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When you don’t need
a custom circuit...

AMI, the leader of custom MOS, has a completion better filled by a custom circuit. .. we’ll design it.
record of a new circuit every three days. Filling the For the full story call or write today to. . .
needs of over 650 specific applications. But, American Micro-systems Inc., 3800 Homestead

we don’t stop there. Knowing the need for standard Road, Santa Clara, California 95051 (408) 246-0330
products in design, we have engineered, tested

and put into production reliable lines of devices o
for you to choose from . .. If standard products fill MI .
your needs, we have them. If your needs are American Mlcro-systems, Inc.
TYPICAL GATE
PART FREQUENCY NUMBER POWER CLOCK THRESH-
NUMBER DESCRIPTION LEADS/PKG. RANGE OF BITS DISSIPATION LEVELS oLD
DYNAMIC SHIFT RD55G Dual 50 10 TO5 10KHz- 1MH:z 100 240mw =27V HVT
REGISTER $1708 Quad 40 12 7108 10KHz - 1MH:z 160 200mw +5, -12V LVT
RD63G Triple 66 10 TO5 10KHz- 1MHz 198 125mw =27V HVT
S1724 Variable 256 14 DIP 10KHz- 1MHz 2-257 200mw +5, -12V LVT
S1606 Quad 84 16 DIP 10KHz - 2MH:z 336 200mw +5,-12V LVT
RD65G Single 426 10 TOS 1KHz - 5MHz 426 280mw +5, -12Vv LVT
S$1723 Dual 256 10 TO5 10KHz - 2MH:z 512 150mw +5, -12v LVT
S1705 Dual 256 10 TO5 10KHz- 1MH:z 512 300mw +5, 0OV LVT
S1685 Dual 480 12 TO8 10KHz - 2MHz 960 200mw +5, -12Vv LVT
S1687 1000/1024 12 TO8 10KHz - 2MHz 1000/1024 150mw +5, -12V LT
S1701 Dual 512 14 DIP 10KHz- 2MH:z 1024 250mw +5, -12V LVT
S1709 FIFO8x 13 24 DIP 10KHz - 100KHz 104 500mw +5, 12V LVT
STATIC SHIFT SP51L 12 bit Serial/Parallel 24 DIP DC - 2MHz 112 250mw =27V HVT
REGISTERS RS53G Dual 40 10 TOS DC -~ 1MH:z 80 150mw =27V HVT
S$1463 Dual 64 12 TOS5 DC - 3MHz 128 180mw +5, -12Vv LvT
S1670 Dual 100 14 DIP DC - 3MHz 200 250mw +5, -12v LVT
RANDOM ACCESS S1509 128x1,64x2,32x4 28 DIP 1.5 MHz 128 300mw +5, <12V LVT
MEMORIES S$4006 1024 x 1, Static 16 DIP 1.5 MH:z 1024 600mw None 12
S$2103 1024 x 1, Dynamic 18 DIP 1.5 MHz 1024 320mw -15Vv SIGATE
READ ONLY S8452 256 x 4 28 DipP DC - 200KHz 1024 500mw None HVT
S8457 128 x 12 Hollerith
e to ASC I 24 DIP DC - 300KH:z 1536 500mw None 12
S$8539 128 x 12 ASC 11
to Hollerith 24 DIP DC - 300KH:z 1536 500mw None 12
$8538 2048 x 1 24 DIP 20KHz - 1MHz 2048 400mw +5, -12V LVT
S$8453 512 x4 28 DIP DC - 200KH:z 2048 500mw None HVT
$8502 256 x 8 28 DIP DC- 1MH:z 2048 650mw +5, 0OV LvT
MES1L 2240 - 5 output 28 DIP DC - 1MHz 2240 300mw None LvT
S8327 2240 - 5 output 24 DiIP DC- 2MH:z 2240 400mw +5, -12v LvT
58499 2240 - 7 output 28 DIP DC - 300KHz 2240 300mw None HVT
S8501 256 x 10 40 DIP DC- 1MH:z 2560 650mw +5, 0OV LVT
MULTIPLEXERS MX52D 6 Channel 14 FP NA NA HVT
MX53C 10 Channel 22 FP NA NA HVT
MX54C 4 Channel, 502 22 FP NA NA HVT
MX55C 4 Channel, 502 22 FP NA NA LvT
STANDARD uLs1L Dual FF, - N
Dual Excl 24 DIP 1- 100KHz 60mw =27V vT
IO LERAS uL52L Quad 2 NAND
Expandable 24 DIP 40mw =27V HVT
uLs3L Quad 2 NOR
Expandable 24 DIP 120mw =27V HVT
MX53L 10 Input Expander 24 DIP HVT
SPS1L 12 bit Serial/
Parallel 24 DIP DC- 2MH:z 12 250mw =27V HVT
$1694 8 bit Counter/
Shift Register 40 DIP DC- 1MH:z 8 15mw LvT
PART TYPICAL
NUMBER DESCRIPTION LEADS/PKG. RON @ - 15V PROTECTION VGsT
DISCRETES DMO1B Dual Matched
50mw 6 TO5 1250 No -4V
DM028B Dual Matched
100mw 6 TOS5 1250 No -4v
DM038 Dual Matched
150mw 6 TO5 1250 No -4V
DMO5A Dual 8 TO77 250 Yes -4v
DMO6A Dual 8 TO77 250 No -4V
DDO7K Single 4 TO72 125 Yes -4v
DDO8K Single 4 TO72 125 No -4V
DDO9K Single 4 TO72 250 Yes -4v
DD10K Single 4 TO72 125 Yes -2V
DD11K Single 4 TO72 700 Yes -4V
DD12J Single 3 TO5 32 Yes -4V
DD13K Single 4 TO33 32 Yes -4V
DD 15K Single 4 TO33 18 Yes -2V
T1368 Quad 14 FP 125 Yes -2V
T1337 Quad 14 DIP 125 Yes -2V
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Here are the LEDs you can order by

the brigade full. HP’s indicator lights—
unbeatable for brightness and wideangle
visibility. Use them on circuit boards—their
tough leads will keep them firmly in place.
Or mount them on a front panel; they just
clip on. In fact, you can pur them anywhere
you want a small, tough bulb that needs only
2 volts DC to light the way.

i SRR \ | . ; \
ey | ‘ \’) p) ! ! \*
3 1% ’ ! ' 'y )
\\ Price? 65¢ in 10 K quantities. And
‘ they’re available in any quantity
you want. Call your local HP office
, 4 J for the exact figures and specs on the

t L]

5082-4440. Or write Hewlett-Packard,
L& Palo Alto, California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT ho, PACKARD

I
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Now, there's a digital voitmeter that
offers a combination of capabilities
never before available. The new
Hewlett-Packard 3403A.
Outstanding features of the 3403A
are its eight-decade bandwidth, its
six-decade ac voltage range (10 mV
to 1000 V full-scale), its ability to
measure both simple and complex
signals with great accuracy (+0.2%
reading +0.2% range), and its ad-
vanced, solid-state 3-digit display.
With the 3403A, you can measure
ac, dc, or ac + dc, with true-RMS
accuracy—and get your readout in
either volts or dB. Its wide voltage
range, and extraordinarily wide fre-

quency range give it unprecedented
versatility. Its direct readout in dB
makes it a “‘natural” for all kinds of
communications work. And its ability
to measure complex signals with
crest factors as high as 10:1 makes it
especially useful for noise measure-
ment.

The 3403A is available with a wide
variety of options and accessories,
including dB display, autoranging,
isolated or nonisolated digital out-
put, isolated remote control, printer
cables, active probes, and a rack
adapter frame...making it ideal for
systems applications, as well as lab
and production work.

HP’s new 3403A voltmeter
puts it all together...
at an amazingly low price

L) True-RMS accuracy
| AC from 2 Hz to 100 MHz, plus DC

[ Digital readout, in volts or dB

The 3403A’s price ranges from
$1400 to $2100, depending on op-
tions. An ac-only version, the 3403B,
is also available, starting at $1150. For
further information on the versatile
new 3403A, contact your local HP
field engineer. Or write Hewlett-
Packard, Palo Alto, California 94304.
In Europe: 1217 Meyrin-Geneva,
Switzerland.
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Multiwire

e had mislabeled illustra-

tions last issue, as the interface
between man and machine —our
new computer typesetting oper-
ation—widened a bit because of that
old-fashioned national pastime, the
summer vacation. We apologize and
want to sort out the mix-up on page
85 in our cover article on automated
production.

The three illustrations above
should have gone with the material
indicated by the caption. We hasten
to say that the computer is doing its
thing fine. but we are still debugging
our new computer-oriented oper-
ating proccdurcs.

re’s another chapter in the fasci-

nating chronicle of how things
get invented. Determination. lucky
ummg and hard work all helped de-
velop the random access memory
described in our cover story (page
69), but it was a flight of fancy at
38.000 feet that finally made it
work.

It seems that Moses “Monty™
Shapiro. president of General In-
struments, was determined to come
up with new products. His corporate
director of technology, Lee Seeley,
looked around. Among the people
he talked with at Hicksville, NY.
plant was Leo Cohen, manager of
MOs memory products. Cohen had
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Reflow soldering

Publisher’s letter

Automatic welding

just worked out a RAM design in his
spare time and whipped out the de-
signs. A new product was horn—on
paper at least.

When an improved version of the
RAM finally got off the drawing
board and ono the bread board. the
all-important sense amplifier was
not stable enough to consistently de-
tect the low logic swings—the bane
of all single-transistor-cell memo-
ries. One way to fix that was to tap
the company’s R&D operation in
Salt Lake City.

So Cohen and Seeley, bringing
along his high-level technical sup-
port. set off’ for Utah. But they
might as well have stayed at the air-
port. Their big jet climbed skyward.
headed west. Their flight was
smooth and so were the cocktails.
With no phones to ring or memos to
write, they got down to some de-
tailed talking on the amplifier and
had the guts of the fix sketched out
by touchdown.

Cohen says that Seeley's design
help was so to the point that he put
Seeley’s name in as a candidate for
GI's Engineer of the Month. Seeley

Y-
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when is a pawer supply not leSIﬂ

This is Kepco’s JQE 100— 10MHS Power Supply. It looks
and is built much like the many hundreds of similar power
supplies made by powei supply companies. It will produce
an adjustable voltage 0—100V, with a 10-turn front panel
control—will drive loads up to 10 amperes and is backed
by a 5-year warranty.

That’s where the resemblance to the product of other
power supply companies stops. The JQE 100—10MHS is
made by Kepco, the power COVTROL company.

This means that you can manipulate its output to suit
your purposes. You can use it asa 1 kW, d-c power ampli-
fier and use as much of its 500,000 volts pur volt d-c gain
as vou please. With that suffix “HS,” the JQE will allow
vou to modulate its ontput with signals of your choice up
to about 300 Hz for full 100V peak-to-peak swing. For
10V p-p modulation, you’ve got a 3 kHz bandwidth.
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Would you like to sum several signals? Connect the JQE as
a summing amplifier and use it to perform arithmetic
operations.

"L

€m

With a capacitor connected to its convenient feedback
terminals, your JQE makes a dandy integrator.

= ess (35 LS T PE———

KEF’I:I:

e T 1k & =

Bring feedback from a current sensor and it will regulate

current.

e |

NECELER

Vary its feedback and input resistors digitally and you'll
have a computer-controlled voltage source. We make an
excellent digital programmer to work with our control-
lable power supplies (the Kepco DPD, DPR, DPK Digital
Programming System).

Typical “ull Rack Madel
B ..

Typical 1/2 Rack Madel

There are thirty-one (31) different JQE models in all sizes
and output voltages from 0--6 to 0- 150 volts up to 1125
watts . . . modules, too.

v<gp D _
" Tpowel, 1/‘;7 Our new Catalog B—703 is

supP ¥ just off the press with de-
\-- . It tails on the JOE and other
fine Kepco power control-
lers. We would like to send
you a copy.

Write Dept. DL- 14

131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 « (212) 461-7000 + TWX # 710-582-2631 « Telex: 12-6055 + Cable: KEPCOPOWER NEWYORK

Electronics/August 2, 1971
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How to Design Your

Y -

Power Supply for $83

You get the complete schematic diagram,
and parts list with opcrating and installa-
tion instructiors when you spend $83 for
an Abbott Model “R”™ power supply. Two
years in development, this nodel repre-
sents the latest state of the art in power
module design. 1t features close regula-
tion (+0.05%) low ripple (0.02%), auto-
matic short circuit and  complimentary
overvoltage  protection and  continuous
operation in & 160°F ambient.

Abbott Engincers followed specific design
criteria i engineering  these  modules,
Iirst, the electrical design was carcfully
engincered to isure that all components
operate well within their Thmits, under
“worst case” operating conditions. second,
the thennal design, including case con-
struction, wus carcfully made to insure
that the mavimum temperatnre limits of
all components are never exeeeded. Then
the size and weight of these modules
were controlled to a mininnum, without
sacrificing reliability. Finally these un'ts
were thoroughly tested to make certain
that all design wnd performance specifica-
tions were met.

So, you can build yvour own power supply
using our schematic diagran it vou want
to—but we think we can build i more

reliably and for less cost, simply becanse
we have been doing it for ten years. Put
our power supply in yaur system first
and try it. Examine its performance. We
think you will be pleasantly surprised at
the quality, adherence to ‘specifications,
and the reliability you find in the Abbott
Model *R™.

Any output voltage from 5 to 100 volts
DC with enrrent from 0,13 to 20 amperes
is available. Many of the popular voltages
are carried in stock for immediate delivery.
Please call us for attractive Q.E.M, dis-
count prices,

Abbott also mannfuctures 3,000 other
models of power supplies with output
voltages from 5.0 to 3,650 volts DC and
with output currents from 2 milliamperes
to 20 amperes. They are all listed with
prices in the new Abbott catalog with
varions inputs:

60 O to DC, Hermetically Sealed
400 A to DC, Regulated

28 VDC to DC, Regulated

28 VDC 10 400 2, 1, or 35

24 VDC to 60 O, 1

Please see pages 930 to 949 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott modules.

Send for our new 68 page FREE catalog.

abbott

LABORATORIES,
5200 W. Jefferson Blvd./los Angeles 90016

INCORPORATED

1224 Anderson Ave./Fort Lee, N.J. 07024

Readers comment

Misquoted

To the Editor: The article on solid
state multipliers for Tvs [July 5.
p- 81] misquoted me. I said: “Only
in the last few years have we had
the technology to economically
manufacture reliable devices to per-
form at 10 kilovolts. This device
consists of multiple chips bonded to-
gether in a small, single package.
Devices such as these are used in
our multipliers.”
Seymour Winuk
Electronic Devices Inc.
Yonkers, N.Y.

Display economics

To the Editor: The special report on
displays [May 24, p.65] brings to
mind the basic economics of too
many firms with similar products
going after the same markets. The
result is an oversupply/overcapacity
situation that reduces the product to
a commodity selling at cost. I'm
afraid that if light-emitting diodes
ever get down to a selling price of
five cents per diode. this situation
could happen in displays. If LEDs
don’t reach this point. there will be
room for gas discharge, liquid crys-
tal, and LED displays to share mar-
kets based on their advantages for
specific applications. Even so, I
think we can expect a significant
shakeout of display producers over
the next few years. Of course, the
ability to compete under price-ero-
sion conditions hinges on many fac-
tors. and I wonder how many of the
firms in and entering the display
business are looking at the future
market and technologies in terms of
their effectiveness to compete under
such conditions.
L.L. Pond Jr.
Sperry Information Displays
Scottsdale, Ariz.

Modulation man

To the Editor: I was particularly in-
terested in the article on “*Modu-
lation scheme permits use of low-
cost-recorder” [April 12. p. 35]. and
call your attention to my paper pub-
lished in J. Sci. Inst. (Vol. 44, 1967)
in which I described this technique.
I showed that information con-
tained in the ratio of mark-to-space

(213) 936-8185 Cable ABTLABS (201) 224-6900 |
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When TRW X440 capacitors get together, it's all small talk.

Since we introduced the X440 pre-
cisicn film capacitor it's been show-
ing up in all the tight places. The
X440 features a precision epoxy
case with aeccurately located |leads,
and is ideal for use on densely pop-
ulated printed circuit boards.

TRW pioneering in metallized
polycarbonate film assures rigid

Electronics/August 2, 1971

stability and reliability in these tiny
capacitors. Environmental and elec-
trical performance of the X440 will
help you meet your toughest spec-
ifications. And being the smallest
film capacitors on the market,
they're often the only answer to a
tight packaging problem.
Voltage...50VDC; capacitance..

.001 to .10 mfd; tolerance to +1%.
For samples, detailed data and
applications assistance, contact
TRW Capacitor Division, Box 1000,
Ogallala, Nebraska 69153. Phone
(308)284-3611. TWX 910-620-0321.

TRW
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GE
Introduces
a New
Bulk-effect
Diode...

Puts it to
Work for You!

GE's new bulk-effect diode — using the transferred
electron effect in gallium arsenide — is available
by itself or in a new Microwave Circuit Module,
(MCM). The MCM s ready to go to work for you in
applications such as radar speed controls,
intrusion alarms, or auto safety devices.

Let's talk about your application.

Call or write Jim Rush, GE Tube Products Dept.,
316 E. 9th St, Owensboro. Ky. 42301.

(502) 683-2401. Ext. 422 . ..

or use the reader service card

GENERAL &3 ELECTRIC

362-01

8 Circle 8 onreader service card

Readers comment

of a rectangular wave may be re-

corded without loss of linearity or

resolution by simple recorders. Also,

data in this form may be trans-

mitted over relatively low-quality

channels without significant loss

since the original quality is restored
at the receiver.

F.J. Mahler

Commonwealth Scientific

and Industrial

Research Organization

Mordialloc, Australia

Tuner tracking

To the Editor: The article on Scott’s
new tuner [June 21, P. 32] states that
the unit actually “nails down a car-
rier and tracks it,” but it's not sup-
ported in the block diagram. Rf am-
plifier tuning is accomplished by the
loop-control voltage. but it by no
means tracks a commercially trans-
mitted carrier. Instead, it can be
thought of as locked to the crystal
reference oscillator, since the rf local
oscillator is, in fact, phase-locked to
this reference via the frequency
prescaler and programable divider.
The rf amplifier is tuned as the rf lo-
cal oscillator is forced by the loop to
track the reference. The rf ampli-
fiers are still 10.7 megahertz below
the local oscillator as in any fm
tuner. AFC, using a discriminator
reference, is merely replaced by
phase-locking to a crystal reference,
while the programab]e divider lends
itself to the digital tuning technique.
David M. Thomas

St. Joseph, Mich.

= The local oscillator in this tuner
tracks to and is locked to the center
frequency of an fin channel, plus 10.7
MHz. While tuned to a station, the
unit continually corrects for drift in
the local oscillator using the crystal
reference shown in the block dia-
gram.

Since the overall drift specification
is tighter than the FCC specification
for stations themselves, further track-
ing would be redundant. The diagram
was simplified both to protect patent-
able designs and for editorial consid-
erations. There is one error: the
prescaler programable divider and
the binary-to-decimal decoder blocks
should be interconnected.

Electronics/August 2, 1971



40 years ago

Any engineer who has been con-
fronted with the problem of allo-
cating radio channels to all the
manifold demands for radio service.
must quickly become impressed
with the fact that a “ceiling” has al-
ways overhung the usefulness of
space radio. Nature has provided us
with only one ether spectrum, and
all classes of radio service must ac-
commodate themselves to its sharp
limitations. Multiplication of the
spectrum. it was apparent. could
come only through subdivision—or
else through expansion into the
higher frequencies.

Recent work with television in the
very short waves and with quasi-op-
tical waves. now seems to open up a
vast new realm for radio service.

Kilocycles have always been the
crying need in radio. and as we go
down into the short waves, we turn
up kilocveles in profusion. For. ev-
ery time we halve the wavelength
made useful for radio. we add to the
former spectrum as many kilocycles
as we had. altogether, before!

At last then, we have “kilocycles
enough,” and down in the short
waves we can use the same fre-
quency over and over again.

Thus the lid is lifted. From this
point on, the limits on the multi-
plied use of space radio become
only equipment and demand.

Already the pioneers are trekking
out into this new promised land. As
this is written, tests have been wit-
nessed of telephoning between two
panels, each hardly larger than this
page of Electronics. mounted on 30-
ft. poles. 25 miles apart, using 68-
cm. waves. The English Channel has
been bridged with 10 cm. waves.
The week’s newspapers have re-
ported the leasing of the 1.250-ft.
Empire State Building for television
broadcasting within visible range.
over New York City, probably on
2" meters.

Private-line telephones. mechani-
cal control, and a host of other uses
may follow, until the cities and coun-
tryside of the future are every-
where cross-threaded with *“wire-
less™ local circuits.

At last, the lid is being lifted off
space radio!
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Part Number

EXPERIMENTAL DISPERSIVE DELAY LINES
(Typical Data)

DDL- DDL- DDL- DDL- DDL-
X1 X2 X3 X4 X5

Center Frequency

(MHZ)

12 20 60 60 300

Compression Gain

(Time X BW) 5 50

Bandwidth (MHz) 20

AT (#8)

100
100

10 2.5 1

Center Frequency
Insertion Loss (DB) 35 35 42 50 42

Nominal Input-
Output Z (Q) 50 50 50 50 50 50

*Maximum Side Lobe

Supression (DB)

Bandpass Response  Flat Flat Flat Flat

Physical Dimensions

>30 =30 =35 =25 =25

Taylor

2" x %" all units

x %"

*WHEN USED WITH EXTERNAL N4 TAYLOR FILTER

Please read these
surface acoustic wave
specs and answer

these questions.

In your design is there a need to spread signal spectrum
across time and frequency?

Do you find current techniques too bulky, too temperature
sensitive and too difficult to use in recompression?

If you answered yes to the above, we've got just the answer:
The Autonetics surface acoustic wave Dispersive Delay
Line. Small as a pencil microphone, DDLs can be
furnished with either positive or negative dispersion in
matched reciprocal pairs. Qur DDLs are available now

for testing and evaluation.

If you'd like additional information, write the Autonetics
Research & Technology Division, Marketing Dept.,

Attn: P. F. Adkison, 3370 Miraloma Avenue, Anaheim, Calif.
92803. Telephone (714) 632-3524.

’ ' North American Rockwell
Electronics Group



The
256-bit

bi Kolar

(If we give you six advantages and no
trade-offs, you can Forget about us.)




Are you thinking about your random
access memories more than you want to?
Do you think you can’t get tri-state out-
put and full decoding on the same chip?

Are you trying to choose between low
power and speed? Relax.

OUI’S

Typical Speed Typical Speed 3 Chip
Chip Select Read Access Decoded States Select Inputs

Am2700 12 ns 60 ns Fully Three Yes
All our random access memories undergo 100% pre-seal visual and post-seal
environmental stress testing to MIL STD 883. No exceptions.

Theirs.

CMI's 40 ns 90 ns Fully Two Yes
Intel’s 75 ns 75 ns Partially Two No
Intersil's 75 ns 75 ns Fully Two No
Fairchild’s 75 ns 75 ns Partially Two No

Circle Bingo Card #307

Advanced Micro Devices hasa TTL,
256-bit RAM that gives you all of
the above plus three chip select inputs.

How many other companies have

a product like it? None.

The Am2700 is in stock now at our
place and at Hamilton/Avnet.

So, if you're thinking about
RAMs more than you want §
to, think about us. Just once.

Advanced Mlcro Dewces |nc

Telep > 800-538- 7)04 ( II ln'(‘ sk for Shel Schurmr 3
H(.h kKeo gh l3l? 297 4115 l h k [(‘l) H%)/)O
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WANG
THE WORLD'S
MONT TESTED

CALCULATOR

When you buy a calculator,

you want to get the best. That’s us.

We built our reputation and our company producing calculators
for professional testers and examiners — scientists and engineers.

We've expanded our line to produce Wang calculators for any
application you can think of, but we still maintained our
exacting standards. Every calculator we make, and Wang is the
widest line in the industry, has the best price/performance ratio
in its class. And we still believe that the only good calculator is
one that never becomes obsolete. That’s why we designed every
Wang product to be expanded in your office as your require-
ments increase. We have a world-wide sales and service organization
to back up that promise.

By building the best calculators we've become the largest
manufacturer in the United States. Give us any test you want;

we've passed them all. Call Mr. Courtney, collect. at 617-851-7211.

LABORATORIES., INC. Dept. E8

WANG

836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876,
TEL. (617} 851-7311, TWX 710 343-6769, TELEX 94.7421

Circle 12 onreader service card

|

Meetings

Western Electronic Show and Con-
vention (WESCON), Western Elec-
tronics Manufacturers Association.
IEEE: Brooks Hall/Civic Audito-
rium. San Francisco. Aug. 24-27.

Geoscience Electronics Symposium,
IEEE: Marriott Twin Bridges Motor
Hotel, Washington. Aug. 25-27.

London International Symposium on
Network Theory, 1EE: City Univer-
sity. London. England. Sept. 6-10.

Conference on Computers for Analy-
sis and Control in Medical and Bio-
logical Research, 11:L: University of
Sheffield. England. Sept. 7-9.

Conference on Displays, 1EE: Uni-
versity of Loughborough. England.
Sept. 7-10.

International Conference on Engi-
neering in the Ocean Environment,
IEEE: Town & Country Hotel, San
Dicgo, Calif., Sept. 14-16.

Joint Power Generation Technical
Conference, 1IEEE; Chasc Park Plaza
Hotel, St. Louis, Mo., Sept. 19-23

International G-AP symposium &
USNC/URSI meeting, 1EEE: Univer-
sity of California. Los Angeles. Sept.
20-23,

CALL FOR PAPERS
Annual Meeting and Technical Con-
ference, Numerical Control Society:
Palmer House, Chicago, April 17-
19, 1972. Oct. 1 is deadline for sub-
mission of abstracts to Chairman of
Technical Program, George
Putnam. 11T Research Institute. 10
West Thirty-fifth St.. Chicago. IlL.,
60616.

Integrated Optics-Guided Waves,
Materials, and Devices, Lasers
Technical Group. Optical Society of
America, International Commission
for Optics: Sands Hotel. Las Vegas,
Feb. 7-9. 1972. Oct. 29 is deadline
for submission of abstracts to Opti-
cal Society of America. Integrated
Optics Meeting, 2100 Pennsylvania
Ave.. N.W., Washington. D.C,
20037.

Circle 13 on reader service card—>
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with Beckman’s new Digital Printer

The Model 1454 Digital Printer accepts inputs from all logic
forms —MOS, IC, and Transistor. It has an expandable
capability of 1-to-21 BCD columns accomplished by the
simple selection of optional plug-in modules... perfect for
OEM applications. And the unique ability to accept inputs
from as many as 3 different data sources, with up to 16
characters per column. Couole this with a printout in red
and black on the same line, the ability to accept standard
calculator or pressure sensitive
paper, and you have the ideal
printer for systems applica-

pounds, and with optional battery pack, you can easily
take your 1454 into the field. Beckman has made this print-
er with few moving parts and generous use of integrated
circuits. The resuits: a highly reliable and low-cost-to-
maintain instrument. Power: 115V /50 Hz to 400 Hz. 0 Now,
compare its low price, $1,095* with similar printers! You'll
buy the Model 1454 /1 Digital Printer. Or, as with ali Beck-
man EID products, it's available through our new tactory
direct rental and lease program.
Ask your local Beckman rep-
resentative for details or call

tion. o The instrument is
so compact that two
uni*s can be mounted
on a standard 19-inch 6la

rack. Weigking only 2C -

NTERNATIONA /B

ARIES: AMETEROAM; CAPE TOWN; GENEVA; GLENROTHES,
®*F.C.B. SCHILLER PARK LLINOIS, U

us direct (312) 671-3300.

L
" Beckman
INSTRUMENTS, INC.
ELECTRONIC INSTRUMENTS DIVISION
‘ Schiller Park, lltinois 60176

Helging sclence and indusiry
improve the quality of life.

DTEsNO; LON N; MEXI

S A

TY; MUNICH; PARIS; JCKHQLM; TOKYO; VIENNA



New commercial
versions of RCL's
MINIATURE
ROTARY SWITCHES

as low as

196

in quantities
of 1,000

DELIVERY
FROM STOCK

5 Separate Series .
6-10-12-24 Position
(AC-CC-DC-EC-HC)

Completely automated
facilities and mass
production tooling
now makes RCL highty
competitive in com-
mercial applications
with “obsolete” wafer-
type open frame
switches.

b ki g

T

Material and tooling
are modified to tur- ;
ther reduce cost, but
equivalent perform- f
ance is maintained |
to correspond with
“instrument type’
| switches. |

® Up to 12 poles
per deck

® As many as

9 decks may ’
be specified.

o Life expectancy
in excess of

50,000 mechanical
operations.

11
I
I
I
I

® Available modifications include [
spring return feature, and |
‘“push-to-turn” and ‘“‘pull-
to-turn” spring loaded action. |

(U.S. Pat. #3352979)

Write for complete
engineering information

L |

RCL ELECTRONICS, INC. {

700 South 21st Street
Irvington, New Jersey 07111

General Sales Office

14 Circle 14 onreader service card

People

The industry that helped put man

on the moon is still having
trouble automatically monitoring
buses in Chicago. This comes
through in a conversation with Mar-
tin Lukes, the engineer who man-
ages the Windy City program for
automatic bus location called Moni-
tor-CTA.

“This was the first installation of
integrated circuitry aboard a bus—a
major technical step that proved to
be a major technical problem,” says

Motorola got the job.

“Vehicle monitoring is nothing
new 1o us,” says Lukes, and he can
point to a dozen or so vintage strip
chart recorders whose dancing pens
watch the progress of about 150
trains on seven elevated and subway
routes. “But bus monitoring is a dif-
ferent ballgame.”

Monitor-CTA isn’t operational yet.
The original four-year program
two-year implementation and two-
year demonstration—is running a

Lukes: Making first integrated circuitry aboard a bus work—even when doors open.

the young project manager. “lt
turns out that a bus is a most hostile
environment for electronics. For ex-
ample, the electronic memory is
wiped out every time a bus door is
opened™ because of interference
from the door-opening mechanism.

Motorola’s Communications divi-
sion, which won the Monitor-CTA
contract in 1968, solved the conflict
between door opener and electronic
memory with extra shielding. but
Lukes says that reports of wrong lo-
cations and unintentional alarms
still hamper the system.

As a prototype of the EE who will
be writing specifications and then
pushing for their delivery in au-
tomatic vehicle monitoring systems
of the future (see p.99). Lukes
presents an interesting study. He
joined the Chicago Transit Author-
ity’s electrical department in early
1963 just before receiving a degree
from lllinois Institute of Tech-
nology, moving up to assistant proj-
ect manager of Monitor-CTA when

year and a half behind schedule. As
designed, it must keep track of 500
buses on 64 “owl” service routes,
midnight to 4 a.m., and would have
to be expanded to 3,000 buses on
139 routes, 24 hours a day, to cover
all Chicago.

The system, now slated for dem-
onstration in the autumn, is of the
proximity type, with 120 signpost
transmitters spread about a mile
apart along the fixed bus routes
[Electronics, March 2, 1970, p. 150].
CTA would like eventually to ex-
pand the system to include monitor-
ing of passenger and fare count plus
engine status, and hopes to create
an automated control loop by start-
ing buses from the terminal with
audio and video signals. Lukes says.

“Our $2 million runs out any day
now,” he adds. “We're in the pro-
cess of determining future budget
requirements and we’ll request new
funds.” So far, the Urban Mass
Transportation Administration has
contributed 78%, and the prognosis
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Now you can zip thru cable binding jobs at
machine gun speeds. New Gardner-Denver
air tool wraps, tensions, locks, and cuts
off tape on one squeeze of trigger. Gives
you a neat, secure tie in one second flat.
New cable binding tool automatically
adjusts to size of bundle, up to a maximum
diameter of 1”. Desired tension can be
pre-set. Special nylon tape is fed thru back
of tool from a continuous roll. Tape is
extremely durable. Resists corrosion, shock,

ER ‘Di%
iy
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(with no waste of
binding material)

and temperature changes. Nylon closures
are magazine loaded.

You automatically elimninate material
waste since each tie is tailored to the
bundle diameter. You stock only one size
tape and closure. Tool is easy to operate,
too. Weighs only 4!%2 lbs. Measures a
compact 1414” x 734/". Air consumption is
5 c¢fm at 80 psi. Get a fuil demonstration
today from your Gardner-Denver sales
engineer or write us.

GARDNER-DENVER

Gardner-Denver Company, Quincy, Illinois 62301

Circle 15 on reader service card
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MORE diGiTS
per dollAr

THE NEW

NATIONAL

NUMERIC DISPLAY PANEL

Lowest cost per digit—initial cost is lower than all
other types of numeric displays. Installation costs are
lower, too, because panels simply plug into mating con-
nector. No alignment of digits necessary.

More digits in smaller display area—higher character
density packs 16 digits info approximately 7%" of display
length. On .375" centers, numerals are 0.4” high. All
numerals on the one-piece module are centered for dis-
tinct legibility.

Packaging is exceptionally flexible—panels are avail-
able in 8 through 16 digit displays. Multiple digit module
can be custom designed to meet almost any customer
needs.

SEND FOR DATA FROM:

NATIONAL ELEGTRONICS, INC.

a varian subsidiary
Geneva, Ill. 60134, phone 312-232-4300

16 Circle 16 on reader service card

for further funding is good: assistant
UMTA administrator Robert A.
Hemmes says he anticipates contin-
ued support for fixed-route systems
like Monitor-CTA.

he first thing Harry W. Painter

did when he became technical di-
rector of the Army’s Picatinny Arse-
nal was set up a technical board.
Formation of this group of civilians
from each of Picatinny's four mis-
sions—conventional and nuclear
fuzing, R&D, and quality engineer-
ing—best illustrates the 42-year-old
Painter’s management philosophy,
one that’s a bit unusual for a mili-
tary installation: the corporate ap-
proach.

Painter has spent 21 years at the
arsenal, which is nestled in rolling
hills near Dover, N.J., and, though
the pipe-smoking 42-year-old is a
mechanical engineering graduate of
Newark College of Engineering, has
become something of an EE by vir-
tue of on-the-job training. “Fuzes of
all types are becoming more and
more electronic,” says Painter, “and
in the next decade we look for still
more of the same. For instance, I ex-
pect ICs to find their way more and
more into high-acceleration (30-G)
systems because of their rugged-
ness.”

Before Painter set up his board,
all major technical decisions were
made by the arsenal’s commanding
officers. “This was impractical,” says
Painter, “because cos didn’t stay
long enough—three to five years—to
really soak up all the necessary
background.” Under the new sys-
tem, the CO still makes most final
decisions, but he has a formal body
of expert advice to rely on.

Painter says existence of the
board also permits more research
with developments that are out in
front of the technology. He points to
a coded communication system for
nuclear weapons as an example; it
utilizes MDS/LSI fresh out of RCA’s
labs.

Also, 95% of the Army’s work in
amorphous semiconductors is being
done in Picatinny’s labs, Painter
points out. The military’s interest in
the devices is based on their radi-
ation-hardness, he says.
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Study sees crystals
overtaking LEDs. ..

... as liquid crystals
show up in watches

Radiation rumor
may be probed

DEC ‘monitor’ to eye
machine tools

Electronics | August 2, 1971

Electronics Newsletter

August 2, 1971

The light emitting diode display, causing such a stir today as it finds
its way into more and more applications, will find its growth flattening
out by 1975 in the face of competition from liquid crystals. At least that’s
what analysts at Arthur D. Little Inc. say. In conjunction with another
study, Little’s experts found that the largest markets for miniature dis-
plays—calculators—and miniature lamps—autos—would effectively be
closed to LEDs because of their cost and power dissipation.

The Little study points out that liquid crystal, which dissipates less
power, holds promise of much lower cost than LEDs.

Virtually every watch compsny is evaluating liquid crystal displays
for solid state watches. By now, they’re being combined with comple-
mentary MOS logic, and half a dozen major semiconductor houses and
a number of lesser lights are vying for development contracts.

For example, the Hamillon Watch Co. is on the verge of signing up
a C/MOS-liquid crystal supplier but doesn’t expect that timepieces will
be on the market for at least a year and maybe two. Reason: lifetime
of the liquid crystals is still too uncertain. Says John Bergey, director
of watch development for Hamilton, “We’re looking for three to five
years’ life when suppliers can only talk of 10,000 hours.”

But while the watch companies are joining the liquid crystal move-
ment, it’s also possible that an electronics company able to make the
circuit and the display may be the first on the scene with its own
electronic watches, despite the risks in learning a new consumer market.

Meanwhile, North American Rockwell Microelectronics Co. will show
a multimeter at Wescon that it believes to be the first U.S.-made instru-
ment sporting a liquid crystal display.

A naticnal investigation of the biological effects of low-frequency radia-
tion is getting under way. It was sparked by the concern of engineers
over persistent rumors that brain tumors were caused by exposure to
non-iorizing radiation at 20 kilohertz to 10 gigahertz.

One incident that fueled the spread of rumors is alleged to have
occurred several months ago at Philco-Ford in Philadelphia where work
was being done on a secret Government project. A company spokesman
has branded as an “out-and-out hoax” any stories connecting the experi-
ments and one death from astrocytoma and another case of brain damage.

Edward Baier, director of the Pennsylvania Environmental Resources
Department’s Division of Occupational Health, had cleared Philco-Ford
of any negligence, but has requested that the case be reopened and that a
national study determine whether other cases have occurred elsewhere.

And as Federal and Pennsvlvania officials met, the U.S. Bureau of
Radiological Health said that the meeting was triggered by three com-
panies’ informal request for an official bureau statement.

The Digital Equipment Corp. has introduced a machine monitor version
of its PDP-14 computer. Called the MAP-14 (for machine analyzer
package), it'’s expected to reduce computer-controlled machine down-
time drastically. According to Donald Chase, DEC’s industrial control
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Tl opens pc service
to outside customers

Troubled Transitron
ousts Georgoulis

FCC wideband OK
a boon to Multitran

18
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products manager, 85% of machine failures are electromechanical and
only 15% are in control electronics, and it’s the 85% the MAP-14 would
deal with. Its capabilities include automatic fault isolation, failure diag-
nosis, and warning of potential failures.

Operation is simple. The MAP-14 holds in memory the operations
schedule of each electromechanical part of the machine (or of a group
of machines), and reviews the positions of switches, solenoids, and other
parts on a cycle-by-cycle basis. Acting as a comparator, it spots particular
devices at the time they begin to deviate from the machines’ operation
plan and prints out this information on a Teletype console operating
through the existing control minicomputer. Deliveries of the MAP-14
should begin in October; prices start below $2,000.

TI in Dallas is expanding its computer-operated printed-circuit board
layout service to a complete automated electronic designing service,
including logic simulation, partitioning, documentation, data checking,
and functional test generating. The system was developed for TI's
advanced scientific computer, but up to now had not been available to
outside customers.

Karl W. Hunter, marketing manager for the service, says it is the
first of its magnitude offered outside by any company; earlier systems
incorporated only a part of the capability. Customers can use remote
terminals at TI facilities for entry or can have a terminal installed.

The semiconductor operation at Transitron Electronic Corp., after going
into the black in June 1970, has skidded back into the red. The result
has been another management reshuffle in which Straton Georgoulis,
manager of the operation, has been replaced by James Malloy, who was
in charge of the firm’s Transitron Mexicana assembly facility.

Georgoulis came to Transitron when it was losing about $600,000 a
month. Through layoffs, sale of inventory, closure of one of the firm’s
three Boston plants, and other overhead-cutting moves, he forced the
semi-conductor operation into the black in five months. But the trend
reversed itself over the past year, and as it did, president David Bakalar
gradually absorbed Georgoulis’ powers.

A small Los Angeles company has already moved to take advantage of
the FCC decision to permit intermixing of different speed data bit
streams on wideband channels. The company, Computer Transmission
Corp., says its Multitran is the only multiplexing equipment that can do
the job.

Raymond W. Sanders, president, says Multitran is more than a multi-
plexer. Essentially, it'’s a synchronous system, with the common carrier
facility embedded in it. “It can multiplex any number of asynchronous and
synchronous terminals with any combination of any data rates up to
2 million bits per second,” he says.

Announced two years ago, Multitran’s market is just opening up
because of the FCC decision. The advantages of the system, says the
company, include greatly reduced transmission line costs, substitution of
small terminals for large computer mainframes, and the increase in relia-
bility (three orders of magnitude) that is recognized as inherent in wide-
band systems.
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Truly a sad situation. But it’s
not sympathy the OEM user
needs, it's help. We at Cincin-
nati Milacron can offer you
that help — and minicom-
puters that are in perfect har-
mony with your application.

When you order minis from
Cincinnati, you get not only
reliable, general-purpose com-
puters, but our personal,
expert attention. We feel that
good hardware delivered on
time is just not enough, so we
make sure our minis are
custom-fitted to your system.
Then we teach you how to use
and maintain them for top
efficiency. And no matter
where you are, we have a Cin-
cinnati Milacron field service
man stationed nearby so that
your system will always make
beautiful music.

Give us a call. We won't
neglect you.

a thought about you...

¢

minicomputers

5 CINCINNATI
./~ MILACRON

Machine Tools

Process Controls

Chemicals

Plastics

Plastics Processing Mactinery
Abrasives

Cincinnati area (513) 494-5444 ® Chicago area (312} 439-5726 ® Los Angeles area (213) 582-8361 ® Detroit area (313) 567-2700 ® New York area (201) 687-4500
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TELEDYNE RELAYS
REPRESENTATIVE
LIST

AUSTRALIA Austronic Engineering Labs., 452 Victoria Street, Brunswick, 3056, 387-1477
AUSTRIA Omni Ray AG, Mollargasse 54, Vienna VI .
BELGIUM Uni-Office, Inter'l Centrum, 5E Verdieping, Kamer 522, Rogierplein, Brussels

ENGLAND Souriau Lectropon, Ltd., Shirley Avenue, Vale Rd., Windsor, Berks, Slough 27629, Telex 85184456
FRANCE Technique et Produits, Cite des Bruyeres, Rue Carle Vernet, 92 - Sevres, 626-02-35, 626-24-38, Telex 84225997
GERMANY Omni Ray GMBH, Nymphenburgerstr. 164, 8 Munich 19, Telex 841524385, Telephone # 0811-513-2059
HOLLAND, LUXEMBURG, Uni-Office, N.V., P.0. Box 1122, Rotterdam, Holland, 13 22 20 Telex 84421484

ISRAEL, STG International, Ltd., 52 Nachiat Benyamin St., P.O. Box 1276, Tel Aviv, 53459

ITALY Tekelec Airtronic, Viale Romagna 14, 20133 Milano, 73-85-674

NORWAY Nordisk Elektronik (NORGE) A/S, Elkemhuset, Middelthunsgate 27, Oslo 3

SO. AFRICA Impectron, P.O. Box 10262, Vogas House, 123 Pritchard St., Johannesburg

SPAIN Hispano Electronica, S.A., Comandante Zorita, 8-Madrid 20

SWEDEN Nordisk Elektronik AB, Postfack, Stureplan 3, Stockholm 7, 08/24 83 40, Telex 85410547
SWITZERLAND Omm Ray AG, 8008 Zunch Dufourstrasse 56, Te|ex 84553239

1 Meet the relay that’s
processed like a
semiconductor

)

.

When Teledyne Relays first developed the TO-5 relay con-
cept,we decided the most important design criteria would
be reliability—extreme reliability! We quickly found that to
do so required the ultimate in manufacturing and process-
ing techniques . . . As a result, the TO-5 became the quality
leader in the relay field. It still is!

When you buy a TO-5 relay, for whatever purpose, you are
buying reliability—the same reliability you would expect
from a semiconductor. Such reliability not only reduces
downtime on the customer’s equipment, it provides su-
perior performance.

If your thinking is “'a relay is a relay,’”” then there are
myriad relay sources available offering bargain basement
prices . .. Some of these low cost relays even “‘work". ..
They “*work,”” but do they perform? In the computer rental
field, for example, neither the user or the supplier can af-
ford guess work surrounding performance . .. Downtime
can mean the difference between profit and loss. Who can
afford it?

TO-5 RELAY

The TO-5 reliability is available in a broad family of con-
figurations . . . The prices are less than you think! And
through our manufacturing ingenuity and consistency of
quality through automation, the TO-5 prices continue to
decline.

Teledyne Relays pioneered the basic TO-5 relay for the
military /defense market, thus the TO-5 has evolved as a
standard in the industry, featuring latching, non-latching,
sensitive, internally transient suppressed, internally tran-
sistor driver configurations, right on up to the low profile
0.100 grid relay—the Centrigrid®. . Thus performance has
continued to increase while size has been reduced . .. And
this includes our work with solid state!

Remember, you will save dollars with the TO-5 relay through
reliability and performance . . . Write, wire or call us your
requirements . . .

We are at your service.

-

TELEDYNE RELAYS

3155 West El Segundo Boulevard,
Hawthorne, California
Telephone (213) 679-2205

20 Circle 20 on reader service card

67 Ludwigshafen (Rhein)
Altriper Strasse 27-31, Germany
Telephone 0621-576431/Telex 464760
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Sigrificant developments in technology and business

I1I-V compounds
add efficiency
to vacuum tubes

Tubes with highly sensitive
GalnAs cathode surfaces
are beginning to become

commercially available

Solid state is quietly invading the
heart of vacuum tube technology.
At laboratories of several major
electron tube manufacturers, vari-
ous combinations of I1I-V materials,
such as gallium phosphide and gal-
lium arsenide. have been used as
cathode surfaces in highly sensitive
photomultiplier detectors, and ex-
perimentally as a cathode source of
electrons in vacuum tubes generally.

RCA’s Lancaster Tube division
has now extended the range of such
tubes into the infrared region. to
wavelengths beyond 1.06 microns.
By using various percentages of in-
dium, RCA engineers have devel-
oped GalnAs photomultipliers with
quantum efficiencies more than four
times as great as those of the S-1
photocathode, which is the only
conventional surface with any use-

Infrared. RCA’s commercial photomultiplier
uses GalnAs cathode surfaces.
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ful response at the 1.06 micron
wavelength. And the future could
bring 20 to 40 times the efficiencies
of conventional S-1 and S-20 sur-
faces.

Commercially available III-V
tubes have already been built that
can detect light many times more ef-
ficiently than old photoconductive
S-1 and S-20 surfaces over most of
the optical spectrum. Moreover,
since the III-V compounds can be
made extremely sensitive to a wide
spectral range by having other ele-
ments added to them, single solid
state cathode tubes can efficiently
span a greater portion of the optical
spectrum—from ultraviolet to the
long wavelengths of red.

Already. RCA engineers have op-
erated GalnAs photomultipliers in
the laboratory at 2.5% quantum effi-
ciency, compared to the S-1’s 0.05%.
And packaged tubes sent for eval-
uation to the Army Electronics
Command at Fort Monmouth, N.J.,
which is funding the work, operated
typically at better than 0.01% effi-
ciency, double that of the S-1.
What's more, the RCA researchers

Packaged power

feel that they’ll be building photo-
multipliers with efficiencies in the
10% to 20% range and could go as
high as 40%, the limit being set only
by the quality of the material.

More important, dark current
(noise) with the GalnAs cathodes is
a thousandth that of the S-1 surface
tubes. Because of this, sensitivity is
greatly expanded: at 1.06 microns, a
typical GalnAs photomultiplier has
the sensitivity of 10,000 amperes per
watt of light input and a bandwidth
of 100 megahertz. Said another way,
1 nanowatt of light incident on a
typical five-stage GalnAs tube
yields an easily detectable 10-micro-
amp signal. The detection limit ap-
pears to be about 107" watts, and
this together with an extremely fast
rise time (better than 600 pico-
seconds) makes these tubes ideally
suited to high-speed, low-level in-
frared applications.

The RCA tubes are now being
evaluated for optical communi-
cations systems and laser rangers
running at 1.06-micron wavelength.
For instance, photocathodes with
lower indium content would be

In an independent effort, RCA's Lancaster tube engineers are integrating
power supplies into the photomultiplier tube package, a development that
rids the tubes of the last vestige of the old vacuum tube technology—the over-
sized, bulky external supply required to operate them. Because 100 to 5,000
volts are typically needed, the power supply requirements limit the tubes to
systems that can tolerate bulk. Designers often must use photodiodes, which
can't offer the sensitivity and noise performance of photomultipliers.

Early integrated laboratory tubes use a standard silicon diode voltage mul-
tiplier on a standard pc board. They require only 5 to 15 v/input and occupy
only several cubic inches of tube space. New models under development will
employ the latest flip-chip techniques, and will occupy about 0.5 square inch.

21



Electronics review

ideal with GaAs lasers, while those
with higher indium content are
ideal with YAG lasers. Astronomers
are also using these tubes, primarily
to look at red stars with weak emis-
sion spectra.

At the same time, Varian is using
indium arsenide phosphide. Ron L.
Bell, of the firm’s Palo Alto, Calif.,
R&D labs, says: “InAsP is slightly
better than gallium indium arse-
nide. We get more than 2,000 micro-
amps per lumen and a 2% quantum
efficiency.” Varian/EMI has changed
its name to Varian/LSE (for light
sensing and emitting), and will soon
start producing I1I-V tubes.

~Advanced technology

Ferroceramics may mean
inexpensive surface waves

The use of surface acoustic-wave de-
vices in signal-processing subsys-
tems has been held back because
devices were expensive to make.
Despite its ability to deliver compo-
nents far smaller than those now
being used, the technology has been
limited to bandpass filters, delay
lines, and pulse-compression filters,
which usually have been built on
lithium niobate substrates.

That’s where another obstacle
arose. Since it was difficult to obtain
lithium niobate in single-crystal
form more than 12 inches long, the
delay achievable was limited. Al-
though lab work continued [Elec-
tronics, Nov. 23, 1970, p. 93], no de-
vices emerged at a marketable price.

However, recent experiments in-
volving nonlinear interaction of two
acoustic waves in ferroelectric mate-
rials—specifically, PZT—have proved
true signal multiplication both pos-
sible and practical. And this multi-
plication process, coupled with sur-
face acoustic-wave delay lines and
bandpass filtering characteristics,
has led to development of inte-
grated devices that can do many sig-
nal-processing jobs—convolution,
correlation, waveform compression,
Fourier transformation, and vari-
able waveform delay.

The PzT work (for lead-zirconate-
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titanate) was done at North Ameri-
can Rockwell’s Science Center at
Thousands Oaks, Calif. Edgar A.
Kraut, group leader in solid state
physics, and coworkers T.C. Lim
and B.R. Tittmann, have extended
the principles of convolution, time
inversion, and electronically vari-
able time delay using relatively
inexpensive ferroceramic materials
with excellent results. Using PZT in-
stead of LiNiQ,, they

high-frequency quadratic mixers.
Until recently, matched filters for
complicated (coded) waveforms re-
quired the use of complex, lumped-
constant analog or digital delay
lines. A drawback was that the pro-
cessor could be matched to only one
signal—if the input waveform were
changed, the matched filter had to
be changed. The signal correlator,
however, can be changed by chang-

have produced mar-

Lithium niobate properties vs pzT

ketable convolu- =
tion/correlation fil- - prgpeny PZT G1408  LiNiO,
ters. S S— _ S
The real-time non- Surtace wave speed 2.150 3.470
linear acoustic sur- (Y cut. Z propagating) meters sec meters sec
f,ace-wave ,COHVOIU- Eiectrical insertion 42 dB 64 dB
tion/correlation filter ‘ loss tor matched at 44 MHz at 210 MHz
can perform many filter application
signal  processing
functions. And, in ad- Typical operating 25mw 100 mW
.. . . input power at 22 MHz at 105 MHz
dition, a single device
can perform multiple | Typica cost $1.82 $62.46
functions. per cm per cm
These devices have | y veal bout bout
. . : Maximum practical abou abou
myriad uses in today’s operating frequency 50 MHz 1 5GHz
cqmp!ex systems. In for surface wave use
avionics computers,
for example’ they are Maximum length Theoretically gle cryst
obtatnable unlimited considerations

used for real-time fast
Fourier processor sen-
sor correlation, target
signature recognition

N

mit to about
12 inches

Boxed in. The small ferroceramic device is a 22-megahertz convolver. The two larger ones
shown along with their covers, are both 1-megahertz correlators, Material is PZT,

and tracking, multisource data com-
pression and enhancement, and in
analog test function generators. In
radar and navigation systems, they
serve as pulse compression or corre-
lation devices, code signal identi-
fication delay-line interrogators,
time average product arrays, and

ing the reference signal.

Either cross correlation, auto cor-
relation, or Fourier transform func-
tions can be achieved very simply.
The signal output of the correlator
will be the cross correlation of the
input and reference signals, and will
be at a maximum whenever the two
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waveforms are completely corre-
lated. However. if the signal is di-
rected to the correlator signal input
and reference input, the signal auto
correlation function is formed. This
function is particularly valuable for
real-time analysis and classification
of unknown signal waveforms. And,
if the reference input is a swept fre-
quency signal. the output becomes
the input’s Fourier transform.

Honeywell ready
for PLZT rush

When Sandia Corp. in the spring of
1970 announced its PLZT ferro-
electric crystals for image storage
and display. scientists predicted a
fine future for them in applications
as diverse as computer memories
and avionics displays. At that time,
however, even the developers of the
fine-grained lanthanum-doped lead-
zirconate-titanate crystals, which
can be electrically switched to states
that either transmit or retard po-
larized light, said the technology
was in its early stages and needed
far more work.

Today. however, more than 50
companies are experimenting with
samples of the substance, and appli-
cations may be close at hand. The
reason for their sudden interest is
that Honeywell’s Golden Valley.
Minn.., Ceramic Center claims to
have mastered the production of
PLZT crystals.

“We have more than 50 specially-
made hot-press furnaces for making
the crystals.,” says John Huff, the
cneter’s manager. “That gives us
quite a lot of production capacity.
We just hope that some of the firms
that have been ordering samples
start turning in some orders.” He
says that hundreds of samples.
which sell for $8 each. have been or-
dered by 54 companies, including
International Business Machines
Corp.. Sylvania Corp., and General
Time Corp. Sixty to 70 more have
requested printed information.

Potential advantages of the mate-
rial are many, Honeywell sources
say. In display applications, for ex-
ample. the ferroelectric crystals
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could be used to make flat screen
displays. with display cells that re-
quired a minimum of electronics
and microwatt power. Because of
the potential of the crystals, General
Time has ordered samples to deter-
mine if they can be used in digital
readout devices for electronic
watches. Meanwhile, within Honey-
well, the firm’s Aerospace division is
determining if the crystals might be
substituted for airborne CRT dis-
plays.

“We think the material will prob-
ably first be used in displays,” says
Huff. However, high voltage is re-
quired to switch it between 15 and
50 volts per square mil. One way of
reducing it would be to deposit
closely spaced grids of a transparent
conductor on the surface of the ma-
terial.

Further down the road, Huff says,
PLZT could find use in computer
memories, since it has a capacity of
2 million bits per square inch and
nonvolatile storage characteristics.
Honeywell engineers add that the
material can be switched in as little
as 100 nanoseconds. Existing thin
film and semiconductor tech-
nologies and tight budgets. however,
are expected to put a damper on op-
tical memory development in the
near term.

'Employment

Retraining the jobless:
who will do the work?

The Administration and the Con-
gress appear to be engaged in a
lively competition over just how to
retrain unemployed engineers and
scientists and who’s going to do it.
However, while Administration offi-
cials have testified that they can't
support the measure introduced by
Sen. Edward Kennedy. (D., Mass.),
and Reps. John W. Davis (D., Ga.)
and Robert N. Giaimo (D., Conn.),
the legislation is far from dead.
Although Kennedy has been slow
in scheduling hearings before his
subcommittee—they’re now ex-
pected about September—Giaimo
and Davis have garnered 111 co-

Listeners. Reps. G.aimo, above, and Davis
olan further hearings in California and possi-
bly Georgia this surnmer on their retraining
bill for jobless engingers.
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sponsors in the House for the so-
called Conversion Research and
Education Act that would establish
a new national science policy. *Gen-
erally and conceptually. Congress
supports a conversion measure.”
says a House committee staffer.

Many committee members ques-
tioned the bill's focus on National
Science Foundation management.
The revised bill. now expected to
surface about October, will prob-
ably lodge the responsibility for
coordinating Federal retraining and
job search efforts in an independent
commission. “Most of the NSF's
relationships are with academia and
not with industry.” the staffer ex-
plains, and adds that there was
some subcommittee concern that
the NSF might not be able to admin-
ister such a project.

“The policy statement received
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strong support from Congressmen
and witnesses,” he continues, and
probably will not be changed as the
bill is refined. The new science pol-
icy would raise total Federal invest-
ment in civilian science and tech-
nology to the level of Federal
defense obligations, and then in-
crease it at the same rate as Gross
National Product. It would also
place the responsibility for employ-
ing engineers and scientists in “so-
cially useful” positions squarely
with the Federal Government.

The Senate and House versions
vary slightly. The Kennedy measure
would authorize $500 million over
the next five years for conversion re-
search and retraining activities;
Giaimo and Davis favor $450 mil-
lion over three years. Most of the
$450 million package would be
slated for conversion fellowships,
but funds probably will be reallo-
cated within the bill to cut retrain-
ing money and add provisions to
provide jobs at the end of the re-
education efforts.

Meanwhile, the Administration is
working on its own plan. Director
William D. McElroy of the National
Science Foundation, in criticizing
the Kennedy-Giaimo-Davis-Giaimo
bill, says: “The solution lies in two
areas: first, modifications in our
educational system to foster greater
individual flexibility, and second,
the development of more compre-
hensive and accurate long-range
prediction capabilities with respect
to future manpower requirements
and the impact of technology on
society.” For the short term,
McElroy continued, “the critical
point for unemployed engineers is
simply job opportunities.”

Commercial electronics

Calculator sales multiply,
but so does competition

Despite extravagant sales gains,
electronic calculator prices have
fallen through the floor amidst all
the symptoms of overproduction
and crowded competition. At the
same time, these declines have

24

shoved low-end models into direct
consumer sales, causing a shakeup
in traditional marketing approaches
to this big personal-purchase mar-
ket.

Calculators for consumer, busi-
ness, and scientific users, which sold
for $395 to $4,000 a year ago, are
now going for just under $200 to
$3,000. In closeouts, minicalculators
have gone on sale for as little as
$139 as well. Most of the action has
been in the nonprogramables in the
under-$1,500 category.

Still reeling from the nosedive, in-
dustry observers last week were pre-
dicting more price declines and
greater penetration of mass con-
sumer sales this year triggered by
the arrival soon of a simple four-
function adding machine selling for
less than $100.

New entries. Nevertheless, despite
the heavy influx of Japanese models
and the shaky health of a couple of
U.S. producers this summer that
have turned the calculator field into
a wild, unpredictable horse race, the
lure of consumer sales continues to
attract newcomers.

For example, Miida Electronics
division of Marubini-lida America
Inc,, New York, jumped directly in
with what it claimed to be the low-
est-priced, non-closeout unit going.
Suggested retail price is officially
$229.95, but it’s actually selling for
$199.95. Model MC800, the com-
pany’s only calculator, has an eight-
digit readout, weighs 3.3 pounds,
and features complete logic on three
U.S.-made LsI chips. It’s being dis-
tributed through appliance, depart-
ment, and photographic supply
stores only. In addition, a U.S. cam-
era company is also getting set to
develop consumer-only calculators
before the end of the year.

In the meantime, the oldest U.S.
calculator manufacturer, SCM Corp.,
New York, last month announced a
new line of machines to go along
with a new marketing strategy
aimed at independent dealers. The
line of American-made machines,
starting at $525, is aimed at the al-
most-consumer market of engineers,
accountants and students who want
personal machines. But to reach this
new group the company has orga-

nized a separate sales structure out-
side the traditional business supply
houses.

Part of the reason for this move,
explains Robert Galland, national
sales manager in the calculator
group for SCM’s Business Equip-
ment division, is to counter Japa-
nese competition. He predicts that
American companies will make a
comeback in the electronic calcu-
lator field now dominated by Sharp,
Sanyo, Canon, and Seiko because of
U.S. leadership in LS1 technology
coupled with new marketing pene-
tration.

As though to prove the point,
Monroe International division of
Litton Industries, Orange, NJ., has
begun selling the Canon mini-
calculator under the Monroe name.
This machine was adapted to Mon-
roe specifications and different test-
ing requirements.

Commenting on the price decline
in the nonprogramables, a Monroe
official points out that it’s not so
much a case of over-production or
over-competition, but over-mod-
eling. There are too many different
models available but they will even-
tually be shaken down to fewer, ba-
sic types, he adds.

The Japanese will not be sitting
still, though there have been some
casualties in their ranks, too. Still,
overproduction is not a problem, a
spokesman for Sharp Electronic
Corp., Carlstadt, N.J., says. “There
is tremendous demand, particularly
in the personal market once the
price is right. While prices have
been seeking this level, there have
also been product improvements
over the earlier and higher-priced
calculators. But even if the sales
volume is high, it’s too wild right
now to predict what the dollar vo-
lume will be.”

Communications

Leased CATV advocate
shows scrambler system

While cable television broadcasters
are debating the dollars and sense
of two-way cable systems [Electron-
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Consumer electronics.......... 1031 100.5 77.6
Def: {ectroni 119.6, 116.8 1291
Industrial- cial electronics. 1184 118.5.. 129.0
Total industry 116.3, 1143 120.0

ics, July 19, p. 27}, Optical Systems
Corp. of Los Angeles has started
talking up channel leasing as an-
other, more immediate source of in-
come. Claiming :that it's now pos-
sible to cablecast over as many as 52
channels. the company is promoting
the lease of unused channels for
spectal purposes.

To back up the idea. Optical Sys-
tems has built equipment to
scramble and reconvert television
signals (video and audio) especially
for such use. The company has
available two scramblers. a medium
type for general use and a full secur-
Ity version.

For the recetving end there’s a
terminal unit that in the deluxe
form combines an all-channel con-
verter (like the set-top device by
Oak Manufacturing Co., Crystal
Lake, L), a decoder. and a bypass
circuit to permit remote control tun-
ing. This unit will cost about $50 to
$60. but an everyday version selling
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for $20 to $25 will also be available.
The cost of modulators for trans-
mitter encoding begins at $2.000.

By making spare channels avail-
able to police, fire, medical, school.
and special entertainment leaszrs,
cablecasters will be able to make an
immediate income well defore the
Wired City dream becomes reality,
says Geoftrey M. Nathanson, presi-
dent of Optical Systems.

World body parcels out
space frequencies

Nearly 700 delegates from 100 na-
tions are secking their government's
approval of a draft treaty on space
communications frequency alloca-
tions fodowing a grueling six-week
meeting of the World Admiris-
trative Radio Conference on spuce
telecommunications in Geneva. The
treaty will become effective Jan. 1,

Electronics
Index of
Activity

Aug. 2,1971

A modest comeback was chalked up by
the June index. It rose 1.7%, to 116.3,
from May’'s upward revised 114.3. The
increase was made possible by signifi-
cant month-to-month increases in con-
sumer and defense electronics. Con-
sumer was up 2.6%; defense 2.4%—only
its second such rise since last Novem-
ber. Consumer was up 32.9% over last
June's level, but defense was off 7.4%.

June's only loser was industrial-com-
mercial, dipping 0.1% to 118.4 from
May's upward revised 118.5, leaving 1t
8.2% behind last year's figure.

Indexes chart pace of producticn volume for total in-
dustry and each segment The base period equal 1o
100 Is the average of 1965 monthly output tor each of
the three parts of the industry Index numbers are ex-
pressed as a percentage of the base penod. Data i1s
seasonally adjusted

* Revised

1973. if approved. as expected. by
WARC member governments.

rCcC Commissioner Robert E. Lee,
a member of the U.S. delegation,
says that the allocation of the 2.500-
10-2690-MHz band for instructional
services is probably the most impor-
tant action taken at the conference.
It will permit the distribution of sig-
nals that may be received with low-
cost equipment within the U. S,

Though there were surprises for
all parties at the session, the chief of
the U.S. delegation, Robert C. Ty-
son, said: “We are quite satisfied
with the results.” He should be. for
with minor exceptions, the treaty re-
flects the positions taken by the U.S.
in its inch-thick pile of proposals.

Largely because developing na-
tions feared “cultural imperialism,”
Tvson says. the delegates could not
agree on how satellites should be
used for direct TV broadcasting to
the home. So they decided to hold a
world planning conference in the
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mid-1970s to determine how orbital
positions and frequencies should be
shared. Even so, and despite the fact
that direct Tv distribution to the
home will not be used widely until
1985, delegates allocated the 11.7-
to-12.2-gigahertz and 470-t0-790-
megahertz bands for broadcasting
uses. The 11.7-to-12.2-GHz band will
be shared by two-way satellites and
mobile users.

In the area of general-purpose
communication satellites, the con-
ference allocated the 10.95-to-11.2-
GHz band and the 11.45-to-11.7-GHz
bands for worldwide down links and
12.5-10-12.75-GHz band for up and
down links in regional fixed systems.
WARC also set aside the unused
14.4- and 14.5-GHz band for uplinks
in international systems while the
14-t0-14.4-GHz bands were ear-
marked for fixed satellite uplinks
and radio navigation.

As expected, the draft treaty allo-
cates 1,535-to-1,600 MHz for mobile
services. But instead of setting aside
2.5 MHz in each direction for mari-
time, 15 MHz for aeronautical, and
80 MHz for aeronautical radio navi-
gation, WARC allocated 7.5 MHz
each way for maritime, 15 MHz for
aeronautical, and 78 MHz for radio
navigation. The conference also set
aside 157.3-to-162 MHz for maritime
services and 406-t0-406.1 MHz for
emergency-position-indicating radio
beacon service.

For research. In the area of space
research, the conference allotted the
1,750-to-1,850-MHz and 2,025-to-
2,110-MHz bands for earth-to-space
bands and paired them with the
2,200-t0-2,300 MHz space-to-earth
bands. The 7,145-t0-7,235-MHz up-
band was also paired with the 8,400-
to-8,500-MHz band for similar uses.
These two frequencies will be used
in scientific satellites, manned space,
and deep space research. Ten bands
of frequency above 40 GHz were al-
located for the purposes of space re-
search.

In another policy area, the WARC
delegates also decided not to ration
out orbital slots to member nations.
Instead a complex formula will be
used which would set strict limits on
how much interference will be per-
mitted on the ground and in the air.
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In cases of interference, a procedure
will be developed that would re-
quire the operators of satellites
causing interference to move their
spacecraft.

Air traffic control

Cockpit CRT duplicates
ground controller’s picture

Airline pilots feel a certain coolness
toward the FAA’s overworked
ground controllers and, especially in
heavy traffic areas near terminals,
are unwilling to depend entirely on
their instructions and judgment.
That’s why a one-year MIT explor-
ation of advanced air traffic control
techniques, that may eventually
lead to cockpit CRT displays show-
ing almost exactly what's seen by
ground controllers, has been hailed
by the head of their union.

However, like most new develop-
ments, the system raises questions—
most important, that of final author-
ity for control of aircraft. Most ex-
perts agree that this power of deci-
sion can’t be divided—either the
pilot or the controller must be in
command. The final word would
probably continue to rest with the
ground-based controller because of
his knowledge of the commands
given other aircraft, though cooper-
ative decision-making might result.

On the other hand, John J.
O’Donnell, president of the Airline
Pilots Association and an Eastern
Airlines captain, tried out the simu-
lation and called it, “The greatest
thing I've seen in years; it would
take a lot of tension out of the cock-
pit by giving the pilot all the infor-
mation.”

His point is that the ability to look
at the video data on which a con-
troller bases decisions would reas-
sure and relax pilots and let them
pay more attention to the business
of flying—especially during terminal
approach and landing, the most
nerve-racking time in any flight.

The Boeing 707 cockpit simulator
was built by MIT’s Electronic Sys-
tems, Flight Transportation, and
Man-Vehicle Labs. Engineers used

computer-generated displays to sim-
ulate a complete set of flight instru-
ments (altimeter, artificial horizon,
rate-of-climb indicator, and many
others), a moving map for area nav-
igation, and air traffic control infor-
mation plucked by simulated tele-
metry from FAA radar. Thomas
Imrich, a graduate student in MIT’s
Aeronautics and Astronautics de-
partment, used his father as the pro-
gram’s chief unpaid consultant. A
DC-9 pilot for Allegheny Airlines,
the senior Imrich helped the team
with the cockpit simulator.

Mark E. Connolly, project man-
ager, hopes that giving the pilot vir-
tually all the information available
to controllers would lead to more ef-
ficient use of airspace, and help re-
duce the danger of midair collisions,
which occur more frequently near
airports than anywhere else.

The air traffic control display
used in the mockup mapped the ap-
proaches to Boston’s Logan Inter-
national Airport, indicated the sur-
rounding air route structure, showed
an instrument landing system ap-
proach path to runway 4R, and gave
expanded views of Logan’s runway
layout. (The CRT scaled its maps to
cover areas 4, 8, 16 and 32 miles
square.) An Adage AGT-30 com-
puter called up to six other “planes”
from holding areas and flew them
through displayed maneuvers, with
the pilot in the simulator evading
them or just using the display for re-
assurance.

Such a system, if implemented—
and there’s no money in sight—
would be updated every four sec-
onds or so using data accessible
through the National Air Space
Automated Radar Terminal System
computers.

Displa?s_

Turning TV into time,
calibration source

An ordinary television set becomes
a highly precise clock and signal
source in a system being worked on
by engineers at the National Bureau
of Standards in Boulder, Colo. If
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NEW Interactive Computer Terminal
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Alphanumerics— 39 lines with 85 characters per line
Graphics— 1024 x 1024 addressable points
761 x 1024 viewable points

Dynamic Composition and Extensive Editing
Selective Transmission of Contents

Benefits of both Storage and Refreshed Displays
Storage Displays without flicker or drift
Split screen refreshed scratch pad area

Versatile Plug-In Interactive Graphic Units
Unique Graphic Input Joystick

FORTRAN software for Data Communications Interfaces
Assembly Language for new Teletype Port Interfaces
Tektronix Graphics Software/360 System

For additional information call or write: Any
, Tektronix Field Office (67 U.S. and 21 Inter-

ITTON X f nationai), or Tektronix, Inc., Beaverton, Oregon
i 97005.
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technical excellence 4601 Hard Copy Unit
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The vehicle? Nikkei Electronics —
the Japanese version of Electronics
Magazine published in Japanese for
consumption in Japan only.

Nikkei Electronics will be published
bi-weekly by NIKKEI/McGRAW-
HILL INC. — a joint venture of NI-
HON KEIZAl SHINBUN and
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely
in the Japanese language including
advertisements.

* If you sell, or want to sell your
products in Japan, you can talk
to 20,000 buying influences in
their native tongue for just $400
a page.

® If you are already advertising in
any of the unaudited lesser media
in Japan, here is your opportunity
to consolidate your schedule in
the one strong medium, make a
dominant impression and save
advertising dollars.

If you are interested in advertising
in Nikkei Electronics contact your
local Electronics salesman or any of
the Electronics sales offices in the
U.S. and Western Europe.

Nidde:Elecronics

Hit

A Nikkei/McGraw-Hill Publication.
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their system is adopted by TV net-
works and gets approval from the
Federal Communications Commis-
sion, TV sets will be able to contin-
uously set all the clocks in a house
or any other building, display the
correct time, generate a precise sig-
nal for calibration work, and act as
a high-accuracy ranging instrument.

Top line. Called the TV Time and
Frequency System, the NBS concept
is keyed to transmitting timing sig-
nals on line 1 of every frame. Like
the other top 20 horizontal lines in
each broadcast picture, line 1 con-
tains no video information. In fact,
it contains no information at all.

NBS would have a cesium beam or
other frequency standard and some
decoding equipment installed at Tv
broadcast stations. On the first half
of line | a station would put a 1-
megahertz signal, which would be as
stable as the frequency standard it-
self. This signal, points out NBS en-
gineer George Kamas, would be in-
valuable for calibrating crystal
oscillators and other local frequency
standards.

Three different signals could take
up the second half of the line. What
NBS labels the hour-minutes-second
output would contain the correct
time. Decoded by a special circuit in
a TV set, and made available at an
output jack, this signal could contin-
ually reset clocks, keeping them ac-
curate to within 1 microsecond. Fur-
thermore, a second circuit in the set
would allow the time to be dis-
played on the TV screen on demand.

A second signal that could be
broadcast is the so-called precise
time code. Having a higher resolu-
tion than the hour-minute-second
signal, this transmission would be
useful for comparing the network
frequency standard with a local
standard of similar stability. NBS has
developed encoding circuits that
match the precise time code with the
local standard, and then display on
the screen the difference in micro-
seconds.

The third possible signal is tele-
typewriter transmissions, but this
would be useful only to TV stations
as an added message channel.

NBS is in the midst of a local test
of its system—a CB8S affiliate in Den-

ver is broadcasting the timing sig-
nals, which are being picked up by
TV sets modified by NBS. Kamas
says results have been “superb.” A
nationwide test involving one of the
major networks is slated for this fall.
At that time, NBS plans to loan or
lease several of its modified sets for
demonstration purposes.

If the idea gains general accept-
ance, then the FCC will have to be
persuaded to allocate line 1, and
stations to broadcast the informa-
tion. On both counts, NBS is optimis-
tic, says Kamas.

It’s estimated that a station could
begin broadcasting the timing infor-
mation (but not messages) for less
than $50,000, including the price of
an atomic clock. For local stations
that wished only to relay the signals,
the hardware bill would be around
$300.

Decoding circuits for TV sets are
costing in the neighborhood of $400
to build. But Kamas points out that
it wouldn’t be difficult to make an
hour-minute-second decoder as an
LSI circuit, which set manufacturers
could build into their products. On
this basis, Kamas sees the price fall-
ing to around $10 per set.

Industrial electronics

Microwave system
measures carpet backing

Measuring the amount of latex ap-
plied to the back of carpeting in the
factory is something of a black art.
Many variables are involved in the
application of latex by the latex
oven, and each style of carpet re-
quires a different setting. If the latex
is too thick, the carpet is stiff and
difficult to lay; if too little is applied,
the carpet is too thin and wears eas-
ily.

Until now, the only sure way to
check the thickness has been to cut
off a piece of completed carpet and
weigh it. However, a microwave
monitoring system developed by the
Microwave Sensor Systems division
of Spectran Inc., Hollywood, Calif.,
promises to take the guesswork out
of the process and save individual
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The next generation is here now

ih 4, AT “'.,, 1 T.alwl:'
[ M i hfuﬁ R
AVAVAVAVAVAVAVAVAV
NANN

o |

A
VAVAVAVAVAVAVAY

The SABRE IV is more than a laboratory recorder/reproducer.

It’s a complete magnetic tape system that is
setting NEW STANDARDS in the accurate
recording and recovery of data...whether
low or high frequency, analog or digital.

A SABRE |V in your laboratory means data reduc-
tion performance unmatched by other recorder/
reproducers. The SABRE IV allows you to reduce
data up to 2.0 MHz in the direct mode and 500
KHz in the FM mode with unequalled reproduction
quality. With eight transport speeds the SABRE IV
allows time base expansion and contraction ratios
up to 128:1. The Total Bandwidth Convertibility of
the SABRE IV provides more capability than pre-
viously found in two or more recorder/reproducers.

Electronics/August 2, 1971

If you would like to know more about the most ad-

vanced magnetic tape systems available today . ..

including the best portable system available today
.. write or call:

SANGAMO

ELECTRIC COMPANY

The Innovators in Tape Instrumentation
Data Systems

P.O. Box 3347

Springfield, lllinois 62708

(217) 544-6411/Telex: 406-421 o871
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Introducing
Souped-up

1-2 GHz
20 Watts

12.4-18 GHz
20 Watts
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2-4 GHz
20 Watts

N e
4-8 GHz 8-12.4 GHx
20 Watts 20 Watts

ranty. The same kind of traveling-wave tubes
designed from the Hughes tubes used in Surveyor,
Mariner, Early Bird, Pioneer, ATS, Syncom, Intel-
Sat, TACSAT, Lunar Orbiter and Apollo. {Which
is over a million operating hours in space.)

Souped-up Hughes TWTAs.

The first grand prix TWTAs made. *

We'll send you a free brochure about
them if you'll write us at Electron Dynamics
Division, 3100 West Lomita Boulevard, Torrance,

California90509. {7 1 !
Or call: (213) | HUGHES ‘!

] 1
| T Ty 4

534-2121. HUGHES AIRCRAFT COMPANY

CLECTRON DYNAMICS DIVISION

They're our new high performance models.

Series 1277H.

20-watts minimum power, camplete band
coverage from 1-18 GHz.

And we didn't sacrifice reliability for the
sake of power.

Every one of the 1277H series is built to
the same standards as our 10-watt, 1-18 GHz
1177H series of TWTAs.

They have the same solid state design,
compact lightweight size, self-contained con-
struction and du-ability.

The same full one-year no hour limit war-
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carpet manufacturers hundreds of
thousands of dollars annually.

Called the latex coating monitor,
Spectran’s first system is in oper-
ation at California Weavers Inc. De-
veloped to meet the mill’s needs, the
system consists of a microwave
source and detector, two aluminum
tubes that are set above and below
the carpet immediately behind the
latex application, a sampling oscil-
loscope that provides an instan-
taneous picture of the application,
and a strip chart recorder for a per-
manent printed record.

The two aluminum tubes are 5
inches in diameter, approximately 5
in. apart, and 18 ft 6 in. long (the
width of the frame). A cable feeds
microwave pulses to each tube. The
stepped pulses, which go from dc to
about 4 gigahertz, are transmitted
along the tubes, which are simply
passive conductors, like parallel
wire transmission lines.

Spectran’s equipment is actually a
time domain reflectometer system,
measuring the dielectric constant
between the two tubes. Since the
dielectric constant of the water in
the latex is much higher than in the
rest of the carpet, the moisture is the
only element really visible to the de-
tector. As the stepped pulses are fed
along the tubes, there is a constant
reflected feedback from the carpet
to the microwave detector. If there
is no variation in thickness, the
feedback is simply displayed as a
straight line. Any variation shows as
a slope.

Each pulse takes 18 nanoseconds
to cross a tube, and there are about
3,000 sampling points. For the strip
chart recorder. logic in the system
compares data with a reference (a
section of fixed transmission line
with no carpet) integrated across the
section of carpet to obtain a dc volt-
age that is proportional to the aver-
age weight of latex applied across
the section. This average is then
drawn on the strip chart recorder.

An alarm circuit causes high-in-
tensity dots to be displayed if the la-
tex application goes above or below
predetermined limits. If the dots be-
come very intense or if the situation
persists, an audible alarm may be
triggered to warn the operator that

Electronics/August 2. 1971

the machine needs adjusting.

The system measures the amount
of latex applied to within 1 oz per sq
yd. Andre LaRocca, quality control
manager for California Weavers, es-
timates the system will save the
company about $200,000 on latex
and carpets it might otherwise have
had to sell as seconds. A basic mi-
crowave system, with one pair of
tubes, costs $16,000. One system can
control several sensor stations (pairs
of tubes) via cable, for installation
of each additional pair of tubes
costing $2,900.

Spectran is now studying ways to
use the feedback from the monitor-
ing systems to achieve closed-loop
control of the latex oven. William
Conway, vice president and director
of engineering for the division, says
that this is still some way off, how-
ever, because of the complexity of
the operation.

Another carpet manufacturer,
Coronet Industries Inc., of Dalton,
Ga., which has ordered a Spectran
system, is developing its own closed-
loop system in cooperation with 1BM
and several other equipment manu-
facturers. Coronet declines to give
details of its plans.

Computer helps weigh
sloshing liquids

It hardly seems as though a com-
puter would be necessary to weigh
something, but that’s what Sands
Measurement Co. in Dallas uses to
solve the sticky problem of how to
weigh heavy, moving railroad cars
full of sloshing liquids. It uses the
same type of equipment for making
exceedingly accurate measurements
on items as small as postage stamps.
Bat it’s taken Sands 10 years of re-
search into sensors and electronic
circuitry, plus sophisticated mathe-
matical analysis, to come up with
this solution.

Strain gages have long been used
to measure weight, but they still
give rise to many practical prob-
lems. They’re rugged and reliable if
not overstrained, but they’re non-
linear and subject to damage with
overloads. When Sands started de-

Hughes is more than
just electronic devices
and components.

Its equipment toc.

Qz

f’ /

Gas lasers and laser trimmers, welders

and drillers (RS 293)

Microcircuit production equipment
(RS 294)

Semi-automatic wire terminating cnd
harness laying equipment (RS 294)

N/C positioning tables and systems
(RS 297)

NUGNES AIRCRAFT COMPANV
INDUSTRIAL ELECTRONICS GROUP
BUILDING 100, MAIL STN. C:312
CULVER CITY, CALIFORNIA 90230
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QWLOW COoST

INSTRUMENTATION

AMPLIFIERS

+IN

SALIENT FEATURES
FET-and-BIPOLAR Inputs

® Low Input Current: 3 pA(£10V)
® High Input Impedance: 10" ghms
& (Gain Range: 1-1000

& CMR: 96 dB

Two new instrumentation amplifiers,
Mode! ZA702M1 and ZA703M1, offer
low cost and excellent general purpose
performance to industrial, commercial,
and military users. High input impedance
virtually eliminates input loading when
using sensing devices such as strain gauges
and bridge amplifiers. It also allows ac-
curate measurement of low-level signals
produced by thermocouples, photocells,
and magnetic pickups. Amplification of
these signals is accomplished with mini-
mal ground loop effects.

Each amplifier includes CMR and out-
put level adjustments and can be operated
with or without voltage offset trim resis-
tor. Low profile module measures only
0.4" high and total board space is less
than 1.27 square inches.

Send for data sheet describing complete
specifications.

Units in stock!

Call, TWX, or write today!
TEL: (415)686-6660
TWX: 910-481-9477

ziclfex -

A SUBSIDIARY OF REDCOR CORP
1000 Chalomar Road  Concord, Calitornia 94520
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veloping its system for measuring
railroad cars, the company had to
go back to basics: much experience
with strain gages led it to develop a
very simple load cell that gives
linear output by using nonlinearities
in steel supports to counteract non-
linearities in the strain gages.

The load cells also are almost
unaffected by temperature changes,
and detect force in only one direc-
tion, as is desired in weighing. They
can also stand a 700% overload with
no damage, since the gages are sub-
ject to only about one-seventh the
load.

However, this also means that the
output from the cell is very low, 5
millivolts typical, though it 1s stable,
linear and accurate to 0.5 micro-
volts. If the total system accuracy
was to achieve the requisite | part in
10,000, this low signal output had to
be separable from the considerable
noise and purious signals that ac-
company it.

The usual way to separate small
signals from noise are filtering and
averaging. However, filtering causes
delays and limits speed. Sands fil-
ters as much as possible without los-
ing the signal, but this still results in
a *10% error. And averaging at
that point can’t do better than 1%.

S.H. Raskin, president of Sands,
says that’s where the computer and
analysis came in. The vibration of
the carton—or railroad car—follows
a definite pattern, so in the first few
milliseconds of weighing, the com-
puter analyzes the oscillation, and
determines from that pattern what
error correction should be applied.
From this, Sands is able to get an
accuracy of equal to the weight of
one penny on a 20-lb scale, or to
four significant digits, even in rail-
road cars moving by at 15 mph.

The computer used for the train
measurements is a hybrid one in a
19-inch relay rack about 2 ft high.
More recently, Sands has developed
a unit that adds only about an inch
to the back of a standard digital
panel meter. Sands subcontracts ev-
erything possible, and does no man-
ufacturing itself.

Raskin says that Sands equip-
ment can offer two things: In dyna-
mic measurements, static accuracy

for objects moving at high speed;
and for static measurements, the
same or better accuracy than con-
ventional balances, but at much
higher rates and with much less
chance of gross errors.

And he says that, even with the
complex equipment and develop-
ment, Sands is competitive in cost to
other ways of weighing, if the others
are even remotely comparable. For
instance, on a railroad scale, the in-
strumentation is considerably more,
but the only installation required is
a flat concrete slab instead of the 60-
ft concrete-lined pit of conventional
scales, and this brings the prices in
line—roughly $50,000 to $75,000 for
an in-motion scale. A portable scale
on a hand truck that can weigh
5,000 Ib is $5,000 to $10,000.

For the record

Proper attitude. Work on the most
accurate attitude control system
ever to be developed for a NAsa
synchronous satellite is under way
at Honeywell’s Aerospace division.
Designed to point the 30-foot dish
of the space agency’s Applications
Technology Satellites F and G, the
system will be built around parallel
Honeywell HDC-401 computers.

This is a rerecording. Ampex Corp.,
Redwood City, Calif., has reeled out
a new, medium-speed tape dupli-
cator that will handle cartridge, cas-
sette, and reel-to-reel in both mono
and stereo with one to three slave
units running from a master. The
AD-15, selling for $5,000 to $16,000,
is intended for applications where
small numbers of audio tape dupli-
cations in a variety of formats are
required.

Microwave landing. The division of
labor between ITT Gilfillan Inc. and
Honeywell Inc. in their joint devel-
opment of a microwave landing sys-
tem for the FAA [Electronics, July 5,
p.21] is as follows: Gilfillan will
handle the ground radar system;
Honeywell, through its Government
and Aeronautical Products division,
will develop the airborne and dis-
tance measuring equipment.
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ONLY TUNG-SOL PERFORMANCE IS LARGER

} ‘ Added Safety Factor '

Current
Output

OTHER TUNG-SOL B-10 OTHER TUNG-SOL B-20
SINGLE @ SINGLE & THREE & THREE @

The physical dimensions of Tung-Sol single phase
and three phase bridge rectifiers are identical to
competitive devices. Itis in the ratings for DC output

and forward surge capacity that Tung-Sol bridges

are substantially larger. This provides important \
added safety at normal operating levels. A minimum \

of internal connections gives Tung-Sol bridge recti- \\

fiers exceptional mechanical strength. For all this ,
performance reliability and convenience you pay
no premium.

B-10 Series ® DC rating—30A @ 55°C. Forward surge
rating—400A @ rated load. B-10 series replace simi- [ q
lar bridges rated from 8 to 25A and from 50 to 1,000
PRV per leg.

B-20 Series ® DC rating—35A @ 55°C. Forward surge
rating—400A @ rated load. B-20 series replace simi-
lar bridges rated up to 25A and from 50 to 1,000
PRV per leg.

Terminals of both series are suitable for all types
of connections.

Tung-Sol Can Supply The Silicon Power Rectifiers You
Need. Tung-Sol makes a complete line of silicon power
rectifiers in the DO-4, 5, 8, 9 and 21 configurations.
Operational reliability is unmatched—a result of exclu-
sive design features and quality control procedures that
are the most exacting in the industry. Full field technical
c?nsultation is available from conveniently iocated sales
offices.

Trademark TUNG-SOL
Reg. U.S. Pat. Off. and
Marcas Registradas

Write tor complete technical information. Please indicate
whether your interest is rectitier bridges, or power rectitiers.

Silicon Products Section TUNG-SOL DIVISION
WAGNER ELECTRIC CORPORATION

630 West Mt, Pleasant Ave,, Livingston, N.J. 07039
TWX: 710-994-4965
Phone: (201) 992-1100; (212) 732-5426
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When our circuits
came down to earth,
so did our prices.

e

We're proud that our products had a part in
placing man on the moon. But, like everything else
in the program, component costs were high.

Take our circuits for instance. They had to exist

in alien elements and work to perfection—

so they cost more.

When our circuits came down to earth, we felt
our prices should too. That's when we created our
industrial line for people who need circuits in
earthbound jobs. Now our analog switching ICs
sell for as low as 90¢ per channel at 10K quantity.

At Siliconix, the circuit technology that put us
in space is working for you on earth—in our driver
gates and switches and all the other circuits we
design and produce for commercial use.

On your next circuit problem, call the people
who have their feet on the ground: Siliconix.

We think you'll like our down-to-earth prices.

Siliconix incorparated

2201 Laurelwood Road ¢ Santa Clara » Calif. 95054
Phone (408) 246-8000 Ext. 201 « TWX: 910-338-0227

- . . the company with their feet on the ground.

Siliconix distributors. Hamilton/AVNET, Semiconductor Specialists, Cramer Electronics, Liberty Electronics, Elmar Electronics, Norelcom. Siliconix sales offices.
Bethpage, New York (516) 796-4680 / Norvood, Massachusetts (617) 769-3780 /St. Louis (314) 291-3616 / Minneapolis (612) 920-4483 / Long Beach, California
(213) 420-1307 / Santa Clara, California {408) 246-8000 / Denver (303) 744-0404 / Phoenix (602) 947-3183. Overseas sales offices. Siliconix Limited, Saunders
Way, Sketty, Swansea, Great Britain / Siliconix GmbH, 7024 Bernhausen, Postfach 1340, W. Germany / Siliconix S.A.R.L., 94-Saint-Maur, France, Tel. 283-57-90

/ Siliconix Limited, Wilders Plads 10, Copenhagen, Denmark.
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Packard gets
strong boost from
White House. ..

. . . and himself
boosts new plan
for prototyping

International
airlines attack
aerosat plans

Electronlcs | August 2, 1971

Washington Newsletter
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Strong White House support for Deputy Defense Secretary David
Packard is implicit in the statement by the President’s press secretary that
Packard is not resigning from DOD. Packard got the requested White
House putdown of the resignation reports [Electronics, June 21, p. 40],
which surfaced in the public press at the end of July, apparently in return
for abandoning his opposition to a $250 million Federal loan to Lockheed
Aircraft. But the California capitalist, who built his $300 million personal
fortune from scratch with Hewlett-Packard Co., is still adamantly
opposed to a broader $2 billion bill that would make loans available to
other troubled corporations.

First soundings on the White House-Packard pact in the capital indicate
the Pentagon’s top manager will have an even stronger hand in his efforts
to control military program costs and improve contractor performance.
New speculation now replacing the old resignation rumors: a second
Nixon administration would see Packard taking over as Defense Secretary
from Melvin Laird, who has said he would like to opt out in another year.

Packard’s new position of strength is regarded by military R&D sources
as increasing his leverage in getting the services and industry to buy a
recent proposal of his. He wants to break out small corporate design teams
from appropriate industries and fund them annually, at about $25 million
each, to develop and build competing hardware prototypes for new
systers. The teams, which could run to four or five to an industry, would
be small versions of such engineering think tank groups as Mitre Corp.,
Bedford, Mass. The program goal: to work out with hardware the costly
unknowns that regularly cropped up in paper studies of systems in the
Robert McNamara era at DOD and so eliminate costly overruns that
came after commitment to a production contract. If the Packard concept
wins, it will be applied to aircraft first, then electronics subsystems.

The idea reportedly is similar to a European approach that impressed
Packard when he first became interested in successful performance and
cost controls there—an interest that led him to tell the Army to buy and
evaluate models of the French Crotale field air defense missile [Elec-
tronics, Dec. 21, 1970, p. 39] as well as the British Aircraft Corp.’s Rapier
and the West German Roland [Electronics, March 29, p. 31].

Fearful that air carriers may some day have to soak up the cost of the
proposed pre-operational Pacific and Atlantic aeronautical satellites,
international carriers are launching a counterattack against Federal Avia-
tion Administration plans to put the spacecraft aloft by the mid-1970s.
Still miffed by the Nixon Administration’s decision to go with L-band
frequencies rather than the vhf approach they have long pushed, airline
officials are telling the FAA they are unwilling to invest the $50 million
required for L-band avionics. Such an investment would not be required
with a vhf satellite since airliners already use vhf radios and some newer
planes are even equipped with vhf satellite antennas. Instead of spending
$120 million for the pre-operational systems, the airlines recommend the
use of Applications Technology Satellite F’s 1.6 GHz transponder to
technically justify an L-band aerosat.

FAA program director Davia Israel, however, predicts that the counter-
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NASA okays pair
of ATS-G lasers

EIA opposition
to Commerce plans
is criticized

Addenda
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attack will fail. He notes that satellite service will not cost the airlines
anything until 1980 when operational aerosats go into service. The air-
lines, however, say that while the U.S. may not charge for the service,
its European partners probably will. Moreover, they predict the costs of
pre-operational service will probably be added to the investment base
that will determine rates for the operational service.

Approval has been given to two laser communications experiments for
Applications Technology Satellite G, provided they can be integrated
into the spacecraft. NASA sources say Goddard Space Flight Research
Center and Hughes Aircraft Co. have received “semi-approval” to put a
10.6-micron, carbon-dioxide, two-way communications experiment aboard
the spacecraft, which has been scheduled for launch in 1975.

Also in line for ATS-G is an experiment sponsored by the Office of
Advanced Research and Technology that would use a neodymium-doped
YAG laser to send pseudo-random code to the spacecraft. The code would
be beamed back to earth by a helium-neon link. NASA planners say that
putting the YAG laser on the ground will give them more control over a
promising but risky technology.

The Electronic Industries Association is getting bad political marks and
a Washington reputation for being “the most backward of the so-called
forward-looking” industries, says one ranking National Bureau of Stand-
ards official. For the association is reported to be giving “less than
strong” support to the Commerce Department’s plan for converting the
U.S. to the world standard metric system. Commerce Secretary Maurice
Stans is readying the Administration proposal for Congress, following a
$1 million study that took two and a half years.

The criticism of EIA comes on the heels of its opposition to another
Administration proposal to give the Commerce Department strong powers
in standards setting and authority to represent the U.S. in international
agreements, an authority which—contrary to practice in most countries—
no single U.S. agency has ever had. EIA, just about the only association
of any major industry to oppose the bill, wants a study commission to
examine the standards issue, claiming it would increase its members’
manufacturing costs and make them less competitive, Despite its opposi-
tion, the standards bill will probably pass.

Stimulated by Motorola’s petition concerning the manufacture of its
CBS-developed Electronic Video Recorder, the Federal Communications
Commission has proposed rules which would limit the power output and
permissible radiation from Class 1, restricted-radiation TV devices,
including video recorders and cameras, character generators, and TV
modulators. Unless TV receivers are modified to include input jacks
for video and sound signals, these devices have “a considerable potential
for causing interference in neighboring TV receivers,” the FCC says. . . .
William D. McElroy may leave his post as director of the National Sci-
ence Foundation—but not before February—to fill the vacant chancellor-
ship of the University of California at San Diego if he gets a formal offer.
. . . The White House Office of Telecommunications Policy has named
Bruce M. Owen as senior economist to assist in studies of the broad-
casting and common carrier industries.
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When it comes to survivability...

missilemen come to SAMS.

You're looking at Amghenol Space ard Missile
Systems Division's solution to three of the most
critical problems of strategic missile design: EMC/
RFI/EMP Shielding survival, Field Repairability
and Weight.

Our shielding on this electrical interconnection
system protects against interference by radiation
and electromagnetic fields. The system is designed
n segments. So field repairability is easy. Repro-
ductibility, too. And segmented design permits effi-
cient modification of systems fcr update. =inally,
advanced materials and techrigues reduce weight.

This system is a product of Amphenol SAMS
Division —in every sense of the word. Becausz of
our total in-house capability, we designed, devel-
oped and manufactured it bere.

Electronics/August 2, 1971

It's been the same story with other electrical
interconnection systems since America's space
and missiie programs began. And the story will be
repeated as even more sophisticated designs are
required in the future.

In fact, we're working on those designs now.

We not only have the facilities and talent. We
have a proven Program Management capability,
which has traditionally helped us turn out the most
advanced products in the field. All under one roof.
All the time. Come to SAMS. You'll find out.

Write for information. Amphenol Space and Mis-
sile Systems, 9201 Independence Avenue, Chats-
worth, California 91311. Or call (213) 341-0710,
TWX 910-494-1211.

EEJAMPHENOL
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Customéen Cable

Constructions
by Chester

Behind every foot of multi-conductor cable produced by our Chester Cable Oper-
ations, are the vast resources, technical skills and virtually unlimited facilities of Cities
Service. From the basic copper ore to the finished product, every care is exercised in
strict quality control to assure you of dependable and practicel cable construction to
fulfill your most exacting requirements.

The samples of Plasticote” multi-conductor cables shown cn these pages are but a
few of the thousands of ‘‘specials’ produced for our many customers. No matter what
your needs in conductors, insulations or jackets, check first w th Chester . . . we know
you'll be more than pleased with the results.




. TV CAMERA MFR.:

. ELECTRIC UTILITY CO.:
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cable: 25 sh d pairs, stranded Copper
conductors, low loss insulation, twisted
with uninsulated drain wir2, iso.ated alu-
minum tape shields, cabled, P*C jacket.

Cam=ra control
cable for Audio and Video signals: a com-
posite of PVC and polyethylene insulated
conductors, cabled, overall traid shield,
PVC jacket,

. AIRCRAFT SIMULATOR MFR.: Conttol

cable: 12 triples shielced jacketed,
stranded copper conductors, PVC insu-
lated, individual shield jacket color
coded, cabled overalt PVC jac<et.

. ELEVATOR MFR.: Control cab ec 35 ccn-

ductors, stranded copper, PVCZ :nsulated,
conductors coded by colors znd printad
numbers, cabled with open binder; indi-
vidual conductors U/L listed.

. INTERCOM EQUIPMENT MFR.: 250

conductor inter-office communication and
signaling cable: solid bar2 copper, PYC
insulation, paired, cabled, PVC jacket;
U/L listed

Station
control cable fcr general use: 37 conduc-
tors, stranded, polyethylene znc PVC n-
sulated, color coded, cabled, overall
tough PVC jacket; per NEMA/IPCEA Spe-
citications

G.

llmwutirq riwsJommuric ativrfLdoie oU
pa s, polyethylene insulated, cabled, con-
tinuous layer of coper shizlding tape, PVC
jacket; per spec. MSA-19-2, 600 volis.

.LEADING SHIPBUILDER: shipbaard

cabie: stranded conductors, nylon-jacketed
PVC insulation, pars shieldec anc jack-
eted, cabled, PVC jacket, and aludmirum
bra:d armor overall; per spec. MIL-C-915.

U.S. GOVERNMENT: Coaxial cabte:
type FG-218/U, sclid cooper conduclor,
polyethylene insulated, copp2r braid
shield, PVC jacke:; oer spec. M'L-C-17/79.

. BROADCASTING COMPANY: Remote

control broadcasting cable: stranded con-
ductors, polyethylene insulation. pairs &
triples shielded and jacketed, cabled, FVC
jacket overall.

. COMFUTER MFR.: Computer control

cable: 55 conductors, stranded copper
conductors, PVC insulated, formad into 7
groips of 7 ccnductors, cabled. FVC
jacket; U/L listed.

. MACHINERY MFR.: Bus drog cable: 3

PVC irsulated st-anded condictors, with
spliz uninsulated grouncing conductor,
cabied overall PVC jacket; U/L listed,;
per NEC.

-

CITIES SERVICE
COMPANY

CITIES SERVICE COMPANY

CHESTER CABLE OPERATIONS

CHESTER, NEW YORK 10918
PHONE: (314] 469-2"41 TWX (914) £69-9801
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By 1979, thieves of the night will
be traced by their‘heat prints!

During the decade ahead, electronics will make it tougher than ever to
make a dishonest living.

Because practically fool-pre of clectronic safety networks will protect our
homes, offices and stores. Should an intruder enter a protected room, his I dy
heat will activate an infrared camera that will take coded, heat-sensitive pictures
of the thicts face. In total darkness, so he'll never know he’s being watched.

Local police will feed these coded “heat prints” into their computer, part
of a nationwide clectronic crime detection network, for instant identification,
then alert other localities of the suspeet’s identification through the same network.

"T'his clectronic network will also help authorities trace ste len cars from
anvwhere in the country. 1t will advise them on a criminal’s probable next move
based upon his past method of operation. And it police come across a suspicious
character while on patrol, they can instantly cheek to see it he’s wanted
anvwhere in the country. Without leaving their squad car.

But helping the police help vou is only one way clectronics will make lite
casier in the future.

The fact is, products of clectronics technology will be doing more for us
tomorrow than electricity does for us tc wday: In crime detection, transportation,
communications, health care; even house work.

Who are the master minds masterminding these changes?

Qur readers.

More than 13,000 in communications and computers alone.

Fvery twoweeks, Flectronices presents themywitha complete, up-to-the-
minute picture of the state of the technology. Plus all the tast-changing R
developments in their particular fields of interest. Industry-wide and Hectronics
world-wide.

[f vou want to be a part of the tuture, speak to the men who
are working on it today.

Flectronics, a McGraw-1 Ll market-directed publication.

Ourreaders are changing the world.
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portable VTRS from Akai. ee world’'s largest maker of portable video tape recorders

1/4-inch tape cuts operating
costs by 609!

AKAI's new portable video tape
recorders, employing 1/4-inch tepe,
are revolutionary. They are revolud-
tionary because they produce pictures
and sound comparable in quality to
those produced by VTRs using
1/2-inch tape. This is due to the
single crystal ferrite head, the waorld’s
highest density magnetic recording
system, and exclusive high-density
1/4-inch video tape—ali developad by
AKAI. Using 1/4-inch video tape
means one-third the operating costs
of other systems. Other importam
features of AKAI's VTRs are their
compact size and light weight. They're
easy to carry, strapped over your
shoulder, even with the portable video
monitor attached. A mere 14.5 lbs
in all

PRICE FOR EVERYTHING ...$1595.00¢
*plus state and local sales taxes where applicable.

42 Circle 42 onreader service card

VTS-10 DX

AKAI's advanced technology has
solved all the problems related to the
designing of 1/4-inch VTR systems.
Thus, AKALl's portable VTR systems,
the world’s lightest, are guaranteed to
give you top quality performance
with tape having only one-half the
width of conventional 1/2-inch tapes.

AKAI’'s video heads last 3 times
as long!

The AKAI-developed single crystal
ferrite heads, used on its VTRs, boast
a service life of over 1,000 hours.
That’s more than 3 times that of con-
ventional video heads which must
be exchanged after 200 to 300 hours
of use.

Universal usage

Despite their small sizes, AKAI’'s
VTRs boast fast forward, rewind, index
counter, automatic shut off, and still

button for stoppirg the action during
playback. Recording capacity is 20
minutes with 5-inch reel tape. The
built-in rechargeable batteries can be
used continuously for 80 minutes
after a full charge. The 3-inch video
monitor enables beautiful video play-
back together with incomparable
sound, anywhere, anytime. With the
use of AKAI's optional RF Converter.
you can utilize your own home TV set
for playback of pictures and sound.
"*Off-the-air’" recordings can be easily
accomplished with the use of AKAI's
optional TV tuner/adapter.

AKAI's video cameras incorporate
an EE, F1.8, 6X zoom lens, and
a built-in microphone. Recording
levels for pictures and sound are auto-
matically adjusted. The handy and
easy-to-operate video cameras weigh
only 4.1 Ibs.

An example of AKAl's superb VTRs
is the VTS-110DX Portable Video
Tape Recorder System which boasts
wide-range versatility. Ideal for
filing pictures and sound, for sales
promotion, and other uses. Ask for
a demonstration at your nearest dealer.
You'll quickly see how revolutionary
this VTR system really is.

Audio & Video

AKAI AMERICA, LTD.

2139 East Del Amo Boulevard/Compton, California
90220/1213) 537-3880

Manufacturer

AKAI ELECTRIC CO., LTD.

P.0O. Box 21, Tokyo International Airport, Japan
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Take a GOOD LOOK
at ERIE'S LOW COST
SUBMINIATURE

Series 511

e Ot 1ML SHELt DELIVERY

e LOW COST

e SPACE SAVER
ONLY OO/ IN

e Dt SIGNED 1O ASSURE RIGID
MOUNTING STABILITY

Plus. you gut & wide capacitanee

oceuriys

range h erthat of two low prohile
mounting arangenments for topr ot
aide adjustiment Whet yousconsidal the
low cont, oxcellent rohabuhity, oy s
A tast dalivery Toe's D1 tha
|mlhu‘.l o tor yout cuttenteneat
apphcations P D take o qood
jook, then iyt Witte tor Bullesn S 11
ask tog samples oo
APPLICATIONS
Typical applications e lude crystal
tittars and osallators., CATV amphtisrs,
attenuators and aquiprent suvhvan
avionies, telomuotry and colar TV canmeanan
whaere high component dansity 15 vital

SPECIFICATIONS
Waorking Voltage 100 WNide ¢ 85 °C

B0 WVde @@ 1257C
Dielectric Strength 200 WV for 1 5 3¢
Opuorating Temperature Ramgo  $56°C tu 125°C
Q Factor @@ | MHz 500 min {vilues BpF sud ahove)

CAPACITANCE RANGES

1 3pf 39 pf 4 22pt
2 SpF 3 19k
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TECHNOLOGICAL PRODUCTS, INC.
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Allen-Bradley *
chip capacitors;
our difference

is uniformity:.

Now you don't have to put up
with a lot of production line
problemsto capitalize onthe ad-
vantages of ceramic chip capac-
itors. We've developed a manu-
facturing process (different from
any other in the industry) that
makes our capacitor chips far
more uniform. You profit from

more stable chip-to-chip per-
formance. Your production con-
trol becomes far easier because

EC71-16 © Alen-Bradiey 1971

we've found the answer to tra-
ditional product variables. But
that's not all. In our unique
manufacturing process, ceramic
dielectric and noble metal elec-
trodes are fired into a truly
monolithic structure. Mechan-
ically stronger. Virtually void-
free. Moisture and contamina-
tion resistant. And our multi-layer
terminations solve a variety of
attachment problems. Standards

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

Circle 44 on reader service card

available in 50,100 and 200 Vdc
with no derating from —55°C
to +125°C. Capacitance from
10pF to 1uF. NPO, stable, semi-
stable and Hi-K. Specials avail-
able. See your A-B electronics
distributor for selected sizes and
values. Write for Bulletin 5415.
Allen-Bradley, Electronics Divi-
sion, Milwaukee. WI 53204. Ex-
port: Bloomfield, N.J. 07003 In
Canada: Galt, Ontario.
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In discrete configurations, Hall-effect devices have been useful, but rather iimited
in use. But as integrated circuits—with amplifiers, regulators, and other peripherals
on the same chip as the generator—they will find many new jobs, says author Mi-
chael Oppenheimer. Among them: brushless motors, recording heads, and mea-
suring gear.

Hard times have raised a storm of controversy over whether engineers should try to
secure a better position for themselves by organizing nationally. To help clear the
air, Electronics asks you to use the enclosed ballot to tell us how you feel about an
EE union or association and whetheryou think it could help.

Only trained operators could master the mysteries of automated testing programs—
that is, until Getel came along. This English-based language and translator, says
author Gene Kierce, can be applied to a wide range of testing equipment, permit-
ting engineers and technicians to talk to them all.

Designers building broadband communications amplifiers need no longer under-
take the hours of drudgery associated with breadboarding and testing, says author
Frank Egenstafer. A few computer-calculated design curves are the answer: they
cover gain response, impedance, and resistance selection, bypassing the usual
skull-numbing dogwork.

Density is an important economic factor in an Mos memory, and one of the best
ways to achieve it, say the authors from General Instrument Corp., is to cut down
the number of transistors in a cell from three to one. The cell, as well as the smaller
overhead circuits, leaves more room for memory on a chip, leading to a 2,048-bit
silicon-gate RAM that's about the same size as most 1,024 bit units.

The cover: Shown against a backdrop of its single-transistor storage element is the
first RAM that can process 2,048 bits on one silicon chip. That level of complexity
points to lower costs in the next generation of memory parts.

Special report on the Wescon show . . . silicon gate c/MOs for micropower cir-
cuits . . . new concepts in semiconductor memories . . . capacitive transducer
for position-sensing . . . computer-aided design attacks problems of nonlinear cir-
cuits.

Electronics/August 2, 1971
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In IC form, Hall-effect devices
can take on many new applications

Brushless motors, recording heads, measuring gear are just a few jobs
opening up for Hall circuits now that amplifiers, regulators, and other

peripherals can be integrated onto the same chip as the generator

by Michael Oppen heimer, sprague Electric Co., Worcester, Mass.

[J In discrete form, Hall generators already are doing
an important job measuring magnetic fields and power
dissipation: acting as magnetically controlled switches
in keyboards and as sensors in tape drives: and aiding
in semiconductor materials research. But since it's now
possible to make complete Hall-effect devices monolith-
ically. their use should expand markedly, opening up
such significant applications as:

= Magnetic recording heads.

= Brushless motors for precise videotape drives, laser
beam scanners, lunar vehicle drives,and spacecraft atti-
tude-control systems.

= Printer paper-feed positioning controls.

= Gyroscope pickoffs for inertial navigation systems.

= Aircraft two-axis compass elements for autopilot
heading control.

s Gaussmeters and other types of magnetic-field mea-
suring instruments.

Devices based on Hall generators have received lim-
ited acceptance in the past because they’ve been expen-
sive, complex, unstable under varying temperatures,
and unreliable. Incorporating the Hall generator as part
of a monolithic I1C overcomes all these deficiencies. In
fact. all the peripheral circuitry Hall generators need.
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such as amplifiers and regulators, can go into the same
chip as the generator itself, making the devices much
simpler for designers to work with.

The use of standard IC production techniques greatly
improves reliability. Temperature stability also is im-
proved as a consequence of using a silicon substrate—
conventional Hall generators, made with 11-v com-
pounds like gallium arsenide or indium arsenide. are
many times more sensitive to temperature changes.

The monolithic approach further reduces instabilities
by permitting regulators and other compensating circui-
try to be built into the chip with the generator. Com-
mercial Hall-effect circuits with onboard regulators
soon will be available with temperature stability ex-
pected to be approximately 100 times better than that
of discrete Hall-effect components.

Silicon hasn’t been used before simply because out-
put is very small. A typical silicon Hall generator has a
sensitivity of only 33 millivolts per kilogauss with an
output current in the low-microampere to nanoampere
range. In contrast, the output available from a GaAs
Hall generator is 100 times that of a silicon generator
driven with the same current and exposed to the same
magnetic field. But with an amplifier integrated on the

10 X 10 mil

HALL

REGION
HALL SCHMITT AMPLIFIER OUTPUT
GENERATOR TRIGGER STAGE

1. Hall on a chip. Sprague’'s ULN3000M—a monolithic Hall-effect
circuit—is shown along with its schematic diagram. Resistor R, helps
to tailor output. When it connects Q,'s collector to a 5-V supply, IC
directly drives TTL and DTL. With 15-V supply, circuit operates MOS
devices. Hall generator is simply square section of silicon

Electronics/August 2, 1971



same chip as the silicon generator, the output rises to a
much more useful level. Furthermore, since amplifier
and generator are on the same substrate, the problems
of noise and long leads that would exist with a discrete
amplifier are greatly reduced. Another serendipitous ef-
fect of the IC fabrication process is that the long and
narrow resistor patterns that result are virtually immune
to the magnetic fields used to trigger the generator.

Designers will find the Hall-effect 1ICs much simpler
to integrate into a system than discrete units. Input and
output circuitry that’s directly compatible with logic ele-
ments or any other type of desired circuitry can be in-
cluded along with the Hall generator on the chip. For
example, recently introduced Hall-effect switches are
directly compatible with both diode-transistor and tran-
sistor-transistor logic. They operate from the same nom-
inal 5-volt power supply used for standard logic func-
tions, and performance is guaranteed over the 4.75-v-
5.25-v range. And they operate over the commercial
temperature range—O’C to +70°C—with each device’s
output specified to drive a standard TTL fanout of 10 of
the 54/74-type logic inputs.

Monolithic technology also sharply reduces manufac-
turing costs. Hall-effect ICs sell at competitive prices—
the switch, for example, costs lessthan $5—and with in-

The Hall effect bears the name of E.F. Hall, an Ohio State
University researcher. Back in 1879, while investigating
the nature of forces acting on a conductor carrying a cur-
rent in a magnetic field, he observed that a magnetic field
induces a voltage perpendicular to the direction of current
flow.

For either a conductor or semiconductor, a magnetic
field generates a voltage, called the Hall voltage, which is
proportional to the magnitude of the cross-product of the
field and current: H x I. This means, first, that a device
that exhibits the Hall effect is a multiplier, hence the use of
Hall generators in wattmeters. With a constant current,
Hall voltage is directly proportional to the magnetic field,
making the devices popular for measuring magnetic fields.

The Hall effect is demonstrated in the figure. Consider a
block of conductor or semiconductor material carrying a
current. In the absence of other internal forces, electrons
flow undistorted, as illustrated at the top. The current flow
is of uniform density, assuming only that the material is
homogeneous.

When a magnetic field is applied, Lorentz forces cause
electrons to try to follow a curved path (middle). This
curving of the current path causes a buildup of negative
charges on the right side of the material.

However, balance is restored when electrons pile up on
one side of the material, and holes, or positive charges,
gather on the other. This charge buildup continues until
the voltage across the material exactly balances the force
exerted by the magnetic field. Then the clectron flow is
exactly as it was in the undistrubed material, except that a
Hall voltage is present at right angles to the initial current.

Hall generators are made almost exclusively with semi-
conductor materials. Their high resistance results in Hall
voltages that are on the order of millivolts, or even volts.
Conductors, while they do exhibit the Hall effect, put out
voltages that are no higher than a few nanovolts.

Electronics/August 2, 1971

creasing volume, and the availability of equipment to
test magnetic 1Cs in quantity, the price is sure to go even
lower. No special, and therefore costly, processing is re-
quired to make the Hall device; it’s just an epitaxial
layer of n-type silicon.

The monolithic switch is shown in Fig. 1. When a
suitable magnet, having a flux density within the sensi-
tivity range of the device, is brought closer than 0.06
inch, the I1C changes its output from a 1 to a 0. When the
magnet is pulled back more than 0.12 in. from the cir-
cuit, its output switches back to the 1 level.

The chip is divided into four sections. The first is the
Hall generator itself. The second, a modified Schmitt
trigger, accounts for the hysteresis in the output charac-
teristic. This assures that the circuit’s output is fully on
before it can again turn off, resulting in a clean, unam-
biguous output instead of the multiple signals caused by
contact bounce in a mechanical switch or a relay. The
monolithic switch can feed signals directly to logic cir-
cuits without the usual antibounce gate.

The third sector, the amplifier, not only boosts the
output of the generator, but improves the circuit’s effi-
ciency as well. When the trigger is off (when Q, is on
and Q, is off), no current is pulled through resistor R,;
thus transistor Q, also is off. Therefore, the amplifier re-
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2. Beating the bounce. Trace (l=fl) from Hall-effect IC provides clean swilched pulse: reed relay's (right} has unstable t-ansition due to con
tact bounce Furtnesmore, sirce it's a mechanical switch, reed relay has shorter lifetim= than all-slectronic Hall-effect unit

3. Stable switch. Schmitt trigger provides hysteresis ‘or Hall-effect
switch in Fig. 1. Although output switches from * to 0 when field
through Hall generator reaches 500 G. it won't switch back until field
drops to 200 G. Gther ICs can be made with different trigger points
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mains off when the trigger is ofl. conserving power.
Transistors Q, and Q  provide further gain when the
amplifier is activated.

The final section makes the circuit’s output com-
patible with most standard logics families. Output tran-
sistor Q,, sinks 20 milliamperes with a drop of less than
0.4 v. Resistor R, can be connected between a voltage
supply and Q,’s collector. so that the output level can
drive logic circuits directly. To drive DTL or TTL circuits,
the resistor is connected to a 5-v supply: for MOS cir-
cuits, a 15-v supply is used

The value of the hysteresis action provided by the
Schmitt trigger can be seer: from Fig. 2. On the left is an
oscilloscope trace of the 1C's response. Note the smooth
transition when compared with the same voltage being
switched by a reed relay (right).

The clean switching waveform assured by the hys-
teresis characteristic is essential in applications such as
keyboards. Because the circuit won't switch until the
magnetic field intensity reaches a certain value (sce
“Hall and his effect.” p. 47). a key must be fully de-
pressed bringing the magnet close enough to the 1C to
turn on the switch. Then the key must be fully released
to turn the circuit off.

The process by which a small permanent magnet acti-
vates the Hall-effect switch is illustrated in Fig. 3. The
distances on the top graph are for a bar magret, Y4-in. in
diameter and 1 in. long.

A typical Alnico magnet of this size produces a mag-
netic field intensity of 1.000 gauss, far more than is re-
quired to operate the cevice. As tae magnet approaches
the 1C. magnetic flux through the chip increases until it
reaches 500 G. At that point, the circuit turns on (the
output drops to the 0 level) and remains on until the
magnet is withdrawn far enough to reduce flux density
in the 1C to 200 G. At this value the output stage returns
to its off level. To actuate the circuit again. the magnet
must be moved close enough so that flux density once
again exceeds 500 G.

The magnetic-field intensity values of 500 and 200 G
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Other Hall makers

Sprague researchers aren’t alone in building Hall gener-
ators. At both Ohio State and Southern Methodist Univer-
sities. for example. scientists are combining the Hall effect
with Mos field effect transistors. When a pair of leads is
fubricated on either side ot a MOSFET's channel. it becomes
a Hall generator: a magnetic field and a current in the
channel combine 1o produce a Hall voltage across the
leads.

| Ohio State’s efforts are directed exclusively toward
building and evaluating Hall-effect MOSVETs. says ALE.
Middleton. director of the school’s electronics materials
laboratory. Although the first transistors will be made of
silicon. Middleton’s goal is a gallium arsenide unit. The
higher mobility of GaAs, he points out. will make for a

| very sensitive Hall generator.

sMU researchers alreadv have fabricated single transis-
tors, which they call Magtets [Electronics. June 21, p. 33].
The next Step. savs William Carr. professor of electrical

] engineering. is monolithic arrays.

Carr d|rgddv has picked out the first dppludtmn tor
Magtets: he wants to design them into the tiny biomedical
transducers that are pldu.d inside the hod\ to transmit
physiological data. such as the pH of stomach juices or
body temperature. Magfets would allow these transducers
o be turned on. adjusted. or otherwise controlled from
outside the body with a magnetic field.

Taking vet another tack is Semitronics Inc. of Colum-

were chosen because 500 G can be provided easily by
small permanent magnets. and because 200 G is much
larger than stray magnetic fields usually generated by
electrical circuits. Most inductors produce less than 30
G. and even transformers are unlikely to produce field
intensities of more than 100 G. By adjusting trigger and
amplifier design. ICs can be made with almost any de-
sired magnetic sensitivity. The lowest seasitivity so far is
0.5 G: theoretically. there’s no upper limit.

Hall-effect 1Cs. all very similar to the basic switch, are
available now. One device supplies two outputs. each
from a separate emitter follower. Another provides
magnetic latching by sensing a change in magnetic field
from north pole to south pole. rather than a change in
magnetic field intensity: this one also can be supplied
with two emitter-follower outputs. Another switch puts
out a single 40-microsecond pulse. instead of a dc signal
pulse. when activated.

Some of the most interesting applications for Hall-ef-
fect ICs are in tape recorders and disk memories. Hall
generators in general have not enjoyed much successin
these areas because inductance in the leads going from
the Hall device in the plavback head to the amplifier or
trigger limits overall bandwidth. However. this won't be
a problem with monolithic circuits—with short leads in-
ductance will be much lower.

When plaving back digital information. Hall gener-
ators theoretically can read a tape or disk that isn’t
moving. This is because the Hall voltage depends on the
magnitude of a magnetic field. and not on the change in
magnitude. Thus, tape speed would be far less critical
with a Hall-effect head.

Hall 1Cs also can be built to have linear outputs for
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bus, Ohio. Active in materials research. the company does
a lot of custom designing of Hall generators, particularly
for high-temperature work. Semitronics routinely makes
units that work at over 100 C: according to president War-
ren Bulman. the tirm is investigating materials that would
push that figure to 300 C.

But success in the Hall generator business doesn’t neces-
sarily require new materials or fabrication technigues.
Business is booming at Scientific Columbus, says director
of sales Wavne Traetow, because designers added an oper-
ational amplifier to the output of a Hall-etfect probe for
measuring power. The result is a probe whose output
current is almost completely independent of load condi-
tions, This is important. says Tractow, 1o power companies
that are increasingly turning to computer control fElec-
tronics. July 5. p. 79] The constant-current pmhg drives
am control svstem without the need for interface circuitry.

The Llrgnl producer of Hall generators is F.W. Bell
Inc.. also in Columbus. Although il‘s not doing any work
in the monolithic area. Bell plans to announce a small
Hall-etTect circnit of its own. A beam-lead hybrid unit. the
new circuit is contained on a 400-by-500-mil substrate. It
has a thin film Hall generator connected through a resist-
ive network to a monolithic amplifier. Bell will offer the
circuit as either a switch or an analog device. On a design
basis. the onlv difference between the two is an extra feed-
back loop in the analog version. —Owen Doyle

analog tapes. This could be done just by replacing the
Schmitt trigger with a differential amplifier.

Hall-effect pickups have a higher inherent bandwidth
than conventional playback heads. Theoretically. they
can operate from dc to somewhere in the gigahertz re-
gion. The limiting factor is building monolithic ampli-
fiers with matching bandwidth. Nevertheless. Hall-ef-
fect pickups capable of covering the audio range
probably will be available within a year: they’ll be able
to give full-range record and playback capabilities in-
stantly without the degradation that occurs while the
tape drive reaches operating speed. The goal afier that
is pickups for video recorders.

Other potential uses for Hall-effect 1Cs are as angular
position and velocity sensors, such as shaft-angle en-
coders and tachometers. One specific application for
Hall-effect 1Cs is as wheel-speed sensors in antiskid
braking systems. Wheel speed could be determined by
placing a fixed magnet around the circumference of a
notched wheel and then counting the interruptions in
the flux path to a Hall-effect IC in a given time.

Since Hall generators are multipliers, linear Hall-
effect 1Cs should find use in portable wattmeters.

The possibilities for new types of circuits are encour-
aging. For example, adding a flip-flop could permit
latching of the output. This type of I1C would be partic-
ularly useful in sensing overload conditions. and shut-
ting down a system and keeping it that way until reset.
A coil put in series with a load to be monitored would
produce a magnetic field. activating a trigger that would
shut down the svstem in the event of an overload.
Moreover. adding a timing circuit would allow an over-
load condition to exist for a predetermined time. |
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EE union: which side are you on?

Here’s your chance to review the issues and vote on whether
or not engineers should form a national organization

0] Never before have electronic engineers taken such
intense interest in unions and associations. But then
never before have layoffs, inflation, and the apparent
start of an era of lean engineering staffs, made job se-
curity such a burning issue among EEs.

Will a national union or association provide job se-
curity, portable pensions, seniority, retraining, and
placement? The answer to this question has suddenly
become controversial, more so than any technical de-
bate of recent times.

Even the word “union” tends to make management-
level engineers wince. Yet EEs, whether at the bench or
pounding the streets for a job, are saying, “Why not?”
Panacea or Pandora’s box, the issue has created clearcut
divisions. There is even dissension among unionists as
to how engineers should organize—should it be along
tradeworker lines or as an association? The trade group
says that an association won’t organize its members on a
uniform, national scale and so will be ineffectual. Asso-
ciation spokesmen retort that a blue-collar type organi-
zation will never be able to attract significant numbers
of engineers.

Because this issue has become a hot one, the pros and
cons for a national organization are presented here in
the way two debaters would present their cases. Neither
side allows much middle ground on this subject.

Here are the arguments and a questionnaire that will
enable you to choose between them and also comment
on the impact a national organization would have on
the EE’s career.

Simply check your selections on the ballot, clip out,
and mail, no later than Aug. 16, 1971, to

Editor, Code U,
Electronics
330 W.42nd Street
New York, N. Y. 10036

Please feel free to amplify on your position with addi-
tional comments.

Results of this questionnaire will be reported in Elec-
tronics soon after the August 16 deadline. So, in the
words of an old union organization song,

“Which side are you on?”

THE PRO-UNION ARGUMENT

The recent spate of layoffs throughout the electronics
industry has taught everyone a lesson—it’s time to orga-
nize in order to prevent rampant disregard of the engi-
neer’s livelihood and to insure that those out of work
will not be cast adrift indefinitely.

To reach this goal, engineers need a strong national
union geared to protecting their interests. An organiza-
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tion of this nature would offer tangible benefits finan-
cially and professionally to all engineers, whether the
business barometer reads fair or foul.

Specifically, the engineer who joins the proposed na-
tional union gains:
= Guaranteed job security negotiated by his bargaining
representatives and backed up by the combined weight
of all members.
= A portable pension plan, recognized by every em-
ployer, which provides an income beyond Social Secur-
ity after retirement.
= Career planning made easier by the national union’s
placement program.
= Immunity from arbitrary or precipitous layoffs when a
company loses a big contract or the Government cuts
back funding. Severance pay or notice of separation
would be guaranteed.
= Continuous education organized for the EE’s benefit
and sponsored by union dues. A national union would
have a stake in keeping its members employed, since an
out-of-work engineer is not a very active union partici-
pant.
= Lobbying activity in Washington to get job security
legislation for engineers and Government funds for re-
training educationally obsolete EEs. Engineers are one
of the few large groups of Americans who do not have
an active voice in Washington promoting their interests.
With a union, it can be done.
= Potential for a truly effective dual design-or-manage-
ment promotion ladder, so that an engineer does not
have to cross over from solving technical problems to
managing personnel simply to increase his salary.

The days of the rugged individualist engineer are
over, as many EEs now out of work have found.
Throughout the sixties, each engineer who got fed up
with a job in a sense organized his own one-man strike—
he went to a headhunter and asked for another position
at 10% better pay. It was simple, but he left behind the
job condition that caused him to move, and didn’t at-
tempt to change it. Another EE filled that position and
repeated the same cycle. Now all of this job hopping
has come home to roost on the older engineers—no se-
curity, no pension, no job, no prospects.

The answer is clearly to organize a national union to
put muscle behind the engineer’s brain.

THE ANTI-UNION ARGUMENT

Engineers are first and always professionals. That BEE
or equivalent degree sets him apart from nonprofes-
sional employees in outlook, career interests, and edu-
cational demands. The degree also sets the EE apart in
the employment problems he needs to solve. Whatever
else they are, engineers are not Molly Maguires.

Not only are they uncomfortable in any union orga-
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nization, but there are-good, practical reasons not to put
together a national group made up of small locals each
dealing with a different company.

Specifically. engineers should avoid a national union
because it would:
s Discourage individualism. Unions are all for all, not
all for one, because it’s the only way to make these or-
ganizations work. The individual member has to modify
his personal interests for the good of the whole.
o Limit career flexibility. Instead of mapping his own
future as any professional would do, the engineer turns
over important job negotiation to others. This typecasts
the individual who might be able to spot more opportu-
nities if he dealt directly with his employers.
Cut off the management ladder. It will be a rare comn-
pany indeed that’s going to promote a union member
into the management structure if it is possible to avoid
doing so by hiring somebody else. There is also a subtle
gulf between the union EE trying to work with a non-
union engineering department manager.
» Force counterproductive action. A union’s main

Use this ballot to record how you feel about the con-
troversial issues surrounding organization of a national
engineers’ union or association. After you have com-
pleted your entry, mail it to the address above. If you
need more space for comments, attach an additional
sheet. You may sign the ballot or not, as you please,
since all quotes will be kept strictly anonymous.

The deadline for this ballot is August 16, 1971.
O 1. I favor organization of a national trade union of
engineers.
Reasons S _

Go to question 4
O 2. I favor organization of a new, professional associ-
ation for engineers similar to the American Medical As-
sociation

Reasons - S — S -

Go to guestion 5

O 3. 1 am against formation of a trade union or associ-
ation.

Reasons S — .

Complete information on your job below.

4. If organized. a trade union should: (number items 1
to 6 in order of importance)

O (a) Negotiate wages and employee benefits.

0O (b) Set minimum and maximum salary brackets
based on job categories and seniority.
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weapon against recalcitrant management is the strike.
Engineers are not ready to go on strike nationally. And
what about honoring the picket lines of blue-collar
unions which may be on strike for other issues? And will
the other unions be ready to do the same for the profes-
sional engineers? While mulling over these superfluous
questions. the EE’s real interest— solving a problem, de-
signing a product—is going down the drain at a crippled
company.
= Work no better than before. The national engineering
union proposal is not new. The most telling argument
against such an organization is that previous attempts
were unsuccessful. In addition, how good were the local,
one-company engineering unions in keeping the rank
and file happy during the current layoffs? No one’s go-
ing to hop on a dead horse at this stage of the game.
The only reason that union organization is an issue
now is that engineers are being hurt economically. But
to conclude that lack of a union caused the problem is a
delusion. The real source of all the trouble was that en-
gineers were not professional enough.

O (c) Insure seniority and job tenure,

O (d) Promote a portable pension plan.

O (e) Establish continuous education programs spon-
sored by union dues.

O (f) Set up formal grievance procedures for EEs dis-
satisfied with a management decision.

5. Instead of belonging to a union, engineers should or-
ganize a new professional association like the AMA to:
(number items 1-8 in order of importance)

O (a) Permit negotiation of individual contracts with
employers on a project basis or annually.

O (b) Require national licensing of practicing engi-
neers.

O (¢) Require that all design drawings be signed by the
licensed engineer responsible for their creation.

O (d) Establish apprenticeship or internship periods
for beginning engineers before they are licensed.

O (e) Set up quotas on the number of engineers that
can be licensed in a given year.

O (f) Work with universities to establish education
standards and quotas for engineers.

O (g) Sponsor a national advertising campaign to in-
form the public of the challenges of engineering and its
contributions to society.

O (h) Lobby in Washington for engineering job ben-
efits.

6. The IEEE should take the lead in organizing an engi-
neers’ association. Yes _No____

Comments . . _

Title and function

Highest degree - -
Total years of engineering
Your company’s (or division’s) main products

Age

City State
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Tear out this ad and show it to some of the boys in your lab. It's an offer you can't pass up.

[8)]
N

THE
GREAT

DEAL

OUR OFFER: we'll send you your choice of any of our standard data conversion modules absolutely
free —for a 30-day evaluation. Check your DAC's performance and compare competitive prices. In that way you'll
learn some eye-opening iacts about the new Philbrick and its ever-growing capabilities. Then, 30 days after you've
plugged our D/A or A/D converter in your system we'll contact you. When we learn ycu like it, we'll apply the
cost of your evaluation unit against your initial order — at the same discount price you earn through quantity
purchases. If it doesn't perform to spec, return it. No questions asked . .. no hassle. One outstanding thing you'll
discover when you plug in a Philbrick DAC is that it was “human engineered.” Pins and bits are in sequential order.
You get DIP pin compatibility. Features include < # 0.002%/ % AVs power supply rejection ratio, unequalled
temperature stability and buffered input to reduce sink current. Eight standard models with 8 to 14 bit resolution.
Custom D/A and A/D's? You bet! We can produce hundreds of customer specified DAC's usually within four

weeks on OEM quantity crders. And Philbrick DAC's e ;225@4023 PHILBRICK 4103, 4104 AND 4105

are low-priced, too. From our general purpose DAC's £ sé 10-8IT HIGH PERFORMANCE 17-70-%8,

to the highly sophisticated deglitched models like a Gﬁx%_ —/470—-;‘0: NVERWS:/EEAL‘FOR/I

14-bit binary #1/2 LSB, deglitched output of <10 u};/’af/'rﬁ‘f Z L&%Sg%’w HIGH SPEED CONVERSION OF <304 sec.
mV p-p and <200 nsec update rate. You get the EXMB'/Z%,M;";G‘I%ZZ CURRENT é/ENfAK’TY OF X 12 LSB. BOTH

RIAL AND ARRALLE; aZe
best price/performance rctio. Philbrick power mod- 400/;;“ UT 15 0 T0 +ZmA- THE4013 AVAILABLE. AL é,éﬁ/g/?gaﬁ/u

ules insure optimum performance and guarantee VOLTAGE OUTPUT /S ZERD 70-10Y DR/FT&%&”;%K‘ZOP m/0C).
4 NG «

- . D UNIPOLAR
dependability. To help select your free trial Bortt C‘g’gsg)?rfERNAL Low DIIE LA,

evaluation module, send fer our data packet con- OIZCOB,(/A/EC'HONS. PRICES Aﬁ/E/TS i 72817 IN
taining all the details on Philbrick Data Conversion $27 AND £29 IV S/NGLf u ’ A \

Modules. Contact your local field engineer or write

el \ ~ S g 7 |
Teledyne Philbrick, Allied Drive at Route 128, ST N (,\q_vzg? > L
Dedham, Mass. 02026. TWX: (7103 348-6726. \._f“(é\tfw‘; \ TS L
TELEX: 92-4438. Cable: TELEPHIL. \ A"

FOR ROUND-THE-CLOCK
TOLL-FREE READY DATA
DIAL 800-225-7883

e et ot v e o e PN TELEDYNE PHILBRICK

DATA CONVERSION

i
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Programs in Getel speak

English-based language and translator can be applied to automatic
test equipment, making it easy for engineers and technicians
to write in new routines and check out program parameters

by Gene Kierce, General Electric Co., Schenectady. N.Y

(] Because each computer-controlled test system must
be addressed in its own language, only the operators
have had the opportunity to become fluent in those lan-
guages. As a result, many engineers with product qual-
ity responsibilities have not been able to casily check
what parameters actually were being measured. Such
difficulties have even spread to the equipment trouble-
shooters, who had to figure out what the test equipment

was testing before they could even begin the task of

finding out what was wrong with the equipment under
test.

To solve such problems, test equipment engineers
from 15 different departments at General Electric Co.
joined forces to develop a single language and a trans-
lator that applies it to any piece of automatic test gear.
An added bonus is that the language. Getel (for general
test engineer language, pronounced jee-tell)., is based on
English, so that an operator needs little formal training
and almost anyone else can understand what's actually
being tested.

Experience with the language has shown that tech-
nicians and engineers can learn to read and understand
a Getel program in anywhere from a few minutes to a
couple of hours and can be programing proficiently in
less than a week. The use of English also allows even a
typist to correct many spelling and programing errors,
and troubleshooters can use the source listing as a
checkout routine.

Getel is now in wide use in many General Electric
plants, furnishing inputs to a wide range of systems
such as the GE-MAC tester controlled by a GE-PAC 30
controller, the Hewlett-Packard rf tester, the tape-
driven Systomation Fixit tester for checking wiring, and
the tape-driven Texas Instruments TI553 integrated-cir-
cuit tester.

Mini-translator. Although English is the most conve-
nient language for an operator, it is difficult to translate
into a useful format for controlling machines. Origi-
nally, the plan was to develop a large central software
translator to process Getel. The translator was to pro-
duce an intermediate language that could be processed
by a smaller machine, which in turn would control a
specific instrument. However. the !anguage and the
translator became larger and larger as the development
went on, so that only the largest computers could be
used to process the translation program. Although this
software translator has actually been designed (and
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named Mark III), it is not actually in use. Rather, a
smaller translator, the Mark L. is in regular use, since it
can fit into a minicomputer with an 8,192-word
memory.

The Mark 1 can translate from Getel into any lan-
gauge that the user desires. In the case of the GE-PAC
30-GE-MAC test system, the Getel compiler translates
test statements directly into GE-PAC 30 assembly code.

A medium-size translator. the Mark 11, has also been
developed. It can fit into a 16,384-word machine. and is
mounted in a computer, but has not yet been used at GE
because the Mark I has been able to serve all the users’
needs to this time.

Filling the blanks. The Mark I's translation from Ge-
tel into a tester’s language is performed with a tem-
plate-type approach. The Getel statement is considered
to have a fixed portion that corresponds directly with a
statement in the translated language, and a variable
portion, which contains the specific numbers relating to
the test at hand. For example in the statement

100 SET 'L1’ TO 50 OHMS
the value for the load, 50. is a variable. The remainder
of the statement is fixed and thus, if the variable part is
deleted. the statement appears with a hole in this place
(denoted by an asterisk) and thus can be considered to
be a template.

100 SET ‘L1’ TO * OHMS

Such templates are part of the automatic test equip-
ment (ATE) conversion table. which is composed by a
test engineer for cach particular automatic test system.
The ATE table thus relates Getel to a particular test sys-
tem, requiring only the specific numbers to fill the holes
and thus complete an instruction to the automatic test
system in its own language. For example, the corre-
sponding statement in GE-PAC 30 assembly code for the
above term, as might be required for the GE-MAC test
systems would be

LHI RE.2

BAL RF, MONITR
B* +8

DC A(Z99999)

*

* *

799999 DC 50

The statement in Getel is called a source statement
and the translated form is called the object statcment.
Once the templates have been created for the ATE con-
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version table, any engineer can write programs in Getel
without concerning himself with the details of the par-
ticular automatic test equipment that will perform the
tests. However, note that not all Getel statements will
have holes—many will be control-type statements that
have direct counterparts in the object language that
controls the tester.

Getel is based on a logical assignment of tasks to man
and the computer, taking advantage of the capabilities
of each. The early steps of carrying out a test program
either are creative or require decision-making ability
that is best performed by a man, while the later steps
are best assigned to the computer, since it can store and
retrieve data without error. To demonstrate the assign-
ment of tasks, here are the typical steps in the process of
performing a test.

After getting together all the necessary prints, sche-
matics, and specifications the test operator must estab-
lish parametric requirements for the unit to be tested.
This is best done by a man at present. since he can eval-
uate the circuit performance and thus set limits on the
various parameters to be tested. However, some design
automation programs are closing the gap since they can
be designed with a capability to analyze the circuit and
relate certain internal parameters to input-output re-
quirements.

Next, the operator must determine the best test se-
quence, taking into account the likelihood of failure for
each test and the relative importance of each test in
meeting the specifications. The next step is to determine
what actions must be taken based on the results of the
test.

1. Easy reading. Test routine for simple inverter circuit is written as instructions for manual test (left column), and also in programing lan-
guages for four different testers. Getel program for same test is at right. Note close correspondence between Getel terminology and instruc-
tions for manual test that would be performed by a technician at the test bench.

CIRCUIT INPUT REQUIREMENTS :

+12 volts dc on pin 8
—12 volts dc on pin 9
Ground on pin 7

Logical 1: +6.1 volts dc } in6
Logical 0: +0.0 volts dc P

CIRCUIT QUTPUT REQUIREMENTS :

Unloaded output, pin 16
Logical 0, or ‘down level’

High limit: +0.5 volts dc

Low limit: +0.0 volts dc } 12 ma.

Logical 1, or ‘up level’

1.0 Test 1

Apply 12 volts dc
to pin 8 reference
to pin 7.

Apply —12 volts dc
to pin 9 reference
to pin 7.

Apply 12 ma dc
to pin 16 reference
to pin 7.

Apply 6.1 volts dc
to pin 6 reference
to pin 7.

Measure output dc
voltage on pin 16
reference to pin 7.

Compare output dc
voltage against high
limit —0.5 volts dc
~and low limit—0
volts dc.

Record the value
if it fails,

A: AAI Model 1000 IC tester;
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01
02
03
04
05
06
07
08

@TEST NO. 01@
FB +12.00, TB0O8
FC -12.00, TB09
TGO7

FE +012.0, TE16
FD +06.10, TD0O6

MV16/H +0.5v/L +0.0v

PFC

B: Tl 553 IC tester;

TIDOO1

BV11200
BC1PL2
w1001

BV21200
BC2NL2
w1102

w0911
BIX03M1200

BV X03M1200

BV30610
BC3PL2
w0703

W201403
MTRSVPOR

MAXPO0O50P0O

MINPOOOOPO
RIU4

High limit: +12.0 volts dc
Low limit: +11.,3 volts dc

980000040001
010120850800
021120850800
034120807800
040610704800
100000047120
110000030000
221600000000
214000070000
202050000000

C: Fairchild Model 5000;

}Oma.

04 100 Test 1

10
20 110 Apply 12.0VDC
31 to ‘pin 8’
08

120 Apply —12.0VDC
20 to ‘pin 9°
88
39 130 Apply 12.0 MADC
20 to 'pin 16’
89

39 140 Measure ‘DC
voltage’,10£.1%

20

87 150 VDC at ’'pin 16’

39

160 Record ‘result’
24
81 170 Compare ‘result’
34 t0'0.5, ‘0.0’
21 goto ‘HIGHM’,
% ‘LowMm’
31
24 180 Perform Test 2
B 190 HIGH; MESSAGE
20 TEST1 FAILED
96 Hi
33

200 LOWM; MESSAGE

TEST1 FAILED
LO

D: GE-PAC 200 controller
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2. Test run. At GE, test engineers use the Mark if time-sharing system to prepare Getel programs. After accessing the system, Getel is com-
piled with the Mark | translator prograr (Getal MI). In this example, Getel is translatea to Fortran for use on the Hewlett-Packard rf tester. The
output of the system is a tape to be inserted in the tester to control the actuai test.

TEST ENGINEER
DESIGNS TEST

GETEL LANGUAGE
REF. MANUAL

1. GETEL
PROGRAM
WRITTEN
FOR
SPECIFIC
PIECE OF
HARDWARE

2. ACCESS-MARK Il TIME-SHARING

OIAL MARK i GIVE USER NUMBER,

GETEL MARK |

TIME-SHARE
TELEPHONE NO.

SYSTEM AND GETEL
PROGRAM NAME

USERS MANUAL

TEST ENGINEER
WRITES TEST
PROCEOURE IN
GETEL

PUT GETEL TAPE IN
TELETYPEWRITER
READER AND PRESS
RUN

PROGRAM
PUNCHED ON
PAPER TAPE

CREATE FILE
FOR OUTPUT

ACCESS GETEL
MARK Il COMPILER

ANO RUN
3. COMPILE

USING

GETEL

MARK |
GIVE OUTPUT
FILE NAME

GIVE ATE
TABLE NAME

GIVE GETEL TEST
PROCRAM NAME

ATE TABLE WAS WRITTEN ANO
PUT IN TIME-SHARE SYSTEM
AT AN EARLIER TIME

TELL WHETHER LINE

NUMBERS WANTEQ - Ny

COMPLETE

TURN TELETYPE-
WRITER PUNCH

ON OUTPUT

ON

LIST OUTPUT FILE
AND GET OBJECT
TAPE

SIMULTANEOUSLY
GET OBJECT
LISTING

TAPE READY
TQ BE RUN

N DUR CASE THIS
QUTPUT TAPE IS IN
FORTRAN

TAPE MUST
BE COMPILEO
ON COMPUTER
IN ATE

ATE
COMPUTER
CONTROL
?

4. LIST GETEL MARK | QUTPUT AND
CONTINUE IF NECESSARY

5. OBTAIN
ABSOLUTE
BINARY TAPE
BY FORTRAN
COMPILATION

LOAD HEWLETT-
PACKARD FORTRAN
COMPILER FROM
MAGNETIC TAPE

SELECT
QUTPUT
OPTIONS

PUT FORTR
PROGRAM |
PHOTOREA

LOAD ADORESS
OF BASIC
CONTROL SYSTEM
AND PRESS RUN

SELECT
ouTPUT
OPTIONS

LIBRARY ROUTINES
FROM MAGNETIC TAPE

OPTIONAL
ASSEMBLY
LISTING

AN LOAD ADORESS OF
N FORTRAN START

ANO PRESS RUN BINARY TAPE

DiR

RELOCATABLE

LOAD HEWLETT-
PACKAROD BASIC
CONTROL SYSTEM
FROM MAGNETIC
TAPE

€. LOADPROGRAM

LOAD ABSCLUTE
BiINARY TAPE IN
HEWLETT-PACKARD
COMPILER

ABSOLUTE
BINARY
TAPE

AND TEST HARDWARE

HAROWARE
GETS TESTEC

LOAO ADDRESS
OF ABSOLUTE
BINARY TAPE
ANO RUN

HOOK UP
HAROWARE TO
BE TESTED
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Likewisc. the operator is best able to decide how
much data is enough and how best to control the oper-

ator displays. He also can explore other possible ways of

p‘.rtormm" the test. if he decides that the test station
cannot do it.

However. after this. the computer can take over. The
computer can be instructed about what equipment is
available and what its capabilities are. From this instru-
ment pool, the computer can choose the instruments,
since it can even keep track of which instruments are in
use on other tests and which instruments are available
for this test.

The computer can then translate the instructions into
machine code to operate the instruments, using look-up
tables. This is one step that a man performs poorly it is
an unthinking task and errors often creep in. Also. the
translation of these machine codes back into English to
see if any crrors have been introduced is unnecessary
with the computer. The machine can also optimize test
time by checking the machine code for duplications.
Thus. with Getel, the user can describe the parameter o
be tested and the computer will select the instrument
for the job.

Test instrumentation  falls into three categories:
sources  (power supplies, signal generators): sensors

(digital voltmeters. electronic counters); and loads (re-
sistors. capacitors, inductors). To control such instru-
ments, the operator uses as statements simple impera-
tive sentences containing verbs that are commonly used
by test engineers. Prghx‘..s. suffixes. and units abbrevia-
tions for Getel are taken from 1FEE standards and Gov-
ernment documents.

The user also can define synonyms and insert stan-
dard routines into the body of the program to compose
new complex test functions based on groups of simple
test functions,

As an example of how Getel differs from languages
used in the automatic testers. consider a tvpical inverter
cireuit that is common enough to be tested practically
on anv of several tvpes of automatic testers. The test
will be programed in each of several languages and also
in Getel. (The actual meaning of each command in the
languages is not really important for this discussion —the
example is presented only to illustrate complexities.)

Testing. To test the inverter. appropriate supply volt-
ages must be applied along with a certain signal level o
the input. Then the output must be measured and com-
pared with the design value. and the output must be re-
corded if the inverter fails the test.

The circuit is shown in Fig. 1. along with a set of test
instructions written for interpretation by a technician
actually doing manual testing. The instructions in the
column for tester A—aar Corp.s model 1000, a popular
integrated circuit tester—are almost self-evident. This
tester uses a pseudo-variable-field technical programing
language. in which the alphabetic terms are used: ¢B
means fix bias supply B. and TB means tie (connect) bias
supply B. but still an engineer might find it difficult to
interpret the instructions with certainty unless he ac-
tually knew the language.

Tester B. 11's 553, also uses some alphabetic charac-
ters. but Tester C. Fairchild’s model 5000, uses numeric
code only. as does Tester D, the GE-PAC 200 controller.
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In many cases. single instructions for the manual test
must be expanded into several subinstructions for the
automatic tester.

In Getel. there is little difference between the instruc-
tions for manual test and the instructions for automatic
testing. Only line numbers have been added and all la-
bels have been apostrophized.

Most users at General Electric access Getel through
GE's Mark Il time-sharing svstem (the Mark Il in this
case bears no relationship to the presently unused Mark
Il translator for Getel: the rcdundancy occurred be-
cause of the assignment of the name Mark 111 to the
large translator, and this term propagated through later
versions of Getel translators).

Step by step. Before the test engineer signs onto the
Mark II system. he familiarizes himself with the unit to
be tested and designs the test. He then converts the test
instructions to a Getel program. The Getel program
then is punched on paper tape in ASClI (American Stan-
dard Code for Information Interchange). and then the
engineer dials the GE Mark I1 system on a telephone
hooked up to a teletypewriter. as shown in the diagram
in Fig. 2

Upon request from the time-sharing system. he gives
his user number to identify himself as a qualified user,
and the system then queries him on which of the two
available languages—Basic or Fortran -he wants to use.
Since the Mark I translator is written in Fortran. he re-
sponds with that selection. He then gives a name to his
Getel program and enters the paper tape into the tele-
typewriter reader for insertion in the time-sharing
memory. He then creates a file in the time-sharing sys-
tem in which the translated program (the ob]ul pro-
gram) will be stored.

After telling the system that he wishes to use the Ge-
tel Mark I program. he goces through some bookkeeping
steps with the teletypewriter, loads in the proper ATt
conversion table. and the system then delivers a
punched tape of the object program for use on the au-
tomatic test system that he intends to use. This tape can
then either be processed further on the test system’s
computer or the test can be run directly from the tape,
depending on the tester in use, ]

Anyone can use Getel

Getel is available to users outside General Electric. It
has been put on GE's Network Service, a time-sharing
service centered in Cleveland. Remote concentrators in
Los Angeles. Kansas Citv. Atlanta. Teaneck. N.J..
Schenectady, N.Y . and Washington, D.C.. link the cen-
tral computer complex—which comprises a GE-635 cen-
tral processor. a GE-4020 communications processor.
and a disk file complex--to remote buffer units in major
metropolitan cities. Customers can gain access to the
svstem with a local phone call. Overseas. the network
can be used in such cities as Amersfoort. Brussels. Lon-
don. Manchester, Birmingham. and Paris. In the west-
ern hemisphere, outside the continental United States,
the network can be dialed from remote units in such
cities as Mexico City. San Juan, Montreal. Toronto,
Vancouver. and Anchorage.
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OPERATIONS

APPLY
CALCULATE
CLEAR
COMPARE
COMPLETED
CONNECT
CONTINUE
DEFINE
DELAY
DISCONNECT
END
EXECUTE
EXTERNAL
GOTO

IF GOTO
IF-PERFORM
INSERT

LET
MEASURE
NOTE
PAUSE
PERFORM
PROCEDURE
READ
RECORD
RESERVE
RESET
ROUTINE
ROUTINE END
SELECT
SENSE
SHARE
TEST

TITLE
TURNOFF
TURNON
USE

GETEL VOCABULARY

SQUARE WAVE

BW

IMP
PHASEJITTER
RT

FT

TIME ASYM
OVERSHOOT
UNDERSHOOT
PRESHOOT
DROOP
RINGING
ROUNDING
DC OFFSET

TRIANGULAR Q«/E

FREQ

BW

IMP

PHASE JITTER
NONLIM

TIME ASYM
PEAK -DEGEN
DC-OFFSET

MODUL-AMPTD
CARR-AMPTD
CARR-FREQ
HARMONICS
NONHARMONICS
NOISE
PHASE-UITTER

MULTIPLIERS

P (102
N (109
U (10 8
M (10 %)
K (103)
MEG (10%)
G (10%)

ZERO MAG
ONE MAG
RT

FT

NOISE
FREQ
SKEW TIME

TIME INTERVAL

TIME

SEC

MIN

HR

START

STOP

TRIG

FIRST POS SLOPE
FIRST NEG SLOPE
CHANNEL A

AAC
AMP AC
AMPS AC

ACC
AMP DC
ANPS DC

VAC
VOLT AC
VOLTS AC

vDC
VOLT DC
VOLTS DC

WATT
WATTS

ASEC
AMP SEC
AMPS/SEC

DB
DEG
DEG C
DEGF
DEG-K
DEG-R
FD
HY

HZ
HERTZ

HR

OHM

PCT

PPS

RAD

REV

SEC
S-PARAMETERS
V/HZ

POWER
CUR-LIM
VOLT-LIM

LMP

RIPPLE
RIPPLE-FREQ
NOISE
DISTORTION
CUR MONITOR
VOLT MONITOR

FM SIGNAL

FM-INDEX
CARR-FREQ
MODUL-FREQ
HARMONIC DIST
NONHARMONIC DIST
AMPTD-MODUL
MODUL -DIST

NOISE

TRMS (true rrns)
AU (average)

PP {peak-to-peak)
P {peak)
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Designer’'s casebook

Light-emitting diode pair
forms null indicator

by Michael H. Loughnane
Temple University. School of Medicine, Philadelphia, Pa.

Visual indication of a null voltage to +0.2 millivolt can
easily be accomplished by using light-emitting diodes in
the feedback loop of an operational amplifier. When
both LEDs are dark. the input voltage is approximately
0. indicating a null.

Differential amplifier A, provides a single-ended,
low-impedance output for driving A., which functions
as a zero-crossing detector. When A;’s output is be-

tween +1.4 v (the forward-voltage drop of the LEDs),
the amplifier operates with essentially open-loop gain.

With a negative input voltage (e, less than 0 V) ap-
plied to A.. only diode D, conducts (lights); with a posi-
tive input (e, greater than 0 V), only D, will light. As e,
approaches 0 v (null), the current through the conduct-
ing diode decreases and both LEDs appear dark, even
though one is really in a clamped state.

Both brightness and width of the null band are con-
trolled by the sensitivity switch. When 500 ohms is se-
lected. the input voltage can be nulled with a repeat-
ability of about +2 mv in ambient light. Switching to
50 ohms improves repeatability to +0.2 mv. Even bet-
ter sensitivity can be achieved if the LEDs are shielded
from ambient light.

Total parts cost is approximately $10. The trimmers
allow amplifier offset voltage to be zeroed out.

LED null indicator. Two-ampilifier circuit uses light-emitting diodes to pinpoint null voltages within + 0.2 mv under normal lighting conditions.
Amplifier A, supplies proper driving signal for zero-crossing detector A,. For negative inputs to A.. D, lights; for positive inputs, D. lights. When
a null is reached both Leps are dark. Measurement sensitivity depends on position of switch at input of A..

“@; MOTOROLA
LIGHT EMITTING DIODES </" ~1 MLE D600

SENSITIVITY
250k A SWITCH
ANN- D “
2
50.n N
—A——
50k n
— AN - e .-
Ay ¢ v ,,A A,
e, MOTOROLA I MOTOROLA
MC1741C MC1741C
50k n. |
" |
ZERO & = Se, ZERO
250k N TRIM | TRIM
v _L v
VISUAL INDICATION NULL SENSITIVITY
e, OV ’ e OV | e OV SWITCH NULL
; RESISTANCE ACCURACY
D -
! o e 50 OHMS L 0.2mv
1
D | L4 J o 500 OHMS C2mv
1 1
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Widerange multivibrator
costs just 25¢ to build

by Michael Faiman
Unversity ot lilinors. Urbana, .

A simple astable multivibrator can be made from one-
half an inexpensive integrated circuit, a load resistor,
and a single timing capacitor—bringing total parts cost
to about 25 cents. The circuit (a) never fails to start and
can generate frequencies from under | hertz to over sev-
eral megahertz. Its on-to-oft-time ratio is almost unity
and is unaffected by the value of the capacitor.

The multivibrator employs a TTL hex inverter with
open-collector outputs (a type 7405. for example). To
understand circuit operation. look inside the integrated
circuit: (b) shows Q, as the output transistor of inverter
I, and Q. as the input transistor of inverter 1.,

Suppose that node b is low so that node ¢ is high. Q,
is in saturation. and node a is clamped at V. (about
0.2 volt). The voltage at node b rises exponentially
towards Ve - V. with the time constant R,C. When
node b reaches the threshold voltage (Vy, about 1.4 v)
required to switch Q.. node ¢ goes low. turning off Q..

Current through R.. which was flowing into Q, via
the emitter of Q.. can now pass only into the base of Q,
and the left side of capacitor C. Transistors Q, and Q
turn on. causing the voltage at node a to jump to Vo,
This voltage step is transmitted through the capacitor to

node b, which rises to the potential 2V - Vi,

Transistors Q.. Q,. and Q. now behave like an oper-
ational amplifier. Although Q, and Q, are on, they are
not saturated. Aside from a small base current into Q..
most of the current through R, flows into C and Q. via
the emitter of Q...

If this current increases. the voltage at node a drops,
reducing the base drive at Q.. which tends to turn off
both Q, and Q.. Since less current can pass from C into
Q.. the voltage at node a goes up. A similar process oc-
curs if the voltage at node a rises, since it is clamped at
V. by negative feedback through capacitor C.

The capacitor receives a constant current from R..
which causes the voltage at node b to fall linearly.
When it reaches V. Q. switches back to its former state,
node ¢ goes high. and Q, saturates. Also, the voltage at
nodes a and b snaps back down to V.. and the cycle is
complete. The node waveforms are shown in (c).

Circuit on time (t,,) and off time (t.;) are easily ob-
tained by neglecting the switching times of the individ-
ual transistors and Q,’s base current when it is on:

L, = RC In[(Vee-Vue-Vaur )/ (Ver=Vi-Vq)]

= R:C(V'r‘vs\'r)/(vwv Vis—Va)

Nominal circuit values of R, = R.. Ve = SV. Ve =
0.8V, Vayr = 02 V.and V; = 1.4 v yield an on-to-off-
time ratio of t,, st,; approximately equals 0.83 or 5/6.

If equal on and off times are needed. t,; may be re-
duced. without affecting t,,.. by connecting a suitable re-
sistor (about 26 kilohms when R, = R. = 4 kilohms)
between node a and V... Capacitor values range from
300 microfarads to 300 picofarads for output fre-
quencies from | Hz to | MHz.

Inexpensive multi. Three inverters. a resistor, and a capacitor make up this 25-cent multivibrator. With Q, saturated. node b is low and node
¢ is high. Voltage at b then increases exponentially until Q. switches. so that node ¢ goes low and Q, turns off. R, then celivers constant cur-
rent to capacitor C. making voitage at b decrease linearly until Q. switches again. Node c is now high and Q, saturated

Vee
Va
Rioao
a b c Vr
OUTPUT v
L o & Vsar
L e t
Vo A EXPONENTIAL
\ 2Vt — Vsat
{a) LOW-COST MULTIVIBRATOR 2
4 J Vr
LINEAR
B o Vsar
L e
Vee -- - — --- Ve t
4k A V.
Vee
- M1, — Pt — Lot >
= — > Vsar
= c - = .

JI
1T

{b} AN INSIDE LOOK
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IC frequency doubler
runs at logic speed

by C.H. Doeller lll and Aaron Mall
Bendix Corp., Baltimore, Md.

Two integrated circuits can serve as a digital frequency
doubler that can perform at the operating frequency of
the logic used. The frequency range of conventional
doublers usually is limited to about one decade because
they use discrete resistors and capacitors. But the circuit
shown successfully operates at frequencies as high as 10
megahertz over a temperature range of —55C to
+125 C.

When the input signal is at ground potential, the out-
puts of NAND gates G, and G, are positive, and the out-
put of NOR gate G, is grounded. If the input signal tran-
sition is positive, the output of G, goes low and forces
G,’s output to become high a gate delay later.

With two positive inputs to G,, its output goes to

ground. The output of G, becomes positive, resulting in
a sharp negative-going pulse that is applied to output
NOR gate G,. Circuit output is a positive-going spike.

Gate G, follows the input signal and drives inverters
I, and I,. These delay the input-pulse trailing edges by
the same gate delay as the leading (positive) edges.

The output of G, is an inverted, delayed version of
the input signal that is applied to NAND gate G, along
with the output of I,. This causes G, to produce a nega-
tive-going pulse at every negative transition of the input
signal.

Because the output of G, is applied to output NOR
gate G,, there is a positive-going output pulse at every
negative transition of the input pulse train. Input signal
frequency is doubled since G, contributes a sharp pulse
for every leading edge of the input, while G, gives an
identical pulse for every trailing edge.

Symmetry of the doubled signal is affected only by
the symmetry of the input waveform. The timing dia-
gram shows the output waveform for each gate.

Designer's casebook is a regular feature in Electronics. We invite readers 1o submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 tor each item pubtished

TYPE 9002

OR 5400
~

/ OR 5400

Q
9_‘

TYPE 9002

INPUT L
G )o
G, G, 2
’
INPUT
Gy

D> —

e LI I

Gs

OUTPUT

{Gq)

> ow e > w e W e

w = PULSE WIDTH - THREE GATE DELAYS
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Logic delay replaces RC network. Fre-
quency doubler eliminates need for RC tim-
ing components by using logic delay of its
two Ic packages. Leading and trailing edges
of input signal are detained one gate delay
by each logic element. Output NOR gate G,
accepts negative-going spike from G, for
each positive input transition and negative-
going spike from G, for each negative transi-
tion, so that input signal frequency is
doubled. Gate output waveforms are illus-
trated in timing diagram. Operating fre-
quency of doubler is limited only by speed of
logic used.
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PM 3210
$1350
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s
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POSITION

Best

price/
performance
ratio

25 MHz/1mV

15 pf input capacitance
No dc drift*

PHILIPS
ELECTRONIC

INSTRUMENTS

750 S FJLTON AVE, MT VEGNON N.Y 1055
A DIVISION QF PEF . INC
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For service application in production
testing, quality control, medical
research and computer servicing,
Philips’ new PM 3210 easily gives
you the best all around price
performance ratio of any scope
in its field: dual trace 25 MHz at 1 mV
sensitivity per channel ... dual delay
lines ... input impedance 1M §/15pf
.. X-Y displays with only 2° phase
shift fromOto 5 MHz ... 16
combinations
of vertical display modes

Easy to use

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

Easy to read

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

Easy to service
Plug-in circuit boards throughout

Easy to buy

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

Circle 61 onreader service card 61



Design curves simplify

amplifier analysis

Computer-calculated graphs bypass breadboarding normally needed in
first-approximation designs of wideband, communications amplifiers;

they cover gain response, impedance matching, and resistance sele

by Frank L. Egenstafer, raiadin Electronics, King of Prussia, Pa.

L) A few computer-calculated design curves take much
of the the tedium out of building a high-performance,
broad-band. communications amplifier. They yield an
accurate. first-approximation design, and obviate all the
breadboarding, testing, and trimming that have often
been needed before specifications could be met.

The amplifier that results uses two feedback paths for
optimum current and voltage gain stability. Moreover,
its gain response is flat over a wide frequency range,
and its input and output impedances are matched. And
although the plots are intended for a single-stage ampli-
fier. they can be applied to a cascaded configuration.

First. a look at two basic feedback circuits will be
helpful. Voltage-shunt feedback, as Fig. l(a) shows,
tends to lower both input and output impedance and to
stabilize current gain:

A, = R/R;,

Current-series feedback, as Fig. 1(b) shows, increases
input and output impedance, while stabilizing voltage
gain:

A, = R,/R;

Combining both types of feedback yields the ampli-
fier of Fig. 1(c), which is stabilized in current and volt-
age gain. For matched conditions (R = R,). the circuit
becomes a communications amplifier with a gain of

A = 2[nfiR; - (B+ DRL)/[2(B+ 1R, + (nf+ R,

+ (B+ DHR:R:/R, + Ry (hH
where f3 is transistor current gain and n is the trans-
former’s turns ratio.

This equation can be simplified because current and
voltage gain are equal under matched conditions. Let-
ting#= .n=l.and A, = A, yields

Ri* = RyRy (2)
Substituting Eq. 2 into Eq. 1:
A =2[nR; - (B+ 1) RO, B+ )R,

+ (nB+ DR, + (B+ DR, + Ry} 3)

Since a resistance of 75 ohms is a common value for
R.. R can be restricted to

Ri = R */Ry; = (75)*/Ry; = 5.625/R,
so that Eq. 3 can be plotted. The resulting curves (Fig.
2) show how amplifier gain changes with transistor beta
when n = 1. Branges from 3 to 21, and R,. is between 6
and 28 ohms.

Using transistor beta as a coordinate actually relates
amplifier gain to frequency since

B =1/f,
where f| is transistor unity-gain cutoff frequency, and f,,
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ction

is the frequency of interest. The curves terminate at f3
= 2L since amplifier gain varies only slightly beyond
this point.

Selecting specific values for Ry, and R, is rather diffi-
cult with these gain curves because of the beta para-
meter dependence. However. at low frequencies, both
beta variations and the distributed circuit capacitance
are negligible. A good approximation for the low-fre-
quency amplifier response can be obtained from Eq. 3
by letting B = . andn = I:

A= (RF"RI~‘.)/(RI.+RI‘I) 4

Plotting Egs. 2 and 4 yields the curves of Fig. 3. The
values of Ry and R, that are determined with Fig. 3
should be checked against those of Fig. 2 to ensure that
gain tilt will not be severe as frequency increases.

Besides amplifier gain. input and output impedence
are also important design factors. The general equation

1. Amplifier feedback. Voltage-shunt feedback (a) stabilizes current
gain so that A, = R,/R,. whereas current-series feedback (b) helps
voltage gain, A, = R, /R,. Combining the two (c) gives equa! gains

(A, = A)) under matched conditions (R, = R,)
} "
% RL

I

Re
M
4 Re
|
Rs %

{a) VOLTAGE-SHUNT FEEDBACK

Re
Rs

(b) CURRENT-SERIES FEEDBACK

'A%

Re ANSFORMER

n

R
1
|
|
|
l
R
| L

Fm======7

-

-

(c) COMBINED FEEDBACK
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{21.5 dB)

(18.5 dB)
(16 dB}

(14.4 dB}
(12.8 dB)

(11.5dB)
(10 dB)
(9 dB)
(7.6 dB)
(6.5 dB)
(5.5 dB)

{45 dB)

2. Frequency vs gain. When 8 is known, amplifier gain for the circuit of Fig. 1(c) can be found along with necessary R and R,. Transisior
beta is related ta frequency since it equats f, /f,,, where f, is transistor unity-gain cutoff and f,, is the frequency of interest. Curves reflect am-
plifier response whenn = 1, Ry = R,.R. = R, ?/Rg, and R, = 75 ohms. Gains for g = oo are noted at the right of each curve.

for input impedance is
Z, = [(B+ DRe(Re +RJ/[(B+ DRy
+ (nB+ DR + Re] (5
while for output impedance it is

Z, = [(B+ DRe(Re+Rs) + ReRy)/

[(B+ DRg + (nB+ DRy (6)

Input impedance Z; equals output impedance Z,

when B=o,n =12, =Ry Z, = R., and R;? =
ReRy.
Impedance match and amplifier gain are direct
tradeoffs; for Z, increases (from less than 75 ohms) as B,
R.. and R; increase, while Z, decreases (from more
than 75 ohms) as B increases and as Ry and Rg de-
crease.

Input impedance can be implicitly related to gain
since amplifier gain varies inversely with Re. Letting R
= R.2/Rg and solving Eq. 5 for Ry, yields:

RHQ[(Zi_RI,) B+D] + Rl-:[ZiRL(nB‘*' 1y - RiH(B+1)]

+ZR2>=0
This equation can be plotted (Fig. 4) for different values
of Z, with B and R, as coordinates, and with the con-
straints n = 1 and R,, = 75 ohms. The necessary Ry to
yield a desired Z, at a specific frequency (B) can now be
determined.

Similarly, the output impedance can also be ex-
pressed in terms of Ry by using Eq. 6 and letting Ry =
R ?/Rg:

Re[(Rs-Z,) (B + 1] + Re[RH(B+ 1) - ZRs(nB+1)]

+ RyRse =0
Curves can now be plotted for Z, (Fig. 5) with the same
restrictions as used for Z,:n = 1 and Ry, = 75 ohms.

Impedance match, also called return loss, is com-
monly measured with bridge-type instrumentation in
conjunction with an attenuator readout that is cali-
brated in decibels. As usual, a simple logarithmic rela-
tionship allows conversion of ohms to decibels. If Z, is
the unknown (variable) impedance and Z, the reference
impedance (75 ohms in this case), then the return loss in
decibels is

Electronics/August 2. 1971

20log [(Z. + Z)/(Z. - Z))]

Each value of Z, in Fig. 4 is referred to a resistance of
75 ohms, as is each value of Z, in Fig. 5. It can be seen
from Fig. 6(a) that Z, and Z, are distributed sym-
metrically about an impedance of 75 ohms. And if ex-
pressed in decibels, the input impedance and the output
impedance are equal at all points when R,* = R¢RE
andn = 1.

All input impedances are less than 75 ohms, while all
output impedances are greater. By using the table of
Fig. 6(b) to transform ohms into decibels (and vice
versa), the graph for Z, (Fig. 4) may be used to deter-
mine Z,. and the graph for Z, (Fig. 5) may be used to
findZ,.

Figure 6(a) clearly illustrates the tradeoff between
match and gain in the design of an amplifier stage. The
plot also indicates what happens when two similar
stages are cascaded. At 8 = 10 and R = 24 ohms, for
instance, the output impedance is about 19 dB while the
input impedance is about -19 dB. Although they are
equivalent in decibels, however, the impedances are not
suitable for coupling because 94 ohms (Z,) is not close
enough to 60 ohms (Z,).

Such matching problems can be helped by using a
transformer that will facilitate the transition from a
high output impedance to a low input impedance. Since
both Z; and Z, vary with B, the transformer turns ratio
will have to be a compromise for the best match be-
tween high-frequency and low-frequency impedances.

Theoretically, with Ry constant, Ry should act like a
flat-response gain control so that changes in amplifier
gain are the same for low and high values of B. In prac-
tice, however, when R, is varied, the gain tends to pivot
downward at some high frequency. In order to control
the pivot point, Ry is made variable and a small induc-
tor is inserted in the transistor’s collector loop.

This forms a tunable tank circuit for obtaining the
proper resonant frequency (pivot point). For example, a
3-picofarad distributed capacitance, a 3-pF transistor
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3. Resistance selection. R, and R, can be determined from low-fre-
quency amplifier gain. From point of desired gain on gain curve,
move down to find R, needed. Intersection of this R, value and load
curve fixes value of R,. on left-hand axis.

(2.5 dB)
(6.5 dB) (4.5dB)
(7.6 dB) | (5.5 dB) (3.5 dB)

(19.dB) (14.5dB) (11.5dB) (9 dB)
(16 dB) (12.8 dB); (10 dB)

4. Input impedance. R, needed to yield specific Z, can be found for
known f# (# = f,/1,) by selecting the Z, desired and then finding R,
on horizontal axis. Feedback resistance is constrained by R, =
5,625/R,.. Amplifier gain at g = ~c is indicated for each R, value.
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Junction capacitance, a 50-nanohenry leakage induc-
tance from the transformer coil, and a 10-nH inductance
from R, result in a tank circuit of 6 pF and 60 nH, with
a resonant frequency of approximately 300 megahertz
and with a Q that is related to the value of R,.

None of the graphical results developed so far have
accounted for the eftect of the transfomer turns ratio. n.
since it was equated to 1. But variations in amplifier
gain, input impedance and output impedance occurring
when n is greater than 1 can be predicted from the orig-
inal circuit equations.

The influence of n in the complex gain equation (Eq.
1). because it appears in both the numerator and de-
nominator, is not immediately apparent. But since R, is
always larger than R,, the net result of increasing n will
be an increase in amplifier gain.

In Egs. 5 and 6 for Z, and Z.. respectively. n appears
only in the denominator. Therefore, larger values of n
reduce the value of Z, or Z,. Since Z, is always less than
75 ohms for practical values of 8 and R,. making n
greater than 1 pulls Z, away from 75 ohms. The oppo-
site is true for Z,: here. the impedance for practical 8
and R, is always more than 75 ohms, and making n
greater than 1 moves Z,, toward 75 ohms.

The effect of an n greater than 1 on the plot of Fig.
6(a) is to move all the curves down from their present
positions. This lowers the “impedance asymptote™ to
some value below 75 ohms. Therefore, if 75 ohms is

(19dB) (145dB) (11.5dB) (3dB) (6.5dB) (4.5dB)
(16 dB) |(12.8 dB)| (10 dB) | (7.6 dB} | (5.5 dB) | (3.5 dB)

5. Output impedance. Like Z,, Z, can be related to 8 and R,.. and its
curves read in the same way. Again, circuit restrictions are n = 1,
R, = 75 ohms, and R, = 5,625/R,. Amplifier gain decreases with
increasing Z, but increases with increasing Z,.
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(dB)  OHMS
+12 25
(+12) 125 Iy
| t
INCREASING
AMPLIFIER OUTPUT IMPEDANCE (Z,)
GAIN
(+18) 96 |
(+24) 85 —
DECREASING
(+3C) 80 | AMPLIFIER GAIN
o : -
(--30) 70 DECREASING
AMPLIFIER GAIN
(--24) 66
(-18) 58
INCREASING
AMPLIFIER INPUT IMPEDANCE (Z,)
GAIN
l ‘ (a) IMPEDANCE MATCHING
A
-2y e LA |1 | /] Lo o I | |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
TRANSISTOR GAIN (3)
(b) OHMS TO DECIBEL CONVERSION
RETURN LOSS (d8) l IMPEDANCE ABOVE 75 OHMS IMPEDANCE BELOW 75 OHMS
1 1304.322 89 4.313
2 2 654.317 8.597
&) 3 438.603 12.825
4 24 331.457 16.971
5 5 267.733 21.010
6 2 225.714 82914 24921
7 2 196.093 82014 28.685
8 28 174.214 81219 32.288
9 29 157.491 0518 35.716
10 144.371 79.898 38.962
1" ] 133.867 79.350 42.019
12 2 125.317 78.865 44,886
13 33 118.267 78.435 47.562
14 34 112.389 78.054 50.049
15 35 107.444 77.716 52.353
16 3 103.251 77 416 54.479
17 37 99.673 77 149 56.434
18 38 96.604 76912 58.228
19 39 93.957 7 59.868
20 10 91.667 76 61 364
6. Matching. When expressed in decibels. Z, and Z, are symmetrical about an impedance of 75 ohms. Curves (a) show variation of match

with frequency, 8. Conversion table (b) tabulates decibel equivalent of impedance referenced to 75 ohms. Match in decibel values of Z, and
Z, does not indicate actual Z,/Z, match because ohms values are unequal.
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AFORNn=125

AFORNn=111

7. Varying n. This graph of high-frequency ampiifier gain for three vaiues of n allows R, and R, values to be compared with those of low-fre-
quency plot (Fig. 3). The two graphs are read in the same way. Beta is restricted to 21 for high-frequency plot.

taken as a reference, any transformer with n greater
than I will improve Z, but worsen Z,.

For a few values of n greater than |, an accurate ap-
proximation of the high-frequency amplifier gain re-
sponse can be obtained by using some low fixed value
for . Figure 7 illustrates the results of computing am-
plifier gain with Eq. | for 8 = 21, and n = 1, L.11, and
1.25. The values of Ry and Ry obtained from these
high-frequency curves can be checked against those
from the low-frequency plot (Fig. 3).

A transistor beta of 21 is a good choice for the graph
of Fig. 7 since it occurs below 75 MHz for most transis-
tors, eliminating the need to consider transformer leak-
age inductance. For an actual amplifier, transformer
leakage inductance increases circuit gain to a higher
value than the turns ratio alone indicates at frequencies
above 75 MHz.

The graphs can be used in various ways, depending
on the amplifier specifications that must be met. De-
signing an actual amplifier will illustrate one approach
and point out some practical considerations, too.

Let the desired specifications for a broadband rf am-
plifier be: a frequency range of 40 to 300 MHz, a gain of
approximately 8 dB, and an input and output imped-
ance match that is within 16 dB of 75 ohms. The transis-
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tor will be assumed to have a typical f, of 1,200 MHz.
Transformer turns ratio, n, is 1.

The first step is to find beta for the amplifier’s high-
frequency response:

B = fi/fn =1200/300 = 4
Once beta is known, Fig. 2 can be used to determine the
degree of gain tilt encountered for various values of Rg
when amplifier gain is 8 dB.

The curves show that the lower Ry is, the higher the
gain, and the greater the amount of tilt when going
from high to low frequencies. Making R too small, in
the interest of high gain, results in a tilt that becomes
extreme when beta approaches 4 and that will be very
difficult to flatten out in the final design.

For practical amplifiers, Rg values of 16 to 24 ohms
are the best choice when transistor f, ranges from 1,000
to 1,500 MHz. A resistance of 20 ohms is a reasonable
selection for Rg since amplifier gain degrades only
about4dBfrom 8 = tof = 4.

Now Fig. 4 should be used to determine the range of
available input impedances. The intersection of Ry =
20 ohms and B = 4 puts the input match at about 12 dB
(Z; is approximately 47 ohms). This is a workable value
because there are several techniques for improving the
high-end match without appreciably degrading the low-
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8. Broadband rf amplifier. Real amplifier whose preliminary design was based on gain and impedance plots, delivers 8-dB gain from 40 to
300 MHz with 16-dB impedance match. Any of several transistor types can be used because pot in emitter loop adjusts collector current 10
desired value. Auxiliary networks shown would improve impedance match.
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end match. The graph shows why—going up the plot to
higher values of beta (lower frequencies) brings Z,
closer to 75 ohms.

If the amplifier is to be an input stage. the high-end
input match can be improved by placing an LC net-
work, like the one shown in Fig. 8, in series with the am-
plifier’s input. A small resistance, of about 5 to 20 ohms,
can be used instead of the LC network if the amplifier is
to be a middle stage.

The next design consideration is output impedance
match. Figure 5 indicates an approximate match of 13.5
dB (Z. is about 120 ohms) for 8 = 4 and Ry: = 20 ohms.
This match value is not really as low as it seems. Since
Z, is always above 75 ohms, anything that is connected
to the amplifier’s output shunts Z, and lowers it towards
the desired 75 ohms.

As with input match. output match can be improved
with a correction circuit. The output terminal of the am-
plifier is assumed to have some small capacitance to
ground so that adding an inductor and capacitor. like
those shown in Fig. 8, forms a pi network. This scheme
is useful when the amplifier is an output stage. A small
resistance (5 to 20 ohms) is best for improving the out-
put match of a middle stage.

The last step in the graphical analysis is a final check
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with the graph of Fig. 7. From an amplifier gain of 8 dB
on the right-hand axis, traverse the plot to the gain
curve for n = 1. Descending from this point to the hori-
zontal axis shows that Ry; should be slightly less than 20
ohms. For simplicity’s sake, however, let R; = 20 ohms.
Next, move up to the “load” line. Going to the left-
hand axis from this intersection yields Ry, = 280 ohms,
which is very close to the Ry value of 281 ohms from
Fig. 2.

Only a few practical considerations now remain to be
dealt with. Figure 2 indicates that amplifier response
will roll off before 300 MHz. This can be corrected by
adding a small nanohenry coil to the transistor’s collec-
tor loop and adjusting Ry from its “computed” value of
280 ohms. Usually, R, is made smaller to lower the gain
at low frequencies, while the collector coil increases the
gain at high frequencies

A recommended circuit for the desired amplifier is
shown in Fig. 8. Since there is no transformer. the turns
ratio, n, is effectively 1. The two 5-pH coils control the
amplifier’s low-frequency cutoff, while the 3.5-turn coil
controls its high-frequency response. A number of tran-
sistor types can be used because the pot in the emitter
loop allows collector current to be adjusted. The zener
diode simply keeps the base-emitter voltage constant. ]
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2. Big RAM. Getting the most memory on the chip with a minimum
of overhead circuitry (decoders, drivers, refresh amps) required sili-
con gate processing as well as single-transistor cell construction.
The area of the 2,048-bit RAM (a) is more than two-thirds memory.
Six memory cells are shown in (b); cell area is less than 3.6 mil:. The
layout schematic (c) shows organizational flexibility.

ues required for the long refresh storage times of dy-
namic memories. It’s conceivable that C, could be
formed simply by the capacitance resulting from the
drain diffusion itself—thus saving a process step—but
this method would result in relatively leaky, low-value
capacitors on the order of 0.05 pF/mil*.

Memory cells storing logic O levels are uncharged ca-
pacitors, and need not be refreshed. But the charged ca-
pacitors storing logic 1 levels tend to slowly discharge
with time. During this time the discharge current heats
up the junctions, further accelerating charge leakage.
But with low leakage, thin-oxide capacitors coupled to a
sensitive refresh amplifier, the storage cell can decay be-
yond normal digital logic levels and still permit logic-
level discrimination.

Using this cell structure and standard thin-oxide
(MTOS p-channel processing, a 512-bit evaluation array
organized on a 97-by-127-mil chip, in 16 rows by 32 col-
umns, was built to show the practicality of the single-
transistor cell approach. It's shown in Fig. 1(b).

All cells in the evaluation array operated satisfac-
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torily, but because the cell structure was so small and
because standard processing was used throughout, more
than two-thirds of the chip area was devoted to de-
coders and refresh amplifiers. In an economical memory
chip, the ratio of the area of nonstorage devices to that
of storage units must be low.

The answer was p-channel silicon gate technology.
With this process overhead circuits can be made
smaller, yielding more space for memory. The result is
the 2,048-bit memory shown in Fig. 2(a), in which
memory cells occupy almost the entire chip area.

A photomicrograph of six memory cells is shown in
Fig. 2(b) (see cover for another view). The storage area
is less than 3.6 square mils per bit or 60% of the size of
the 1,024-bit RAM. Chip size at 138 x 143 mils, is only
15% larger than the 1,024-bit RAM. As shown in the lay-
out schematic of Fig. 2(c). it forms the basic storage ele-
ment in a memory system.

Functional. A schematic of the 2,048-bit memory ap-
pears in Fig. 3. The chip contains 2,048 dynamic storage
elements plus address decoding for reading, writing,
and refreshing of data. A capacitor in each storage cell
is connected to the drain of a single MOS transistor. The
cells are organized in a 64-row-by-32-column matrix.

Each of the word locations is uniquely defined by a
row-column intersection. Decoders, in 6-64-bit and
5-32-bit configurations, convert 11-bit address informa-
tion into discrete row-column commands. Data output
lines may be wire-ORed and serviced by a single sense
amplifier.

The output capacitance shown in Fig. 3 is the para-
sitic capacitance resulting from the wire-ORing of sev-
eral chips on a memory card. High current drive per-
mits this capacitance to be quite large (50-100 pF) at
little cost in access time or signal-to-noise ratio.

As shown in Fig. 3, the chip uses three external clocks
and a drain power supply. Both operate at 18 volts, as
do the 11 address lines, chip select, write, and data in-
puts. The output device is essentially a single-pole,
single-throw switch: it’s an open circuit on all unse-
lected chips and on a chip selected for reading a 0. It’s
closed for reading a I, in that mode its drive capability
exceeds 10 milliamperes.

This high current level can drive directly into a TTL
gate or the base of an inexpensive switching transistor.
By contrast, many memories require more expensive
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Taking off

Although static MOS random access memories have been
available since 1965, the emergence of the refresh-type
dynamic array in 1967 really got the technology off the
ground. The dynamic MOS RAMs gave computer and pe-
ripheral memory manufacturers the combination they
wanted: high circuit function density, high operating
speed, and lower power dissipation.

The first dynamic RAM had three transistors per storage
cell (Fig. a); cell area, at 12.4 square mils, represented an
almost 3-1 improvement over static RAMs. Used in 256-bit
arrays (Fig. b), these fully decoded devices achieved cycle
times of 500 nanoseconds and access times of 300 ns.
Power dissipation was less than 400 microwatts per bit
(100 milliwatts total), against 2 mw per bit for equivalent
fully decoded static RAMs, at greater than l-microsecond
access time, a 6-1 improvement at comparable access
speeds. But higher-density circuits still were needed to al-
low semiconductor RAMs to compete with the cheaper
price per bit offered by core arrays.

Enter silicon gate. With its third-interconnect capability
and smaller cell size, the process can give very-high den-
sity circuits with increased yields and lower cost per bit.
Sull using three-transistor cells (Fig. c), the silicon gate
structure led to cell sizes smaller than 6 square mils, a 2-1
improvement over the old devices. Thus, it was possible to
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pack 1,000 bits on single |14-by-148-mil chips. only 50%
larger than those used in the 256-bit devices (96 by 112
mils)—and at no sacrifice in performance.

Silicon gate circuits were rapidly placed in production
by several semiconductor manufacturers and soon, their
shift registers and RAMs became the foundation of the Mos
memory market. Intel was a leader in marketing this type
of device: its 1,024-bit RAM (Fig. d), the 1103, has been an-
nounced by almost all semiconductor manufacturers, in-
cluding GI. It represents the state of the art in production
memories of this complexity: access time is 300 ns and
cycle time 580 ns; 220-ns access and 400-ns cycle times can
be obtained in even faster versions.

But many analysts feel this three-transistor, l-kilobit
memory, popular as it is, doesn’t represent the optimum
memory configuration; indeed. there’s growing feeling
among semiconductor memory builders that the 1103,
even in a cheap plastic package. is only marginally com-
petitive with core memories, whose prices still are falling.

Clearly, with more functions per chip, the MOS device
would have the edge. That’s providing the impetus for the
single-transistor memory cell; built into a 2.04&-bit array.
its smaller size and high yield should lower costs pcr bit to
the point where MOS RAMs can become a kev component
in the computer and peripheral hierarchy.
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How it works

The RAM circuit consists of sections for a memory storage
matrix, row-and-column decoders, row-and-column inver-
ters, and refresh amplifiers. Also included are read and
write control logic, output muitiplexing circuits, and data
input and output buffers. All of these circuits are con-
tained on a single chip.

The memory matrix provides the 2,048 bits of storage.
the decoders the address information. and the inverters the
complement of the address information. The refresh am-
plifiers do the sensing and regeneration of the low-level
memory information. The control logic's job is either to
refresh the old information or write in the new data. The
output muitiplexing circuits combine the outputs of cach
of the columns and then select the desired bit for output.
The output buffer provides high current to the overall sys-
tem. while the input buffer performs a considerable noise
isolation service between the data input bus and the
memory array.

During clock phase in this three-phase system, all row
and column addresses and the chip disable signal are up-
dated and stabilized before the trailing edge of clock phase

¢, 1s received. These inputs must be held stable for the en-
tire cycle—until 20 nanoseconds after the trailing edge of
the last clock phase. ¢ .. Then. during ¢, time, all row and
column decoder nodes are preconditioned, all address in-
puts are internally complemented. and the refresh ampli-
fiers are present for low-level sensing.

During all of ¢,, time node (a) on all 64 row decoders
unconditionally precharges negatively. forcing node (b) of
the row decoder outputs to a low impedance (V..) level.
This action assures that all isolation gating transistors in
the memory matrix are oft during setup time. In addition.
ali true and complemented row decoder inputs are stable
prior to the end of the ¢, precharge and during the gap
time (t,) between the end of ¢, and the start of ¢..

By the end of t,. node (a) on all the unselected rows will
discharge to V.. the undesired row addresses outputs
(node b) will stay at V. for the remainder of the cycle.
thereby isolating all unaddressed cells. Node (a) on the se-
lected row has no discharge path and remains negatively
charged for the entire cycle. During ¢. time the selected
node (b) address output goes negative. enabling an entire
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row of memory on all system chips.

When any row address for any operation—read. wrte, or
refresh-is applied. the information in all 32 cells witn that
address on all chips is assigned to each column’s refresh
amplifier. Node (¢). the input to a refresh amplifier. com-
bines 64 memory cells on a column bus. These combined
cells, in effect. can be represented as a parasitic capaci-
tance. C.. somewhat greater in value than the storage ca-
pacitor, C,.

During ¢,. the refresh amplifiers again are precondi-
tioned to accept low-level inputs. An internal reference
voltage is generated that is a function of the threshold V.:
i's independent of external power supplies and automat-
ically tracks changes in V, as a function of temperature
and process variations. By the end of ¢, and until the start
of ¢. node (¢) is unconditionally set to this reference po-
tential. At the start of . the selected row decoder is en-
abled and the charge stored on C, is redistributed with C, .
This redistribution of charge occurs for each of the 32 cells
per chip.

If a logic 0 is stored in C,, node (€) incurs a positive volt-
age transition. This signal ripples through the noninverting
refresh amplifier during the first half of .. At ¢ time. the
feedback loop closes and a low-impedance logic 0 level.
V.. is fed back onto node (¢). and simultaneously back into
storage cell C,. However. if a logic | level is stored on C,
then node (¢) makes a negative transition during redistri-
bution,

This relatively low-level excursion is amplified and fed
back as a low-impedance. high-amplitude negative level
V, during ¢.. At the end ¢. the row decoder turns off,
thereby trapping the regenerated voltage V. or V, in stor-
age for each of the cells associated with that particular row
address.

The output multiplexing circuitry gates each of the 32
column decoders against its corresponding retresh ampli-
fier output. The selected column passes data from the re-
fresh amplifier output to the data output buffer. The data
input bufer improves the signal-to-noise ratio on the input
bus by ciipping low-level noise pulses. It also maintains a
low input capacitance (6 picofarads) to the data input line.

For a reading operation, the read/write line is held posi-
tive. disabling the data input. During a writing cycle the
read/write line is held negative, starting 50 nanoseconds
(T,)) prior to the start of ¢.. until the leading edge of ¢ . In
order o ensure the proper acceptance of write data. the
data input line is held stable for an additional 30 ns fol-
lowing the end of the write command.

Of the 32 cells, 31 cells are refreshed as for a read cycle.
The one cell with the row-column address dumps its old
data onto node (¢) but is overridden by the new input data
which is written into storage cell C,. The new data then is
regenerated around the refresh amplitier. goes to the out-
put multiplexing circuitry. and ultimately. lands in the
data-out line where it can be read. This operation provides
the veritication that information indeed has been properly
written into memory.

The data output buffer is a high-gain. single-pole.
single-throw switch. (The simplest output interface circuit
would be an external pufldown resistor to a negative sup-
pIv.) The output transistor is unconditionally held off for
the entire cyele when the chip disable is in the negative
state. thus allowing for a hard-wire-ORing configuration to
be used for the outputs.
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2,048 WORDS X 1 BIT
64 ROWS X 32 COLUMNS
ADDRESS DECODING
REFRESH CIRCUITRY

CHIPNO 1

2,048 WORDS X 1 BIT
CHIP NO. N,
{N=4 TYPICAL)

2048 WORDS X 1 B.T
2048 WORDS X 1 BIT
CHIP NO. Ny

3. Up the organization. The storage cells are organized in a matrnx
of 64 rows by 32 columns. Using three external clocks, the circuit's
output is a single-pole. single-throw switch.

low-level sense amplifiers; because only fractions cf
milliamperes are available, these systems encounter se-
vere signal-to-noise problems.

High drive current also resuits in high speeds. Read
access time is less than 250 nanoseconds and cycle time
is less than 400 ns. Power dissipation at the highest fre-
quency of operation is only 300 mw (150 microwatts per
bit) And because it fits into a 22-lead dual in-line pack-
age with 0.4-inch row spacings, very dense board lay-
outs are possible.

In operation, when the corresponding chip select and
address lines are activated, an entire word may be up-
dated with a write command. or read out nondestruc-
tively in the absence of the write strobe. Row addresses
re‘resh the rows on all chips within one clock cycle. This
is accomplished by accessing each of the 64 rows (re-
gardless of column address) at least once within the re-
quired refresh storage time. A +5-V bias supply is used
to achieve a refresh storage time of better than 4 mili-
seconds at 70 C.

In the refresh circuit design there was a possible
tradeoff ~a  32-row-bv-64-column organization also
could huve been used. But each column requires a re-
fresh amplifier with this organization, and the addi-
tional 32 amplifiers would have produced sufficient
power dissipation to raise junction temperatures by
nearly 10 ¢. This rise woild increase junction leakage.
skortening refresh time and increasing the time the
memory is not available to the central processor. The
64- X -32 organization not only reduces the number of
amplifiers but resuits in a smalter. higher-yield chip.

Note that the V,,, supply shown in Fig. 3 biases the n-
type substrate by + 5V with respect to the most-positive
diffused p regions. This bias prevents the forward bias-
ing of undesired p-n-p regions resembling bipolar tran-
sistors. Without the bias supply, these transistors, even
with their low current gain, would produce nodes that
store charge and discharge prematurely. The Vi also
results in a magritude less increase in refresh time.
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Processing and performance

Since fully half-a-dozen processes are available to semi-
conductor manufacturers on several levels of complexity,
the one a fabricator chooses for his memory fabrication
processing is critical. The right choice is particularly im-
portant in a sector as cost-sensitive as semiconductor
memories where small mistakes turn quickly into large
losses.

Because RAMSs are expected to be one of the largest seg-
ments of the MOs business they’re receiving the greatest
concentration of development attention. Other things
being equal. two requirements—access time and cost per
bit—will be the key factors.

Figure a shows access times that will be expected of tu-
ture RAMs: the upper curve gives access time usable in 20%
of Mos applications. the middle line for 80% of the jobs,
and the bottom line for 100% of the tasks. The 2,048-bit
RAM design is based on the 80% line. which will require a
250-nanosecond access time by 1973.

The major manufacturing processes, along with the
principal companies that use them, are listed in Table |.
The three process candidates most capable of meeting this
access ime requirement are complementary MoS, n chan-
nel, and silicon gate. Table 2 summarizes the results of a
comparative study. ¢/mMos readily provides the access
time. single low-level clock, and output drive current
needed. However, the decode section of a ¢/MOS RAM oc-

| cupies so great a chip area per bit at the expense of
memory that cost per bit is high. And there is litde indica-
tion now that the more complicated C/MOS process can be

| manufactured cheaply in production quantities with the
high performance required of RAM circuits.

N-channel devices show excellent promise for meeting

| the access time and price requirements. But the process
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From a black-box point of view. the data input-to-
output path is noninverting. The output stage can
source 10 mA of current from the Vy supply, making
for a much simpler output interface-sensing circuit, A
TTL or DTL gate can be driven directly, eliminating the
need for an intermediate balanced-voltage comparator.
This feature saves money and access time.
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has essentially no product manutacturing history and
equally serious, no short-term promise of viable alternate
sourcing.

The silicon gate process appears to be the best for RAMs,
The access time. 250 ns, of silicon gate RAMS is at least as
good as other processes, except for €/M0s. More compact
layouts can be achieved with self-aligning polysilicon
gates; added to the extra interconnect level available with
polysilicon conductors, the result is a 30% reduction in
chip size compared to conventional p-channel, low-voltage
processes. In addition, high-speed performance is achieved
more easily with silicon gate because it reduces the Miller
capacitance that exists between the source-to-gate and
gate-to-drain overlap diffusions.

Still another silicon gate benefit is that with a silicon-nit-
ride/silicon-oxide sandwich for the gate dielectric, low-
cost plastic packages can be used.

Taking the overall view, three elements determine a
product’s cost: chip yield, package price, and labor cost.
Fig C. which displays data that has been accumulated in
the last year, relates yield as a function of area; this data,
combined with package cost. is used to calculate manufac-
turing cost as a function of chip area, (shown in Fig. b).
From that curve it’s apparent that 135-by-135-mil chips
provide the minimum cost per unit area (or equivalently,
cost per bit of storage).

This optimum size will increase in the future as manu-
facturers learn to process larger and larger chips. By the
end of 1971, iCs expected that the optimum size will ex-
ceed 150 mils on a side. Right now, the 2,048-bit single-
transistor-cell RAM’s size is very nearly optimal since it
provides maximum memory on chips that can be manu-
factured with high yields,
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From a systems viewpoint, silicon gate processing al-
lows greater flexibility in overall design. Memory planes
in the older, three-device structure generally have been
limited to 4 kilowords by 18 bits. The new RAM. how-
ever, lends itself to many organizations, such as the 8-
kiloword-by-18-bit plane shown in Fig. 3. Most impor-
tant, this plane, with associated circuitry, can readily be
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% YIELD (PROBE)
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Table 1: mos process characteristics and
principal manufacturers

High voltage, p channel
Shallow junction, high resistivity
Deep junction, low resistivity
fon implantation

General Instrument Corp.
American Micro-systems Inc., Gl
Hughes Semiconductor division

Low voltage, p channel
MT0S G

(100) a1, National Semiconductor Corp.
lon implantation Mostek Corp.
Silicon gate Intel Corp., ¢
N charnel
Single devices, depletion ]
Single devices, enhancement Gt
IcS in development
S {Intersi: Inc., Cogar Corp.)
High voltage RcA Solid State division
Low voltage G!
c/mos/bipolar Gl
Table 2: Mos technology tradeoffs
T l T ‘
l Access | Low-level Output
Yechnology | Time Price | inp .‘tsr ﬂive B
Silicon gate | yes | yes no yes
N channel [ yes [ yes | no I yes
¢ Mos ! yes l o | yes | yes
1 1

implemented on one printed circuit board. This high
board density owes much to the use of a 22-pin 0.4-in.
package. Memory planes in the standard 18-pin pack-
age would require 2 X (0.5 in. by 1.115 in.) = L.115in.?
for each 2.048 bits of memory. But with 2,048 bits in the
22-pin package, only 0.78 in.* of space is required.
Interestingly. the 22-lead package appears to be opti-
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.(:apacitam:e data and number of

translators for 2,048-bit ram

Capacitance' Signal input Number' Mumber of

| Single function | perchip capacitance = of chips | translators

| 11 address lines

10 prea. 640 pr 64 22
|
i 16 groups
Dat 1
ata in 8 prF 32 pr of 4 6
Write 10 pr 640 pr 64 2
[P 4 groups 4
Chip disable 8 pr 128 pr of 16
|
-3 50 pr 3,200 pr 64 7
| 18 pF 1160 pr 64 3
-8 11 pF 705 pr 64 2
Total: 56
(14 packages)

mal for space consideration: a package with more pins
housing 2,048 bits offers no improvement in board den-
sity over a 1,024-bit RAM in an 18-pin package, and
both occupy 41% greater area than the 22-pin. 0.4-in.
package.

With this schieme, 64 memory packages suppiying
128,000 bits of memory (typical for a standard hier-
archv), occupy only 49 in. of board space. Because of
the space savings, level translators may be either
monolithic or the larger but cheaper discrete variety.
Discrete versions driven directly by open-collector TTL
circuits, such as the SN75451, can be constructed quite
inexpensively with one transistor, one diode, and two or
three resistors: they can drive 400 pF at a slewing rate of
1.25 v/ns. Monolithic bipolar quad/totem-pole level
translators, typically capable of driving 500 pF at the
sume slewing rate. also are readily available at less than
$1.25 per translator stage.

Each address line (10 pF maximum) must drive all 64
caips for a total load of 640 p¥. Two monolithic trans-
lators must be used, at a total cost of $2.50 per address
line, in order to exceed the desired slewing rate.

Clearly, the greater the quantity of bits available per
package. the lower the cost of overhead circuitry per bit.
Again, the level translator provides a good example.
The capacitance loading and number of translators re-
quired for this system are summarized in the table.
Judging from the capacitive loading on the data input
bus, translators typically are underutilized and might be
replaced by much simpler and less-expensive circuitry.
In the single-transistor RAM design. the number of
translators can be reduced from 56 to 40 for a total cost
reduction of $20.00. Large-volume purchases reduce
this even further—amortized over 128,000 bits, cost
comes to approximately .029 cent per bit.

The 2.048-bit RAM also helps diminish the cost pro-
portion of other overhead circuits. For example. the
chip’s 10-maA output current capability allows direct in-
terface with TTL logic, eliminating the cost of 16 sense
amplifiers. O
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Simultaneous Positive and Negative Pulses

This 25-MHz, 10-volt, general-purpose generator
produces exceptionally clean pulses with aberra-
tions not exceeding 3%. Positive and negative-
going pulse outputs are simultaneously available
and independently variable from 3.5V to 10 V.
(See photo at right.) Each output is provided with
a continuously variable baseline offset of +2V
to —-2V.

A choice of paired, delayed and undelayed pulses,
as well as a DC output is provided by the four
operating modes.

Pulse duration, period and delay are separately
variable; pulse duration from 20ns to 400 ms,
period from 40 ns to 400 ms, and delay from 20 ns
to 4s. Mechanical coupling prevents the dura-
tion from exceeding the period for all calibrated
positions.

Risetime and falltime of 5ns (2.5 Hz to 25 MHz
rep rate), simultaneous positive and negative
outputs, with aberrations less than 3%, make
the 2101 an ideal pulse source for logic testing
or wherever the need for clean pulses exists.

A demo of the 2101 will prove its merits — call
your local Tektronix Field Engineer. Tektronix
signal sources are available for other applica-
tions. For complete specifications on these in-
struments, consult your 1971 Tektronix Catalog,
or write P.O. Box 500, Beaverton, Oregon 97005.
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Probing the news

Analysis of technology and business developments

Roadblocks for vehicle location

Multipath, cost problems plague automatic monitoring systems, and Government
drags its heels on multi-user approach; but makers are still optimistic

by Larry Armstrong, Washington bureau

The nearest police car is located and
dispatched to the scene of a robbery
so swiftly that the felons can’t get
away with their loot. The highway
maintenance man does his sleeping
at home, not in the cab of a truck
parked up an alley. Taxis spend
more time carrying fares, and less
time cruising for them.

This is the promise of automatic
vehicle location. But despite the
cautious interest shown by private
fleets and governments at every
level—and the optimism of the elec-
tronics companies scrambling to
manufacture the systems—the con-
cept will remain stuck in low gear
until a formidable technological
barrier is removed. And economic
and political problems also are
slowing down implementation.

The biggest technological jam
facing vehicle-locating systems is
the inability of companies making
rf-dependent systems to come to
grips with problems arising from
multipath reflections. These reflec-
tions, necessary for successful rf
blanketing of dense, high-rise urban
areas, cause signal degradation that
can drop accuracy far below accept-
able levels. Proximity systems avoid
the problem by using transmitters
housed in signposts, but the large
number of signposts required would
be prohibitively expensive for
single, small-fleet customers.

Politics. Prospects for system via-
bility also are tied up in economic
and political considerations. Right
now, only a beleagured big-city po-
lice department could justify the es-
timated $2.5 million cost of a skele-
ton network. But the grouping of
users, which would make an expen-
sive setup pay for itself, is getting
short shrift from planners, and
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there’s no saying if law enforcement
customers could be persuaded to ac-
cept a shared network.

The Government, however, has
been generating a lot of short-term
research; it’s the “pre-election-year”
variety, concedes a Department of
Transportation official, and consists
of plugging state-of-the-art hard-

ware in and out of flashy systems.
And DOT has indulged in plenty of
blue-sky speculation on ambitious
programs for personalized vehicle
services, such as dial-a-ride [Elec-
tronics, Jan. 4 p. 81], which would
require expensive, large-scale moni-
toring setups.

“If vehicle location is going to

Location. Uniquely-coded signpost transmitter of proximity systems are within lines of sight;
frequency dependent systems require blanketing an area with polling signal.
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proliferate in single-user systems,
then it is doomed to failure,” argues
Robert Thomas, R&D administrator
in the Department of Housing and
Urban Development. (That depart-
ment’s mass transit programs have
been absorbed by DOT as UMTA, the
Urban Mass Transportation Admin-
istration.) Thomas sees vehicle
monitoring evolving as a public util-
ity that would array police, fire, am-
bulance, bus, and taxicab services in
a minimum configuration with room
for other potential users—construc-
tion suppliers, for example, who
want to keep track of concrete deliv-
eries.

Time is ripe. Despite all the ob-
stacles communications equipment
makers still remain optimistic and
predict that vehicle location is an
idea whose time has come; their
views are evidenced by the 39 re-
sponses received by the transport
agency for four demonstration sys-
tem awards. The manufacturers see
those as the beginning of a large,
profitable market of $30 million to
$50 million within five years, and
climbing to $500 million by 1980.

Almost half of the 39 proposals
call for an rf technique that depends
on solving coverage and multipath
propagation problems. Awards went
to Teledyne Systems Co., North-
ridge, Calif. ($184,488), for a system
utilizing the Loran ship and aircraft
navigation network; and to Cubic
Corp., San Diego, Calif, ($188,299),
and Sierra Research Corp., Buffalo,
N.Y. ($263,000), for phase-trilatera-
tion techniques. The fourth contract
was awarded to RCA’s Government
and Commercial Systems division,
Camden, N.J. ($202,823), to demon-
strate a proximity system using low-
power signpost transmitters.

The RFP calls for the monitoring
systems to estimate the location of
1,000 vehicles within 500 feet of true
location with 95% confidence, oper-
ative over 100 square miles of urban
environment. The systems must
sample 20% of the vehicles every 15
seconds, the rest, every minute. And
manufacturers must provide duplex
voice compatibility, with no inter-
ference between digital and voice
links.

The four electronics firms will be
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demonstrating their equipment in
Philadelphia for the next several
months in a short-term evaluation
program that will conclude by Feb-
ruary. “We don’t want to say if a
system is good or not good,” says
Samuel R. Rondberg of UMTA’s Of-
fice of Research, Development, and
Demonstration. “We just want to
say what the system will do. If the
contractors can acceptably meet the
requirements of these tests, then
we’ll have a pretty high level of con-
fidence in any system they could de-
ploy anywhere,” he continues.

The Philadelphia tests will be rig-
orous: the tentative route runs from
the relatively flat outlying residen-
tial and suburban districts to the
high-rise inner city. “Philadelphia’s
a good, dirty city,” says Rondberg—
referring to radio interference and
spectrum congestion.

Contractors relying on rf tech-
niques are understandably dis-
turbed by the choice of test site. For
instance, Cubic Corp., which did the
development and testing of its
phase-comparison system in its
home town, low-rise San Diego,
points to the formidable problem of
blanketing a high-rise city like
Philadelphia with rf energy. Cubic’s
is a typical phase-trilateration ve-
hicle-location system: each vehicle
has a simple transceiver—meeting
voice, digital, and monitoring
needs—that transmits a tone near
the fm broadcast band when keyed
by a polling signal from a master
transmitter. The tone is picked up
by at least three receivers and is re-
layed back to a control center over
leased phone lines. Then it's com-
pared for differences in time of ar-
rival, and hence differences in
range. Cubic uses a Varian 620/i to
calculate the vehicle’s coordinates
from hyperbolic lines of position.

Limits. The multipath phenome-
non is something of a paradox for
rf-dependent systems. Without re-
flection of electromagnetic waves
from buildings, water tanks, and the
like, areas blocked from line of sight
would receive no signal. But those
same reflections also endure for as
long as 20, and perhaps 30, micro-
seconds later than the line-of-sight
signal, badly deteriorating system
accuracy. In fact, Raytheon Co.,
Sudbury, Mass., has shelved the rf
gear [Electronics, March 2, 1970,

p- 48] it used in recent tests with the
Boston Police Department and now
is rethinking various approaches to
vehicle identification and location.
“We’re between systems now,” says
Richard W. Krupa, transportation
marketing manager at Raytheon.
“We’re studying several other ap-
proaches, almost all of which tend
toward less complexity and which
may be both more accurate and
more cost effective,” he adds.

Extras. Multipath degradation
can be cut by using redundant re-
ceiver sites and periodic rf mapping
of dense, urban areas. In Sierra’s
“multilaterative” approach, says
program manager Basil E. Potter,
the company plans to use eight slave
receivers instead of the usual three.
Sierra further compensates for mul-
tipath effects with a proprietary set
of algorithms applied to the signals
in the base station computer (a Data
General Corp. Nova 800).

In its proposal, Sierra substituted
a continuous-wave signal, with a
standard 25-kilohertz bandwidth,
for the wideband pulsed approach
developed by its Environmental
Systems group in Denver. Time of
arrival is gauged from the zero-
crossing of the 425-megahertz sig-
nal, not a pulse’s leading edge.

A pulsed trilateration system gen-
erally is three to four times more ac-
curate than a phase-comparison sys-
tem because the former ranges on
the arrival of the first (usually line-
of-sight) pulse, eliminating multi-
path ambiguities. But the Federal
agency decided not to consider
pulsed systems, says Rondberg, be-
cause equipment complexity and
bandwidth utilization are costly. In
addition to customary land-mobile
communications equipment, pulsed
systems require a wideband trans-
ponder to accommodate the high-
power, l-gigahertz pulses.

The agency has in hand field test
results for a pulse-ranging system
developed by Hazeltine Corp.,
Greenlawn, N.Y. Based on recent
tests in New York, Hazeltine claims
an accuracy to within 300 feet 95%
of the time, and typically, within
100 feet from true vehicle location.
Product manager Jerome Zauderer
quotes a transponder price of $1,000
per vehicle for “‘production pro-
totypes” and says the system re-
quires one stationary receiver per
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every 10 or 15 miles in suburbs.

Like phased trilateration tech-
niques, Loran-based systems are
susceptible to rf interference and
multipath propagation, and like
pulsed approaches, require two ra-
dio receivers. Existing Loran receiv-
ers cost $20,000 to $50,000, although
a spokesman for Teledyne projects
that, in quantity, receiver price for
the vehicle-monitoring application
would approach $500.

While the proximity system pro-
posed by RCA uses rf propagation, it
is strictly a short-range, line-of-sight
link with spacings of no more than a
few hundred feet. Each signpost
transmitter’s short-range, 10.6 GHz
signal identifies its own location; the
vehicle receives this signal and,
upon request, retransmits it to the
base station, together with a vehicle
identification code. One transmitter
would have to be mounted on every
street corner in an average city, says
RCA program manager Anthony Li-
guori, with an extra one placed in
the middle of extremely long blocks.
Once the design is completed, RCA
expects the transmitter to sell for
less than $100 and to be about the
size of a blackboard eraser. The X-
band receiver in each vehicle should
cost about the same, Liguori says.

Goals. But some contend that
there is no technologically viable
approach. “Unless someone comes
up with a radically new technique,
we’re not going to get automatic ve-
hicle monitoring in a hurry,” says
Inspector Stephen T. Walsh, com-
mander of New York City police
communications. Walsh wants to lo-
cate patrol cars to within a city
block, an accuracy figure of 75 feet.
And Walsh says he has seen no sys-
tem this accurate, including the
Raytheon and Hazeltine setups. He
holds out little hope for a proximity
system: “It would require 44,000
signpost transmitters,” he says.

The Government, however, is far
from giving up on existing tech-
nologies. “If one or more of these
four systems prove adequate,” says
Robert A. Hemmes, assistant ad-
ministrator for program demonstra-
tion within UMTA, “we’ll fund them
in an operational [pilot] mass-transit
application.” And if tests prove suc-
cessful, automatic vehicle monitor-
ing will qualify for matching capital
grants from the Government, O
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Space electronics

Learning the facts
of life on Mars

Funding problems are probably over for the two Viking
spacecraft now scheduled for launch in fall of 1975

by Paul Franson, Dallas bureau manager

In 1976 the question of whether life
exists on Mars may be answered as
the Viking mission lands on the
planet after its long passage—first
through Congressional approval
and development, and only then
through the empty reaches of space.
To be sure, program officials care-
fully play down Viking’s search for
life—past, present, or future—be-
cause they fear a sense of failure if it
is not found. But this is obviously
the most exciting part of the $800
million program. In fact, two Soviet
spacecraft are already heading
toward the planet, though it isn’t
known whether they intend actually
to land on its surface.

In spite of its exciting prospects,
Viking has had funding problems
since it began in 1969 under the
name Titan Mars [Electronics, Sept.
15, 1969, p. 145]. But now, accord-
ing to Walter Jakobowski, Viking
program manager at NASA head-
quarters in Washington, the pro-
gram seems to have cleared its fiscal
hurdles and most likely will be
launched in August or September of
1975. Launch was originally sched-
uled for 1973, but in January 1970
the program was slipped because of
budget problems; that move, pro-
gram officials say, added $150 mil-
lion to its costs. Congressional ap-
proval seems certain for the $180
million NASA is requesting this year.

The Viking mission, the longest
one yet, will begin with two
launches of identical spacecraft
within 30 days of each other, a pe-
riod when Mars and the earth are in
good position that occurs only every
26 months. The redundancy has two
purposes: a safeguard against losing
an experiment because of mechani-

cal failure, and a means of gaining
more knowledge about Mars. The
launch vehicle will be a 1.4-million-
pound Titan 3-Centaur. The Titan 3
1s a two-stage rocket with two solid
rockets attached; Centaur, the up-
per portion of the launch vehicle,
will both support the Viking space-
craft and provide the final-stage
propulsion that will place it in the
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Standing tall. Spacecraft for the Viking mis-
sion wili be carried aloft atop a Centaur-
Titan 3 launch vehicle.
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proper trajectory for its trip to Mars,
a 460-million-mile voyage sched-
uled to take 305 to 360 days.

The spacecraft itself consists of an
orbiter and lander. During the inter-
planetary trip and orbital observa-
tion of ‘Mars, the two will remain
joined. The orbiter will supply elec-
trical power from solar cells and
correct the course with its propul-
sion system. The orbiter portion is
expected to bear a final price tag of
around $251 million; the lander
construction and integration of the
system will cost about $359 million,
and the remainder of the program’s
expected price of $750 to $830 mil-
lion will pay the bill for program
management and the 63 scientists
who are cooperating with Viking
managers. NASA expects to spend
between $250 million and $300 mil-
lion in each of the next two fiscal
years on the program.

During orbit, the spacecraft will
search the surface of Mars with two
TV cameras, and will chart thermal
and water vapor with an infrared
spectrometer and radiometer. This
information will be transmitted to
earth, and used to construct maps of
the Martian surface. The orbiter
also contains instruments that will
investigate the atmospheric and
planetary structure, propagate the
results through space, and also
transmit the spacecraft locations.

System responsibility for the or-
biter lies with the Jet Propulsion
Laboratory in Pasadena, Calif.,
which was also responsible for the
Mariner Mars missions in 1969 and
1971. That portion of the craft is
based on Mariner. In fact, according
to H. W. Norris, Viking orbiter sys-
tem manager at JPL, the only truly
new subsystem is the relay link that
will retransmit signals from the
lander. The orbiter will have a min-
imum design life of 140 days after
reaching Mars orbit, but is expected
to continue to operate significantly
longer.

Data from the orbiter will be used
partly to re-evaluate preselected
landing sites and could even lead to
the selection of new sites. Once a
site is selected, the lander will be
powered, checked out, and start de-
scent. Martin Marietta in Denver is
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the prime contractor for the lander,
which will be highly automated. It
will use a medium-sized digital
computer, the only practical ap-
proach because commands will
make a 45-minute roundtrip.

One of the first steps in separating
the lander from the orbiter will be
to remove the bioshield in which the
lander will be sealed after ster-
ilization to avoid contaminating
Mars with earthly micro-organisms.
Sterilization, at about 125°C for 480
hours, will place severe constraints
on components used in the craft,
and Martin is preparing a standard
parts list. Says NASA’s Jakobowski,
“We’ve been thinking about this for
years, and | think we’ve got most of
the problems licked. Germanium
transistors can’t handle these tem-
peratures so we keep them out of
our designs. On the other hand,
most silicon devices can handle it
quite nicely.” Nevertheless, he says,
“there are thousands of parts that
have been used on other missions
that can’t be used here.”

The lander’s descent will begin at
800,000 feet in an aeroshell heat
shield necessary because of Mars’
atmosphere. At 20,000 ft, the aero-
shell will be cast off and a parachute
deployed to slow the fall. At 5,200

ft, terminal propulsion will begin,
with a multi-beam doppler radar
and a broadband radar altimeter as-
sisting the inertial navigation sys-
tem. Martian winds may complicate
landing, but terminal engines will
shut off about 10 ft from the surface,
and the lander will fall freely—and
gently—to the landing site.

During the descent, a mass spec-
trometer will measure the structure
and composition of the atmosphere.
Pressure, temperature, and density
will also be measured, and all infor-
mation will be transmitted to the or-
biter for relaying to earth.

After landing, contact can be
maintained with earth through the
orbiter by a uhf link, or directly
through a high-gain S-band antenna
that is usable for 2 to 4 hours a day
at 4,000 to 8,000 bits per second. A
low-gain S-band antenna also can
be used for direct commands from
earth, but at only 2 to 4 bps.

Many of the most interesting as-
pects of the mission occur after the
lander is on the planet’s surface,
where it’s scheduled to spend 90
days. Here begin the experiments
that may tell us whether life exists
on Mars, or did exist once, or is
evolving toward existence. As Jako-
bowski says, “a major objective is

Mars explorer. This is the craft that will descend to the surface of the planet; it's to cost
about $359 million. The lander will spend about 90 days doing Mars experiments.
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obtaining information about the
evolution of life on another planet.
This is something you can’t do from
an orbiter or fly-by mission. You
also can’t accurately measure the
constituents of the atmosphere, or
perform meteorology or seismome-
try experiments.

“As far as finding life, we’re really
trying to determine what stage Mars
is at in evolution. One experiment
will make a direct search for life.
Another will look at organic com-
pounds, water, etc. For example, life
may just be starting to evolve and
still be in a chemical form that isn’t
life but is headed in that direction.
We might find some of the complex
molecules that could lead to life un-
der the right conditions, amino
acids, and so forth. And there’s also
the possibility that life may have
been there a long time ago—and
something happened.”

A vital part of the lander is the
computer used to control its landing
and supervise its instruments. Jako-
bowski says that power and weight
will be the major constraints on the
computer design. NASA’s schedule
calls for the selection of the contrac-
tor by October 2, and formal award
of the contract by November 22.
Five of the six bidders on the com-
puter are proposing plated-wire
memory, although 1BM’s Federal
Systems division is proposing a min-
iaturized-core storage the company
claims will meet NASA’s stringent
power and weight requirements.
Other bidders include North Ameri-
can Rockwell’s Autonetics division,
Teledyne, General Electric, and
Westinghouse. The memory will
have 16,000 to 24,000 words of 16 to
24 bits.

Engineers at NASA’s Langley Re-
search Center, which has project
management for Viking, say that
contractors will have a choice in se-
lecting the circuitry for the block re-
dundant computer. They can either
select components on the JPL’s man-
datory parts list, which would mean
low-power TTL devices, or choose
P/MOS circuits, which they must
qualify for space use themselves.
NASA sources note that complemen-
tary MOS and Schottky diode cir-
cuits were proposed but were re-
jected because “the data wasn’t
available to make an assessment
about their reliability.”
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In general, however, Jakobowski
says designers stick to proven tech-
nology in the spacecraft as much as
possible: “We’re looking for stan-
dard proven ways of doing things,
but as on any other space mission,
there are constraints, so sometimes
you have to be a little inventive to
do a good job or meet the require-
ments.”

Experiments performed on the
surface are being supervised by
Martin because their complexity
would make it difficult for univer-
sities or other scientific research
groups to build them. Included are
experiments in biology, molecular
analysis, imaging, meteorology, seis-
mometry, and magnetism and phys-
ics. The biological experiments,
which are being prepared by TRW
Systems in Redondo Beach, Calif,,
and the molecular analysis instru-
ments from JPL are the two most dif-
ficult and expensive projects, costing
about $20 million apiece.

Molecular analysis will be per-
formed by a mass spectrometer and
gas chromatograph that will analyze
soil and gas samples. TRW’s biologi-
cal instruments will make four
metabolism and growth analyses in
searching for signs of life, and will
require about 22 Ib out of the
lander’s 90 to 100 Ib of payload and
an average of 10 watts out of 15 al-
lotted to science experiments from
the 70-w output of the lander’s ra-
dio-isotropic thermal generator.

Also included in the lander’s in-
strumentation package will be two
cameras by Itek that will provide
stereoscopic and color panoramic
photographs of the Martian surface;
pressure, temperature, and humid-
ity sensors (TRW); a three-axis seis-
mometer, a magnetic sensor, and an
engineering soil sampler.

Other subcontractors chosen for
lander electronics by Martin are
RCA for the communications equip-
ment; ESB, General Electric, and
Eagle Picher for the batteries; Lock-
heed for a tape recorder; and Ryan
for terminal descent and landing ra-
dar.

Besides the constraints of weight,
power, and the sterilization of the
lander, the components of the
spacecraft will also have to endure
considerable shock and vibration
since the weight limitations preclude
much shock mounting. ad
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Consumer electronics

Cassettes face furor over noise

The established Dolby noise-reduction system now faces competition

from Philips plus Japanese group; price, compatibility are big issues

by Gerald M. Walker, Consumer Editor

The audio cassette, touted by
recorder manufacturers as a new
medium for high-fidelity sound re-
production, is becoming the center
of a conflict over noise reduction.
Three systems—made by Dolby
Laboratories Inc., London, Philips
of Belgium, and a Japanese group—
are contending for the consumer’s
dollar in a fast-moving field [Elec-
tronics, July 19, p. 98]. Their systems
are designed to minimize the hiss
and other high-frequency noise in-
herent in all recording tape, but par-
ticularly prominent in cassettes be-
cause of their slow playing speed
and narrow channel separation.

Of the three contenders, Dolby
must be regarded as the established
heavyweight. Its type B noise-reduc-
tion system, in production for over a
year, is licensed to about 30 audio
manufacturers, including Advent
Corp., Cambridge, Mass; Bell &
Howell Co., Chicago; Fisher Radio
Corp., Long Island City, N.Y.; Har-
mon-Kardon Inc., Plainview, N.Y.;
and 3M/Wollensak, St. Paul, Minn.

Recently, Dolby expanded its

Price break. TEAC's deluxe Dolby unit sells
for $290; its line starts at $50.
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horizons by demonstrating a noise-
reduction unit for fm broadcasting.
The recorded material was Dol-
byized at the transmission end and
processed in listeners’ decoders,
which were built into stereo receiv-
ers. As a result, both Fisher and
Harmon-Kardon announced plans
to market Dolbyized receivers that
can accommodate noise-reduced fm
broadcasts and tape cassettes with-
out external circuitry.

Competition. The Japanese group
consists of three companies, Matsu-
shita (Panasonic), Sony, and Victor
Co. of Japan. Their approach is
called The Automatic Noise Reduc-
tion System, and though they’ve re-
vealed no technical data, they claim
it’s compatible with Dolby, but
lower in cost. Both Dolby and the
Japanese system require special
tape processing and playback
through a decoder.

The third contender, North
American Philips Corp., New York,
U.S. arm of the Belgian overseer of
tape cassette standards, disapproves
of both Dolby and ANRS because
they are not compatible with non-
processed tape. The company this
summer unveiled its own noise-
reduction system, called the Dyna-
mic Noise Limiter. This design does
not require specially processed tape,
so it will handle any program, but
achieves noise reduction in the play-
back mode only.

To counteract Dolby’s leg up with
audio manufacturers, Philips has
added a sweetener: “An established
manufacturer who is willing to ad-
here to Philip’s specifications and
standards may apply for a royalty-
free license to incorporate the dy-
namic noise limiter circuit in its own
cassette recorders and players,” says

Paul B. Nelson Jr., vice president
and general manager of the Home
Entertainment Products division.

Despite this generosity, hi-fi firms
likely will remain largely loyal to
the Dolby approach, according to
an industry observer. “Dolby prob-
ably is noncompatible, but so
what,” he shrugs. “This industry has
enough room to tolerate some non-
compatibility.”

Moreover, prices on Dolbyized
recorders have been dropping
sharply. TEAC Corp. of America,
Santa Monica, Calif., put the skids
under the usual $200-and-up price-
tags when it brought out the AN-50
Dolby Noise Reduction unit for
$49.50; it’s a separate black box to
be connected to cassette equipment.
Accompanying the AN-50 are fan-
cier models: the AN-80, with VU me-
ter, priced at $129.50, and the AN-
180 record-playback unit for
$289.50. A separate dynamic noise
limiter from Philips will sell for
about $30 to $39, depending on vu
meter and other features, according
to Nelson. The company now has
available the Model 2100 tape deck
with built-in noise limiter retailing
for $219.95.

Contention. The campaign for
noise reduction supremacy goes be-
yond sales battles, however, and
into a technical dispute. The dyna-
mic noise limiter, says Edward R.
Hanson, technical manager for the
Philips division, is an “active noise-
suppression circuit” that operates in
quiet and silent stretches where hiss
is most noticeable. An ordinary pas-
sive filter for noise reduction found
in most tape decks, he charges, “cuts
off the upper-frequency harmonics,
which constitute much of the output
of musical instruments. In loud pas-
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sages this makes reproduction
muddy.”

The noise limiter instead allows
high-frequency signals above a cer-
tain level to bypass the filter action.
It splits incoming signals into two
paths; above 4 kilohertz and more
than 38 decibels below reference
level. the signals in the two channels
are equal but in opposite phase so
that they cancel each other in the
adding stage. An automatic, contin-
uously variable attenuator at this
stage reacts to the signal’'s ampli-
tude level and frequency to function
in silent or low-level passages where
most tape noise occurs. The pro-
gram content is still delivered along
the first path.

The noise limiter has demon-
strated signal-to-noise improve-
ments of more than 3 dB at 2 KHz,
and unweighted measurements
show a ratio improvement of more
than 5 dB at 6 kHz and 20 dB at 10
kHz. According to Robert van Sluys,
who developed the dynamic noise
limiter for Philips in Belgium, it is
more practical to achieve this
amount of noise reduction without
destroying cassette compatibility
than to get the 10-dB suppression at
2 kHz in the Dolby system using
noncompatible processing.

In the Dolby process, program
material is treated so that low-level
signals below the tape hiss threshold
are boosted before recording. The
tape hiss then is reduced when the
boosted signal is brought back to
normal by the playback circuit.

Ray Dolby, American-born
founder of the British company, is
unruffled by the Philips attack. He
says he’s more confident than ever
that his systems will continue to
gain acceptance among audiophiles,
partly because prices are expected
to decline even further when Dolby
integrated circuits are introduced.
By September, ICs designed and de-
veloped jointly by Signetics Corp.,
Sunnyvale, Calif., and Dolby will be
in production and should cut the
cost of components in half [Elec-
tronics. June 7. p.26]. Under the
agreement. Signetics has six months
to market the device after produc-
tion begins. Then the design. includ-
ing the masks. will be made avail-
able to other semiconductor houses.
And that should help ward off the
Japanese competitors, t0o. O
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3 DAY
SHIPMENT

What's your experience with
INCANDESCENT CARTRIDGE
INDICATORS? High cost and late
delivery is the usual answer!

If you're looking for a reliable
source, call off the hunt cause we've
got a hive full. CHICAGO
MINIATURE’S Incandescent
Cartridge Indicators are the
HIGHEST QUALITY products
available anywhere and they
feature the LOWEST COST and
BEST DELIVERY in the industry.
Couple this with complete mechanical
and electrical interchangeability
with “competitior”” and you have
almost the full story.

In addition, our Incandescent
Cartridge Indicators are offered in

4 cap styles, 2 cap materials, 7 colors
(transparent or translucent). They're
available in a wide range of voltages
and you’ll get a few extras, like

long life, pin polarization and hot
stamp legends (upon request).

Remember, the butyrate caps are
color matched to industry standards
and we will SHIP WITHIN 3 DAYS
of receipt of order on quantities

up to 500, on T-1% Incandescent
Cartridges.

For application assistance contact
your Chicago Miniature Sales
Representative. For local
procurement, contact your nearby
Authorized Chicago Miniature
Distributor.

CHICAGO MINIATURE
LAMP WORKS
4433 N. Ravenswood Ave.,

Chicago, lllinois 60640
(312) 784-1020

a GENERAL INSTRUMENT company

THE LIGHTING BUGS

See us at WESCON booth no. 2125
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This portable will record
more facts in less time, at less cost
than any other 2-channel recorder

on the market.

c':nﬂ speed mm/sec

flU e

L0

-) G DU LD BRUSBH 220

We call it the Brush 220.

And once we put it through its
paces for you, you’ll call it the
most amazing piece of recording
gear around.

To begin with, we guarantee
992 % linearity, Which is a good
deal better than almost anything
else on the market. .. regardless
of size or price. The pressurized
ink-writing system is the same
one you'll find in our six and eight
channel systems. Instead of laying
the trace on the paper, it forces

it in. Run your finger over it.
There’s no smear, no smudge. And
trace crispness and uniformity is
in a class by itself.

Built-in preamplifiers give you
measurement range from 1 mV
per division to 500 full scale—and
you never have to re-calibrate.
Pushbutton controlled chart
speeds. Two handy event markers.
Ink supply is a disposable car-
tridge, good for a year.

Yes, for a 25 pound portable
that’s no bigger than a breadbox,
the Brush 220 is quite a recorder.
Ask your Brush representative for
a demonstration. Or, write for
complete details. Brush Division,
Gould Inc., 3631 Perkins Avenue,
Cleveland, Chio 44114.

-) GO ULD BRUSH
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New products

Frequency synthesizer
is priced at $1,900;
aimed at communications

by Stephen Fields, San Francisco bureau manager

Usable in most base bands
in the U.S. and Europe, unit
covers frequency span of

0 to 13 MHz in seven ranges

Frequency synthesizers long have
been the rich man’s signal source.
While giving extremely pure signals
and digital control. these instru-
ments have been selling in the
neighborhood of $5.000.

Now prices are falling. The latest
flurry of activity comes from Hew-
lett-Packard Co., which is introduc-
ing two low-priced synthesizers, the
3320A selling for $1.900 and the
33208 for $2.450. Not only do they
provide clean signals and allow di-
rect digital control of output level,
but they also can be programed
directly from a card reader or other
simple device.

With a frequency of 0 to 13 me-
gahertz in seven ranges, the 3320A/B
is aimed at the communications in-
dustry. Last month, a frequency
synthesizer introduced by Rockland
Systems Corp. was priced at $2.450
and offered a frequency range of
0.0001 hertz to 2 MHz [ Electronics,
July 19, p. 107].

The 3320 models cover the range
of most of the U.S. and European
base bands. and so can handle long-
distance phone lines, Picturephone
services. and channels used by the
telecommunications industry. “In
those areas, accuracy is very impor-
tant,” emphasizes Bill Parazybok,
product manager at H-P.

Three digits plus a 10-turn, two-
digit continuous vernier and 30%
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overrange capability give the 3320
A/8 a l-part-per-million frequency
resolution across its total frequency
range. The instrument uses an am-
bient-temperature crystal reference
which reduces drift to less than +
10 ppm per year, and it can also be
phase-locked to an external fre-
quency standard or to an optional
reference crystal oven.

The 3320A/B offers auxiliary out-
puts of | MHz and 20 MHz, plus a
20-MHz offset signal. And because

the unit has selectable ranges, the
signal-to-phase noise is reduced as
the instrument is down-ranged.
Spurious content is more than 60
decibels down, and harmonic distor-
tion ranges from -60 to -40 dB de-
pending on the frequency.

The model A provides a max-
imum | volt rms into a 50-ohm out-
put (+ 13 decibel referred to 1 milli-
watt) with a continuous + 13 dBm to
0 dsm amplitude vernier. “This
makes it applicable for situations

Instrument pacesetter. Frequency synthesizer priced in the $2,000 range can be pro-
gramed directly and covers up to 13 MHz. It is particularly suited to telecommunications jobs.

= Y
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Synchron’

motors
help money

make &
& money

In the vending business, a
would-be customer with
dollar bills and no coins
might just as well be fiat
broke. Unless there's a bill
changer around. Like this
one made by Rowe
International.

Feed it a dollar biil and,
presto! Instant alchemy.
That useless paper is
turned into spendable
change.

The acceptance of the
bill provides a signal which
is transformed into multiple
pulses in a Hansen-actuated
electromechanical puise
chopper. Impulses are then
sent to a memory unit and
the payoff is acluated. The
major reason why Hansen
motors are specified:
“Dependability.” =
Contact your
Hansen man
and find out
how Hansen
dependability
can help you.

HANSEN

Manufacturing Company, Inc.
Princeton, Iindiana 47570

HANSEN REPRE-
SENTATIVES: CAREY
& ASSOCIATES,
Houston and Dailas,
Texas; R. S. HOPKINS
CO., Sherman Oaks,
Calif.; MELCHIOR
ASSOCIATES, INC., San Carlos, Calif.;
THE FROMM CO., River Forest, Ill.;
JOHN ORR ASSOCIATES, Grand
Rapids, Mich.; H. C. JOHNSON
AGENCY, INC., Rochester, N.Y.:
WINSLOW ELECTRIC CO., Essex,
Conn,, Villanova, Pa., and Teaneck, N.J.
EXPORT DEPARTMENT: 2200
Shames Drive, Westbury, N.Y. 115980
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New products

where level control is not a critical
parameter,” adds Parazybok. In ap-
plications where high quality output
amplitude is needed or it is desir-
able to digitally control the output
amplitude, the model B is recom-
mended.

The 3320-B features a four-digit
leveling loop with a 0.01 dB level
resolution of a calibrated output
from +2699 dBm to -66.99 dBm
(-73.00 dBm under remote control).
This is a maximum of a full half
watt of output—five volts rms into
50 ohms or 10 volts rms into an
open circuit. Frequency response is
+0.05 dB over the range of 10 kHz
to 13 MHz, and level accuracy is
+0.05 dBm absolute at 10 kHz.

Digital remote control of level
output is available only on the
model B; the model A offers only
output frequency control. However,
the A can be ordered with an option
that allows parallel BCD remote con-
trol of frequency. The first digit of
the frequency vernier, the main fre-
quency digits, and the frequency
range may be controlled digitally.

The 3320-B has two remote con-
trol options. Both allow full control
of all functions except the last ver-
nier digit and the line switch. One
option is a parallel BCD remote con-
trol capability. And another is a bit-
parallel, word-serial ASCII program-
ing option, which is used where sev-
eral 3320Bs need to be controlled
with one programing device. This
ASCII option has eight input lines
which allow direct interface to HP’s
3260 marked-card programer, photo
reader, or any other 8-bit controller.
“This bus line programing,” com-
ments Parazybok, “means a saving
of computer interface slots and a
simplification of software. As many
as ten 3320Bs can be programed in
this way from the same 8-bit bus
structure.”

There are two leveling modes
available on the model B’s output
level control circuitry. First, level-
ing-on can be used only when the
unit is operating above 10 Hz, be-
cause the internal thermopile is a
fast responding device and will not
track sine waves below 10 Hz. All
output circuits are inside the level-
ing loop. The leveling-off mode can

be used at any frequency from dc to
13 MHz since the output level is
measured at a high-frequency point.
Several output circuits are outside
the leveling loop and cause uncor-
rected variations in output ampli-
tude because of temperature
changes and other factors.

The desired level setting between
-73.00 dBm and +26.99 dBm is en-
tered either remotely or from the
front panel. The setting enters the
adder as a BCD number between
-7,300 and +2,699. By adding a
constant number (+7,300) to the in-
put number, the figures are changed
to 0000 and 9999. These numbers
represent the 10,000 possible level
settings.

H-P engineers used a novel design
approach in the method of control-
ling the output level. The first digit
of the four-digit number set by the
operator can vary from 0 to 9 and it
tells the 10-dB step attenuator, at
the output, to introduce from 0 to 90
dBm attenuation.

The remaining three digits vary
from 000 to 999 and set a counter in
an exponential digital-to-analog
converter. At the same time the
counter is being set, a precise 10-
volt charge is applied to a capacitor.
Next, the counter starts operating
and the capacitor starts discharging
through a resistor. As soon as the
counter expires, the capacitor stops
discharging and then the remaining
charge is used as a dc reference level
proportional to the setting of the |
ds, 0.1 dB and 0.01 dB level digits.

This dc reference level is con-
nected to the plus side of a summing
differential amplifier and the rms
value of the output voltage is con-
nected to the minus side of the dif-
ferential amplifier. The two inputs
are summed and the dc output mod-
ulates a 20-MHz signal. This signal is
filtered, then mixed with the synthe-
sized 20-33 MHz. The level of the
mixer output is controlled by the
leveled 20-MHz input.

The mixer output is filtered twice
and amplified twice, then atte-
nuated by from 0 to 90 dB.

Delivery of the 3320A/B will be-
gin in September.

Hewlett-Packard Co., 1601 California St.,
Palo Alto, Calif. 94304 [338]
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Some people think

y $ Q
we’re only strong in MOS..
This could be due to our many MOS
customer contracts or because of our

large investment in MOS production facilities
butin fact...

we’re also Europe’s No. 1
in Bipolar IC’s...

with strategically situated plants in the UK,
France, Germany, Italy, and inSingapore,
producing millions of devices for use
throughout the world, from a wide range

of standard and complex families including...

HIGH LEVEL LOGIC; T100 TTL; 74 TTL;
930 DTL; LPDTL; RTL; LINEARS

sold throughout the world...

We have sales outlets in 30 of

the world's leading industrial countries
-in Canada, USA, South America,
Europe, Africa, Middle East, Far East,
Australia and Japan.

UK.
_ Faor further technical details, prices and delivery terms,
please contact our local office or distributor, or write
E E E d/rect to SGS Headquarters, Agrate Brianza, Milan.
_ SGS GROUP OF SEMICONDUCTOR COMPANIES

competitive everywhere
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There’s a special way you can meet cus-
tomers without lifting a finger. The Yellow Pages!
The Yellow Pages is every town’s complete
shoppers’ service.

How can you best take advantage of the
Yellow Pages? Ask your Yellow Pages represen-
tative to help you prepare ads for any orall Yellcw
Pages telephone directories coast jo coast.

Remember, 3 out of 4 potential customers
let their fingers do the walking. Advertise in the
Yellow Pages.

3outof4
We'll put you at your o ther prospects g—g
customers ﬁmgertlps. fingers dothe walking. 4 Fages
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New products

Subassemblies
A-d converter
is fast, tiny

6-by-4-by-2-inch unit has
8-bit parallel binary output
at 6.67-MHz word rate

“Good design and clever pack-
aging™ is a trite phrase that just hap-
pens also to be true when applied by
Michael 1. Neidich, product man-
ager for ILC Data Devices Corp.,
Hicksville, N.Y., to a group of high-

Operational amplifiers for in-

53

b4

Program equalizer model PEQ-4

speed analog-to-digital converter
modules his company developed.

Data Devices’ Video a-d con-
verter (VADC), for example, offers 8-
bit resolution at a parallel word rate
of 6.67 megahertz. These specifica-
tions are not unusual—except that
they belong to a Lilliputian con-
verter measuring only 6 by 4 by 2
inches and priced at only $3,000.
Competitive units in this resolution
and speed range, Neidich asserts,
cost anywhere from three to four
times as much, and occupy a stan-
dard 19-inch rack.

Along with the 8-bit converter,
Data Devices offers a $595 nano-
second a-d converter (NADC) mod-
ule which, when combined with a

-

e il

5888 offers

AGC linear amplifier

$395 video signal sample and hold
(vssH) module, provides 4-bit reso-
lution at a 20-MHz rate. (The 8-bit
converter actually includes two 4-bit
and two sample-and-hold modules.)
Each of the smaller modules is sepa-
rately encapsulated in a rigid foam
with a low dielectric constant and
soldered to a printed circuit card.
Two such cards, containing timing
and logic circuitry in addition to
four modules, are bolted together to
form a complete 8-bit converter.
About specific circuit details in
the three units, Neidich says only
that Data Devices uses some “very
clever discrete-component designs.”
These components are off-the-shelf
high-speed transistor-transistor-

model Power supplies M-5-20 are for

strumentation applications are |

available in five types and
cover the temperature range of
-55'C to + 125 C. Designated
series monoop-08. they are
available in 10-99, pIp or flat
pack configurations. Price in
T0-99 at 100 lots is $6.75 to
$54.40. P-ecision Monolithics
Inc., Space Pk. Dr., Santa

Clara, Calif. [381]

1/
P

cmos digital multiplexer fea-
tures a buffer circuit which per-
mits output to float. hen
package 1s inhibited, multiple
outputs may be connected to
build multiplexers for as many
channels as desired. Unit has p
and n channels on same sub-
strate. Price is $19.90 and
$29.50 depending on model.
Siliconix Inc., Laurelwood Rd.,
Santa Clara, Calif. [385]
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provides control in the fre-
quency range of about 200 Hz
to 7.500 Hz in which most of
the sound energy is concen-
trated. Unit has six selectable
low frequency points for each
peak and diplposition. and can
simultaneously boost or at-
tenuate from 200 to 1,000 Hz.
Lang Electronics Inc., 14 E.
39th St.. New York. N.Y. [382]

Synchro to digital converter
measures 3.5 by 2.5 by 1.5 in.
and accepts input from a 26 v
or 115 v synchro. It provides a
12-bit binary or 4-decade BCD
output that is +6 arc minutes
accurate. Maximum conversion
rate is 400/s over temperature
range 0°-70°C. Price 1s $350.
™I Div., Transmagnetics Inc.,
210 Adams Blvd., Farm-
ingdale, N.Y. 11735 [386]

digitally  pro-
gramable time constant and
override capability of the AGC
loop. Unit is packaged in 3.125
by 2.625 by 0.625 in. module
for pc board mounting, and is
designed for audio, pulse and
video signal systems. Price is
$321-$290 depending on quan-
tity. Optical Electronics Inc.,
Box 11140, Tucson. Ariz. [383]

g

e
:

Amplifier chain in L band con-
sists of four cascaded stages
providing maximum of 3 ms
puise width at maximum duty
cycle of 0.1%. Output is 10 kw
and peak power ranges from 16
watts to 10,000 watts within the
four stages. Chain rise, fall
time is less than 100 ns. Price is
under $10,000. Acrodyne In-
dustries Inc., Montgomeryville,
Pa. [387)

military, industrial applications
where line voltage excursions
are common. Units operate
from 90 to 150 v ac. 45 10 1,000
Hz, and 90 to 240 v dc, inter-
changeably. No modification,
derating is required. Price
ranges %rom $170 to $250 de-

ending on power. Aaron-

avis Co., S. Beverly Dr., Los
Angeles, Calif. [384]

ovERt RO
T

A-m module 0AM-1 is for the
company’s FM-10 and FM-10c
service monitors. Unit provides
oscilloscope display of recov-
ered audio for visual checkin
of transmitter problems, an
measurement of percentage
modulation. Plug-in supplies
test tones of 400 Hz. | in.
Price is $600. The Singer Co..
321t S. LaCienega Blvd., Los
Angeles, Calif., 90016 [388]
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New &
guide to\
power

supplies.

Here's the whole Sorensen
line. Models, specs, and
prices in a single short-
form catalog

You'll find the broadest
line available from stock.
More models, more versa-
tility, more economy. Over
150 types are described
— dc bench, rack, and
modular supplies; dc high
voltage and high power |
units; ac voltage regula-
tors. We have them all.

For vour free catalog,
send to Raytheon Com-
pany, Sorensen Power
Supplies, 676 Island Pond |
Rd., Manchester, New
Hampshire 63103. Tele-
phone 603-668-1600.

501' cnsen

POWER SUPPLIES
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New pr_oducts

logic and linear IC devices; a hybrid
film and active chip approach is not
used.

In particular, Neidich singles out
proprietary  field-effect-transistor
buffer amplifiers which in the §-bit
converter produce an input imped-
ance of 10 megohms. This compares
with the 50 or so ohms usually avail-
able. The higher input impedance
means that substantially less power
is required from the input signal to
drive the converter. And in the VSSH
unit, the FET buffer amplifier pro-
duces an input impedance that is an
“unheard of” 10" ohms. Neidich
says.

The input amplifier has an un-
usual combination of parameters. It
is wideband—150 MHz—and' main-
tains better than 0.1% linearity for
the converter across the input volt-
age ranges of +2.5 voltsorOto 5 v.
This linearity contrasts with the 1%
or 2% of other converters, says
Neidich. Aperture time for the new
unit is quoted at less than 300 pi-

Speedy. A-d converter modules offer a fast
word rate, are packaged to save space.

coseconds although Neidich be-
lieves it's probably in the 75 to 100
ps range. Accuracy is plus or minus
half the least significant bit.

Data Devices uses a two-step par-
allel conversion technique in which
the first 4 bits are converted in
about 40 nanoseconds, the second 4
bits in an additional 120 ns. The
parallel. rather than serial, conver-
sion makes for a smaller converter,
Neidich points out. It’s also possible,
he suggests, to interleave converters

to yield 8-bit resolution at a 13.3-
MHz word rate.

The units do not contain their
own power supplies but must rely
on power from the system they’re in.
Power must be at 15-v levels, plus
or minus “a lenient 2%,” according
to Neidich. Temperature range of
the units is broad, from 0 to 70°C.

The modules will be in produc-
tion by the end of August, with de-
livery of “moderate quantities” in 4
to 8 weeks.
iLc Data Devices Corp.,
Hicksville, N.Y. 11801 [389]

100 Tec St.,

3Y%-digit panel meter
sells for under $100

If any one factor can delay the
widely predicted replacement of
analog panel meters by digital ver-
sions, it's probably price. And if
$100 is the magic figure, then Data-
scan Inc. has made the break-
through. The Clifton, N.J., com-
pany’s new 610 is a 3'2-digit, unipo-
lar device that sells for $95 in 100-
unit lots.

Moreover, there’s no big price
jump to the bipolar version, the 620.
Since Datascan engineers use a
single-slope technique for convert-
ing analog signals, the basic design
can be adapted to bipolar work with
just a few extra components—and
for an extra $6. Datascan estimates
that 70% of users want bipolar me-
ters.

The tradeoff, relative to dual-
slope integration, is accuracy. For
both the 610 and 620, readings are
to within 0.1% of full scale, +1 di-
git, somewhat higher than is pos-
sible with dual-slope meters.

The two units are available with
ranges from 100 millivolts dc to 100
volts dc, with 100% overrange a
standard feature. Stability is 0.015%
per degree centigrade, and response
time is 150 milliseconds. Tempera-
ture range is 0 to 60 C, and
warmup time is 5 minutes.

A standard feature on both me-
ters is a hold-and trigger circuit.
This allows the units to display a
single reading continuously, and
then, when commanded by a trigger
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Uncased. Low-priced digital panel meter is
offered in unipolar and bipolar versiors.

signal, to take another reading and
begin displaying the new value. An
optional feature is a binary coded
decimal output.

A potentiometer adjustment is
available on the back of the meter
for zeroing tie bias current. This in-
creases accuracy of the instruments.

Designed primarily for OEM uses,
the basic meters come without cases
(Datascan engineers say that most
customers prefer mounting the units
in existing packages). However, the
company is also offering an alumi-
num case for 35.

Samples of the 610 and 629 are
available now, and production
quantities are scheduled for initial
delivery in October.

Datascan Inc.. 1111 Paulison Ave.. Clifton.
N.J. 07013 [390]

10-bit digital-analog
converter sells for $29

Taking aim at the very large OEM
market, Analog Devices is offering
more bits per dollar in its modular
10-bit digital-to-analog converter,
priced at $29 when purchased in
100-unit quantities.

In addition, the type DAC-10z
converter has a very short settling
time. When operated with its own
output amplifier, it settles to one-
half the least-significant bit (0.05%)
within 5 microseconds—an improve-
ment by a factor of four over its
nearest competitor, the company
says.

The unit is also available without
an output amplifier. The type num-
ber then becomes MDA-10z, settling
time stretches to 300 nanoseconds,
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but the pricing remains the same.
Both the DAC-10Z and the MDA-10z
also feature a low temperature
coeflicient of 30 ppm/ C.

A change in the manufacturing
process accounts for the converters’
precision performance at low cost.
Analog has returned to printed cir-
cuit boards, and abandoned the
usual practice of placing all con-
verter circuitry on a glass substrate.

Analog found that considerable
breakage occurs as switching tran-
sistors, reference circuitry, and the
output amplifier are mounted. sol-
dered, and tested before being
trimmed by sandblasting to meet
specifications.  Since input-output
pins are also anchored on the same
glass substrate, there are further
stresses during installation.

Besides mechanical failure, the
stresses also cause a semipermanent
deviation in resistance values within
the precision thick film resistor net-
work. The net result, in many in-
stances, is a linearity error.

According to Fred Molinari, con-
verter products marketing manager,
the DCA-10Z converter remedies
these problems without sacrificing
the advantages and economies of
the thick film fabrication. In the
new module, only the resistor net-
work is produced by a thick film
deposition process. All other inter-
connections are placed on a stan-
dard high-quality pc board, which
also carries the external pin connec-
tions.

The substrate with the resistor
ladder is plugged into the main pc
card after all other components
have been mounted and soldered.
Molinari says that damage through
handling is drastically reduced.

Molinari sees the market for con-
verter products changing and ma-
turing. “Until recently, shipments of
d-a converters were characterized
by very few OEM orders, and pricing
was biased to give low-volume users
a distinct incentive to buy one and
try one.” Analog’s new pricing
structure, he points out, allows the
100-lot purchaser almost a 50%
price advantage over the customer
who buys just one.

Analog Devices Inc., Route 1 Industrial
Park, Norwood, Mass. 02062 [340]

Broadband rf amplifiers
can fit in coaxial line

Usually, broadband rf amplifiers are
expensive instruments and they are
large and bulky. But Electro-Data
Inc. has developed two miniature
amplifiers that fit in a coax line and
require no more space than a large
CONnector.

One is the model A-4, priced at
$125 and featuring a minimum of
20 decibels gain from 5 to 400
megahertz, with a maximum noise
figure of 6 dB over the range.

The second and more expensive
amplifier, model 1 A-104, is priced
at $350, has a minimum gain of 15
dB from 20 to 1,200 MHz and a max-
imum noise figure of 5 dB.

The A-4 has BNC input and output
connectors; it is three inches long
and one-half inch in diameter and
weighs one ounce. The A-4 requires
24 milliamperes at +20 volts, and
input and output impedances are 50
ohms nominal. Several units can be
cascaded for additional gain, with
only minor effect on the frequency
response,

“The combination of low cost and
a miniature package is possible be-
cause we can get maximum per-
formance from the transistors that
are used in the amplifier,” says F.E.
Reisch, manager of engineering for
Electro-Data.

The smaller model A-10A is two
inches long including the three-mil-
limeter coax connectors. It is also
one-half inch in diameter but
weighs only three-quarters of an
ounce. Impedances are 50 ohms,
and the power requirement is 15 v
at 34 mA. The A-10A can also be
cascaded for higher gain if this is
needed for a specific application.

Options available for the A-10A
include BNC connectors for an over-
all length of three inches and the
same $350 price. A supply voltage
that can be provided through the
output connector sells for $360. A
laboratory version (A100) with an
integral power supply for 115V ac is
priced at $460.

Electro-Data Inc., 1621 Jupiter, Garland,
Texas 75040 [350]
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‘New products

Microwave

Ferrite is aimed
as YIG substitute
Tita-nium-doped magnetic

material promises to
cut costs of components

Microwave designers generally have
no option when seeking magnetic
material for their applications—it's
vitrium iron garnet (Y1G) or noth-
ing. Because of its high cost, YIG is
usually reserved for the most sophis-

ticated isolator. circulator, and
phase-shifter applications. But the
research and development labora-
tory of the Ampex Corp., Redwood
City, Calif.. has developed a new
line of ferrite materials to be used in
place of YIG, promising to sig-
nificantly reduce the costs of these
microwave compenents.

Ferrites couldn’t offer the combi-
nation of low saturation magnetiza-
tion levels with the refatively high
Curie temperatures  required  for
isolators and phase shifters. But
Ampex’s material, a polycrystaline,
titanium-substituted hithium ferrite,
“offers the same characteristics as
polycrystaline YIG but at half the
price,” says Joel Zneimer, manager

of the ferrite materials department
at Ampex Corp.

“We developed the material in
four gencral areas that people are
working in—low power, high power,
wide temperature, and low loss—to
get a feet for what is needed.” he
adds. “Then we adjust to specific
needs. After all. YIG came about in
the late *50s and it took a couple of
years to determine exact specs.”

Ampex expects the same route to
be followed with the new ferrite and
intends to work with customers to
come up with the right ferrite for a
specific job. The material is avail-
able in rectangular toroids, slugs,
pucks, and in isostatically pressured
bars. What’s more. their size, shape,

Tvpe N male terminations, mis-
matches, 1NA series. act as im-
pedance references for swept
VSWR. and reflection coeflicient
measurements from de to 11
GHz. Units are suitable for lab-
oratory or field. Four models
range in price from $40 o $55
in small quantitics: set of tour
1s $195, Merrimae Research &
Development  Inc.,  Fairtield
PL. W. Caldwelll NLJ. (401

ADVANCED
MICROWAVE LABS

Dual two-stage nonreciprocal
YIG o filter xN=2201 offers two
channels designed in a com-
mon  package. Isolation be-
tween input and output ports is
greater than 15 dB across oper-
ating frequency range of 8.0 o
120 GHz. Bandwidih at 3 ds is
30-50 M1z, tuning sensitivity is
17 aiz/ma. Advanced Micro-
wave Labs, 825 Stewart Dr.,
Sunnyvale, Calif. [405]
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Thin film auenuators models
UTE-018 and uir-040 are Je-
stgned for use with the com-
pany’s series of amplifier mod-
ules and can be inserted
anywhere for gain control,
Units are packaged in T0-8
transistor cans and provide flat
attenuation over 7-octave
bandwidth. Avantek Inc.. 2981
Copper Rd.. Santa Clara, Calif.
93051 [402)

Gunn oscillator model $-7541
features voltage tuning with
linearity of +0.57 over 200
MH7 range at X band. A high
impedance varactor tunes with-
out use of equalizing network |
allowing tuning rate ot at least
100 mhiz. Power output is 10
mw minimum. Sonoma Engi-
neering and Research Ine,. 760
Montecito Center. Santa Rosa,
Calif. [406]

Broadband limiters cover ftre-
quency range of | to 12,4 Guz.,
have typical threshold of 15
mw in L band. and 5 mw in X
band. Units are integrated into
coaxial transmission line struc-
tures. Model A9L 1124 is modu-
lar type. A9LTI28 is available
with  3-millimeter connectors.
Aertech Industries, 825 Stewart
Drive. Sunnyvale. Calif. 94086
[403]

o |

Neodymium-glass laser weighs
16 ounces. and because of its
size can be adapted tor small
optical ranging devices such as
hand-held  binoculars. Min-
iaturization of circuits in mod-
ular form is achieved by using
epoxy resins, Output is over |
Mw with less than 20 joules in-
put. American Optical Corp..
15 Mechanic St.. Southbridge,
Mass, [407)

Amplifiers series wi-5102 cover
3.4 t04.2 Gz and have a 7 dB
noise figure. Other features in-
clude +0.3 ds gain fatness,
+25 dBm intercept point. and
1.2:1 vswr, The microstrip de-
stgn utilizes chip components.
Gains from [ «rB to 50 dB are
optional. Watkins-Johnson
Co.. 3333 Hillview Ave.. Stan-
ford Industrial Pk.. Palo Alo,
Calif. [404]

;zu

Klvstron model vkx-7753 of-
fers 12.5 kw cw amplification
with 125 amuz, | ds bandwidth,
and frequency range of 7.9 1o
8.4 Gz Unit is designed for
satellite communications
ground station service, and has
an automatic channel tuner.
The tubes are liquid cooled
and electromagnet  focused.
Varian. 611 Hansen Way. Palo
Alto. Calif. [408)
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Receiver
for the 70°

HIGHEST PERFORMANCE

Cut to fit. Ferrite can be custom-designed |
for a variety of microwave applications. |
electrical characteristics. and mag- |
netic properties can be custom engi-
neered. Ampex is offering an indi-
vidual ferrite for each of the four
general areas.

Tvpe O material is for use where
low coercive force and high rema-
nance magnetization are required—
in low-power phase shifters, for ex- |
ample—and it also offers uniformly
low magnetic and dielectric losses.
Type | ferrite is for use in high-

GENERAL PURPOSE RECEIVER

power phase shifters. Both 0 and 1 PUSH-BUTTON CONTROL

are magnetically similar to YIG and PLUG-IN SIGNAL PROCESSOR
provide good square-hysteresis-loop | MODERN FET AND IC CIRCUITS
characteristics, Types 2 and 3 are for RFI MAIN CHASSIS

circulators and isolators. Tempera-
ture stability is the significant factor SUPER'OR SIGNAL HANDLING

in type 2: it does not change with CAPABILITY
temperature. Type 3 ferrite provides KEMOTE/LOCAL OPERATION
narrow line widths for low loss and
for off-resonance devices.

Ampex is the only supplier of the
new ferrites. and. says Zneimer.

The SR-229 incorporates ihe Signal Processor and SH-700 series
of tuners to cover the 30MHz-12GHz frequency spectrum. The
Signal prccessor provides additional flexibility for many new,

“We can vary the materials’ charac- special apolications. such as local or remote tuning and signal
teristics by doping and mixing, and processing. Front panel push button selectors provide optimum
changing the power-handling capa- operator control FET anc IC circuit design provide the highest
bility. And. all [hingg being cqual. performance within the crowded spectrum. Tuners are available
you can generally reduce the size of for either swept or manual operation

the ferrite component in a system

because the ferrite has a higher di- : :
lecri constant Asiro Gommunication Laboratory

Price of the titanium-doped fer-

rites is approximately $18 per cubic 9125 GAITHER ROAD
inch. ACL GAITHERSBURG, MARYLAND 2C760
Ampex Corp.. Ferrite Materials Department. TELEPHONE (301) 948-5210  TWX 710-828-9706

465 West Maude Ave., Sunnyvale, Calif. A Division ot Aiken Industries
94086 {409)
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New products

Data handling
Add-on memory
includes buffer

To cable drive circuits, cores
look like main storage unit;
can double 360/30 capacity

The technology of add-on core
memories is not a new one. The
challenge is to take that technology
a significant step further, and Elec-
tronic Memories and Magnetics—a
newcomer to the field—has done

/"_ v

W .

Jl%j

that with the Nanomemory 4850, a
core memory for IBM 360 models 30,
40, 50, and 65. It can also be used to
replace an original memory.

The significant step taken in the
4850 is an impedance matching
buffer between the computer main-
frame and the memory. This makes
the memory look to the cable drive
circuits like the one that 1BM fur-
nishes with the main computer. The
4850 also isolates the central pro-
cessing unit from the memory, pre-
venting possible damage to the
cable drive circuits. Delay is no
problem either. Says Richard Bravo,
Computer Products division head,
“The buffer box affects cycle time,
but the memory is faster and that

makes up for the delay.”

In addition to add-on memory up
to the capacity that 1BM offers, the
4850 has the capability of exceeding
IBM specifications. For example, the
360 model 30 has a memory capac-
ity of 8,000 to 65,000 bytes, which
EM&M can beef up to 131 thousand
bytes. “Other suppliers offer en-
hanced capability, but nobody is
quite in our range,” Bravo states.
But in order to provide this en-
hinced capability EM&M has to get
1..v the computer, disable part of
the invalid-address circuitry, and
modify it.

IBM has been looking the other
way. It says it allows add-on core
memories to its purchased and

Computer interface unit model
ccs-371 links Digital Equip-
ment’s PDP-11 with 18M 360 for
bidirectional communication.
Byte transfer rates are about
175 kHz, depending on model
360 used, and storage is two
bytes per pDP word. Software
package includes a diagnostic
routine. Price is $9,500. Custom
Computer Systems Inc., 40 S.
Mall, Plainview, N.Y. [361]

Microfilm plotter called Beta
Plot 100 can be connected with
a computer, coupled directly to
a display controller, or slaved
to any graphic display. Model
110 is programable, has un-
bundled software, system op-
tions. Unit is offered for sale or
lease, with OEM discounts avail-
able. Beta Instrument Corp., 20
Ossipee Rd.. Newton Upper
Falls, Mass. 02164 [365]
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Miniature tape recorder model
DTU-250 for avionics and field
computer diagnostic systems
holds tape in a sealed cartridge.
Bit-serial system has a per-
track capacity of 2,400,000 bits
on 250 feet of Y-inch tape. Size
of a unit for two tracks of
write/read or four tracks write-
or-read is 8 by 5 by 3% in. Cir-
cuit Systems Corp., 816 E.
Edna Pl., Covina, Calif. [362]

Digitizer called Gradicon con-
verts any positional graphic in-
formation into usable digital
form. Unit includes cursor,

rear-projection graticule, servo
system which allows cursor to
be lifted from table without
losing point of origin. Gradi-
con 1s available in three sepa-
rate units or as complete sys-
tem. Instronics Lid., lil(sviﬁc,
Ontario, Canada [366)

170 modules series RTP7435 of-
fer selection of pc cards for sig-
nal conditioning functions in
company’s RTP-7430 1/0 sys-
tem. Plug-in modules are com-
patible with most minicom-
puters. Selection includes com-
munications interface, relay
output, real-time clock. Price 1s
$990 plus $60 per card. Com-
Euter Products. Gateway Dr,,
t. Lauderdale, Fla. [363]

Punched card terminal c-10
Cardliner is for time sharing
and batch applications, inter-
faces with most keyboard ter-
minals including Teletype 33
and 35. Unit allows user to add
card-reading capability, trans-
mit information to central
computer or other terminals.
Price is $2,.800 or $90/month
rental. Tally Corp., S. 180th St.,
Kent, Wash. [367]

Cassette tape transport system
model 2020 offers minicom-
puter user three independent
cassette loaded tape drives,
tape drive controller, interface,
and software support. Simulta-
neous read, write is on separate
decks. Price is $6,900, with 0OEM
discounts available. Canberra
Industries Inc., Computer Pe-
1r\i,}';hera‘ls, 45 Gracey Ave,,
eriden, Conn. {364)

Synchro to digital converter
card sets series 711 for com-
puter interface equipment con-
sists of three pc cards and plug-
in motherboard, and uses
tracking principles instead of a
sampling method. Resolution is
13 bits, accuracy 0.05, and
tracking rate 1000 /s. Price is
under $1,000. N. Atantic In-
dustries Inc., Terminal Dr.,
Plainview, N.Y. 11803 [368]
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rented equipment, but in case of
breakdown IBM will maintain only
its own equipment and at an in-
creased service charge. As for rented
machines, the company insists on
the removal of any non-IBM equip-
ment that causes damage to the
computer or makes maintenance
impossible. 1BM does not explain
what ‘“‘damage™ means, and al-
though other companies have also
been disabling the invalid-address
circuitry, there has apparently been
nothing done about it. If damage is
irreparable. IBM says, it will “have
to deal with each individual situ-
ation as it occurs.”

Applications for the 48350 include
real-time processing, electronic tele-
phone and switching systems, auto-
mation and industrial control sys-
tems, medical and nuclear research
instrumentation, commercial air-
craft, video display, and radar data
processing. The 4850 is field-ex-
pandable and uses a 3-wire, 3-d
drive technique. Stacks and elec-
tronics are mounted on plug-in cir-
cuit boards and modules.

Full cycle time of the unit is 850
nanoseconds, and access time is 350
ns. System wiring lead lengths are
kept short to minimize propagation
delays. Storage capacity is 4.096 to
16.384 words of 40 bits, which can
be organized if desired as 32,768 by
20. Two of these modules will fit in
one rack. for a total of 65.536 by 20
bytes.

Operating temperature range of
the 4850 is from 0 to 55 C ambient,
in humidity of up to 95% RH exclud-
ing condensation. Input power is
110-115-120/220-230-240 volts ac,
at +10% accuracy over the fre-
quency range of 47 to 63 hertz. The
standard unit uses a twisted pair
voltage mode interface that pro-
vides immunity from ground tran-
sients plus compatibility with most
types of integrated circuits. The in-
terface can be modified if required.

Options for the Nanomemory
4850 include a self-test facility. in-
dicator lights for address and data,
parity generation, and check.
Electronic Memories, a division of Electronic
Memories and Magnetics Corp., 12621 Cha-
dron Avenue, Hawthorne, Calif., 90250
[369]
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The vehicle? Nikkei Electronics —
the Japanese version of Electronics
Magazine published in Japanese for
consumption in Japan only.

Joiunt Vestune

Nikkei Electronics will be published
bi-weekly by NIKKEI/McGRAW-
HILL INC. ~ a joint venture of NI-
HON KEIZAI SHINBUN and
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely
in the Japanese language including
advertisements. For your conven-
ience in placing advertising in
Nikkei Electronics, the sales staff
of Electronics Magazine has been
designated as your liaison.

Editorial

The editorial staff of Nikkei Elec-
tronics consists of ten full-time
editors plus contributions from
Electronics editors, the McGraw-
Hill World News staff and the news
services of NITHON KEIZAI SHIM-
BUN—the world’s largest publisher
of financial newspapers.

Every two weeks, these editors will
produce a news and technology
Japanese language magazine for
electronics engineers in Japan.

Cineol s

* Nikkei Electronics will begin pub-
lication with a paid Japan circu-
lation of 15,000 in April and with
a guaranteed paid Japan circula-
tion of 20,000 within the first year
of publication.

* Nikkei Electronics circulation is
restricted to: engineers and man-
agement in companies manufac-
turing electronics products; users
of electronics products; and
managers of governmental and
independent R&D; educational
and electronics studies associa-
tions.

* The subscriber universe for
Nikkei Electronics is 120,000 elec-
tronics engineers plus 18,000 new
engineers graduating annually.

* Nikkei Electronics is the only
Japanese Electronics magazine
going ABC. All others are not
audited.

Nibde:Electro :mm

® If you sell, or want to sell your
products in Japan, you can talk
to 20,000 buying influences in
their native tongue for just $400
a page.

* If you are already advertising in
any of the unaudited lesser media
in Japan, here is your opportunity
to consolidate your schedule in
the one strong medium, make a
dominant impression and save
advertising dollars.

If you are interested in advertising
in Nikkei Electronics contact your
local Electronics salesman or any of
the Electronics sales offices in the
U.S. and Western Europe.

Niddeer
Electrosnics

A Nikkei /McGraw-Hill Publication.
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New products

Semiconductors

1,024-bit RAM
is flexible

MOS memory in DIP seeks
wide systems acceptance
with three-level output

When it decided to enter the MOS
memory market with a 1,024-bit
random access store, National Semi-
conductor Corp. had its work cut
out for it. Not only would it have to
produce something equivalent to In-

DIP packages with 24, 28, and

Field programable 2

tel’s 1103—because the 1103 has
been designed into systems and Na-
tional is interested in follow-on or-
ders—but National also would have
to look ahead of the 1103. “So,” says
marketing manager Gene Carter,
“We conducted a market survey to
determine what kind of memory our
customers wanted, and came up
with the MM5260 with Tri-State out-
put.”

With Tri-State, the memory can
be used with systems having com-
mon 170 busing, so that in addition
to on, and logic 0 and 1 outputs, the
5260 has an off-bus mode. This
eliminates the need for pull-up re-
sistors and, in turn, saves space on
the chip. Tri-State output also pro-

-

.048-bit

- -l
MOs integrated circuit character

vides a wired OR capability.

Users want a memory that’s com-
pletely compatible with existing sys-
tems, Carter says. So the chip has
200-nanosecond access (350-ns max-
imum), operates on conventional
power supplies, and has low power
dissipation. But while the 1103 is
packaged in an 18-pin dual in-line
configuration, the 5260 comes in a
smaller 16-pin DIP. Carter says the
smaller package allows more bits to
be packed in a given area of board
space. “For example,” he continues,
“with the 5260 we can get 4,096 bits
in one square inch, and because the
sense amps are on the chip, the
memory board is still further re-
duced in size.” A 4,000-word-by-16-

Laser pulser model Lp-102 pro-
15-A peak

40 leads on 600-mil bending
centers are available with new
options and configurations in-
cluding: wraparound lead
frame. Kovar seal ring. and
lead-to-dice attach pad connec-
tion which can be specified to a
particular lead. Metalized Ce-
ramics Corp.. West River In-
dustrial Park. Providence. R.I.
02904 [411]

t
Infrared emitting diodes types
40843R and 40844R offer per-
formances up to 3 mw at 50
ma. are packaged in op-10 con-
figuration for closely spaced pe
board mounting. Units can Ec
used with all types of silicon
photodetectors. Price for
40843R is $1.95 and for
40844R. $2.50 in 1.000 lots. RCA
Solid State Div.. Rt. 202,
Somerville, N.J. [415]
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bipolar ROM uses fusible link
technology requiring 90 ma for
programing. no special equir-
ment. Organization is 512
words by 4 bits. Price for
MM6305 (temperature range
0-70 C) is $100-$195. For
MM5305 (-55-+125C), $140-
$260. Monolithic Memories
Inc., 1165 E. Arques Ave.. Sun-
nyvale. Calif. [412]

Polarity and overflow multi-
gurposc display called Data-Lit
L is a companion to Data-Lit 8
seven-segment display. It pro-
vides decimal point, left or
right; colon, left or right; plus
and minus sign: and percent
sign. Unit mounts on 0.3 in.
centers. Price is $7 to $9.90 de-
pending on quantity. Litronix
Inc.. 19000 Homestead Rd,,
Cupertino, Calif. 95014 [416]

generator model MC113iL pro-
uces voltage patterns needed
to form numbers, letters, sym-
bols on LED arrays. cathode ray
tubes. Unit is driven by address
codes originating in computer
or data source. Price is
$14.60-324.50 depending on
uantity, type. Motorola Inc.,
emiconductor Div., Box
20924, Phoenix, Ariz. [413)

Integrated circuit op amps are

housed in Y-by-'%-by-0.065 in.
flat packs. Model Ms 747 has
offset null terminals. indepen-
dent v terminals for addi-
tional power supply. Model Ms
N5558 features 10 lead pack-
age. input stages in close
proximity. Price is $11.50 for
1-24. Mini-Systems Inc., David
Rd., P.O. Box 429, N. Attle-
boro, Mass. 02761 [417]

vides 100-ns-wide.
current with 40 ns rise and fall
times generated by internal
clock. Other pulsers in hybrid
iC forms drive laser diodes with
60-95% efficiencies at 36-150 v
dc, 12-800 A. Small-quantity
grice is $270. Washington
echnological Associates Inc.,
979 Rollins Ave., Rockville
Md. [414)

(

S,

(va

Light emitting diode incorpo-
rated into proximity sensing
unit acts as pilot light showing
when an object is in sensing
range of the device. Life of the
LED is as long as the life of the
sensing unit. It is suited for
noisy environments. Price of
the sensor with diode is $63.
Automatic Timing and Con-
trols Inc.. King of Prussia, Pa.
19406 [418)
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bit board is three inches smaller us-
ing the 5260 than with the 1103, he
says.

The MM5260, a fully decoded, dyna-
mic 1,024-word-by-one-bit read/
write RAM, uses low-threshold sili-
con gate technology to achieve bipo-
lar (transistor-transistor logic) com-

Compact. Memory in 16-pin DIP, right, is
designed to compete with 18-pin 1103 type.

patibility on all 170 lines, except on
the precharge and read/write lines.
“I’s a systems-oriented device,”
says Carter, “in that the sense amps
are on the chip and the address lines
and chip-enable are TTL compat-
ible.” Cycle time is 450 ns minimum
for read and 600 ns minimum for
write. Refresh cycle time is 2 milli-
seconds, and memory expansion is
provided by the chip-enable line.

Also, from a systems standpoint,
Carter says that many new digital
systems are using National’s Tri-
State logic devices, and the 5260 can
be uséd with their common 1/0
lines.

The MM5260 is priced at $38.40 in
lots of 100.
National Semiconductor Corp., 2900 Semi-
conductor Drive, Santa Clara, Calif. 95051
(419)

4-terminal solid state relay
switches with 2-mA input

Solid state relays cost considerably
more than their electromechanical
equivalents. But, as Samuel R. Pear-
soh, manager of advanced designs
for Texas Instruments’ Control
Products division in Dallas, pointed

Eléctronics/August 2, 1971

out in introducing his TIH50I
model, they are extremely reliable.

With no contacts to spark and
weld, semiconductor relays have
much longer lives, and are safe in
such possible explosive atmospheres
as may occur in hospital operating
rooms. Relays of this type are
directly compatible with I1C logic,
eliminating the interfaces required
for zero-point switching, almost
eliminating electromagnetic inter-
ference and reducing transients in
motor-control applications.

For these reasons, says Pearson,
solid state relays are becoming pop-
ular in computer peripherals and in-
dustrial control applications, and
wherever else logic is used to drive
motors, displays, solenoids or high-
power relays.

TI's new solid state relay, accord-
ing to Pearson, offers a unique com-
bination of properties: the basic re-
lay uses a triac output rated at 8
amperes at 140 volts, 60 hertz, while
optical coupling between input and
output gives 1,500-v isolation (100
gigohms). The four-terminal pack-
age, which Pearson says is vital in
many applications where the solid
state relay is to replace a mechanical
one, includes zero-point switching
as standard. Voltage across the triac
rises to less than 5 v when the unit is
turned on. Only 2 milliamperes in-
put is required to switch the output,
making the relay compatible with
low-level logic. Off current, a prob-
lem in many solid state relays, is be-
low 2 mA, and the unit operates at
currents as low as 15 mA and sup-
plies voltages as low as 15 volts.

The input to the unit includes
diode reverse-polarity protection,
and a current-limiting field effect
transistor permits input overloads to
+ 150 v without damage. A diode
and 1.6-kilohm resistor can be sub-
stituted at a lower price for appli-
cations where the protection is not
needed.

The TIHS501 is packaged in a
molded case measuring 2.3 by 1.6
by 0.75 inches with four quick-con-
nect/solder terminals. It costs $7 in
10,000 quantities.

Texas Instruments, Inc., inquiry Answering
Service, P.O. Box 5012, MS/308, Dallas,
Texas 75222 [420]

e NEW

Catalog of
pressure
sensitive

electronic
component drafting aids

Eime saving electronic component
shapes, patterns and conductor line
tapes are listed by the thousands in
By-Buk’s new P-50 catalog. This easy to use,
cost-saver index of pressure sensitive
printed circuit drafting aids is the source
book of ideas for engineers, designers and
draftsmen interested in faster, more
accurate artwork layouts. Find new ways to
reduce the tedium of repetitive artwork with
individually die cut artwork patterns in

opaque black, transparent red and
transparent blue materials.

FREE CATALOG Send today for a free copy

of the new P-50 catalog and
FREE SAMPLES a selection of samples.
Los Angeles, Calif. 90019
(213) 937-3511

Circle 97 on reader service card

BY-BUK COMPANY

4326 W. Pico Blvd.

S.S. HOPE, m.p.

Doctor. . . teacher ... friend to
millions on four continents—
this floating hospital is a
symbol of America’s concern
for the world's disadvantaged.

Keep HOPE sailing.

PAPE
Dept. A, Washington, D.C. 20007
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CLASSIFIED ADVERTISING

SEARCHLIGHT SECTION

BUSINESS OPPORTUNITIES
USED OR SURPLUS EQUIPMENT

® EMPLOYMENT
im OPPORTUNITIES

SURPLUS ELECTRONIC
TEST EQUIPMENT

Tektronix, Hewlett-Packard, General Radio,
Gertsch, Kay, Polorad, Lavoie, Beckman
etc. Scopes, counters, signal generators,
recorders, oscillators, power supplies,
VTVMS, ratio transformers, spectrum an-
alyzers & 1000 other items.

Call or write:
GEM

P.O. Box 515 ¢ Irving, Texas 75060
214-254-1531

CIRCLE 966 ON READER SERVICE CARD

Well established medium size
French Company making
PRECISION RESISTORS

(Carbon — Metal — Wirewound)
SILVERED MICA CAPACITORS
(dipped and molded)

desires cooperation with American Com-
pany engaged in similar activities.

Would consider
Licensing Agreement
Agency Association

MEETING IN USA can be arranged
80-4207, Electronics °

Class. Adv, Dept., P.O. Box 12, New York, N. Y, 10036

CIRCLE 967 ON READER SERVICE CARD

RADAR SYSTEMS GROUND AND AIRBORNE. AUTOMATIC
TRACKING ANTENNA SYSTEMS. NIKE AJAX. NIKE HER.

CULES. M.33. MSQ-1A. MPS-19. MPS-9. SCR 584 TPS-1D
TPS.28. FAA-ASR-2. AIRBORNE SYSTEMS. APN-84, APN-102
APS-20. APS-27. APS-45, DPN-19. DIGITAL COMPUTERS.

1BM 650. 1BM 704
LARGEST INVENTORY OF RADAR AND
MICROWAVE EQUIPMENT IN THE WORLD.
RADIO RESEARCH INSTRUMENT CO.

45 WEST 45TH ST N Y. 10036 212-U 6469

CIRCLE 968 ON READER SERVICE CARD

NEEDED MONTHLY

300.000 meters Bare Electrolytic copper wire
tinned rectangular section 0,25 mm x 0,5mm
(.01 x .02 inch)
Write: Societe Industrielle ALFA
Rue de Ia Senne, 80,
I BRlll]SSELS.

Adequate documentation needed.

ESCAPE TO
COLORADO

As a Development Engineer, you'll be work-
ing with a small group in the development
of high-quality infrared windows. You'll be
concerned mainly with material refinement.
And for recreation, the Rockies and Denver
are only a stone's-throw away.

For this special job, we're looking for a
SOLID-STATE  PHYSICIST, ELECTRONICS
ENGINEER, or a PHYSICAL CHEMIST. A BS
or MS degree is required, together with 2
to 5 years' experience. You must have ex-
perience in processing and refining semi-
conductor materials, preferably 11-VI com-
pounds, and an understanding of the
relationship between purity, stoichiometry,
and electrical properties.

Send resume and salary requirements to

JACK COYNE

Employment Manager.

An Equal Opportunity Employer

COORS PORCELAIN
COMPANY

GOLDEN, COLO. 80401

CIRCLE 969 ON READER SERVICE CARD

Miniftuid vispenser

AIR OPERATED

for miniature potting
and encapsulating

Available in 3 sizes
6cc » 12cc - 30ce

I:-']PHILIP FISHMAN COMPANY

7 CAMERON 3T, WELLESLEY, MASSACHUSETTS 02181

CIRCLE 970 ON READER SERVICE CARD

Remember . . .

MAIL MOVES
THE COUNTRY

but ...
ZIP CODE MOVES

THE MAIL

Don't forget the

BOX NUMBER

When answering the classified ad-
vertisements in this magazine don't
forget to put the box number on your
envelope. It's our only means of
identifying the advertisement you are

answering.
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New products/Materials

Polyimide prepreg system called Ge-
mon L offers thermal resistance at
temperatures up to 500°F, and can
be laminated at temperatures as low
as 350°F and pressures from 15 to
1,000 1b./in.? Material withstands
soldering and drilling fabrication
temperatures, cures without emit-
ting volatiles, and is reinforced with
woven glass, hi-silica, quartz, carbon
and graphite or boron. Application
is for high performance circuit
boards. General Electric Co., Insu-
lating Materials Dept., 1 Campbell
Rd., Schenectady, N.Y. 12306 [481]

High temperature ceramics in 94%
or 96% alumina and steatite can be
shaped into standard pressed and
machine parts, are suitable as sub-
strates for thick- and thin-film, and
for standard hybrid circuits. Pri-
mary applications include substrates
for photocell and optoelectronics
devices, and as stand-off insulators.
Mansol Ceramics Co., 141 Little St.,
Belleville, N.J. [482]

Epoxy system with thixotropic addi-
tives called Tra-Bond 2111 joins
components to chassis parts or pc
boards. System contains no solvents,
cures at room temperature, and can
also be used as an adhesive for
rough or uneven surfaces unable to
be brought into intimate contact.
Tra-Con Inc., Resin Systems Div.,
55 North St., Medford, Mass. 10255
[483]

Chemical stripper for polyurethane-
based pc board coatings type 1063
dissolves film in less than an hour of
exposure. Material is non-acidic and
does not affect plastic or metals. Hu-
miSeal Div.,, Columbia Technical
Corp., P.O. Box 86, Woodside, N.Y.
11377 [484]

Crosslinkable polyethylene com-
pounds for wire and cable insula-
tion are flame retardant, generate
low density smoke when caused to
burn by high temperature or voltage
arcs. Called Petrothene XL, material
uses no halogenated polymers, is
suitable for computer lead wire ap-
plications. U.S. Industrial Chem-
icals Co., 99 Park Ave., New York,
N.Y. 10016 [486]
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New literature
Solid state. Centralab Semicon-
ductor, 4501 N. Arden Dr., El
Monte, Calif. 91734, has published
a 20-page catalog of its line of solid
state products which include chips,
hybrids, discretes. and optoelectro-
nic devices. Circle [421] on reader
service card.

Function generator. Electronic In-
struments Div., Beckman Instru-
ments Inc., 3900 River Rd.. Schiller
Pk., Tll. 60176. Model 9030 wave-
form generator covering frequency
range from 0.0005 Hz to | MHz is de-
scribed in company bulletin 2455.
[422]

Ferramic material. Indiana General,
Electronic Products, Keasbey, N.J.
08832. A 16-page catalog provides
specifications on Ferramic material
and components for design engi-
neers. The design guide includes
part numbers, materials properties,
and inductance factors. [423]

Optical instruments. Opto-metric
Tools Inc., Rockleigh Industrial Pk.,
Rockleigh, N.J. 07647. Optical in-
struments for inspection and mea-
surement of microminiature parts
are described in a comprehensive
catalog. [424]

Terminal boards. General Electric
Co., General Purpose Control
Dept., Box 913, Bloomington, Il
61701, has available a 20-page cata-
log detailing its line of terminal
boards and terminal board compo-
nents. Specifications, applications,
dimensional drawings, accessories,
and ordering information are in-
cluded. [425]

Film trimmers. Vishay Resistors
Products, 63 Lincoln Highway, Mal-
vern, Pa. 19355. A technical bulletin
describes bulk metal film trimmer
potentiometers and gives test results
compiled by the company and di-
mensional layouts. [426]

Swept frequency measurements.
Clarke-Hess Communication Re-
search Corp., 43 W. 16th St., New
York, N.Y. 10011, has published an
applications bulletin illustrating
techniques for utilizing function
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generators in swept frequency mea-
surement. [427]

Batch terminal. M&M Computer In-
dustries Inc., 770 North Main St.,
Orange, Calif. 92668. Key features,
applications, and specifications on a
family of intelligent, remote batch
terminals are detailed in a 12-page
catalog. Instruction list, installation,
training and maintenance are dis-
cussed. [428]

Transducers. Sensotec Inc., 1400
Holly Ave., Columbus, Ohio 43212.
Characteristics of a variety of semi-
conductor and foil strain-gage-type
subminiature pressure transducers
are discussed in a six-page bulletin
giving selection and design informa-
tion. [429]

Computer testing. Computer Scien-
ces Corp., 9841 Airport Blvd., Los
Angeles, Calif. 90045, offers a tech-
nical bulletin on small, automated
testing facilities. Information on
performance in various environ-
ments is included. [430]

Semiconductors. Semiconductor
Div.. Westinghouse Electric Corp..
Youngwood, Pa. 15697, has pub-
lished a 16-page brochure describ-
ing the company’s line of semicon-
ductor products. The format is
designed to interface with current
individual product selector guides.
[431]

Engineering guide. Non-Linear Sys-
tems Inc.,, PO. Box N, Del Mar,
Calif. 92014. A hardbound 395-page
text details technical information on
Non-Linear systems and subject in-
formation about theory, main-
tenance, application and calibration
of digital voltmeters, data acquisi-
tion, computer and pressure sys-
tems, and MOS/LSI device testing.
[432]

Minicomputer. Microdata Corp.,
644 E. Young St., Santa Ana, Calif,,
92705. General information, com-
puter references, interface informa-
tion, and preliminary programing
details on the Micro 400 min-
icomputer are available in a 75-
page manual. [433]

THIs SPACE CCNTRIBUTED BY THE PUBLISHER

” a
Miss Raquel Welch

Photo: O'Ne Il

Learn the seven
warning
signals of
cancer.
You'llbe in
good company.

1. Unusual bleeding or
discharge.

2. A lump or thickening in the
breast or elsewhere.

3. A sore that does not heal.

4, Change in bowel or btacder
habits.

5. Hoarseness or cough.

6. Indigestion or difficulty in
swallowing.

7. Change in size or color of
awart or mole.

It a signal lasts longer than
two weeks, see your doctor
without delay.

And be sure to have a heaith
checkup once a year, no
matter how well you may feel.

Fight Cancer with a checkup
and a check

American Cancer Society
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NEW! First comprehensive guide
to every aspect of TTL devices

and their practical applications

I

o nesnnnn G4 5
T TR 1 W

DESIGNING WITH TTL
INTEGRATED CIRCUITS

Prepared by the IC Applications Staff
of Texas Instruments Incorporated

Edited by Robert L. Morris and John R. Miller

This thoroughly comprehensive and practical volume—
the first to explore the entire family of TTL integrated
circuits—is a complete source book on the newest, most
versatile, reliable, and economical innovation in systems
technology. It covers not only design philosophy, eco-
nomics, basic descriptions, and electrical performance
of TTL devices; but many practical applications of the
circuits in digital systems,

It will save you time and work by providing many com-
pleted designs easily converted to your particular needs
...reduce costs by suggesting the most cost-effective
integrated circuits to use in your system...help your de-
cision making by reviewing all modern logic types and
giving you a comparison of the characteristics of sub-
series within the TTL series.

The first book devoted exclusively to the transistor-
transistor logical family of integrated circuits, this
volume will prove invaluable to electronics engineers,
computer designers, and systems analysts and to non-
engineer managers who want information on the best
uses of TTL devices.

384 pages, 380 illustrations, $18.50

MAIL COUPON TODAY

McGraw-Hill Book Company

330 West 42nd Street, New York, N. Y. 10036

Send me Texas Instruments’ DESIGNING WITH TTL INTE-
GRATED CIRCUITS (637458) for 10 days’' examination. At the
end of that time | will remit $18.50 plus tax, postage, and han-
dling charges. If | decide not to keep the book | will return it in
the carton provided within 10 days. (Remit in full with coupon,
plus tax, and McGraw-Hill pays all delivery costs.)

Name
Address

City State Zip
Otter good in U.S. and Canada only. 23.6-7
©0 0000000000000 0000000000OCL

100 Circle 100 on reader service card

YOU'RE
WHISTLING
IN THE
DARK . ..

. . . if you think that heart disease and stroke hit only
the other fellow’s family. No one is immune. Protect
the hearts you love. For authoritative information, ask your
Heart Association. For medical advice see your doctor. Tc

safeguard your family . . .
GIVE...
so more will live

HEART
FUND
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SGS to merge into
all-ltalian combine

British to test digital
fly-by-wire autopilot

Japan eases rules
on foreign ICs. ..

Electronics | August 2, 1871

International Newsletter

August 2, 1971

Semiconductor industry seers who predicted that Motorola and SGS
would team up tightly after their second-sourcing deal last spring [Elec-
tronics, International Newsletter, Apr. 12] are now in the market for new
crystal balls. Instead of a tie-up with Motorola, SGS will get a new Italian
owner, an as-yet-unnamed company controlled by STET, the govern-
ment’s electronics-telecommunications holding company.

Into the unnamed company with SGS will go Ates Componenti Elet-
tronici, cwned jointly by STET and one of its subsidiaries. It’s still not
known whether SGS and Ates will keep their identities; at the very least
the two will coordinate their production. STET’s partners in the new com-
pany, each with a 20% share, are Ing. C. Olivetti & Cie and Fiat. Until
IRI stepped in, Olivetti owned SGS. The company, like all semiconductor
makers in Europe, has been beset by a lackluster market over the past
18 months. On top of that, SGS has had its own particular problems—
labor troubles and a considerable bank debt.

Elliott Flight Automation Ltd. is developing an all-digital autopilot to
work with the Royal Aircraft Establishment’s fly-by-wire electronic-
electrical control-surface linkage system [Electronics, July 22, 1968, p.
164]. The combination is primarily for military strike aircraft and will
fly in a test Hawker Hunter fighter within a year. The autopilot uses a
single digital computer to process not only mode-selection data (climb,
hold height, etc.), already processed semi-digitally in some other auto-
pilots, but also all sensor input data. The computer is Elliott’s standard
12-by-12 word design, using 256 words of read-only data store and 2,048
words of program instructions. All of the memory is semiconductor. The
computer is surrounded by an interface taking digital or analog inputs
and giving analog outputs.

Elliott men say all-digital construction allows quicker development—
through software simulation—and easy self-test, as well as the usual
pluses of simplicity and reliability. Further, in the fly-by-wire context the
digital approach facilitates compensation for the maneuver-demand char-
acteristics—variation of amount of control surface movement according
to speed, to provide consistent dynamic response.

This month’s planned liberalization of foreign investment in Japan for
production of ICs, will be followed—probably late this year or early in
1972—by an easing of computer peripheral gear import restriction.
Japan’s minister of international trade and industry, Kakuei Tanaka, was
in office less than three weeks when he disclosed that in three years
Japan will allow the manufacture, sale, and leasing of electronic com-
puters—including accessories and parts—by foreign interests.

By holding off liberalization of the key computer manufacturing indus-
try for three years, the ministrv hopes to allow the six existing domestic
makers time enough to strengthen their competitive posture, with gov-
ernment assistance, and withstand the competition generated by foreign
companies. In tackling the touchy computer liberalization issue and
opening the door at least part way to foreign investment in the electronics
industrv, the government hopes to stem rising criticism in the U.S. about
Japan’s protectionist policies.



...and will open
up in computers

AEG-Telefunken,
Siemens drop
large computer ...

. .. but Nixdorf
may push project

IBM pulls back
on its Hanover
IC expansion

International Newsletter

Once final cabinet approval is given to the MITI plan, foreign interests
will be able to invest up to 50% in ventures that can manufacture ICs
for color television sets, appliances, and for other electronic devices,
excluding computers. In three years, they will be allowed to form 50%
partnerships with Japanese companies to manufacture computer hard-
ware, automatic control devices, integrated circuits for computers, and
other computer parts. The data processing industry, including computer
software, will remain closed to foreign participation.

Now that West Germany’s two largest computer makers, AEG-Tele-
funken and Siemens have ended plans to jointly develop a “national”
jumbo computer, AEG-Telefunken is burning the midnight oil on a new
concept to present to Bonn’s science ministry for government financial
backing. And it is rumored the country’s small, but highly successful
Nixdorf Computer AG may fit into the plans.

AEG-Telefunken and Siemens, which have tried for a year and a half
to get the project off the ground, announced last month that they were
throwing in the towel, because they couldn’t see eye to eye on the terms
for setting up the joint venture. The science ministry, which had pushed
the venture and was bitterly disappointed to get the news, is willing to
talk over a new AEG-Telefunken proposal. A Siemens official, meanwhile,
says it will scrap all plans to develop a large national computer.

The AEG-Telefunken decision to go ahead triggered speculation of a
possible tie in with Nixdorf, which has already expressed interest in
joining such a project. That company’s chief, Heinz Nixdorf, is a board-
member of AEG-Telefunken’s office machine subsidiary, Olympia Werke.
Although he opposed the AEG-Siemens link, believing it would stifle
domestic competition, the picture has changed. Nixdorf could supply
software and peripheral know-how, just as Siemens would have done,
and benefit from AEG-Telefunken’s development of the jumbo hardware.

A big difference, however, would be the lack of the powerful financial
backing of Siemens. Hence, an AEG-Telefunken/Nixdorf deal would
likely demand a greater assist from Bonn. But it is far from certain how
far the government will and can go.

After spending more than $14 million to establish a second semiconductor
manufacturing facility in West Germany, IBM has decided that “recent
technological improvements” in growing silicon crystals have eliminated
the need for the new complex. IBM, which operates its current semicon-
ductor plant in Sindelfingen, near Stuttgart, decided to scrap plans for its
new facility in Hanover, even as site preparation work was already
underway.

Now IBM wants to sell back the $5.7 million piece of land it purchased
in February 1970 from the city of Hanover, the capital of economically-
depressed Lower Saxony, which bent over backwards to lure IBM to the
area. It even relocated the city’s race track to give IBM the only piece of
land it felt was suitable. Local officials estimate more than $10 million
in city funds were spent to the anticipated IBM move. However, 172,000
square feet of temporary production space, established on an interim
basis in rented buildings near the planned building site, will continue
in production for another 12-18 months.
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Significant developments in technology and business

Master and working
masks come from one
automatic machine

Japanese combine computer,
optical pattern generator

to make both original and
step-and-repeat masks

A lash-up of a numerical control
computer and an optical pattern
generator has automated fabrication
of 1C photomasks at the Electrical
Communication Laboratory of the
Nippon Telegram and Telephone
Public Corp. Equipped with a 10-X
reduction lens, the system can make
both intermediate master masks and
step-and-repeat working masks.

The automatic photomask expo-
sure unit is an optical pattern gener-
ator consisting of a xenon lamp, a
slit which can be varied in length,
width and angular position, the 10-
x reduction lens. and a precisely
controlled table for positioning in
the X and Y directions. Normally
the pattern is generated as a series
of rectangles. A pattern with 500
rectangles can be generated in
about 30 minutes. Circles or slanted
lines can be generated by rotating
the slit.

Tape drive. Overall control is by a
Fujitsu Fanuc 250 numerical control
computer, which controls five axes
simultaneously—width and length of
slit, angle of slit, and X and Y posi-
tions of table. This computer has
16,000 words of memory, permitting
operation directly from computer-
aided design tapes.

_The automatic exposure unit, pro-
duced by Dainippon Screen Manu-
facturing Co., Includes sufficient
electronics for the table to operate
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closed loop, with a diffraction grat-
ing providing high-precision feed-
back signals. Positioning accuracy is
+1 micron. The minimum dimen-
sion of the slit is 100 microns, vari-
able upward in 50 micron steps. The
10- X reduction lens, though, gives a
minimum dimension of 10 microns
variable upward in 5 micron steps.

Steps. Usually this automatic
photomask exposure unit is used to
generate individual IC patterns 10
times the size of the device to be
made, with a maximum size of 3
inches square rather than the table-
cloth size originals generated at the
start of the conventional process.
These patterns can be inserted in
the exposure unit in place of the slit,
and then the lens and precision
table enable the unit to be used as a
step-and-repeat camera.

The unit can also generate actual
size patterns for IC interconnection
and discretionary wiring. For this
type of application the 10-micron
minimum width and 1-micron posi-
tion accuracy should be sufficient.

Great Britain

Control of logic IC doping
ups speed/power ratio

In making bipolar logic integrated
circuits, the doping level of the col-
lector region has to be a compro-
mise. A high level is needed to give
a low resistance path immediately
below the emitter. However, a low
level is needed to give specific ca-
pacitance over the base-collector
Junction. Practicable compromises
are usually around 10" impurity
atoms per cubic centimeter.
Researchers at Mullard’s Re-
search Laboratories are developing
a construction technique that will let
the collector have it both ways: high
doping almost up to the base imme-
diately under the emitter, and low
everywhere else. In experimental
transistors made so far, they have
maintained a level of 10’ atoms per
cm® just below the emitter and re-

Cross-section. Mullard's researchers call their devices profiled collector transistors
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duced the bulk collector doping to
10" atoms per cm®. The effect has
been to reduce collector-base ca-
pacitance to about half what it
would be in a normally constructed
transistor with the same base-emit-
ter geometry, and also to reduce ca-
pacitance where the collector meets
the isolation wall.

ECL. Charles Fuller, team leader
at the Mullard Labs, says this reduc-
tion can be used to get a better
speed/power ratio in logic ICs and
will be particularly useful in emit-
ter-coupled logic, where collector-
base capacitance usually forms an
important part of propagation delay
(the voltage change at the junction
is effectively twice the logic swing
voltage change). However, Fuller
will not build any logic ICs using his
new technique until he has simpli-
fied it so that it’s compatible with
normal IC manufacturing methods.

Basically, the technique, called
profiling, is to extend upwards
towards the emitter a selected por-
tion of the n+ buried layer that
constitutes the low resistance collec-
tor path to the surface contact. This
is done by ordinary outwards diffu-
sion methods. Fuller says the critical
factors are to make sure the out-dif-
fused finger has the right impurity
concentration when it arrives at the
base region, and that it gets to the
base directly under the emitter. Fur-
thermore, the gap between the bot-
tom of the base region and the bulk
of the buried layer on either side of
the fingers must not become too
narrow during the out-diffusion to
accomodate the particular depletion
layer width for the bias conditions
of the transistor.

Test. Fuller’'s experimental de-
vices use the same emitter-base
geometry as the Philips BFY-90, 1.5-
gigahertz transistor, to simplify
measuring the effects of profiling
the collectors. This transistor has
three emitter stripes. The substrate
is p-type with impurities at 5x10'
atoms per cm®, into which arsenic is
diffused to produce an n+ buried
layer with a surface concentration of
5x10* atoms per cm® This is cov-
ered with a S-micron thick, low
doped p-type epitaxial layer. Arse-
nic is deposited onto the top of this

layer to the same surface concentra-
tion as before in localized regions in
line with where the emitter stripes
and the collector contact will even-
tually be.

A second 5-micron epitaxial layer
cm?) n-type to provide the low spe-
cific capacitance in the base-collec-
tor junction away from the emitter
regions. This complete structure is
then heat treated, so that the first
n+ buried layer diffuses up through
the first epitaxial layer to meet the
localized surface deposition, which
simultaneously diffuses up through
the second epitaxial layer towards
where the emitters and the collector
contract will be, arriving at base
depth with a concentration reduced
to 10'* atoms per cm?®.

Goal. To simplify processing,
Fuller plans to cut out one of the
epitaxial layers. He says he can de-
posit onto the substrate surface two
impurities, arsenic and phosphorus,
the second of which diffuses much
faster than the first. On top of these
two impurity layers he puts down a
single low-doped, n-type epitaxial
layer. The arsenic deposition is laid
out to diffuse through as the bulk
buried layer, and the phosphorus to
form just the extended fingers to the
emitters. If everything is just right
the phosphorus and arsenic will
both get to the right places in the
right concentrations at the right
time, in a single heat treatment.
Fuller can control the arsenic and is
working on the phosphorus.

~West Germany

Now a computerized
fishing trawler

The West German science ministry
is financing a 15-month study to de-
termine the feasability of comput-
erizing the nation’s commercial fish-
ing fleet operating in the North and
Baltic Seas. Two Bremen electronics
firms—ERNO-Raumfahrttechnik and
Krupp-Atlas Elektronik—plus a
ship-building company called See-
beckwerft in nearby Bremerhaven—
are working on the $175,000 study.
“What we want to develop is a

computerized system that will locate
a school of fish relative to the posi-
tion of the boat, then spit out data
for the course and speed required to
attain proper positioning for the fish
catch, plus data on when and where
to deploy the net and how long to
leave it out,” explained Hartmut
Schulte, the contract manager at the
science ministry. “We also want to
have the winches and other me-
chanical equipment tied into the
system, so they can be activated and
run automatically.”

Human. “Right now the catch is
dependent on the quality of the cap-
tain,” says Volker Graefe, project
manager on the study for Krupp-
Atlas. “The captain is essentially a
data processor—he finds the fish and
determines from his sea-sense when
to fish and when to haul in the nets.
What we want to do is make him
more efficient.”

“The capital investment for a
modern fishing boat runs about $5.7
million,” says Graefe. “If we in-
crease the catch by 10%, then I think
an additional cost of $570,000 per
boat can be justified.”

Echo sounders with sets of trans-
ducers will be placed at the top of
the net opening. While hardware is
currently available that provides ac-
curate depth readings, Graefe says
advances must be made to provide a
“looking-forward capability” on the
net electronics, so that the position
of the net in relation to the ship can
be tracked.

“The nets are always behind the
ships, but often currents will cause
them to shift to the right or left, so a
boat can go right over the top of
school but miss it with the net,” he
says.

“We are also studying the possi-
bility of backward-looking sonar
mounted on the ship, but there are
problems with this approach, since
the equipment would have to look
back through the turbulance of the
boat wake.”

Once the catch begins, the timing
involved in bringing in the net can
be critical. Krupp-Atlas is studying
sound-transducer systems which
would provide accurate data on the
amount of fish entering the net per
unit of time. This would not only be
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available in a digital readout for the
captain’s use, but could also be fed
directly into the computer, which
would determine when to active the
winches to bring the nets out of the
water.

The Netherlands

Yet another improvement
on nitride isolation

For the past two years or so. semi-
conductor makers around the world
have been playing a highly special-
ized game of leapfrog. Every time
one bounces to the front of the line
with a new technology for faster and
denser integrated circuit arrays, an-
other has soon come from behind to
hurdle still further ahead.

In IC isolation, Philips Gloeilam-
penfabrieken was one of the first to
leap ahead with something substan-
tially better than the conventional
pn isolation, a month before the
[talian company Societa Generale
Semiconduttori (SGS) unveiled its
Planox MOS structure at a semicon-
ductor devices meeting in the U.S.
In the fall of 1969, Philips research-
ers bared their very similar Locos
technique for isolating with oxide at
a conference in England.

Since then, Fairchild Semicon-
ductor has come up with a way to
extend the technique to bipolar I1Cs
with its Isoplanar process [Electron-
ics. Mar. 1, p. 52] and now Philips
has wrought some significant im-
provements on its version of the tech-
nique, putting it, apparently, at the
head of the line again.

Nitride first. All these techniques
have much in common. They all de-
pend, for example, on the fact that
silicon nitride stubbornly resists oxi-
dation. Mask off what will be the ac-
tive areas of an IC chip with a thin
laver of nitride, then, and it’s pos-
sible to grow thick, precise local de-
posits of silicon dioxide on a sub-
strate. (Locos, in fact, is an acronym
for local oxidation of silicon.)

What’s more, the oxide is at least
partly countersunk into the silicon,
something that’s difficult to do with
conventional planar technology.
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Foursome. Philips’ nitride process gives
countersunk oxide with only four masking
steps. Called Locos Il. the method saves on
chip real estate.

The countersunk oxide brings
double advantages: there’s only a
small step at the edges of active-
area windows to set up weak spots
in the metalization. But more im-
portant, the countersunk oxide as
isolation saves a lot of real estate.
“You can gain as much as 10 mi-
crons on each side of a 40-micron
active element.” explains Else Kooi,
who now heads the Locos develop-
ment effort at Philips’ research facil-
ity in Eindhoven.

Effective as the countersunk oxide
alone is for isolation in bipolar cir-
cuits and for field oxide in MOS cir-
cuits. Philips has found a way to
make it even better for tightly
packed MOS circuits like memories
and diode arrays. “It’s quite simple

if you know how to do it,” says
Kooi. The key: buried channel stop-
pers beneath the countersunk oxide
isolation, a technique Philips calls
Locos-II.

Philips has found a way to pro-
duce channel-stopped Locos-1I de-
vices with just four masking steps.
The process starts with growing or
depositing an oxide layer a few hun-
dred angstroms thick on the sub-
strate and then putting a nitride
layer about 1,500 A thick atop the
oxide. After that comes the first
masking step: opening windows for
the channel stoppers.

Next. Then comes a boron diffu-
sion to obtain the p+ stopper re-
gions, followed by an etch with hy-
drofluoric acid, which attacks only
the oxide and thus leaves an under-
etched rim of nitride around each
window. Oxide is then grown in the
windows, this forces the p+ areas
down into the substrate, where they
become buried channel stoppers.

Masking step number two opens
the windows for the source and
drain diffusions. The remaining two
steps provide windows for making
contacts and finally for metalization.

In this way n-channel MOS struc-
tures, hard to fabricate convention-
ally, can be made as easily as p-
channel devices. The n-channel de-
vices are inherently fast, of course,
because electrons in an n-channel
move faster than do holes in a p-
channel. Experimental four-by-four
memory arrays that Philips has
made are an example of how much
faster. P-channel units fabricated
conventionally have cutofl fre-
quencies of 2 GHz. Locos gives a
cutoff frequency of 4 GHz.

Uses. MNOS memories fabricated
by Locos-1l combine high speeds
during the read cycle with the possi-
bility of high-voltage write pulses,
the latter because of the channel
stoppers.

Another important application
for oxide isolation is in charge
coupled devices. Philips is working
on MOS bucket brigade analog
memory units and expects they'll
reach speeds of 10 megahertz.

Channel-stopped vidicon silicon-
diode arrays also perform admi-
rably. Experimental devices show
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no blooming at 20 volts, where some
conventionally made arrays show a
splotch of overbright white.

- _Japa?

Microwave oscillator
sires other products

Although a microwave burglar
alarm is the first product using its
germanium microwave oscillator,
Matsushita Electronics Corp. is
seeking a number of consumer ap-
plications for it—including mini-
radars.

Matsushita, which is a joint ven-
ture of Matsushita Electric Indus-

trial Co. of Japan and Philips Gloei-

lampenfabrieken of the Nether-
lands, is also developing a number
of other applications for the germa-
nium oscillator, including an au-
tomobile air bag actuator.

Intruder. The first item ready for
market is a microwave burglar
alarm, which the company expects
to start selling in November. Ini-
tially price will be $1,380, which will

drop in the future when increased

production allows. Matsushita is
now producing the alarm itself but
will probably transfer production to
the parent Japanese company when
demand becomes large.

The alarm operates at 10.4 gi-
gahertz and utilizes the straight-line
propagation characteristics of mi-
crowaves. Energy striking a moving
person in the room is reflected back
with a Doppler shift. The shift sig-
nal is received with a minimum of
complication, because in addition to
serving as microwave source, the
germanium microwave oscillator
acts as a receiving mixer. A dis-
criminator circuit connected to the
mixer/oscillator provides audio out-
put whenever a Doppler-shift signal
is received. An audio amplifier fur-
ther amplifies the signal and drives
the alarm circuits.

Hiroyuki Mizuno, who developed
the microwave germanium oscilla-
tor, says that excellent signal-to-
noise ratio of the device enables it to
provide these two functions while
operating at a very low power level.

Radiated output is less than | milli-
watt, yet the alarm can be used in
an area as large as 80 feet high by
83 feet long by 70 feet wide. When
adjusted to maximum sensitivity,
the alarm is actuated by the slight
motion from breathing of a man
who is standing still. However, sen-
sitivity can be reduced so that alarm
will not be actuated by cats or dogs
even though it will be activated by a
human prowler.

France

Electronic controls knit
complex fabric patterns

A group of French electronics engi-
neers took up knitting about five
years ago—looking for profit rather
than a pastime. The result is the
computer-controlled UTRAS knitting
machine, which leaves makers of
mechanical controls wondering how
they can pick up their stitches.

Designers of knitted goods can
use the new programing and ma-
chine control system to expand the
complexity of their patterns well be-
yond the limits of classic knitting
machine. UTRAS can operate with 36
or 48 spindles of yarn mounted on a
circular machine, feeding 2,000
needles and producing an endless
cylinder of cloth 180 centimeters
in circumference. The developer’s
objective was to come up with a sys-
tem of electronic programing and
machine control that could produce
complex, four-color patterns over 5
square meters.

Teamwork. To design the ma-
chine, engineers at the Société
d’Electronique Industrielle et Nu-
cléaire (SEIN), collaborated with
knitting machine builders of the
French firm Etablissements Georges
Lebocey. SEIN will furnish the elec-
tronic equipment and Lebocey will
assemble and market the machines.

It is SEIN’s first sortie into the
knitting business, and technical di-
rector Jean Goupil says it was a
profitable one. The machine already
is operational at a Lebocey plant in
Troyes, 75 miles southeast of Paris.
SEIN still is developing new acces-

sories for the system to give textile
makers a choice of methods to get
their designs into and out of the
computer.

Lebocey machine-makers had de-
cided that the conventional method
of controlling needles with an elabo-
rate rotating spiked drum-—similar
to the principle of music-box mech-
anisms—was too costly to “pro-
gram.” The design could be altered
only by manually snapping off the
spikes that mechanically operated
the needles.

SEIN engineers, after first learning
how to knit, have developed a color
photoelectric scanner that reads the
artist’s design point-by-point, feed-
ing the data stitch-by-stitch into an
IBM 3 magnetic-disk memory with a
10-million-bit memory capacity.
The memory then relays the design
to a Digital Equipment Corp. PDP-
11 computer, which transfers the
data onto a reel of 35-mm film in
the form of transparent or opaque
microdots. The dots then serve as an
optical memory of the design—each
dot representing a stitch.

The SEIN-Lebocey system opens
the possibility of knitting a pattern
large enough for an entire dress, or
for a large piece of upholstery. On
conventional machines large knitted
patterns contain the same small de-
sign repeated several times. The
electronic system also cuts program-
ing time by eliminating the old ro-
tating needle-control drum. SEIN
claims a reliability factor of one er-
ror in 500 million stitches.

Goupil says a special problem
that arose during development was
how to keep the knitting machine in
production without a second’s inter-
ruption when the film comes to its
end. His engineers solved it by put-
ting two sets of microdots on the
film—one set to be read as the reel
turns clockwise, the alternate set to
be read counterclockwise. To avoid
a momentary pause as the film reels
reverse, a buffer memory is used.

Another system for “canning” the
design is being developed at SEIN’s
laboratories—a magnetic tape cas-
sette that serves the same purpose as
the film. SEIN also is working on a
light pen/CRT input for textile art-
ists.
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How Hermes did away with vast rFombic or log-periodic
antenna farms shoed away by a shrewd array ...

Take 1 meter diameter loops 4 meters gpart and get an
omni directional broad-band receiving array.

covers 2 - 32 MHz

optimum beam characteristics for both long and shert range
communications.

Rosette configuaration of linear arrays gives & number of
overlapping high gain beams all available simultaneously.

Aperiodic‘ Loop Systems are shrewd enough for restricted
space, quick set up, roof mountable, or just below ground
level.

Governments and military agencies use them.

Give up the antenna farm. ASK US

Suite 315

2020 F Street N. W.
WASHINGTON

D.C., 20006

Telephone 202 296-2978
TWX 710-822-1106

Circle 107 cn reader service card
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1972 will be
agood year
for bold-faced

advertisers.

There are a lot of new reasons to be in
the 1972 Electronics Buyers' Guide in a big way:

A new circulation program. Distribution is to
25,000 carcfully selected OEM clectronics engineers
in the C.S. and Canada plus 5,000 U.S. electronics
purchasing agents. All recipients are qualified ona
direct-request basis and verified as important buvers
and specifiers of electronics products.

A new distribution policy. All copies are sent to
the individual at his place of work.

A new Directory of Catalogs. It’s restricted to
advertsers and lets users order Ldtalogs all year long.

A new issue date. It will be mailed in
November, 1971.

.\ new, lower rate structure.

A new, later closing date. August 15.

Bein the 1972 issue e for all the new reasons as
well as the old ones that are still there, such as the
free bold-face listing for advertisers. Write for the
new fact file. Or call 212-971-2554.

1883y

Electronics Buyers’ Guide.
330 West 42nd Street, New York 10036.
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Electronics advertisers

Abbott Transistor Labs. Inc. 6
Technical Adv. Agcy

Advanced Micro Devices 10-11
Keye /Donna/Pearlstein

# Advanced Micro Devices 12E

Keye/Donna/Pearlstein

Akal Electric Co. 42
Shinwa In¢c

Alco Electronics Products, Inc. D-4
Marketronics Advertising

Allen Bradley Company 44
Hoftman-York In¢

American Microsystems 2nd Cover

Steven Jacobs Design Inc

American Telephone & Telegraph Co.
Yellow Pages 88
Cunningham & Walsh, inc

Amphenol

pace and Missiles Systems,
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THIS SPACE CONTRIBUTED BY THE PUBLISHER

LISTL,

TOYOUR

BODY.

~

If something’s going wrong,
it’ll tell you.
1. Change in bowel or bladder habits.
2. A sore thatdoes not heal.
3. Unusual bleeding or discharge,
4. Thlckenmg or lump
in breast or elsewhere.
5. Indxgestxon or difficulty
in swallowing.
6. Obvious change in wart or mole.
7. Nagging cough or hoarseness.

If you have a warning signal,
see your doctor. Ifit's a

false alarm, he'll tell you.
Ifitisn’t, you can give him
time to help. Don’t be afraid,
It's what youdon't know
that can hurt you.

American Cancer Society
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1020 TURNPIKE STREET, CANTON,

Complete 16 channel
data acquisition
system available
in 18 ounce,
34 cubic inch module
that interfaces with
most popular
mini-computers
in use today.
® Fast throughput rate up
to 100 KHz
® High resolution up to
12 binary bits
® Variety of output formats

... Binary or BCD
® Two modes —random

orsequential

P — B —

omsoou{or VARADYNE )

MASSACHUSE TTS 02021 / TELEPHONE (617) 828-6395 TWX 710-348-0135
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Actual Size

In 27,3 or 4'~.-digit models.
We've got them all.
Just ask us.

GRALEX

I NDUSTRI

DIV. OF GENERAL MICROWAVE CORP. » 155 MARINE ST., FARMINGDALE, N.Y. » 516-694-3600

Circle 114 on reader service card D3



baooie - MINIATURES

New series of econ-
omy ‘‘snap-in”’
switches have high
6 amps rating. Fea-
tures ease of instal-
lation in .49 x .59”

hole. Choice of ‘ (
SPDT & DPDT in 4 ! \
colors, adds distinc- §
tion to front panel. SPDT ROCKER

Molded “silver” ter- Iy
minals & contacts. SPDT PADDLE

ALCOSNITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.

Circle 110 on readerservice card

sorion IMINIATURES

Unusual momentary MAGNETIC ACTION
magnetic repulsion - .
Alco push button

switches have ce- ' l ' l
ramic magnets that

eliminate springs. LY, )
Glass reeds, 12" dia. q:{‘ “
metal case. 100 mA vl e )
@ 50 VDC. SPST, ,
N.O. or N.C. .110"

flat or .058” round

terminals.

ALCOSWNITCH® ' |

DIV, OF ALCO ELECTRONIC PRODUCTS. INC., LAWRENCE, MASS

Circle 111 onreader service card

New series of single
plane 7-segment
neon readouts for
brighter & wider an-
gle viewing. Only
.41” dia. Displays
0-9, some alpha &
decimal. Long-life
operation. 4.95 each

or 2.69 in 1000 lots.  ELFIN
COLD CATHODE

DISPLAY TUBES

nL:o ELECTRONIC PRODUCTS, LAWRENCE, MASS
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REM’CS)?EL Ag(')?VNTROL ”El‘ y

For safe, shock-free
remote control cir-

cuit applications.
Compact, plastic —
case houses step- N

down transformer & l

relay. 115 VAC in- ¥ i
put, 5A capability. ) i "
Available with U/L : ot

approval. FR-105. <

u/L
AVAILABLE

ALCOSWNITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.

D4 Circle 113 on reader service card

How much
free time
do you have
available for
reading?

Add up the number of magazines that
come across your desk.

Multiply them by an average reading time
— minutes to scan, an hour or more to dig in.

Most people can only spend six hours each
week on all sources of occupational information.

So how do you fill your professional needs
and still keep your reading within reason?

Leaf through this issue again.

Notice how much of its editorial is
designed to keep you aware of trends, show
you how new technologies are being applied,
and give you information on new products.

If you want to keep yourself up to date and
cut down on your reading time, do the same
thing with every issue of Electronics.

When you make Electronics your regular
habit, you'll find you have only occasional
need for other electronics magazines.

More information, in less reading time, is
one reason it pays you to have your own
subscription to Flectronics.

Electronics.

It’s all you need to read.

Electronics/August 2, 1971
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NEW SUBSCRIPTION ORDER FORM.

Please enter my subscription to ELECTRONICS for three years at $16.

1 prefer one year zt $8 Payment enclosed Bill my company. Bill me
NAME TITLE
COMPANY = - DIV.orPEPT.

COMPANY ADDRESS

CITY — STATE — ZIP
Check here you wish
publication to be sent to STREET CITY _ _STATE ZIP

home address

Above rates apply only to those protessionally engaged in electromc technology Al others $25 cer year Questions below m.s: be answered 1o

quahify you for the professional rate Profes

onal ra*

av.iulable 1o professnre and semior gracuate students for one-yedr subscriptions only

Please check Product Manutactured or Se‘vice Performed

Please check your occupation and jod
function

MANUFACTURING:
Computer (CPU's).Computer peri-
pheral equipment (terminais, mem-
ories, tape transports, etc)
Communications systems of equip-
ment
Nawvigation, guidance or control sys-
tems.
Aircraft, missiles, space, undersea,
ground support equipment.
Test and measuring equipment.
Consumer electronic products TV,
Radio, Hi-Fi, Auto Radios, Record-
ers, etc.
Consumer products that inciude
electronic components or products
(hand tools, major appliances,
aulos, etc).
Electronic industrial controls, sys-
tems, or equipment (automatic con-
trols, computer controls, power con-
trols, etc.).
Industrial equipment containing
electronic components or prcducts
(machine tools. matenals handling,
air conditioning, etc).
Electronic subassemblies to be n-
corporated in equicment or systems
(OEM—type power supplies, ampli-
fiers, reguiators, etc.)
Passive electronic components (re-
sistors, capacitors, filters, networks,
inductors, transformers, etc.).

14-410- AK

Active electronic compcnents, in-
cluding transistors, diodes. ICs,
tubes, dispiay tube. etc.
Non-electronic parts or maternals
for use 1n electronic components or
equipment (printed-cifcuit  boards,
connectors, chassis, wire and cable,
piastics, compounds, ceramics
etc.).

Other manufactuning where elec-
tronic products, systems, or measure-
ment equipment are used {Phar-
maceuticals, plastics, steel, food in-
dustries, etc.).

NON-MANUFACTURING:

Research and Development organi-
zation not related to manufacturing
or educational institutions. Includes
independent consultants.

Research and Development organi-
zations which are a part of an edu-
cational institution

U.S. Government, Armad Forces.
DOD. NASA, FAA, etc

Ut Iities

Broadcasting, sound and motion
pictures, and recording studios.
Other commercial users of Elec-
tronic products (Railroads, pipeline
companies, Police, airlines, etc.).

Occupation:

o

Job Function:

C

O

51590
Engineering Management; chief engineer,
etc

Corporate Management; Ofticer, Owner,
Partner, Gen'l. Manager, Staff Executive,
elc

Operating Management;
Dept Mgr. Piant Mgr., etc.
Engineer or Technologist; Physicist,
Chemist, Scientist, etc.

Division Mgr.,

OFFICE USE ONLY

Design Engineering.

Research & Deveiopment.

Systems Engineering.

Applications Engineering/Project Management,
Product Planning/Product Management.

Test & Evaluation Quality Assurance Reliability.
Manufacturing or Production.

Dperations or Administration.

Purchasing.
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McGRAW-HILL, INC.
SUBSCRIPTION DEPT.
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FIRST CLASS
PERMIT No. 42
HIGHTSTOWN, N.J



August 2, 1971

Electronics

Reader service

All inquiries from outside the U.S.
that cannot reach Electronics before
the expiration dates noted on the
Reader Service postcard must be
mailed directly to the manufacturer.
The manufacturer assumes all re-
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Use these handy post- | 16 -
cards for more detailed I *For employment inquiries fill in home address.  August 2. 1971 Card Expires October 2. 1971
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new products, | company— — — .
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Circle the number on the Reader I city State_ Zip Code__
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Service number, to Electronics 17 38 59 80 101 122 143 164 185 206 227 248 260 290 311 332 353 374 395 416 437 458 479 955 976
Reader Service Department, Box 444 I 18 39 60 87 102 123 144 165 186 207 228 249 270 291 312 333 354 375 396 417 438 459 480 956 977
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sponsibilities for responding to in- Name . Tive_
quiries. Electronics merely provides
and clears requests for information Company*. [ == =
from inquirer to manufacturer.
Correct amount of post must be Address = I : -
affixed for all mailings from outside
the U.S. City . State._ Zip Code —
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HEWLETT hp PACKARD

POWER SUPPLIES

take a

when you
specify a

There's a lot to consider when you specify a
power supply, and HP gives you a lot. Take selec-
tion for example. HP offers well over 100 models
ranging from 10uV to 4000V, from 1uA to 2000A
.. . plus a selection of options that satisfy most
applications. Performance is another major con-
sideration. At HP, we don't practice ‘‘specsman-
ship”. We present specifications conservatively
and completely, so you get the performance you
expect. And, every model is backed by a com-
prehensive operating and service manual detail-
ing every aspect of the supply from operation to
maintenance. But it doesn’t end there . . . if you
need assistance, we have an international net-
work of 220 offices to serve you. And it's all based
on a concept of quality and reliability — your
assurance that you are getting the best value.
Hewlett-Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Height, New Jersey 07922,
Telephone (201) 464-1234.

DC POWER SUPPLY SELECTION :
GUIDE—this 36-page guide is factual
and informative . . . clearly lists all
the specs, features, options, prices,
etc. on every HP power supply . . .
makes it easy to find the right model
for any application. Write for your
copy.
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HC-1000, TA7625A, and TA7926 TA7631 and TA7632 TA7955, TA7956, and TA7957

Up to 7 A peak current IC levels to 300 amperes 5, 8, and 12 volts

® Servos ® High power inverters * 4 A current capability

* Tape drivers * Power supply regulators * Integral crowbar trigger

e Stepper motors * Variable-speed inductance motors ~ ® Booster capability to 12A
® | inear motors e Stepper motors

* Magnetic deflection
* HF amplifiers to 100 kHz

TA8141 = b&--‘
Dual 5 A Darlingtons \g/
* Hammer drivers

* Solenoid drivers
® Stepper motors

If your design requires power ampiifiers, or power control nca
circu'ts, or power suppiies or sometring else you don't see
here, call your local RCA Representative. For a copy of
catalog 2L 1149, along with product sheats detailing design
concepts on various RCA power hybrid circuits, write aﬂ-modular
RCA, Commercial Engineering, Section 70H-2 /UC3,Harrison, | SOlicl-state

N.J. 07029, International: RCA, Sunbury-on-Thames, U K.
or P.O.Box 112, Hong Kong. .

circuits Solid State
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