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THE NEW WORD IN DATA COMMUNICATIONS

—/ o6
UAR/T
, a GIANT * device. [part # AY-5-1012]
1

the first one-package MOS Universal Asynchronous Receiver/Transmitter.

2. a General Instrument LSI subsystem which accepts binary characters from either
a terminal device or a computer and receives/transmits this character with appended control
and error detecting bits. All characters contain a start bit, 5 to 8 data bits, one or two stop bits,
and either odd/even parity or no parity. In order to make UAR/T™ universal, the baud rate
[bits per word], parity mode, and the number of stop bits are externally selectable. The device
is constructed on a single monolithic chip utilizing MTNS P-channel enhancement mode tran-
sistors. All inputs and outputs are directly compatible with TTL/DTL/MOS logic without the
need for interfacing components and with all strobed outputs having tri-state logic.

3. the UAR/T is now available in a 40 lead dual in-line package and is priced at
$30.00 each in quantities of 1-99 pieces and $22.50 each in quantities of 100-999 pieces.

4. newest member of General Instrument’s family of MOS LSI data communication
subsystems which also includes the AY-5-1008 terminal receiver and the AY-5-1010 terminal
transmitter; both, too, are immediately available.

*Registered Trademark for General Instrument Advanced Nitride Technology
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For complete information call 516-733-3138 or write: Marketing Services Manager, General Instrument Corpora-
tion, 600 West John Street, Hicksville, N.Y. 11802, or call, in New York: 516-733-3333; in Chicago: 312-774-7800;
in Los Angeles: 213-641-7411. In Canada, call or write: General Instrument Canada, Ltd., 61 Industry Street,
Toronto 337, Ontario, Canada, Tel: 416-763-4133. In Europe, write: General Instrument Europe S.P.A., Piazza
Amendola 9, 20149 Milano, Italy. In the U.K., write General Instrument U K. Ltd., Stonefield Way, Victoria Rd., South
Ruislip, Middlesex, England. In the Far East, write General Instrument of Taiwan Ltd., P.O. Box 22226, Taipei, Taiwan.

THE WORLD'S MOS EXPERIENCED COMPANY

&

GENERAL INSTRUMENT CORPORATION . 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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Before youb
another LE

tryone of our

Free!

4

HP LED's are in stock and available
for immediate shipment in any

Wide viewing angle (180°).
Made to panel mount, with free

quantity. If you would like one free,
just fili out the attached coapon. The
only thing we ask is that you tell us
briefly about your application.

We know our gallium arsenide

phosphide lamp will outshine anything

else you can buy. Here are some
reasons why:
High brightness.

ADDRESS
MY APPLICATION (S

Electronics/October 25, 1971

NAME S
COMPANY S

Matl to: Hewlett-Packard, 620 Page Mill Road, Palo

mounting clip provided.

100,000 hour life — minimum,

Low power requirements — 1.6 volts
at 2-10 ma.

Low cost.

Rugged leads.

And, last but not least, immediate
delivery.

For all the proof you'll need of our

TITLE

uy

)

LED’s performance, fill out the coupor
right away. Then see for yourself. If
soraebody’s beaten you to it, write
for your free LED to: Hewlett-Packard
620 Page Mill Road, Palo Alto,
California; Europe: 1217 Meyrin
Geneva, Switzerland.

HEWLETT ﬂ PACKARD

ZIP

Alro, California 94304, Europe: 1217 Meynn-Geneva, Switzerland
Ctfer expires January 31, 1972. |

)

3
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march on.

The IC troublesl

This one tellsabad IC
from a good one
in S seconds or less.

Here comes the latest member of HP’s
Troubleshooters searching out faulty 1Cs.
Just clip the HP 10529A Logic Compar-
ator onto an in-circuit TTL or DTL IC.
If the logic function isn't what it should
be, bright red LEDs light up indicating
which pins are at fault. A clever compari-
son scheme uses the circuit’s power and
input stimulus to do all this. Even
dynamic errors as briet as 200 ns are
stretched and displayed. -

It comes complete with a
self-test board. operating man-
ual and all accessories pncked
in a handy case. It costs
only $295. <

We're thinking ahead. s
Because the case is alse designed

/

Circle 2 on reader service card

— to hold our other two

8 b Troubleshooters — the
¥ HP10525A Logic Probe
and the HP 10528 Logic
Clip.

The probe lets you tracc pulses
through integmtcd circuits simply
by touching a pin. The probe’s tip

flashes a signal for pulses
as narrow as 25 ns, and indi-
cates puilse pol.lrity, pulse trains

and logic states. It's almost

like having an oscilloscope
squeezed into a ball-point
pen. 8$95.

The clip is a convenient state indi-
cator. It slips over your DTL or TTL
package and bright LEDs display the

static state of all 16 (or 14) pins at a
glance. It operates like 16 binary volt-
meters $125.

You can buy all three as the HP 5010A
for §495, saving you time, aggravation
and $20.

The 1C Troubleshooters march on.
Wiait until you see what we're working on
now! Just call your HP ficld engi-

neer to get your hands on them
right away. Or if you want to
know more, write Hewlett-Packard,
palo Alto, California 9430-; Eur-
ope: 1217 Meyrin-Geneva, Switzer-

land.

HEWLETT% PACKARD
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Publisher’s letter

ith the special report on auto-
mation (see page 62), we've
added yet another chapter to our
ongoing chronicle of the packaging
and production field. Our heavy
coverage in this area reflects the
growing awareness of the impor-
tance of these essentially mechan-
ical techniques in turning a profit.
Yet electronic techniques are
coming on strong and are going to
make a lot of difference in the profit
picture. One of the big barriers to
such techniques, though, is the cus-
tom nature of many electronic prod-
ucts. Steve Scrupski, our packaging
and production editor who put to-
gether the cover story. found in his
reporting that, as one of his sources
pointed out, “the real purpose of the
computer in manufacturing is to
make the system think it has
volume.” Thus, he says. “even if
many different types of subsystems
are being assembled, the computer
with appropriate automatic sensors,
and computer-controlled handling,
can shift machine gears and accom-
modate the differences. The system
hardware goes on as if it were mak-
ing the same parts.”

The promise of *30 and out” may

be great for auto workers, but for
clectronic engineers it's coming to
have a more sinister meaning. Gene
Dalton and Paul Thompson, profes-
sors at Harvard Business School,
figure that if present approaches to
engineering management go un-
changed, 18-ycar-olds entering
school this fall could be over the hill
by 30. And no amount of continuing
education is going to save them.

We tried to compress their study
and conclusions into a story in this

issue (see page 109). Dalton,
Thompson, and Jim Brinton, our
Boston bureau manager—all over
30 _discussed the B-school results
and found a lot for engineers to
worry about: namely, that a man-
ager can turn a talented engineer
into a corporate liability in a matter
of months or years, and that not
only do managers know it but hesi-
tate to change their ways.

“Between the explosive growth of
knowledge, and management favor-
itism shown toward younger engi-
neers, the half life of an EE is getting
shorter, faster,” says Thompson.
“The only thing that might prevent
engineering from becoming a youth
cult is for the profession to appear
so grim that the young won'’t enter
it. And this won’t happen.”

Dalton and Thompson were eager
to reach the readers of Electronics.
Electronics reaches a great many en-
gineering managers, and it is here
that attitudes must change if experi-
enced middle-aged engineers—who
Dalton calls “America’s most abused
natural resource”—are to be sal-
vaged.

<[ really got wrapped up in this,”
says Brinton. “For the past 10 years
I've been reading trade press articles
praising continuing education as a
career panacea. Now we find that
this may be far from true, and that
the profession could flounder on
bad management practice alone.
Dalton says, ‘it will be a tribute to
the engineers if they don’t unionize
when they find out—really—how
they’ve been treated.””

Il
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‘What'sa

The world is full of power

+E

Eo

power supply?

Even programmable ones

supplies that can do this: that can do this: Or this:
+E +E Uptc
E oo Upto B 2k
1V/usec
E, / €.
B o
) Eomn ) J
Time Time Time
E 3

Only a BIPOLAR OPERATIONAL POWER supply (we call ‘em BOP)

|

will let you do things like this:

The “OPERATIONAL"

——AAA——
O—AAA- >—4>——@
IN ouT
o— —0

—0
FOLLOW A VOLTAGE

A Biased
—
Waveform \ Te 30
dec Upto kHz,
/ 9V/usec.
[ ] ———— Time
\ No
Glitch /
Through Symmerrical
Zeio Wavetorms

We make a bunch of different BOP's:

+15Vto-15V @ 20 amperes
+36Vto-36V@1.5 amperes
+36V to -36V @ 5.0 amperes
+72Vto-72ve@15 amperes
+72Vt0-72V @5.0 amperes

The *36V BOP’s are illustrated in metered
and modular styles,

The 15V and both +72v models are doubie
width and rack-mount without adapters,

part of the BOP means that you use ‘em like giant OP-Amps:

——
®
| >J% ®© b ©
v out IN out
——4 o— —©
SUM OR SUBTRACT INTEGRATE

CONTROL A CURRENT

BI-DIRECTIONALLY

OR WHATEVER

KEPCO, INC. « 131-38 SANFORD AVENUE o FLUSHING, N.Y. 11352 » (212)

Electronics/October 25,1971

If you think you can use one of our BOP's, call us
for complete specifications, or write Dept. EC-14,

KEPCQO.
461-7000 « TWX #710-582-2631 o Cable: KEPCOPOWER NEWYORK
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RCL’s NEW 1971
RESISTOR
ENGINEERING GUIDE

the industry’s most exten-
sive and most accurate
compilation of engineering
information on wire-wound
resistors

PRECISION /HI-SPEED
POWER/WIRE-WOUND
RESISTORS

including: beryllium oxide
core power resistors .
22 special temperature co-
efficients from —50 PPM
to 46000 PPM . .. sub-
miniature precision resis-
tors . . . ladder and sum-
ming networks.

Write for your free copy today!

ELECTRONICS, INC.
700 South 21st Street
Irvington, New Jersey 07111

6
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Readers comment

‘Ghosts’

To the Editor: In your article on the
controversy over alleged inter-
ference with TV reception caused by
the World Trade Center towers in
New York. you quote Atlantic Re-
search as saying it “finds inter-
ference reduced from the values it
calculated five years before
And the interference won't bother
anyone at all . .7 Nowhere in any
report to the Port Authority did we
make any such statement. Our re-
ports have consistently presented
the results of our studies in terms of
ratios of the reflected signal from
the World Trade Center to the di-
rect signal from the Empire State
Building. leaving to others the final
determination as o what constitutes
the presence or absence of objec-
tionable interference.
Stuart L. Bailey
Atlantic Research Corp.
Alexandria, Va.

The first

To the Editor: In the Electronics
Newsletter of Sept. 13 you state that
the Reticon Corp.’s 256 X | self-
scanned array is the largest built to
date. and that it is the only device to
contain both the video amplifier
and shift counter on the same chip.
We announced a 256 X 1 self-
scanned array at the Electro-Optics
Show in Brighton. England, last
March. This device was truly the
first 256 % 1 self-scanner. Our first
such array was bought by Bell Labs
and is being used in experiments in
high-resolution graphics. We have
also sold arrays to many firms in the
U.S.. U.K.. and Europe.
G.R. Parsons
Integrated Photomatrix Lud.
Dorchester. Dorset. England
s The company’s products are dis-
tributed in the U.S. by Teknis of
Plainville. Mass.

Microwaves and carpets

To the Editor: The article on “"Mi-
crowave system measures carpel
backing” [Aug. 2. p.28] reports a
pulse spectrum for the time-domain
reflectometer of de to 4 gigahertz.
The 5-in. tube spacing would have a
dominant mode cutoff of about 1.2
GHz: higher modes would cut off at

2.4. 3.6, and 4.8 GHz, etc. This sug-
gests that the system is more sophis-
licated than a dc-to-4-GHz pulse
feeding a two-wire line. High-fre-
quency Fourier components are nat-
urally low-level. In addition, the
sensor feed cables would rapidiy at-
tenuate the higher frequencies. Thus
it appears that the important mea-
surement frequencies are in the de-
through-uhf bands. not microwave.
Our Aquatec system utilizes a
single-frequency microwave lrans-
mitter to measure latex carpet back-
ing: a chart recorder plots the coat-
ing profile continuously. instead of
giving an average reading.
B.B. Childress
Uster Corp.
Charlotte. N.C.

Up the engineer

To the Editor: The opinions ex-
pressed in your poll of engineers on
unions [Sept. 27. p. 72] ar¢ the result
of the less-than-honest relationship
between cmployer and employee.
The EE is encouraged to work over-
time with little or no compensation,
to continue studies, and to putin an
extra effort at home. in return for
which the employer offers a tenuous
promise to employ him. a profes-
sional title. much rhetoric. a pos-
sible raise. and a dollar for his pat-
ent. In hard times. or if his specialty
is not needed. the EE is discarded.

I feel that a strong, effective pro-
fessional society—not a union—is the
best answer. The socicty must re-
quire its members 10 maintain high
technical skills. promote technology.
have a lobby in all important Gov-
ernment centers, and have an effec-
tive public relations program. It
must provide more than expensive
manpower.

When | graduated from college in
1961. I had the naive opinion that 1
could control my own destiny. 1
have found. however. that industry
is organized against the individual.
My personal solution: [ am a li-
censed professional engineer work-
ing as a contract engineer. Contract
engineering creates an honest at-
mosphere: 1 get paid only for work
done. no less, no more.

Edwin W. Bennelt
Nutley. N.J.
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TRW capacitor
echnology...always

on the grow.

You're looking at the smallest wound capacitor on

the market — the TRW X440 metallized polycarbon-
ate film capacitor. The X440 is typical of TRW's

leadership in the development of high technology

electronic components.

X440 capacitors are ideal for high density packag-
ing requirements. Their electrical characteristics
are excellent, with voltage ratings to 50 volts, in
capacitances from .001 mfd to .01 mfd. Tolerances
are to £1%. Dimensions and lead placement are
equally precise,and don't vary amillimeter from one
production run to another.

It took a constantly growing technology to produce
the X440. And it takes a high degree of manufactur-
ing expertise to turn them out by the thousands.
And consistent quality control to insure reliability.
All of these things are part and parcel of TRW's
capability. TRW—where technology is always on
the grow.

For samples of the X440 capacitor and applications
assistance, write TRW Capacitor Division, Box 1000,
Ogallala, Nebraska 69153. Phone (308) 284-3611.
TWX 910-620-0321. X440's are available off the shelf
at all TRW stocking distributors.

TRW

CAPACITORS
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When You Buy a Power Supply,
Why Not Get the Best?

4 ¥ c;“
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28 VDC to DC 28 VDC to 400 A 400 Az to DC
(55,463 Hrs.) (61,387 Hrs.) (56,148 Hrs.)
Model C95D Model $3D Model W5D |

Abbott's New Hi-Performance Modules |

are designed to operate in the strin-
gent environment required by aero-
space systems — (per MIL-E-5100K
or MIL-E-5272C) and MIL-STD-
461 for electromagnetic interference.

RELIABILITY — MTBF (mean time
between failures) as calculated in
the MIL-HDBK-217 handbook can
be cxpected in excess of 50,000
hours at 100°C for all of these
power modules. The hours listed
under the photos above are the
MTBF figures for cach of the
models shown. Additional informa-
tion on tvpical MTBF’s for our
other modcls can be obtained by
phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained throngh
high quality control. Only the high-
est quality components are used in
the construction of the Abbott
power module. Each unit is tested
no less than 41 times as it passes
through our factory during fabrica-
tion — tests which include the serm-

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.

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

(213) 936-8185 Cable ABTLABS

8 Circle 8 on reader service card

tinizing of the power module and|
all of its component parts by our|
experienced inspectors. f

NEW CATALOG—Usecful data is con-
tained in the new Abbott Catalog.
It includes a discussion of thermal |
considerations using heat sinks and |
air convection, a description of
optional features, a discussion of'l
environmental testing, electromag-|
netic interference and operating |
hints.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules|
includes output voltages from 5.0
volts DC to 3,650 volts DC with\
output currents from 2 milliamperes |
to 20 amperes. Over 3000 modecls
are listed with prices in the new |
Abbott Catalog with various inputs: !

6025 to DC, Regulated l,
400/~ to DC, Regulated |
28 VDC to DC, Regulated

28 VDC to 4008, 1 or 3¢

24 VDC to 60A, 1¢ }

INCORPOﬁi\TEG‘

1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900

40 years ago

From the pages of Electronics, October 1931

Oriental peach and coddling moths,
foes of the peach and apple crops,
may be routed with the assistance of
the photoelectric eye.

To defeat the moths it was de-
cided to floodlight some experi-
mental orchards and have the light
turned on and off by photoelectric
relays. When darkness approaches,
the photoelectric cells turn on the
floodlights; when daylight returns,
the cells turn the floodlights off.

Radio’s experience with government
administration has shown the dan-
gers of admitting Washington com-
missions or bureaus too far into any
business operation. Federal govern-
mental control too often becomes
the football of politicians, as those
who have been close to Washington
well know.

We need laboratory experi-
mentation in economics and indus-
try itself, as has already been freely
used and has borne such fruit in sci-
ence and the products of industry.

Engineers who are closest to the ad-
vances recently made in vacuum
tubes, and who have contributed
most to these advances, frankly ad-
mit that more fundamental physics
of the electron is needed to be
known, before electronic pheno-
mena can be much further har-
nessed commercially.

The designer produces a new
product; it performs dependably in
certain ways, but some undeter-
mined factor is soon noted to be
present, and the tube’s performance
becomes “erratic.” It is erratic, of
course, only because of this X condi-
tion, and as soon as that character-
istic is isolated, performance stabi-
lizes—until some new variant is
detected. The history of radio tubes
with their continuously increasing
list of definitive characteristics is a
striking case in point.

The commercial tube designer for
radio or industrial applications, still
depends heavily upon the worker in
fundamental physical research for
clues to unlock the mysteries that
present themselves each time an ad-
vance is made into new operating
terrain.
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more or less
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Our 5800 gives you more . . . 0.1
#V DC resolution; 77 readings
per second in DC with up to
0.003% accuracy; 8 readings
per second in AC from 10 Hz to
100 KHz over 4 full ranges;
ohms over 9 ranges with true 4-
wire sensing; a Distortion Insen-
sitive AC Converter to measure
the RMS value of waveforms;
true systems compatability; real
time AC and DC ratio; remote
override; three reading modes
... and much more.

You see, we made the 5800 an

voltmeters available anywhere . .

Our 4800 has one less digit . . .
but still gives you more...5
DC ranges with Lp 10 14V reso-
tution; AC from 30 Hz to 1 MHz
over 5 ranges with 10V reso-
lution; a RMS Distorticn Insen-
sitive AC Converter; 9 ohm
ranges with true 4-wire sensing
and C.01% accuracy; complete
systems capability; real time AC
and DC ratio; 5 ms DC settling
(even in MV); front and rear
irput . . . and more.

d 4800 into the best 5 and 4 digit

- giving top-of-the-line premium

performance and starting at only $1295.C0. Why not find out about

them for yourself. You have the

oudget and the decision . .. Dana

has the DIGITAL VOLTMETERS.

=) —]

DANA,

DIGITAL VOLTMETERS

Dana Laboratories, Inc.
2401 Campus Drive, Irvine
California 92664. (714) 833-1234

When Test and Measurement Count

Electronics /October 25 1971
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...Tor fast

system microprogramming

When your system needs the advan-
tages of custom microprogramming,
code conversion, or look-up table
functions and you are fighting time
plus development cost, Motorola’s
MCM4004 or MCM4006 1024-Bit
ROMs can solve your problem. Just
supply your truth table/output
option requirement and the final pro-
cessing steps are completed the
net result, a custom function without
the cost and time required for a
developmental program.

The basic organization of both mem-
ories is 256 four-bit words. By remov-
ing appropriate emitter connections
on the pre-ohmic mask, each bit can
be programmed to meet your specific
logic requirement. Both devices offer
optional 2.0 kilohm pullup resistors
on the four collector outputs. The
open collector output option is
obtained by removing pre-ohmic
connections to the 2.0 kilohm resis-
tors. Utilizing the open collector
option at the buffered output bit
lines allows many memories to be
wire-ORed to form large arrays.

The MCM4006 features a typical
address time of 40 ns and chip select
time of 20 ns (typ) with standard
TTL input loading of 1.6 mA. The
MCM4004 offers reduced input
loading (0.1 mA typical) and is rec-
ommended for large systems. Typ-
ical MC'M4004 address time is 50 ns
and typical chip select time is 25 ns.

Systematic application
Use the MCM4004/4006 wherever
there is a need to store information
for repetitive use in a system., Typ-
ical applications would include
look-up tables, character generation,
and random logic. The devices are
ideal for microprogramming where
complex arithmetic subroutines are
performed. As illustrated, the ROM
generates basic gating functions in
a computer. The address counter
selects the instructions from the
ROM in a fixed sequence to perform

Electronics/October 25, 1971

the designated subroutine. The
resultant advantage is faster process-
ing of information compared to a
subroutine contained in the main
menmory.

Contact your local Motorola repre-
sentative for ordering information.
100-up price for either ROM is
$17.50 and the programming mask
set-up charge is a low $600 per pro-
gram with reduced costs for addi-

MEMORIES TO REMEMBER

tional masks. For detailed specifica-
tions write Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoe-
nix, Arizona 85036.

Evaluate the MCM4004 and 4006 . . .
The option and savings are yours.
Look to Motorola for your memory
requirements. Our capabilities in
bipolar and MOS provide a com-
prehensive selection to meet your

specific requirement.

RAMSs
DEVICE FUNCTION TECHNOLOGY ORGANIZATION | ACCESS TIME
MC1680/81 4 Bit RAM ECL - BiPolar 2x2 < 4 ns
MC1682/83 4 Bit RAM ECL - BiPolar 2x2 < 4 ns
MC1684/35 4 Bit CARAM ECL - BiPolar 2x2 < 4ns
MC1036/37 16 Bit RAM ECL - BiPolar 16 x 1 < 20 ns
MC4004/5 16 Bit RAM TTL - BiPolar 16 x 1 < 25 ns
MCM4064 64 Bit RAM TTL - BiPolar 16 x 4 < 60 ns
MCM1170 64 Bit Static RAM Metal Gate P-MOS 16 x 4 500 ns
MCM 14505 64 Bit Static RAM Metal Gate CMOS 64 x 1 200 ns (typ)
MCM1173/72 1024 Bit Dynamic RAM | Metal Gate P-MOS 1024 x 1 ns
(6001 Equiv.)
MCMm2372 1024 Bit RAM Si-Gate P-MOS 1024 x 1 300 ns
(1103 Equiv.)
ROMs
MCM4001 128 Bit ROM TTL - BiPolar 16 x 8 < 45 ns
MCM4002 256 Bit ROM TTL - BiPolar 32 x8 < 50 ns
MCM4004 1024 Bit ROM TTL - BiPolar 256 x 4 < 60 ns
MCM4006 1024 Bit ROM TTL - BiPolar 256 x 4 < 50 ns
MCM5003A/4A 512 Bit PROM TTL - BiPolar 64 x 8 < 75 ns
MCM1130 2240 Bit Static ROM Metal Gate P-MOS | Programmable 500 ns
MCM1131/32 2240 Bit Char. Gen. Metal Gate P-MOS |Col. ?;l. 6‘;4 x 35 500 ns
x7)
MCM1120 2240 Bit ROM Metal Gate P-MOS |Programmable 700 ns
MCM1121/22 2240 Bit Char. Gen. Metal Gate P-MOS |Row Ssel. 94 x 35 700 ns
B x7)
MEMORIES TO COME
RAMSs
DEVICE FUNCTION TECHNOLOGY ORGANIZATION | ACCESS TIME
MC10140 64 Bit RAM ECL - BiPolar 64 x 1 < 15 ns
MCM4256/7 256 Bit RAM TTL - BiPolar 256 x 1/ < 60 ns
128 x 2
MCM1175 1024 Bit Dynamic RAM | Metal Gate P-MOS 1024 x 1 110 ns (typ)
(6002 Equiv.)
MCM2377 2048 Bit RAM Si-Gate P-MOS 2048 x 1 360 ns &
ROMs
MCM4003 512 Bit ROM TTL - BiPolar 64 x 8 < 75 ns
MCM4005 1024 Bit ROM TTL - BiPolar 1024 x 1 < 50 ns
MCM4007 1024 Bit ROM TTL - BiPolar 512 x 2 < 50 ns
MC10139 256 Bit PROM ECL - BiPolar 32 x 8 < 17 ns
MCM5005 1024 Bit PROM TTL - BiPolar 256 x 4 60 ns
MCM1110 2048 Bit ROM Metal Gate P-MOS 256 x 8 600 ns
MCM1140 4096 Bit ROM Metal Gate P-MOS 512 x 8 700 ns
MCM1150 2560 Bit ROM Metal Gate P-MOS 256 x 10 600 ns
MCM2340 4096 Bit ROM Si-Gate P-MOS 512 x 8 500 ns

MDTL, MTTL Trademarks of Motorola Inc.

MOTOROLA MEMORIES
...1C Systems for the 70°s!

Circle 11 on reader service card

1



Two Years Ago, Almost

Including us. A digital cassette recorder. Seemed like a great idea

at the time. But there was too much garbled info. And lousy reliability.
A bumper crop of real lemons.

Well. we licked our wounds along with everyone else. But we aiso

went back to the drawing board because we still thought the basic
idea was sound. And we came up with a unit that really works.

A Whole New Concept

To get super reliability, we reasoned, you have to
control that tape. So, we started from scratch. Got
rid of the traditional pinch rollers, belts, solenoids,
tevers and mechanical linkages from the transport.
Took out the head guide forks.

Eliminated the need for pressure pads. Those g :‘
were the main cause of head and tape wear, oxide ) N
shed and dropout. o 'M'W

Then. instead of just pushing the head up to the ¢

tape as it rolls by, we decided to get the tape out of the cassette. (That way the cassette is just a tape holder.)
So we designed two little fingers that pull the tape down past the head, over a precision guide and

around a capstan. That maintains optimum head wrap angle—critical for read-after-write operation. And

it's all done automatically as you load. (We've got a patent pending, in case you're interested.)

The Insides

Next, we put in three DC motors. One for the capstan and one for each reel.
Servos positively control tape tension on both sides of the capstan. And
tension sensors confirm proper loading to BOT—no writing on tape leader.
There's no drag on the tape. Ever.

So now we have high bi-directional tape speed, fast start/stop times, precise
start/stop distances.

Reel motor torque is automatically reduced when EOT or BOT is sensed to
prevent pulling tape from cassette reel hubs or other possible tape damage.

All modular electronics. Plug in PC boards. Logic and interface that're
TTL compatible.

12 Electronics /October 25, 1971



Everybody Brought One Qut

The Outsides

All these components are mounted in a cast aluminum
frame. Very, very rugged. So it works for any number

of EDP OEM applications. And we supply it for users
in a handsome case with straightforward, push-button
controls.

Real Reel to Reel Performance

Our basic Model 240 has 2 tracks, selectable data rates from 2 to 20 ips, with start/stop times of 15-30
msec. Same start/stop times for 50 ips search or fast forward/reverse. It operates in incremental and/or
continuous modes, and in several combinations of recording codes/data channel selections. Test data
indicates: calculated MTBF in excess of 2,000 hours. Thousands of passes without tape damage.

Options

All sorts of options. Like two selectable read/write speeds. Dual gap read-after-write head. Separate read-
after-write heads. Power supply. Rack mount kit. Automatic tape cleaner. Etcetera.

Don’t Wait. Order Now

Now that we've really licked performance and reliability problems, we figure our recorder’s a natural for
business machine manufacturers, terminal makers, mini computer builders.

And users. A great replacement for punched paper tape. Even some reel to reet mag tape applications.
Especially at the price. About $500 to $600 in bunches,

(] Send me all the specs.
(1 Send a guy around for a demo.
(J Here's my P.O. You fill in the blanks.

Name
Title __
Caompany
-
Address
City State Zip
Bell & Howell —Electronics & Instruments Group,
| 360 Sierra Madre Villa, Pasadena, California 91109 ‘

¥ BELLe HowELL

COPYRIGHT 1971 BELL & HOWELL
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GR Resistance Anodize Trim System
Circle 221 on reader service card

Micronetic’s Laser Trimming System
Circle 220 on reader service card

Total systems caf jeral Radio




Now you can anodize 12 tantalum resistors
simultaneously to 0.1% in 3 seconds...

... And up to 240 resistors on a single substrate. GR makes production trimming
to high accuracies possible with its new Resistance Anodize Trim System (RATS).

RATS is a totaily new computer-
controlled system,  designed from
the ground up for high-speed anodi-
zation of tantalum resistors to ac-
curacies of wp 0 0.02%. For noise
immunity, RATS is designed as a
synchronous system to insure that
no anodizing or switching occurs
whijle a measurement is being made.
It features modular, plug-in measure-
ment and anodizing units so that
the number of resistors anodized

- simultaneously can be expanded for

increased thrcughput.

The system includes a test station
with 12 or 24 measurement and ano-
dize-control modules to trim 12 or
24 resistors, a scanner to process an

entire substrate of 240 resistors, a
minicomputer, a teleprinter, and a
status-control panel. Software pro-
grams are in user-oriented Engiish
language for simplicity. An interac-
tive editor/translator program asks
the operator nominal resistor value,
anodize cusrent, etc., to which he
need only type the answers to ore-
pare a trim program automaticaffy.
The RATS is another of General
Radio’s growing family of systems
for hybrid ci-cuit manufacturing and

testing. GR also offers a laser trim-
ming system for thick-film circuits,
and a single-channel desk-top ano-
dize trim system, MINIRATS, for lab-
oratories and applications where
high throughput rates are not re-
quired.

For more information on RATS or
a demonstration of the RATS in op-
eration at General Radio’s micro-
electronics facility, contact your
nearest GR Office or GR at 300
Baker Ave., Concord, Mass. 01742.

General Radio

NEW YORK (N' Y.) 212 364-2722 (N..J.) 201 791-8990 « BOSTON 617 646-0550 1
CHICAGO 312 992-0800 = WASHINGTON, D.C. 301 881-5333 « LOS ANGELES 714 540-9830
TOIONTO ¢16 2523395 » ZURICH (01) 55 24 20
GRASON-STADLER 517 369-3787 » TIME/DATA 415 327-8322



More
power

you!

In fact, our model 320L delivers
the most power and widest
bandwidth of any solid state

instrument amplifier available.
Easily mated with a wide variety of
signal sources, it amplifies AM,
FM, SSB, TV, Pulse and other
complex modulations with
minimum distortion. Constant
forward power is continuously
available regardless of load match
(from an open to a short). The
320L provides over 20 watts of
power from 100 KH to 125 MH;
with useful output all the way to
160 MH, . . . and there's no tuning.

Applications include:

W RFI/EMI testing
B NMR Spectroscopy

H Transmitter
applications

B Laser modulation
m Signal distribution

B Test equipment
calibration

H Cable isolation

For complete information
write or call
Electronic Navigation Industries,
1337 East Main Street,
Rochester, New York 14609.
(716) 288-2420.

RONIC
ATION
STRIES
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McCord: "When I'm pulling logs with the tractor. I'm thinking about the problems at work.’

he incentives for attaining success

in the electronics industries are
many. but A. Ray McCord. 45,
Equipment group vice president at
Texas Instruments. may have had
one of the best.

He was the fifth son of a poor dirt
farmer in Keithville, La.. ncar
Shreveport, and he decided early
that the financial rewards of farm-
ing were a bit meager. So after scr-
vice in the Navy in World War 2. he
went o college in Shreveport under
the GI bill, and graduated in 1949
with a BS in chemistry. “But I've
never really used the chemistry.”
McCord says: he went from college
to a job as a civilian radar instructor
with the Air Force, then joined TI as
a design engineer in October 1951,
and has been with the giant Dallas
company cver since.

McCord worked on a series of

military projects at TL in a number
of positions, until he became group
vice president in 1968. Since then
his group has been greatly expand-
ing its efforts into areas in the non-
military market that it had not been
deeply involved in before. such as
process control and computers, in-
cluding minis and giant scientific
machines.

But even though McCord doesn’t
have to farm for a living now, farm-
ing apparently is still in his blood.
He lives on a 100-acre farm in

Frisco. Texas, about 10 miles north
of the T1 plant. and often drives 10
work in his pickup truck. He doesn’t
grow crops but does raise cows.
horses—and five children. An o ar-
chetypal Irishman except for his
North Louisiana drawl, McCord has
red hair, long white sideburns. and a
no-nonsense manner. Asked the
usual question about whether he
has a hobby he has an unusual an-
swer. “When you work at TLits
both your enjoyment and your busi-
ness.” he explains with a smile.

But he does admit to enjoying
driving his tractor and working
around the farm. However, he says:
“I guess that when I'm pulling logs
with the tractor. I'm really thinking
about some of the problems | have
at work.”

have spent quite a bit of time in

hospitals.” says John F. Gall Jr.,
who was crippled by polio as a teen-
ager. “And this is one reason | be-
came interested in this field.” Gall. a
1957 Stanford industrial engincer-
ing graduate. is now project director
of the Medical Information Systems
(Mis) at El Camino Hospital in
Mountain View. Calif. This 460-
bed. short-term general hospital has
recently received the first HEW con-
tract for $373.000 to evaluate a com-
prehensive medical system. The svs-
tem is being installed by Technicon
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Here. by popular demand, are 8 more.

Corp.. Tarrvtown, N.Y.. and accord-
ing to the 44-ycar-old Gall. “it will
include as much of the medical or-
dering and information processing
as possible.”

Information handling. now the
single largest hospital cost. accounts
for 30% of all operating expenses.
Gall. who began working at El
Camino six years ago. savs, “Mis-1
is the first crack at a real sophis-
ticated medical information = sys-
tem.” and if successful. it could rev-
olutionize hospitals. Speaking more
specifically. he adds. “if it can take
humans out of paper work to leave
them free for more important jobs,
cut down the human errors. speed
up the cycle of patient admittance
and discharge. and reduce costs at
the same time, hospitals will tumble
over themselves to sign up.™

Gall foresees a “*big. big boom™ in
hospital information systems. be-
cause he believes “hospitals will
have to do something to reduce the
manual costs of information pro-
cessing. A hospital just can’t afford
to pay the high prices of labor to-
day.” And. Gall forecasts a bright
future for engineers in the hospital
information systems field. He points
out that “the health care industry is
very large and just now catching on
to the data processing move. “Hos-
pitals in metropolitan areas and
large university complexes,” Gall
says. “will want to develop their
own systems.” In an area such as
Oakland’s so-called “Pill Hill."” Gall
adds. where there are five or six hos-
pitals within a mile or two sharing |
services on a non-profit basis. MIs
could be most attractive.

Gall. a pioneer of the Bay Area
industrial engineering effort in the
hospital management field. calls |
MIs-1 just "a skeleton of what could
be done.™ He envisions launchinga | - ______________ __ ___
community health system in which
all private physicians could be
linked to MIs-1. Patient scheduling
and physiological monitoring are
other programs which Gall hopes |
could be implemented in conjunc-
tion with the Mis-1 program. Gall
adds “MIs also makes possible drug
dosage prepared by automation.” a
process now being considered by the
10-year-old El Camino hospital.

N
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In the look-alike world
of variable resistors,

Allen-Bradley’s MOD POT. b
stands squarely alone




MOD POT: the most

versatile 5/8 square
potentiometer
available today.

Series 70, designed for the 70's.
There are a muititude of basic
combinations. Potentiometer,
switch and vernier drive modules
combined to form single. dual,
triple or quadruple section con-
trols. With single or concentric
shafts. But that's only the begin-
ning.

Resistance modules come in
cermet or hot-molded composi-
tion.Cermet, 100 ohms to 5 megs.
Composition, 50 ohms to 10
megs, available in five standard
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tapers and also special tapers.

Switch modules in push-pull, mo-
mentary or rotary styles with
actuation at the beginning or the
end of rotation.

All standard options are avail-
able, including: two different
shaft diameters, sixteen lengths
with plain, slotted or flatted ends;
bushings in two lengths and two
diameters with your choice of
plain or shaft lock styles. Marked
with your part number, or ours.

Add together all the modular var-
iations and you have thousands
of possible combinations. Each
backed by Allen-Bradley's unre-
lenting pledge of quality and
dependability.

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

EC71-21 @ Alen-Bradley 1971

Butsuppose you need something
more. Something unique and
special. We'reready. Because
the Series 70 is more than a
product, it's a dynamic concept
that will grow and change to
meet your needs. Add our years
of experience with variable re-
sistors, and the design of
"specials” is simple. Give us the
chance to tackle your next un-
usual requirement.

MOD POT, the new look in pots.
Solve your problems with its
versatility.

Call your A-B appointed elec-
tronics distributor, or write:
Allen-Bradley, Electronics Divi-
sion, Milwaukee, Wis. 53204.
Export: Bloomfield, N. J. 07003.
Canada: Galt, Ont.

NI Z

e
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When your machine
has more to say...

ADVANCE
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| OVERLOAD

| HALT
ENTRY

When your machine has more to say,
IEE rear projection readouts let it speak
out with an eloquence that make other dis-
play systems seem taciturn.

For instance, just one IEE rear projection
readout will improve the vocabulary of your
machine with up to 64 new phrases ex-
pressed in any combination of alphanumer-
ics, in any language. accompanied by the
symbols of any discipline. all displayed in a
variety of colors and in the type styles that
go best with your panel decor.

No gas discharge tube, or LED or what
have you, can make thai statement.

IEE units communicate — loud and clear!

Our big Series 80 rear projection readout
lets your machine shout in huge 3%s-inch
characters. Or we can say things discretely

Industrial Electronic Engineers, Inc.

20

IEE Readouts
provide the
vocabulary.

with our fit-anywhere 2 x % -inch Series
345 model.
All with single-plane viewing, variable

brilliance, and the capability to change vo- |

cabularies right in the field. To assist, we
have a powerful new low-cost hybrid driver/
decoder for any of the readouts. Plus a host
of other criver/decoders...all, competi-
tively priced . . . purchased separately or cus-
tomer mounted.

Rear projection readouts give you an or-
der of display versatility a world apart from
other techniques, and IEE builds more of
them than anybody. Send today for our
Short-Form Catalog on units that are long
on talk. Industrial Electronic Engineers,
Inc., 7740 L.emona Ave., Van Nuys, Cali-
fornia 9140S. Telephone: (213) 787-0311
« TWX 910-495-1707

Circle 20 on reader service card

Meetings

Northeast Electronics Research &
Engineering Meeting (NEREM):
IEEE, Sheraton Boston Hotel, War
Memortal Auditorium, Boston,
Mass., Nov. 3-5.

Nuclear Science Symposium: IEEE,
Sheraton Palace Hotel, San Fran-
cisco, Nov. 3-5.

Fall Joint Computer Conference:
IEEE, Convention Center, Las
Vegas. Nov. 15-18.

Ultrasonics Symposium: [EEE, Caril-
lon Hotel, Miami Beach, Dec. 6-9.

Vehicular Technology Conference:
IEEE, Sheraton-Cadillac Hotel, De-
troit, Dec. 7-9.

Reliability Symposium: [EEE, El
Cortez Hotel, San Diego, Calif., Jan.
25-27

Power Engineering Society Winter
Meeting: IEEE, Statler Hilton Hotel,
New York, Jan. 30-Feb. 4.

Aerospace & Electronics Systems
Winter Convention (WINCON): [EEE,
Biltmore Hotel. Los Angeles. Feb.
8-10.

International Solid State Circuits
Conference: IEEE. Sheraton Hotel,
Univ. of Penna., Philadelphia, Feb.
16-18.

CALL FOR PAPERS

1972 Electronic Components Con-
ference: IEEE, Statler-Hilton Hotel,
Washington. May 15-17, 1972. Nov.
15 is the deadline for submission of
abstracts to Harold Sobol, Program
Chairman, Electronic Components
Conference, RCA Corp., David Sar-
noff Research Center, Princeton,
N.J.. 08540.

1972 G-MTT International Micro-
wave Symposium: [EEE. Arlington
Park Towers Hotel, Chicago. May
22-24, 1972. All papers should be
submitted to Peter P. Toulios. Co-
chairman, Tech. Prog. Comm., 1-
linois Institute of Technology Re-
search Inst., 10 W. 35th St
Chicago. Ill.. by Jan. 7.
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The best way to check our claim
is to try the new Series 9800/Model
10 for yourself. Call your local
Hewlett-Packard Sales Office and
we'll be glad to let you get your
hands on the Model 10—right at
your desk or in your lab. Run some
of your typical problems. Check
prices—be sure to include all the
capability you need and want. You're
in for a pleasant surprise. At last,
here’s a maxi-calculator that can
solve your problems —quickly and
easily—at a price you can afford.

The Model 10 starts at just $2975.
(If previous experiences have taught
you that basic is synonymous with
stripped, think about this. The busic
Model 10 can solve up to 10 simul-
taneous equations. Need more
proof?

Only HP Allows You To
*Design’’ Your Own Problem-
Solving System.

With the unique modular-plug-in
architecture of the Model 10, you
specify — and pay for — only the
capability you need. And if your
needs change? No problem. You

22

Best Price.
Best Performance.

Simplest Operation.
Here’s Proof:

can expand the memory, add periph-
erals, or change the keyboard of
your existing Model 10, at any time,
without costly modificutions.

Only HP Allows You To
Customize the Keyboard
...with interchangeable plug-in
blocks. You have a choice of Stutis
tics or Mathematics functions under

single keystroke command. Thesce

function blocks include separate
(ROM) memories so they do not
draw on the main calculator mem-
ory, leaving it fully available for
further problem-solving power. A
third keyboard plug-in option, the
User Definable Function block, al-
lows you to customize individual
keys for operations uniquely im-
portant to you and your discipline.
HP Offers The Widest Range
Of Memory Sizes

In basic conhguration, your Model
10 can perform a complete regres-
sion analysis or solve a system of
10 simultaneous equations. If you
nced more power initially, or if
growing demand warrants a larger
capacity, the memory is easily ¢x-
panded withsimple plug-in modules.
You can expand your Model 10 up
to enough power for 17 simul-
taneous equations (clearly the most
powerful calculator on the marked).
Between basic and maximum con-
figurations, you can choose the com-
binations of program memory wnd
data storage registers to match your
needs.
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Only HP Gives You Simple
Programming and Editing.
Symbolic addressing, indircecr and
register arithmetic, added subrou-
tine capability, special editing keys
for softwarc debugging, true “Do-
Loop™ ability —when you get your
hands on the Model 10 you'll quick-

ET FLA TO

R1STOGEAM

Electronics/October 25, 1971

[ BT IAL ———

\0a8 e - now

lv sce that the mechanics of prob-
lem solving need no longer stand
between you and your greac ideas.
You can store ofzen used programs
on handy magnetic cards for in-
stant entry 1into your Model 10.
These cards may be linked for auto-
matic call by the calculator so there
15 no limit to the size or complexity
of the problems the Model 10 will
solve.

Only HP Gives You
Alphanumeric Print-Qut
...night on the printer tape. Stan-
Jdard ¢quipment on the Model 10 is
the bright, three register LED dis-
play. For hard copy you can add
with a modular plug-in) the quiet,
low-cost strip printer. For the ulti-
mate in operating simplicity, add
the exclwsire Prinier Alpba ROM and
you can automaticaily generate
labels, program instructions, and
messages —complete with symbols
and  punctuation—right on the
printer tape.

Only HP Offers You a

Host of Peripherals

...to build a system suited o your
procedures. The integral 10 bus
of the Model 10 lets vou plug in
such work saving Serics 9800

Euan
*

e MOOE e e PROUMAM e

=L 00 B

= =

SLNT Cann

CLEAR p
" s
= ’

See
: { )-
': ' a
\ -
) e
| Theow
P -

peripherals as a Marked Card
Reader, Paper Tape Reader. Digi-
tuzer, Typewriter, or the exclusive
HP X-Y Plotter that plots linear,
log-log, semi-log, or polar plots—
and writes alphanumerics.

Price. Performance. Simpiicity.
The Series 9800 is the best desk-
top computing system now, and 1n
the forescecable future. Bur don't
take our word for it; ask our com-
perrtors. Or write for more informa-
tion or a “hands-on” demonstration.
Hewlete-Packard, P.O. Box 301,
Lovelard, Colo. 80537, In Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT @ PACKARD

CALCULATOR PRODUCTS
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This minicomputer
memory dropped
2 bits in 7 days...
and failed.

Our final performance test is rugged, and
sometimes it takes guts to stick to it. But
we have found through experience that it
is required to be sure that you geta
working disc memory that will keep
working.

The test is simple: The disc is run
continuously for 7 days; each day during
the test repetitive write, read, and check
operations are performed to verify error
free performance. |f more than one bit is
dropped, the unit goes back for rework—
it’s pass or fail with no compromises.

Every minicomputer disc memory we
ship is factory certified to have success-
fully passed this final test; the memory you
put into your system has been through it.

And we have a memory just right for
your system—memories with capacities
ranging from 32k to 4200k words for Data
General, for DEC, for HP, for Varian, and
for most other minicomputers.

To find out more about the disc
memories with tested reliability, call your
Data Disc representative or contact us at
686 West Maude Avenue, Sunnyvale,
California 94086; 408/732-7330.

DATADISE

“VISIT DATA DISC AT THE FALL JOINT COMPUTER CONFERENCE, BOOTH 1514-1516."
Circle 24 on reader service card



Fairchild working
in CCD imaging

Lockheed ends tests
on gas-pump system

Bell Sysiem faces
ElA intervention
in local ratemaking

TV makers to bow
to ad claim demands
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Interest in charge-coupled devices and bucket-brigade technology for
memory and imaging is swelling (see p. 38) as more companies jump into
the field. A signal development underlining the trend is the move by
Gil Amelio, one of the key CCD developers at Bell Labs, to Fairchild’s
R&D Center in Palo Alto, Calif.

As an indication that Fairchild is taking more than a cursory look at
CCD imaging potential, Amelio caused a stir earlier this month at the
International Electron Devices Meeting with an elegantly simple single-
phase CCD structure he’s developed.

Lockheed Electronics Co. has completed a 90-day field trial of an elec-
tronic transaction system that controls gasoline pumps from a remote
central console. Designed for self-service stations in which the customer
puraps his own gas, Lockhced’s LTS-30 allows a station operator to
unlock the gas-pumping mechanism from the console. Then, as gas is
pumped, the system totals the dollar amourit of the sale on digital read-
outs. The LTS-30 controls modules of three pumps, with six- and nine-
pump units planned.

Development is handled by Lockheed’s Industrial Technology division,
which has 10 years experience in the fuel-distribution business with a
mechanical register for delivery trucks. At present there are approxi-
mately 6,000 self-service stations around the country that could use the
system, Lockheed estimates, and this number could increase tenfold by
1975.

Threats of intrastate communications regulations and tariffs that would
set limits to the use of “foreign” (non-Bell System) attachments may pro-
voke a legal counter from the Electronic Industries Association. The EIA
Communications and Industrial division’s telephone equipment section
is reported to have formed a special committee to monitor state and local
filings by carriers and, if neccssary, intervene directly with counsel to
protect equipment makers’ interests.

Western Electric Co., a division member and AT&T’s manufacturing
arm, was absent from the meeting when the EIA section’s plan was
adopted, sources report.

Television manufacturers are expected to capitulate to the Federal Trade
Commission’s demands for “all documentation and other substantiation”
for specific advertising claims made by a dozen consumer electronics
companies. “This will change the industry’s traditional approach to its
customer,” says an industry spokesman. Rather than divulge proprietary
manufacturing information, or go to the expense of collecting ccmpara-
tive data, companies will alter marketing techniques, industry sources
predict.

The television industry was pinpointed last year as a target industry
when the FTC required Matsushita Electric of Hawaii to print retractions
of misleading advertising claims, and later, when it proposed rules
attacking the use of “music power” and “peak power” when describing
consumer electronics wattage ratings.
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Ebertin todirect
Nrmec business
system marketing

Chalk transmitter
tested by Bell

Quartz crystals
made by photolith
ready for market

Addenda

Electronics Newsletter

Nrmec, North American Rockwell's semiconductor arm, is consolidating
its search for business system opportunities—such as electronic cash
registers and point-of-sale systems—to add to its calculator chip capability.
The firm has just named Michel Ebertin to the newly created position of
director of business equipment marketing, promoting him from manager
of systems development engineering.

Besides focusing the business equipment MOS/LSI effort under one
man, Nrmec is also offering a versatile chip set for electronic cash
registers, ranging from a single chip for simple machines to six or more,
including a tax-calculating chip, for more complex units.

Bell Laboratories is testing a breadboard system that transmits writing
on a blackboard over dial-up phone lines and recreates the images using
a deflected laser beam. A writing instrument—chalk, pencil, or stylus—is
attached to a tiny location indicator that emits ultrasonic pulses. These
are sensed by two orthogonal “continuous strip” or bar-shaped micro-
phones, converted to digital data, and transmitted.

At the receiving end, the signals are applied to a pair of galvanometers
which, in turn, are used to deflect the beam of an ultrasonic laser. The
beam is made to strike a photographic slide coated with photosensitive
material. Simultaneously, the information on the slide is projected.

Although the work carried out at Holmdel, N. J., is still experimental,
a spokesman says the system is being considered as an adjunct to the
50A portable conference set offered by the Bell system to transmit a
lecturer’s voice from one location to another.

The Statek Corp., a small Orange, Calif., firm that says it’s first to make
quartz crystals photolithographically, is now turning out the crystals in
commercial quantities. The company, which can turn out 5,000 a day, is
bidding on commercial opportunities that include irrigation timers and
alarm systems, but is already profitable with prototype quantities for a
variety of timing applications, including military uses.

The crystals are made much like semiconductors, except that the sub-
strate material is 1-mil-thick quartz instead of silicon. The masking,
etching, and separation techniques are used as for semiconductor manu-
facture, although the etchants and resists are proprietary formulations.

Statek president Juergen Staudte says the crystals, which range in
frequency from 10 to 100 kilohertz for standard products, are much
smaller and more shock resistant than conventional tube-type crystals.

Solitron Devices has bought the rf and MOS lines of United Aircraft’s
Unisem division. The rf operation will be moved to Solitron’s Jupiter,
Fla., facility, and the MOS portion will go to the new owner’s San Diego,
Calif., site. . . . Still up in the air after the shutdown of GE’s IC products
department is the disposal of the technical expertise. Says a spokesman:
“We are open to selling certain segments of our processes and technology
and have been conducting discussions with potential buyers.” The Mini-
mod packaging scheme is a prime candidate, with TI expected to sign
a licensing agreement before GE got out of the IC business [Electronics,
Sept. 27, p. 17]. . . . Hamilton Standard’s Systems Center has a $4.5 mil-
lion contract from Martin Marietta to develop a strapdown inertial ref-
erence unit for the Viking spacecraft lander.
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This ADC has priced

analog multiplexers
right out of business.

ADC-85 15 so mexpensive vou can convert cach channel at
the transducer and go digital all the rest of the w av. Forget pre-amps,
noisc problems, expensive cabling, time sl\cwmg, and last but not
least, the analog muluplexer.

Fyenit ADC-8S didn’t save vou money, vou’d have a better
data acquisition svstem. But it doces. Fi igure ud1 \DC-8S at $49
(100’s) and watch the arithmetic come out our w ay. Thencall or
write foran evaluation sample.

ADC-8S1s our third entrv i the economy converter class.
Check the last twaissues for our DAC-107, (a top pertormer for
only $29) and our IYNC-12Q7. (at $49, less than half the prmcot its
u)mpcntl(m) But please don'tforget g
we have a top-of-the-lincand a middle- [

O1 ARALSG v

of-the-line —1n fact, more and better orem_
O4GAN A Lo I
ATt e T Y b sa i . 4 AN 1] .
modular converters than any other Srems RIS R . we
company in the world. \nal()o srene] o
NI BO
Deviees, Inc., Norwood, Mass. 02062 o iy o
(617) 320-4700. ANALOG ADC 8S
DEVICES A/D CONVERTER
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Whenitcomesto
regulatororacom
made your choice

LM 309.

wo,j g;w The easy-to-use LM 309 is a complete 5V regulator
L on a single silicon chip. Designed for local
022aF L l 1 regulation on digital logic cards, the 309 neatly
. eliminates distribution problems caused by
p ﬁoxé}dgg,‘};g}} = ,,Q:’:'“i’: % single-point regulation.
Tonrly e g rrdoes mpmere Significantly, no external components or
Fixed 5V Requlator adjustments are required.

But the real beauty of the LM 309 is the fact that you just plug it
in and relax—knowing full well that it’s guaranteed to limit incoming
voltage transients so that the TTL (or DTL) circuits it drives will always
work. (What comfort to know you’ve got a regulator that will—in the
worst case—actually destroy itself to avoid damaging any of your more
expensive digital circuits!)

Both the LM 309 and its military counterpart, the LM 109,
are available off-the-shelf in two package configurations: a TO-5 which
delivers output currents in excess of 200maA if adequate
sinking is provided; and a TO-3, in which the available output
current is greater than 1A.

Prices (100-999) are as follows: LM 109H $20.00, .M 209H $7.50,
.M 309H $5.50, LM 109K $25.00, LM 209K $8.95, LM 309K $6.50.



selecting a voltage
parator, we've
incredibly simple:

LM 1L

A plug-in replacement for both the LM 710 and
»m LM 106, our new LM 111 voltage comparator has
e eosiea 1T AllOVer its predecessors.
3o fogic sy “:%’,’: First of all, the LM 111 is very easy to use.
theeshold. L toneisespites Then there’s the “universal”voltage
TTU Interface wirh High Level Logic supply range. The LM 111 can operate from 5V
and ground, or any combination of voltages from ground to +15V.

Another big advantage is the 111’s input impedance. It’s so high,
the resulting input current is a remarkable one thousand times lower
than the 710’s (250 nanoamps versus 25 microamps)!

Since we're dealing in superlatives, here’s another: Gain with the
LM 111 1s 200,000, or two hundred times better than previously available.

Designed todrive RTL, DTL, TTL or MOS logic, the versatile LM 111
will also handle lamps or relays up to 50V at 50maA.

Finally, the entire LM 111 series (including the LM 211 and LM 311)
is available off-the-shelf in TO-5, flat-pack or dual-in-line package
configurations.

Prices (100-999) are very competitive.

For example: LM 111H $12.00, LM 211H $7.50, LM 311H $3.25.

As usual, we've got all kinds of swell applications notes and other
spec material on both these fine, easy to use ®
devices. For your copies, write, phone, TWX " ' I
or cable us today. National Semiconductor c Iona
Corporation, 2900 Semiconductor Drive, Santa Clara, California 95051.
Phone (408) 732-5000. TWX: (910) 339-9240. Cable: NATSEMICON.
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The highest perform-
ance, fastest MOS
ROM around these
days is the EA4000,
5120 bit ROM. And,
now we’ve added one
more good reason for
you to buy it...it's
now available in sili-
cone DIP.

So what? So save
money. The EA4000-

4

and power consump-
tion is only 0.05mW/
bit. It is organized as
512 10-bit words. De-
coding is done com-
pletely on the chip
through an address
holding register that
allows sampling and
timing control of the
input data.

Your friendly EA dis-

SG now costs less EA SAVES THE DAY WITH SILICONE DIP ROMs tributor has patterns

than 0.3¢ per bit in volume. Reliabil-
ity is guaranteed. And the access
time is very nice—725 nanoseconds.
The EA4000SG is a breeze to use. No
clocks are required, one output re-
sistor gives bipolar compatibility,

in stock, like a 7 x 9 character gen-
erator that you can use for evalua-
tion. List price is $25.00 in 100 up
lots. For fast, fast turnaround on cus-
tom patterns, in 28 days or less,call or
write today.

Bleclronic arrays, Inc.

501 ELLIS STREET

MOUNTAIN VIEW, CALIFORNIA 84040

(415) 964-4321 TWX: 910-379-6985

Stocking Distributors: Computer Components Corp.. Cramer, Intermark

Circle 30 onreader service card
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Laser solves coupling
problems of optical
communications

Producing a laser beam
within a crystal surface
simplifies the design of
integrated optical systems

There’s been a lot of talk about inte-
grated optics systems and how they
could revolutionize the communi-
cations industry. But there's at least
one key component missing—a way
to efliciently couple an external light
source, usually a laser beam, on to a
thin film planar surface. Now. how-
ever, a new technique using a solid
state laser that may solve this prob-
lem has been developed by Frank L.
Varsanyi. president of Isoray Inter-
national Corp.. Palo Alto. Calif.,
and a professor of physics at Stan-
ford University.

In proposed systems. which excite
communications people because of
their small size and of light’s ex-
tremely high information capacity,
circuitry is made up of thin films
shaped into miniature light-guide

System in sight. Planar laser deveioped by Frank L. Varsanyi could be missing link in search for integrated optics systems

6,451 A

4,880 A

[

6,451 A

networks. Components modulate.
phase shift, amplify. and detect the
signal-carrying light. Several other
methods have been tried to obtain
coupling. but they all suffer from
low cfficiency and high complexity.
They include diffraction gratings.
prisms, and cven direct passage of a
laser beam into a thin fitm edge.
Problem solver. Esscntially. since
the laser beam is produced directly
in a crystal surface. it eliminates
coupling problems, Varsanyi says.
“Also in favor of the laser is the fact
that its extremely small packing
densities of well over a million inde-
pendent laser spots on 1 square inch
of crystal surface scem entirely rea-
sonable,” he adds. Moreover, the
crvstal used—praseodymium trichlo-
ride—can casily be vacuum-depos-
ited for making thin film “circuits.”
Varsanyi says the super-radiant
laser action can be gencerated within
the surface of a prascodymium
trichloride crystal by directing a la-
ser beam with a wavelength of 4.880
angstroms at the crystal surface.
This can be done with a tunable dve

WAVELENGTH-TUNABLE
DYE OR ARGON LASER
(G

3371 A
EXCITATION

\
)

{
\

SURFACE MODE
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laser (pumped by 3371 aA encrgy
from a nitrogen laser) or with an ar-
gon laser used as a direct source of
4880 Aa light. When the cleaved
crystal surface is illuminated with
the beam. the surface ions are cx-
cited to a high energy level which
allows the crystal to lase at 6451
Aa. Penctration depth of the radi-
ation is on the order of a micron,
and a common 50-millimeter photo-
graphic lens can be used to focus the
beam on the crystal surface.

If the excitation light is projected
on the crystal surface in the form of
a slit. a threshold is first reached
along the longer dimension, and the
laser action occurs along this axis.
Varsanyi points out that “the ampli-
fication 1s so large that a strong di-
rectional laser beam emerges from
an optically pumped length of just a
few microns.”

If' the excitation energy density
is increased further. a sccond
threshold is reached. The incoming
light saturates layer after layer of
active ions until the dimension of
this excitation pocket becomes

4.880 A

PENETRATION MODE

31



Electronics review

larger in the direction perpendicular
to the surface than along it.

Steerable. Also important in inte-
grated optics is the steerability of
the generated beam. Because the
surface laser action is generated
along the longest dimension of the
excitation beam on the crystal sur-
face. shifting or rotating the excita-
tion image causes a corresponding
change in the output beam direc-
tion. Thus, by turning the beam or
by using a slit mask that can be ro-
tated, different “circuits™ on the
crystal surface can be addressed.

What's more. if a spot is pumped
at an cnergy level that is below the
lasing threshold, a memory-type cell
is created. For example. if’ a below-
threshold pulse of, say. 5 nano-
scconds is aimed at a spot on the
crystal, that spot fluoresces and lasts
for about 10 microseconds. The ar-
rival of an additional 5-nano-
second pulse of the proper intensity
within a specified time would do
one of three things. It could replen-
ish this memory spot or, if the new
beam were above the threshold,
make it emit laser radiation along
the surface. or. if the beam were of
still greater energy, make the
memory spot “read out™ by reach-
ing the second threshold of the pen-
etration mode.

“And." adds Varsanyi. “the small
active area size makes possible some
visually spectacular experiments. If
the excitation light is focused on a
tiny prascodymium trichloride crys-
tallite hardly visible to the naked
eye. the little dust particle lights up
with the brilliant red glow of the la-
ser output as soon as the threshold
energy density is reached.” It is not
unlikely. he savs, that this “powder
laser” dispersed in some liquid or
solid carrier material could open up
new possibilities in display.

Solid state
Bipolar RAM
offers 2K chip

A bipolar circuit technique has been
developed that could be the means
toward the end sought by semicon-
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Packs itin. Bipolar circuit developed by IBM
in Germany packs 2,000 bits on a standard-
size chip made conventionally

ductor makers: memories with bi-
polar speed plus MOS economy and
packaging density.

The development. from 1BM’s re-
search lab at Boeblingen. Germany.
could mean bipolar random-access
memories with 2.000 bits on a stan-
dard-size chip made by conven-
tional processing. 1f implemented
with oxide isolation. the result
might be RAMs with as many as
4,000 bits on a chip. Presently. bi-
polar technology isn’t considered a
practical RAM technique.

Small cell. The high density is
due to a unique cell configuration
having a size of only 4 mil*—more
than two-thirds smaller than today’s
best MOS RAM cells. And since bi-
polar circuits are static. points out
codeveloper Horst Berger, no re-
fresh circuitry is needed as with
dynamic MOS memories.

What's more. the new devices. be-
cause they are operated statically.
dissipate very low power-several
hundred times lower than conven-
tional dynamic MOS circuits that
must be continually refreshed.
Standby power of less than 10 nano-
watts per cell has been observed by
Berger and his codeveloper. Sigfried
Wiedmann. Thus. an entire 4,000-
bit array would dissipate only 40
microwatts, well below anything
being considered by MOs circuit
makers. And even at these lower
power levels. speeds are impressive:
write time is less than 40 nano-
seconds. read time less than 10
nanoseconds.

The small cells are not the result

of a processing innovation but
rather follow from a clever circuit
design. Traditional resistive loads
are replaced by two cross-coupled
and inversely operated npn transis-
tors of a common n-region. The
charges of the flip-flop nodes are
maintained by a minority carrier in-
jection directly into this n region.

This results in equal currents to
the base and collector of the on
transistor, requiring an inverse cur-
rent gain of only greater than or
equal to one in addition to the sup-
plv of the leakage current to main-
tain stability.

Consumer electronics

Ragen confident it can
build under-$100 calculator

Now that the wraps are off the
mini electronic calculator that Ra-
gen Precision Industries says could
retail for under $100, the question
is: can Ragen produce them at the
4.000 to 5,000 per month called for
by its initial order? The uncertainty
results because the shirt-pocket-
sized machine boasts two of the
newest and least applied clectronics
technologies: complementary
C¢/Mos semiconductors, used in a
calculator for the first time, for the
arithmetic, logic, and display drive
circuitry, and liquid crystals for the
readouts.

“Without a doubt we’ll be able to
produce them,” asserts Ragen’s
president, L.L. Lopata, adding “Our
biggest concern technically is the
molded plastic case.”

This confidence is shared by Al-
bert H. Medwin, president of the
Ragen subsidiary, Ragen Semicon-
ductor Inc. of Whippany, N.J. Med-
win directed development of the
calculator. The semiconductor com-
pany has been making ¢/Mo0s chips
for more than three years, he points
out, and “they have been the largest
and most complex™ in the industry.
“As long as a year ago, we were pro-
ducing 3,000 to 4,000 chips a month
for a data terminal customer.”

Displays. There is less corporate
experience producing the liquid
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crystal displays. But Medwin pred-
icts the digital readouts will achieve
the 20,000-hour life some industry
sources forecast for the devices.

The Ragen calculator—a full four-
function machine with eight-digit
display and a floating decimal
point—tallies up to 16 digits. It will
be manufactured entirely in the
United States. With batteries, it
should weigh about 8 ounces, light
enough to be readily shipped back
to Ragen’s facility in New Jersey for
servicing, says Lopata.

So far, Ragen has not assembled
a complete calculator but has
merely tested the unit's individual
components. First deliveries—20.000
units for Alexander’s. a New York
department store chain-—are to be-
gin in January. It has an option to
buy 20.000 more calculators.

Altogether, the calculator, mea-
suring 2% x 3 x "2 x 78 inches, looks
deceptively simple. Its guts consist
of two 220-mil square C/MOS chips
housed in individual 40-pin dual in-
line ceramic packages and an eight-
digit liquid crystal display with 7/32
by 5/32-inch digits. These elements
are flow soldered to a printed circuit
board measuring 2 by 3 inches. This
board also supports the keyboard
and the calculator’s power source—a
12-volt dry cell battery. Ragen says
the battery, because of the excep-
tionally low power drain of the
C/MoOs circuitry and liquid crystal
displays. will last for 2,000 hours of
operation. In contrast, competitive
calculators often rely on recharge-
able batteries, which will last as
little as three hours.

Another factor contributing to the
unit’s low power drain is that Ragen
multiplexes the drive lines between

the chips and the eight-digit liquid
crystal display. Thus, instead of ap-
plying power to all digits, at once, it
is applied sequentially, with the
power to any one digit continually
refreshed. To the human eye, the
display itself, which relies on re-
flected light persists and appears
continuously on. Power to the eight
digits is less than 2 microamps, says
Medwin. Another advantage of this
technique is that the number of in-
terconnections is reduced from 64 to
eight between the C/MOS chips and
the displays. And it also simplifies
the chip circuitry because a single
seven-segment decoder can be time-
shared among the display digits.

All of the electronics is contained
in the C/MOS chips, which probably
accounts for their relatively large
size. Generally, the larger the chip
the worse the yield. However, Med-
win terms the yields “commend-
able.” He points out that Ragen has
been producing chips of this size for
the last six months, with 300-mil-
square chips scheduled to be pro-
duced sometime next year.

Qiéblays_ B

Liquid crystal
leads reduced

In a multiplexed liquid crystal dis-
play. the number of leads required
for adding the matrix can be a sig-
nificant problem. In an eight-digit.
seven-segment display. for example,
64 leads would be required, as well
as 56 diodes to isolate the various
segments—enough to boost cost and
reduce reliability.

Now two researchers at General
Electric Co.’s Corporate Research
and development Laboratories in
Schenectady, N.Y., have taken ad-
vantage of a unique characteristics
of nematic liquid crystals to sig-
nificantly reduce the number of
leads and components required for
strobing. Their two-frequency ad-
dressing scheme reduces the num-
ber of leads for an eight-digit dis-
play from 64 to 16, and eliminates
the need for diodes.

Liquid crystals derive their dis-
play qualities from the light-scatter-
ing effect they exhibit under electri-
cal excitation. Ordinarily, dc or
single-frequency ac is used to in-
duce scattering to convert the crys-
tals from a clear to an opaque state.

Two signals. In the GE addressing
scheme, devised by C.R. Stein and
R.A. Kashnow. two ac sinusoidal
signals of different frequencies are
used instead. When the two signals
are simultaneously applied to the
liquid crystal, the scattering
threshold for the material is ex-
ceeded and the device opaques.

To demonstrate the principle,
Stein and Kashnow adapted the cir-
cuitry of a conventional pocket cal-
culator and hooked it up to an
eight-digit liquid crystal display. In
the model, the high-frequency ad-
dressing signal of about 4 kilohertz
is applied to a common line going to
all the segments, and a 30-hertz sig-
nal is switched sequentially to turn
on the specific segments required to
produce the desired digits. Only 16
external leads connect the panel to
the calculator circuitry.

One disadvantage is that a volt-
age level on the order of 45 volts is
required for the sinusoidal drive.

In hand. Wooden mockup of Ragen calcu-
fator, which will sell for under $100. Elec
tronics, in two C/MOS chips, drives the cal-
culator’s liquid crystal display.
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Conventionally driven liquid crystal
displays can run at 15 v dc, which is
more compatible with MOS drive cir-
cuitry. Even so. says Stein, the GE
Components division at Owensboro,
Ky.. is seriously considering adapt-
ing the scheme into a product.

Swiss variation. In a variation of
the technique, PJ. Wild and J.
Nehring of Brown Boveri Rescarch
Center in Baden. Switzerland, have
developed an  addressing scheme
that uses a combination of dc and ac
to select the cells in a liquid crystal
displayv. In this case. the ac voltage
1s used to suppress the scattering ef-
fect that opaques the liquid crystal.

If a voltage V, + V, (where V, is
a dc¢ or low-frequency voltage
greater than the scattering threshold
voltage and V, is an ac signal of
suitable amplitude and frequency)
is applied to a row of a matrix and

V, + V, to a column, scattering
only occurs in the fully selected cell,
which does not see the suppressing
signal.

Communications

Beli data will hitchhike
on existing voice systems

To meet the demand for digital
service through 1977, AT&T has said
it will go largely with existing facil-
ities. To help do this, a new modu-
lation technique has been developed
at Bell Laboratories to permit data
signals to “hitchhike™ on existing
microwave radio systems by using
the lower end of the currently used
baseband frequencies.

The new development, called
Data Under Voice (buv), will be
built around existing L600 and
U600 terminal equipment. Only
that portion of the frequency band
below 500 kilohertz will be used to
transmit data. These frequencies are
generally not utilized now because
they are too noisy for voice trans-
mission.

Low errors. Digital error rate is
expected to be very low. says a Bell
spokesman. Even when the signal
fades severely enough to trigger a
switch to a protection channel, the
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company claims, digital signal error
rate will be better than one bit in
107,

The company is not divulging
technical details of the new system,
However, this system will be used to
connect 90 cities by 1974 for all digi-
tal private line service.

Annual data transmission reve-
nue at AT&T. says H.l. Romnes,
chairman and president. will in-
crease to $5 billion by 1980, about
10 times present rates. The company
had previously torecast that data
transmission would contribute only
$2 billion to revenue by that date.
The higher forecast was explained
as the result of a new survey of
likely data transmission users.

If_lla_nuiadtufi_ng

Pad relocation bows
in eight-bit multiplier

The pad relocation interconnection
technique, developed at Hughes
Aircraft Co. two years ago. has fi-
nally moved to the production
stage—though on a limited basis.
The first product. being made at
Hughes' Microelectronic  Products
division in Newport Beach, Calif., is
an cight-bit multiplier, plus a sign.
It can form § million products per
second. multiplying two cight-bit
numbers and sign, to form a 16-bit
result and a sign each time.

Essentially. pad relocation moves
a circuit function from a bad cell on
a fully probed wafer to the nearest
good cell through a unique inter-
connect mask [Electronics. Oct. 13,
1969. p. 44].

As for the multiplier. it's fabri-
cated on a full 1.5-inch-diameter
wafer, and is made up of 52 transis-
tor-transistor-logic full adders and
96 gates to give the equivalent of
616 gates. George Wolfe, manager
of the LSI technology department at
the Hughes division, says there are
three kinds of cells on the wafer:
one type contains two D-type flip-
flops, another has a full adder plus
two four-input NAND gates, and the
third is a quad three-input NAND
gate cell.

I

N

Multiplier. Hughes eight-bit device is first
product to use pad relocation technique

One for 20. The multiplier re-
places a 20-chip hybrid in the aero-
space data-processing functions at
the Hughes Aecrospace division in
Culver City. Calif. Wolfe says he
knows of no comparable cight-bit
multiplier, especially at this speed,
that’s available in monolithic form.

Wolfe believes the multiplier is
probably the most complex bipolar
LS1 device available, and he sces as
mitial customers military buyers in-
terested for high-speed signal pro-
cessing and digital filtering appli-
cations. The unit is housed in a 156-
lead, 2.25-inch-square hermetically
sealed ceramic package. Electrical
characteristics are typical of the TTL
5400 series. Typical gate propaga-
tion delay is 10 nanoseconds, gate
fanout is 10, and gate power dissipa-
tion 1s 10 milliwatts.

Since early this year, the Newport
Beach division has been delivering
the multiplier, designated the
H1002MC, to its sister division for
use tn missile and aerospace com-
puter applications: the first outside
delivery was made last July. But
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Quality need not be expensive

and Rotron can proveit!

Rotron research has spearheaded most of the signifi-
cant developments in air moving technology...just as
Rotron products have set industry standards for quality
and performance. Now you can have Rotron leadership
at prices competitive with any in the marketplace!

How come? Responding to the challenge of the past
decade of inflationary cost increases, Rotron's substan-
tial investment in automated equipment, production

technigues and innovative designs are paying off,
enabling us to reduce our production costs and
pass these savings on to you.

Have you checked our prices lately?

Rotron’s nationwide distributor system of 50 stocking
locations provides off-the-shelf delivery of standard
units ard our network of factory representatives pro-
vide on-the-spot technical assistance and service.

Why Settle For Less When The Best Costs No More?

ROTRON INC. Woodstack, N.Y. 12498

- [ROTRON

914  679-2401 [ TWX 510-247-9033

INCORPORATED

PACIFIC DIVISION Burbark, Caiif. 91508
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William Eckess, marketing man-
ager. says his Microclectronic Prod-
ucts division is ready to deliver
small quantities to outside custom-
ers in two to four weeks. The price is
$1.000 for a single unit. but drops to
approximately $300 cach in quan-
tities of 1,000.

Unmasked. Hughes engineers at
Culver City and at Newport Beach
say the pad-relocation concept is
simpler than traditional discretion-
ary wiring because fewer masks are
required.

In the Hughes system. the first-
layer glass passivation mask is stan-
dard for all wafers with the same

“yield pattern. The first aluminum
metal layer has already been depos-
ited, and 100% dc testing of all cells
has been performed. gencrating a
yield map of good cells. The probe
yicld results are stored in a com-
puter to generate the pad-relocation
mask, the only variable mask com-
pared to variable masks for cach
layer in the traditional discretionary
wiring approach to full-wafer large-
scale integration.

Lasers

Competition mounts
for weapons delivery . .

The laser, long viewed by the mili-
tary as a system with great promise
but not much else, is coming into its
own. The impetus has been pro-
vided by the development of re-
liable, high-power systems and the
success claimed by the Air Force for
some of its 30 position and velocity
(PAVE) systems. .
Laser components in the PAVE
package in use or under develop-
ment are used for designation and
homing by so-called smart bombs
and missiles equipped with seeker
optics. With the Navy already test-
firing laser-guided ordnance and the
Army mounting a $28 million effort
this fiscal year under the umbrella
of Laser Designator Seeker System
(LDSS) [Electronics, Sept. 27, p. 33.]
the use of lasers throughout the mil-
itary for such missions as target de-
tection, rangefinding, and weapons
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guidance is expected to climb
sharply in the next five years.

One military estimate puts the
market at 4,200 systems in the next
five years, although that number is
hedged with the observation that
“precise numbers are hard to pin
down at this stage. A great deal de-
pends on the kinds of quality we get
in terms of reliability and power
output, but it would be reasonable
to assume for the long term that ev-
ery aircraft that can deliver a
weapon will probably have a laser
system to help it do the job.”

Moreover, says the same Penta-
gon source, new Army and Navy ar-
tillery and missile batteries as well
as forward air and ground observers
will likely require similar laser sys-
tems for rangefinding and guidance.

Neodymium yttrium-aluminum-
garnet lasers are highly favored for
such applications now, particularly
in the Air Force view, although gal-
lium arsenide is a contender for illu-
mination functions. And, not to be
left out, in experimental develop-
ment with the Air Force are flowing
copper vapor systems reputed to
have quantum efficiences of 70%
and the consequent potential for op-
erating under any atmospheric con-
ditions [Electronics, Aug. 30, p. 31].

Among the multiple programs
that companies are examining, one
major effort is expected to come
with PAVE Lance. That target-acqui-
sition and weapon guidance system
updates the pod-mounted PAVE
Knife package that was designed by
Philco-Ford for the McDonnell
Douglas F-4 and uses a West-
inghouse Nd-YAG laser. Should
Pave Lance be approved also for the
Navy LTV A-7 Corsair light attack
plane or the Air Force’s new F-15
fighter, then the number of systems
to be bought could run to 2,000 or
more during a period of five-to-
seven-years.

More asked. Other laser procure-
ments proposed include an esti-
mated 50 systems for the Lockheed
AC-130 gunships for weapons deliv-
ery; between 200 and 300 for Lock-
heed’s P-3C land-based antisubma-
rine warfare plane; as many as 400
for the Navy’s Seasparrow and Tar-
tar ship missiles, and a possible 150-

200 for the Air Force F-111 inter-
ceptor.

Also proposed were an unspeci-
fied number for the Lockheed AH-
56A Cheyenne helicopter if it finally
moves to production as an Army
“tank buster” next fiscal year, as ex-
pected, plus a variety of systems for
Navy ship navigation, including the
proposed high-speed hydrofoils, and
rangefinders for Army tanks and
ground observers operating as the
eyes of the Army’s artillery and heli-
copters.

. with IBM entering
an ‘eye-safe’ Raman unit

A first principle of defense contract-
ing is to win the competition: a bet-
ter one, however, is to preclude
competition by having the system
performance specification incorpo-
rate your design. This appears to be
the approach being taken by IBM’s
Federal Systems division, Gaithers-
burg, Md., in the competition for a
bigger share of the market for laser
rangefinders, target designators, and
weapons delivery systems.

The 1BM approach is keyed to a
passive and proprietary dye Q-
switch and small, comparatively
low-cost Raman laser whose quan-

Looker. IBM's James Vanderslice with the

low-cost Raman laser for military use.
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With the TRW J-zero you reduce RF Amplifier

TRW offers a new state-of-the-art
line of broadband high cower tran-
sistors. These transisiorsincorporate
integrated circuitry to reduce the re-
active part of the input impedance to
nearly zero (hence J-zero). These
devices allow extreme bandwidth
and provide consistent reliable per-
formance from simple matching cir-
cuits. Exceptionally tow input Q’s
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manufacturing costs!

allow octave bandwidths from fixed
tuned circuits without costly ‘ndivid-
ual circuit trimming for simplicity and
ease of manufacture.

Two or more of the devices can be
easily paralieled for higher power
levels. Emitter stabilization is de-
signed into the J-zero transistor for
reliable operation under severe mis-
match conditiors.

Cali toil iree 800-421-2061 for imme-
diate delivery! (In Californ.a call col-
lect (213) 679-4561, ext. 455). TRW
Semicorductor Div,, 14520 Aviation
Bivd., Lawndale, California 90260
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tum efficiency of 40% at 5 mega-
walts output is expected to improve
to 60%. according to James T. Van-
derslice. manager of electro-optical
systems development.

Moreover, Vanderslice says the
IBM Raman laser, triggered by a
1.06-micron neodymium YAG unit,
emits in the so-called eye-safe re-
gion of 1.54 microns.

Informal estimates of the market
competition indicate 1BM has a way
to go to knock down the leader, ac-
knowledged by some military
sources as Martin Marietta’s Or-
lando, Fla., operation. Indeed, a list-
ing of others active in the market
reads like a who’s who of the elec-
tronics industries: Hughes Aircraft,
North American Rockwell, RCA,
Westinghouse, Sperry Rand, Texas
Instruments, Union Carbide, and
Korad, among others.

Nevertheless, 1BM’s  Vanderslice
believes he has a winner in the com-
bination of an eye-safe Raman laser
with its high efficiency at 5,300
angstroms and its 2-inch-long Ra-
man cell. Its size and weight, and
price of the system are held down,
explains Vanderslice, by the dye Q-
switch between the Nd-YAG and
Raman lasers since it eliminates the
need for the complex and often un-
reliable mechanical mirror systems
used for switching.

Over the last two years, IBM has
picked up from the Army Electron-
ics Command at Fort Monmouth,

N.J., an $86.000 R&D award for nine
months of computer modeling of
Nd-YAG performance.

Microwave

Novel cavity phase-locks
LSA oscillator

Only by phase locking an LSA os-
cillator can it be made to give the
precise control needed in phased-ar-
ray radars. Now researchers at
Cornell University have accom-
plished this by phase-locking a lim-
ited-space-charge-accumulation cir-
cuit for the first time.

This ability to phase-lock the LSA
diode is a significant step toward
placing the device in practical cir-
cuits. But this seems to be only the
beginning if limited space charge
accumulation is being groomed for
use in phased arrays.

“In most of the previous LSA re-
search.” says William L. Wilson,
who is directing the research, “little
or no attention has been paid to the
problems involved in achieving fre-
quency stability in the output of
these devices. As it turns out, the
problems encountered are not
trivial, and special operating charac-
teristics inherent with the LSA mode
must be taken into account if good
device performance is to be
achieved.”

Phase control. LSA diode circuit, left, is controlled within few degrees over 100 range. At
night, the height of circular cavity at any point on radial line is increased linearly with the
radius so that the characteristic impedance of the line can be kept constant
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Two cascaded LSA diodes are
used to get 110 watts pulsed output
that is phase-locked to a backward-
wave oscillator. Phase is controlled
at the final output stage to within a
few degrees over a 100" range. The
operating frequency is 2.8 gigahertz.
This performance is accomplished
by a novel circuit, a multi-axis
radial circuit (MARC) developed at
Cornell. .

Lowest. “Using this circuit,” says
Wilson, “the diode will always oscil-
late at the lowest frequency for
which it can find a suitable load.
For this experiment, the operating
frequency is somewhat lower than
the cutoff of the cavity as a resonant
element.”

The half-wavelength distance of
the oscillation frequency is always
greater than the wall-to-wall dis-
tance across the cavity. In this case,
the cavity functions simply as a
shortened length of radial trans-
mission line. Because the distance
from the diode to the wall is less
than a quarter wavelength, the cav-
ity forms an inductive load neces-
sary for diode oscillation. The
height of the cavity at any point on
the radial line is increased linearly
with the radius so that the line’s
characteristic impedance can be
kept constant.

The diode is located on the axis at
the center of the circuit. The output
line forms a second axis, and
couples to the diode by sharing
magnetic field loops. The phase at
the output is controlled by changing
the dc bias to a zener diode in the
pulse driving circuitry, as shown in
the diagram on this page.

' 7Adv§rlced téchhiiog! B

Simpler CCD approach
means better images

Until now. General Electric hasn’t
talked about its charge-coupled
imaging array design—the appli-
cation that many people feel is the
most promising, immediate one for
CCD. Now, GE has unveiled a novel
approach to imaging that could
make a CCD vidicon even simpler to
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Analogic technical

leadership scores again...

8-14 bit hybrid A/D converters

that stay put.

An Example of Progress Through Restraint

Leadership in any field takes cool judgment. Otherwise, you may
lead your followers right over the cliff. As the leader in A/D/A
technology, we felt an obligation to hold back on the use of
custom monolithic components, until we could verify their stability
and reliability...could justify their appropriate use in our products.

After more than a year of study, design, testing, redesign, etc.,
etc., we have validated, beyond any reasonable doubt, the switch-
ing integrity, stability, and voltage-tracking precision of an exclu-
sive six-element temperature-compensated monolithic switch for
use in A/D and D/A circuits. And we've developed an excep-
tionally fast, accurate, and low-cost family of A/D converters
around them — the AN2800 Series. These 8/10/12/13/14 bit
successive-approximation ADC’s cost 30% to 50% less than any-
thing remotely approaching their performance and reliability. The
AN2800’s are designed to fill an important gap in ADC hardware
— the need for a low-cost, high-speed device with stability (against
both time and temperature) that supports the rated accuracy
and linearity . . . for years and years.

You see, earlier low-cost hybrid ADC's all use thin-film or thick-
film resistors (which simply do not have the required stability for
long-term reliability) and they use monolithic switches with in-
ferior temperature compensation. They are cheap, all right, and
they are small . . . but they just won't “stay put.” We've tested
every one we could find, and they just don't cut the mustard. The
AN2800 Series does. Why? Our very special monolithic switch
chips, and wire-wound resistors for all critical networks.

So, in 3-12 months, when those cheapie chips are wandering
hopelessly out of spec, Analogic customers will be in clover . . .
all relaxed and happy, because their AN2800 Series ADC's will
be right on the money, and good for many years more.

You'll want to call or write for the full set of data on the AN2800
Series . . . but here's a mouth-watering list of features, and a
tasty slice of the complete spec on the 12-bit design:

B An ultra-stable, selected, aged, “pedigreed” zener reference.
m Electromagnetically and electrostatically shielded.

m Fully hermetically-sealed semiconductors, optional.
[

Choice of Modupac™ format (2" x 4" x 0.39") or Modupac-on-
a-Card format.

® Pin-compatibility with older designs (of ANALOGIC or other
manufacturers).

8 Complete, including offset and range adjustments. Optional
external remote trims.

m Optional internal buffer amplifier, which permits gain setting
(%=1 or +10) and choice of single-ended or balanced differen-
tial input.

B Adjustable clock rate (by external voltage).

8 Extended-temperature-range options (typical: from -30°C to
+71°C).

% Optional BCD output codes (standard is straight binary).

m Completely isolated analog and digital grounds — i.e.,, no
digital currents in analog ground return.

m Serial data line, in addition to normal bit-parallel output.

B Typical speeds for full accuracy: 8 bits, 1 usec/bit; 12 bits,
2 usec/bit; 14 bits, 6 usec/bit.

EXTRACTED FROM MP2812 SPEC:

® Resolution: 12 Bits, ® Relative Accuracy at 23°C: *+.015% of
full scale range (20V) *Vv2 LSB quantizing error inclusive of
reference accuracy. ® Monotonicity Guaranteed. ® Temp. Coeff,
of Diff. Linearity: *3ppm/°C, typical. e Long-Term Stability:
*+.01% of full scale maximum per 2000 hours, referred to input,
exclusive of initial accuracies. ® Worst-Case Temperature Coeffi-
cient of Offset: =12ppm/°C of 20V. ® Worst-Case Temperature
Coefficient of Reference: +5ppm/°C of 10V. ® Worst-Case Tem-
perature Coefficient of Conversion: =5ppm/°C of 10V. e Noise:
Equivalent conversion noise referred to input is .005% of 20V p-p
(3¢) inclusive of reference noise. ® $150. in reasonable OEM
quantities.

For premium performance — that stays that way — at lower
prices than you're paying for gambler's chips, call Perry Pollins
o~ Dick Conant at (617) 246-0300, or write Analogic Corporation,
Audubon Road, Wakefield, Massachusetts 01880. (Evaluation
demo units available.)

ANALOGIC B

®
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The first 4-channel programmable op amp. With more application
possibilities than we could possibly list on this page.

HA-2400/2404/2405
Take a good look at this new linear
building block. It's unique and so
versatile we keep discovering more
and more applications for it.

Each PRAM contains four
preamplifier sections, one of which
is selected through the DTL/TTL
compatible inputs and connected to
the output amplifier. The selected
analog input terminals and the output:
terminal form a high performance
operational amplifier for just about any
use you can dream up. And we hope
you'll dream up some. If you do, send
them along to us and we'll see what we
can dream up by way of a reward.

Features:
Ofttset current 5nA
Voltage gain 150K

Slewrate
Av = +1 +15V/us
Av — +10 +50V/us

Gain Bandwidth Product
Av = +1 8MHz
Av =+10 40MHz

DTL/TTL compatible

100-999 units
$10.45
$15.95
$23.65

0°to +75°C
25°Cto +85°C
55°Cto +125°C

For more detailson the PRAM contact
your Harris representative or
distributor.

FUNCTIONAL DESCRIPTION

k CHANNEL

/ADDRESS

HA-2400 / HA-2405

Amplifier, non-inverting
programmable gain

Analog multiplexer _1
with buffered input and output

1>
e |

b

{
R IENC
~

—

Integrator/ramp generator
withinitial condition reset

More challenges:

The foregoing diagrams show just
three of many applications we 've
designed using the PRAM. The
following lists other possibilities we
haven't had time yet to prove out. Why
don't you try your hand at designing
them or any other ideas you come up
with, and send them to:

E. Fernandez

P.O. Box 883

Melbourne, Fiorida 32901.

Ato D converter, Dual Slope
Integrating

Active Filter, State Variable Type with
Programmable Frequency and/or
Programmable “Q"

Amplifier with Programmable D.C.
Level Shift

Chopper Amplifiers

Crossbar Switches

Current Source, Programmable

F.M. Stereo Modulator

F.S.K. Modem

Function Generators, Programmable
Gyrator, Programmable

Monostable Multivibrator,
Programmable

Muitiplier, Puise Averaging
Peak Detector with Reset

Resistance Bridge Amplifier/
Comparator with Programmable
Range

Sense Amp/Line Receiver with
Programmable Threshold

Spectrum Analyzer, Scanning Type

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS - INTERTYPE CORPORATION

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

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474, Rockville, Maryland (301) 881-2970. Hollywood, Florida (305) 927-0511
Harvey/R & D Electronics: Lexington, Massachusetts (617) 861-9200/Semiconductor S pecialists, Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300;
Minneapolis (612) 884-8132; Kansas City (816) 452-3900. St. Louis (314) 428-6100; Dallas (214) 358-5211, Indianapolis (317) 243-8271,

Pittsburgh (412) 781-8120; Dayton (513) 278-9455/ R.V. Weatherford Co.: Albuquercue (505) 265-5671, Anaheim (714) 547-0891;

Austin (512) Enterprise 1443; Dallas (214) 231-6051, Denver (303) 427-3736, Glendzle (213) 849-3451; Houston (713} Enterprise 1443,

Palo Alto (415) 321-5373, Phoenix (602) 272-7144, Porrona (714) 623-1261, San Diego (714) 278-7400, Seattle (206) 762-4200
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fabricate, cheaper to build. and
more reliable o operate than other
cCh imaging approaches. The
method was illustrated in a four-by-
eight element array built by devel-
opers William Engeler. Jerome Tie-
man. and Robert Baertsch at the
Research and Technology Center in
Schenectady. NUY.

Transfer key. What makes it sim-
pler is the way the image is trans-
ferred. Previous €D imagers had
separate scctions for storage and
line readout. The scene was illumi-
nated on the image section. the re-
sulting charge was allowed to collect
for a time, and then it was trans-
ferred row by row to the storage sce-
tion. From there the charge was run
off serially row by row. This method
required twice the C¢CD elements
that were used for imaging; a vidi-
con would need a double array of
250 by 250. for example.

The GE approach cuts the number
of CCD elements in half. because the
functions of storage and rcadout oc-
cur simultancously. Each element of
the image section is attached to a
runoft bus diffusion. After the scene
is imaged and the charge is col-
lected. cach element in a row is
dumped onto the bus and collected
at once, element by element.

The advantage of the GE ap-
proach is that now the image can be
truly x-y addressed with only one
transfer per element. This gives uni-
form characteristics over the entire
array. Other approaches, because of
repeated transfers. could lead to im-
age blurring and unequal charge
density over the image.

However. one problem that must
be taken into account is that when
capacitance of the runoft bus is not
low in relation to the capacitance of
the individual ¢CD element, small
transfer signals could occur.

The GE device transfers when two
conditions are met on the surface
transter clement: the transfer gate is
turned on and potential of the
source reservoir is raised enough to
allow charge to flow.

Bell work. Mcanwhile, Bell Labs’
CCD effort also has taken a quantum
jump. It has shown an ion implant
technique that could simplify the
construction of ¢cb for both

Electronics/October 25, 1971

memory and imaging. Without im-
plants, charge was kept moving in
the desired direction with a three-
phase clock system for single-level-
mdtalization devices. Or, if a sim-
pler two-phase clock system wus
used. more complex double metal-
ization was required.

But if an implant (p-type in a p-
substrate device) 1s made under one
transfer electrode in cach CCD ele-
ment, then a single-metalization,
two-phasc system can be used. The
reason, says Bob Krambeck, the
Bell researcher who did the work, is
that “the implant acts as the barrier
to charge reversals. eliminating
need for the third electrode.™ Kram-
beck points out further that only im-
plants could achieve the doping lev-
els (1.5 X 10" per ecm”) required.

Aside from allowing single-level,
two-phase devices to be built, the
implanted €CD also improves trans-
fer efficiencies. An  cight-bit im-
planted shift register has been oper-
ated at 17 megahertz with 98%
transfer cfficiency.  Also, element
stripe geometry can be relaxed to 5
microns instead of the tough 2-t0-3-
micron separations nceded for old
single-metal devices.

_ _M eetiﬁgs__

Instrument Society finds
show business quieter

In most ways the Instrument Society
of America’s annual conference and
exhibit was a replay of other broad
industry shows that have been held
this ycear [Electronics, Sept. 13,
p. 30]. Exhibits were off, attendance
was off, but companies that were
there mostly reported good quality
traffic through their booths.

The 1sA show, held in Chicago
Oct. 4-7. attracted 250 exhibitors
(last year there were 335) and
10.200 attendees (the total last yvear
was 15.893). But in a typical report,

Perry Pollins, product manager of

Analogic in Wakefield, Mass.. noted
there was interest from firms con-
fronted with pollution and hazard
problems and others looking for
more accurate process control.

Circle 41

 in1% Tolerance

1-Watt Zeners

SCHAUER

Immediate Shipment

No fragile
naid heads

All welded and
brazed assembly

Gold plated
leads

LOW “ \

Prices v
ANY voltage from 2.0
to 18.0
Quantity Price each
1-99 $1.07
100-499 .97
500-999 .91
1000-4999 .86
5000 up .82

Write for complete rating data and
other tolerance prices.

Buy TheKit!

| WATT ZANER Di00LS
¥ rem 82 10018

Kit contains a 51-piece assortment

’ of SCHAUER 1% 1i-watt zeners

covering the voltage range of 2.7

to 16.0. Three diodes of each volt-

| age in reusable poly bags. Stored

in a handy file box. Contact your
distributor or order direct.
Semiconductor Division

- SCHAUER

Manufacturing Corp.
| 4514 Alpine Ave. Cincinnati, Ohio 45242
Telephone: 513/751-3030
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Read Light Closely!

Light emitted from concentrated, multiple, high density
light sources calls for light sensors of comparable mechan-
ical mounting capability. Motorola plastic Micro-T*
and hermetic “pill” detectors can be mounted close as
85 mils in discrete applications using manual soldering
and 100 mils with flow soldering. Perfect emitter-detec-
tor matching is ensured through use of identical array
packaging. For extremely high resolution requirements,
Motorola standard monolithic, 39-element diode/tran-
sistor arrays are on 0.005" center-to-center spacing. The
active area is 0.005” x 0.0045” with 0.0005” space between
elements. Use both in OCR, mark sensor and card/tape
reading designs.

Read Light Quickly!
RELATIVE RESPONSE TIME
l: Lighf Se—nsor ) j_J:Timi- 4
Motorola Pin Photodiode 1 ns

| Photomultiplier Tube 4 ns
2N2369 Switching Transistor 6 ns

Motorola Phototransistor 4 us
Motorota Photodarlington 300 us
| Cadmium Selenide Cell 0.5 ms
Cadmium Sulfide Cell 1 ms
l Human Eye 16 ms

Ultra-fast recognition of red or IR wavelengths in laser
detection, light demodulation, shaft/position encoders.
switching and logic circuits in the nanosecond range
demands ultra-fast devicess. MRD500/510 PIN diodes
typically respond in 1 ns; conventional, bulk-effect detec-
tors need longer response times. Both units feature high

sensitivity and are available with convex or flat glass
lenses in standard, TO-18 cases. Exclusive Annular*
passivation ensures long-term reliability and stability.
Read Light Reliably!

Device MRD300 family Test: HTRB 20 Volts @ 155°C
? T T T 77T ]I T T T7T vl
;5 s 1 A N e
Lo et H

: i |
E s b * + 44+ + -+ 4 4—0—&—1—6—
g 1 ‘I l 1i1id 1 L 1 L1

1

Test Time R Hours —

Critical to any application requiring stable characteris-
tics over very-long-term operating life expectancy is
detector sensitivity which must remain constant so sys-
tem biasing is not thrown off spec. Similar to beta

TRADEMARK MOTOROLA INC.
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Read Light

nght

measurement in a conventional transistor, phototransistor
sensitivity = output current = light input. Curve shows
the sensitivity for a standard hermetic, MRD300 detector
family having little or no change in documented or pro-
jected sensitivity beyond 4,000 hours of testing. Indica-
tions from this and other ongoing tests show Motorola's
family of Annular passivated light detectors to have
identical reliability as standard metal-can transistors
which have shrugged off millions of hours of rugged,
mil-type life testing without significant failures.

Read Light Economically'

Q TYPICAL PLASTIC DETECTOR PRICE TRENDS

2 <
,8_1.00 4 —f— -O—ﬁ + T- b X
o | ™

o 8l— ) | =S
£ °® T 1 ] :\a"’
§0.6-<] 1 Jf— ;
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1971 1972 1973 1974 1975 1976
The trend in silicon photodetector pricing is down! And
you can control light-generated current flow with 24
different Motorola PIN photodiodes, phototransistors and
photo Darlingtons for optimized optical performance in
dc to high frequency designs. For example, 100-up prices
on the metal, MRD3050 series now start at only 80¢ -
a level comparable to plastic! Select the right light detec-
tor for your design from the broadest light detector line
available Motorola’s! Write Box 20912, Phoenix, AZ
85036 for complete detector data.

MOTOROLA OPTO
Let There Be Lightyyffy
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FREE Slllcon

Photodetectors | /
MRD450, MRD3051 g

FREE IR Led :S‘\ |
MLEDS900

FREE Application Notes:

AN440—"'Theory & Characteristics
of Phototransistors’”
ANS508—*‘Application of Phototran-

sistors in Electro-Optic

Systems”’
F=————T T 7 7 7
| Lighten your prototype loads with |
| free photodetectors and an IR |
| emitter — just send this coupon to |
| your Motorola distributor for one or |
| all of these optoelectronic design I
I aids for vour new-design workbench! I
| |
| To: : |
| (Distrnibutor) |
| I'd like these free opto design kits |
| delivered to me immediately: |
| [J MRD450, MRD3051 |
| Photodetectors |
| [ MLED900 IR LED |
| [J AN440, AN508 Phototransistor |
| Application Notes |
I I
| Name |
| |
I Title |
| I
I Company I
| Address |
| |

City
I I
I State Zip |

YVIAFF ARV AAPY
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Electronics revie1~

Not surprisingly. anti-pollution
gear—in the form of environmental
control equipment—was the star of
the show. Displays included vir-
tually the full spectrum of instru-
mentation that could be applied to
monitoring of liquids and air. and
improving control of processes and
hazards. There was some resent-
ment by exhibitors who maintained
that ISA show management could
have offered a more attractive pro-
gram on environmental issues.

And that's what's going to hap-
pen next year. The ISA executive
board met after the show and sched-
uled the first annual symposium on
environmental quality instrumenta-
tion to be held next Oct. 9-12 in
New York concurrently with the 1sA
meeting.

The environmental symposium
will be held along with three others
on control elements. data handling.
and test measurement. which were
fixtures at the show this year. The
ISA says the new session is not a re-
action to criticism but recognition of
the need to bring the environmental
quality problems into focus.

It's also a move calculated to gain
attention of firms facing pollution
problems. and will help the 1sA
compete against more vertical
events such as the Water Pollution
Show in San Francisco which at-
tracted such firms as Honeywell.
General Electric. and Fisher-Porter.
none of which was at the I1SA show.

Optoelectromcs

GaN, spinel substrates
widen LED technology

Although light-emitting diodes
made of gallium-arsenide-phos-

phide and gallium phosphide are
rapidly attaining a firm foothold in
the numeric readout market [see
p. 74]. plenty of LED technology re-
mains to be exploited. There is a
good deal of activity in applying
new materials and techniques to im-
prove the versatility. performance,
and cost of these devices. according
to reports earlier this month at the
International Electron Devices

FRANCHISED MOTOROLA
SEMICONDUCTOR DISTRIBUTORS

ALABAMA Gulf Electronics Corp.
Box 1095, Huntsville 35807
ARIZONA Hamilton/Avnet

1739 N. 28th Ave., Phoenix 85009

CALIFORNIA Liberty Electronics Corp
124 Maryland St., £l Segundo 90245
CALIFORNIA — Hamilton Electro Sales

10912 W. Washington Blvd., Los Angeles 90230

CALIFORNIA K-Tronics/Wesco
5650 Jillson St.. Los Angeles 90022
CALIFORNIA Eimar Electronics

2288 Charieston Rd., Mountain View 94040
CALIFORNIA - Hamilton/Avnet
340 Middlefield Rd., Mountain View 94041
CALIFORNIA Kierulff Efectronics, Inc.
3969 E. Bayshore Rd., Palo Alto 94303
CALIFORNIA Hamilton/Avnet
5567 Kearny Villa Rd., San Diego 92123
CALIFORNIA — Kierulff Electronics, Inc
8797 Balboa Ave., San Diego 92123
COLORAOO - Hamilton/Avnet
1400 W. 46th Ave., Denver 80211
COLORAOO Kierulff Electronics, Inc.
10890 E. 47th Ave., Denver 80239
CONNECTICUT - - Cramer Electronics, Inc.
35 Dodge Ave., North Haven 06473
FLORIOA — Schweber Electronics
2830 N. 28th Terrace, Hollywood 33020
FLORIOA — Gulf Electronics Corp.
Box 514, Miami Springs 33166
FLOR{OA — Hall-Mark Electronics Corp.
7233 Lake Ellenor Dr., Orlando 32809
ORGIA — Jackson Electronics Corp.
1135 Chattahoochee Ave., NW, Atlanta 30325
ILLINOIS —— Newark Electronics Corp.
500 N. Pulaski Rd., Chicago 60624
ILLINOIS — Semiconductor Specialists, Inc.
Box 66125, O'Hare Int'l Airport, Chicago 60666
ILLINOIS Hamilton/Avnet Electronics
3901 Pace Court, Schiller Park 60176
KANSAS — Hall-Mark Electronics Corp.
9006 Rosehill Rd., Lenexa 66215

MARYLANO Pyttronic Industries, Inc.
2035 Worcester St., Baltimore 21230
MARYLANO Cramer/EW, Washington

P. 0. Drawer 1648, Rockville 20850
MARYLANO — Schweber Electronics
5640 Fisher Lane, Rockville 20852

MASSACHUSETTS — R & D Electronics
44 Hartwell Ave., Lexington 02173
MASSACHUSETTS — Cramer Electronics, Inc.

85 Wells Avenue, Newton Centre 02159
MICHIGAN - Semiconductor Specialists. Inc.
25127 West Six Mile Rd., Detroit 48240
MICHIGAN — RS Electronics

12775 Lyndon Ave., Detroit 48227
MINNESOTA  Lew Bonn Co.

7275 Bush Lake Rd., Edina 55435
MINNESOTA  Semiconductor Specialists, Inc.
8030 Cedar Avenue South, Minneapolis 55420
MISSOURI Semiconductor Specialists, Inc
10062 Natural Bridge. St. Louis 63134

NEW JERSEY  Angus, Inc.

Box 126, Pleasant Valley Ave., Moorestown 08057
NEW JERSEY — Radio Electric Service Co.
Airport & Central Hwys, Pennsauken 08110
NEW MEXICO Kierulff Electronics, Inc.
2524 Baylor Dr. SE, Albuguerque 87119

NEW YORK — Federal Electronics, Inc.

Box 1208, Binghamton 13902

NEW YORK Cramer Electronics, Inc.

29 Oser Ave., Hauppauge, LI, 11787

NEW YORK Cramer Electronics. Inc.

3259 Winton Road So., Rochester 14623

NEW YORK -~ Cramer/Eastern

6716 Joy Road, E. Syracuse 13057

NEW YORK — Schweber Electronics

Jericho Turnpike, Westbury, LI, 11590

NEW YORK - Harvey Radio Co., Inc

60 Crossways Park West, Woodbury, LI, 11797
OHI0  Sheridan Sales Co.

Box 37826, 10 Knollcrest Dr.. Cincinnati 45237
OHIO - Pioneer-Standard Electronics, Inc.
4800 East 131st St., Cleveland 44105

OHIO0 Sheridan Sates Co.

Box 4457, 7800 Walt St., Cleveland 44125
OKLAHOMA - Hall-Mark Electronics Corp
4846 S. 83rd East Ave., Tulsa 74145
PENNSYLVANIA — Semiconductor Specialists, Inc.
538 Alpha Drive, Pittsburgh 15238

TEXAS - Hall-Mark Electronics Corp.

9333 Forest Lane, Dallas 75231

TEXAS - Sterling Electronics. Inc.

2875 Merrell Rd., Dallas 75229

TEXAS Midiand Speciatty Co.

2235 Wyoming Avenue, £) Paso 79903

TEXAS Hall-Mark Electronics Corp.

8000 Westglen, Houston 77042

TEXAS — Sterling Electronics, Inc.

4201 Southwest Freeway, Houston 77001
UTAH Cramer Electronics, Inc.

391 West 2500 South, Salt Lake City 84115
WASHINGTON Hamilton/Avnet

2320 North Sixth Ave., Seattle 98121
WASHINGTON Liberty Electronics

5305 Second Avenue South, Seattle 98108
WISCONSIN — Hall-Mark Electronics Corp
11925 W. Ripley Ave., Milwaukee 53226

m MOTOROLA

Semiconductor Products Inc.
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ITHACQ’S precision variable : -

44

electronic band-pass filters are

designed for multi-channel
applications requiring close
phase and amplitude
matching between
channels in the

frequency

range of
.01Hz to
100KHz

If your problem is analyzing a variety of signals in the
presence of noise, then Ithaco's 4100 series of low-pass,
high-pass and band-pass filters will provide a filter
setting for optimum signal enhancement. For instance,
filter cutoff, bandwidth and noise bandwidth are pre-
cisely controlled in convenient 3 octave settings. Multi-
channel applications are served by three and seven
channel racks, with close phase (*3") and amplitude
(*.1 db) tracking between channels. A maximum signal
handling capability of 10 volts and a noise floor of less
than 50u volts results in unmatched performance.

The 4100 series is ideal for most acoustic, environmental
test, geophysical, EW and general research applications.
Ithaco also provides amplifiers, racks, power supplies . . .
rightonup to customengineered data acquisition systems.

Write to Ithaco, Inc., 735 W, Clinton Street, Ithaca, New
York 14850, for complete price and product information.
Or call Don Chandler at 607-272-7640 to discuss your
specific application.

ITHACO

735 W. CLINTON STREET, ITHACA, NEW YDRK 14850

Circle 44 on reader service card

Electronics review

Meeting in Washington.,

At RCA Laboratories in Princeton.
N.J.. a team of rescarchers led by
J.1. Pankove has successfully pro-
duced gallium nitride LEDs that
emit green and blue light at room
temperature with de excitation.

The devices are made by epi-
taxially depositing GaN. which is
naturallv n-tvpe. on a sapphire sub-
strate, followed by a zinc-doped in-
sulating laver of GaN. Quantum cf-
ficieney in the experimental devices
is about 1% with external power ef-
ficiency of 10°'. However, the work
with GaN indicates the real possi-
bility that pn junctions might be
producible. If so. this would greatly
increase the efficiency and reduce
drive power.

All on one. The prospect of inte-
grating monolithic LED displays
with driving and coupling circuitry
on the same chip has been bright-
ened by another RCA Laboratories
development. I. Ladany and C.C.
Wang reported the successful
growth of GaAs and GaP films on a
spinel substrate by a two-step epi-
taxial process, followed by forma-
tion of mesas by etching or machin-
ing into the film down to the junc-
tion. vielding individual diodes of
arrays.

Because spinel is compatible with
silicon-on-sapphire 1€ process tech-
nology. it's possible to fabricate on-
chip driving and coupling circuitry
along with the light emitters.

Other advantages include the fact
that spinel is transparent at the
wavelengths of interest making it
possible to build arrays of diodes
that emit light from one side of the
substrate. while all the contacts are
made through the other side. Fur-
thermore. spinel is an excellent heat
sink for the relatively high current
densities that would be needed for
such arravs. And. according to La-
dany, larger slices of spinel now cost
less than GaAsP or GaP.

The devices are fabricated by
growing an initial GaAs or GaP
film on the spinel by a vapor phase
process. then following with a liquid
epitaxial deposition. Then the mesas
arc formed. Quantum efficiencies of
0.1% to 0.2% have bcen achieved
with GaAsP and 0.1% with GaP.
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How lo beal us
al ourown game.




Recently we announced our /L
full line of “everything-on-one- / <&
card” memories: a totally new :

-«

concept in random
access, coincident %@
current core memory
systems. We explained
that each memory is
completely contained on
a single printed circuit
card. That each circuit
card contains all the required
logic, drive and sense circuitry.
And that we offer this new concept
in three different series —with the
widest possible range of size and
performance characteristics.
“But,” said a lot of people, “‘since
' these card memories are so unique,
SR if we do let you structure

-

=
=
2
—
=
5’
Z
=|

iy
>

AT LR OO

them into a customized system,
where do we find a second source?”’
(Well, maybe not a /ot of
people. But it has been said.

Y Honest.)
‘g @ Answer: our unique

customer licensing agreement
which permits you to be your
own second source. Here’s
how it works:

From the three series of Micro-
memories, we select the right
card memory for your system.
Each card is in quantity production
for immediate off-the-shelf delivery.
And each is fully TTL compatible
with no analog or critical timing
inputs required. So the system
design possibilities are almost
unlimited. We can stack the
individual cards to form any size
system that you need.

So we design and deliver your
customized system based on the
Micromemory series. We make the
full system design available to you.
And there’s no charge for our
system engineering.

Once you're satisfied with the
system, we enter into a licensing
agreement with you for the manu-
facture of our new card memories.
And we give you assistance in
setting up to do the job. You
become your own second source.

So now you have your customized
system design.

Electronics/October 25, 1971



And you have a license and full | Q & MICROMEMORY MICROMEMORY MICROMEMORY
know-how on the manufacture of

Configuration 4,096x9 8,192x18 32,768x18
the memory cards. You are now
Alterable to: - 16,384x9 65,536x9
set up ‘0 manutacture your own
Full Cycle Time 1.0 us 650 ns 1.5 us
R g e—— Aecess Time 40 ns 300 s 800 s
AR NN R Modes RIR. C/W. RIR. C/W. RIR. C/W.
RS DR G R R R
PO (L N Byte Conto - X X
_ _ — Data Save X X X
TR ARG RN
. Required Voltages +5V +15V, +5V +5V
) ' PCB Size 1194°x15" 11%.%15.4" 17v2"x22"
Do " yourse" ! Allowable PCB Spacing 1" 1" 2"
i Expansion in a 16,384x9 65,536x9 Open
system using EM stacks. (We i 8,192x18 3276818
. 16.384x36
figure the least we can do for
Extended address to: 32,768x9 65,536x18 256kx18

ariyone courageous enough tc

go 'nto the memory Systems In increments of: 4,095X9 éel,ggﬁxg gg,gggxés
' X B X!

business, is to make sure they

start out with the very bes:.)

Incidentally, if you did miss last
month’s ad, take a quick look at
the table of specs. And take into
consideration that the prices are low
enough to make you a hero. How

OPTIONS: Power supplies and a chassis
low? Give us a chance to talk to you
about them.

@ for 19" rack mounting are available.
That'’s all we ask. A chance to let

e eleclronic
memories

The Here and Now People

Stack 3w, 3D 3w, 3D 2W, 22D

TTL Compatible X X X

NOTE: Each PCBA contains a complete memory system, i.e.,
address registers, data registers, timing and control, etc.

E m A division of Electronic Memories & Magnetics Corporation » 12621 Chadron Avenue, Hawthorne, California 90250 « Tetephone (213) 644-9881
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On vyour left, the 12-bit
PDP-8/M. On your right,
the 16-bit PDP-11,/05. Qur
brand rew additions to the
world's most popular fam-
ilies of minicomputers.

Complete computers — ar
incredibly low prices. Like
$3,069 for the 11/05, and
$2,362 for the 8/Min quan-
tities of 100. Even the dis-

Introducing the

count schedule is new. Very
cttractive.

In addition, they're compat-
ible with the rest of the
family members. Their op-
tions. Their peripherals.

They have the features of
tneir bigger brothers. And,
a full instruction set. OEM-
oriented architecture. Both

the UNIBUS™ architecture
of the 11/05 and the OM:-
NIBUS™ architecture of the
8/M permit easy, flexible
configuringand interfacing.
Real pluses for the OEM.

They're built with the kind
of reliability that comes

easy after delivering over
11,000  minicomputers.



And, they're supportec with
nrore field backuo than you

can get anywhere else.
Worldwide.

PDP-11/05. FDP-8/M. De-
signed for the OEM. Priced
for the OEM. Choice for the
OEM. From the leader in
CEM. computer applica-
tions.

OEM Yardstic

Now there's a whole new
set of standards to measure
up to.

Write for more information.
Digital Equipment Corpora-
tion, Main Street, Maynard,
Massachusetts 01754,
(617)897-5111.

dlilgliltiall
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We have noRAMs,
ROMs,
2 PROMs
nor PRAMs
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But we do have a variety of shift registers
plus CMOS and PMOS multiplexers.
Like these: If you were one of our present customers you would enjoy

. . the advantages of our MOS-LSI capability for standard
RD 65 426 bit dynamic SR and custom design.
SL-6-2050 Dual 50 bit static SR

SL-6-2064 Dual 64 bit static SR And.who. knows? Downstfeam we may have an equally at-
$L-6-4025 Quad 25 bit static SR tractive line of products in RAMs, ROMs, and PROM:s.
CM 110 16-ch CMOS digital multiplexer Not PRAMs, though.
DG 506 16-ch CMOS analog multiplexer
All of these are also available with internal pull-up ele- Siliconix incorporafed
ments for true TTL compatibility without need for external 2201 Laure'wood Road  Santa Clara » Cald 95054
resistors. Phone (408) 246-8000 Ext 201 s TWX 910-338-0227

Siliconix distributors. Hamilton/AVNET, Semicorductor Specialists, Cramer Electronics, Liberty Electronics, EImar Electronics, Norelcom. Siliconix sales offices.
Bethpage, New York (516) 796-4680 / Norwood, 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) S47-3183. 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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Electronics sharein  Defense electronics procurement contracts, as well as research and devel-
opment awards, are forecast as rising between $375 and €500 million in

DODFY’73request  piegident Nixon's fiscal 1973 budget package that goes to Congress in

foreseen as rising January. Administration sources say the total DOD package could top
out at nearly $80 billion if no major programs are knocked out by the
White House, and they predict a low figure of between $76.5 and $77
billion in any event. The forecast is premised on the expectation that the
President in an election year will move to counter rising criticism, from
the political right and from some Democrats as well, of growing Soviet
weapons superiority. Moreover, he is said to want to pump more funds
into a still-soft defense economy in an election year. His program is
expected to be made more palatable to defense-spending critics by
linking it to his planned program for new technological initiatives
[Electronics, Sept. 27, p. 33].

The in-house estimates of defense budget plans are higher than those
of 15 member companies of the Electronic Industries Association, which
recently placed 1973 spending at $75.9 billion, including an average
15.2% for electronics. Government sources contend the elcctronics con-
tent is likely to jump to 169% or more as new and heavy emphasis on
research and development for intelligence, reconnaissance, space, stra-
tegic missiles, and antisubmarine warfare develops.

DOD also considers  Besides countering the buildup in Soviet seapower by significantly in-
e creasing the Navy's fiscal 1973 budget request of next January, the
cutback afiecting Defense Department is contemplating reorganizing the service later in
Naval commands the year in order to cut back on military and civilian personnel. One
reported target of the cut is the huge Naval Materiel Comir.and (Navmat),
which has six subordinate systems commands for air, electronics, ord-
nance, ships, facilities engineering, and supply, plus 15 supporting labo-
ratory operations (not to be confused with the 14 labs of the Office of
Naval Research).
However, DOD officials are quick to scotch rumors that any restruc-
turing will eliminate the six-year-old electronics systems command
(Navelex), and distribute its functions among the larger commands for
air and ship systems. They also point out that no final reorganization
plan is likely to be adopted until Adm. Isaac C. Kidd, Navmat’s new
chief, has been on board for some months and is able to make his own
recommendations. Kidd, commander of the Sixth Fleet and reputedly
a strong personality, takes the Navmat helm in December when Adm.
J. D. Arnold retires.

New U.S. network of Five agencies—the Office of Telecommunications Policy, the Office of
. Science and Technology, DCD’s Advanced Research Projects Agency
computers weighed (ARPA), the National Bureau of Standards, and the National Science
by five agencies Foundation—have had informal discussions on the nced to create a
national shared computer network modeled on ARPA’s svstem for joint
use by Government and the private sector. Their interest indicates a

growing need for shared data bases and capabilitics.
Should they pursue the idea, they will have to ask some major nolicy
questions: should the network be operated under Federal or private
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Supreme Court
to study case for
software patents

Honeywell may earn
$150 million from
WWMCCS win...

...and IBM
reshuffles Federal
sales unit

52

Washington Newsletter

auspices? If it’s privatelv run, how far should the Government under-
write costs for R&D and operation? How difficult would it be for the
Government to set it up and then turn it over to a private carrier? There
are also regulatory problems. The Office of Telecommunications Policy
would probably have a major shaping role if the concept gets off the
ground.

Still trying to close the door on patenting software, the Justice Depart-
ment has asked the Supreme Court to review a lower court’s decision
that earlier this year directed the Patent Office to patent a Bell Labs
digital program for converting decimal into binary signals.

The Patent Office claims that Bell “husbanded this particular case
through the Patent Office and courts to get a test case.” Bell disagrees,
pointing to patents previously granted on software. Patent Office associate
solicitor, Jere W. Sears, however, explains that the earlier applications
did not disclose a digital program but an analog variant for controlling
some ancillary process [Electronics. Sept. 1, 1969, p. 37], whereas “the
Bell case is for data processing itself.”

Significantly, it’s only the third time the Government has appealed
a U. S. Court of Customs and Patent Appeals decision, says Sears. He
adds that there is some doubt whether the Patent Office has adequate
facilities to process software patents.

Honeywell Inc’s prestigious win of the World Wide Military Command
and Control System computer contract could produce $150 million or
more for “the other computer company,” say Defense Department
sources. The General Services Administration’s $51.3 million price tag
was computed by officials as a 60% to 70% discount from Honeywell’s
list price, compared to the reported 50% cut of IBM’s losing bid. The
GSA average price has a $150 million high end for 35 Model 6000
machines in their largest configuration and a low of $8.5 million for
nine of the smallest computers. However, Honeywell’s income under a
lease arrangement would probably be higher, if the military wants it and
is able to swing it. Moreover, individual commands will be acquiring
additional peripheral equipment under their own budgets as the systems
are delivered over the next two years. First customer: Strategic Air
Command Headquarters.

The day after Honeywell Inc. walked off with the World Wide Military
Command and Control System package, loser International Business
Machines Corp. confirmed it had “restructured” its Government systems
sales operation. IBM officials say that its former GEM organization—for
Government, Education and Medicine—is now entitled Public Sector
Operations, though it will retain its existing management and essentially
the same number of people.

Though IBM does not link this shuffle with the General Services Ad-
ministration’s WWMCCS buy, industry sources see the move as one
designed to concentrate IBM’s efforts on GSA, which is now virtually the
sole Federal buyer of business machines, except for special-purpose,
one-of-a-kind equipment. “Beyond stating their requirements, users don’t
influence computer orders anymore,” summarizes one industry man in the
capital. “GSA is the customer. Period.”
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The new Merlin 1 connector.

40% lighter than anybody else’.

Through the magic of Amghenol engineering we
now bring you a rear-release, cylindrical, environ-
mental connector that is not only 40% lighter than
competition, but Y2-inch shorter than most.

A one-piece thermoplastic retention disc, molded
of tough Astrel 360* replaces the individual metal
retention clips common in heavier connectors.
Therefore, a 61-pin Merlin configuration has one
retention disc instead of 61 individual metal clips.
The result is a lot less useless weight. And, without
all those parts, more reliability.

Adds a little magic to cost-cutting, too.

Our new Merlin exceeds all performance require-
ments of MIL-C-83723, MIL-C-26482 and NAS-1599
and is fully intermateable and intermountable with
all three of these types.

Shell sizes are available in the eight most popu-
lar configurations with your choice of straight plug
and both wall-mounted or jam-nut receptacles.

To get the full story on the new Merlin 1 connec-
tors, just write or call Steve Kelleher, Amphenol
Connector Division, Bunker Ramo Corporation,
2801 S. 25th Avenue, Broadview, lll. 60153, (312)
261-2000.

*Registered Trade Mark 3M Company.
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We’re fanatics.

We build our relays
stronger than we have to.
That way, they last lots
longer than they ever
have to. Our Class E
relay (shown on the op-
posite page) is a good ex-
ample of our way of thinking.

The industry’s strongest heelpiece.

We make the strongest heelpiece in the industry.
A gigantic machine bangs them out extra fat and
extra flat.

Extra fat to carry a maximum of flux. To handle
big loads. Extra flat so that once an AE relay is
adjusted, it stays adjusted.

Since our backstop is part of the heelpiece, it’s
just as thick and flat. But, tough as it is, the slightest
wear here would throw the entire contact assembly
out of whack. So, to be safe, we weld two tiny,
non-magnetic pads where the armature arms meet
the backstop. You might say we created the no-stop
backstop.

Three parts that’ll wear like crazy.

When you build a relay like a small tank, you have
to think of everything.
’ We try. Right down to

the tiniest part. For
‘ /

example, we make our
armature arms and
bearing yoke extra
thick.

Thicker than years of testing and use say they have
to be. Then, to make sure they don’t cause wear
problems, we insert a hardened shim between the
hinge pin and the frame. The pin rides on the shim,
instead of wearing into the heelpiece. (You can
forget the bearing, it’s permanently lubricated.)

Bufifers with lots of muscle.

We make our buffers of a special tough phenolic
material that lasts. And lasts. And lasts. All without
wear or distortion. Another reason why our relays
stay in whack.

To make sure our buffers stay in place, we weld
the buffer cups to the armature arms. We weld,
instead of using rivets, because our lab found that
rivets have a habit of falling out.

For the very same reason, we weld buffer cups
to the contact springs. And also use the same

special tough .

phenolic buffers. A

et e B
» - o ¥

No, we didn’t forget the contact springs.

We have some strong feelings as to what makes
a contact spring reliable. Our sentiment is that two
contacts are better than one. So, we bifurcate all the
springs, not just the make and break. This slotting
and the addition of another contact to each spring
means you get a completed circuit every time.

We make each set of contact points self-cleaning.
The bad stuff doesn’t have a chance to build up.

Now, what’s different about
our bobbin?

Our bobbin is one piece—
molded of glass-filled nylon.
This provides the maximum in
insulation resistance.

Because our bobbin is
nylon, we don’t have to
impregnate with varnish.
Moisture and humidity have
no effect on the stubborn
nylon material. No effect
means no malfunctions for
you to worry about.

What all this means to you. “3

What this all adds up to is reliability. The kind
of toughness no one else can give you. It means
an AE relay works when it’s supposed to, longer
than it has to. Isn’t this the kind of reliability you
really need? GTE Automatic Electric, Industrial
Sales Division, Northlake, Illinois 60164.
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If you're converting synchro/
resolver data to digital format,
you need both speed and accu-
racy to keep pace with today's data
explosion. Only one converter meets
both these requirements without com-
promise. And for under $4K. . . . North
Atlantic's Model 545/100.
The solid-state Model 545/100 converts both
resolver and synchro data with 0.01° accu-
racy and resolution. And continuously digitizes
input angle data at 20,000° per second in the face
of real-life noise, harmonics and quadrature levels.
BCD output is available at the rear connector. Con-
version can be stopped by a data freeze command.
If multiplexed signals are your bag, acquisition
time is less than 30 ms.
Options? Other models offer many options,
including 0.001° resolution with 10 arc-sec-
ond accuracy; data frequencies from 60Hz
to 2.4kHz, binary output, small size.
No matter what your conversion prob-
lem, if you require ultra-fast, ultra-
accurate tracking, contact your
North Atlantic sales engineering
representative today. He'll show
you a better angle.

OUR
ANGLE:
High Speed
Accurate and
Automatic Angle
Position Indicators

WHAT’S

YOUR
ANGLE?

NORTH ATL AINTIC
industries, inc.

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600

V' ®
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For built-in reliability,

design

with

“scotchflex”
Flat Cable/Connector

‘'BCATCMFLEX®’ 1S A RIGMSEENED TRADEMARK &F 3R CO.

“Scotchflex” Flat Cable ard Connectors
can offer you trouble-free packaging for
your nex! generation equipment.

There's built-in reliability for your circuit
inter-connects. Our flat, flexible PVC Cable
has up to 50 precisely spaced conductors.
The gold plated U-contacts are set into a
plastic body to provide positive alignment
They strip through tne insulation, capture
the conductor, anc provide a gas-tight
pressure connection.

Assemply cost reductions are built-in,
too. “‘Scotchflex’’ Connectors make up to
50 simultaneous cornections witnout strip-
ping or solcering. No special training or

Etectronics /Cctober 25, 1971

costly assembly equipment is needed.

Off-the-shelf stock offers you flat cable
in a choice of lengths and number of con-
ductors from 14 to 50. Connector models
interface with standarc DIP sockets, wrap
posts on .100 x .100 in. grid, or printed
circuit boards. Headers are available to
provide a de-pluggable inter-connection
beiween cable jumpers and printed circuit
boarcs (as shown). Custom assemblies are
also available on request.

For full information on the ‘‘Scotchflex’
systems approach to circuit-
ry, write to Depi. EAA-1, 3M 3m

COMPANY

Center, St. Paul, Minn. 55101.

Circle 57 on reader service card
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Next time you want Micronmask
ask
for something else

Ask for Millimask

and you’ll get Micronmask

(Micronmask just changed names )

Millimask a new name
1n microcircuitry maskplate

Write for full information to :

ETERBORO - NEW JERSEY

AGFA-GEVAERT

58 Circle 58 on reader service card Electronics/October 25, 1971



CRAOMPED FOR SPACE ?
SEE HOW PVCA STACKS UP!
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AMpPecono jalion
Here’s enough
to put you onto

flat flexible cable.

Now you can have all the benefits of flat cable—weight, density and flexibility—
to use it, everywhere. Our full line of connectors, specifically designed to take
advantage of what flat flexible cable offers, will take you wherever you want to
go—cable-to-cable. cable-to-wire, cable-to-post and cable-to-printed-circuit
board. Now with the addition of our newest one-piece connector, we can also Round-wire
offer cable-to-printed-circuit board with a card-edge connector. ig-calle
Once you decide on how to go, AMPECONOMATION, our unique automated
termination technique, makes getting there fast, reliable and easy. No need

to prepare the cable. Just cut to length and the machine terminates up to 3400
connections per hour . ., automatically. Four areas of contact, made with our
exclusive insulation displacement crimp technique, assures the utmostin reliability.
We can supply connectors and application machine for flat cable assembly
production in your plant, or provide finished assemblies to your specifications,
ready for your equipment. For complete information write:
AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105.

ANMP

Single post
‘'daisy chain'’

INCORPORATED
Cable-to-
strip
receputacle Cal:w;%%?g'
Two-piece

board-edge
with retention clip

One-piece
board-edge
connector

NNtk

AL
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Pre-curled
“window shade"’
option on cable



Technical articles

Special report: automation means survival and profit in electronics: p. 62

Higher costs and lower productivity add up to a squeeze for survival at electronics
producers. To keep their heads above water, the companies will have to take a
good, hard look at implementation of automated design, production, testing, and
management control systems, says author Stephen E. Scrupski—and the computer
will be the lifesaver.

The cover: The hand tool is going the way of the dodo and the dinosaur as elec-
tronics companies implement computer-based automation systems to maximize
productivity.

GaP or GaAsP? Let the choice fit your application: p. 74

Both gallium phosphide and gallium-arsenide-phosphide are available as materials
for light-emitting diodes, but there’s no clear-cut superiority for either, says author
George E. Smith. GaP gives more colors and has higher quantum efficiency than
GaAsP, but it's more expensive; and GaAsP is brighter to the eye at equivalent cur-
rents and is better for strobed displays. Your choice depends on just what you
want in your display or indicator application.

Bringing order out of semiconductor memory delay chaos: p. 82

Almost every manufacturer of semiconductor memories specifies his product's
switching speed differently, asserts author John Springer. And with the memories
becoming an integral part of the processor instead of remaining a kind of subsys-
tem, the lack of standards can be very confusing for designers. It can be cleared
up, however, with a coherent explanation of memory switching characteristics re-
lated to the most common specs on data sheets; the data then can be used to con-
struct a timing diagram for a system.

Here’s the quick way around filter designs: p. 90

Designers need no introduction to the merits of Chebyshev and Butterworth filters,
nor are they strangers to the drudgery associated with working them out the long
way. However, says author Einar C. Johnson, designers can take a shortcut to ac-
curate filter configurations by using a set of simplified equations that keeps the
dogwork on a short leash.

And in the nextissue. . .

Special report on the new developments in optoelectronics technology . . . strob-
ing techniques for light-emitting diode displays . . . testing dynamic integrated cir-
cuits . . . using MOS in silo and stack memories.

Electronics/October 25, 1971
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Special report:
automation for survival and profit

With cost and wage increases far outpacing productivity gains, electronics
companies will have to implement computer-based design, production,
testing, and management control systems to keep their heads above water

by Stephen E. Scrupski, Packaging & Production Editor




O Caught in a crossfire of declining profits, decreasing
Government support, increasing foreign competition,
and spiraling labor costs, producers of electronic equip-
ment are finding themselves involved in a battle for sur-
vival. The companies with the best chance of winning
out will be those that automate their design, production.
testing and management control procedures.

Yet the ironic fact is that automation still has had rel-
atively little impact in the electronics community itself.
For one thing, it takes time to set up automated proce-
dures. In the fast-changing electronics business, prod-
ucts can be obsolete by the time they hit the shipping
dock. And many products have custom features that
don’t lend themselves to standardization. What's more,
there’s been little activity in curbing the proliferation of
parts used in even simple designs. Then. too, automa-
tion equipment for electronics production hasn’t been
around long enough to have significantly affected a
large segment of the electronics industries.

Nonetheless. given the critical outlook for business
conditions, electronics companies that expect to stay in
business will have to automate. The gravity of the situ-
ation was put in perspective last July by Secretary of
Commerce Maurice H. Stans. In testimony before the
House subcommittee on science, research, and develop-
ment. Stans attributed many of America’s balance-of-
trade problems to the country’s decreasing productivity
growth. Between 1965 and 1969, he noted, the average
productivity growth rate for the U.S. was 1.7%. while
Japan racked up a 10.6% average rate and an aggregate
of European countries (Italy, Germany, France, Bel-
gium, Netherlands, and the United Kingdom) scored a
4.5% average rate. At the same time that U.S. produc-
tivity has been sloping off, wages have been increasing
rapidly. averaging about a 4.4% increase a year for the
same 1965 to 1969 period, according to the Bureau of
Labor Statistics.

Closer to electronic equipment producers, one major
electronics manufacturer with only stateside production
facilities showed a total increase of output per man-
hour between 1967 and 1970 of 13%. while compensa-
tion per man-hour increased by about 22%. This pro-
ductivity growth rate. about 4%, outstrips the national
industrial average, but still hasn’t kept up with the in-
creases in labor costs.

Profit potential

Some relief will certainly come from the President’s
recommendations on tax credits for investment in capi-
tal equipment and from the surcharge on imported
goods. even though Congress may not fully implement
the President’s suggestions. Some electronics producers
may be tempted to hold off’ capital equipment invest-
ments on the grounds that the import surcharge will by
itself reduce the competitiveness of foreign manufac-
turers. However, over the long haul, the benefits gained
from investing in automated equipment will far out-
weigh the short-term gains made in competitiveness.

“Obviously. automation will result in more profits,”

1. Machine checks machine. An IBM 1130 computer checks tri-

tead cables interconnecting circuit boards in the IBM 3707145 com-
puter. Errors in connection points are identified and printed in order.
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says Harvey P. Newquist, vice president of manufac-
turing at minicomputer maker Data General Corp.,
Southboro. Mass. But then he cites the stumbling block:
“Usually, in the electronics industries, automation has
to be justified over a shorter time since electronic prod-
ucts historically have shorter product lives. We intro-
duce a new computer every year and we look for auto-
mation that will pay off rapidly.”

Another reason why production runs can be uneco-
nomically short is that salesmen can be too ready to
commit the plant to special variations of standard prod-
ucts. Here, though, companies are taking a harder
stand. “We don’t make it easy for a customer to order a
custom design.” says David Pratt, manufacturing man-
ager at Dana Laboratories, Irvine, Calif. “We price
them high, we take more time doing them, and we usu-
ally modify an instrument to fit the special task.”

Needed: standardization

Another problem is getting engineers to design with
standard parts that can easily be handled by automated
equipment. Because profit-and-loss responsibility is de-
centralized among various groups or departments, each
group manager uses his autonomy to generate any de-
sign he feels will make a profit. But each manager might
be working in a vacuum, with no attempt to use the
parts being employed by the others. It can even be a
problem in a large company like General Electric,
where Gardner Hartwell, senior engineer in GE’s manu-
facturing engineering consulting service, says the firm,
with its 120 departments, is similar to smaller com-
panies where individual product managers are given
profit-and-loss responsibility.

Some companies are attacking the standardization
problem by using a computer to store descriptions of
standard parts. At Data General, for example, an engi-
neer can query the computer on the current production
parts (actually the same list as used by the inventory
group) and use this information in choosing parts for a
new design. But if he decides to use an unlisted part,
management demands that he justify it.

2. Copper plater. Printed circuit boards are automatically plated
with a system developed by Sel Rex, Nutley, N.J., for Friden division,
Singer Co. Equipment cut cost of board plating by 75%.
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Automation in design

Computers also can be used to store information
directly related to system design. Many companies use
logic simulation programs based on a stored catalog of
commercially available digital circuits; the designer
simply describes his logic system to the computer and it,
in turn, supplies a logic diagram based on available cir-
cuits. Once such a design is completed, the same data
base can be used for many other purposes: pc board
layout, numerical control tapes for equipment fabrica-
tion, and other documentation.

One company offering such services is Algorex Data
Systems, Hicksville, N.Y. Shelly Newman, president of
the firm, says the cost of designing electronic equipment
typically runs between 5% and 25% of the total. Right
- now, says Newman, Algorex seeks military systems de-
sign jobs, where the 25% figure is typical (the low-end
5% figure covers the mass-produced equipment such as
television receivers, Newman says).

Algorex’ system (called AIDE, for automated inte-
grated design and engineer) takes raw logic diagrams or
logic cquations and provides drawings, pc board
artwork, numerical control tapes for pc board drilling,
wire-wrapping. and troubleshooting documentation.
With the system design stored in the computer memory,
Newman says, there’s no chance for human errors. In
some cases the system can save enough just in testing
and troubleshooting to pay for itself, he notes. “The
greatest impact is made on the first-time user when he

builds the system and it actually works the first time,”
Newman says.

Samuel Gordon, marketing manager at Autologic
Inc.. San Francisco, another design automation firm,
puts the error-prone-people problem another way: “Get
the data into the computer as early in the flow as pos-
sible before people have a chance to pollute it.” Even
digitizing a printed circuit board layout that was created
manually can introduce errors. A problem-solving hu-
man should be able to interact with the computer only
to the extent that the system cannot complete the task,
he says; as soon as the design is satisfactory, the data
base should be used for numerical control tapes.

One user of the Autologic system is telephone-equip-
ment manufacturer North Electric, Galion, Ohio, a divi-
sion of United Utilities. The system has been operating
since May, and according to W.T. Wood, executive di-
rector of engineering, “We're quite pleased with it. We
had the expected startup problems, but now we've com-
pleted about 120 board designs with it.”

Wood gives the following comparison to demonstrate
the value of the system. For a typical board, measuring
10 by 14 inches with 80 ICs, manual layout might take
160 hours, the taped master about 60 hours, and the
documentation another 60 hours, resulting in a total
cost of about $1.220 for the 280 hours. With the auto-
mated system, however, the total job takes 60 hours and
costs about $350, including leasing. _

“The big advantages are the completeness and accu-
racy of the data—no chance for human errors—and the
quick turnaround it affords us,” says Wood. “Since all
operations are serial, manual layout would take about
seven weeks, whereas the automated system produces a
layout in two weeks,” and, he adds, “even this amount

CHARACTERISTICS OF COMPONENT INSERTION MACHINES

1
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Manufacturers:  Ragen Precision Industries, 9 Porete Ave., North Arlington, N.J. 07032, 201-997-1000
Universal Instruments Corp., East Frederick St., Binghamton, N.Y. 13902, 607-772-1710
USM Corp., Balch St., Beverly, Mass. 01915, 617-927-4200
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of time could be reduced, if necessary.”

However, experience with automatic pc board layouts
hasn't always been good, according to many other users.
For example, Larry A. Maguire, data communications
group manager for data acquisition systems in Hewlett-
Packard’'s Automatic Measurements division, Palo Alto,
Calif.. says that HP tried it three times and, “out of the
three tries it worked once.” The problem, he says, is that
often when the program can't lay out 100% of the
board, it just hasn’t left enough options for a human to
step in and complete the job. He says he’s also had
problems with programs that work to tighter tolerances
than the pc board manufacturing process can handle.
“But.” he adds, “automatic pc card layout is desirable
and we will try it again.”

A design automation system is expected to be in op-
eration at General Radio Co. by the year-end. “All this
automation of circuit board production is expected to
cut dollars tied up in board inventory by about 25%.”
says Richard F. DeBoalt, manager of manufacturing

Europe: up, up, and away

European electronics industries also are feeling the
pinch of rising labor costs and Japanese competition.
Common Market officials admit Japanese firms have
put the labor-intensive electronics community in a dif-
ficult economic position. European electronics com-
panies therefore are automating, although at different
paces in the various countries. West Germany, for ex-
ample, is making the quickest progress—since they face
high labor costs and a shortage of skilled German la-
bor, electronics firms are installing labor-saving equip-
ment and also are importing labor from other Euro-
pean countries.

In France, electronics workers have nearly doubled |
their salaries since 1965 and now get a base cash wage |
of 6.20 francs ($1.12) an hour. In addition, employers
contribute about 60% more to help finance a wide array
of fringe ‘benefits, including four weeks paid vacation,
an extra three weeks pay at the end of the year, rent al-
lowances, free door-to-door transportation in some re-
gions, and the usual unemployment and retirement
plans. In January 1971, a new policy went into effect
giving workers a guaranteed monthly wage regardless
of hours worked or the number of days in the month.

West German workers also have received large wage
hikes. Wages in the electrotechnical industries rose an
average of 7.6% in 1969, keeping pace with the produc-
tivity increase of 7.1%. However. in 1970, wages spi-
raled upwards 16.1% while productivity increased by
only 4.9%. Present contracts expire this month and the
powerful metalworkers’ union has indicated it will
press for a big hike (15% has been rumored), while, at
the same time, productivity in 1971 is not expected to
be above last year’s 4.9%.

In addition to last year’s wage increases, companies
also were hit heavily by a new health benefit scheme
that requires them to pay six weeks wages to sick em-
ployees, a tab previously picked up by the country’s
federal health agencies.

And in the Netherlands, fringe benefits make up
about 40% of labor’s pay package; it’s about the same
for Italy, where wages have risen about 20% in the last
two years.
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engineering at the West Concord, Mass., firm. “We'll
have better inventory control, which is necessary be-
cause there are about 200,000 boards used yearly in the
basic assemblies of our products and at least some of
them are always in a state of flux as designs change.”

Such redesigns can be costly, DeBoalt says, “by caus-
ing overpurchase of boards, thus forcing us to throw
some away, and by adding lag time between engineer-
ing and product.”

On the production line

In many cases, there are substantial added benefits to
be realized if the design automation program is made to
overlap with an automated production system. One ex-
ample is the 1BM circuit package manufacturing plant in
Endicott, N.Y., where a central computer facility
(360/65 and 360/50) monitors and controls manufac-
turing and testing operations throughout the plant. The
computers supply numerical control and diagnostic
data to each production and test site and also compile
reports for production management control.

At the plant, pc boards are made starting from the
basic materials. During lamination, the temperature
profile in the stack is monitored by the computer. And
in subsequent etching and cleaning steps, the boards
travel in holders on a conveyor line and are dipped in

3. Follow the arrow. One user of Ragen's PCP-75 reports up to
75% increase in production over hand assembly: another user says
the machine does the work of two to three hand assemblers. Unit
operates from a numerical control tape, which positions an arrow-
shaped light from the overhead source to show component location.
The component bins rotate under instruction from tape.

65



SPECIAL REPORT

the proper tanks under computer control. Holes then
are drilled and boards are assembled via computer; the
boards are then tested, and the computer prints out the
results.

At Recognition Equipment Inc., Dallas, Texas, a de-
sign automation program is closely tied in with the
wire-wrapping machines. From a logic simulation and
trace program developed in-house, REI provides docu-
mentation for use in manufacturing and servicing in-
stead of the traditional logic diagrams, and then feeds
data to the wire-wrapping machines for production. The
same program also furnishes data for automatic testing
of the completed system.

North Electric also uses wire-wrapped boards. Right
now, engineering director Wood says, he’s using the Au-
tologic system to generate the tape that could control an
artwork generator, but more often he uses the tape to
run a wire-wrapping machine—it gives more flexibility
and faster turnaround time. But he says there is no
doubt that the layout can be converted to a pc board.

This hasn’t always been the case with other com-
panies involved in wire-wrapping techniques. Gener-
ating a tape to control the wire-wrapping machine is no
guarantee that the same interconnection pattern can be
built in pc form, he points out. But Wood’s system at-
tacks the pc board layout problem first and then, if re-
quested, turns out a wire-wrapping tape.

Automatic component-insertion equipment also has
been slow in proliferating. Companies like Universal In-
struments Corp., Binghamton, N.Y. and usM Corp.,
Beverly, Mass., have been selling automated compo-
nent-insertion gear for several years, but only recently,
with the introduction of the easily insertable dual in-
line package, has the business started to take off. UsM
product manager Walter S. Haug estimates that only

20% of the companies that can economically benefit
from automatic insertion actually are using it. A survey
conducted by Electronics of component insertion meth-
ods in general use bears this out. For example, one re-
spondent said that his company makes 125,000 circuit
modules a year, and 85% of them are completely assem-
bled by hand. Another producer says that all his 60,000-
odd boards are assembled by hand.

Nonetheless, efforts also are being made among
socket manufacturers to supply units that allow easy en-
try of the dual in-line package for use on automatic in-
sertion machines. Augat Inc., Attleboro, Mass. recently
announced a tapered-entry socket terminal that guides
the DIP lead right into the socket. AMP Inc., Harrisburg,
Pa., also has such a terminal. For these sockets, the in-
sertion machine is made without the normal cut-and-
clinch mechanism that’s commonly used when compo-
nents are inserted in plated-through holes on pc boards.

The AMP terminals are staked in the board with ma-
chines supplied by the company. Such machines can be
built with a modular design, according to Milton Ross,
automation specialist at AMP. Ross is trying to develop
an insertion head for his company’s many terminals;
the customer then could start with a single-head, man-
ual machine to begin his production. For higher
volume, the same heads could be used on a pantograph
machine, moving up to a numerically controlled ver-
sion. Or several heads could be assembled on a bridge-
type machine, where the work passes under the row of
heads suspended from a bridge over the assembly line.

Many production equipment suppliers are faced with
almost impossible design tasks when the customer
comes to them too late. That’s why Ross says the cus-
tomer should select his machinery vendors before he
designs the product. Zenith Radio Corp., Chicago, for
example, designed new boards for color Tvs with the co-
operation of AMP engineers to make them adaptable to
AMP machines.

Happy hands

Not all the advances on the production floor are being
made in the name of automation. With a large number of
manual assembly operations remaining, keeping produc-
tion workers motivated can be a real problem, says Martin
Cooper, vice president for operations, Motorola Inc.,
Communications division, Schaumburg, 111. Therefore, on
one new product, Motorola has given each production
worker complete responsibility for the whole job; assem-
bly, test and final packing for shipment. The product, the
new Pageboy 2 fm radio paging receiver, even carries a
personally signed note from the worker asking the cus-
tomer to contact her if any problems arise. “The result,
says Cooper, “is a turned-on group of individuals who en-
Joy their work and have pride in their product.”

Each receiver has about 80 components, some of them
hybrid circuit assemblies completed earlier. But due to
dense packing, the final assembly of the 80 components
must be performed manually. “What we do is identify the
operations that can be done by hand and then give a single
person responsibility for all those operations,” says
Cooper.

J “We've even extended the concept to the stockroom,”

he adds. “In most plants, the stockrooms are so large that
the guy who picks out the parts has little involvement in
the job. But for the Pageboy project, we segregated all the
parts needed for the unit and set up a small stockroom
right in the production area, with just one man running it.
He does everything—issues parts, bugs purchasing when
he’s running low, keeps the records, etc. We’ve eliminated
the computer in this case in favor of individual motiva-
tion.”
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Zenith, known for its emphasis on hand-wired sets,
has made the move to pc boards to allow modular con-
struction and easy servicing. All pc boards are the same
size and shape, and, with only a few exceptions, have
the same conductor pattern. Each board has 225 holes
arranged in 15 parallel rows, and conductor strips are
laid out to interconnect from three to seven holes in
each path. Each circuit thus is given its character by
placing components at different points on the boards,
making contact with different conductor patterns.

The Zenith boards also feature contacts for manual
insertion that securely grip the leads and thus avoid the
need to cut and clinch the leads on the assembly line,
holding the components in place during subsequent
handling prior to the soldering operation. Such grip-
ping-type inserts also are produced by Berg Electronics,
New Cumberland, Pa. under the name “Griplets.”
However, they are not generally used for automatically
inserted components, since these insertion machines al-
ready have cut-and-clinch mechanisms built in.

The four types of component insertion machines are
compared in Table 1, which is based on a similar table
included in a recent report on manufacturing costs of
modules for missile systems (report OR11,220, U.S.
Army Missile Command, Redstone Arsenal, Ala.). The
first is numerically controlled positioning with manual
insertion, such as used in Ragen Precision Products’
pCP-75. The second is pantograph positioning with me-

chanical insertion. In this approach the operator posi-
tions a pointer on a template and presses a button to ac-
tivate the insertion head, which is linked to the pointer
through a pantograph arrangement and thus follows its
movement. The third is an all-numerically controlled
method, in which the pc board is placed on an X-Y
table moving under direction of a tape under a fixed-
position insertion head. Finally, there’s the computer-
controlled machine—the computer takes over the func-
tion of the tape.

Looking at the total picture, the overall savings that
can be realized with automated equipment are shown in
a cost analysis in the report on missile systems. For a
module with 40 axial-lead components and eight tran-
sistors, the analysis shows that if 160,000 such modules
are required, then up to 15 cents per module, or $24,000
total, can be saved with computer-aided assembly.
UsM’s Haug points out, for example, that his firm has an
axial-component insertion pantograph machine selling
for $8,500 which he says can be justified for as few as
500,000 components insertions a year. Another benefit,
says Haug, is that his machine is run by a PDP-8E com-
puter, which also can do other programs when it’s not
controlling insertion.

An unusual approach to automatic insertion of ca-
pacitors is being used at Digital Equipment Corp. DEC
buys capacitors from Sprague Electric Co., North
Adams, Mass., in a strip form that can be used with a

4. Through lits paces. General Electric’s GE-Mac 7000 industrial controllers are tested with a computer-controlied station at the company's
West Lynn, Mass. piant. ICs and automated production make the unit cost competitive with eartier simple pneumatic controtlers.
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special insertion machine from Universal Instruments,
The same strip is also used in Sprague’s final processing,
testing, etc., so that Sprague ships the capacitors to DEC
in the strip form directly off the production line rather
than cutting them apart and shipping in bulk, as it does
for other customers.

Transistors must be specially handled with automatic
component-insertion machines, since the transistor
leads come out the bottom of the package. Both usm
and Universal offer transistor insertion machines, in
which the radial lead format is converted to axial leads
by bending two leads to one side and the third lead to
the other side and then taping them. The machine then
grips the leads and performs the insertion.

Simple speedup of production is not the only benefit
to be gained from machine assemblies—the machine of-
ten does a better job than a human. For example, David
Prigmore, director of manufacturing for computer sys-
tems operations at the Honeywell Information Systems
plant in Billerica, Mass., points out, “A machine-in-
serted IC has a better and cleaner crimp and makes a
better contact” than a manually inserted IC.

However, with a machine handling the components,
tolerances on dimensions must be much more stringent.
“Automatic feeders are the best parts sorters in the
world,” jibes T.E. Blazak, manager of sales engineering
for General Electric Co.’s automation equipment oper-
ation in Schenectady, N.Y. Workers, he points out, can
make allowances for small variations in components,
but a machine is a lot more demanding.

However, Ls1 devices in 40-lead packages will prob-
ably continue to be inserted by hand for a long time to
come. Few production managers will trust an automatic
insertion head to provide gentle handling for the de-
vices' fragile wire bonds and lead frames. In fact, large-
scale integration has been creating a quiet revolution of
its own in electronic assembly operations; the day of
simple “screwdriver” assembly appears to be fast ap-
proaching. With LsI, most of the equipment circuitry is
built on a single chip, so assembly simply involves
plugging a tew LsI packages into a board and attaching
a couple of discrete components. For example, the en-
tire Sharp Corp. ELSI-§ calculator, which uses four Ls1
chips. requires only about an hour to assemble and may
even take less time in the future.

When the unit’s display tubes are replaced with a
single-envelope display such as a liquid crystal, assem-
bly time could be cut to 20 minutes, asserts Charles Ko-
vac, vice president for marketing at North American
Rockwell Microelectronics Co., Anaheim, Calif.; sup-
pliers of the chips. What LsI can do for plant capacity is
shown in Kovac's estimation that if one of NRMECs do-
mestic business-machine-chip customers would commit
to Lsl rather than the electromechanical technology he’s
now using, the customer could increase plant output
100 times.

However, the cost of the Ls1 devices themselves still is
preventing users from going that route, according to at
least one prospective user, Dana Laboratories’ Pratt.
Pratt says he’s been looking at Ls1 but the circuits must
justify themselves on materials costs, not labor Ccosts.
“When they get as attractive in price as ICs, we'll prob-
ably use them.” he says.

5. Disk Jockey. Disk capacitors are automatically inserted onto printed circuit boards from strip format used in their production. This Univer-
sal Instruments insertion machine is used by Digital Equipment Corp., Maynard, Mass; capacitors are made by Sprague Electric.

Tag—
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Hands across the border

Electronics companies seeking inexpensive hand labor
need not go to the Far East. says John E. Kent. senior con-
sultant at Arthur D. Little Inc.. Cambridge. Mass. Kent, in
a recent study. notes that since 1966, the Mexican govern-
ment has encouraged a program for industrial develop-
ment along its northern border. The program is based on a
“twin-plant concept”™ in which U.S. companies establish
plants just across the border in each country, with the
American plant handling the technical and mechanized
operations and the Mexican plant handling the labor-in-
tensive aspects.

Minimum wages rates along the border, including all
fringe benefits, range from 50 cents to 70 cents an hour.
Compared with labor costs in the Far East, Mexican labor
is higher priced. as shown by the table listing minimum
wages. but the added benefits of proximity to the U.S.
plant could outweigh the difference in wages. As an ex-
ample of Mexican labor costs. in Nogales, about 60 miles
south of Tucson. Arizona, the starting rate is 34 cents an
hour, and with 50% more fringe benefits, the cost 1s 51
cents for each working hour. Thus a company operating in
Nogales would pay each operator about $2.00 less an hour
or about $4.000 less a year than in the U.S. In a typical la-
bor-intensive product such as a wiring harness, where half
the manufacturing cost of $100 is labor, the wage savings
would amount to about $40 per unit.

In the example shown below. the hourly cost compari-
son is given for U.S. operations vs twin-plant operations.
The U.S. cost for one hour of labor is $14.06. while the
twin-plant cost is $3.56. including duty on the value added
to the product in Mexico. Although transportation is not
included in the total, such costs would be minimal, with

un SELECTED COUNTRIES

ncludin ]

United States . = $2.50
Japan _ _ ; .90
Taiwan - .16
Korea _ 31
Hong Kong .40
Singapore . - .35
Mexico — Border 51
Mexico — Interior - 37
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the plants nearby on opposite sides of the border.

Kent says that the industrial parks being established
along the border generally meet the standards of the better
USS. facilities. Management personnel of the parks are
well-versed in both U.S. and Mexican manufacturing op-
erations and practices, and can help lessen the “cultural
shock™ of a U.S. company attempting to manufacture in a
foreign country with its different language and culture.

One of the better industrial parks (designed by ADL) is
located across the border from Nogales, Arizona, says
Kent. Construction of the park began in the summer of
1970; now four buildings are complete and several more
are under construction totaling more than 200,000 square
feet. All buildings are leased by major U.S. companies.

ROUGH COST CALCULATIONS

sent U.S. ¢

Labor $ 4.50 (1 hour, with fringes}
Material .56
Overhead 19.00  (Twice labor cost)
Mfg. cost
Twin-pl
U.S. Mexico
Labor S 45 $ .51 (10% of present U.S. rate; 1 hour
Mexican rate}
Material .56 -
Qverhead .90 1.02
Duty e _ .12 (See below)
Totals $1.91 $1.65

»

Total mfg. cost Plus transportation

Value of U.S. components —

labor, materials, and overhead plus 10% profit $2.10
Labor (Mexico} 51
Qverhead (Mexico) — 100% of labor cost .51
Profit (Mexico) — 10% 31
New ""value” of product $3.43
Less: vatue of U.S. goods 1.75
Under Tariff 807, assume :
Dutiable value $1.68
Duty — 7% $ 12
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Computers for testing

Another big time-and-money saver is automated test-
ing. Digital circuits, for example, are becoming more
complex and only a computer has the patience to run
through all procedures to determine if an error is made.
Instruments are becoming more accurate, more sensi-
tive, and are operating over wider frequency ranges,
while the number and extent of tests are increasing. In
the consumer field, for example, the increased emphasis
on throughput and even Government legislation (on
cathode ray tube radiation, for example), is causing
more tests to be performed.

One factor that’s making it easier to test automat-
ically is that most instruments now are digitally pro-
gramable. With a computer in control, the operator
need not know much about the instrument; he simply
checks a sequence and looks for the proper readings.

At one of the industry’s largest instrument producers,
Tektronix Inc., Beaverton, Ore., industrial engineering

manager Peter H. Mackie says testing represents his
highest labor costs. Thus, automated equipment is ap-
plied at all stages of assembly—continuity checks of
blank boards, function tests of partially completed
boards and subassemblies, and final testing,

The chief labor-saving innovation at Dana Labs was
introduction of automatic calibration and test equip-
ment about eight months ago. Manufacturing manager
Pratt agrees that checkout is overshadowing assembly
as a labor cost; the equipment, made by Zehntel Inc.,
allows Dana to be “several times more efficient. With it,
the operator can troubleshoot as well as calibrate,
freeing a technician for other tasks,” he says.

“In addition to the dollar savings,” says General Ra-
dio’s DeBoalt, “automated testing eliminates the possi-
bility of incomplete testing owing to human oversight or
fatigue, and often performs combinations of tests sim-
ply too lengthy or complex to be performed manually.”
William J. Pote, General Radio’s manager of test engi-
neering, notes, “As the complexity of the products GR
makes rises, the number of tests needed for proper cali-
bration rises exponentially, and since many of the
needed tests are repetitive, they are good candidates for
computerization.”

The thick-film people

The most automated production lines within the electron-
ics community do not deal with conventional components
on printed circuit boards, but rather with thick-film hybrid
circuits. Three companies—IBM Corp., East Fishkill, N.Y.,
Delco Electronics, Kokomo, Ind., and the RCA TV manu-
facturing operations in Bloomington, Ind.—have installed
automated lines for such circuits. The hybrid approach
lends itself to automation better than the conventional
printed circuit boards and soldered connections for several
reasons: small substrates (from about Y2-inch square up to
about 1 by 2 inches) are used; conductive and resistive
inks can be automatically applied and fired on a moving
belt, and devices also can be applied and connected into
the circuit automatically,

At Delco, which is producing circuits for automobile
voltage regulators and radios, the big advantage of the hy-
brid approach, says Dwight Callaway, assistant superin-
tendent for manufacturing development, is that the thick-
film resistors can be adjusted after the circuit is put to-
gether, nnd thus can be trimmed on a functional basis,
rather than simply to tolerance. For example, an audio
amplifier’s gain might be determined by the value of a
particular resistor. In discrete form, the circuit would have
to be carefully designed, taking account of all component
tolerances. However, in thick film form, an actual input
can be applied to the circuit and the resistor trimmed until
the gain reaches the desired value, without having to con-
sider the actual value of the resulting resistance.

RCA is turning to hybrid circuits to hold the line on pro-
duction costs in the U.S. and thus keep the U.S. operation
competitive with circuits made in the Far East, according
to Barton Kreuzer, RCA executive vice president, consumer
electronics. Hybrid circuits are being built for the RCA all-
solid state XL-100 color TV sets, and will probably be ex-
tended soon to other models. According to Robert A.
Schieber, division vice president for operations in the Con-
sumer Electronics division, the eventual target is for 80%
of all circuitry to be built on ceramic substrates.
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In GR’s case, the move to automatic testing resulted
in a new product. When GR was gearing up to produce
the 1192 counter several years ago, the company built
the first model of what was to become the 1790 logic cir-
cuit analyzer.

The move toward market began when “we found that
we were saving $73.000 a year by using the tester. And
using the tester to recycle failed subassemblies saves an-
other $15.000 yearly over the costs of manual testing
and fault location,” says DeBoalt. Then test engineering
and quality control collaborated. seeking to save even
more money by collecting data on the frequency of fail-
ure of certain components used in particular ways, and
then increasing the stringency of incoming tests. They
thus weeded out weaker units before they were built
into the boards. This is estimated to have resulted in an
added saving of another $12,000.

Management systems

Such use of the computer for help in parts selection
highlights its potential as a management aid. “Every act
from parts selection to sales is interconnected, some-
times quite subtly,” DeBoalt points out, and the key to

profits is inventory turnover. Since a large part of GR’s
assets is always invested in inventory, the more
frequently GR can turn over this inventory, the higher
the total profits.

To help monitor the inventory, “GR has a manage-
ment information system that allows us to look about
four months ahead into our production schedules and
to recognize parts and subassembly requirements that
could be troublesome.” notes DeBoalt. “Parts shortages,
for example, can cost us sales, make our marketing fore-
casting less accurate, and result in over-shoots of fin-
ished inventory and thus produce higher overhead.”
But the system, he notes, allows GR to keep in the pipe-
line only those parts or raw materials needed for manu-
facturing and cut inventory time as short as possible. 1
reckon the time saved by instituting this management
automation system to be about 90% of that spent pre-
viously,” he asserts.

Another company setting up a comprehensive com-
puter-based management system for manufacturing is
Texas Instruments Equipment Group, which makes
computers, test systems. peripherals, and military
equipment, in Houston, Austin, Dallas, and Sherman.
Texas. Dale E. Cunningham, manager of operating

Chips are down. Handling mechanism
(above) places integrated circuits on hybrid
substrates (left). at 1BM Corp. Chips are
picked from small vibrating bowl and then
placed on substrates before being delivered
to furnace for soldering of connections.

This year’s model. Hybrid circuits for automobile voltage regulators and radios are handled from stacks (left) prior 1o laser trimming of
resistors. Transistors, diodes, and capacitors are assembled and soldered automatically (right) as substrates move on conveyor belt.

TV watcher. Hybrid modules made at RCA color TV plantin Bloomington Ind., are viewed
on closed-circuit TV after laser trimming. Laser trims three resistors per second.

|
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services, says the operation is complex because the
group makes different products in many locations, with
no large production runs in individual products.
Cunningham says that TI’s main goals are very wide-
ranging: replacing the engineering drawings and associ-

ated paperwork for proposals, and controlling purchas-
ing and inventory, scheduling, design, fabrication, veri-
fication, and warehousing of products. To accomplish
this involves a radical swing away from the conven-
tional dependence of a manufacturing operation on the
drawing, says Cunningham. And because of the differ-
ent facility sites, the plan is to have a computer at a cen-
tral location that will be able to communicate with nu-

Single-chip systems cut assembly costs

By L.J. Sevin, Mostek Inc., Carrollton, Texas

The single-chip systems era is fast approaching: it’s now
possible to integrate systems of up to 1,500 equivalent-gate
complexity on a single chip, and within the next year, the
capability will increase to the 3,000-gate level. More com-
plex calculators, central processors for computers, and
small, special-purpose computers for control applications
all will soon appear in single-chip form.
How do we gauge the impact of these developments on
system assembly costs? The cost of a system, not to men-
tion the reliability, has always directly depended on the
number of interconnections. With conventional integrated
cricuits, many of the interconnections are batch-fabricated,
| butsystem complexity has grown by so much that assem-

bly cost advantages haven't necessarily been evident.
| However, large-scale ICs present an opportunity to drastic-
ally reduce interconnection costs.

The data in the table provides such an example for a
small digital system with the equivalent of 1,000 gates. The
system cost is estimated for five different implementations
of the circuitry: discrete components, TTL gates, TT/MsI
and ICs, six MOS/LsI chips, and finally, a single MOS chip.
To derive the data, it was first assumed that a digital sys-
tem with 1,000 gates requires 4,500 discrete components at
5 cents each. The discrete components then could be re-
placed with 300 digital ics (either DTL or TTL) at 20 cents
each. If TTL or DTL/LSI were used, the total package count
could be reduced to 100 at an average price of 40 cents;
with MOS ICs, only six chips would be needed at $6.00 each.
The single chip is assumed to have a unit price of $20.00.

For all cases except the last two, it is assumed that
printed circuit board labor, material, and amortized tool-
ing costs average about | cent per pc board hole. However,
because of the lower board density with six-chip and
single-chip systems, a cost of three cents per hole was used.

1,000-gate subsystem — cost comparisons based on 1972
competitive pricing levels

Discrete 11,000 $110.00 $22.50 $132.50 S -0 |
ICs(TTL) 4,000 40.00 66.60 106.60 -0-
MSi and ICs 2,500 25.00 40.00 65.00 —0-
6-chip MOS 180 5.00 36.00 41.00 120,000
1-chip MOS 40 1.20 20.00 21.20 60,000

or less |

— —_— - - —_

*May or may not be borne entirely by customer. |

Total system cost assembly plus components thus is re-
duced sharply with the single-chip approach. However, ‘
chip tooling costs are not included; these must be amor-
tized over the number of systems being built. If, for ex-
ample, 10,000 systems are to be built, the $60,000 would ’
break down to $6.00 a system, for a total cost of about $27,
still far less than any of the other approaches. And in some |
cases, the customer may not have to bear the full cost of
developing the chip, since most Mos suppliers would share (
in the costs as such developments increase their capability
to serve future needs. Users also can expect tooling-cost re-
ductions as computer-aided design methods are refined.

Another important aspect of the single-chip approach is
reliability. It’s an established fact that far from degrading
when component density is increased, ic reliability im- |
proves far more due to fewer interconnections and re- |
duced component count. As a bonus, spare parts inventory
costs are reduced, as are power and space requirements. |

In the chips. Calculator chip |
(above) is 180 mils square.
MKS5002F counter/display chip '
(left), almost a complete digital
voitmeter, replaces 12 TTL units.
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6. DIPs in. Computer-controlled machine inserts 14- and 16-lead DIPs from any of 20 stick carriers. The USM Corp. unit selects the DIP, po-
sitions the board, straightens package leads, inserts, and cuts and clinches leads, at up to 4,000 components an hour.

merically controlled machinery at any of the company’s
other locations.

However, the system. says TI, will use minicomputers
extensively: with minicomputer prices dropping sharply
toward those of terminals, it’s possible to have local in-
telligence and memory at each machine site. Otherwise.
the central computer would have to be very massive to
control nonintelligent terminals. “Don’t take a produc-
tion line and add a computer, take a computer and
build a production line around it.” says a Ti spokesman.
“The computer must be deeply buried in the system.”
He says he's shooting for a minimum increase in pro-
ductivity of 50%.

One company that’s aiming for a management con-
trol system is Recognition Equipment Inc. REI makes a
data entry terminal that reads hand-written numbers.
Says Dwight V. Goldstrom. staff industrial enginecr.
*It’s hard to keep track of the many changes engineers
keep coming up with. You need on-line capability for
entering changes: punched cards aren’t really conve-
nient or practical.” But with an REI Input 3 system, “the
person making the change is his own keypuncher. since
he simply needs to write in a few numbers,” he says.

According to Data General’s Newquist. purchase,
receipt. stocking, and issuing of parts represent at least
50% of the time to make a computer and the cost to pro-
duce it. “This is true of any computer manufacturer
who doesn't make his own 1€s.” he says, adding, “It's
difficult to put figures on this. but I feel that there is a
reduction in time of about 50%” with a computerized
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management control system, “and we probably save an
equal amount of money. We did this in 1969, our first
year of production.

“Because of short product life and technological
change. you have to be careful you don’t upset inven-
tory control by producing too much. 1 think many elec-
tronics companies forgot this and in 1970 were caught
with an inventory of obsolete products.” he says. “DG
had an inventory turnover seven times—twice as good
as the industry average. When we automated. we didn’t
want to upset or disrupt inventory.”

However. one of the industrywide problems in moni-
toring parts levels with a computer is the wide variety of
component designation schemes prevalent among sup-
pliers, according to Clark Coffec. an automation consul-
tant in San Francisco. Coffee is a prime mover in a new
group. called the Data Exchange Standards Society.
which will attempt to establish standard formats for nu-
merical control programs as well as standard types of
parts numbers for component identification.

For example, Coffee says many other industries arce
adopting a nine-digit code, in which the first four digits
identify the component manufacturer and the last five
the specific item,

Additional reporting tor this article came trom Electronics statfers James Brinton and Gail
Farrell, Boston Paul Franson Dallas, Lawrence Curran, Los Angeles. Stephen Wm Freids,
San Francisco Cha bhen Tokyo. and Michae ve. London and McGraw-Hill World
Newsmen Robert Ingersoll Bonr A 5 and My
chael Kolbenschlag. Brussels
Repnints of this speciat report are available at $2 00 each Wnite to Electronics Reprint De-
) W, PO Box 606, Hightstown, N J 08520 Copynight 1971 Elect >s a McGraw
Hi ublication

., Michael Johnson Par

73



The display job calls the shots
In contest between GaP and G_a_lAs_P

Gallium phosphide light-emitting diodes show more colors and have higher
quantum efficiency than gallium-arsenide-phosphide LEDs, but GaAsP
is brighter to the eye and works best in high-current strobed displays

by George E. Smith, Litronix Inc., Cupertino, Calif.

0J Debating the virtues of gallium-arsenide-phosphide
and gallium phosphide in light-emitting diodes is much
like arguing the merits of summer vs winter—it’s all
relative. There’s no LED for all seasons, and the de-
signer’s choice depends mainly on which type of diode
is most suited to his application.

LED performance factors are such a melange of elec-
tronic, optoelectronic, and optical parameters that a
good case can be made for the superiority of either
diode by stressing one function or another. The only
way a designer can tell which is better in a display or in-
dicator is to stack both types against each other.

Gallium phosphide diode aficionados cite the higher
quantum efficiency of GaP as an indication that the ma-
terial eventually will make the brighter, more econom-
ical display. GaP puts out many more photons for a
given electrical input power than GaAsP, but much of
the radiation is invisible to the eye. GaAsP diodes are
2.5 to 3.5 times brighter to the eye when radiating the
same amount of power as GaP diodes.

Fortunately for GaP, it emits so much more radiation
than GaAsP for the same electrical input power that its
overall luminous efficiency is about equal to that of
GaAsP when both types are operated at recommended
currents. (GaP at low current, GaAsP at high current).
As it stands now, GaP is well suited for use in low-cur-
rent indicators, but GaAsP works best in displays.

The lead that GaAsP now enjoys in the major appli-
cation for LEDs—seven-segment numeric displays—is
due primarily to its lower cost. In fact, for the price of a
single GaP diode chip, a large bar of GaAsP can be
bought. Several diodes can be diffused in the bar, rais-
ing the segment’s luminance. And small monolithic dis-
plays can be made. GaP, on the other hand, requires a
grown-junction process; the diodes are produced by
dicing the wafer (Fig. 1). GaAsP can be operated in a
strobed or multiplexed pulsed mode at high peak cur-
rents to conserve power, and it’s also preferable for
high-temperature applications.

On the other hand, GaP is just about the only source
of three-color displays. Although GaAsP can give both
red end amber, only GaP can produce green as well—
and the eye is most sensitive to green. Therefore, a GaP
display might show green for safe equipment operation,
yellow for caution, and red for danger.

GaP chips emit light in all directions, while GaAsP
diodes provide a well-defined forward lobe. And with
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the added brightness achieved in pulsed operation, dot-
matrix GaAsP arrays are ideal for alphanumeric char-
acter display and film recording. Some recorders using
such arrays record 30,000 characters a second.

A good place to start sorting the optical parameters is
at the human eye. The International Electrotechnical
Committee’s (CIE) standard photopic curve in Fig. 2 is
known as the “standard eyeball,” showing how the eye’s
response varies with wavelength.

Luminous efficiency in lumens per watt, or luminos-
ity, depends on the retina’s response to the wavelength
(color) and the rate at which radiant energy falls on the
retina. Standard LED colors and their luminosity are
shown in Fig. 2. This is a much more valid measure for
displays than radiant energy (light power output) as
measured by an optical instrument.

GaAsP diodes generally emit radiation in a narrow

—_— — — = -

GaAsP
EPITAXIAL — DIFFUSED
LAYER pn JUNCTION
GaAs
SUBSTRATE
|
| {a) GaAsP DIODE
| GaP
| EPITAXIAL <— GROWN pn
LAYER JUNCTION

‘ GaP
SUBSTRATE

(b} GaP DIODE

1. Two techniques. Radically different fabrication methods account
for some of the differences between gallium-arsenide-phosphide
and gallium phosphide light-emitting diodes. GaAsP diodes are dif-
fused, while GaP diodes are grown-junction devices.
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spectrum between 650 and 670 nanometers, as shown in
Fig. 3. The corresponding visible light peaks at a
slightly shorter wavelength and has an average luminos-
ity of 45 lumens/watt for 660 nm radiation, rising to 75
lumens/watt for diodes peaking at 650 nm.

The eye’s response causes the peak wavelength of the
light output to shift down as indicated by curve 1 on the
graph. Curve 2 is the actual radiated power output as
measured by an instrument. Most of this output is vis-
ible to the eye.

A GaAsP diode’s emission wavelength may be al-
tered by varying the proportions of arsenic and phos-
phorus in the crystal. At higher phosphorus concentra-
tions, the wavelength is shorter and the luminosity
higher, but power efficiency (radiated power out di-
vided by electrical power in) falls.

Proper proportions

Optimum concentration is near GaAs, ,P,., or 40%
phosphorus. The emission peaks at 660 nm (red),
where about 45 lumens/W is obtained. As indicated on
the CIE curve, GaAs, .P, , produces an amber light with
high luminosity. but at a sacrifice in power efficiency.

Red GaP diodes emit at 690 to 790 nm; average lumi-
nosity is only about 20 lumens/W. Most of the radiated
output power, however, is not sensed as visible light by
the eye—only the “foot” at the left-hand side of GaP’s
total radiation spectrum curve (Fig. 3) is useful in dis-
plays. The GaP diode’s color appears more orange than
GaAsP’s because of the large shift between the radiated
output and luminous output flux in the GaP diode.

GaP can be doped to emit green, usually peaking
near 550 nm with luminosity of 680 lumens/W but,
power efficiency is poor.

Efficiency is an important consideration because the
lower the power needed for a display, the cooler the op-
eration for the closely spaced diodes—light output drops
drastically if the diodes heat up. Also, the supply power
may have to be budgeted carefully.

Typical power efficiencies reported by LED manufac-
turers show:

» Red GaP—1% at 20 lumens/Ww gives 0.20 lumens/W
average luminosity.

» Red GaAs, P,,—0.3% at 50 lumens/w for 0.15 lu-
mens/W average luminosity.

= Green GaP—0.006% at 675 lumens/w with 0.04 lu-
mens/W average luminosity.

s Amber GaAs, P, .—0.044% at 340 lumens/W and
0.015 lumens/W average luminosity.

Many production GaAsP devices have 0.4% power ef-
ficiency (the oft-quoted figure of 0.15% for red GaAsP is
outdated), while GaP manufacturers report over 1.0%.
Although GaP seems to have a 2.5:1 advantage in
power efficiency, GaAsP does as well when luminous ef-
ficiency (lumens out/electrical watts in) is calculated
over its luminosity range.

Brightness includes several other factors unrelated to
quantum efficiency (which is the ratio of photons out to
electrons in). GaAsP has a lower quantum efficiency in
terms of photons escaping from the crystal. Its external
quantum efficiency is about 0.5%, while production GaP
diodes reportedly are around 2%. Bell Laboratories
even reports 7% in experimental GaP devices.
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2. Standard eyeball. Average luminosity of four major types of
LEDs is shown by their wavelength location on the CIE standard
photopic luminosity curve. The eye's response 1o light energy, in lu-
mens per watt of radiant energy, peaks at green, and falls off rapidly
at the edges of the visible-light spectrum. Gallium phosphide is less
juminous than gallium-arsenide-phosphide when emitting red light.

Brightness is an eyeball response, not an exact mea-
surement. More photons do not translate into more visi-
bility if the radiation is in the invisible region. That’s
one reason why the GaAsP diodes appear to be up to
3.5 times as bright at equal radiated output power.

Another reason is the shape of the diode emission
pattern. Brightness of each type is both helped and hin-
dered by crystal transparency. GaP is transparent, so
most of the light generated at the pn junction gets out of
the chip, accounting for its high power efficiency.
GaAsP absorbs a great deal of the light—about 98%—
before it can escape, but the light is focused better and
is more luminous.

Light output

Both crystals have high refraction indices. (The index
N, = 1 in Fig. 4 is that of airand N, = 3.5 is that of the
crystals.) Because of this high index any ray from the
pn junction has slim chance (about 2%) of not being
totally reflected. Any light diverging at an angle greater
than 17 from the diode axis is reflected back into the
crystal (I, is the critical angle). About 30% is reflected
by the surface in addition to the total reflection at
angles over .. The reflection coefficient for light nor-
mal to the surface is:

[(N!—NL’)/(NI +N3)]2

Since GaAsP absorbs the reflected light, not more
than 1.5% of the electroluminescence is actually visible.
However, such light as does emerge is ideal for viewing,
with most of the radiation in the forward direction. In
this emission pattern (Lambertian) the luminance is con-
stant over a wide viewing angle and an eyeball can
move about and still see a clear image.

By contrast, the whole GaP chip lights up. Refiected
light bounces around in the crystal and emerges ran-
domly at the chip faces. Because the emission pattern is
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3. Visible shift. Emission spectra of typical red GaAsP and GaP diodes show why GaAsP appears as bright despite its lower quantum effi-
ciency. GaAsP emits a narrow band of wavelengths and the shift between luminous flux visible radiation and the total radiated output is small.
The GaP spectrum is broad, much of the energy is invisible, and the power density at any given wavelength is lower.

nondirectional, or isotropic, the spacing between chips
must be adequate to preclude optical crosstalk lest the
viewer be unable to tell which were radiating and which
were illuminated by their neighbors.

Hence, GaP diodes could not be used in a dot matrix
or other high-density array unless baffles were placed
between them. If an opaque material filled the spaces
between chips, the extra power output through the chip
sides would be lost. Generally, reflectors and lenses are
used to make the outputs of GaP diodes directional.
They cause multiple images, which the eye can blend,
but a microfilm recorder or film annotator can’t.

For economy, the segments of seven-segment GaP
displays usually are made by embedding a diode chip in
a faceted plastic light pipe. The facets caused a line of
images to appear, making the segment look like a line,
not a square. Off-axis visibility is poor with clear plastic.
However, if the plastic diffuses the light, most of it is
concentrated at the center of the line. Clear plastic
with a rough surface improves off-axis visibility and
gives a good line, but must be handled carefully since
moisture or finger oils will tend to make the surface
clear again.

Because the energy is spread out, this technique re-
duces luminance. The display cannot be used in an air-
craft cockpit or other location with bright ambient light-
ing. The approach for GaAsP diode chips also was to
place the units in light pipes. Now the line is formed
and brightness multiplied by diffusing several diodes in
a row in a large, bar-shaped segment. Some GaAsP de-
vices are as big as display tubes.

As for costs, multidiode GaP segments are expensive.
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4. Getting out. Light generated at the pn junction has a tough time
getting out directly because of reflections from the crystal surface
caused by high refractive index.

GaP costs several times as much as GaAsP. GaP wa-
fers are sliced from ingots pulled by the Czochralski
method from a GaP melt encapsulated in boron oxide
at a pressure around 700 psig. The wafers are only
about '3-in. in diameter and not commercially avail-
able—the LED manufacturer has to grow his own. Red
GaP diodes are made by growing an epitaxial layer in
two steps, introducing the impurities to form a pn junc-
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tion in the epitaxial layer (see Fig. 1). Then the wafer is
cut into diode chips. GaP segments may not be
uniformly bright. The grown-junction process results in
large variations in diode forward voltages for a given
current, compared with diffused diodes.

On the other hand, GaAsP wafers up to 1.5 in.* are
commercially available. Wafers of 4 to 5 in.” are being
made and may soon be commercially available. Sub-
strate GaAsP is vapor-grown epitaxially on a GaAs sub-
strate. After the diodes are diffused into the epitaxial
layer, the wafer is cut into segment bars, dot-matrix ar-
rays, or indicator diodes after the top electrodes are
metalized.

A GaAsP diode’s light output remains directly pro-
portional to the diode forward current (Fig. 5) as long
as the current density is not so high to cause the junc-
tion to overheat. Strobed displays are operated with very
high peak currents at low duty cycles. The eye inte-
grates these very bright pulses into a continuously
bright display. In film recording, pulse times as short as
10 microseconds are used.

GaAsP’s efficiency increases with current. Below |
milliampere, nonradiative recombination phenomena
reduce quantum and power efficiencies. Conversely,
GaP is most efficient at low currents. High current den-
sities cause nonradiative recombination processes to
dominate, making GaP unsuitable for high-speed puls-
ing. Nor can high currents be used to get high bright-
ness levels. To do so, the chip area must be increased,
raising the number of photons generated—and the cost.

Right now, the application best suited to GaP’s prop-
erties is indicators using low current. The material is
suitable for multicolor displays: green and red are avail-
able now and green seven-segment devices are being
made, although they are not yet cost-competitive.

GaP can be made to emit green and red in various
proportions, giving colors through yellow and orange. If
green and red chips are placed close together on a
three-pin header, the color can be tuned from green to
red by varying the current to the chips. In this case,
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5. Line—up. GaP Es more efficient than'GaAsP ét low current bui
won't operate as well as GaAsP at high current or high temperature.

crosstalk between the two chips helps the optical mixing
(as seen by the eye—a spectrometer would see only
green and red, not yellow or orange).

GaP prices will certainly drop and allow multichip
diode arrays to be made that might compete with simi-
lar GaAsP displays. But since GaAsP will also be get-
ting cheaper, the GaP displays are not likely to gain a
cost edge. GaAsP will probably remain the more eco-
nomical technology for numeric and alphanumeric dis-
plays, and for bright red and orange lights.

Both materials should exhibit further improvements
in light outputs and efliciencies. GaAsP has come up
two orders of magnitude in light output in the past five
years, without much being done so far to decrease its
light absorption. GaP, already transparent. can be ex-
pected to show higher quantum efficiency.

If the problems of growing GaP on top of GaAsP can
be solved, the combination should give devices with im-
pressive light output. The GaAsP diode on the bottom
could be operated at high current for intense brightness
and the GaP overlay shaped into dome lenses. The light
from the GaAsP would enter the dome with little reflec-
tion at the interface. Since most rays would be normal
to the curved face of the dome lens, a high percentage
would emerge without being reflected back. O

6. Light. Large display is the 0.6-in.-high Litronix Data-Lit 6; the
other is typical of the 0.25-in.-high display made last year. Two seg-
ments light at a time, making the device a seven-segment numeric
display. Multiple dots are used in GaAsP bar-iype segments.
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Designer’s casebook

Positive and negative gates
trim logic package count

by Louis E. Frenzel Jr.
National Radio Institute, Washington, D.C

The number of logic packages needed to implement a
decoding function can be significantly reduced, and
costs can be held down, by mixing and matching indi-
vidual gates to build your own decoder. The scheme is
effected by mixing positive and negative gates from the
same logic family. Package count is reduced because the
mixed logic uses a tree or cascade decoding arrange-
ment.

Normally, five type-7410 positive NAND gates (each

T mae

Wy |
Sl — i
= I

c =3
=

(a) OCTAL DECODER WITH ACTIVE HIGH OUTPUT

Mixed gates. Binary-to-octal (a) and binary-to-hex (b) decoders can
be built with only three and six logic packages, respectively. Mixing
both positive and negative logic from the same logic family does the
trick. The circuit uses positive NAND gates for the input lines and
negative NAND gates for the output lines. Either decoder can be
built with an active low output or an active high output
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7410 package contains three triple-input NAND gates)
are required to realize a binary-to-octal decoder with an
active low output. A decoder with an active low output
produces a binary 0 at the selected output, while all
other outputs are at binary 1. Additional inverter pack-
ages are required to achieve an active high output.

The circuit of (a) uses only three 1C packages to real-
ize the same decoding function, but with an active high
output. Four dual-input positive NAND gates decode
least-significant bits A and B; two quad dual-input neg-
ative NANDs provide the final decoding for the C bit.

This positive-negative mixing technique can also be
applied to a hex decoder. Ordinarily, eight type-7420
positive NAND gates (each 7420 package consists of two
four-input NAND gates) are needed for a one-of-16 hex
decoder that has an active low output. However if posi-
tive NAND gates are mixed with negative NANDs. only
six ICs are needed (b).
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High-impedance driver boosts
detector’s dynamic range

by Robert J. Matheson
U.S. Department of Commerce, Office of Telecommunications, Boulder, Colo.

Most detectors have a limited dynamic range of around
40 decibels because the diodes they employ do not con-
duct effectively when diode voltage falls below 0.1 to 0.5
volt. By driving the diodes with a high-impedance cur-
rent source, the dynamic range for a full-wave detector
can be increased to 120 dB.

Although diodes do not detect efficiently below their
threshold voltage, they can conduct a very small cur-
rent. The high-impedance driver, then, performs like an
ideal current source, always forcing the proper current
through the diodes regardless of diode voltage. Hot-car-
rier diodes are used in the detector shown since their
threshold voltage is lower than that of ordinary diodes
(0.1 to 0.2 v, rather than 0.5 V).

Commonly, detector dynamic range is increased by
driving the diodes from a high-voltage step-up trans-
former. However, this technique is limited by diode re-
verse breakdown voltage and produces only about a 60-
dB range. Operational amplifiers are often added to the
circuit to broaden detector dynamic range, but they re-

strict operation to relatively low frequencies.

In the wide-range detector, two transistors, biased in
a complementary common-base configuration, are the
basic driving components. Transistors Q, and Q. pro-
vide an output impedance of about 2 megohms at a ca-
pacitance of 10 picofarads. Inductor L,. which has an
equivalent parallel resistance between 500 kilohms and
I megohm, tunes out this capacitance. (The inductor
should be kept out of a direct current path since any dc
flow may significantly reduce its parallel resistance.)

Because the driver stage operates at an extremely
high impedance level, even a minute direct current im-
balance (due to component tolerances) introduces a
large voltage change that could force either Q, or Q.
into saturation. An FET source-follower prevents this by
balancing the bias currents in each half of the driver.
The hot-carrier diodes are isolated from any net dc im-
balance at the driving point by capacitor C,.

Both positive and negative half-cycles of the input
signal are detected by the diodes, resulting in full-wave
detection. The detected signal has a ripple frequency of
910 kilohertz, which is smoothed by a low-pass filter
and a differential amplifier bufter. Capacitors C, and C,
improve detector large-signal performance. particularly
for short-duration pulses.

For a 455-kHz input, detector output is linear from 10
millivolts to 10 v. From 10 microvolts to 10 mv, the out-
put deviates slightly from linearity, with a maximum
deviation of 0.1 dB for an input change of 1 dB.

Full-wave detector. Complementary four-transistor array forms high-impedance driver that forces desired current through hot-carrier
diodes. FET source-follower balances driver bias current to prevent unwanted transistor saturation. Diodes detect positive and negative por-
tions of input signal, which is then fittered and buffered. Detector operates over 120-decibel dynamic range for 455-kilohertz input.
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Analog-digital circuit turns
scope into curve tracer

by Robert D. Guyton
Mississippi State University, State College, Miss.

Any standard oscilloscope having a vertical differential
amplifier input can easily be made to function as a tran-
sistor curve tracer. With an inexpensive analog-digital
circuit, the common-emitter characteristics of npn tran-
sistors can be displayed, and with two slight modi-
fications pnp transistors also can be accommodated.

The circuit generates two waveforms: a staircase step
function (Vy) to drive the transistor's base, and a
triangular wave (V..) for the collector. A pair of RTL j-k
flip-flops and two operational amplifiers are the major
circuit components,

Flip-flops FF, and FF, form a binary counter output
is summed by op amp A,. The output of A,, a four-step
staircase voltage, supplies the base drive. Additional
voltage steps can be added by increasing the number of
flip-flops and summing resistors.

The output square wave of FF,, when integrated by

op amp A, provides the triangular collector voltage.
The amplitude of this voltage is controlled by an input
clock frequency: the higher the frequency, the smaller
the amplitude. Diode D, clamps the waveform to a
positive swing so that the test transistor is protected
against a wrong voltage polarity.

Collector current is determined by measuring the
voltage across the collector supply resistor, R,. For ex-
ample, if R, = 1 kilohm and the scope’s vertical at-
tenuator is set to | volt per centimeter, the vertical cur-
rent scale is calibrated at | milliampere per centimeter,
and the horizontal voltage scale to 1 volt per centimeter.

Circuit current and voltage ranges are limited by am-
plifiers A, and A,. Tacking a power transistor on the
output of each op amp is a simple way to extend the cir-
cuit’s operating range.

To display the characteristics of a pnp transistor, the
output of FF, must be summed at the negative input of
A, to invert the staircase voltage, and diode D, must be
reversed to clamp the triangular wave to negative volt-
ages. Or, adding a multiposition switch to accomplish
these changes would permit checking either transistor
type with just the flick of a switch.

Designer’'s casebook 1s a regular feature in Electronics. We invite readers to submit onginal
and unpublished circuit 1Ideas and solutions 1o design problems. Explain briefty but thor-
oughly the circuit’s operating principle and purpose We'll pay $50 for each item pubhshed

Curve tracer. Inexpensive circuit allows common-emitter characteristics of npn transistor to be displayed with ordinary scope. Qutput of bi-
nary counter (FF, and FF,) is summed by A, to generate staircase base drive (V,,) for test transistor. Triangular collector drive (V..) results
when square-wave output from FF | is integrated by A,. Transistor voltage-current curve is displayed by using voltage across R,.
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Add a Philips
1ns pulse generator

to a Philips
200ps sampling
scope...
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I —
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PM 3400

1 Mv sens

1.7 GHz bandw.
$2890

and you have

the fastest system
for advanced
pulse waveform
analysis that you
can buy for the
money.

You will also have the lightest, most
compact and easiest to operate system
that you can buy at any price.

PM 5775

Rise & fall time € 1ns

Frequency range: 1Hz to
100Hz

Adjustable pulse width/
delay: 5ns to 100ms

Baseline offset: 0 to =1.5v

Cascade operation of two
PM 5775's easily effected

“PCM version”, PM 5776,
offers independently ad-
justable second output.

PM 3400

Rise time 200ps

Frequency range: DC to
1.7GHz

Dual trace

Sensitivity ImV/cm

One knob triggering to
1.7GHz

External trigger sensitivity:
3Mv at 1.7GHz

Delay lines with ultra fast
trigger circuit assure
smoothed, flicker-free
image.

Call us for a demonstration:
914-664-4500. Dick Rude,
National Sales Manager,
Test & Measuring Instru-
ments, wil! be glad to arrange
one for you.

PHILIPS
ELECTRONIC
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750 S. FULTON AVE, MT VERNON, N.Y 10550
A DIVISION OF PEPI, INC
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Making sense out of delay specs
iIn semiconductor memories

There are almost as many ways of defining delays in memories
as there are arrays; here is a coherent view that can
be used as the basis for a system timing diagram

by John Springer rairchild Semiconductor, Mountain View, Calif. *

U The manufacturers of semiconductor memories are
highly inconsistent in the way they specify the switching
speeds of their products. Sometimes the delays are de-
fined in terms of how the device works, and at other
times in terms of how it reacts to external signals.

This wouldn’t matter so much if memory system de-
sign were still in the hands of specialists. But now that
semiconductor memories are becoming an integral part
of the processor instead of a quasi-peripheral subsys-
tem, logic designers are taking over, and they often find
the lack of standards for memory timing notation quite
confusing.

To clear up the confusion, this article develops a
coherent explanation of a memory’s switching charac-
teristics, relates this to the most commonly specified
quantities on data sheets, and shows how to use this
data to construct a timing diagram for a system.

The simplest way of analyzing a semiconductor
memory in terms of its delays starts from the assump-
tion that it’s an ideal device with three kinds of input
and one kind of output (Fig. 1). The device may be a
single storage cell. or an array of such cells. Being ideal,
it has no intrinsic delays, but its external connections all
have individual delays—Al on the data input, AW on
the write-enable signal, AA on the address input, and
AO on the data output. And if the device is a large ar-
ray, the external lines may be multiple, carrying whole

Now with Advanced Micro Devices, Inc., Sunnyvale, Calif

REAL
DATA m MEMORY
INPUT
ADDRESS
IDEAL
MEMORY
WRITE
ENABLE aw

I it
OUTPUT

1. Ideal. A simple approximation of the delays in a memory system
lumps them all into the inputs and outputs, and substitutes an ideal
device with no intrinsic delays for the physically rea! device.
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bytes or words instead of single bits, for example.

Each input and output in the diagram is binary—that
is, it has only two stable conditions, a more negative
level and a more positive one. For a given device, each
delay shown has two values, one for the propagation of
a negative-to-positive transition through the delay ele-
ment, and one for the propagation of a positive-to-neg-
ative transition. Moreover, it’s combinations of these in-
put and output delays that create the real device delay
times. Access time, for instance, is the sum of the delays
on the address input, AA, and on the data output, AO
(since the delay through an ideal device is zero). Since
AA and AO each have maximum and minimum values,
their sum also has a maximum and a minimum value.
Likewise, data may appear on the input lines, and at
some later time a write-enable signal appears, making
the device’s data setup time AI - AW,

LimIited differences

In general, a memory system contains many devices
for which the delays are different yet whose maximum
and minimum limits must each be known. Moreover,
when a system is intended for high-volume production,
the range for the devices to be used in all systems must
be known, to avoid the need to tune each system indi-
vidually. A given pair of paths may turn out to have the
maximum delay, and, for the system to operate reliably,
this defines the system’s minimum timing. Yet the de-
signer must also remain aware of the fact that access
time, say. may be shorter than the maximum, and that
the output of the memory device is unknown between
(AA + AO),i, and (AA + AO),..,.

At this point, interrelations between the individual
delays in the simple model must be taken into account.
In the absolute sense, this would involve specifying the
delay in every pair of paths—a rather large number of
parameters. More practically, the output delay is usu-
ally important only during a read operation, so only a
few measurements need be specified on it. But the input
timing is completely under control of the system, and
must be specified for every input path with respect to
every other input path. Once he knows how these inputs
behave in relation to one another, the designer can
guarantee a reliable system.

All these delays are internal device parameters, not
system parameters. But because of the widespread fail-
ure to distinguish between the two kinds of measure-
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ments, some manufacturers list a guaranteed minimum
access time and others a guaranteed maximum-—the
maximum for the device is the minimum for the system.
For clarity, this article designates all device delays with
a small t and all system delays with a capital T.

There are eight important memory device delays, all
composed of some combination of the four delays in the
simple model: access time, read recovery time, write
time, data setup time, data release time, address timing,
write recovery time, and chip-select delay.

Access lime may be specified as t,,, and t,,, or sim-
ply as t..... It is the length of time from the appear-
ance of a valid address on the address input to the ap-
pearance of valid data on the data output—and also, if
specified, the time from the disappearance of the ad-
dress to the disappearance of the active level. Where
both are specified. system access time can sometimes be
improved by taking advantages of the difference be-
tween them at the gate driven by the data output line.
Where only one is specified, it may be the larger of the
two. but more often it is just t,,, the active output state
being the more negative one. Since the output stage of a
memory usually has open-collector circuits, access in-
volves pulling the output line from its normal positive
level to the negative level if the stored data demands it.

Both maximum and minimum access times are im-
portant. The. maximum access time specifies how long
the system must wait for valid data after it supplies an
address, and the minimum time specifies how long the

75 80 85 90 95 100 105 110
TIME (NS) ' ' | 1 I I L
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0ATA \
INPUT
e e— — .
J Parameter [ Definition min .typT max | units
1
A tash High data setup time | 10 20 | ns |
sl Low data setup time | —5 l 15 ns ]
— ~ 1 ) . [N— |
B ts | Data setup time -5 20 l ns j
c tg Data setup time | 20 4 ns
t, Data release time ) ns
+— 4
D tg Data setup time 20 ’ ns
th Data hold time L 51 ns
£ Ts Data setup time 20 { ns
Th Data hold time 1 5 ! | ns |

2. Difficulties. Delays illustrated in simple timing chart are often in-
correctly and confusingly specified in many different ways, as the
table shows. Meaning of shading is explained in Fig. 4.
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data remains good after the address has been removed.

The read recovery time, t,, is the time required for
the output of the memory to return to its normal (usu-
ally the positive) level, after the address has been re-
moved. This delay, which is mostly caused by the sense
amplifiers inside the device, must be taken into account
when two successive read operations from different ad-
dresses within a single device cause the output data line
to be first low, then high: the high level cannot be at-
tained until after t,, has elapsed. Read recovery time is
basically the t,,, for an open collector output. It is usu-
ally of no consequence, because it will be covered up by
the access time of a second read cycle.

In the kind of system where data is taken from a
series of sequential locations at a high rate. however, t,,
is important. It’s also important when the data input
and output lines share a common pin in the memory
package—as they do, for example, in Fairchild’s 93400
memory. After a read opcration that produces a low
level, the common pin will remain low for the read re-
covery time, and this may interfere with a subsequent
write operation—external logic cannot bring the com-
mon input-output line high while the internal open col-
lector is holding it low.

The write time t, is the length of time that an active
level must be present on the write-enable line to guar-
antee successful writing in the memory. (A better name
for it would be “write pulse width,” but this would con-
fuse it with a similar system parameter.) The system
must provide the write-enable signal for the full length
of t, . to guarantee writing in the slowest memory
devices: and if the write enable signal is generated by a
decoder circuit, any glitches on the decoder output must
be less than t,,,, to guarantee not writing in cven the
fastest devices.

Because the write-enable signal begins and ends the
writing operation, it is a convenient reference for the
other input delays, serving in fact as a sort of clock or
basic timing puise.

The data setup time and the data release time for
both high and low output levels make up four pa-
rameters associated with a memory’s data input and
symbolized as ty., tucis tarns and tg,,.

Consider the two external delays, Al and AW, shown
in Fig. 1. Since the write time is the critical parameter,
let the time scale begin at the point where the write-
enable line becomes active—in most cases, where it un-
dergoes a high-to-low transition. The level on the data
line is not important at this time, because most memo-
ries accept input data up to the low-to-high transition of
the write-enable line, just like an edge-triggered flip-
flop. But when this low-to-high transition occurs, the
data input to the ideal cell must represent the data to be
stored. Thus the correct levels must be present at the in-
put of the memory Al earlier. This deadline is Al - AW
before the end of the write-enable signal at the real
memory input.

Only the low-to-high transition of the write signal is
important, but both transitions of the data are signifi-
cant. These are the sctup times for high and low data, or

tee, = A,- AW and

tesy = AL - AW
Suppose that these are 20 ns and 10 ns respectively. If
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data represented by a high level is to be stored, then it
must be on the data input lines at least 20 ns before the
write-enable signal rises—at the real memory, not at the
ideal device. This high data must also remain on the
data lines long enough to get stored in the memory.
Now a low level takes 10 ns to get through the delay,
and, if it appears less than 10 ns before the rise of the
write-enable signal, won’t get to the ideal device before
the preceding high level has been stored and the write-
enable signal is gone.

Therefore, the high level must be applied at least 20
ns, and be removed at most 10 ns, before the rise of the
write-enable signal. The 10-ns figure is commonly called
the data release time for the high level, or ty.,. but it is
obviously also the data setup time for the low level, or
tys1- Hence ty, = tg, not only in magnitude, but in ev-
ery other respect, too.

Range versus timing

In a system containing more than one device, how-
ever, the ranges of setup and release time affect the tim-
ing of data availability on the inputs. For example, to
store data represented by a high level, the level must be
applied not later than the longest t,., before the rise of
write-enable, and maintained at that level until after
the beginning of the shortest ty,,, or equivalently the
shortest tg,,. Conversely, to store the low level, it must
be present before the maximum t,., and remain until
after the minimum t,.,,.

It is worth noting that if the delay through the data
path is very short, then Al - AW may be negative, and
appear as a negative value for one or both of the min-
imum data setup times. It means that under certain cir-
cumstances data that changes after the removal of the
external write-enable signal will be stored at its new
value because in fact the write-enable signal was still
moving slowly through the delay when the new data ar-
rived. Data sheets specify this as either a negative re-
lease time or a positive hold time.

By now, it should be clear that the four setup and re-
lease times are really only two different quantities,
which can have maximum, minimum, and sometimes
negative values. Yet many device people insist on speci-
fying all these quantities separately. Confusion
abounds, particularly when the distinction between
maximums and minimums, or between positive and
negative numbers, isn't clearly specified.

Some of the difficulties that can result are illustrated
in Fig. 2 and the associated table, which shows five dif-
ferent ways timing specifications can be-and often
are—published. The figure is a timing chart for the
memory device with a write-enable pulse that ends
(goes high) 100 ns after the reference time. The chart
also shows the required inputs for high and low data:
data can change in the shaded areas, but must be stable
in the unshaded areas to guarantee writing as specified.

The first specification (A) follows the method recom-
mended in this article. To write high data, the low-to-
high transition must occur no later than 80 ns after the
reference time, which is the maximum t,., before write-
enable rises, and the level must stay high until 105 ns
after reference, a time later than the rise of write-enable
because the minimum t,,, is negative. A later rise or
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Parameter Definition min | typ  max | units
DEVICE tas Address setup time 10 ns
1 tah Address hold time 7 ns
DEVICE tas Address setup time 10 ns
2 tar Address release time 5 ns

3. Setup and release. Althdugh basically similar parameters, these
delays are measured relative to two different reference points—the
leading and trailing edges of the write-enable pulse.

earlier fall makes the correct storage doubtful. But to
write low data, the high-to-low transition can occur as
late as 85 ns after reference, allowing the maximum t,.,.
and can be reversed as early as just after 90 ns, for the
minimum t,,.

Specification B ignores the difference between setup
times for high and low signal levels. Specification C
chooses to list high data release time instead of low data
setup time; besides the confusion in terminology, the
time is listed in the wrong column—a common error.
Specification D uses still another term, data hold time,
which simultaneously changes the sign of the quantity
and changes the minimum to a maximum, so that now
the column is correct. Specification E is written from the
system instead of the device point of view—the most
common source of confusion.

Address timing

To revert to the next of the eight device delays being
considered, address timing, like data timing, involves
four different quantities: setup time, t,.; release time,
t... hold time, t,,; and another quantity that is often
called simply address time, or t,. But unlike data timing,
both edges of the write-enable signal are important
relative to the address signal. In most devices an ad-
dress is always present on the address inputs, and this
must remain unchanged during the write process.

There is likely to be less difference between the times
at which nominally simultaneous high and low address
bits arrive at the ideal memory than there is with data
bits, because address bits usually pass through less com-
binational logic en route from their source. This means
the worst-case fast and slow bits are usually fairly close
together, and differences between high and low address
bits need not be specified. However, two parameters
must be carefully considered; these are the maximum
setup time relative to the leading edge of the write-en-
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Meaning
Timing diagram o .
symbol
Forcing functions Other ‘unctions
Must be steady Will be steady
HIGH or LOW HIGH or LOW
———————— Will be changing
HIGH to LOW from HIGH to LOW
‘‘‘‘‘‘‘‘ changes permitted sometime during
| designated interval
ey Will be changing
LOW to HIGH from LOW to HIGH
,,,,,,,,,, changes permitted sometime during
designated interval
Do State unknown;
changing
—

4. Uncertainties. Sometimes the exact time of a transition may vary
or can be unimportant. On a timing chart different hatchings are
used to represent each kind of uncertainty.

able signal. and the minimum setup time relative to the
signal’s trailing edge.

The first parameter is the longer of AA, - AW and
AA. - AW It specifies how much time the device with
the slowest address path requires to get the address into
the ideal memory ahead of the write-enable pulse. lts
symbolis t,. -

The second parameter is the shorter of
AA. - AW and AA. - AW . It specifies how long the
fastest device takes to get an address into the ideal cell.
No change in an address can be permitted until less
than this time remains before the end of the write-en-
able signal. Although it is actually the minimum ad-
dress setup time, it is measured relative to the rising
edge of write-enable. whereas the maximum set-
up time is measured relative to the falling edge and de-
serves a different name. Since the minimum setup time
is likely to be either zero or negative, it is commonly
designated address hold time, or t,: where it is positive,
address release time, or t,, is used.

Figure 3 demonstrates this graphically for two hypo-
thetical memories. Device 1 is typical of most semicon-
ductor memories, but occasionally one is encountered
with the characteristics of device 2. In both, a substan-
tial difference between AW . and AW_ is assumed, em-
phasizing that the address setup and release times are
not two limits of the same parameter. As the diagram
and the accompanying table indicate. a release time is a
minimum, but a hold time. because it has the opposite
sign, is a maximum.

Although addresses for most memories are in conven-
tional binary form, occasionally one has some other
scheme. Then the minimum address pulse width be-
comes important, because sometimes a nonexistent ad-
dress may be presented between valid address pulses to
the array. Since writing can be guaranteed only if a
valid address is present long enough for the slowest
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memory to respond, the address time, t,, is analogous
to, and lasts about as long as, the write pulse width, t,.

But the really important criterion for writing is that,
at the ideal memory, both the address and the write
pulse coincide for long enough to allow the slowest de-
vice to respond—during a4 maximum time, again, from
the device point of view. and a minimum time from the
system point of view. Either of the two pulses can start
the operation when the other is present, and the trailing
edge of either can end it. Generalizations are difficult
but in most systems, the address brackets the write
pulse. so that the write operation depends on the dura-
tion of the latter.

The second-last of the memory delays under discus-
sion is the write recovery time, t,,, which restricts the
use of the data output lines following a write operation.
It is quite like the read recovery time—the sense ampli-
fiers respond to the data being written just as they do
during a read operation, and when the written data

DATA
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CLDCK =
ADDRESS
INPUT
ADDRESS ADDRESS 6802
COUNTER COUNTER PULL-UP
| INCREMENT —T RESISTDRS
DR LDAD
DECODER I Vee
:: < g <
= = ‘]
w
= 16x4 |
S MEMORY —
@
<L
e
= =Hes=
< 16x4 ]
MEMORY ]
WRITE
ENABLE B
- -
16x4 _—
] MEMORY —
L] 0 .
ADDRESS > 16x4
INPUT BUS MEMORY
==
DATA
ENABLE QUAD LATCH
DATA
DUTPUTS

§. Scratchpad. Typical simple design shows how all the different
delays can be balanced against one another. Two timing charts, for
two approaches to memory operation, appear in Figs. 6 and 7.
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6. Simple and fast. This first pass at determining the timing of a simple scratchpad memory yields fast operation, but the different cycle
times for read and write could cause difficulties for the processor system using the scratchpad.

drives the output to its more negative level, the ampli-
fiers require a short time to go positive.

An example of this behavior is found in Fairchild’s
MpL 93403, 4-bit-by-16-word memory, whose output
follows the input during a write operation, but is in-
verted during a read operation. Thus, writing low-level
data into the memory causes the output to be low while
the write-enable pulse is present; but, when the write-
enable ends and the address remains unchanged, the
newly written data appears as a high level at the output.
Because the sense amplifier inverts the data. each stored
low level appears as a high level—-but not until after the
write recovery time has passed.

Finally, most memories have chip-select inputs that
let address and data lines be shared by several chips.
One chip can be enabled for a read or write operation.

In some memories the chip-select is simply part of the
address. It is decoded in the same way and is subject to
the same delays. But in newer designs, where the chip-
select is independent of, and is considerably faster than,
the address, it has its own delay time specified: the de-
lay from the leading edge of the chip-select signal to the
time the output becomes active is the enable time, t.,
while that from trailing edge to inactive output is dis-
able time, t,. For a write operation. the enable time has
minimum and maximum values relative to the trailing
edge of the write pulse, just as the data input does. al-
though in general the chip-enable signal should be ac-
tive at least as long as the write-enable signal.

So far, the discussion of memory delays has assumed
that the signals are self-timed by their own rise and fall.
But some memories, notably large MOS arrays, require
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two or more clock pulses, and are subject to fairly rigid
timing. Their timings are analogous to those already
discussed but referenced to the clock pulses rather than
to each other. Otherwise, their timing can be designed
in the same way as the seif-timed memories.

In designing the timing of a memory system within
the framework of these eight device delays, it’s best to
start by showing all the signals relative to a single time
axis in a timing diagram. Only one pulse train can be
precisely known at all times, and that pulse train must
be taken as the reference. All other signals will show
some uncertainty relative to this reference. Fig. 4 shows
the best way to draw such timing-diagram signals.

As a specific example, take the job of designing a
scratchpad memory containing 64 words of four bits
each and using four MpL 93403 memories. These
memories have open-collector outputs, so respective
data lines can be connected in a wired-OR configuration
sharing common external pull-up resistors. The 64
words require a six-bit address, four of which go directly
to the address inputs on the four memories, with corre-
sponding inputs common to all four chips. The other
two bits are decoded into one of four chip-select signals.

The address itself can be held in two parallel loadable
counters, which can either increment the address of the
previous cycle by 1, or accept a new address from an ex-
ternal source, depending on the state of a controiling in-
put line, at the time of an external clock pulse.

The data output lines drive the parallel inputs on a
quad latch, which accepts the data when its data-enable
input is low. Its outputs present the data taken from the
memory to the system’s processing logic.
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The complete design is shown in Fig. 5. Examples of
the integrated circuits used, all from the Fairchild line,
are two 9316 address counters, a 9321 decoder, and a
9314 quad latch, plus of course the four 93403 memory
arrays.

The system must supply a clock pulse to the address
register, an enable pulse to the quad latch, and a write-
enable pulse. These must be properly timed to do their
jobs and to permit the necessary propagation delays to
take place. The parameters that affect the timing of
these pulses are listed in the table, in the format A dis-
cussed carlier in this article (see Fig. 2).

Start with the clock

Since the address register clock is the event that starts
any memory cycle in this design, it is a convenient refer-
ence timing signal. Assuming that it makes its low-to-
high transition at reference time T = O, the address
register outputs may begin to change after the min-
imum propagation delay of § ns, but will be settled only
after the maximum time, 30 ns, as shown in Fig. 6. The
design uses two four-bit counters as the address register,
one providing the address bits directly to the four
memory chips, and the other driving a decoder to pro-
duce one of four chip-select signals. This decoder out-
put, a negative-going signal. may appear as early as 15
ns after the register output begins to appear, or as long
as 30 ns after it is settled—that is, anywhere between
T=20and T = 60.

The memory’s data may begin to appear on the out-
put lines as early as the minimum access time after the
earliest possible address appearance. But reliable data
isn’t available until the maximum delay following the
latest chip-select signal—that is. at T = 120. Until then,
the memory output remains uncertain for all of 90 ns.
But once the data output is established, the quad latch
enable signal may become active. Waiting out this 120-

ns interval also lets the data from the previous cycle
stay in the latch for the longest possible time—a possible
benefit for the external system.

The latch enable signal must be kept active (low) for
at least t._.. Oor 25 ns; it must have begun by T-120
at the latest, just as the data becomes reliable; and al-
lowing for 10 ns uncertainty at its trailing edge. it must
have ended by T = 155. But because the latch’s min-
imum setup time is 7 ns, the data from the memory
must remain good until nearly T = 165.

At the end of the 165 ns interval, new data can ap-
pear—and that fact determines the minimum duration
of a read cycle. Data first began appearing at the output
of the chip 35 ns after the rise of the address register
clock. A new clock pulse can also therefore be applied
to the address register 35 ns before new data can be per-
mitted to appear at the memory output, or at T = 130.
Thus the minimum read cycle time is 130 ns.

Of course, the memory must be capable of writing in
new data as well as reading out previously stored data.
Starting from the fact, established during the read-cycle
computations, that the address becomes valid at
T = 60, at the latest, and knowing from the specifica-
tions that the address and chip-select set-up time is a
maximum of 5 ns, the write-enable pulse can be timed
to beginat T = 65.

The specifications give a minimum width of the write-
enable signal of 45 ns. This width can be assumed to be
constant, but starting time may shift; if the uncertainty
is 10 ns, the latest time that the write-enable signal can
endis T = 120.

But the earliest that it can end is T = 110, and the
maximum data setup time is 45 ns, so the input data
must be available, at the latest, by T = 65. Further-
more, the minimum data setup time is -5 ns, so the data
must remain available 5 ns past the end of the write-
enable pulse, or until T = 125. Because the address re-

DELAYS IN SCRATCHPAD MEMORY DESIGN
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Function Parameter Definition min ty T ‘ s
— +-— —_— e — 4J - |
Binary tpd Delay from — -to- + transition to ‘ 5 30 { ns ‘
counter appearance of output data ?
S—— SRS <5 S -
Decoder tpd+ Delay low-to-high transition r 15 1 35 ‘ ns
tpa- Delay high-to-low transition | 13 ‘ 30 ns }
— ——
Random tace Delay address in to data out 30 \ 60 ns
access tas Address setup time 5 ns
memory tah Address hold time | 0 ns
tw Write pulse width \ a5 ns
tys Data setup time i -5 : a5 ns
twe Write recovery time 65 ) ns
te Read recovery time ‘ 60 ns
N e
Quad ts Data setup time : -7 ‘ 25 ‘ ns '
latch tpge High data in to output ' 18 | ns
tpd Low data in to output 32 ‘ ns
te Data enable pulse width 1 ’ 25 ns
tpd Delay, enable in to data out | 28 ns
T ——— —— il ) ({——
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7. Stretched and combined. The altered timing pattern for a seratchpad memory isn’t as fast as the first design, but the read and write
cycles are equal in length, and three major external pulses can have a common source, simplifying the job of generating them.

lease time is zero. the address supplied to the memory
could change at T = 125, implying that a new address
register clock pulse can be applied at T = 120. Thus the
minimum write cycle is 120 ns, when two write cycles
are to occur in succession. But because of write recovery
time, the carliest the output can be used after the write
operation is 120 + 65 = 185 (not shown on the timing
diagram in Fig. 6).

Variations

In an actual design, the timing could be implemented
in scveral different ways. If speed were the prime con-
sideration, the timings shown in Fig. 6 could be fol-
lowed exactly. although the different read and write
cycle lengths would be a bit of a disadvantage. A more
common approach is to stretch parts of the cycle be-
yond their minimum lengths so that read and write tim-
ings are identical.

One way to do this is to combine the data-enable
pulse, which transfers memory data into the quad latch,
with the write-enable pulse. Every cycle would then
contain this common timing signal, but its function
would depend on whether the cycle were for reading or
writing, For instance, in a read cycle the data-enable
cannot begin until T = 120, forcing the write-cnable
signal to be moved back from T = 70 to T = 120, and
so extending the write cycle.

Then, although the data-enable signal need last no
longer than 25 ns, the write-enable has to be 45-ns long,
so that both signals when combined end at T = 170.
Because the address may also change at this time, the
new address register clock can come at T = 160—result-
ing in a longer cycle for both read and write than when
minimum durations were assumed for all signals.

An interesting result of this combination of functions
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8. Current source. This circuit can replace a network of common
collector resistors where several open-collector memory outputs are
connected together. It supplies a constant current as the output level
changes, thus driving the output to its new level faster.

L1 7

is that the address clock, data-enable, and write-enable
may all make the low-to-high transition simultaneously,
at T = 165-—the beginning of a new address pulse and
the end of the active period for the enable signals. Since
there is no specification for the trailing edge of the ad-
dress pulse, all three pulses can be made identical. Skew
between the three pulses can then be minimized by gen-
erating them from a single inverted pulse gated into
three NAND gates in one package. This produces the fi-
nal timing diagram shown in Fig. 7. O
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Take a shortcut
to filter design

Approximations with simplified equations take the drudgery
out of designing Chebyshev and Butterworth filters,
speeding the way to accurate designs of standard functions

by Einar C. Johnson, Naval Air Development Center, Warminster, Pa.

O Chebyshev and Butterworth filters are valuable de-
sign tools in a long and impressive list of applications.
Though their value has been proven over and over
again, analyzing and assessing the filters in specific jobs
is often a painfully tedious design chore. However, a
few easy-to-remember shortcuts permit very quick and
accurate assessment of filter specifications and mea-
sured data. These design aids can be used for both
types, and for high-pass, low-pass, bandpass, and band-
reject functions.

Of the two filter types, the Butterworth (maximally
flat) filter offers the better transient response. But
greater selectivity can be realized with a Chebyshev
(equal ripple) filter. Ripple inside the Chebyshev pass-
band increases with this filter’s selectivity; the greater
the ripple, the steeper the attenuation skirts. When
ripple is zero, the Chebyshev characteristic is identical
to that of the Butterworth.

It’s more convenient to examine the Butterworth
characteristic first—it’s the simpler of the two, and some
of the definitions and results developed for the But-
terworth filter can be applied to the Chebyshev.

If B;, denotes filter bandwidth at an attenuation of L
decibels, B, the bandwidth at the filter’s 3-dB point, and x
is the ratio of these two bandwidths, then:

x = B./B,
for low-pass and symmetrical bandpass filters, or:

x = B,/B,.
for high-pass and symmetrical band-reject filters.

The Butterworth characteristic then can be:

L = 10log(l + x*") D
where L (the attenuation or loss in decibels) represents
the ratio of peak output voltage in the passband to the
output voltage at point x; and n is the number of reac-
tances in a low- or high-pass filter, or the number of re-
sonators in a bandpass or band-reject filter. When x*" is
much greater than 1, Eq. | becomes:

L = 20 nlog(x)
or, expressing x in decibels [x in dB = 10 log(x)]:

L = 2nx 2)

Center frequency (f,) of bandpass and band-reject fil-
ters can be considered as the geometric mean between
two frequencies where the attenuation is L dB;

fo = (f, f.)"
where f, is the lower of the two frequencies, and f, the
higher. Since percentage bandwidths are usually small:

2(f, — f1) 2 2(f — fo) = B
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where B is the filter bandwidth, which can be defined
by:
B=f-f

For low-pass and symmetrical bandpass filters, Eq. |
can be solved forx = B,/,:

B|,/B;; = (IOL‘m_ l)l".'n
When x*" is much greater than 1:
BL/B;‘ — lOl 20n (3)

A useful figure of merit for most filters is the ratio of
the bandwidths at two widely separated attenuation lev-
els; the 60- and 3-dB points usually are selected. Using
Eq. 3 and letting L = 60 yields:

B../B; = 10*" = (1,000)"" 4)

This equation is accurate to six significant places
when n = 2; it’s even more exact when n increases.

From Eq. 3, it can be seen that:

B../B, = 10"'*» = (B,/B,)*, or

B./B; = (B../B;)""* (5)
Therefore, the bandwidth at the L-dB attenuation level is
the geometric mean of the bandwidths at the 2L-dB level
and the 3-dB level.

Applying Eq. 5 repeatedly to Eq. 4 gives:

B../B, = (er/BB)l * = (1,000)l = (6)
B../B, = (Bm,/B_.,)l - (1,000)1 4n (7)
B../B, = (B,;/B;)'”* = (1,000)'/*" 8)

Accuracy of Egs. 6, 7, and 8 decreases as L and n de-
crease. Equation 8, where L = 7.5 dB, represents the
lowest attenuation for which reasonably accurate results
can be obtained in this way. (The equation is accurate
to about 5% when n = 2). Accuracy again improves
with larger n.

Thus, Eqgs. 4, 6, 7, and 8 can be used to quickly obtain
several points for a Butterworth plot if n is known. Be-
yond the 60-dB level, the Butterworth characteristic has
a slope of 6n dB per octave or 20n dB per decade. For
convenience, the table lists the roots of 1,000 for several

n {1,000)""" n (1,000) '/ n (1,000
2 31.6228 7 2.6827 14 1.6379
3 10.0000 8 2.3714 20 1.4125
4 5.6234 9 2.1544 24 1.3335
5 3.9811 10 1.9953 40 1.1885
6 3.1623 12 1.7783 80 1.0902

(For low- and high-pass filters, n represents the number of reactances;
for bandpass and band-reject fiiters, it is the number of resonators.)
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integer values of n from 2 to 80.

Another useful simplification for graphical analysis
can be obtained by using Eq. 3 to compute B, /B, for
20-dB increments of L:

B.,/B, = 10"
B,,/B, = 10°/"
B../B, = 10%"
Bm/B:x = |0V
Biw/B; = 107"

showing that the exponent changes by a factor of 1 for
each 20-dB step in L.

In addition, a universal Butterworth curve (Fig. 1),
valid for any value of n, can be drawn by plotting L/n
vs log(x). Attenuation for a given B,/B, (or B,/B,) is
found by multiplying the ordinate by the desired value
of n. At the passband’s edge, the plot becomes depen-
dent on n, as indicated by the shaded area.

To illustrate how to use some of these results, suppose
a low-pass filter has six reactance arms (n = 6) and a
cutoff frequency (3-dB attenuation) of 20 kilohertz. To
find the frequency at which attenuation will reach 60
dB, use Eq. 4:

B,,/B, = 1.000'" = 3.16
Solving for the bandwidth at 60-dB attenuation:

Btiﬂ = 3.16 B;;

Since B,, = f,, and B, = f; for a low-pass filter:

foo = 3.16 f, = 3.16(20) = 63.2 kHz

Next, suppose a Butterworth bandpass filter is re-
quired that will attenuate all signals by 80 dB if they oc-
cur 0.6 megahertz or further from its center frequency.
The 3-dB bandwidth should be 0.2 MHz. To find how
many resonators are required, note that since B, =
2f, - £,) = 2(f. - f.), then:

Bsu = 2(06) = ].2 MHz
Applying the definition of x,, = B,/B, for a sym-
metrical bandpass filter:

Xao = Bso/Bx =12/02 =6
Expressing x in decibels:

X« indB = 10 log(x.,) = 10 log(6) = 7.78 dB
Assuming that x*" is much greater than | and solving
for nin Eq. 2 yields:

n = L/2x., = 80/2(7.78) = 5.15
Since only an integer number of resonators can be spec-
ified, choose:

n = 6 resonators

To derive a graphical analysis of a Butterworth char-
acteristic, suppose five points are needed for a But-
terworth plot when n = 3. Using Eqs. 4, 6, 7, and 8, and
selecting the appropriate roots of 1,000 from the table:

B,./B;, = (1,000)'* = 10.0000

B.,./B; = (1,000)"% = 3.1623

B,;/B; = (1,000)"'* = 1.7783

BT..‘./B.'; = (1,000)l = 13335
The fifth point is supplied by the 3-dB bandwidth:

B./B, =1

The resulting plot is shown in Fig. 2. A sixth point
can be obtained for the graph by noting that the piece-
wise slope of the Butterworth curve approaches 6n dB
per octave at high attenuation levels. The slope, then,
can be approximated as 18 dB per octave. Doubling the
bandwidth ratio of B,,/B, gives a point at:

L=30+18 =48dB
so that:
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B./B, T i = 2(x5) = 2(3.1623) = 6.3246

It’s not possible to achieve such simplification for the
Chebyshev filter because of its more complex nature.
However, a few aids can be developed to ease the analy-
sis problem.

Again, a look at the filter’s attenuation characteristic
is a good starting point. Using the definitions already
assigned to L and B,, the Chebyshev characteristic can
be expressed as:

L = 10log {148 cosh? [n cosh~!(B1/Bv)]} 9)
where B. is the bandwidth when attenuation equals the
ripple in the passband, and:

S =(Vu/Vy)-1
where V., is the peak output voltage in the passband
and V, the output voltage when attenuation and ripple
are equal. Variable S can also be written in terms of the
ripple:

S = lOR 10 _ l
where R is the peak-to-peak ripple in the passband, ex-
pressed in decibels. Maximum ripple is limited to 3 dB
in Eq. 9.

Solving for B,/By in Eq. 9 yields:

Lo 1\
—g—i— = cosh % cosh™! <—10—Sl —> (10)

When L = 3 dB;

[~ 1/2
By _ Ry I Y
By = cosh a cosh <S> :|

Dividing Eq. lO_by Eq. 11 and solving for L gives:

1)

L = 10log ;1 -+ S cosh? [n cosh™!

fomfiom (1))

1. Universal curve. Attenuation (L) of any Butterworth filter can be
found once number (n) of reactances or resonators is known. Curve
becomes nonlinear only in region below 5 decibels (shaded area).
Variable x is the ratio of filter bandwidth at a given attenuation (B,) to
the bandwidth at the 3-ds point (B,); x = B, /B, for low-pass and
bandpass filters; x = B,/B,, for high-pass and band-reject filters.
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2. Butterworth plot. Several points for graph of attenuation (L) ver-
sus bandwidth ratio (x) for Butterworth filter (when n = 3) can be
obtained with a few simple calculations. At high attenuation levels,
siope of any Butterworth characteristic may be approximated as 6n
decibels per octave or 20n decibels per decade. Moreover, the 3-ds
bandwidth always yields a pointat x = B,/B, = 1andL = 3 ds.

With these equations, it’s easy to find the difference
in attenuation, AL, between the Chebyshev and But-
terworth responses to be expected for large values of x.
By using a difference equation, attenuation limits can
be established to represent zero ripple in the design
band (for the Butterworth response) and 3 dB of ripple
(the maximum allowable Chebyshev ripple for the
equations developed).

Subtracting Eq. 1 from Eq. 12 yields:

AL = 10K In S + 20 K In cosh

1/2
gn cosh—! [x cosh <L cosh™! <—1-> >}§
n S

— 20 Knln (x) (13)
where K = log(e), approximately 0.4343.
For large values of x, Eq. 13 becomes:

AL=10KhS+ m—-1)20KIn2

12
+ 20 Kn In cosh [% cosh™! (%) :| (14)

By letting R = 3 dBand S = | (for maximum ripple)
Eq. 14 can be simplified even further, so that:

AL = 20K(n - 1) In(2)

Substituting K = 0.4343 and In(2) = 0.6931 yields:

AL = 6(n-1)

This equation makes possible a convenient graphical
technique. Once the Butterworth response outside the
passband is known, a line can be drawn parallel to the
response, spaced 6(n - 1) dB above it. The two curves
form a boundary for all values of ripple between 0 and
3 dB for the Chebyshev response, so that attenuation
can be estimated. The curves must bend together near
the edge of the passband, and both, of course, will pass
throughL = 3dBatx = I.

Solving Eq. 14 for common ripple values provides a
set of attenuation differences that can be used to extend
this graphical technique.

When R = 1dB;
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AL = -5.87 + 6(n - 1) + 8.69n In[cosh(1.297/n]
When R = 0.1dB;

AL = -16.33 + 6(n - 1) + 8.69n In[cosh(2.567/n)]
When R = 0.01ds;

AL = -26.37 + 6(n - 1) + 8.69n In[cosh(3.729/n)]

As in the Butterworth filter in Fig. 1, a type of univer-
sal curve can be plotted for the Chebyshev filter. How-
ever, a separate graph is needed for each ripple value.
And each graph for a specific ripple must show several
curves, since Chebyshev attenuation rate depends on
the value of variable n.

A Chebyshev filter with a ripple of 1 dB gives consid-
erably steeper skirts than a Butterworth response. Fur-
thermore, it can serve as a reference from which other
Chebyshev responses can be evaluated effectively.

Figure 3 is a computer plot of L/n vs log(x) for both
Butterworth and Chebyshev responses, when R = 1 dB
and n varies from 2 to 10. (Again, x is B,/B, for low-
pass and bandpass filters, B,/ for high-pass and band-
reject filters. To obtain filter attenuation in decibels, the
ordinate is multiplied by the appropriate n.)

The worth of this computer plot can be demonstrated
by a short design problem. Suppose a bandpass Cheby-
shev filter with a 1-dB ripple has a center frequency of
10.7 MHz and a 3-dB bandwidth of 0.5 MHz. It is com-
posed of six resonant circuits (n = 6). To find filter at-
tenuation when a signal occurs +1.25 MHz from the
center frequency, first calculate the bandwidth:

B, = 2(f, - f)) = 2(f, - f,) = 2(1.25) = 2.5 MHz
Now the bandwidth ratio can be computed:

x=B,/B,=25/05=5
From Fig. 3, it can be seen that x =
curve forn = 6 at:

5 intersects the

L/n=18dB
Solving for attenuation, L, yields:
L=18n= 18(6) = 108 dB O

//‘\ BUTTERWORTH
RESPONSE

3. Chebyshev curves. Chebyshev attenuation characteristic de-
pends on amount of ripple in passband. A set of curves can be
plotted for given ripple content and various values of n. Steeper
Chebyshev skirts (solid lines), shown for 1-dB ripple, increase in se-
lectivity as n goes from 2 to 10. When ripple is O dB, attenuation
characteristic becomes that of Butterworth filter (dashed lines).
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availability

Right now, in whatever quantity satisfies your
reed, RCA 8-amp silicon triacs are in stock. These
200-V and 400-V units, employing a glass-passi-
vated chip, have proved themselves in circuits
throughout the world.

Gate controlled ‘n all four modes, RCA-40668
and 40669 are packaged in plastic — RCA’'s own
VERSAWATT configuration (TO-220AB). You se-
lect your choice in regular or formed leads for
smell size, light weight, and high efficiency in a
broad range of applications — from dc-to-dc con-
verters to circuitry for aircraft.

Today’'s emphasis is fast delivery at common
sense prices. Call RCA. While vou are at it, ask
about RCA 40868 and 40869, new 8-amp SCR's
also available in VERSAWATT packaging.

For more information on RCA Triacs and
SCR's, consult your local RCA Representative or
your RCA Distributor. For technical data, write:
RCA Solid State Division, Section 70J25/UR13,
Box 3200, Somerville, N. J. 08876. International:
RCA, Sunbury-on-Thames, U. K., or P. O. Box
112, Hong Kong. In Canada: RCA Limited, Ste.
Anne de Bellevue, 8 10 Quebec.

“ﬂ" Solid State

products that make products pay off
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In old-fangled MOS, the goal is high-density real
estate. Jam as many bits on a chip as possible, and
let the chips fall where they may. That is, let the
systems designer worry about how to put the devices
to practical use in his circuit design.

In new-fangled MOS from Fairchild, our standard
devices are designed to optimize your system by
reducing problems, complexities—and costs.

We callit OPTI-MOS.

By including, on the same chip, some of the required
ancillary circuitry the other guys have not, we can
give youoptimum MOS: easier to use, costs less
function-for-function, smaller and simpler. All our
MOS Standards are optimized.

OPTI-MOS minimizes costs. Our MOS minimizes
these critical systems cost factors: = Labor and
material costs associated with each IC printed
circuit board, (often many times the cost of the IC
itself). = Package and assembly costs, which still
dominate MOS 'LSImanufacturing costs (lead
count reduction is as important to MOS 'LSI device
costs as package count is to IC systems cost).

Forexample: 3258 OPTI-MOS Horizontal Scan
Character Generator. This kind of generator usu-
ally requires an external row counter/decoder. This
penalizes you and us: you need several ICs and we
have to add 3 to 7 leads on the chip to accept the
counter 'decoder signals. Also, most character
generators require a two-phase clock.

The 3258 OPTI-MOS changes all that. First, it'sa
static character generator. That saves 2 leads be-
cause it requires no clocks. Second, we’ve put the
row counter 'decoder right on the chip. Which saves
an additional 2 to 6 leads (1 strobe input is still
necessary). End result? Optimization: a 16-lead
device that replaces a 24 '28-lead device plus several
ICs. Our costs are reduced. And so are yours.

3329 OPTI-MOS Silicon Gate Shift Register mini-
mizes your clock power requirements: 1/6 the clock
power per bit is all that’s needed. That’s because of
our inherently lower clock capacitance and lower
voltage swing requirement. You can use simpler—
and fewer—clock drivers. And it simplifies solutions
to the ringing problems found in any high-speed
shift register operation.

3513 OPTI-MOS ROM is truly TTL-compatible.
You no longer need input pullup resistors to
“directly” drive the MOS device. Which means you
can get rated TTL fanout without additional TTL
devices. Because we’ve put a special Schmitt trigger
buffer right on the chip, it acts essentially like an
open circuit to the TTL driver. Fanout remains

as rated, circuits are simplified, TTL-compatibility
isreal.

How to OPTI-MOS your system (and save yourself
alot of aggravation): Call or write. We have a data
packageon our OPTI-MOS. And a variety of MOS
Standards available. Like these:

OPTI-MOS SILICON GATE PRODUCT LINE

All products in this family operate from +5, Ground, and —12 volt
supplies. Using the inherent speed and density improvements of Sili-
con Gate, all devices have been designed for Z2MHz operation, elevat-
ing MOS system speeds into the realm of DTL.

Character Generators (All are Static Devices):

3255 16 Characters, 5 x 7 font, vertical scan, single space,
16-pin DIP.

3256 16 Characters, 5 x 7 font, vertical scan, double space,
16-pin DIP,

3257 64 Characters, 5 x 7 font, vertical scan, 24-pin DIP,

3258 64 Characters, 5 x 7 font, horizontal scan, 16-pin DIP.

ROM’s (All are Static Devices):

3512 2048 Bits (256 x 8), TTL 1/0.

3513 2560 Bits (256 x 10), TTL 1/0.

3514 4096 Bits (512 x 8), TTL 1/0.

Shift Registers:

3325 Quad 64-Bit, multiplexed 1/0.

3329 512 Bit dynamic 2 MHz register; only 0.09 pf per bit clock
capacitance, TTL 1/0,

3330 480 RBit ... (same as 3329)

3331 500 Bit ... (same as 3329)

3383 256 Bit register with on-chip recirculate gating, 2MHz,
TTL1/0.

RAM’s )

3532 512 Bit fully decoded static RAM.

Fairchild makes advanced products to uniform
standards throughout the world.

FAIRCHILD SEMICONDUCTOR. A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (416) 962-6011. TWX: 910-379-6435
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broadest

digital
module
ine in
the world
iIncludes
a lot of
analog
modules.

You'd expect DIGITAL to sell digital
modules. And we do. Fast ones for com-
puter design and interfacing, slow ones for
the industrial environment, simple ones;,
complex ones —all digital.

But we also sell a good many analog
modules as well. A Ict of the world that uses
digital, uses analog first. So sometimes you
need analog modules to get the job done.
: . . And getting the job done is what we

g reallysell.

DIGITAL is the world’s
largest seller of solid-state
digital modules. We can tell
you more about our broad
line of analog modules, but
we're not going to change
the name of the company.

Write. ;
E | dlifglilt]all

Digital Equipment Corporation
Main St., Maynard, Mass. 01754
(617) 897-5111

Ay

|
| Sty
|
I[,
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Probing the news___

IC houses gripe about new Mil Spec

100% testnng feature of Mil-M-38510 could sextuple prices, say

some makers, but Government indicates willingness to play ball

by Stephen Wm. Fields, San Francisco bureau manager

Some of the largest semiconductor
houses selling integrated circuits to
the Government are saying that the
new standardization requirements-
supplements, or “slash sheets”
Mil-M-38510 are creating chaos in
the industry. It's largely the result of
the specification for 100% (rather
than sample) testing of all 1Cs under
extremely rigorous conditions, a
procedure that could possibly
double or even sextuple IC prices.

After a meeting between the
semiconductor suppliers, Govern-
ment, and contractors at which
specs were presented, Joseph L.
Flood, director of reliability and
quality assurance at Motorola’s
Semiconductor Product division
said, "It looks like they've picked
the best aspects of everyone's part.”

The basic intent of Mil-M-38510
was to provide the industry with an
IC counterpart of the JAN-TX specifi-
cation for transistors. But according
to Gene Hnatek. military integrated
circuits manager at National Semi-
conductor, Santa Clara, Calif,,
“38510 is another well-laid plan
gone astray. It's being implemented
lhls year in a way that will at least
double the price of ICs bou0hl for
military electronics programs.’

But Joseph Brauer, chief of the
solid state applications section in
the reliability branch, Rome Air De-
velopment Center, stresses that the
installed price of semiconductor de-
vices is the figure of merit, not the
received part price. Brauer, the prin-
cipal architect of Mil-M-38510. says
equipment manufacturers will be
willing to spend more for more fulty
tested parts to avoid the reworking
and testing of circuit boards in
equipment, which often doubles the
cost of the gear.
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Brauer adds that there have been
procurements in quantity at *very
reasonable prices” to specifications
tighter than those called out in the
slash sheets though these costs were
higher than catalog prices.

Flood says that the only custom-
ers making any push for parts that
meet Mil-M-38510 are those build-
ing hardware for the F-15 aircraft,
especially Hughes Aircraft Co.
Flood says an F-15 parts working
group. made up of potential cus-
tomers, is writing the slash sheets
that cover the electrical specs for
these parts, “and the specs are very
tight.”” There are 10 stash sheets out
so far. One covers a linear op amp-
a 741 type—and the rest are for digi-
tal bipolar parts, mostly gates, buf-
fers, and flip-flops. The linear specs
are exceptionally tight, Flood says,
so tight that they might necessitate a
redesign of the op amp.

Hnatek says that the 741 specs
(dealing with input impedance over
a temperature range and offset tem-
perature coefficients) “were arbi-
trarily tightened up about 10%.” He
adds that the preliminary draft of
the 741 slash sheet “failed to tighten
the gain-bandwidth product spec
but this loophole was removed at a
later negotiation session, otherwise,
a processing change that degrades
gain-bandwidth product could be
used to optimize the other specs.”

No waivers

The same prevails for the digital
circuits. Jack Carsten, manager of
TTL marketing at TI in Houston,
says that while Tl is behind the pro-
gram and is actively pursuing busi-
ness, the parts will be expensive
since no waivers are permitted and
devices can’t be tailored to give a
customer what he needs at reason-

Some are stoic

purzxmelcrs 10 measure.

numbered the supplier’s side.

While some 1C firms moan about slash sheet supplements to Mil-M-38510,
others are stoic. A spokesman for General Instrument Corp.’s Semiconductor
Products Group, Hicksville, N. Y. says, “If the buyer says ‘Thou shalt,” then
we ‘shalt’ do it or we lose the business.”
new slash sheets yet. although the company has been delivering circuits un-
der Mil-M-38510 since it was issued in November, 1969.

RCA’s Solid State Operations Department, Somerville, N.J., doesn’t seem
perturbed about the new specs, either. The company has had the new slash
sheets for about a month and “doesn’t see any problems now.
still evaluating the specs, says Bernard Vonderschmitt, vice president of 1C
operations. He doesn’t think any fundamentally new equipment will be
needed. although longer test time will be required because there are more

These specs are supposed to be agreed upon at meetings held by the De-
fense Electronics Supply Center and Wright Patterson Air Force Base with
representatives of the companies and government prime subcontractors
present. Each company has one vote at these meetings, but at the meetings
held so far, the Government side (including contractors that were said to
have been briefed beforchand as to which way to vote) has always out-

However, GI admits it hasn’t seen the

.

However, it’s
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able cost. There will be a large in-
crease in capital equipment, he
feels. as well as people to implement
the program if or when it becomes
mandatory. Carsten says that ul-
timately, parts will be from six to 10
times more expensive. Another cost-
boosting rule in the new spec is that
no foreign assembly is permitted.
Flood points out that “the IC indus-
try isn’t living very well now with
overseas assembly, and the prohibi-
tion of it will have an added impact
on prices.”

Why specs are tight

On the other side. Brauer at RADC
says specs are tight “because we
don’t want to buy the garbage off
the line. If you compare the spec
value to the typical values listed for
the parts, they’re not too tight. If a
vendor says they are, he isn’t telling
the truth about his typicals.” Using
the 741 as an example, Brauer says
RADC isn’t going to please everyone.
“One guy might get hurt on slew
rate; another on offset voltage.” he
notes. depending on which para-
meters the vendor chooses to con-
centrate on. “But we've tested de-
vices off the shelf. so there are
people who’ve been able to hack it,”
says Brauer.

And while Brauer himself charac-
terizes the vendor reaction as rang-
ing from irate to cautious, he points
out that some specs already have
been amended as a result of infor-
mation exchanged between RADC
and the vendors. and, he adds,
RADC is willing to listen to legiti-
mate complaints. He stresses that
the slash sheets as issued are “lim-
ited coordination™ specs, they're
only Air Force items so far, and pri-
manly intended to get good devices
into the F-15 aircraft. “We’'ll tinker
with the machinery until we publish
the triservice military specification,”
he notes. “We’re modifying the
slash sheets and we’ll continue to do
so. We published three drafts of
38510 before the first coordination
meeting that was set up to come up
with the final draft.”

One of the problems with all of
this, Flood points out, is that while
“RADC has the technical capability
to make evaluations on such things

as device characterization, the De-
fense Electronics Supply Command
in Dayton, which is administering
the 38510 program, doesn’t.” This
leads to problems, he says. because
most of the data is coming from
Brauer and such companies as
Hughes and McDonnell Douglas.

“They want to run this the way
we work with Autonetics on the
Minuteman program, and 1 can’t
see DESC being able to do this,”
Flood asserts. He says that the ven-
dor must submit a production flow
chart to the Government, which
may demand to see all the vendor’s
production specifications, and then
order parts. One of Floods chief
complaints is that he doesn’t think
DESC is qualified to evaluate parts.
Even if DESC could administer the
task, Flood believes. no variations
from the submitted production flow
plan would be allowed. “*We
wouldn’t even be allowed to change
a rinse cycle.”” he says. “We may not
be able to improve yields, lower
costs, and improve device perform-
ance,” he adds.

OEMs, too

1t’s obvious that the military will
push 38510, and some people won-
der if OEMs will follow in line. Rich-
ard McCoy. director of reliability
programs at Signetics Corp.. Sunny-
vale Calif., says that “even though
OEMSs will have to justify why they
would go against 38510, 1 suspect
that some will try to use their own
specs if they feel that the parts will
be less expensive.” Motorola's
Flood backs this up: “There has
been speculation that the major cus-
tomers, primarily the F-15 hardware
manufacturers, won't want to pro-
cure to 38510 specs.” he says.
“They'd rather use their own specs
than pay the higher prices for 38510
parts.”

In the end. however, it all comes
down to price. Flood sums it up best
by saying that while tightening of
electrical specifications and the re-
quirements for complete production
documentation “may discourage
some suppliers, and certainly will
delay deliveries and increase prices,
we feel that we have to qualify as a
permanent 38510 parts supplier.
The question is whether we can
make money and whether the cus-
tomer is willing to pay the price.” [
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S-D puts the
accuracy back
into
high speed DVMs
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Make 30 accurate readings a second...
even with noisy inputs

Most ‘“‘high speed’” digital voltmeters
come to a screeching halt when they
have to measure noisy signals. That's
because most DVM's offer absolutely
no noise rejection without using input
filters—and even the test designed fi!-
ter will limit a DVM to two or three read-
ings a second.

Now Systron-Donner has done some-
thing to put the accuracy back into the
high speed DVM. We designed our new
fully-guarded 5-digit Model 7110 around
Dual Sicpe Integration, the only reliable
measuring technique that provices
built-in noise rejection without the need
for filters. As a result the 7110 will make
30 r2adings a second and give the right
answer every time, even in the presence
of unwanted noise and ripple. Yes,
there’s a filter, too, but you'll orly need
it for extremely noisy signals.

Built-in noise rejection is only one
feature that makes the 7110 an outstand-
ing lab or system meter. ¥ ve dc voltage
and five dc ratio ranges are standard

with all-range autoranging from *1
microvolt to =1100 volts. Both ac volt-
age and 4-wire resistance measure-
ments can be added and, for system
use, a variety of fully isolated digital
output and remote programming options
are available.

We also added some little things, like
a light that tells if you've selected an
optional function that isn't installed.
(There’s also circuitry that withstands
overloads up to 1000 volts even if you
mis-program all controls and inputs.
And to protect your investment we de-
signed the 7110 so that every option
can be irstalled at any time by simply
adding plug-in cards.

Mode! 7110 is priced from $1,695
including 100 mV full scale and ratio
ranges. Ask your local Scientific De-
vices office for technical data or con-
tact: Concord Instruments Division, 888
Galindo St., Concord, CA 94520, Phone
(415) 682-6161.

SYSTRON @ DONNER

Another S'D instrument flrst! Electronic courters/ Digital voltmeters/ Pulse generators/ Data gen-
erators/ Time code generators/ Sweep generators/ Spectrum analyzers/ Digital panel meters/ Digital clocks/ Signal generators/
Oscillators/ Laboratory magnets/ Precision power supplies/Analog & analog-hybrid computers/ Data acquisition systems.
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Centralab push button switches
brighten your design...

Current & voltage ratings
(at 25,300 cycles)-

0.43 amp at 115 VAC
1.00 amp at 28 VOC

; Vh ".;..." “ta ecgnc .:‘5 -'~0 ance in et AE =10
- the spetlight is on Ceritralab: Our push button.  in .PB-15 and PB-20 Series.

‘switches* (lighted or plain}, which provide functions include mamentary, -

- -eonvenience and efficiency through modular  push-push and push pull = e

100

-design, are a bright example. In the first place,

~ it's worth repeating that you can buy Centra- -
lab domestically manufactured lighted push

buttori switches for as low as $1.25 per medule
in production quantities. Plain modules are as
low as: 21 cents each. What's more, with our
riew RSD (Rapid Switch Delivery) program,
we can deliver in four weeks, sooner in emer-
gencies. On prototype orders, we'll deliver in
two weeks. !

Then there's the plain module itself, which
contains only four parts to give longer, more
reliable life. Two, four, six or eight pole.

In ligkited modules, 3nterchangeable lenses
and filters provide maximum color utility and
aesthetic appeal. ‘Front bulb replacement ig
another convenience feature.

For consumer and industrial applications,
Centralab push button switches are lighting
the way to new economy, performance and
efficiency. For complete specifications, write
Switch Sales Manager, Centralab Electronics
Division, Globe-Union Inc.

*lsostat Licensed

double-throw designs are available for printed Py | N
circuit or panel mounting. As many as 29 AN z
modules can be ganged on a common mount- -
"o T'l‘l{j\‘;l\lg CENTRALAB
(/ "l Eleczronics- Division

PELIV LRS!

Circle 100 on reader service card

GLOBE-UNION INC.
5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

Electronics/October 25, 1971



NEED
IMMEDIATE
DELIVERY?

These Centralab Field Assembly
Distributors can provide proto-
type quantities of custom as-
sembled push button switches
on the day of your order:

CALIFORNIA
Fisher/Brownell
Santa Clara 95050
Phone: (408) 244-6182

Kieruiff Electronics, Inc.
Los Angeles 90022
Phone: (213) 685-5511

FLORIDA
Hammond Electronics
Orlando 32802
Phone: (305) 241-6601

INDIANA
Radio Distributing Co. Inc.
South Bend 46624
Phone: (219) 287-2911

MINNESOTA
Gopher Electronics
St. Paul 55113
Phone: (612) 645-0241

NEW YORK
Summit Distributors
Buffalo 14202
Phone: (716) 884-3450

NORTH CAROLINA

Kirkman Electronics
Winston-Salem 27108
Phone: (919) 724-0541

_ProBingt_he news

Government electronics

Transportation agency
maps electronic roads

Plans to optimize existing roads through communications,

control, and surveillance mean huge market

by Larry Armstrong, Washington bureau

The political climate for highway
construction, once perennially
sunny and warm, is growing dis-
tinctly chilly as land acquisition and
other costs approach $100 million a
mile in dense urban areas and eco-
logical objections to paving over the
nation mount. The approach taking
shape at the Department of Trans-
portation is to optimize existing
roads through electronic communi-
cation, surveillance, and control sys-
tems.

Even in rural areas, the cost of
converting two-lane roads to four
lanes runs to $750.000 a mile, says
William W. Wolman, DOT’s chief of
the Highway Traffic Systems Divi-
sion. A nationwide conversion to
electronic road signs alone would
mean a Government market in the

billions of dollars. says Wolman,
“There’s only one way we can be-
gin to optimize existing roads,” says
G.W. “Buck™ Cleven. associate ad-
ministrator for research and devel-
opment in the department’s Federal
Highway Administration, “and that
is through exploiting electronics.”
The first solid indication that clec-
tronics is on the government's new
road map showed up in the depart-
ment’s recommendations for trans-
portation in the Northeast Corridor.,
released last month [Electronics,
Sept. 27, p. 25]. That report spells
out $80 million for highway elec-
tronics between Washington, D.C.
and Boston by 1985—for an intercity
information network, and for ramp
metering and freeway surveillance
around congested urban areas.

Follow the moving green band. In Raytheon’s traffic control system, a computer paces

vehicles from the ramp to the freeway

OH!0
Pioneer-Standard Electronics, Inc.
Cleveland 44105 RaMe wen|  [Besice| |GREEN| [RERe| |MERGE
Phone: (216) 587-3600 BAND WITH  la—— TRAFFIC SIGNS
WHEN LIGHT SESSN SPEED oN CAUTION
PENNSYLVANIA LS FLASHING RED
Cameradio Comgany
Pittsburgh 15222 MERGE AREA

Phone: (412) 391-7400

e BN BN

ACCELERATION LANE
i PRESENCE SENSORS

Herbach & Rademan, Inc.
Philadelphia 19134
Phone: (215) 426-1700

% / !/!FREEWAY /RIGHT?
T

WASHINGTON \ o
Almac/Stroum Electronics N\"-"\g& Q\is\\\s\(’“\ l VELOCITY SENSORS
Seattle 98109 | &0 Y\C"‘“ CONTROL CENTER
Phone: (206) 763-2300 Wt
SITUATION
OISTRIBUTOR PROOUCTS QUELE | COMPUTER DISPLAY
-“- | SENSOR BUAR‘D
i . L |
- }—
L 11 4 |
. | 4 | n
CENTRALAB 1

Electromes Division
GLOBE-UNION INC |
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The Northeast Corridor recom-
mendations may provide the
catalyst for sparking a nationwide
market. As Wolman puts it, “That
report may be the vehicle toward
developing all of the things we're
Just dabbling in now.™

The report recommends that
$27.2 million worth of ramp meter-
ing and freeway surveillance gear be
installed on 531 miles of existing
roads in the Northeast Corridor.
The expressways included run
around Washington, Baltimore,
Philadelphia. Boston. and New
York, and at selected locations
around Providence. Hartford, Wa-
terbury, Trenton, and southeastern
Connecticut. Ramp metering in its
simplest form is computer-con-
trolled stop-and-go lights that pro-
hibit vehicles from entering con-
gested freeways. Equipment has al-
ready been installed around Hous-
ton, Chicago. Los Angeles, and
other cities. In Houston, for ex-
ample, traffic throughput has in-
creased 25% and rear-end collisions
fell by 20% to 30%. says Wolman.

The Northeast Corridor report
projects that if the planned network
of roads was supplemented with an
intercity highway information sys-
tem, the estimated yearly time lost
to intercity travelers in 1985 due to
highway congestion could be almost
halved. With surveillance and con-
trol systems on Northeast Corridor
freeways, DOT estimates that, for a
cost of $27.2 million, almost 3 bil-
lion vehicle-miles of capacity would
be added to the network, and some
60,000 accidents per year could be
avoided.

Budget quadruples, but. . .

The Department of Transporta-
tion expects to quadruple its high-
way R&D budget to $28 million next
year. But there are no direct fiscal
rewards from DOT research con-
tracts, points out an industry source:
“The principal pitfall in the process
of doing business with DOT is that
they don’t believe in paying a
profit,” he says. A department offi-
cial reluctantly concurs: “Com-
panies had better think twice unless
they want to put up their own re-
scarch money to get in.”” But com-

102

panies are ready to do just that.

Raytheon’s Civic Technology
Group. Sudbury, Mass.. is develop-
ing a “moving merge” control on an
entrance ramp to Route 128 in Wo-
burn, Mass. In addition to providing
the usual ramp-metering functions,
moving merge uses a Raytheon 703
computer and a series of buried in-
ductive loop sensors to detect gaps
in expressway traffic. It paces ve-
hicles down the ramp to fill those
gaps via a series of ramp-mounted
lights. DOT says moving merge can
greatly increase the volume of
merging traffic as well as the head-
way of merging vehicles.

It the data could be incorporated

into other meaningful control strate-
gies, implementation of freeway sur-
veillance systems could have far
greater benefits. such as reversible
lane control, bridge and tunnel
regulation, detection of environ-
mental and emergency situations,
and police traffic supervision. In an
embryonic highway control net,
Raytheon has instrumented 42 miles
of the Los Angeles freeway loop.
That city’s ambitious plans parallel
the Northeast Corridor recommen-
dations. which include such items as
helicopter Tv surveillance, variable
message displays, motorist aid sys-
tems, ramp control, and freeway
signs that direct vehicles to alternate
lanes or alternate routes.
The Highway Administration is bas-
ically trying to provide the motorist
with information. The Traffic Sys-
tems Division in the Office of Re-
search has already developed exper-
imental electronic road signs and
low-power roadside transmitters, as
well as the ill-fated Electronic Route
Guidance System killed by Con-
gress before a prototype network
was built [Electronics. Aug. 18,
1969, p.138].

“We're leaning toward message
displays on the side of the road,
such as matrix displays—grids of
lights—and remotely driven scroll
displays,” says Lyle G. Saxton, head
of the division’s systems develop-
ment and technology group. Saxton
notes that much of DOT's back-
ground and human factors studies
of motorist information systems fell
out of ERGS contract work. The final
configuration for the Northeast Cor-
ridor will probably include message
displays augmented with audio

communications via small roadside
transmitters, he says.

Audio communication with the
motorist will probably require fre-
quencies not in the broadcast band,
Saxton explains. The Traffic Sys-
tems Division is concentrating on
two highway audio communications
systems—coaxial and microwave.
Contracts have been let for eval-
uation of a buried antenna system
developed by Sylvania Sociosystems
Labs, Mountain View. Calif., and
for a microwave repeater setup de-
vised by Cutler-Hammer's AIL Divi-
sion, Deer Park, N.Y.

Seen and heard

Sylvania’s final report. to be sub-
mitted to DOT next month, will eval-
uate buried coaxial systems over a
half-mile link of highway. and
point-to-point communications
from a roadside transmitter to a
particular vehicle. AIL’s FI1-F1 sys-
tem consists of receiving and trans-
mitting antennas on poles along a
segment of the Sagtikos State Park-
way. Long Island, N.Y. Driving
over a sensor imbedded in the road
would trip the in-car adaptor, turn
on the vehicle’s a-m radio and es-
tablish communications with the
roadside transmitter.

Both the AIL and Sylvania sys-
tems would require in-vehicle hard-
ware, and the Highway Division is
working with NAsA’s Office of Tech-
nology Utilization to minimize the
cost of such circuitry. Under eval-
uation is the use of lower-grade
transistors, inductorless and capaci-
torless circuits, and the package
may be “put together offshore,” says
a DOT engineer.,

Communications back to a high-
way control center (probably lo-
cated at a state police station) would
be via coded pulse, pushbutton sys-
tems in the car. “We want to com-
municate, but we don’t want to let
the motorist talk to us,” Cleven
notes. “Most Americans are gadget-
conscious, so there'd be a big mar-
ket for a $5 to $25 adaptor that
would utilize existing circuits in the
car radio,” he says. On interstate
highways. he suggests that the
adaptor could be issued at toll gates
and picked up at the other end of
the highway.

“Implementation is now a system
design problem,” says Saxton. O

Electronics/October 25, 1971



Exciting new family
of 16,18, 22-lead side-

,-J,. putable MetCeram Qualiit:;’l'l

..

B~ S

Inexpenstve pack-
ages, but with the “expen-
sive” features you know you
need. Let’s look at some facts:

The 16 and 18 lead|packages on
.300” centers have arn oversized .170" by
220" cavity; the 22-lead package on .400"
- centers has a whopping .270" square cavity
for the largest of chips. They're all alumina —your
choice of standard whjite or the new MetCeram opticn,
black...ideal for many light-sensitive devices.

They're made with an advanced high-production side-brazing
technique. Metalized interconnections.are buried withirithe monolithic
structure of the package to complete the circuit between internal
bonding pads and external brazing pads. Wrap-around lead frame insures
positive lead alignment and electrical shorting for device processing.

Result? Guaranteed low capacitance and electrical isolation between
seal ring and side braged leads, plus the strcngest lead strengthin the
industry —without bottom-surface metalization.

Other benefits? A hermeticity of 1 x 10-8 cc/sec. of helium and an
extremely stable, rugged package. A metalized and platec sealing surface
is standard, a metal seal ring optional.

Uses? Name your own. So far, they're going into the latest generation
of memory systems, including the 1024 and 2048 bit RAMs and other
new MOS and bipolar devices. Phone us at (4C1) 943-2200 or write to
Metalized Ceramics Corporation, Huntingtor: Irdus-

: 16, 18 and 22-l6ad (24, 28, 40
trial Park, Providence, R.1.02907. Ask us about our , f,%'/;f;)o ;vm ’/:erggrga”\x‘t:y choice
Qualification Lot offer, too. And hurry. This is hot!
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Problng the news

Consumer electronics

Cartridge TV rush loses momentum

Myriad of consumer versions touted for '71 are belng postponed as

by Marilyn Offenheiser, New York staff

The gospel according to most car-
tridge television manufacturers as
recently as a year ago was that inex-
pensive systems for consumers
would hit the stores during 1971,
presaging a potential billion-dollar
market [Electronics, Sept. 28, 1970,
p- 89]. But during the interim, the
litany chanted by enthusiastic sales-
men went sour as a series of prob-
lems—including a potentially ad-
verse ruling from the Federal
Communications Commission, the
economic slump, and troubles with
standardization, technology. and
software—ganged up to postpone in-
troduction of cartridge TV systems.

The FcC dropped a bomb last
summer by proposing regulations
governing broadcast-frequency rf
radiation in video players that can
cause electromagnetic interference
in nearby TV sets and other receiv-
ers. Shielding can help: another so-
lution is to cut the power level of the
video signal, but if it goes too low,
picture quality is destroyed.

Until the FCC reaches a final deci-
sion, only two systems are exempt:

the CBS-Motorola Electronic Video
Recording and one model of Car-
tridge TV's Cartrivision. EVR was
modified by lowering signal level;
the Cartrivision cassette is built into
the TV as a single unit (other players
attach via the antenna terminals).

The FCC notwithstanding, most
cartridge TV manufacturers still
maintain that technology is not a
problem. But the need is to get the
technology into a low-cost package
that consumers will buy. Teldec,
Telefunken-Decca’s cartridge-Tv-
on-a-disk only recently was modi-
fied for color video. but the problem
of short disk life is still not com-
pletely resolved. RCA’s holographic
system originally had no sound and
poor color reproduction, and is still
being worked on. Ampex is now re-
designing its Instavideo VTR, a com-
mercial magnetic tape unit, to com-
ply with FCcC radiation standards,
and independently re-evaluating the
system’s technology.

The grim national economic situ-
ation has hurt, too. Most cartridge
TV makers blame lack of money as

Checkup. Developers of the Teidec system test the new color player. Playing time is 5 min-
utes; change time between disks is 1 second.

lack of standards technology problems and FCC proposal stall progress

the prime cause for delays: in fact. it
prompted Cartridge TV to go public
and sell $20 million worth of stock
last spring. Other companies. such
as CBS-Motorola, Sony. and Ampex.
are hoping that commercial sales to
institutions and companics will yield
enough technical fallout and pro-
duction knowhow to reduce costs on
consumer versions; then, with in-
creasing sales volume and competi-
tion, they expect prices will drop.

But diversified technology has left
the cartridge TV industry bereft of
standards. Gerald Citron, cassette
production manager at North
American Philips. New York, sums
it up this way: “Everyone would like
standardization as long as the other
guy does it; there’s take and no give.
and for many, the point of no return
has been reached.” Forgetting about
standardization between EVR holo-
gram, and tape systems, so far. only
two attempts at standardizing mag-
netic tape systems have been made.
One, under the acgis of the Elec-
tronic Industries Association of Ja-
pan, is called the Type 1 Standard.
It specifies a "2-in.-wide tape and a
speed of 7.5 in. per second. Those
participating include Panasonic in
Osaka. Teac and Japan Victor in
Tokyo, and U.S.-based Ampex.

In Europe. N.V. Philips Gloei-
lampenfabrieken, the Netherlands,
has made standardization agree-
ments with almost every TV manu-
facturer on the continent—England’s
Thorn Electrical Ltd.: Germany's
AEG-Telefunken, Blaupunkt. Grun-
dig, Saba, Nordemende, and Loewe
Opta: Switzerland’s Lenco and Stu-
der: and Italy’s Zanzussi—to make
cassettes interchangeable on ma-
chines made by these companies.

Another headache is program-
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If too many chips aren’t

at

in shape to ship orassemble,
maybe you need a solvent
cleans residue-free.

You need FREON.

Your yields could be suffering because
of improper cleaning during the manu-
facture of semiconductor and 1.C. devices.
Residue interferes with yield and rehability.

In a FREON cleaning system,
components emerge thoroughly clean, dry
and residue-free because the final stepisa
rinse of freshly distilled, filtered FREON.

FREON cleaning agents remove
silicon dust, lapping compound, residual
plating salts, water, electronic grade
alcohols, ionic contaminants and all types of
handling and packaging soils.

They are used in a variety of opera-
tions: surface preparation before masking to
improve resist adhesion...pre-diffusion

FREON is Du Pont's registered trademark for its fluorocarbon
cleaning agents.

Electronics/October 25, 1971

cleaning...before plating and deposition to
assure good adhesion...before lead bonding
to assure proper bonding attachment...
pre-seal cleaning prior to packaging. There
are more.

FREON cleaning agents require no
inhibitors and are reclaimed through
continuous distillation. They are non-
flammable, nonexplosive and have a low
order of toxieity. Special safety equipment
is not needed.

Your next step to increased yield is
to write for more information about FREON
cleaning agents and properly designed
vapor-phase cleaning systems. Du Pont
Company, Room 22449G, Wilmington, Del. 19898.

FREON

cleaning agents
Circle 105 on reader service card 105



Probing the news

ing—not only what to produce, but
how to produce it inexpensively.
This can be partially solved by rent-
als, but, as one industry leader says,
“*How many times can you see
‘Gone With the Wind™?”

Of the systems with playback-
only capability, EVR has been com-
mercially avatlable through licens-
ees including Motorola, Toshiba,
Hitachi, and others. Robert Brock-
way, president of EVR, says his firm
has kept to the initial schedule. A
spokesman for CBS says within a
year a consumer model should be
out, tagged at $300 to $400.

But Lloyd Singer, vice president
and director of education and train-
ing products at Motorola Systems
Inc., Chicago, Ill., says though
Motorola will eventually make a
consumer EVR, there are no plans
yet.

Teldec introduced a color version
last August and licensing discus-
sions are under way. “What remains
to be done now.” says Gerhard
Dickopp, head of AEG-Telefunken’s
equipment development section, “is
to get the disk playback unit ready
for the production line.”

To overcome the
short playback time per disk, a
record changer unit was developed,
with the disks placed in a magazine.

limitation of

A five-minute disk will be used and
up to 12 disks can be placed in the
cartridge. Dead time between disks
is less than one second.

Also, because the very narrow-
grooved disk. whose information
density is a 500,000 bits/mm*, ro-
tates at 1,500 rpm. the smaller its

diameter, the simpler the design of

the playback system.

The system once reported to be in
deep technical trouble is RCA’s Se-
lectaVision, which uses a laser to
record holographic images on mylar
tape [Electronics, Oct. 13,769, p. 43].
Now Robert Bitting, staff vice presi-
dent at RCA’s New York headquar-
ters, says SelectaVision’s sound and
color problems are solved. But nei-
ther the public nor the press has
seen the redesigned hologram sys-
tem. RCA is cautious—if the hologra-
phic system fails, there will be a
magnetic tape unit to fall back on.

Among the systems that record
and play back, New York-based
Cartridge 1v's Cartrivision is the
only consumer model ready to be
marketed in the U.S. Its licensees in-
clude Admiral (which has already
made distribution arrangments with
Montgomery Ward, W.T. Grant,
Emerson, and Dumont), Packard
Bell, and Warwick (Sears). Sears is
slated to begin selling Cartrivision
by the middle of next year.

With  Cartrivision’s  financing
problems ostensibly solved through

its stock sales, the company’s picture
seems rosy indeed. The Tv-player
console, and the custom adaptor
player due for mid-"72 sales, were
not affected by the ¥CC proposal be-
cause it plugs directly into a specific
brand of Tv, but it did affect the
universal adaptor model because it
uses a cable connection.

The Ampex Corp., Mountain
View, Calif’, says the introduction of
its Instavideo’s commercial version,
originally scheduled for late "71, has
been postponed until the spring of
"72 because it didn’t meet FCC specs
and preproduction engineering
problems must be worked out.

Sony. with U.S. headquarters in
New York, is cautiously waiting un-
til 1975 or 1977 to market a con-
sumer version; the company is stick-
ing with its original January
delivery date for commercial play-
ers. As for the FCC, the company be-
lieves the agency will drop its pro-
posed ruling before January.

In Europe, Philips’ N-1500 system
is scheduled for delivery at the end
of this year, but no programing is
available, only blank tape. In the
U.S., where modification is neces-
sary for different Tv standards, the
system will be handled by North
American Philips’ Norelco division
and called the Norelco VvCR. Its
commercial version will be ready in
the second half of 1972, but a con-
sumer model 1s not in the works. [

WHO'S GOT WHAT
Manufacturer ""’»’s“\;mm name : Planned First market Type of system Price Cartridge Material
introduction playing cost per hr
date time
CBS Inc EVR commercial available commercial silver halide film $300-8400 (cons.) Cotor — 25 min color — $37.50
consumer undecided $895 (comm.) b&w — 50 min b&w — $23.10
RCA Corp SelectaVision late "72—early '73 consumer mylar tape $400 30 min+ color -
{holographic) $4 10 $6
RCA SelectaVision probably mid '72 commercial magnetic tape undecided 30 & 60 min over $30
AEG Telefunken- . Video Disc early ‘73 consumer 7-0r 12-in. manual $200 5,12, & 15 min $3.30
UK Decca (Teldec) foil PVC disc automatic $400
Ampex Corp Instavideo spring ‘72 commercial magnetic tape b&w/no record $800 30 & 60 min $26 @ 7.5 ips
b&w/record $300 7.5 ips S13@3.75ips
color/no record $900 3.75ips
color/record $1,000
Cartridge TV Cartrivision mid '72 consumer magnetic tape player deck $500 b&w 120 min b&w $12.50
inaTV $1,000 color 60 min color $17
camera $200 (b&w)
Sony Videocassette Jan. ‘72 commercial magnetic tape $800 30 & 60 min $30
($200 for record
adaptor)
N.V. N+ 1500 (Europe) Jan. 72 commercial magnetic tape $700 60 min $35
Philips . Norelco VCR (U.S)  nud to late 72 commercial (b&w camera $500)
-
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Digitem’s DAS-1
gets your data together.
On paper. On tape. On time.
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Digitem’s new DAS-1 data acquisition system does what a good data acquisition sys-
tem should. It accurately records all your data in ieal time. But it doesn’t stop there
The DAS-1 has a combination of features that are remarkable for the price. To begin
with. the basic unit has 10 channels and is expandable to 100 channels. Operating
modes include: 1. Automatic scarning from start channel to stop channel (as selected
via thumbwheel switches) with a variable scan rate of 30 channels per second fmagnetic tape) to one channel per two seconds,
one scan per hour: 2. Single scan from selected starting channel to selected ending channel: 3. Continuous monitoring of
selected channel: 4. Random selection of channels; 5. External trigger for single channel or single scan: 6. Manual channel
advance. Other featuras include an easy to read 3% digit LED display, with polarity and floating decimal point. that displays
time oi data by switch selection. DAS-1 has four programmable input ranges with resolution down to 10 microvolts. Its 200
volts common mode valtage lets you use it for floating guarded measurements.

It has two ASCII outputs, serial for direct teletype connection and paralle! for

modems and paper tape punches. It has DTL TTL compatible EBCDIC and Ij’j 11 $ \

BCDIC parallel outputs for seven or nine track incremental tape recorders. eEut B
The price? From $3.000. 3 i TDIGIJEM

Get your data together. Write to Digitem, 1 Adler Drive, Syracuse, New York I Eﬁ esionjon M/C"OW‘VE/Sysrms we
13057, for complete information about the DAS-1.
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Take the price you'd normally pay to measure

one nanosecond and 550 MHz.
Now divide by two.

Now for less than half the price of
alternative solutions you can measurc
frequencies up to 550 MHz and time
intcrvals from 0.15 nanoseconds to 109
seconds. You get the best resolution too,
<50 picoscconds. Only HP’s unique
type of time interval averaging permits
these measurements with such economy.

And you get all the other functions
you cxpect i universal timer counters.
Features such as totalizing, period. ratio
and conventional time interval measure-
ments. Thev're the most program-
mable counters of their type as well.

This serics also includes the only
counters with built-in -
digital voltmeters. - _'_‘.

. e e

Si8s92¢ -

So you can set trigger levels digitally and
better than an oscilloscope can for
accurate time interval measurements.
Use the DVM to check out dc voltages
too, or add an HP 11096 probe for a
I'or more accurate measurements
you can option for a high stability time
base of 5 parts in 10'° day. Or to
measure low level signals, we can offer
input seasitivities as high as 25 mV.

$ELPC PAL Y COUMTES
I s totaeerdo

The HP 5327 Series is ideal for
testing logic timing, cable delays, low
power circuits, and crystal oscillators—as
well as calibrating frequency and pulse
generators. Prices of the three models in
the HP 5327 Series range from only
$1495 to $2150. Or, if a 50 MHz will
do your job, there’s the companion 5326
Series from just $950 to $1595.

Sound too good to be true? Ask your
local HP field engineer about these
outstanding counter values. Or for morc
information, write to Hewlett-Packard,
Palo Alto, California 9430-i; Europe:
1217 Meyrin-Geneva, Switzerland

5350200 °.

HEWLETT @ PACKARD

ELECTRONIC COUNTEFLS



Prol_iing the news

Manpower

How managers misuse engineers

The decline of engineering creativity with age is swifter today than ever

before, thanks to managerial mistakes, say two Harvard researchers

by James Brinton, Boston bureau manager

The cards are stacked against older
engineers. Other things being equal.
a younger man wili tend to get big-
ger raises, more interesting  jobs,
more encouragement. and a higher
performance ranking than his older
counterparts.

And this trend toward obsoles-
cence is accelerating. say professors
Gene W. Dalton and Paul H.
Thompson of the Harvard Business
School in their report on a four-year

studv of the carcers and ideas of

more than 2.500 design engineers
and managers. most of them in elec-
tronics.

Today the average engincer per-
forms best <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>