchild's entry on the scene
makes FET Input Op Amps totally
viable —with two major manufacturers
now providing pin-for-pin alternate
sources. Now you can confidently
design-in the most advanced
operational amplifiers in the world.

The Fairchild 4 AF156 Family:
Typical Specifications

]
. IOS 3 pA =
*Vos 2 mV

N
*Vog Drift 5 pV/°C l | \
*Slew Rate 15 V/usec \ : ‘
I
| ‘
81

* Settling Time 15usec(to01%) f
« Noise 15 nV/VHz

» Bandwidth 5 MHz  ‘ |

There is no doubt that these new
linears represent the next major,
generation in Op Amps technology.
And there is no doubt about
Fairchild’s linear reliability.

Plastic Mini DIP:

This is the next development

and —

Fairchild is first. !
Low Cost. Low profile. %

Easier handling. And not just

any plastic—

Fairchild’s unique DM-6.
We're already in plastic Mini DIP

production. Samples are available

immediately.

AVAILABLE IN METAL CAN

uAF155/155A, uAF355/355A
pAF156/156A, nAF356/356A
pAF157/157A, nAF357/357A

AVAILABLE IN PLASTIC MINI DIP
LAF355, [AF356, LAF357

For complete information, contact
your Fairchild Distributor, Rep or
local Sales Office.

WHO ELSE?

t

Fairchild Camera & Instrument Corp., Linear Div., 464 Ellis St., Mountain View, CA. 94042. Phone: (415)962-3792. TWX: 910-379-6435.
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he way to make your engineers responsible
T is to give them responsibility. Real responsi-

bility. This means, for example, that an in-
dividual engineer is responsible for the cost of his
project and for completing his project on time.
He knows, too, that he’s going to live with his
project forever. He’s not going to take it to pro-
duction and forget about it.

Our engineers know they are responsible for
getting a product to manufacturing, and then
through field performance. So they design for
easiest and most efficient production and mini-
mum need for field maintenance. That’s important
because it changes the entire attitude of the engi-
neering organization. It gets rid of the idea,
“Well, I'll get the first unit through manufactur-
ing and then I'll be finished with it and T’ll be
able to move on to something else.”

It changes a whole series of things that engi-
neers worry about on a day-to-day basis. It af-
fects the way they work, the way they plan their
projects, and the way they plan their time. And
that’s just part of it.

Our engineers know that top managers
are deeply involved in their projects,
foo. And they’re knowledgeable; not just
desk-pilots or chart presenters. They
get out on the floor and get involved.

Other managers get involved, too. The manu-
facturing managers, the marketing managers,
the field-service people—they all get involved and
interact with the design engineer right from the
beginning. They sometimes put pressure on him
and they give their help, too. So the engineer
feels responsible to them, as well as to top man-
agement.

These are some of the positive things we do
to make the engineer feel responsible. What's
equally important are the things we don’t do.
One thing, we don’t waste money. Right from
the start we teach the engineer that we want to
spend our money wisely. Now that’s not as simple
as it sounds.

We've had problems in the past, as any engi-
neering organization has had, of making sure
that happens. We’ve all seen organizations where
you start 20 projects, spend half-a-million dol-
lars, complete two of them and have one result
in sales. That can be thoroughly demoralizing to
a good engineer. He can’t get worked up about
spending money wisely if he sees management
blowing money carelessly.

Even if you have money to spend—as we did
for the last couple of years—you don’t spend it
unless you have the right people and the right
resources to work on the right project. You
mustn’t spend money just because it’s there. And
that means that sometimes you have to let your
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money sit. Managers don’t like that. They know
they can get a higher return if they invest it in
good projects than if they put it in a bank.

How do you pick the right project? That’s
the hardest part. Picking the right
project and the right people are key
decisions and extremely difficult.

These decisions are a function of many things.
The right project for TI may not be right for us,
or for you. You won’t be right in 100 percent of
your choices, but you had better be right a high
percentage of the time.

There were times when we knew which projects
we wanted to do, but we had to wait until we had
the right talent. You often have to look for a
long time for the right people.

It’s easy to hire somebody to spend money. It’s
not so easy to find somebody who will spend it
wisely. Selecting people is very tricky. Sometimes
you find somebody who’s golden in one company
but a lemon for you. He may not work out for
you because the situation is different.

Similarly, you may find somebody who’s not
working out too well elsewhere. But he can
flourish in the environment you provide. So

Orion Hoch
of AMS
Speaks On

there’s no simple answer to how to find the right
project or the right person.

Once you make decisions on people or projects,
you start worrying about them, day in and day
out. The first thing you do after you've made a
plan is to wonder what changes are necessary.
That’s the essence of the business world. You
just have to keep testing the assumptions you’ve
made, and it’s not always easy to test.

You have to keep examining your choice against
the alternatives. Something very dramatic may
happen in the marketplace to force you to re-
evaluate your thinking quickly. You have to de-
termine how fast technology is changing. You
may have to raise the question, for example, of
how long to stay with one technology before
switching to another.

We're still strong on metal gate, for example,
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but I think we stayed with it too long as our
dominant technology at AMS. Our philosophy
was that you could stay with a simple, conserva-
tive process like metal gate and make up for its
limitations in the circuit design. And that was
true for a long time.

But then the progress in circuit design with
silicon-gate technology started to move very fast.
And that’s the very thing I mean when I say
you have to reexamine your plan. It may have
been fine last month; but is it still good this
month? And will it still be good tomorrow?

You can’t lock yourself in a room and
say: “Well, I've made my decision.” You
must be constantly ready to modify it.
Or even scrap it.
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Making Your Engineers Responsible

That’s a process all managers go through. I
don’t know how to get away from it. You must
try to get your engineers to think that way, too.
That’s hard because they get involved in their own
technology. They become advocates, and tend to
justify everything they do.

It’s difficult to know when to junk your own
idea. We did that when we had to change some of
our approaches. Had we been smarter, we would
have made the right decision at first. But no-
body guesses right every time. We goofed on pro-
jecting the rate of change of technology. Luckily,
we had other products to replace the ones we
had to scrap.

Nobody likes to drop a project. But it’s impor-
tant for the engineer to see that we abandon a
project sometimes. Projects don’t just die. We
kill them—when we have good reason to. And
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we don’t conceal it from our engineers. We show
a man that we must sometimes swallow our pride
and alter course. That’s another way of showing
the engineer that management is responsible.
When he sees that management is responsible, he
wants to be responsible, too.

There’s another element of responsibili-
ty. Just as we don't want to waste
money, we don’t want to waste the engi-
neer’s time.

Paper work and budgeting can be the most
elaborate and time-consuming operations an en-
gineering manager performs. We try to simplify
them as much as possible.

Instead of developing an elaborate budgetary
system, we simply establish resources for the di-
rector of engineering. We give him the people and
money he needs; we establish his budget. But we
don’t track every individual project down to the
nth dollar.

We tell him to manage within his budget, with-
in the confines of the dollars and people we pro-
vide. But he’s free to move people and money
from one project to another if he wants to make
up for time he’s lost or gained on one project or
another. We don’t get into the nit-picking,
project-by-project analysis of things like incre-
mental dollars every week. That takes too much
effort.

If we wanted to, we could get into the most
elaborate system in the world for charting dollars
and cents, and manpower and hours and all that.
But I feel it’s a waste of time. Do we plan? Of
course we do.

At the beginning of our fiscal year we develop
a financial plan and we update it at mid-year.
Throughout the year we continue to compare our
performance with Plan 1—the one we prepared
at the beginning of the year—and with the mid-
year plan.

If ever a guy wants to put all this project
information on a computer, we take the
computer away from him.

That’s tough because we're in the computer
business. Every engineer here can program a
computer. So it’s awfully tempting to put things
on a computer. We fight that.

Computers are wonderful and they're a very
important part of our business. We sell computer
memories, so we want people to use computers.
But that doesn’t mean everything should go on a
computer.

We want to simplify paper work. We make a
manager responsible for a set of resources. We
find we can keep track of his success with just
three sheets of paper. Yes, three.
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On one page a manager describes a project ex-
actly and shows its salient features. On another
page he provides a milestone chart that he keeps
all year long, though he can update it at mid-year.
(He can quickly see how much he has slipped if
he’s missed any deadlines. Or he can see if he’s
ahead.) On the third page he describes the mar-
ket we're after and what we expect to sell in it.

For me and the senior officers, it’s extremely
useful to have all that information on just three
pages. For the engineering managers it’'s a tre-
mendous discipline and a tremendous timesaver.

Who is Orion Hoch?

7.

"

1

Less than 2-1/2 years after he joined Ad-
vanced Memory Systems as president, Dr.
Orion Hoch was appointed president of Inter-
sil, the company that is to result from the
merger of AMS and “the old” Intersil.

It’s no wonder that Hoch was selected for
this position, as he was selected, in February
1974, for the AMS presidency. He came, he
says, from a great school—Litton Industries—
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For all the engineers, it’s a demonstration that
we're interested in real, worthwhile accomplish-
ments—not just mountains of paper. And it
shows that we respect the engineer’s time.
There’s a final element that helps maximize
the engineer’s responsibility. The engineer can
see the results of his efforts in the growth of the
company. He can see the company’s progress in
every quarterly report. And since we have a
profit-sharing plan and stock options, he can see
his own financial growth as the company grows.
This real involvement makes people responsible.mm=

“an excellent place where you get six years of
experience when you spend three years on a
job.”

At 28, he started as an engineer in Litton’s
Components Group and eventually became
president of the Electron Tube Division, the
successor to Charlie Litton’s original company.

He soon took charge of a group of divisions
in the Components Group before moving to the
corporate staff in Beverly Hills, where his re-
sponsibilities included diverse functions like
public relations, financial relations, labor re-
lations and industrial relations. He even had
responsibility at one time for a fleet of ore
boats on the Great Lakes.

Finally he moved to the Business Systems
and Equipment Group—with 45,000 employees,
25,000 of them overseas. This group, with about
$1-billion in annual sales, included companies
like Sweda, Monroe and Royal Typewriter.
Here, serving as senior corporate vice presi-
dent, Hoch decided to join AMS.

“As you go along year after year you fre-
quently tell yourself you want to go out and
do it yourself,” he says. “That’s an opportunity
a large company can’t give you.” When the
AMS offer came along, he says, “I felt that if
I didn’t do it then, I would be with a large
company for the rest of my life. So I packed
up and left for half the salary and twice the
stock.”

Hoch got his bachelor’s in physics at Car-
negie Tech (now Carnegie-Mellon University),
his master’s at UCLA and his doctorate in
electrical engineering at Stanford.

He and his wife, Jane, have three teen-agers
—Andrea, Brenda and John. His principal en-
tertainment, tennis, is virtually his sole form
of exercise. He’s an avid reader and, thanks to
a rapid-reading course that tripled his reading
speed, he’s able to read just about all the busi-
ness magazines. He also likes to play bridge.
“If only,” he muses, “I could play bridge and
tennis and read at the same time. That would
really be efficient.”
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High Voltage
Diffused Silicon
Rectifiers

Varo Semiconductor, Inc. offers you the industry’s most
complete line of high voltage rectifiers for commercial
and industrial applications that require high reliability
at an economical cost.

Choose from one of these series:

VA, VB SERIES

e 1kV to 6kV (Vrem)

e 20 to 100 mA (lo)

e 3A 1/2 cycle surge

* Fast recovery series (250ns, t.)
e Minimum size

VG SERIES

e 1kV to 20kV (Vraw)

e 51to0 100 mA (lo)

e 3A 1/2 cycle surge

e Fast recovery series (250ns, t..)

VC SERIES

e 2KV to 8kV (Viem)

e 1A to 2A (lo)

e 50A 1/2 cycle surge

e Fast recovery series (300ns, t.)

VF SERIES

e 5kV to 40kV (Vuu)

5 to 25 mA (lo)

3A 1/2 cycle surge

Fast recovery series (250ns, t.,)
Axial lead or ferrule end caps

For more information
call Ms. Pat Brisendine
214/272-4551

Design us in . . . we'll stay there VARO

VARO SEMICONDUCTOR, INC.

P O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040
(214) 272-4551 TWX 910-860-5178

EUROPEAN OFFICE: UK: VARO SEMICONDUCTOR INTERNATIONAL, INC.
Deepdene House, Bellegrove Road, Welling, Kent, England DA163PY, 01-304-6519/0

CIRCLE NUMBER 43
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Hetallm The point of sale terminal is

just one application where data integrity and ease of maintenance are vital. The SEMI 4104A static

4K RAM answers both problems perfectly. It is static; that means simpler, faster field maintenance.

And just 15 mw will