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66 Off-Track Betting switches suppliers in mid-race
77 LS| packs medium-scale processor on one board
Serial data bus trims telephone exchange costs
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the smallest low-price multi-turn poatentiometer on the market.

You can be four times as sure of balancing critical
circuitry with this cermet trimmer, Model 3339,
Why? An ingenious drive mechanism (patent 3,614,-
703) gives you four mechanical turns to traverse the
element.

Cermet provides the temperature
coefficient (=100 ppm/°C) and total resistance
stability you need for temperature extremes (—55°
to +150°C if need be). Choose your resistance—10
to 2,000,000 ohms. Count on quality. Model 3339 has

a high temperature plastic housing, sealed for extra
protection.

(Side-adjust style Model 3339W ; a few cents more)

Call, or write, your nearest Bourns sales office for
more data on this multi-turn in a single-turn pack-
age. (Top-adjust size: .30” dia. x .25” high. Side-
adjust size: .31” x .32” x .38"” high)

BOURNS

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507

Cireta 1 An roadar coarvi~a rard



The 5-volt, N-channel MOS static RAM.

(Much more useful. Much easier to use.)

100% TTL compatibility—without clocks, with-
out refresh. Interfacing’s so simple you'll think
you're working with bipolar parts. All the perform-

ance you've beenitching to getyour hands on. Backed

by the smoothest specs ever put into MOS static RAMs.

1024 bits. 500ns access time. Single +5V supply.
N-channel technology developed by Signetics
makes the difference. We designed out the kinks in
competing devices, and came up with a new trouble-
free line of ion-implanted N-channel MOS static RAMs.
And what a difference N-channel makes on your
boards. Three times the circuit speed of P-channel
RAMs. 50% lower power dissipation. Absolutely no
fudging on bipolar compatibility—no clocks, no
refreshing needed. So the parts are much easier to
understand and put to use.

First super-RAM
off the line: Signetics'’
new ion-implanted
2602 static RAM.

N-channel delivers

1024x1 organization: four times the density of

similar products. With extremely fast access time for

a static RAM: 500ns. And we threw out the —12V

power requirement that made terminal applications

so sticky. 2602 operates from only +5 and ground.
In production now in a 16-pin package. For full

details, write Signetics, or call your Signetics rep,

salesman or distributor.

And ask about our breakthrough N-channel
dynamic RAM, the 2601: non-overlapping
clocks, 1024x1 in 18-pin packs, with 85ns
access time, requiring under 300mW power.
High speed, nigh density, iower power,
optimized convenience. Signetics make it in MOS.
Of course.

Signetics-MOS

811 East Arques Avenue
Sunnyvale, California 94086
(408) 739-7700

Please send complete specs and technical data on
your new N-channel line of RAMs; including the 2602
5V static RAM and the 2601 dynamic RAM.

Name

Title

Company

Address

—
City State Zip

Telephone

SilNOLCS

2 Circle 2 on reader service card
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Here come the microcomputers, 63

Four- and 8-bit processor chips are rapidly
supplanting hard-wired logic controls in nu-
merous applications too slight for mini-
computers. Together with supporting
memory and peripheral circuitry, the micro-
computers should total $50 million sales by
1975.

Reusable chart paper will cut recording costs, 73
Paper in which minute magnetic particles tilt
to record data can be erased and used over
again repeatedly. Existing recording instru-
ments can readily be adapted to the needs
of the paper by conversion kits containing
magnetic styli and erasers.

How to choose the right oscilloscope probe, 88
Various measurements that can be made
with an oscilloscope require distinctly differ-
ent characteristics in a probe if the
scope/probe system’s loading effects on
the signal are to be accurately estimated.

Interfacing gas-discharge displays with MOS, 97
Gas-discharge displays need too high a
voltage to be run directly by an MOS calcu-
lator chip. But a level-shifting interface cir-
cuit will protect the chip while providing
enough added potential to fire the display.

And in the next issue . . .

Intercon special: the career concerns of EEs
. the economics of pluggable IC pack-

ages . . . system reliability through func-

tional redundancy.

The cover

Erasable magnetic paper from Honeywell
Test Instrumentation division will record
alphanumerics as well as continuous
shapes. Assemblage was created by
graphic designer Ann Dalton.
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icrocomputers. like mini-
| computers belore them. promise
| 10 vastly change the wayv engineers

work—and the way that the prod-
| ucts they design work. More and
more. sophisticated products will be
designed in software and sct into
motion by firmwiring standard mi-
croprocessors for the particular ap-
phcation. You'll find our report on
the trend toward microcomputers
on page 63.

The story. by the wav. carries the

first Probing the News bvline of

George Sideris since his return to
Electronics as San Francisco burcau
manager. When he left the maga-
zine in 1967. Sideris was associate
managing cditor in New York. In

the tive vears. he has worked out of

Los Allos. Calif.. as a free-lance
writer and editor. producing about
150 articles. books. and technical re-
ports on clectronics subjects.
Sideris began with Electronics as
a business news reporter in 1956
and. becoming more interested in
technology. switched to technicat ar-
ticle writing. A series of articles on
integrated circuit assembly and in-
terconnection that he prepared in
the 1960s was published as a book
in 1968 by McGraw-Hill.
hile doing reporting tor the mi-
crocomputer storv. our other

[ West Coast bureau manager. Paul

Franson in Los Angeles. was struck
by the potential and pittalls of mi-
croprocessing. One executive told
him: “New products will be de-
signed by microprograming—just
like developing a new bookkeeping
svstem-not by circuit design.”™ An-
other said: ~IU's the most cconom-
ical wav to have custom svstems
with the shortest turnaround

Publisher’s letter

months or wecks. not vears.”

“The implications for the circuit
designer are obvious.” says Franson.
“He had better get involved. Al-
ready  custom  microprograming
houses are springing up. yet the bur-
den must fall mosty on the de-
signer.”

ho is this man and why is he se-
lecting a horse on which to wa-
ger at a New York Off-Track Bet-
ting “store”™? He's Howard Wolll,
associate editor n

charge of otir

Probing the News section. He's
doing some rescarch to help him
handle Alfred Rosenblatt’s page 66
story on how O1B’s first hardware

approach faited basicatly. because
handling bets is a communication

problem rather than a computa-
tional one. But Wollls rescarch did
not pay off: he lost $4.
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Precision waveforms
at everyone’s fingertips with
K&+ pushbutton oscillators.
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The Model 4100A is as simple to use as a pushbutton telephone —yet it's as precise, stable and
distortion-free as instruments costing much more—more to purchase and more to operate. The
4100A is only $595.00 and you don't need technically skilled people to operate it. Its simplified
operation and outstanding speed and accuracy make it ideal for production line testing. The 4100A
provides sine and square waves simultaneously from 0.01Hz to 1MHz. Frequency accuracy is within
0.5% and distortion is less than 0.02%. For fast action call (617) 491-3211,

TWX 710-320-6583, or contact your local representative listed below.

KROHN-HITE

CORPORATION
580 Massachusetts Avenue, Cambridge, Mass. 02139

SALES OFFICES; ALA., Huntsville (205) 534-9771; CAL., Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO., Littleton (303) 795-0250; CONN., Glastonbury (203) 633-0777;
FLA, Orlando (305) 894-4401; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., Lexington (617) 861-8620; MICH., Detroit
(313) 526-8800; MINN., Minneagolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-2581; N.., Bordertown (609) 298-6700; N.M., Albuquerque (505)
255-2440; N.Y, E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Wappingers Falls (914) 297-7771, Vestal (607) 785-9947, Eimont (516) 488-2100; OHIO, Cleveland (216)
261-5440, Dayton (515) 426-5551; PA, Pittsburgh (412) 371-9449; TEX., Houston (713) 468-3877, Dallas (214) 356-3704; VA., Springﬁeld (703) 321-8630; WASH., Seattle (206) 762-2310.

CANADA, Montreal, Quebec (514) 636-4411, Toranto, Ontario (416) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619. a



INTERNATIONAL'S

MOE Crystal Oscillator
Elements provide a complete
controlled signal source

from 6000 KHz to 60 MHz

The MOE series is designed

for direct plug-in to a standard dip
socket. The miniature oscillator
element is a complete source,
crystal controlled, in an

integrated circuit 14 pin dual-in- m
line package with a height ¢

of %2 inch. INTERNATIONAL
Oscillators are grouped by L A A 7
frequency and temperature

stability thus glVlng the user CRYSTAL MFG. CO, INC.

a selection of the overall accuracy 10 NO. LEE ® OKLA CITY. OKLA. 73102
desired. Operating voltage
3 vdc to 9 vdc.

TYPE | CRYSTAL OVERALL 25°C PRICE
RANGE ACCURACY | TOLERANCE
|+ .002% Zero
MOE-5 6000KHz to 60MHz | -10° to +60°C | Trimmer $35.00
+ .0005% Zero

MOE-10 | 6000KHz to 60MHz | —-10° to +60°C Trimmer $50.00

6 Circle 6 on reader service card

Readers comment

Zero drift has a past

To the Editor: An article. “Dvnamic
zero-correction method suppresses
offset error in op amps.” by Richard
C. Jucger and George A. Hellwarth
of 1BM General Svstems division.
Boca Raton. Fla. [Elecironics. Dec.
4. 1972, p. 109] was amusing o
manv of us here at Doric. You will
note that in an article. “Defining the
need and filling 1t [Elecrronics.
Oct. 2. 1967]. vou announced forma-
tion of Doric Scientific Corp. and its
entrv into the market for special-
purpose digital volumeters.

Because most of the applications
involved the measuring and condi-
tioning of low-level signals. min-
imizing zero drift was a major con-
sideration. Your 1967 article
mentioned “an automatic zero-drift-
compensation circuit. which checks
out and computes drift.”

Our Auto-Zero. first introduced in
1967. has a zero-correction similar
1o the one described in vour current
article. Paul Haas. who was respon-
sible for the original design. has had
ample opportunity to evaluate his
approach over the past five vears.
during which time Doric has deliv-
ered well over 5.000 instruments in-
corporating Auto-Z.ero.

Tom O'Rouke
Doric Scientific Corp.
San Diego. Calif.
» The authors reply: We knew that
our article was not the first published
on cero-correction.  Unfortunately.
the references included in the original
manuscript were not printed. Two of
the older references on automatic
zero-correction are cited in another
technical correspondence. A Differ-
ential  Zero-Correction  Amplifier.”
accepred for publication by the IEEE
Journal of Solid State Circuits.
These are D. G. Prinz. “DC Ampli-
fiers with Awromatic Zero Adjust
ment and Input Current Compensa
tion,”  Journal of  Scientific
Instruments. pp.328-331. December
1947, and F. F. Offner. A Stable
Wide-Range DC Amplifier.” The Re-
view of Scientific Instruments. 1ol
25. No. 6. pp. 579-586. June 1954.
We share your desire 10 ucquaint oth
ers with the advantages of this pow-
erful technique. and this was one rea
son for our Electronics article.
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INTRODUCING Systron-Donner’s all-function “
7004A Digital Multimeter [J Measures dc and ac voltage, “‘

dc and ac current and resistance [J New improved .‘ ” '
circuitry expands AC response to 100 KHz [J New color- » & J
coded pushbuttons help distinguish functions [J New \ \ c
carry case option [J New simplified calibration [] Optional l“ ‘\\
battery pack with recharger ($95) mounts internally [] < “

1,000 megohm input impedance on 3 lowest ranges \c \
[J 0.01% dc accuracy. For lab, field or systems use (with \
DTL/TTL compatible BCD outputs, $45 additional). \ >
Contact your local Scientific Devices office for more 7004A \‘

details or: Concord Instruments Division, 10 Systron

Drive, Concord, CA 94518. In Europe: Systron-Donner

GmbH Munich W. Germany; Systron-Donner Ltd., Leam-

ington Spa, U.K.; Systron-Donner S.A. Paris (Port Marly)

France. In Australia: Systron-Donner Pty. Ltd. Melbourne.

SYSTRON @ DONNER

The Systron-Donner Instruments Group:
Concord Instruments [J Computer Systems [] Datapulse [J Kruse Electronics [] Microwave [] Trygon Electronics
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Another Sprague Breakthrough!

Solid flame-retardant
epoxy with precise
dimensions for
automatic insertion.
Completely shock and
vibration resistant.

Flat surface permits
clear easy-to-read
marking.

No rundown to interfere
with seating of capacitors
on printed wiring board.

Rugged 0.025” dia. tinned —g»=
leads maintain alignment. |
0.100" lead spacing for |
standard PWB grids. !

PRODUCTION-ORIENTED

SOLID TANTALUM
CAPACITORS

ACTUAL SIZE

Type 198D Low-cost

Econoline’ Tantalum Capacitors

'd

Top flat for easy
identification of
positive lead either
visually or by touch.

Standoff feet on base
to eliminate moisture
entrapment and
facilitate cleaning of
wiring boards.

Formed leads with either
0.200” or 0.250"” spacing

to permit
| interchangeability with

J dipped capacitors.

Lead in Performance!

When it comes to low-cost solid tantalum capacitors, the new Sprague
Type 198D Econoline Capacitors outperform all other designs. Here are

some additional advantages:
® Low d-c leakage
® Low dissipation factor

® Wide voltage range,
4 to 50 VDC

® Capacitance range from
0.1to IOO[LF

® withstand severe

temperature cycling and
temperature shock over
—55Cto+85C

® Speedier handling for insertion

Easier-to-read markings

The new Sprague Type 198D epoxy-encased Econoline Capacitor is tooled
for mass production and priced competitively with imported dipped units.
Investigate this new Sprague breakthrough without delay.

Call your nearest Sprague district office or sales representative, or
write for Engineering Bulletin 3546 to: Technical Literature Serv-

ice, Sprague Electric Co.,
Mass. 01247.

K Trademark
| e e—————

35 Marshall Street, North Adams,

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

Circle 8 on reader service card

THE MARK OF RELIABILITY

40 years ago
From the pages of Electronics. March 1933

If a program for stabilization can be
carried out bv the receiving-sel
manufacturers. its good effects will
be felt all along the line to their
parts suppliers as well. A move for
higher prices on the part of the set
makers would automatically reduce
the pressure on the parts makers for
lower prices. Instead. there would
be a demand tor better-quality parts
to bring better set values. in turn
giving the public solid values and
higher quality and so fully justifying
a higher price level.

Parts prices have been pushed
down to an unsound bottom. where
operating quality and durability
have been seriously impaired. The
public interest now lies in quality.

Undoubtedly the industrial designer
is destined to play a more active
part in the radio set field than he
has in the past. As results of design-
ers” work in increasing sales is dem-
onstrated in other fields. the call will
come for more such aid to radio.

But if the designer is to be con-
sulted. he should be called in at the
beginning of the job. After the tools
have been made. and the chassis
form is fixed. the stylist can make
only minor suggestions regarding
design--changing details or adding
decoration and color. The full ben-
efit of the artist’s help can be real-
ized only if he is consulted from the
very beginning and urged to co-op-
erate fully with the sales and pro-
duction departments.

Exports of radio scts trom the
United States during 1932 were
$13.312.136. a sharp drop-off’ from
the $22.000.000 exports of the pre-
ceding vear. Yet to 43 out of the 103
countries 1o which export sales were
made. increases in purchases were
registered. These customers whose
buving of radios increased included
Belgium. Irish Free State. Holland.
Norwav., Yugoslavia. Panama.
Haiti. Bolivia. Colombia. China.
Paraguay. Turkev. and Australia.

Loss of $3.000.000 exports to
Canada can be ascribed largelv to
the new Dominion law requiring a
pereentage of Canadian-made parts
in Canadian sets.

Electronics/March 1, 1973



Until recently, if you wanted
broadband RF power, you had to
settle for bulky tube-type power
amplifiers. No more. Starting at
the top, we developed a full line
of all-solid-state Class A power
amplifiers, covering the fre-
quency spectrum of 100 kHz to
560 MHz, with power outputs
ranging from 300 milliwatts to
over 100 watts. And we're still
climbing.

Driven by any signal generator,
frequency synthesizer or sweeper,
these compact, portable ampli-
fiers are versatile sources of
power for general laboratory
work, RFI/EMI testing, signal
distribution, RF transmission
laser modulation, data transmis-
sion, NMR, ENDOR, ultrasonics
and more.

Completely broadband and un-

R F Amplifiers.

We started at the top.
Thenworked our

way up.

tuned, our highly linear units will
amplify inputs of AM, FM, SSB,
TV and pulse modulations with
minimum distortion. Although all
power amplifiers deliver their
rated power output to a matched
load, only ENI power amplifiers
will deliver their rated power to
any load regardless of match.

We also designed our ampli-
fiers to be unconditionally stable
and failsafe—you need never fear
damage or oscillation due to
severe load conditions (including
open or short circuit loads).

ENI instrumentation amplifiers
come complete with an integral
AC power supply and an RF out-

put meter. Ruggedized amplifiers
capable of operating under se-
vere environmental conditions
are available.

To find out more about our RF
power amplifiers write: ENI, 3000
Winton Road South, Rochester,
New York 14623. Call 716-473-
6900. TELEX 97-8283 ENI ROC.

Circle 9 on reader service card
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LITRONIX UNVE

the desired digit is displayed
by selecting the appropriate
cathode. Offers 500 ft-L high
brightness at a low power of
10 mA and shipments are cate-
gorized for uniform brightness.
Priced at $6.80 in 100 to 999
quantities.

The Sporty Model: RL-50 is a
small, solid-state lamp with
pick-up to 750 ft-L at 20 mA.

Its rugged bodv construction
allows superior lead-to-package
integritv. 1he 80 mil package

The Beautiful Bugs: This is the
vear of the DL-4 line of high
brightness, low power 0.19 inch
digit displays. Its integrated
magnifier construction provides
a handsome, clear, readable
digit. It's bright: 500 ft-L at 10
mA per segment and carries
many optional teatures; elec
trically isolated decimal point,
left or right, pin for pin com
patibility with either the MAN-T
or MAN-4. Priced at $3.90 in
100 quantities.

width permits mounting within
087 mil centers of a common
card reader. Operates from 5
volt |C supply and will give you
many vears of carefree opera-
tion. Options: red difiused, red
color or white ditfused. Priced
at $.39 in 1,000 quantities.

The Two-Seater Coupe: DL-44 is
a matching two digit display in
a single package. The inte-
grated magnifier construction
provides a 0.19 inch economy
digit. Designed tor multiplexing,

[
|

JARN

Lights Mounted Where You Can
See Them: The R[-4403/4440
have a viewing area that ex-
tends . 140 inch beyond the
face of the mounting clip. Its
full 1tood 0.2 inch diameter
viewing area allows extra wide,
off-angle viewing. And it's
bright, .8 mcd (minimum) at 20
mA on only 1.7 volts. It can be
easilv soldered directly to the
PC board, or mounted from the
front of a panel with a snap-in
clip. Direct replacement for the
5082-4403,/4440. Priced at $.49
to $.65 in 1,000 quantities.

The Little Old Lady from Bur-
bank loves her tiny T1 solid-

state lamp. [t will last forever,
requires no gas, it flashes, and
is IC compatible. Such a little

Litronix, Inc. ® 19000 Homestead Road ® Cupertino, California 95014 ® (408) 257-7910 TWX: 910-338-0022

Distributors

tHorida: Massachusetits New Jersey: Arrow £ pa 489-7408
Arizona Sy " X rtow, udale 694-6800
Grorgia t 884- 345
{ North Carolina: Com
Galifornia: Minois: Ul 546 » 1002
nn View 3 1y Haddoniy 419-15 Pioneer " > 1919) 273-4441
Culver Sty (219 7 Michigan: New AMerico: Ohio: Arrow, Dayton
san D 14 £ 3 2%
Kansas Minnesota Texas:
{l 3 New York:
Colorado: Hanlt Yenyir 3ol 3, Missouri: 1 Conetpts 26-306
3412 Maryland: . M i u 3 144 3-1234 Utah: Haemtton

rmark € s, Den: (,
R¢
B

372 Salt Lake City 1801) 262 845
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thing giving off .5 mcd at 20
mA, imagine! Has standard |
inch leads. Options: red clear,
white diffused, water clear.
Priced low at $.33 10 $.42 in
1,000 quantitices.

No Hassle Delivery on Calcula-
tor Displays: If vou're building
calculators, and you want the
standard ot excellence, the
DL-33 three digit display will
allow you to extend battery
lite, reduce pin count and cost
per digit. 1t draws less than 1
MmA (average) at 1.6 volts per
segment. Comes in standard
12-pin DIP package designed
for multiplexing. Many options
available. Prices you gotta hear
to believe!

The Swiss Had a Word for it,
but we can’t print that here be-
cause watchmakers are now
turning to LED displays. Litronix
has a line of low power, high
brightness compact digits spe-
cifically designed for carrying
around on vour wrist. Call the
factory tor timely details.

The Ugly Bugs: They sure don’t
look like it, but our phototran-
sistor opto-isolators can handle
up to 2,500 volts of isolation

with minimum CTR’s from 2%
to 50%. Now you can rid your-
selt of those Model-T relays and
transtormers with sleek solid-
state opto-isolators. The new
IL-74 is optimized for easy steer-
ing in and out of TIL. It’s espe-
cially usetul tor elimination of
noise and ground loop prob:
lems. Prices from $1.19 to $1.75
in 1,000 quantities.

litronix

Overdrive Models: The ILCA2-
30 and ILCA2-55 photo-Darling-
tons can drive up to 100 mA
DC load current—plenty of

drive for power relays, sole-
noids, triacs, SCR gates and
power transistors. They turn on
in 10ps, stop in 35ps. Solid-
state reliability with 2500 volts
of isolation. Second source for
MCA2-30/MCA2-50 models.
Prices trom $1.70 to $1.95 in
1,000 quantitics.

Q

\
o
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Péncil Beam Headlights: The
sharpest solid-state indicator
light you can buy is the new
RL-5054. You can select a high
brightness beam at low cur-
rents—1 mced at 10 mA or 2
mcd at 10 mA. 1t projects a
0.25 spot of light that is super
for back-lighting applications.
Priced at $.65 to $.85 cents in
1,000 quantities.

Test Drive Before You Buy: LED
solid-state displays, lamps and
circuit components will give
you years and years of driving
pleasure, no gas problems and
no maintenance bills. And
don’t be tooled by the cheapee
models, kick the tires.

Nationwide “Honest John”
Dealers: We've got the best.
Give them a call for your free
test drive or write for our new
1973 catalog and your free
Bright Guys bumper sticker.

Litronix, Inc. ® 19000 Homestead Road ® Cupertino, California 95014 ® (408) 257-7910 TWX: 910-338-0022

Washington: Hanlton Representatives
Se [ Alabama: Twentieth Century
Canada: 1* v A real Arl

California:

& Assen

tlea Celiec, Inc,, San Diego

]
Ottawa (613) 725- W71

Colorado:
Farker Webste
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Q. T. Wiles & Asw
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Florida: Michigan: Pennsylvania: (.. C A, Ambler
17 | Tex
Minnesota: Comstrand, Ine [}
\ 00 } 7
Wi (¢ 5 Ass Missouri: Coombs Ass Washington: (ompar
D 3
Ind New Mexico: Lledtionie Mark 8 Canada: Cantronas, Montreal
for y juerque
Maryland New York: W ]
Mechironic Sales, Ine Manhass 6) 627-9474
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Massachusetts: Contact Sales
urora (Cleveland) (216) 562-6104
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Makes Them

Take DVMs for example...

Today you can buy more performance for your dollar with
HP’s new *‘Self Test’’ 3490 and ‘‘Snap-On’’ 3470. Both
have the features you've told us you wanted, and both were
designed to make them easy on your budget. The key is
HP’s advanced technology. Look what your dollars will buy
with these four quality members of HP's DVM family.

Self-Test 3490 makes double use of its internal ICs to bring
you HP’s exclusive **Self-Test’’ capability without extracost.
The basic 5-digit 3490, ready to measure AC, DC and Ohms
sells for only $1,650 (and at low added cost you can have
isolated BCD output and isolated remote control, or the
highly-useful remote control with ASCII bus). Compare the
3490 with any other multimeter in its class and you'll find
an unusual blend of features and performance for the money.
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Snap-On 3470 provides you with an economical 4-digit LED
display unit that you can equip to meet your exact measure-
ment needs. Get DC only for $475 total, AC/DC/Ohms for
$600 total, or DCV/DCA/Ohms for $875 total (5-digit
versions are $700, $825 and $1.100). Add on a battery pack
center for $200, BCD output center for $175 or an exclusive

34750A
DISPLAY

[(#]) HEWLETT . PACKARD 34720A BATTERY MODULE +

MODE BATTERY TEST

= O

()] HEWLETT - PACKARD
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34700A DCV/DCA/Q METER

.’ 9000000 iﬁ
&

!




That Makes
Better...Now

Cost Less

HP *Self Test” accessory for only $50. You end up with
a modern custom-tailored system for very little money.

Multi-Mode 3450 lets you add up to 12 modes of high-
accuracy measurement capability to your automated system.
You can have true-rms, 4-terminal ratio, 4-terminal ohms
and the unique limit test in addition to the usual functions.
The 3450 is both fast and accurate, with 15 readings/sec.
and accuracy to (0.008% of reading +0.002% of range).
Prices start at $3,300 for the 5-digit DC volts and Ratio
model, go to $5,900 tor total 12-mode capability.

+1091952'V

T 2 T frc e e

Speed Star 3480 is systems oriented, but fine for the bench
as well. This 4-digit, =0.01% unit delivers an unmatched
1,000 readings/sec. Get the exact capability you need by
selecting plug-ins. For example, you can have DC, Ohms
and true-rms AC for $2,900 (isolated BCD output and isolated
remote control are low-cost options). You can even turn the
3480 into an inexpensive A-to-D converter with a sample
and hold option that also lets you take peak readings or do
transient analysis. Or, add data storage that stores up to 50
readings or do transient analysis. Or, add data storage that
stores up to 50 readings at the 1000/sec. rate and employ
a low-cost printer to output the data.

Electronics/March 1, 1973

Check your DVM measurement needs. You’ll find that HP
can fit them closely, whether they call for state-of-the-art
performance or real economy. For more information on the
entire HP family of DVMs and multimeters, contact your
local HP field engineer. Or, write Hewlett-Packard, Palo
Alto, California 94304. In Europe: HPSA, P.O. Box 85,
CH-1217 Meyrin 2, Geneva, Switzerland. In Japan:
Yokogawa-Hewlett-Packard, 1-59-1, Yoyogi, Shibuya-Ku,
Tokyo, 151.

Send tor our 70-page Application Note 158, RS 13.

093/42

HEWLETT @7 PACKARD

DIGITAL VOLTMETERS
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A P 923605

Reuseable..
Reliable...
Remarkable!

A P PRODUCTS ARE

T0 MEET OR EXCEED OUR
PUBLISHED SPECIFICATIONS

UNCONDITIONALLY GUARANTEED e

aways|
aﬁ)erfe%t
DIOAUCTS |
company

AP PRODUCTS
INCORPORATED

72 CORWIN DRIVE e PAINESVILLE, OHIO 44077

(216) 357-5597
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Harmon rocks to
four-channel audio

“There’'s  overwhelming evidence
that four-channel audio is more sig-

nificant than the development of

stereo. It's marvelously expressive of
the times when 95% of the music is
created. not in the concert hall. but
in the recording studio.” This socio-
logical observation is the philosophy
of Sidney Harmon. founder of Har-
mon-Kardon and president of the
parent Jervis Corp.. Plainview. N.Y.

He believes that quadraphonic
sound equipment and records will
sell handsomely. despite the compe-
tition between incompatible tfour-
channel systems. His belief is sup-
ported by heavy back-orders to pro-
duce four-channel amplifiers at his
Harmon-Kardon division and more
speakers at his J.B. Lansing division.

“The transformation in the mar-
ket during the last eight to nine
months has been remarkable.” he
reports. The 54-year-old former
educator and hi-fi pioneer says that
audio-equipment dealers now un-
derstand how to demonstrate four-
channel equipment. and this is why
sales are picking up.

IHarmon brushes aside what he
calls the “chattering about contus-
ing the consumer™ by some manu-
facturers when quadraphonic equip-
ment was introduced. “"People will
buy what they want to hear.
whether it's Columbia’s SQ (matrix
system) or RCA's discrete. | think
there is room for both systems. but
my job is not to decide which one is
better. My job is to —
have equipment
that can play it
all.”

The youth mar-
ket. savs Harmon.
will make four-
channel go. Any-
body who listens to
music todav. Har-
mon contends.
knows that there is
an enormous sense
of participation.
“Music is invented
and created in the
studio. controlled

by engineers. and we’ve now given
the engineers a means of surround-
ing the listener.” Harmon muses.

“Early in the hi-fi business we
used to say that we were duplicating
the concert hall at home. The tradi-
tional approach was to separate the
music and the audience. This is no
longer applicable.”

“Actually,” he adds. “the greatest
four-channel music was created 200
years ago during the Baroque pe-
riod. Choruses were spread around
the hall and the audience was swim-
ming in the glorious stuff.”

It's happening again today in
four-channel recordings. “Any de-
velopment that triggers such a
profound change in music has got to
be significant.” Harmon concludes.

Stata strategy is
$49 million in 5 steps

Ray Stata. president of Analog De-
vices. Norwood. Mass.. likes to
found companies and make them
work. And now the 39-vear-old
Stata—who was graduated from MIT
with a BSEE and went from Hewlett-
Packard to co-founding Solid State
Instrument Corp. before co-found-
ing Anatog Devices—has a five-year
plan to exploit what he views as
broad trends in the industry and put
them to use.

Analog is a manufacturer of con-
verters. operational amplifiers. and
panel meters. primarily priced at
$100 to $200. Stata plans to progress
from manufacture of components to

On 4-channel. Harmon says there’s room for competition
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.+ THE FIRST SINGLE
" CHIP CALCULATOR

jg It was November of 1970, almost a full
| year before anyone else in the industry
/4 could say the same, that MOSTEK began
‘ mass producing an IC containing the
| complete logic for a fully functioning
electronic calculator. Much smaller
than a %” square, the chip, ion im-
| planted by a process 10 years in the
making at Sprague Electric Com-
pany, contained the equivalent of
over 2100 transistors and was recog-
nized as a breakthrough in MOS
by the entire industry.
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This pioneering effort by MOSTEK
literally revolutionized the calculator
industry in a very short time. Today,
the market abounds in pocket-size and
miniature calculators costing consid-
erably less, yet more reliable than their
bulky and inefficient predecessors.
Naturally, other manufacturers have
followed MOSTEK's lead in single chip
calculator design and production . . .
but that’s the way it should be. Leaders
are always followed. We're just happy
to have been able to introduce MOS
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to an area where its full potential was
not being realized. Since introducing
the first single chip calculator (which
is still manufactured in volume for
customers throughout the world)
MOSTEK has developed faster and
more sophisticated chips to meet the
demands of this growing industry.
MOS . . . that's our business. We
welcome the opportunity to move it
forward into new areas. Yours,
perhaps. Consider MOS, then
consider MOSTEK.

®

MOSTEK Corporation
1215 West Crosby Road
Carroliton, Texas 75006
(214) 242-0444

TWX 810-860-5975
TELEX 73-0423

¢ Copyright 1973 by
MOSTEK Corporation
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Model VADC

_ Our low-cost, small-sized
video A/D converter that delivers
stahility and maintainability.

Stability, accuracy (==0.2), and maintainability are just one side of the modu-
lar VADC analqg-to-digital converter coin. The other is that this performance-
proven device is the smallest 6 to 9-bit video converter available. Just 3.0 x
4.5 x 6.8. Speed and resolution vary from 9 bits @ 6 MHz to 6 bits @ 7.3 MHz
(or for 8 bits @ 13 MHz, there's the TVADC). Other features include internal
sample-and-holds with less than 100 pS aperture time, and a wide (5V) dy-
namic range.

The VADC models have proven themselves in such applications as moving
target indicators, shipboard radar digitizing, auto correlation, color TV digitizing,
and others requiring pulse analysis or data logging.

And it is certainly one more reason why DDC is established as the leader in
high speed, sophisticated data conversion equipment.

For product or technical applications information, write or call Jim Sheahan
or Hans Schloss. They're engineers, so they talk your language.

DD C

ILC DATA DEVICE CORPORATION
100 TEC STREET, HICKSVILLE, N. Y. 11801 o PHONE: (516) 433-5330

APPLICATION CENTERS

Long Beach, Calif.

Washington, D. C. E Bruxelles, Belglum
(213) 597-5744 )

(703) 525-4825 (Tei.) 62.01.59
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functional circuits, to modular in-
struments. and to subsystems. with
emphasis on sales moving along the
scale and increasing in dollar vol-
ume from S159 million now to
$48.7 million by 1977.

New trends. The trend toward
modularity. says Stata. has acceler-
ated in the past two years. He con-
tends that the big companies want
to make big systems. and this has
created a void that Analog intends
to fill: making the general-purpose
building blocks that a user can con-
figure himself.

Part of Analog's strategy will be
to use basic analog technology for
all applications. And the company
will particularly utilize monolithic
technology. eventually converting
all its discrete components in ICs.
One of Analog's first steps in that
direction will be to introduce a 10-
bit digital-to-analog converter in
about four months.

The second phase of Stata’s five-
year plan is to connect instruments
to municomputers. This will move
analog signals around cheaply and
conveniently. while further elimina-
ting custom in-house engineering.
Analog Devices will vertically inte-
grate input-output devices into
minicomputers: a bus system will
act as the interface. and a multi-
plexer will handle digital-data trans-
mission. Finally, to complete the
plan, the company will push for a
more complex central computer to
increase capability.

One of the keys to Analog’s suc-
cess is Stata’s personality. Since
founding the company in 1965 with
a partner whom Stata bought out
three years ago. Stata has com-
manded the respect of his 600 em-
ployees while remaining naturally
informal: he often eats in the com-
pany cafeteria. and all employees
address him as Ray.




Filuke It you thought you couldn't afford complete measurement
problem ‘ capability in a single instrument . . .

solvers Take a IOOk at the
Fluke 8120A.
New low price, 5695

Measure volts, amps and ohms anywhere on battery or line with complete portability.
Here's the digital multimeter with all-around flexibility. Precisely measure ac/dc volt-
age, current and resistance.

Measure in five ranges and five functions with 4% digit display to a resolution of
0.008% on all functions. Measure current from 10 nanoamps to 1.2 amps, volts from
10 microvolts to 1200 volts and resistance from 100 milliohms to 12 megohms.

Check the rugged overload and environmental specs on this go-anywhere meter. Look
into Fluke’s guaranteed accuracy and documented 10,000 hour MTBF specs. Note the

' L_ﬂ_-_;;__".'_:—'—ﬂ'—u'-'*-‘ wide range of options including printer output and battery operation.
© RN o Details? Call your local Fluke sales engineer or contact us directly at the address
: listed below.
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FLUKE

L _Lislsiis For details call your local Fluke sales engineer. In the continental U.S., dial our toll free number, 800-
1 426-0361 for his name and address. Abroad and in Canada, call or write the office nearest you listed below.

- u S AERR
B (7) r7‘. \"7)
~ | Fluke, P.O. Box 7428, Seattle. Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850. In Europe,

e address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone 13-673973. Telex: 884-55237. In

the U.K. address Fluke International Corp., Garnett Close, Watford, WD2, 4TT. Phone, Watford, 33066.

Telex: 934583. In Canada. address ACA, Ltd. 6427 Northam Drive, Missisauga, Ontario. Phone 416-678-1500.
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WE SENSE YOUR
EVENT GONTROL
REQUIREMENTS

and provide you with the
best system indication or
control available!

HIGH-SPEED, LOW-SPEED, ZERO-SPEED . . . ANY-SPEED the AIRPAX
WAY eliminates worn bearings and bushings, broken or bent drive
cables—all of the problems associated with other control methods.

Precision electronic tachometry to mea-
sure, monitor or indicate “events-per-
unit-time”, rotational or linear speed,
flow rates, feed rates or production
rates. Nine standard and special purpose
models to select from.

Indicating
Tachometry

Control

Tachometry
Digital

Instruments

Precision control tachometry that pro-
vides proportional control compatible
with recorders and process controllers.
Switching tachometry providing control
utilizing relay closures to initiate mul-
tiple process operations. Eight versatile
models available.

Instruments for control and/or indica-
tion incorporating precise digital read-
out and logic — circuitry control. Flex-
ibility for computer or analog process
equipment interface is “built-in” — as
are many other features. EP.U.T., ac-
cumulator and ratio mode models are
available.

Ou phone numben i (305) 587-1100. Call ov write us .

CONTROLS DIVISION / 6801 W. Sunrise Bivd. / Ft. Lauderdale, Florida 33313
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Meetings

Annual Meeting, Association for Ad-
vancement of Medical Instrumenta-
tion: AAMI, Washington Hilton,
Washington, D.C.. March 21-24.

IEEE International Convention (In-
tercon): IEEE, Coliseum and Ameri-
cana. March 26-30.

Reliability Physics Symposium:
IEEE. Dunes, Las Vegas, April 3-5.

Southwestern IEEE Conference and
Exhibition (Swieeeco): IEEE, Hous-
ton, Texas, April 4-6.

International Symposium on Circuit
Theory: IEEE. Four Seasons Shera-
ton, Toronto, Ont.,, Canada, April
9-11.

International Magnetics Conference
(Intermag): IEEE. Washington Hil-
ton Hotel. Washington, D.C., April
24-27.

Carnahan Conference on Electronic
Crime Countermeasures: IEEE, Uni-
versity of Kentucky, Carnahan
House. Lexington. Ky, April 25-27.

Electron Device Techniques Confer-
ence: IEEE, United Engineering
Center, New York, May 1-2.

National Relay Conference: NARM,
Oklahoma State U.. Stillwater,
Okla.. May 1-2.

Electronic Components Conference:
IEEE. ElA, Statler-Hilton, Washing-
ton. D.C., May 14-16.

Naecon: IEEE, Sheraton, Dayton,
Ohio, May 14-16.

International Symposium: SID Stat-
ler-Hilton, New York, May 15-17.

Measurement and Test Instrument
Conference: IEEE. Skyline Hotel, Ot-
tawa, Ont., Canada, May 15-17.

Electron, Ion, and Laser Beam
Techonology: MIT and 1EEE, MIT.
Cambridge, Mass., May 21-23.

Aerospace Instrumentation Sym-

posium: 1SA, Frontier, Las Vegas,
Nev., May 21-23.

Electronics/March 1, 1973



Erie Tubular Ceramic Capacitors
" Help Repluce Circuit Costs 3 Ways!

¢ Economy of the Capacitor Itself

&, : y P ".
CAPACITORS SHOW@\ | =4/
3 TIMES ACTUAL SI * : ' f

-

‘*,;, : /3 | TRY THIS MICRO SIZE
N / . MONOLITHIC CAPACITOR FOR
ANERN | f / EQUIPMENT OPERATING
’ ‘ A / UNDER SEVERE ENVIRONMENTAL
) . ) }o . / CONDITIONS.
If you are involved in engineering, manufacturinglor purchasing and /
finding “a better way" is vital, ERIE Tubular Ceramic Capacitors can help / ERIE STYLE 8015
' ACTUAL SIZE
. you cut operating costs and boost profits in a number of different ways
For example, if you have a tuned circuit application needing very
: precise temperature compensation . . specify ERIE Tubular Ceramic 012 mid
. 3 . Hermetically Sealed in Glass
Capacitors. Or where nominal capacitance controlto & 1% s important.
Or where rising production costs dictate components be designed for We also offer you a whole new world
- ] y of packaging ideas with our state of the
automatic insertion. Or where you want a low profile capacitor that art monolithic ceramlc capadNem
blends with high density circuit packaging schemes. Specify ERIE Select the capacitance values, voltages
Tubular Ceramic Capacitors. and charactenstics to suit your circut
. These completely versatile, low cost capacitors are perfect for a needs. Ask your nearest Erie representa-
wide range of applications . . - from the competitive entertainment tive . orwrite for literature about

-
market to sophisticated military and aerospace programs. Reliable? £ IOROHICC™) P aAfe CHPSuIE Y

We've made bilhons of them . . . for nearly four decades. And they cost
only pennies each. Think Tubufar .. Erie Tubulars.

Talk to your Erie representative .. or write for literature — ERIE
TUBULAR CERAMIC CAPACITORS.

2T aas

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie, Pennsylvania 16512
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Digital Eguipment Corporation, Maynard, Mass, 01754 (017) 807 5111 Luropean headguanters:
K1 route de Aire, 1211 Geneva 20, Tel: 42 70 50, Digital Lquipment of Canada Ltd.
IO Box 11500, Otlawa, Onlario, K2EH 8K8. (013) 5925111,
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ur i
family takes
experimentation

$
| 2

out of

circuit design.

A,

By

If youre really

serious about cost,
be serious about quality.

We provide the comprehensive
data you need for every one of our
filter and capacitor components.
Attenuation curves (by current,
voltage or in combination at room
temperature and maximum). Test
procedures. Application aids.
Specs. Dimension drawings. That's
why the Allen-Bradiey family is
much easier to work with. We also
give you high volumetric efficiency
and awide variety of styles. Backed
by our famous track record for qual-

¢
'

Actual Size

ity and performance. Request your
personal copies of our free litera-
ture from your nearest appointed
Allen-Bradley electronics distrib-
utor, circle the inquiry card number
indicated or write: Allen-Bradley
Electronics Division, 1201 South
Second St., Milwaukee, Wisconsin
53204. Export: Bloomfield, New
Jersey 07003. Canada: Allen-
Bradley Canada Ltd., Galt, Ontario.
United Kingdom: Jarrow, County
Durham NE32 3EN.

Publication 5409: type FA, FB, FW, SB,
SS ceramic disc capacitors for VHF/UHF.
Publication5410:type FCS, SMFB, SMFO
filters for the 50 MHz to 10 GHz range
Publication 5411: type CL multi-layer,
coaxial capacitors for connectors.
Publication 5414: type MT, MS by-passing
capacitors for 50 KHz to 1 GHz
Publication 5416: type BE filters for RFI/
EMI suppression

Publication 5417: type SF filters for RFI/
EMI suppression

Publication 5418: type AB broad band
filters in Pi, T and L configurations.
Publication 5419: type DA feed-thru ca-
pacitors for VHF/UHF interference

Publication 5421: type SU tubular feed-
thru filters for 30 MHz to 10 GHz range.

Milwaukee, Wisconsin 53204

Allen-Bradley




FAA readies R/NAV
plan; pinpoints
large avionics market

AT&T could lose
network-protection
issue to industry

EIA fears repeal
of item 807

Oxide-isolated TTL
implanted by Bell Labs

Electronics/March 1. 1973

Electronics newsletter

The head of the Federal Aviation Administration has on his desk for
approval an Agency plan to nationally integrate Area Navigation
(R/NAV) into the air-traffic-control system, which would define an esti-
mated $1.5 billion market over the next 10 to 15 years. The phased 10-
year plan, in giving operational target dates to navigation-aids manu-
facturers, avionics makers, and airplane users, calls for providing
“users with sufficient incentive to equip their aircraft at an early date”
during the first five years: requires R/NAV at high-density airports and
for high altitude en-route traffic at the end of five years: and finally
mandates R/NAV at medium-density airports and requires sophis-
ticated vertical R/NAV at crowded airports and for high-altitude en-
route traffic. The proposed FAA plan would ban some existing R/NAV
gear from certain areas and cause others to be retrofitted or modified,
and it would eliminate some portions of the present market, say knowl-
edgeable sources.

Makers of data-communications terminals for use with AT&T’s private-
line network have moved closer than ever to a technical-standards pro-
gram that will permit them to build-in the necessary circuitry to protect
the telephone network, rather than use Bell System couplers. The long-
sought case for industry standards was advanced by the Federal Com-
munications Commission with a 90-day suspension until May 15 of a
proposed AT&T tariff covering installation of protective equipment. All
six of the commissioners present approved the action and called for a
hearing and recommendation by the FCC’s Common Carrier Bureau.
The decision, made after a protest by Microwave Communications Inc.,
said, “*A valid question is raised as to whether, in lieu of giving AT&T a
monopoly in this area, there should not be a standards program by which
the customer or other persons other than AT&T could provide such pro-
tective arrangements’’ needed to prevent harm to the telephone system.

Semiconductor, consumer, and industrial product manufacturers fear
the White House may accept repeal of Item 807 of the U.S. Tariff
Schedules if it can get equivalent concessions from other trading na-
tions. The fears have produced a strong appeal to President Nixon by
the Electronic Industries Association. The Hartke-Burke bill pending
in Congress also favors repeal of Item 807, under which manufacturers
ship U. S. parts to offshore plants for assembly and then pay import
duties only on the value added when the finished product is returned to
the U. S. The industry believes many millions of dollars annually are at
stake, as well as millions more in overseas plant investments.

The expectation that ion implantation will soon replace diffusion as the
most popular way of building semiconductor structures has received
another boost with the disclosure by Bell Laboratories of its oxide-iso-
lation process. The Bell Labs technique, called OXIM for oxide-isolated
mask, has its isolating ring around a transistor that is completely im-
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Pension-fund abuses
charged in Congress

Fairchild’s new MOS
products to use
Isoplanar process

Word processor
takes on large
documents

Addendum

Electronics newsletter

planted. The collector, base, and emitter, as well as resistors, are all im-
planted, instead of diffused. as in Fairchild’s Isoplanar technique.

Bill Evans, member of the technical staff at Bell Labs, who spoke on
OXIM at ISSCC, says that “implanting structures offers better control of
device parameters.” What's more, the high-value resistors needed for
MSI and LSI logic circuits can be more readily obtained in small areas by
implanting. Some of the new Bell circuits—current-mode and TTL
gates—have operated at very impressive power-delay products, as low
as | picojoule. compared with 5 to 10 pJ for earlier gates.

Advocates of a fresh Federal look at electronics-industry pension funds
have received unexpected support from charges by Sen. William Prox-
mire that a number of defense contractors are abusing the system. The
Wisconsin Democrat, chairman of the Joint Economic Committee says
a number of military contractors withhold DOD reimbursements to
company pension programs—defined as a necessary, and thereby a
reimbursable business expense—for as long as 21 months, and they use
the money for corporate needs without paying interest. Proxmire lists
Aerojet General, Boeing, General Dynamics, Lockheed, and Rockwell
International among the offenders, and he calls the practice “a misuse
of Government funds.” He has asked the Defense Department, Atomic
Energy Commission. General Services Administration, and NASA for
further information on the reimbursements.

Although the excitement about Fairchild’s Isoplanar process has been
directed at bipolar memory products, the company is applying that
high-density process to MOS devices. as well. Bob Seeds, manager of
Fairchild’s MOS department, says the first Isoplanar MOS product will
be a 1,024-bit static shift register. to be ready for sampling by mid-year.
Thanks to Isoplanar, this device, which will have a speed of 2 MHz, can
be built on a smaller chip than comparable registers—130 mils by 135
mils, compared with the typical size of 154 mils by 165 mils. The first of
a family of MOS shift registers built by the Isoplanar process, this de-
vice will be followed by general-purpose static and dynamic shift regis-
ters, as well as special types, such as first-in, first-out products.

A minicomputer-based word-processing system announced by the
Documate division of Index Systems Inc.. Cambridge., Mass., is ex-
pected to have major applications in such complex document-prepara-
tion jobs as proposals and reports. publishing of books and magazines,
and lengthy internal documentation. The system consists of a Data
General Nova minicomputer, a Mohawk Data Sciences line printer, a
Diablo Systems disk memory. and three to 15 IBM Selectric 1/0 type-
writers. Documate says the system can handle through its software
nearly all of the jobs involved in document production.

Computer equipment and service sales will reach $23 billion this year,
according to a study of computer user spending plans made by Inter-
national Data Corp. That will be an increase of $3 billion over the 1972
figure, and a boost of $4.5 billion over the 1971 level of $18.5 billion.
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Systems integration...

Let’s face facts. Debugging the hardware,

writing the system software, checking the

whole system out. .. in a nutshell, what it

costs to get the computer to perform. ..

has been the biggest problem facing system users.

A Functional Minicomputer*, the

GRI-99 offers a new dimension in modularity
— the original Universal Bus System — and a unique
combination of functional programming and real-time
software, to greatly enhance the systemdesigner's ability

The fact is, labor dependent system software and to utilize computer controls effectively and economically.

engineering development costs often add up to many times  So crack a nut. And while you're at it, crack a smile too.
the system hardware costs. Because an 8K 16-bit model costs just $2,800 in
The new GRI-99 series addresses itself directly to the sys- OEM quantity.

tems integration dilemma; minimizing post-purchase prob- For a copy of our new book ‘If Minicomputers Are the
lems and maximizing the inherent advantages of the  Answer, What Was the Question?”, please respond on
minicomputer. company letterhead.

Today's real-time applications call for more efficient GRI Computer Corporation

ways to put information into a computer and get it 320 Needham Street, Newton, MA 02164

out again. Phone (617) 969-0800
Cable: GRICOMP ‘

GRI Computer
*Patented CORPORATION
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Significant developments in technology and business

Navy under pressure
from DOD, Congress
to switch to F-15

Air Force planes may
be flying from the Navy's
aircraft carriers if the

Pentagon clips the F-14

Navy tradition is on the verge of
being sunk by procurement eco-
nomics as the Defense Department
ponders switching from Grumman
Aerospace Corp.’s troubled F-14
fighter for fleet air defense to the
McDonnell Douglas F-15 being
built for the Air Force.

It is a prospect that disturbs the
Naval Air Systems Command,
which has been working feverishly
with Deputy Defense Secretary Wil-
liam P. Clements to reach agree-
ment with Grumman, apparently
without success. Now under contract
to build 86 planes, Grumman has

steadfastly refused to build the fifth
lot of 48 without receiving another
$105 million to offset soaring costs.

The Pentagon is adamant, how-
ever, and the issue seems headed for
the courts. Earlier, the Office of the
Secretary of Defense, Navair, and
Grumman had worked to find ways
to restructure the F-14 contract so as
to keep the program alive in a man-
ner acceptable to Congress. But
DOD insiders say Grumman was un-
bending in its position, and now the
Pentagon has become similarly
hard-nosed.

Leverage. Unable to work out a
compromise, despite heavy leverage
on the Navy and Grumman from
within DOD and Capitol Hill,
sources in both places say that the
service is unlikely to get the min-
imum of 313 F-14s it says it needs
and that sooner or later the Navy
will have to turn to the F-15 to take

up the slack. Present estimates are
that F-14 program will end with the
fourth lot now in production, leav-
ing the Navy with 86 planes. Other-
wise, the Navy may buy lots five
through seven at a higher price for
the minimum total of 230. The
Navy, which had planned to buy 88
planes in a sixth lot to be contracted
in fiscal 1974, has already had its al-
lotment quietly cut to 48 planes
[Electronics, Feb. 15, p. 71]
Leverage being placed on Navair
involves both political and practical
considerations. For one thing,
there’s Melvin Laird’s final recom-
mendation as defense secretary to
successor Elliot Richardson that
“assignment of Air Force tactical
squadrons to Navy carriers” is not
only possible but also “highly desir-
able during the coming months and
years.” Beyond violating Navy tra-
dition in a way that has left its ad-

Why F-14 avionics cost so much

More than 50 cents of every dollar spent by the Navy for
Grumman's F-14 Tomcat for fleet air defense goes to
subcontractors for avionics and other hardware. The total
of these subcontract dollars has risen sharply above orig-
inal estimates [Electronics, Jan. 18, p. 105]

The rise is attributable largely to engineering-change
proposals that boost costs and cut performance, reliabil-
ity, and life expectancy, as well. The experience of Gar-
rett Corp., Los Angeles, subcontractor for the F-14 Cen-
ter Air Data Computer (CADC) provides a graphic
example of the aircraft’s problems last year.

The Garrett CADC, proposed originally as a dual-chan-
nel system, was styled as '‘the most complex piece of
equipment in the aircraft—containing over 175,000 active
electronic elements and 47,500 bits of memory storage.”

In April 1969, Garrett received a purchase-order award
of $10.5 million for 469 systems. Then came the change
orders—some 65 through last spring, including 31 that
required design changes. These drove the system'’s com-
plexity, size, and weight up so high that a simpler single-

channel system became necessary. The new contract
price is $19 million—nearly double the original figure. ~
Why the higher price? After 65 change proposals, the
dual-channel CADC required 24 custom MOS LSI chips
of six different types, instead of just two per channel.
Similarly, the 30 standard ROMs had been changed to 38
custom units; double-sided printed-circuit boards had be-
come multilayer, and although no custom hybrid circuits
had been planned, the computer now had 36 hybrids of
five different types. The system’s 10% growth potential
had vanished; there was now a requirement for a spray-
bar cooling system; weight had climbed from 18.4 Ib to
29.5 Ib, and MTBF had been cut in half to 1,250 hours.
Thus, the decision was made in December 1971 to
make a major redesign to a single-channe! configuration.
The decision, Garrett testified, increased costs of the
CADC program by $8.3 million—an increase over and
above earlier escalations of $3 million that were later held
to $2.2 million by cutting back on the number of systems
to be delivered. 0O
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mirals apoplectic, Laird’s comment
to Congress is being interpreted by
military readers of Washington’s
political tea leaves as saying: “If the
Navy can’t buy aircraft econmically,
we’ll let the Air Force do it.”

For another thing, there are the
congressional committee stafl esti-
mates that Grumman’s F-14 ar-
rangements with its key subcon-
tractors are “a mess”—one that may
not be capable of satisfactory reso-
lution, even if the Navy and its
prime can come to terms. Depite re-

ports in Washington that the Navy
is considering letting Grumman per-
form on the 48 planes of lot five at
cost—an estimated $100 million over
the $570 million in the contract—
there is mounting Congressional op-
position to the idea. And opponents
have carefully noted another of
Laird’s departing observations in
January: “The Defense Department
must not become a bail-out agency
for companies that cannot live up to
valid and binding contracts.”
Among other points being made

After nine months in the consumer
calculator business, Texas Instru-
ments in Dallas is reviewing elec-
tronic candidates for its first non-
calculator product, says Jay Rod-
ney Reese, vice president of the
Solid State Products division. A
rough timetable calls for a decision
by midyear. Then it's a matter of
how long it will take to get the prod-
uct to the marketplace.

Meanwhile, with calculator sales
zooming and production sold out
through the first quarter, Tl is ex-
panding its consumer operation. In
nine months the company has:
® Introduced four calculators, and
Reese says they'll be announcing
another one every 60 to 90 days for
the restof 1973
® Set up retail channeis through re-
tail chains both in the U. S. and in
Europe
® Started the development program
for products other than calculators,
with the first to come in early 1974.

Reese says *‘it's all part of a plan
to saturate the world with Tl con-
sumer products. We are using the
calculator to establish our thrust
into the area."”

Reese, a former president of TI
Supply where he quadrupled sales
in four years, reports that one of his
biggest startup problems was get-
ting enough components because
the tremendous consumer demand
for calculators created a market that
gobbled up all the parts that TI's

Tl figures to add more electronic
products to its consumer line

Components division could pro-
duce. Reese says he found himself
standing in line behind established
customers of TI Components. He is
making sure that he doesn't face
that particular problem again—he’s
not only ordered components for
the rest of 1973 but has placed or-
ders for 1974 and 1975 as well

Tl has thus far avoided problems
of its own consumer operation com-
peting with its components custom-
ers. Edward A. White, president and
chairman of the board of Bowmar
Instrument Corp., a major Tl cus-
tomer, says ‘‘They've lived up to
their commitments''—though he
does admit he'd welcome a second
source for Tl calculator circuits.

Another problem has been labor
Tl, unlike some calculator manufac-
turers who are assembling units in
Mexico, is manufacturing its por-
table units in Dallas. It had trouble
finding direct labor but is now hiring
about a 100 people a week for the
calculator lines. The company will
manufacture table models in Sher-
man, and will also produce calcu-
lators in Riete, Italy, for the Com-
mon Market, in Madrid for the
Spanish market, and in Campinas,
Brazil, for the Latin American mar-
ket

Ti will continue in the private-
brand calculator business. Reese
comments that business with Radio
Shack is still expanding and there
are also other contracts.
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in favor of the Navy switch to the
McDonnell F-15 are proposals to
strip the F-14 of some of its avionics
subsystems to hold down costs but
“because then the Navy wouldn’t be
getting the plane it wanted . . . the
unit cost still would be high,” ob-
serves one congressional source. The
Navy’s case for the F-14 has not
been helped by the Marine Corps
decision to buy 10 of McDonnell’s
F-4] Phantoms for $130.7 million in
fiscal 1974. The F-4J is a new ver-
sion of the aircraft.

Although the Air Force privately
argues that a Navy switch could
boost the size of its procurement of
729 F-15s, and presumably lower
the $10.5 million unit cost, the tar-
get price for the first 107 production
planes is $12.4 million each, with a
$15.3 million ceiling.

Fiscal 1973 procurement and
RDT&E costs for the F-15 are $908.1
million, almost equally split be-
tween procurement of the first 30
planes with spares and RDT&E,
while the new fiscal 1974 budget
request calls for just under $1.15 bil-
lion, of which $918.5 million is for
77 more production models with

spares. |

Commercial electronics

Laser system sorts
airline baggage

The harried airline passenger,
scrutinized by magnetometers, and
sometimes frisked by grim-looking
security guards, may soon be spared
at least the ultimate indignity—lost
or mishandled baggage. An auto-
matic baggage-sorting and handling
system, developed by Bendix Rec-
ognition Systems of Southfield,
Mich,, identifies, sorts, and routes
baggage automatically at speeds up
to 300 feet per minute to the passen-
ger’s flight. The first Bendix model
300 baggage-control system, being
installed in the Eastern Airlines ter-
minal at Miami’s International Air-
port, is scheduled to be in operation
by fall.

The key to the Bendix system is a
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Laser baggage sorter. Automatic label-reading device developed by Bendix senses codes
that define flight numbers and destinations. This system will be used at Miami airport

coded label, which is applied to
each item of baggage. The label,
which resembles an optical encoder
disk, has a circular code format that
can define up to 1,024 scparate
flight numbers or destinations. Be-
cause of the circular format, precise
orientation of the label isn’t re-
quired.

The adhesive-backed labels are
produced by printers located at bag-
gage check-in points in the terminal.
To print, an operator enters the
flight and destination data through
a keyboard and depresses the

“print” bar. The required number of

labels, imprinted with the right code
and also man-readable alphanume-
ric characters, are then automatic-
ally produced.

As the bags move on a conveyor
belt. they pass under a gas laser,
which reads the code, and decoding
logic, which relays the data to a dig-
ital controller. Each controller con-
tains a stored program that sends
control signals to a sorting device,
which routes each bag to the correct
spur line. Here, tilt trays or other
mechanical means route the bags to
the assigned spurs.

The controller program typically
contains a seven-day master sched-
ule defining the correlation between
coded label numbers and sorting-
spur numbers as a funciion of time.
Changes in schedule can be easily
entered into the program through

Electronics/March 1, 1973

CRT-terminal keyboards or tele-
typewriters. The system also main-
tains a running total of baggage by
flight number.

The Eastern Airlines system in
Miami, which will cost $2.5 million,
will be able to sort 70 bags per min-

ute. O

Government electronics

Devaluation to spur
multinationalism

The growth of multinational elec-
tronics corporations is expected to
accelerate as manufacturers
throughout the world move to
counter the threat of tougher inter-
national trade barriers spawned by
America’s second dollar devaluation
in 14 months. This is a principal
conclusion being drawn by industry
analysts while the dust continues to
settle from President Nixon’s mid-
February decision to devaluate the
dollar by 10%.

Nixon's post-devaluation calls for
a tougher U.S. trade stance
through legislation empowering him
to selectively raise tarifis and im-
pose import quotas—has startled
free traders in the U.S. electronics
industries, who sce in the proposal

all the ingredients for an inter-
national trade war. Reform of the
international monetary system is
also high on the Nixon priority list,
says Treasury Secretary George
Shultz. who has indicated concrete
efforts in that direction will begin in
Washington late in March with a
ministerial-level meeting of the 20
top trading nations.

Uncertainty. While the positions
of individual nations will continue
to be shaped until the July meeting
in Geneva of the so-called Nixon
round at the General Agreement on
Taritls and Trade. a sampling by
Electronics of the world’s industry
shows a growing interest in multi-
national operations.

“That’s the safest way,” contends
one industry analyst in Washington,
“as long as things are as uncertain
as they are. Put plants in the mar-
kets you sell to. or want to sell to,
and you become "a local enter-
prise’ "—one that is least affected by
tariffs and other trade barriers.

Multinational operations cut both
ways, as Japan's Sony Corp. has in-
dicated by moving to complete a
second San Diego area plant this
year to make color-picture tubes for
its TV-receiver operation. Increased
capital investment by other Japa-
nese firms in U.S. installations is ex-
pected in Washington—although not
enough to offset the U.S. deficit
which topped $4 billion last year
with that nation.

Reaction. In Japan, the devalua-
tion was not entirely a surprise, al-
though the percentage was report-
edly larger and timing quicker than
had been anticipated. Hirokichi
Yoshiyama, president of Hitachi,
contends he is more worried by the
secondary effect on Japan’s over-all
economy. which is beginning an up-
turn from a slight recession last
year, than he is about the revalua-
tion’s impact on Japanese exports.

Although the Japanese consensus
is that, because of higher prices,
color-Tv exports will be slowed se-
verely. especially to the U.S.. Sony
is of a different mind. It expects to
increase its U.S. sales by 50.000 re-
ceivers this year, despite the Trini-
tron system’s higher price.

The Japanese believe that exports
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of tape recorders and stereo gear
will be less affected by the currency
differential because there is less
competition from U.S. makers.
American Government sources con-
cur in this, but they hint that tariffs
or quotas may be sought to leverage
Japan for these and other products.

With Japan’s agreement to float
the value of the yen to let it find its
own higher level in relation to the
dollar, some companies stand to
lose on earlier deferred-payment ex-
ports—even those figured on a yen
basis. During the past few months,
Nippon Electric has switched to fig-
uring export contracts in yen, rather
than dollars, at a ratio of 280 to I.
NEC not only stands to lose on the
contracts it has placed at that price,
but it also found orders harder to
come by.

Although some U.S. component
and instrument makers with oper-
ations in Malaysia and other parts
of Asia, like California-based Na-
tional Semiconductor, initially
feared a possible increase in labor
costs there stemming from devalua-
tion, that prospect seems unlikely
now as many smaller Asian coun-
tries devalued their currencies to
match the hard-pressed dollar.

Europe. Throughout the Euro-
pean Economic Community (EEC),
there was generally less reaction to
the immediate impact of dollar de-
valuation than to the trade agree-
ments that are expected to follow.
Virtually no one expects U.S. price
changes in semiconductors sold in
Europe to go up a full 10% until the
heavy demand creating an Ameri-
can seller’s market cools down.

In Zurich, Gerard Tremblay,
president of Sprague World Trade
Corp., expects that, on reexam-
ination of price lists, “we’ll wind up
with a modest advantage.” U.S.
semiconductor price boosts, in
Tremblay’s view, may not come
soon because of stretchouts in deliv-
ery times in thé booming U.S. in-
dustries. Moreover, the full 10% de-
valuation advantage won’t be
realized, since U.S. imports of raw
materials will cost more now. The
initial devaluation disclosure
burned some European producers,
of course, like France’s largest,
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Thomson-csF. That company
stands to lose on some “several tens
of millions of dollars worth™ of ex-
port business contracted in dollars
instead of francs before the 1971 de-
valuation, says marketing vice presi-
dent Eduoard Guigonis. Beyond
such specific instances, however.
Guigonis sees relatively little dam-
age to European electronics. For
components he sees few price cuts
now, but expects some later when
the present U.S. sellers’ market
cools down. American-made capital
equipment will be more competi-
tive, he believes.

In West Germany, where the
predevaluation dollar was taking its
worst beating on the currency ex-
change before Nixon acted, little di-
rect impact is forecast for electron-
ics. Some indirect effects will be felt,
however, in third countries, such as

Communications

those in South America, where U.S.
and German products compete, says
the German Association of Electro-
technial Industry (GAEI). As for U.S.
electronics and electrical exports to
West Germany, which dropped
about 5% in 1972 from a level of
nearly $500 million the year before,
a GAEI official believes this down-
turn will reverse itself.

The reaction in the United King-
dom, where the pound sterling is
being allowed to float and reach its
own level in relation to other cur-
rencies, is similar to that in other
parts of Europe. ITT Semiconductor
summarizes the view of many Brit-
ish producers that both import and
export extensively. It points out that
the net effect will be slight because
gains to be realized on U.S. imports
will be lost on higher-priced and
less-competitive exports. a

Radio call boxes on highway
aid motorists in Florida

Motorists stranded along a 20-mile
stretch of highway between Miami
and Fort Lauderdale discovered last
month that they could talk to a
Florida Highway Patrol dispatcher
by walking less than a quarter-mile
to a motorist-aid call box.

But the phone is really a radio.
Thanks to a recent Federal Commu-
nications Commission allocation in
the 450-megahertz band, radio call
boxes on limited-access highways
now offer full-duplex voice commu-
nications. In developing and install-
ing this system, Motorola Commu-
nications division decided to
emulate the ubiquitous telephone—
from the user’s standpoint.

“Our call boxes are designed so
anybody and everybody would
know what to do with them, even if
he had never seen them before,”
says Fred Tuke, national product
consultant for Motorcall, the name
that the Schaumburg, 111, division

has given the system. “He has a
handle to open the box, and a tele-
phone handset, and nothing else.

Motorcall is a full-duplex system.
The 450-MHz terminal stations are
connected to a 960-MHz backbone
to route signal and voice informa-
tion between the control console
and 90 roadside call boxes. The in-
stalled cost of the system was
$328,000.

Besides eliminating telephone
cabling and continuing cost-per-call
charges, Motorola designed in fea-
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SURPRISE!

The LED with a built-in resistor.

Now. two direct S-volt lamp replacements oflering no increase in size
over our standard LED lamps. Because we've built in the resistor. they're both
directly TTL compatible. That adds up to space savings and reduced assembly 3
costs and a lamp ideal for high density arrays. Two sizes are available: a ', .
T-1 package (5082-4468) and a T-1 % package (5082-4860). Get the full story HEWLETTM PACKARD
onour new Resistor LED lamps from your nearby HP distributor.
Or write us. you'll find our 1K price of 60¢ hard to resist. e
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tures not found on ordinary tele-
phone motorist-aid call boxes:

® Vandalism alarms to notify the
dispatcher when someone steals the
handset or breaks into the interior
of the box.

® Automatic identification of the lo-
cation of the calling box.

®m Notification to the console of a
second caller and his location when
the system is in use, via a second
frequency.

m Remote interrogation of the con-
dition of the handset and outer and
inner doors.

® A rechargeable, alkaline manga-
nese-dioxide battery.

® Capability for automatic routine
interrogation of all boxes once a
day.

The system can also collect and
transmit data from roadside and
roadbed sensors to determine traffic
count and speed, or relay such
safety information as ice on bridges,
fog, and dust storms. Motorcall can
also transmit information to the
boxes. O

Displays

Monolithic display
cuts size, cost

Going monolithic with alphanu-
meric displays fabricated from gal-
lium arsenide phosphide may over-
come the cost and reliability prob-
lems of hybrid techniques.

With conventional hybrid five-by-
seven GaAsP arrays, 35 discrete
diodes must be interconnected to
each other. The wire and die-bond-
ing required constitute a large part
of the reliability and cost problems.
Furthermore, misalignment of
many individual diodes can mar the
appearance of a display.

These difficulties are avoided by
the monolithic approach developed
by researchers at Oki Electric Indus-
try Co. of Tokyo. Using an npn
triple-layer gas-epitaxy process, they
have fabricated planar monolithic
five-by-seven arrays. They claim
this approach substantially reduces
fabrication costs, primarily because
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News briefs

Holographic memory works

1.024 pages.

ers

equipment, and data

RCA Laboratories. Princeton, N. J., has demonstrated the feasibility of a
holographic computer memory, developed jointly with NASA and RCA
funds. In the laboratory, the memory performs all of the operations of write,
store, read. and erase [Electronics, Jan. 18, 1971, p.61]. An argon laser
writes and reads data, a liquid-crystal page-composer encodes 1,024 bits
of data in a hologram, and an erasable thermoplastic records 32 by 32, or

However, only 10 bits on any page are alterable. The memory capacity of
a million bits is contained on a piece of thermoplastic 3 inches in diameter
The next step is to improve the components, particularly the thermoplastic
recording medium, which just isn't fast enough yet, say the RCA research-

Collins, RCA get AF Fleetsat awards
Air and ground communications for the Air Force to use with the Navy's
fleet satellite communications system, known as Fleetsat, will be provided
under a $9.7 million contract to Collins Radio Co., Cedar Rapids, lowa, and
a $6.5 million award to RCA Corp., Camden, N. J

The cost-plus-incentive-fee competitive awards from the AF Electronic
Systems division cover uhf terminals, transceivers, aerospace ground

of reduced bonding time.

What's more, OKi says its process
makes possible much smaller dis-
plays. Hybrids. it says, are limited
on the low end by the electrical re-
sistivity of the metalized stripe used
for die bonding. As a result, the
standard size of most devices on the
market is 6.2 by 8.7 millimeters. By
contrast. the monolithic array pro-
duces a character measuring 3.3 by
4.7 min, and even smaller ones—
comparable in size to a standard
typewriter character (2.3 by 3.3
mm)—are possible.

Light from junctions. In the Oki
device, the structure consists of al-
ternating npn epitaxial layers on
n-type gallium arsenide. The first
layer is doped with tellurium. the
second with zinc, and the third with
tellurium again. [solation of each
row is achieved by selective diffu-
sion through the surface n layer into
the p layer. using masks of Al.03
and SiO:. The light-emitting pn
junctions are selectively diffused.

Ohmic contacts of gold and ger-
manium alloy for the n layer are
evaporated and etched into the lead
pattern to connect five pn junctions
in each row. A titanium-aluminum
lead pattern connects seven junction
spots in each column through win-
dows in the silicon oxide.

With this process, Oki has pro-
duced prototype quantities of four-
character displays in packages with
outside dimensions of 10 by 21 mm.
The devices have been operated in a
set of 16 characters, pulse-driven at
a frequency of 40 hertz, at a 14%
duty cycle and a peak pulse value of
18 milliamperes. This is equivalent
to an average current of 1.2 ma. Oki
has delivered samples of the display
to Nippon Telegraph and Tele-
phone Public Corp. for the com-
pany’s evaluation. O

_TComputers

Exchange unsnarls
TI's EDP tangle

As in most multinational com-
panies, EDP at Texas Instruments
has proliferated into a web of com-
puter networks and dedicated on-
site facilities that handle data com-
munications ranging {rom real-time
order-entry and inquiry to remote-
batch processing and data collec-
tion. To unsnarl the tangle of sys-
tems, TI has developed a new on-site
Data Exchange System, dubbed
DXS., and the system is so successful
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SURPRISE!

N high-speed
isolator In'('aklllrough.

Two new optically-coupled isolators take advantage of our advanced photo
IC capability giving speeds four times faster than other opto couplers. The S082-4360
Series optically-isolated gates operate up to 20M bits. This device has a photo
detector [C circuit consisting of a photo diode and high-frequency lincar amplifier.
Itis completely TTL compatible at the input and output and it's capable of feeding
cight TTL gate loads. The S082-4350 Series isolators operate up to 4MHz bandwidth. i
Thisdevice consists of a monolithic photo detector with a photo diode and high frequency HEWLETT h PACKARD
transistor on the same substrate, making itideal for lincar and digital applications. w
The 5082-4350 Series prices start at $2.00 in 1K quantity: the 5082-4360 Scries is priced
at$4.501in IK quantities. Detailed specs are as close as your nearby HP distributor. el s e LR
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Tris offering it for sale.

DXS ties remote terminals to an
on-site minicomputer that can ex-
change information with a local
data base. the host-processor net-
work. or other DXS svstems’ data
bases and terminals. DXS allows
users 1o amass thousands of termi-
nals with access 10 a centralized
computer. but it pares communi-
cations costs by channeling the vari-
ous data systems through a single
voice-grade line.

“DXS is basically an on-line
transaction-oriented system for in-
putting or retrieving data from the
local machine. or host network. or
for passing information back and
forth.” savs Robert A. Thomas.
manager of systems development
for TI's Digital Systems division.
Dallas. A communications adapter
buffers communications between
the DXS computer and the host
processor. and emulates nearly any
other processor network terminal.

Built around the firm's 960A
minicomputer [Electronics. Nov. 8
1971. p. 111]. DXS uses video- or
printer-heyboard terminals or
Touch Tone phones. or all three. 10
handle inputs and inquiries to the
system in a full tutorial mode. The
dial-up system includes a 31-word-
vocabulary answer-back unit. DXS
also accommodates special-purpose
terminals. such as attendance sta-
tions.

While DXS was designed to up-
grade TI's internal communications.

Unsnarls the tangles. TI's DXS smoothly interfaces various types of data-communication
systems to create an efficient network that cuts computer time and transmission costs.

the firm will offer three commerical
versions. 1o be shown first in Dallas
at the industry’s first Data Commu-
nications Interface Show. March
6-8. Prices start at $65.000 but TI
has a six- to eight-month backlog of
internal orders to fill. savs Thomas.
The company is also using the sys-
tem to quietly show a couple of new
peripherals - Ti-buill CRT terminals
and attendance stations.

DXS is being added first in the
manufacturing end of TI's busi-
nesses. “We found out—frankl
through experience. rather than in-
sight—that data-collection is most
critical.”™ explains Carl Hopper.
manager of corporate management
systems. “But since we now have
equipment that can inquire. as well
as collect. it has much potential for
expanding into offices. as well
manufacturing.” he adds.

The Kevs to cost-control on a svs-
tems level are distributed data
bases—local disk units that contain
manufacturing information. such as
Job status. schedules. and inven-
tories. “In short. 83% of what i
takes to run a factory. whether com-
munications lines or host computer.
goes up or down.” he savs. “"How-
ever. when the computer needs to
access terminals. programs. or data
bases anvwhere else. it can.”™

Il expects 1o effect most of the
savings by cutling communications
costs. “From a hardware stand-
point.” Thomas savs. “there may be
an appreciable saving. But from a

communications standpoint. the
savings are enormous. With DXS.
vou use lines of any speed because
the system is responsible for all the
remote equipment.” Thomas ex-
plains. “And with a local data base.
we can really save on the amount of
traftic up and down the line—cutting
both central-computer time and
communicalions COsIs.

In the future. DXS will be tied
dircctly to machines to get people
entirely out of the uur\ process.

“We'll'start mov ing to that later this
year—but that means we must either
2o in and modity existing machines,
or add new machines with control-
lers that can report the informa-
tion.” Thomas explains. O

) Solid‘s_tatg‘—

Metal-gate unlocks
speed in MOS RAM

Some old notions about MOS-
memory design may be dispelled by
a new n-channel dvnamic random-
access memory from Advanced
Mcemorv Systems Inc.. Sunnvvale,
Calif. The 1.024-bit device is made
by a process most designers consider

archaic—metal-gate.
Yel AMS savs the AMST7001 can

outperform most silicon-gate RAMS.
It also operates continuously with-
out refresh interruption. although it
IS not a static RAM. A tiny charge
pump in each memory cell provides
a continuous refresh current to re-
plenish  data-storage charges lost
through leakage currents. The
charge pump reduces power dissipa-
tion to 2 microwatts per bit when
the RAM is switched into a power-
down standby mode.

The AMS7001 has been clocked
at access times around 55 nano-
seconds and complete read-write
cvele times of around 180 ns. about
the sume speed as new TTL 1.024-bit
RAMs. Those times represent prelim-
inary measurements of pilot-line
chips. states Millard Phelps. ams
vice president. Company engineers
think it possible to develop an im-
proved version accessible in 23 ns—a
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SURPRISE!

HPs17¢LEDs.

That’s your price when you order 100K, And make no mistake about it.
thanks to some highly advanced production facilities, HP can deliver
that kind of volume to meet your schedule. Quality? The best around.
Advanced design and high volume production make these low prices
possible. Two sizes of lamps are available. A T-1 (5082-4484) and a T-1 %
(5082-4850) for any application where you need a brilliant, long-life LED:
automobiles. appliances. homewares, instrumentation. Contact your nearby HEWLETT ﬂ PACKARD
HP distributor for detailed spees and a free sample. Or write us.
This is one bright idea you ean’t afford not to design into your next produet. e e LG
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speed comparable to that of ECL
RAMS.

One reason for the unusual speed
is that the AMS7001 was designed
to dissipate considerably more
power when accessed than most
RAMS. Running at top speed. it
burns 450 to 500 milliwatts. On nor-
mal standby, the circuit consumes
75 mw

However, the new power-down
mode allows most modules in a
large memory system to operate at
very low current. This cuts the dissi-
pation to 2 mWw per chip in memory
segments that aren’t being accessed.

Charge pumps. A dynamic MOS
RAM must be refreshed because
charges in the parasitic capacitances
of the storage-cell transistors must
maintain internal data levels. With-
out refresh currents. leakage would
reduce the charge to an indetermi-
nate level. Data would be lost
within about 2 milliseconds in an n-
channel RAM, which has higher
leakage than p-channel RAMS.

Ordinarily, memory addressing is
interrupted to rewrite data in the
cells. The extra write operations re-
charge the capacitances. One excep-
tion is the EA1500, an n-channel
RAM made by Electronic Arrays
Inc., which can be refreshed “invis-
ibly” by putting a refresh pulse into
each read cycle. However. invisible
refresh extends the read-cycle time
to about 500 ns from the normal
read-cycle time of 200 ns.

Refresh. AmS employs charge-
pumping, a “transparent” contin-
uous-refresh technique. It was con-
ceived a few years ago by the Gen-
eral Electric Co.. but GE has never
used it, and apparently it has been
overlooked by other companies,
Phelps says.

Except for the pump and n-chan-
nel processing, the AMS7001 cell is
almost identical to the cell structure
used in the AMS6002 1.024-bit p-
channel metal-gate RAM.

Phelps says the company’s distrib-
utors will be stocked with
AMS7001's by March 12. The
single-unit price will be $40, and
$22 in quantities of 250 to 999. The
initial high-volume price to equip-
ment manufacturers will be around
I cent per bit, or about $10 a unit.

The first company licensed by
AMS to second-source the 7001 is
Toko Inc. of Japan. O
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Memories

Super-dense memories
made at IBM’s labs

Semiconductor memories starred at the ISSCC;
microwave FETs and CCDs performed well

Now that 1BM has decided unequiv-
ocally that semiconductor memories
are the way to go for low cost and
high packing density in its newly ex-
panded models 145, 158, and 168 of
the System 370 line [Electronics,
Feb. 15, p. 43]. the giant computer
manufacturer has mounted an awe-
some advanced-memory develop-
ment program. Although largely un-
derground. some of IBM’s memory
effort surfaced for the first time at
the International Solid State Cir-
cuits Conference in Philadelphia.

The results are impressive:
= While most semiconductor manu-
facturers are still struggling with 4-
kilobit memory arrays. 1BM’s Sys-
tems Products division. Essex Junc-
tion. Vt.. has built an 8.192-bit MOS
dynamic RAM on a single chip.

u At the company’s Boeblingen.
West Germany. laboratories. a com-
pletely static bipolar memory struc-
turc has been developed. With its
projected 1.l-square-mil cell size
and low power dissipation, it not
onlv compares favorably with Mos
packing densities and power re-
quircments, but also offers the high
performance—50 nanoseconds ac-
cess time—of bipolar memories. Us-
ing a form of passive isolation to
build arrays. these structures could
accommodate 16,000 bits of static
bipolar memory on a single chip.

= At the Watson Research Cen-
ter. Yorktown Heights, N.Y.. re-
searchers are using electron-beam
lithography to build random-access
memory arrays with the incredible
packing density of 8 bits per square
mil. This works out to 320,000 bits
on a chip 200 mils square, although
none that size has yet been made.

One-transistor cell. The 8,192-bit
RAM is built with standard p-chan-
nel silicon-gate processing, using a
one-transistor cell design to achieve
the high density. And although the
company takes great pains to call
the device experimental, it is fully
functional and includes all the im-
portant circuitry: the data array.
data register. decoders. word-line
biasing, phase drivers, input biasing,
and chip-select.

The bits are organized uniquely.
Built essentially as a pair of 4.096-
bit arrays, the chip contains a cen-
tral data register that acts as a high-
speed buffer store into which a
single 64-bit word can be trans-
ferred from either array. Once this
block of data is in the buffer, which
contains both the sense amps and
shift register, any bit in the word
can be accessed randomly.

Although it takes 1.7 micro-
seconds to access a bit from scratch,
a bit, once in the central data regis-
ter, can be accessed in 500 ns. That
speed is fast enough for many appli-
cations, particularly for the com-
pany’s virtual-memory system.

The big bipolar. The static bipolar
array is an extension of IBM’s
Boeblingen laboratories’ super-
dense structures described a year
ago [Electronics, Feb. 14, 1972, p.
83]. In the early structures, the re-
sistive loads were eliminated and
active pnp load functions were inte-
grated directly into the npn flip-flop
array, so that minority carriers
could be injected directly from the
drive line into the emitters of the
npn transistors. The result: a three-
fold savings in cell size when built
with conventional processing and
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SURPRISE!

distributors
are

as near as

Distributor Stoching Locations

SCHWEBER

ELECTRONICS

Hollvwood, Florida
(3039270511

EIN Grove Village. Hlinois

(312) 393-3740
Rochville. Mars land
(301) 8812970
Walthiam. Massachusetts
(617) 8908484
Rochester. New York
(7160) 3284180
Westbury, New York
(516) 334-7474
Beachwood, Ohro
(216) 464-2970

your
phone.

L

WYLE
DISTRIBUTION GROUP

Liberty Electronies/Arizona
Phoenin, Arizona (602) 264-4438
Liberty Electronies
E1 Sezundo, Calitornia (213) 322-8100

Llmar Electronies
M View, Calitornia (415 961-3611

Western Radie
San Diego. Calitornia (714) 2356571
Elmar Electromes
Commeree City, Colorado (303) 2879011

Liberts Electronies/Northwest
Scattle. Washington (2060) 763-8200

Al of our distributors have our complete line of optoelectronic products ready
for immediate delivers to sou, LED displass. LED damps, olators and
photodetectors, All of these devices are solid state and directs DTL-TTI
compitible. And they are designed for case of application. When vou need
HP oproclectrome products call sour nearest distnibutor tlisted abovey

With HPS Jow prices and bigh volume capability yvou can’tatlord not 1o
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HALL-MARK
ELECTRONICS

Huntwalle, Alabama
(205) 539-0069|
Lenexa. Kansas
(913) RRR.4747

St Louwns, Missouri
(314) 521-3500
Raleigh, North Carolina
(919) 832-4465
Oktahoma Cits, ORlahoma
LNwerprise 224
lulsa, OMahoma
(V18) 8IS-RYSR
Austin. Texas
(512) 4544839
Dadlas, Texas
(21 2310011
Houston, Texas
(T13) 781-6 100

EUROPE
Celdis 1.td.
37-39 Loverack Road. READING. Berkhs. England
lel: READING 5822 11
1.8.C. France
20, rue Gambetta, 92-Boulogne. France
“Tel.: 604.52.75
Ingenicurbiiro Dreyer
238 Schleswig, Ilensburger Strisse 3, Germany
Tel: 04621y 2 31 21
EBV Elektronik
& Munich 2. Augustenstrasse 79, Germany
el (O811) 52 43 30748
6 Frankfurt L Mslivsstrasse 34, Germany
el (61 7204 lo/8

HEWLETT W PACKARD

Sales. service and supportin 172 centers in 85 countries

Circle 39 on reader service card 39



1024 BITS
10 MHz
-29C TO
125C /.

A NEW LOW-POWER
IMOS DYNAMIC
SHIFT REGISTER N -‘
FROM HUGHES.

\'\‘

\\\\

It's fast. Ten MHz over MIL
spec temperatures.

But at no sacrifice in power. Bl | sl
Typically 300 mW at 25°C for
10 MHz operation with 50 percent TTL or DTL integrated circuits. (714) 548-0671, extension 346.
duty cycle clocks. It interfaces from The HDSR 1024 comes ina Or write, 500 Superior Avenue,
MOS to MOS without externall TO-99 package. Other configura- Newport Beach, California 92643
components {(because of an tions include a 2048, a dual 512
internal resistive pull down). Both and a quad 256in TO, DIP and L. e ) k
bipolar and MOS circuits can be flat packages. ' HUGHES '
driven by the output stages. Inputs For the fastest way to get the I,.;g;.gs- ;,-.;c-.,;;;—go-;,,;;;
can be directly driven by MOS, tastest family of shift registers, call e r =SSR GG
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another halving of area using a pas-
sive isolation process. Now IBM has
eliminated the output npn struc-
tures that were used to drive the bit
lines as well. simply using the npn
flip-flops to directly drive the bus
lines. Therefore. direct injection can
be used both at the input and the
output of the memory flip-flop. sav-
ing stitl more space.

The new structure is called an in-
jection-coupled memory. The new
cell size is 3.1 square mils with stan-
dard processing. and 1.1 square mils
if built with oxide isolation. com-
pared with last year's 4 square mils
and with 8.4 square mils of an ad-
vanced present-day commercial cell.
This cell area. as small as that pre-
dicted by even the most optimistic
MOS designers. points to a bipolar
memory with 8.000 to 16.000 bits on
a chip. with standby power of less
than 0.1 microwatt per bit, and with
an access time of 50 ns. 18M workers
project an 8.192-bit chlp including
all peripheral circuits, on a thp
measuring 160 by 170 mils.

For really dense memories. 1BM is
developing an electron-beam fabri-
cating technique that yields MOS cell
geometries measured in micro-
meters and nanmeters. The 8-bit ar-
ray is contained in 1 square mil:
conventional MOS cells require 3 to
6 square mils per bit.

Electron beam fabrication is still
a laboratory technique. But it can
lead to line widths of | micrometer
or less. oxide thicknesses of 200
angstroms, diffusions of’ 0.5 micro-

meters, speed increases by orders of

magnitude over todav’s circuits, and
power dissipation of less than 10
nanowatts per cell. '

Compoﬁgn(s
Microwave FETs
challenge bipolars

Bipolar transistors have been nudg-
ing aside traveling-wave tubes in
microwave ctircuits over the past
decade, but the bipolar devices
themselves now face a serious threat
from field-effect-transistor  tech-
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Unique organization. |IBM's expernmenta
8-k RAM is built as a pair of 4,096-bit arrays

nology. The threat exists especially
for low-noise applications above 6
gigahertiz. although researchers de-
veloping S-band FET devices are
also optimistic that their circuits can
potentially outperform those using
bipolar power transistors.

The latest performance of both
low-noise and high-power FET de-
signs was presented at the Inter-
national Solid-State Circuits Con-
ference. Charles Liechti. who is
responsible for GaAs FET develop-
ment at Hewlett-Packard Labora-
tories. Palo Alto. Calif.. summarized
the state of the art in both bipolar
and FET devices for small-signal ap-
plications (see graph).

Because bipolar transistor noise
figures rapidly degrade with increas-
ing frequency while noise figures for
FETs remain relatively constant. the
FET has a distinct advantage above
5 or 6 GHz. The FET also exhibits su-
perior gain, but problems in obtain-
ing a stable gain at the lower micro-
wave frequencies have so far limited
its usefulness to above 5 GHz.

Liechti has also overcome tricky
impedance matching problems in
FET circuits by developing a three-
stage amplifier with a gain of 25
decibels. Its center frequency is just
over 8 GHz. while noise figure for
the total unit is 6 dB.

For power applications, FETs still
trail bipolar devices. But a basic
problem in fabricating high-power
FETs has been overcome by Louis S.
Napoli. a rescarcher at RCA's
Princeton. N.J.. laboratories. He has
developed a multiple-gate device on
a single chip that delivers an 800-
milliwatt output at 4 GHz. Pre-
viously. such multiple-electrode
structures were not considered prac-
tical because all three FET electrodes

Call Hugh

for...

Image Devices
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Video storage units: scan
conversion memory systems
(RS 229)
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{

Direct view and scan converter
storage tubes and low light
level devices (RS 226)

Mlcrowave Products

M|ll|meter-wove sweepers,
sources, isolators, modulators,
mixers, detectors and diodes

(RS 220)
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Microwave TWTs, TWTAs and
solid state IMPATT and transistor
amplifiers (RS 228

Lasers
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Gas lasers (RS 231)

Thermd Products
Heat plpes (RS 237)

Mulhplex Systems
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For remote
communications/control (RS 230)

(213) 670-1515, Ext. 5964

Telephone for immediate information, For
literature, circle reader service (RS)
numbers, or write to Bldg. 6, Mail sta-
tion D-135, Culver City, CA 90230.
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NEW
SHORTER
CASE!

SGHAUER

1-WATT

ZENERS

All welded
and brazed assembly

No fragile
nail heads

High pressure
molded case

160 MAX.
DIA,

028 DIA.
GOLD PLATED
NICKEL CLAD
COPPER LEADS
ALKYD RESIN ¢ 1
U.S.A. Made 15

A S

iy 4

(Was 0.437”)

CASE LENGTH
0.320” MAX.—

SAME LOW PRICES FOR
1% TOLERANCE ZENERS

ANY VOLTAGE
FROM 2.0 TO 18.0

Quantity Price Each
1-99 $1.07
100-499 .97

500-999 91 '
1000-4999

5000 up

.86
.82

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

Semiconductor Division

SGHAUER

MANUFACTURING CORP.

4514 Alpine Ave., Cincinnati, Ohio 45242
Telephone 513/791-3030
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Challenger. Above 5 GHz, FETs give more gain, lower noise figure than bipolar devices do

exist on the same surface and can-
not be interconnected monolith-
ically as is the bipolar transistor. In
Napoli's design, gate pads are de-
posited to allow the bonding to-
gether of eight parallel gates on the
same device. Carrying the multiple-
gate approach one step further, Ma-
sumi Fukuta of Fujitsu Ltd., Kobe,
Japan has developed a mesh-like
geometry to fabricate a 1.6-w device
at 2 GHz.

But microwave FETs still face the
transition from device development
to use in production systems. Fair-
child’s Microwave and Optoelec-
tronics division now markets its
Model FMT-900. a low-noise device
that delivers an 8-dB gain and 4-dB
noise figure at 8 GHz. Unit price is
$500, but is expected to drop below
$300 by year’s end. ]

'Solid state

Tl makes 4,096-bit
CCD shift register

The options available for achieving
very high bit densities in memories
has been dramatically increased by
the 4.096-bit charge-coupled  shift
register shown by Texas Instruments

at 1SSCC. Using the aluminum metal-
ization system that TI developed for
its C€CD analog-signal processing
work and a design that the company
calls serial-parallel-serial (SPS), the
register operates with three-phase
clocking and has a monolithic out-
put amplifier on the chip.

This design permits considerable
lavout compactness: even with a
single metal layer, each bit is 30 mi-
crometers square, which means that
equivalent high-density serpentine-
tvpe registers would require 50%
larger channel separation because of
clock-line crossovers needed for its
zig-zag data flow. What's more,
since the SPs design reduces the
number of charge transfers required
to access a bit, more bits can be
stored without the internal registers
required by the serpentine-type reg-
ister.

Tt claims that double-level metal-
ization makes possible registers with
still greater density, and company
officials foresee chips with as many
as 32,400 bits. This double-level
configuration, which has aluminum
as the conductor on both levels and
anodized aluminum as the interlevel
insulator. results in essentially gap-
less ccps, which permits closer
spacing and improved yields be-
cause photolithographic tolerances
can be relaxed. O
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in a porfable laboratory oscilloscope
~ that weighs only 23 pounds.

The dual-trace, 350-MHz TEKTRONIX 485 Oscilloscope iIs
the newest addition to the world’s most widely used port-
able family. Many features of earlier TEKTRONIX port-
ables are retained, many others are expanded and a lot of
new ones are added. The result is a new product which
significantly expands the performance spectrum of port-
able scopes. Following are some of the features of the
485, an oscilloscope which measures with laboratory
precision and carries with small-package ease.

350-MHz Bandwidth at 5mV/Div—More dual-trace
high frequency measurement capability at 5 mV/Div than
any other laboratory-quality scope—portable or cabinet.

1-MQ and 50-( Selectable Inputs—Scope circuitry
automatically disconnects the 50-Q inputs when signals
exceed 5V RMS or 0.5 watts to protect your equipment.

Time Resolution to 1 ns/Div—More time resolution
than any other portable. And it’s direct reading.

A-External Trigger—Just press this button to dis-
play the external trigger signal and quickly verify your
trigger source or check timing reference.

For a demonstration circle 38 on reader service card

Alternate Sweep Switching—View intensified wave-
forms and delayed waveforms at the same time. When
you move the intensified zone you always know pre-
cisely where you are, and still see the delayed wave-
form. It saves time and adds operation convenience.

Weight without accessories, just 20%2 Ib (23 Ib with ac-
cessories). As much as 30% lighter than other porta-
bles which have only 150-MHz bandwidth.

For complete information or to arrange a demonstration,
contact any TEKTRONIX Field Office. OQur offices are
located in or near major cities and industrial centers—
worldwide. If you prefer, write Tektronix, Inc., P.O. Box
500, Beaverton, Oregon 97005. In Europe, write Tektronix
Ltd, P.O. Box 36, St. Peter Port, Guernsey, C.l., U.K.

485 Oscilloscope
U.S. Sales Price FOB Beaverton, Oregon

TEKTRONIDC
- committed to
technical excellence
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Our powerful military RF transistors



W

know no pecking order.

CTC power transistors are designed and characterized
for easy broadbanding within every range in the entire
chain of command from 3 to 3,000 MHz.Go over every-
one else’s head with power outputs ranging from 75 to
150 Watts. Fully emitter ballasted, they operate just as
well in Class A, B and C.
All of which gives CTC the distinction of making the
most powerful and rugged communications transistors
on the market today. And gives you the distinction
of always coming across loud and clear
whether in communications, telemetry or
point-to-point systems applications.
They exhibit extraordinary linearity which makes them
easy to work with and far easier to design around. Qur
proven long-life metal system plus glass passivation makes
them extremely relisble. Hermetically sealed of course.
And all CTC products are capable of working into
severe load mismatches
You're ahead when you specify CTC. For complete in-
formation and product now, call or write.

750— 1000 MHz

DM40-28B

DM10-288 DM40-288

2w

Communications Transistor Corporation, 301 Industrial Way, San Carlos, California 94070 (415) 591-8921
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DATA GENERAL

ANNOUNCES

PIGS LOOK SLOW.

Strictly as a compiler, our Fortran 5
is probably the slowest on the market. Sev-
eral times slower than our own Fortran IV.

But appearances are deceiving.

At run time —when speed means
something — our Fortran 5 tums outto be a
superfast, big computer Fortran.

Fortran 5 compiles slow and runs
fast because its incredibly thorough, multi-
pass compiler optimizes “globally”’; that is, it
examines each program statement, not only
internally, but also in terms of every other
statement in the program.

The resultis amazingly efficient, fast-
executing code.

PIGS ARE THE SMARTEST
ANIMALS IN THE BARNYARD.

Our Fortran 5 is a compatible super-
set of almost every other Fortran —IBM
level H, ANSI Fortran IV, Univac Fortran V.
Itincludes all their features, plus some.

It's a multi-tasking compiler, so a
program can pursue several related but
asynchronous tasks simultaneously.

It has an exhaustive set of incredibly
precise diagnostics that tell exactly what'’s
wrong and where, in English.

Finally, when it's time to run an
application program, Fortran 5 is smart about
tailoring a run-time package to include only
essentials. That means a program written on
a 64K brute might run in only 8K.

46 Circle 46 on reader service card

FORTRAN 5.

PIGS TURN GARBAGE INTO PROFIT.

Our Fortran 5 isn’t fussy. With allits
features, global optimization, and diagnostics,
it can tur anybody’s Fortran programs into
object code as efficient as machine language.

The resulting programs execute fast
enough even for real-time applications like
process control or nuclear research.

So even inexperienced programm-
ers can write software in Fortran that previ-
ously could be written only in machine lan-
guage, by the most sophisticated programmers.

PIGS ARE BIG AND HAIRY.

Whenyou get Fortran 5, yougeta
great big minicomputer. It'll have at least 28K
16-bit words of main memory (up to 128K
with our Memory Management and Protec-
tion unit); Real- time Disc Operating System;
our fast new Floating Point Processor; mass
storage; and high speed /O devices.

With all the right hardware, the soft-
ware is available free.

PIGS ARE PIGGY.

We had two objectives for Fortran 5:
first, make it so comprehensive that every
Fortran user would want to try it; second,
make it fast enough for applications previously
limited to machine language programming.

That way, we figured we could hog
all your business.

For more information on Fortran 5,
write or call any Data General sales office.
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IT'S A
REAL PIG.

DATA GENERAL

Southboro, Massachusetts 01772,
(617)485-9100
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Loran A and C hit by
plan to review
navigation nets

Sikorsky, Vertol
lead fight for AAH
prototype awards

DDR&E’s Gansler
wants price-limited
subsystems

Companies vie for
FAA parallel
processor award

Electronics/March 1, 1973

Washington newsletter

An Office of Telecommunications Policy proposal calling for fewer
maritime navigation systems will come shortly, say agency sources, fol-
lowing questions by the increasingly powerful Office of Management
and Budget about the need for four systems—Loran A and the follow-on
C. the Navy’s Omega program, plus the Transit and proposed follow-
on satellite systems. The OMB initiative has already halted the Coast
Guard’s fiscal 1974 procurement plan to begin a five-year period of up-
grading the Loran C network [Electronics, Dec. 18. 1972, p. 36] with
$50 million, plus another $54 million to replace Loran A follow-on sat-
ellite systems.

Two contract awards, each for three prototypes of the Army’s Advanced
Attack Helicopter (AAH), are to be named in May. Leading contenders
for one award are United Aircraft Corp.’s Sikorsky division and the
team of Boeing Co.’s Vertol division and Grumman Aerospace Corp.,
both of which were finalists last year for the Army helicopter called
Uttas (for Utility Tactical Transport Aircraft System); Uttas and AAH
are to have at least half their components in common. The other award
is expected to go to Hughes Aircraft, Lockheed Aircraft, or Textron
Corp.’s Bell Helicopter Co.

Planned to begin production in 1978, the AAH is to substitute for the
Lockheed AH-56 Cheyenne gunship, canceled last year before produc-
tion when its life-cycle unit costs rose to more than $4 million. Eventual
life-cycle unit cost for the proposed 500 AAHs will hit $3.2 million.

A new attempt at “‘price-limited development” of standardized military
electronic subsystems for multiservice use is-under way at the Director-
ate of Defense Research and Engineering as part of DOD’s design-to-
cost program [Electronics, Aug. 28, 1972, p. 25]. Under the program,
DOD will specify unit production price, minimum acceptable perform-
ance, and electrical and mechanical interfaces to ensure standard-
ization and leave competing contractors with “maximum design flexibil-
ity,” says Jacques S. Gansler, DDR&E assistant director for electronics.

Communications clearly will get first emphasis, say industry sources
who heard Gansler lay out his plan at a closed Air Force symposium in
late February. They liken it to the program for airline avionics procure-
ment developed by Aeronautical Radio Inc., the airline-owned commu-
nications company, and known to be admired by Gansler.

“At least half a dozen” companies are competing for a Federal Avia-
tion Administration award to build a prototype parallel processor, a su-
per-computer that will handle the air-traffic-control volume of the
1980s, say knowledgeable agency officials. After choosing one or more
contractors in the next few months for a six-month design study, the
agency will select one to assemble an estimated $500,000 to $1 million
prototype from existing hardware for a one-year evaluation. The FAA is
considering procurement, possibly in 1975, of units to interface with
the Advanced Radar Terminal System 3. Companies working on paral-
lel processors include Control Data Corp., Honeywell, 1BM, TI, and
Goodyear.
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Washington commentary

The price of cheaper dollars

The February dollar devaluation means more
to the American electronics industries than a
small and probably temporary price advantage
in some overseas markets or an increase in the
cost of the minuscule quantities of gold used in
semiconductors. On the domestic market. de-
valuation also carries the threat of escalating
inflation.

It is a threat that Treasury Secretary George
Shultz savs the Nixon Administration recog-
nizes as one of devaluation's tradeoffs. In sim-
plest terms. the inflationary potential of deval-
uation in the domestic market has its roots in
the higher prices that will be charged for im-
ports. “Those higher prices will take the pres-
sure off domestic manufacturers of competing
products to hold prices down.” explains one
Federal economist.

Compact circles

One popular example has been dubbed the
Datsun-Toyota-Pinto-Vega Circle. It goes
around this way: if the average price of a small
Japanese imported car goes up by. say. $200.
then Ford and General Motors can ease their
compact prices up by $150 each and still be
“competitive.” A different kind of example
with the same end result might be called Log-
rolling. It works this way: Japan is a heavy con-
sumer of U.S. logs. already in heavy demand.
With the yen more valuable after its upward
float and the dollar’s devaluation. Japan can
and does pay more for American lumber, driv-
ing up the price. Thus, homes cost more. and
rents rise.

Then there is the case of consumer-electron-
ics imports from Japan in product areas for
which there is no effective U.S. competition.
High-fidelity stereo equipment 1s one example.
Sony Corp.’s popular Trinitron color TV with its
one-gun picture tube is another. “If the cus-
tomer wants it. he’s got to pay the price.” says
an official of one large. Washington-based re-
tiler flatly. “We sell Sony 17-inch color for
$479. We also sell 19-inch U.S. brand labels
from Taiwan for $288. We have no trouble sell-
ing Sony now. so what ditference will it make if
they jack up the price?”

The difference common to all of these exam-
ples. of course. is to the U.S. consumers who
must pay. And a large number of those con-
sumers are also union members—unions that
want their bite at the apple to match the price
increases now and later. Those wage Increases
to come threaten to fuel inflation further.

Organized labor’s reaction to offset inilation
goes bevond pushing for higher wages. how-
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ever. It is also leaning harder than ever on Con-
gress to pass the controversial Burke-Hartke
bill. introduced last year as labor’s counter to
what it believes is the wholesale export of U.S.
technology and jobs by multinational corpora-
tions to low-wage oftshore tax shelters.

It is well known that a large segment of the
domestic electronics industries—which abound
in multinationals ranging from IBM in New
York to National Semiconductor in Califor-
nia—is opposed to Burke-Hartke. James Binger.
Honeywell's chairman and a former member of
the President’s commission on International
Trade and Investment. is part of this opposi-
tion. He argues that research on operations of
74 U.S. multinationals between 1960 and 1970
shows they provided 900.000 new domestic jobs
while increasing foreign operations: nearly
doubled their sales from domestic plants to
$113 biltion: nearly tripled their exports to
$12.2 billion. and more than doubled their net
surplus of exports over imports to $6.6 billion.

The need to act quickly

The White House trade-legislation package
is another matter. however. and many in indus-
trv are not vet sure they favor all of the Nixon
propositions. Neither is Congress. still involved
in its power struggle with a President who now
wants even more power to etlectively raise or
lower selected tariffs and/or establish import
quotas. The White House view. of course. is
that these are merely necessary bargaining
chips in what the President hopes will be still
another successful international negotiation for
his Administration. Yet the authority sought by
the President is great and can be censured as
favoring either protectionism or free trade. de-
pending on your bias.

The potential for the abuse of such powers is
also great. of course. but their delegation may
be the only way of capitalizing on the breathing
spell that devaluation has provided and moving
on to successful multinational resolution of
world trade and monetary system imbalances.
Even the Senate’s resident expert on economic
affairs and long-term Nixon antagonist. Wis-
consin Democrat William Proxmire. sees some
value in the kinds of leverage the President
wants to exercise on trading partners such as
Japan.

However. none of the proposals now being
advanced. either by the White House or in the
Congress. can prevent at least a short-term re-
newal of inflation in America. The best that can
be hoped for is that it will be only for the short
term. —Ray Connolly
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ACR.
A boost for line voltage sags.

sl

Power brownout, line noise or other line voltage problems? Sorensen ACR's
can give you a boost to help any off-voltage situations that shorten equipment
life, degrade performance, even cause catastrophic failure.

Eight models cover the field from 0.5 10 15 kVA. Output voltage range is
seftable from 110 to 120 VAC, with line and load regulation of = 0.1%

through 3 kVA, = 0.15% from Sto Input
15 kVA. All units feature remote Output | Voltage) Freq. |
. d ' - Model (VA) | (VAC) | (Hz) | Price
sensing and programming, fa
J , P Og_ ng, 165 ACR500 500 $ 380
response time, wide power factor acr1000 | 1000 § 450
range, built-in voltmeter and are ACR2000 2000 $ 575
capable of 3-phase operation. ACR3000 | 3000 | 95 |47-53|$ 700

See for yourself. For complete data, | ACRS000 | 5000 1o o $ 830

contact Sorensen Compony,ounitof ACR7500 | 7500 | 130 | 57631 $1025

ACR10000 | 10000 $1450
the Raytheon Company, 676 Island e leaooliise00 S1775
Pond Rd., Manchester, N.H. 03103. Ty
Telephone (603) 668-4500. Or Sar ensén
TWX 710-220-1339. POWER SUPPLIES
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Electronics international -

Significant developments in technology and business

Apartment-complex developer tries
local CATV programing

CATV has come a long way since
the days when it was Community
Antenna Tv, bringing service to
people living behind hills or long
distances from stations. It is going
through its CAble TV phase and is
now approaching the CAble Tele-
communication and Video phase.
Tokyu Corp., a Japanese private
railway and developer. has just
completed the first part of a test to
see if it can add third-phase CATV to
its new housing projects.

To a great extent, Japan has leap-
frogged the first phase and is trying
1o come to terms with the second
and third phases. The first phase
was not needed because NHK, Ja-
pan’s public service broadcasting
system, almost completely blankets

the country with a large number of

stations and translator repeaters.

Experimental. Perhaps the most
ambitious project so far has been
carried out by the real estate devel-
opment division of Tokyu Corp. at a
condominium-type project built by
the company along one of its rail-
way lines. The first part of the proj-
ect tested the feasibility of supplying
locally originated programing to the
residents of the project. The second
part will be finding sponsors.

The test site. Tokyu Eda Village.
has 208 apartments in two adjacent
buildings in the suburbs of Tokyo. It
is more deluxe than the average
Japanese condominium and fea-
tures a master antenna and distribu-

tion system for TV signals. its own
swimming pool. and a small build-
ing with common rooms for meet-
ings or gatherings. It is here that the
television studio is installed.
Schedule. Average programing
cach day runs for 1.5 hours. On a
typical day, the program might in-
clude news from the local kinder-
garten and a video-taped interview
with advice from the teacher. news
for the lady of the house, a guide to
the best buys at the local markets
and a taped interview with a local
merchant giving buying suggestions,

700-W laser aims at
industrial cutting jobs

Furniture and cabinet makers may
trade their scroll saws for lasers
when Mitsubishi Electric Corp.
starts production of a commercial
version of high-power continuous-
wave carbon dioxide laser devel-
oped at its Central Research Labo-
ratories. Researchers say that they
have almost reached their 1,000-
watt continuous output target for a
laser to be used for cutting wood,
metal, fused quartz, plastic, paper,
and cloth.

The laser’s continuous power out-
put is now more than 700 W for a
unit with a resonant cavity only |
meter long, inside which is a dis-

assorted news and announcements
from the community, a reading
from a fairytale book, and a studio
interview with an expert on proper
kimono wearing.

On other days there muy be a
chance for children living in the
project to say a few words about
whatever interests them or for a
broadcast of a swimming meet from
the pool. This involvement brings
the community closer together, and
mothers are very glad that their
children can get involved with the
originating end of television. O

charge tube only about 900 mm
long. The output is approximately
800 w per meter of discharge tube
length. Wavelength of the infrared
beam is 10.6 micrometers.

What facilitates high output
power from a compact discharge
tube is the use of mutually perpen-
dicular directions for glow dis-
charge, gas flow, and laser beam.
This geometry decreases the dis-
tance between the glow discharge
electrodes and makes it possible to
utilize most of the region potentially
capable of giving gain for laser op-
eration. Thus efficiency is held at a
high level, typically 8% t0 10%. [

All in the family. Experimental CATV system serves to tie together the residents of an apartment complex near Tokyo. On-site studio and
control room are supplemented by programs taped at remote locations—supermarkets, for example







Growth in Japan’s
electronics industry
will slow this year

Philips offers
integrated-scanning
photodiode arrays

Active antenna for
industrial use
hits market

Electronics/March 1, 1973

International newsletter

Slower growth for Japan’s electronics industry this year was forecast
even before the dollar’s change in value, according to pre-devaluation
studies made by the Electronics Industries Association of Japan. Over-
all growth is forecast at 10%, compared with last year’s 14%. Further-
more, growth in the previously bright consumer section looks to be
only 3%, and the important TV and radio categories will be down,
partly because of competition from developing countries. Color TV
sales are expected to be static because the number of households own-
ing one is already at the 75% mark. Bright spots are tape recorders, up
15%, and high-fi sets, up more than 20%.

Professional electronic equipment should show an over-all gain of
about 20% to fulfill the needs of a prosperous economy. Especially
noteworthy is a 27% increase forecast in computers and a 24% increase
in non-communications wireless equipment. Gains of almost 30% are
forecast for various categories of monolithic 1Cs and for thick-film hy-
brids, and gain of more than 50% for thin-film hybrids.

The Philips Group is getting into the growing market for linear photo-
diode arrays integrated with Mos scanning circuitry, offering devices
developed by Mullard Ltd. at its Southampton plant. Mullard’s devices
follow closely the pattern set by Integrated Photomatrix Ltd., pioneers
in self-scanned arrays, using diodes measuring 50 by 100 micrometers
spaced at 100 micrometer centers, sequential scanning up to 15 mega-
hertz, charge storage operation and p-channel enhancement-mode con-
struction.

However, Mullard uses silicon-gate processing instead of IPL’s alumi-
num gate, which Mullard says gives cleaner switching along the array.
Arrays with 16 and 128 diodes will be standard, in 16- and 18-lead dual
in-line packs. Some of the output will go into Philips’ own character-
recognition systems, but—like IPL—the company is looking to find in-
dustrial applications where the incident-light pattern can be used as the
basis of a control system. Production of the devices will start in about
two months.

The active antenna, which was the subject of much controversy several
years ago [Electronics, June 12, 1967, p. 145], is finding jobs in commu-
nications. Now that it has been successfully marketed in the consumer
field as a car aerial and tested in a flight-control application, the ap-
proach is being offered for industrial and military uses. A new industrial
version has been developed by Rohde & Schwarz, in cooperation with
Munich University’s Institute for High-Frequency Technology— whose
head, H.H. Meinke, is the originator of active antennas. The industrial
unit is designed for a 100- 156-megahertz range.

The tests, held at Munich Airport’s flight-control installation, put the
antenna’s signal-to-noise ratio at an average of 3 to 4 decibels higher
over the whole range than is obtainable with conventional coaxial di-
pole designs. Peak values showed an improvement of 10 dB. With rela-
tively weak signals from a transmitter 60 miles away, the antenna exhib-
ited an 8-dB increase over coaxial dipole versions.

The antenna that Rohde & Schwarz is marketing is about 35 inches
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Eurocontrol’s second
en-route center follows
set equipment pattern

Need a German
Telex number?
Dial Darmstadt

Siemens sells first
traffic-control computer
to South America

International newsletter

high and weighs roughly 5.5 pounds. Its voltage-standing-wave ratio is
smaller than 2 and its noise temperature is less than 600" K. Operating
off 12 volts. the antenna consumes about 20 milliamperes. Its input im-
pedance can be set to either 50 or 60 ohms.

The equipment complex in Eurocontrol’s second en-route air-traffic-
control center at Karlsruhe. West Germany. planned to start control-
ling Southern German upper-air space in late 1975, will be based
around twin 1BM 370/158 computers. It will also include four AEG-
Telefunken TR-86 computers for peripheral functions, such as display
driving. and 70 controller console positions. Approximately 37 syn-
thetic plan-position displays and 67 electronic data displays will be
provided by Thomson-CSF. and the controller input system will be en-
gineered by Plesséy Co. Thomson-CSF will also provide a hard-wired
plot processor to extract radar data and drive the displays while the
main computer system is gradually brought into operation. after which
it will act as a permanent standby.

This hardware follows the pattern developed at Eurocontrol’s first
center at Maastricht in the Netherlands, but Karlsruhe’s capacity is
larger—it can cope with 300 flight plans simultaneously. compared with
200 at Maastricht—because Karlsruhe will control military overflying,
as well as civil. Another difference is that Eurocontrol plans to develop
its own operational software for Karlsruhe. instead of contracting it
out. as at Maastricht.

An automated Telex information system has been put into service in
Darmstadt, West Germany. The system. developed by AEG-Telefunken
together with the German post office. makes it possible for any of the
country’s 80.000 teletypewriter users to obtain another subscriber’s
Telex number and call letters if he knows the name and address. At the
heart of the system are two AEG-Telefunken TR-86 digital computers,
each with a core store capacity of 64,000 24-bit words. Connected to the
computers are 25 Telex iines over which the information exchange can
take place. In addition to its regular function, the system updates sub-
scriber listings and helps in the automatic production and printing of
Telex number books.

With the delivery of a traffic-control computer for the city of Buenos
Aires. West Germany’s Siemens AG has established a bridgehead for
its traffic-control equipment in the Western Hemisphere. At the same
time. the computer is South America’s first in a traffic application. It
will initially control 300 intersections in the Argentine capital and will
later be expanded to handle as many as 3,000 intersections.

While the system’s central processor. a Siemens VSR 16000. comes
from the company’s facilities in Germany. all peripheral gear—such as
vehicle detectors and signal-handling devices—are built at the com-
pany’s plants in Argentina. Siemens. a heavyweight in computerized
traffic control. has more than 90 systems for traffic control on order or
installed. These systems, 18 of which are installed outside Germany, are
worth nearly $35 million.
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ELCO offers more to earn it.
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1. Elco is the largest manufacturer
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Think Twice;

Control Data Did

Control Data’s reputation was built
on providing computers with high
throughput/dollar capabilities. That
capability must be protected by
assuring their customers ultra-
reliable computers. Therefore,
when Control Data assigns a scope
to a computer, that scope must be
as reliable as their computer. This
makes reliability equally as impor-
tant a consideration as perfor-
mance — In both categories, H-P’s
portable is a scope that meets
Control Data’s rigid requirements.

It Pays To Compare.

Before choosing any scope —from
the smallest portable to the most
sophisticated lab model—make a
careful evaluation and comparison.
If you need a portable, remember
that HP portables with self-
contained batteries give you go-
anywhere capability to meet your
most demanding field service re-
quirements. A sealed case with no
fan or vent holes frees you from
worry about dust and moisture.
For a lab system, compare the
flexibility offered by the broad
range of compatible plug-ins. Then
call us for a hands-on demonstra-
tion of the combination that best
fits your needs.

Look Into Price.
Analyze your total measurement

Electronics/March 1, 1973

needs, then ask both manufacturers
to submit prices. On currently
available models, you’'ll find that
HP can save you money—lots of
it in most cases. Check carefully
on all aspects of cost and perfor-
mance. Whether you are comparing
real-time systems with or without
delayed sweep, or sampling units,
you’ll find that HP still offers a
cost/performance advantage.

Check Ease-of-Use.

Compare simplicity of controls,
display size and error-prevention
devices. Does the scope have use-
ful, time-saving features, like
selectable input impedance,
variable-persistance storage and
simplified sampling? Check writing
speed: HP’s new burn-resistant
storage scopes are brighter than
scopes have ever been, and write
at a speed up to 400 cm/usec. This
means you no longer need to bury
your head under a scope hood to
view fast-risetime, low-rep rate
signals.

Don’t Neglect Calibration

And Service.

Compare calibration time needed
for each manufacturer’s unit.
You'll find it takes less time with
an HP scope. In fact, some com-
panies bought HP scopes because
of this one fact alone. You'll also

discover that HP scopes are
backed by video tapes which cut
the time you spend training your
calibration people.

Think Twice:

Control Data.

You owe it to yourself to make
these comparisons before you
choose your next scope. To help
you compose the check list for the
scope that meets your personal
needs, send for our *No-Nonsense
Guide to Oscilloscope Selection.™
Or, contact your local HP field
engineer for a demonstration.
Think twice and check before you
choose. Hewlett-Packard, Palo
Alto, California 94304. In Japan:
Yokogawa — Hewlett-Packard,
1-59-1, Yoyogi, Shibuya-Ku,
Tokyo 151, Japan. In Europe:
HPSA, P.O. Box 85, CH-1217
Meyrin 2, Geneva, Switzerland.

Like

Scopes Are Changing;
Think Twice.

08372

HEWLETT ﬁ PACKARD

OSCILLOSCOPE SYSTEMS
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This looks like
just another
ordinary data
terminal.

Until it goes
to work.




Our new model 38 eight-
level data terminal is anything but
ordinary.

Because it's loaded with big
machine features.

Like a 132 character printing
format on a 15-inch wide platen.
It's designed to handle computer
print-out paper so you can elimi-
nate time-wasting reformating
procedures. And for added versa-
tility, there's a simple modification
kit that permits you to use stand-
ard friction-feed rolls, too.

More big machine features?
The model 38 prints both upper
and lower case, in two colors, for
maximum visibility and clarity in
data presentation. And the four-
row keyboard generates all 128
ASCII characters.

Speed? The model 38 moves
data at 100 words per minute.

For on-line speeds up to 2400
words per minute, it interfaces
with the Teletype® solid-state 4210
magnetic tape data terminal.

The model 38 is flexible
enough to fit into practically any
switched or private-line system.
That's why there are three inter-
face options available. You can
select from a built-in, factory-
tested modem; a current interface;
or an EIA interface.

You also get a choice in
receive-only, keyboard send-re-
ceive, and automatic send-receive
configurations.

Finally, the model 38 was
designed to offer plug-to-plug
compatibility with just about any-
thing—including the model 33.

You'd think that all these big
machine features would carry a
big machine price tag, right?

Wrong.

We priced the model 38 so
low it can be used economically
in most applications—even in low
usage locations where terminals
couldn’t be justified before. To
offer real-time system up-date,

For more information about any Teletype product, write or call TERMINAL CENTRAL:
Teletype Corporation, Dept. 53A, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312/982-2500

Teletype is a trademark registered in the United States Patent Office.
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data entry and retrieval, and
inquiry response throughout your
operation.

It takes more than manu-
facturing facilities to build the
machines Teletype Corporation
offers. It also takes commitment.
From people who think service is
as important as sales. In terminals
for computers and point-to-point
communications.

That's why we invented
a new name for who we are and
what we make. The computer-
cations people.

TELETYPE
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Anyo

ne can find fault with

the Teradyne L100.

——— e =

If you're testing a fair number
of digital circuit boards without
benefit of automatic fault isolation,
you're probably spending much
more money on troubleshooting
than you have to. Consider:

Board testing usually ends
and board troubleshooting begins
once you know that an output pin
isin the wrong logic state. TRACE,
available with Teradyne’s L100,
picks up the trail at that point,
automatically telling the operator
where to probe, step by step, until
the source of trouble is reached.
Instructions are in plain English, in
terms of specific pins of specific
ICs. The whole TRACE procedure
might take less than a minute,
even with a complex board. Best

INTHE US CHICAGO (312) 298-8610/DALLAS (214)
IN EUROPE

62 Circle 62 on reader service card

31-5384/NEW ENGLAND (617) 245-5340/NE
ONDON (093-28) 61111/PARIS 265 72 62/ROME 59 47 62/MUNICH (0811) 33 50 61

of all, it requires no special
technical skills.

Maybe you think all this
diagnostic power adds up to one
big programming headache. Not
at all. The same probe you
troubleshoot with, you program
with — simply by letting the system
learn the logic on a known
good board.

To learn how you can find
fault with the L100 Automatic
Digital Circuit Test System, write:
Teradyne, 183 Essex Street,
Boston, Massachusetts 02111,

In Europe; Teradyne Europe S.A,
11 bis, rue Roquépine, 75 Paris 8°

R ERADYNE

W YORK (201) 871-4052/SUNNYVALE (408) 732-8770
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Probing the news

Analysis of technology and business developments

Microcomputers muscle in

Low-cost kits expected to sell in hundreds of thousands
by 1975, with total market topping $50 million

by George Sideris, San Francisco bureau manager

Microcomputers—a cross between
calculator-chip sets and mini-
computers—are finding a seemingly
bottomless pit of applications. They
are increasingly serving as dedicated
controllers and data processors in
systems too small or slow to warrant
use of minicomputers.

Intel Corp. of Santa Clara, Calif.,
which started the business about a
year ago with 4-bit and 8-bit sys-
tems, is already shipping micro-
computer kits to some 200 custom-
ers, and it reports that another 800
or so are planning to build new
equipment around microcomputers.
Henry Smith, manager of micro-
computer systems at Intel, says he
has counted more than 60 appli-
cations, from smart-terminal con-
trollers to preprocessors for minis.

Excluding scientific calculators, a
high-volume application now, mi-
crocomputer sales are expected to
climb into the hundreds of thou-
sands of kits by 1975. As low-cost
kits, they may only account for $5
million or so in chip sales. But the
average kit is supported by more
than 10 times its worth in memory
and peripheral circuits, raising the
total market to over $50 million,
predicts Smith.

Gene Carter, marketing manager
at National Semiconductor Corp.,
goes along with Smith: over $50
million in 1975. While chip sets may
cost only about $20 by then, he esti-
mates that each will generate up to
$200 in memory business.

Most of this market will be new
business for manufacturers of MOS
large-scale integrated circuits—and
much of it will be lost bipolar logic
business. New versions of micro-
computers generally replace hard-
wired logic controls, while doing
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some arithmetic processing. And,
warn microcomputer suppliers,
logic-control designers had better
get used to manipulating programs
rather than organizing logic func-
tions.

The going price for chip sets
ranges from $50 to over $100 in
small quantity and averages about
$30 in high volume. Assembled pro-
totypes cost from about $400 to over
$2,000 with software.

Tradeoffs. Though some micro-
computers can handle longer words
than the most popular types of
minicomputers, such as the Digital
Equipment Corp.s PDP-8 and the
Data General Corp.’s Nova, they
generally are much slower and not
as flexible. However, some new mi-
crocomputers can perform low-level
operations as fast as minicomputers.

Consequently, while the smaller
systems have displaced mini-
computers in a few scattered appli-

cations, the minicomputers in these
cases represented “overkill”—far
more computing power than the sys-
tem required. Microcomputer man-
ufacturers agree that they would
rather supply preprocessors and pe-
ripheral-equipment  controllers to
minicomputer manufacturers than
get involved in high-overhead soft-
ware and servicing support.

But four California companies
now producing microcomputer
chips—Intel, Fairchild Semicon-
ductor division, National Semicon-
ductor Corp., and Rockwell Micro-
electronics division of Rockwell
International Corp.—offer designers
simulators and prototypes. These
can be operated as computers once
they are programed. Intel already
supplies program-assembler soft-
ware and sponsors a users’ group
that trades programs among equip-
ment manufacturers.

And about 30 new companies

Lots of action. Package in center with lid off is CPU chip; the rest are memory and interface
circuits. A microcomputer sale can generate add-on component sales approaching 10to 1.
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Probing the news

have been formed. says Smith. to
design products for equipment man-
ufacturers. At least three companies
in the Los Angeles area have started
selling microcomputer subsystems
based on the Intel sets. They include
Applied Computing Technology
Inc.. Pro-Log Corp.. and Varitel Inc.

Beginning. Intel’s first two micro-
computers command about 99% of
the market. Smith says. The MCS-4
processor uses 8-bit micro-
instructions to process four-bit
words in a bit-parallel mode. It runs
45 macroinstructions. The basic set
consists of four chips. which can be
expanded with up to 512 bytes (8-
bit words) in special arrays.

The other is an 8-bit central pro-
cessor unit on a single chip. sup-
ported by up to 16 kilobytes of pro-
gram and data words in standard
read-only. random-access, or shift-
register memories. The MCS-8 can-
not be microprogramed—there are
48 fixed program instructions.

By fall. Intel hopes to be making
a high-speed, 8-bit. single-chip CPL
by an n-channel MOs process. The
instruction cycle will be 2 micro-
seconds—10 times faster than the
initial p-channel designs. and about
one-third to one-half as fast as a
minicomputer. It will have 75 fixed
instructions. Smith thinks that mini-
computer speeds may be attained in
about two years with further im-
provements in architecture.

Fairchild's PPS-25 has a two-chip
CPU that processes 25 binary-coded-
decimal digits in a 4-bit parallel
stream or 12 8-bit words. A micro-
processor. it has 95 macroinstruc-
tions and a microinstruction storage
capacity of 6.656 words.

While the PPS-25 is primarily
used as a scientific calculator—Fair-
child is producing more than 5.000 a
month—Elvet Moore, MOS planning
manager. says that it is being de-
signed into point-of-sales equip-
ment and other smart terminals. It is
much faster than Intel’s kits. Moore
says. because operations are over-
lapped in an instruction cycle.

National’s General-Purpose Con-
troller/Processor has a 4-bit CPU
that can be paralleled to process
words up to 32 bits long. The
macroinstruction set is variable, as
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Getting the bugs out. This logic assembly is being used to debug tne logic of a micro-
computer under development at Intel. Each “'page’ simulates an MOS chip.

in some conventional computers.
National says that any type of pro-
gram can be performed by arrang-
ing 23-bit microinstructions in 100-
word read-only memories.

Because of the bit-sliced archi-
tecture. long words can be processed
at about the same speed as short
ones—typically 1.4 microseconds per
microinstruction and about 7 micro-
seconds per macroinstruction.

Rockwell's 4-bit Parallel Process-
ing System. which is also micro-
programable. starts with one CPU
chip and one special read-only and
random-access memory. lts memory
expands to 24.000-words. The basic
cycle time is 5 microseconds, and
there are 50 macroinstructions.

An expandable microprogram-
able kit—8. 16. and 24 bits—is being
developed by American Micro-sys-
tems Inc, in Santa Clara, Calif.
Robert McInturff, processor market-
ing manager. says that it will run
with only a 600-nanosecond cycle
time. giving it a speed near that of a
minicomputer. In addition. the 120-
instruction program includes some
direct minicomputer-like oper-
ations, such as direct memory-to-
memory transfers. Main memory
capacity will be set by the word
length—65 kilobytes. for example. at
the 16-bit word length.

Signetics Corp.. Sunnyvale. Calif.,
is working on new encoding tech-
niques that should bring memory
requirements down by as much as
half, says Joseph Kroeger. MOSs ap-
plications manager. The techniques
will be used in an 8-bit. fixed-pro-

gram, integrated processor dubbed
Pipchip. It will consist of a single
cpuU that will run more than 60 in-
structions in 12 microseconds or less
per instruction. Support memory ca-
pacity will be 8 kilobytes.

An 8-bit n-channel design that
will look like a 16-bit one when mi-
croprogramed is in the works at
Western Digital Corp.. Newport
Beach. Calif. Details haven't been
disclosed. but William H. Roberts,
vice president for R&D, says, “with
good logic organization, n-channel
microcomputers could rival today’s
minicomputers.”

National’s expandable design is
based on the expectation that the
market will split into three groups:
® Small controllers, costing $100 to
$800 when assembled.
® Eight- and 16-bit smart terminals
and point-of-sales systems with up
to 4.096 words of memory, worth up
to $1.200.
® Sixteen- to 32-bit processors with
as many as 12,000 words, costing the
system manufacturer $1,000 to
$2.000 to build.

McInturff and Kroeger both
doubt that a ceiling could be put on
the market at this time. McInturff
points out that automobile control
computers alone could sop up $50
million. while Kroeger sees the pos-
sibility of such a large memory mar-
ket that Signetics may give away the
CPUs to get the memory orders. *My
example of a mass market,” he says,
“1s pinball machines. I think I mean
that literally but most people think I
am exaggerating.” O
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Speculation is too expensive
on the big board.

the definitive capability in testing com-
ponents, PC Boards, modules and
sub-systems. For Manufacturing,

Quality Control, Incoming In-
spection and Performance
Standards. Faster, complete docu-
mentation of faults makes it less
expensive torework than reorder.

With pin counts ranging in the
hundreds, complex PC Boards are
already way into big economies
and bigger profits. More com-
ponents, more functions, less
work and less inventory. No
question about it; the pay-off
from the big board is hand-
some. Until it develops a
a glitch.

Isolating the prob-
lem is the hook. Once
found, repair is compar-
atively casy. But finding
it, with certainty, had
been cause enough
to doubt the profit-
ability of using big
boards. And espe-
cially of reclaiming
them. With smaller boards, it was often cheaper to

Built around the exclusive
FAIRSIM/FAIRGEN software
for simulation and test gener-
ation, Fairchild Systems has
evolved FAIRTEST, the
complete software system
which develops custom
testing and fault isolation
programs just from the
description of your PC
Board content, layout
and wiring. The first
time we actually need a physical sample of the PC

throw the board away and replace it with a new unit. But as Board is to final-verify the software. We have figures and adapt-
costs went up with packing densities, that choice began to ers including load boards where needed to simulate an unusual
resemble throwing the baby out with the bathwater. clectrical environment. The whole shooting match, from soft-

Fairchild Systems has a better way. Computer controlled ware through computer-controlled hardware and accessory

tixtures, including maintenance
support and updating services,
available with cost analysis of the
proposed system...only from Fair-
child Systems.

1f you manufacture systems with
large scale digital boards, or if you
only inventory them, Fairchild has
a system for keeping the profit re-

SENTRY Systems with fault isola-
tion software can exercise your PC
Boards through the complete func-
tional test pattern with program
directed probing. Each program is
unique to your board's logic topog-
raphy. And it means you can quickly,
automatically, economically isolate
the malfunctioning element or ele-

v

— b S
'L‘:H'LD 3500 Deer Creek Road
Palo Alto, Calitornia 94302

Nam
ments in the PC Board and make the N turns from the big board at their op-
repairs only where they are needed. e timum levels. We take the guesswork
Inexpensive. Fast. Efficient. And Company out of rework.
you'll keep your PC Boards in work- Strect Fairchild Systems. Fairchild
ing, available inventory with a mini- . - Systems Technology, a division of
mum of replacement parts. /‘ r Fairchild Camera & Instrument
ip !

It takes a big capability to make Corporation.

the job this simple. And Fairchild has

Fairchild Systems

t
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airchld Sy wlogy. a dnrson of Fairchild Camera & Instrument Carporation
arrchild
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Making the scene. The action at OTB store
in New York boils down to a few numbers.
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How Gl captured
the O'_I'B stakes

American Totalisator division relied on parimutuel experience
to jump into rich market for off-track betting systems

by Alfred Rosenblatt. New York bureau manager

The end was melodramatic that cold
Sunday night in January. Harried
engineers at the headquarters office
of the New York Off-Track Betting
Corp. raced to beat a midnight
deadline as they checked out the
new “back-room” bet-processing
system supplied by American Total-
isator Co., a subsidiary of General
Instruments Corp. The deadline was
imposed so that OTB could, if it had
to, switch back to the old system in
time for Monday morning business.
As they worked. a special courier
waited at a phone in a Falls Church,
Va.. motel room.

The courier finally got his call.
The next morning he strode into the
nearby office of Computer Sciences
Corp. with a notice to cancel in 30
days CsSC’s contract to handle New
York City’s off-track betting system.

AmTote had won a victory worth
$2 million a year for the next three
years. But even more important, it
had achieved a dominant position
in the market for off-track betting
systems that many predict will
mushroom across the country [Elec-
tronics, July 17, 1972, p. 61]. And
CSC, the pioneer, had finally lost—
but only after a string of delays and
system malfunctions that had
plagued OTB ever since the first op-
erational target of January 1971.

For OTB, the switch to the Am-
Tote system, which uses 16-bit
Varian 620Ls that have 950-nanose-
cond cycle time, means that com-
puter charges will drop dramati-
cally—to an estimated $175,000 per
month from a whopping $425,000.
AmTote’s charge is based on 1.1
cents for each transaction, whether
to issue a betting ticket or to cash a

winning ticket. The AmTote system,
which uses duplexed master/slave
minicomputers, is entirely different
from the original CSC setup, which
relied on a pair of redundant 1BM
360/50s.

The result is a far more reliable
system, says Gl chairman Moses
Shapiro. It will handle 70 transac-
tions per second and can be ex-
panded to 110 transactions, which is
about four times the old rate.

The switch to AmTote, which has
headquarters in Towson, Md., also
came at a time when OTB was finally
beginning to pay off on its promises.
Last December, OTB handled reve-
nues at a rate of $600 million per
year. It turned back to New York
City and the state some $3.5 million
in profit, reports OTB president
Howard Samuels, who aims for both
these figures to increase. Profit in
1973 should approach the oft-pro-
claimed goal of $50 million, he as-
serts.

Already the OTB, with its func-
tionally austere “stores” popping up
all over the city, is the largest retail
operation in New York City, Sam-
uels points out. And it reached this
pinnacle from a standing start in a
mere two and a half years.

By March 31, AmTote should be
tied into 950 remote betting termi-
nals at 101 branch betting offices.
Back in January, CSC was serving
501 terminals, and the Ticketron
subsidiary of Control Data Corp.,
brought in when csc faltered,
served 291. All of these, plus addi-
tional installations, will be served by
AmTote. Thus, OTB will continue to
use the CRT betting terminals (built
by Wyle Laboratories) and ticket-
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issuing machines (from Di/An Con-
trols) bought originally for the csc
system. Indeed. this was a require-
ment OTB set when it began shop-
ping around for another system.

In its design. AmTote drew upon
software and hardware experience
gained in providing the computer
equipment for the parimutuel oper-
ations at 185 race tracks in the U.S.,
Canada, Puerto Rico. and Mexico.
Altogether, its equipment handled
$6 billion worth of betsin 1971.

Phones work. Another important
plus, as far as OTB was concerned.
was AmTote’s successful operation
of OTB’s 32-terminal telephone bet-
ting center.

The AmTote installation—it’s
about one-third the size of CSC’s 1BM
computer center—is  divided into
front-end and back-end processors.
The front end, with five active and
five backup 620Ls. each with 32,768
words of memory, is a “total com-
munications-processing facility.”
says General Instrument vice presi-
dent John A. DeVries. "It polls the
OTB terminals, detects when one
needs to be serviced. takes and
analyzes messages, and preprocesses
and passes the messages on to the
back end.” A single 620L handles
up to 50 telephone lines with four or
five terminals. By contrast, CSC used
20 model 112 minis by Digital Com-
puter Controls to handle the prepro-
cessing.

The AmTote back-end installa-
tion consists of a pair of 620Ls oper-
ated in a master/slave mode—paral-
lel processors working so that one
carries the load while the other is
ready to take over if the first should
fail. However. the slave machine
doesn’t have to be “initialized.” or
loaded with data, should the master
fail; it can be cut over in minutes.

The back end performs such
chores as determining from its
memory files whether or not a bet is
valid—that is, for example. whether
a particular horse is indeed running
in a given race. Valid bets are con-
firmed to the front end, which main-
tains a bet queue. and for each valid
bet, a message is sent back to the re-
mote OTB terminal to print and issue
a ticket. The back end also does
such things as confirm whether or
not a ticket presented as a “win™ at
an OTB office should be paid. And it
stores and integrates into the pools
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the bets made through the tele-
phone betting system.

Crucial for these transactions is a
4-million-word magnetic storage
drum. one for each processor. This
store maintains such things as pro-
files on each race. files on every bet.
including the code number of each
bet ticket, so that counterfeit tickets
won’t be paid, and betting totals.

GI's Magnahead division builds
the drum memories, which soon will
be upgraded to 8 million words.
Magnetic tapes also are used to
store all transactions following a
race. so that a complete history. or
“audit trail.” of every race can be
recorded. Both magnetic and
punched tapes store betting-pool in-
formation to be transmitted to the
tracks before each race.

Why did ¢scC fail? One reason
certainly is the deadline CSC ac-
cepted for delivery— five months af-
ter receiving the go-ahead in August
1970. To meet it, the company made
maximum use of both existing hard-
ware and software [Electronics. Jan.
4. 1971, p. 79]. This probably was its
biggest mistake.

Also faulted is CSC's basic ap-
proach to the over-all problem. Says
an OTB computer specialist: “They
must have thought it was a big data-
processing job. and so they relied on
big machines like the redundant
1BM 360/50s.

“The data-processing itself is
nothing: it’s really a problem of
communications-control  involving
queueing. line-switching, and han-
dling interrupts.” Software also is
tailored for the OTB function: CSC
relied on IBM’s generalized OS soft-
ware and then tried to write special
instructions for OTB.

Many delays. So the system
creaked unreliably along. Betting
terminals often appreciably slowed
down, and frequently they failed en-
tirely during peak periods. Switch-
over from one IBM mainframe to an-
other was also unpredictable. It took
anywhere from a minute to an
hour—or long past the betting day
had ended.

The hours spent by both €sC and
OTB personnel adjusting programs
and getting the system to operate
were long indeed. But with so much
effort concentrated on designing the
back-office system. CSC apparently
paid too little attention to the equip-

ment out at the remote OTB offices
the modems. telety pewriters. data-
entry and ticket-issuing terminals.
and the leased telephone lines con-
necting the branches to the central
computers.

“The first we'd hear anything was
wrong was when somceone called up
and said. 'l can’t take a bet ™ says
Frederick Kupersmith. executive di-
rector for OTB technical services.
“Just about anything could be
wrong. of course. and sometimes
we'd spend the entire day finding
out what before we could send a re-
pairman to fix it.”

Maintenance. Thus, OTB began in
October 1971 to beef up its own sys-
tem-engineering expertise. Under its
executive vice president for com-
puter operations. Henry Lion. an
old ITT hand. this group grew from
a nucleus of 17. set up originally
merely to monitor CSC’s work. to
140. They also took over the mainte-
nance chores for OTB.

The core of the operation is the
technical-control facility directed by
Kupersmith. This is a multipurpose
center in the headquarters building
that allows OTB to do such things as
check out the leased phone lines. the
integrity of the data and Teletype
communications. the data modems
at the branches. and the branch-of-
fice terminals. This is done through
a manual patch panel—"a $200,000
switchboard™ is what OTB’s Samuels
calls it. Failed or noisy lines can be
patched at the facility. Failed mod-
ems at the branches are changed
there manually. Dial-up lines can
also be introduced. if the spare lines
also fail. O

The end. OTB pays off a winner, which will

happen more often with new, faster system
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Computers

European accord to combat IBM

Cli, Siemens, and Philips are ready to marry product lines and form

a single marketing operation; the British are expected to join later

by Michael Johnson, World News, Paris

For an industry
where everyone is
always making
deals with every-
one clse. Europe’s
native computer
makers have been
notoriously slow to
arrive at a formula
for real collabora-
tion—and ultimate
survival—in the
face of IBM superi-
ority. But three of
the four general-
purpose computer
firms in Europe fi-
nally have gotten
together. They are
launching an ambitious joint rescue
scheme this spring. confident they'll
lure in the last holdout. Britain’s In-
ternational Computers Ltd.. within
the next couple of years. Not only
that, but they foresee a group in-
cluding major American IBM com-
petitors within a decade.

West Germany's Siemens AG,
France’s Compagnie Internationale
pour I'Informatique (cn). and Hol-
land’s N.V. Philip Glocilampenfa-
bricken expect to sign an agreement
before June that will bind them to
the principle of collaboration. At
the same time, or shortly after. they
will announce the creation of a joint
worldwide marketing subsidiary
and a “plans and programs™ com-
mittee to define and assign product
responsibility for a new line of ma-
chines to be sold under a single
trademark. The first of the machines
will be announced in about 1975.

The accord will be unique in that
it combines the three firms’ activi-
ties without sacrificing their identity
through a formal merger. Thus cn1
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Man and machine. Michel Barré, president
of France's Cll, says computer combine is
‘the beginning of something big. " Below is
one of ClI's Iris machines, which would be
marketed by joint worldwide operation under
terms of the three-way computer accord

and Siemens will
continue to pro-
duce process con-
trol and military
computers sepa-
rately. satisfying
their governments’
desire to maintain
some independent
national computer-
making entity. “We
are at the begin-
ning of something
big here,” says Cli
president  Michel
Barre. **We are
open to a fourth
partner. or even a
fifth.”

The aim of the regrouping effort
is to capture 15% to 20% of the Eu-
ropean computer market by 1980,
up from a current combined share
of about 8%. excluding ICL. IBM cur-
rently holds just under 50%. accord-
ing to Diebold-Europe’s year-end
estimates.

The rocky road. The road to coop-
eration has been rocky thus far, and
the charter members of the new
group have no illusions about the
obstacles yet to be cleared. Indeed it
has taken CII, Siemens, and Philips
a full year of talking to get this far.

Although feelers for a European
union have been extended by all the
firms off and on for the past three
years, it took RCA’s withdrawal from
the computer business to touch off
the first serious negotiations. Sie-
mens, which had been manufac-
turing RCA’s Spectra series under li-
cense, was shaken by the sudden
RCA decision, and quickly signaled
Cll to start serious talks.

Sticking to the Teutonic axiom
that in good business partnerships

Electronics/March 1, 1973



*1 + | must equal 2.2, the Ger-
mans made peace with the French
and started planning ways to com-
bine their product lines and market
them as one. By the end of January
1972 they had an agreement in prin-
ciple. But. on the eve of the signing,
Philips computer ofticials told cn
and Siemens to hold the door open,
that the partnership could be three-
way, encompassing Philip’s success-
ful office minicomputer line. “This
complicated things enormously.”
says Barr¢. “Philips brings many as-
sets into the accord. including bot-
tom-of-the line hardware and a big
international commercial network.
But the company is so different. For
one thing, it is not government-sup-
ported, as are Clt and Siemens.”

Add to this the fact that three-
way partnerships are considerably
more complex than two-way ar-
rangements, and you have the past
year of secret negotiations.

Deal a must. Now, with the
signing just around the corner, offi-

cials of the Delegation a
I'Informatique. the government

agency that administers state aid to
Cll, are enjoying a sense of “very
great satisfaction,” says Pierre Au-
doin, the number two man in the
delegation. *1 don’t think this kind
of cooperation would work in any
other industry,” Audoin goes on.
“But with 1BM’s peculiar domina-
tion, if we three cannot work to-
gether, we will disappear.

“Not a single computer company
(except 1BM) can continue very long

without collaboration. The rules of

competition are twisted in this busi-
ness. Either you accept this compro-
mise and you make a little money,
or you drop out.”

The French, who have always
been the most enthusiastic backers
of the linkup philosophy. believe
ICL will have no choice but to join
by 1975 or 1976. And, if their pre-
diction that the group will include
U.S. firms within 10 years comes
true, they see themselves “forming a
real counterforce to IBM,” says Au-
doin. “The industry needs this mas-
sive convergence because the
threshold of self-sufficiency is not
15% to 20% of the market when the
scene is dominated by another who
has 60%. The threshold we are
searching for is around 40%."”

The group is starting from a mod-
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Assembly. Cll worker will soon be laboring
for a French-Dutch-German operation

est position. Siemens is the strong-
est, with fiscal 1971-72 data process-
ing sales of $310 million. and about
16% of its domestic market against
IBM's 53%
$165 million in 1972, but could
claim only 8% of the French market
against IBM’s 51%. And in Holland.,
Philip’s computer activities totaled
about $160 million last year, ac-
counting for 12% of its home market
versus [BM's healthy 50%

The strength of the union comes
not so much from its combined as-
sets as from new potential the
broadened line of machines will
give it. Although no new trademark
has been chosen yet, the three part-
ners are already jostling for respon-
sibility over specific size machines
known inside the talks as the *X-1",
the *X-2", the *X-3", and up the
line through the biggest machine.
Barr¢ says there will be about 10
machines in the line, with Philips
limited mostly to minis. while Cul
and Siemens build alternate medi-
ums and large models. “"We had to
make sure that ecach partner had
some high-production machines,”
says Barré. so it was impossible to
stick one company with the large
and another with the mediums.”

Philips chips in. Philips is mak-
ing perhaps the biggest contribution
to the troika in potential customers.
With 15.000 mini office systems al-
ready installed. normal customer
loyalty will keep users in the family
as their data processing needs grow.

Philips negotiators did not give
away their assets for nothing in the
partnership. The new marketing
subsidiary will be sliced in two

parts, possibly even to the point of

creating two separate  marketing
companies—one for the Philips
minis, the other for the mediums
and large models. O

. In France. C1t hit sales of

Model

(o

aren’t the most expensive
you can buy...
they only work like it!

MX SERIES
POWER
SUPPLIES

OVERVOLTAGE PROTECTION:
Standard on all units thru 24 volts!

Rated “Current Amps Amps
Voltage Range | 50 C 60 C 71 C

MXA SERIES

S84

MXA-5-3.5

MXA-12-2.2
MXA-15-2.0
MXA-24-1.2

MXB SERIES

45.
108 -
135-
216-

35 32 18
22 20 16
20 18 L 4
1.2 11

5109

MXB-5-5.0

MXB-12-3.2
MXB-15-2.8
MXB-24-1.8

MXC SERIES

45-
10.8 -
135
216-

55|50 45 29
132 132 29 23
165 (28 26 2.1
18 16 13

$119

MXC-5-8

MXC-12-5.3
MXC-15-4.8
MXC-24-3.4

MXD SERIES

45.
108 -
135 -
216-

8 65 43
53 48 38
48 44 35
34 31 25

MXD-5-15
| MXD-12-11
MXD-15-10
MXD-24-7

MXE SERIES

45 -
108 -
135-
21.6-

| MXE-5-20
MXE-12-15

MXE-15-14
) MXE-24-11

Load .05%

ternal wiring

45- 55 (20 18 153
10.8 - 15 13.5 11.5
13.5-16.5 |14 126 10.7
216-264 [11 99 84

Voltages 4 thru 150 volts available.
) Write for complete listings.

SPECIFICATIONS:

INPUT: 105-132 Volts AC 47-440 Hz. /
1 OUTPUT: Floating,
300 VDC max.

isolated from ground,
/ REGULATION: Line or
+5 MV for rated change /

RIPPLE: 1 MV RMS, 5 MV P-P / TEMPERA-
TURE COEFFICIENT: .02% /°C / OVERLOAD
PROTECTION:
limiting foldback / REMOTE SENSE: Sense
terminals provided for compensation of ex-

Automatic electronic current

drop for up to Y2 volt.

TODD PRODUCTS CORP.
123 Milbar Blvd., Farmingdale, N.Y. 11735

(516) 293-3440
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Probiy the news

Automotive electronics

_S_e_at-belt _interlock _de_ad_li_ne_nears

Semiconductor makers gear up to supply parts to Detroit for safety system;
but car makers, who would like more time, worry about reliability, delivery

by Lawrence Curran, Managing Editor, News

The long courtship of automobile
manufacturers by semiconductor
makers is turning into a shotgun
wedding. Federal legislation re-
quires seat-belt interlocks in all 1974
American-made cars. Despite pres-
sure that they deliver reliable parts
on time, semiconductor makers are
eager to supply devices. but the auto
makers would rather not move that
fast.

The interlock systems. using
mostly discrete devices, are designed
to prevent the driver from starting
his engine unless he and anyone in
the front seat weighing more than
47 pounds have fastened their lap
and shoulder belts. Linked to sen-
sors, integrated circuits at the heart
of the interlock units handle the
complex sequential logic that moni-
tors the opening of the front door,
occupancy of the three front seat
positions, and locking of belts in
each occupied seat, and only then

g A

can the starter solenoid work.

The circuits must work under de-
manding conditions—a noisy envi-
ronment and temperature extremes.
For example, the motorist who re-
turns to his car after it’s been parked
at an airport for days in subzero
temperatures wants to drive away
immediately. That means the inter-
lock units must operate on low
standby power—typically 5 milliam-
peres of current drain—and function
when the car’s battery drops to 5
volts or so during such a cold start.

Complementary MOS circuits are
being backed by some IC suppliers
because of their low power con-
sumption and relative noise immun-
ity. Bipolar approaches have been
adopted by others, and at least one
auto maker—General Motors—is go-
ing with an electromechanical
backup in case there are delivery or
reliability problems with the solid
state units.

ke

The systems have to be reliable,
or unhappy motorists who can’t
start their cars will be screaming at
the auto makers. Perhaps H. Blair
Tyson, director of electronic control
systems at the General Motors
Technical Center, Warren, Mich.,
best summarizes the auto industry’s
view of the legislated systems. He
says he’s not sure the pace at which
the industry has to move is in every-
body’s interest.

“We wouldn’t have made this de-
cision at this speed in an open mar-
ket,” he says. “We never before
broke in a system like this across the
board. We're scared about fast
changes.” Tyson adds that GM tradi-
tionally tries out new systems on
limited-production cars, such as the
Oldsmobile Toronado, to get experi-
ence with them in 30,000 to 50,000
cars a year.

Jumping in. Nevertheless, semi-
conductor makers are lining up to
make the ICs that go into interlock
systems. Signetics Corp. is already
delivering a bipolar IC to an au-
tomotive customer as one of three
suppliers: each has a third of the
customer’s business. Louis Johnson,
Signetics automotive marketing
manager, says his firm will build up
to its peak rate by about mid-April,
and estimates that the three vendors
will ship between 2.5 million and 3
million bipolar 1Cs for the 1974
model year. The customer is be-
lieved to be General Motors, al-
though Johnson wouldn’t confirm it.
Solid State Scientific Inc., Mont-
gomeryville, Pa., will begin shipping
C-MOS devices to Chrysler in April

Belt chip. This circuit from Solid State Sci-
entific is destined for seat-belt interlock sys-
tem due in cars for 1974 model year.
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after recerving a $1 million order.
This came on the heels of another
$1 million contract from Philco-
Ford. acting for the Ford Motor Co.
Philco-Ford's units will start coming
in from Solid State Scientific around
May 1. Walter F. Kalin, the com-
pany’s sales applications manager,
says the tirm will ship “big quan-
tities™ of seat-belt chips in April and
May. but won’t say how many units
are in each order.

RCA's Solid State division, Somer-
ville. NJ..is also in on the scat-belt
interlock action with a ¢-MOS$ cir-
cuit. €-MOS product manager Harry
Weisberg says that the division is
working with the big three domestic
auto makers, and will ship as many
as 3 million circuits for 1974 models.
As with most other designs, the RCA
chip goes into a module that's
mainly discrete. RCA. however. is
also providing assembled modules
including both the ¢-MOs chips and
outboard discretes, and is supplying
bipolar ICs to perform the logic for
one auto maker's interlock system.

Nor are the big three in semicon-
ductor sales—Texas Instruments.
Motorola Semiconductor. and Fair-
child Semiconductor--passing up a
chance to work with Detroit’s big
three. Fairchild has to ship its bipo-
lar 1Cs to General Motors and Ford
in April and May. The Fairchild ef-
fort at Philco-Ford is termed devel-

opmental by Will Steffe. manager of

design and development for analog
products in Mountain View, Calif.

However, Stetle  describes it as
“equal to that of Solid State Scien-
tific-we're one of a number of sup-
pliers.” The Fairchild circuits, he
says, use linear bipolar processing
“optimized for low current drain,
high noise immunityv. and high volt-
age excursions.”

Motorola is supplving both a
logic 1€ and discrete components to
module makers. although Motorola
sources don’t specity  which  auto
makers get the modules. T1 is be-
lieved to be supplving bipolar ICs to
GA's Fisher Body division. which is
GM's focal point for the secat-belt
units.

The scat-belt pie splits roughly
this way: GM makes 4.5-5 million
autos a year. FFord builds 3 million,
and Chrysler accounts for roughly
1.8 million. says Solid State Scien-
tific’s Kalin. It’s a lucrative business
for semiconductor manufacturers,
but the pressure is on them to de-
liver reliable devices and meet de-
livery dates (see “Semiconductor
houses on the spot™).

The auto makers don’t regard
scat-belt systems as necessarily lu-
crative for them. however. Peter
Ansbro. automotive clectronics en-
gineering representative in Philco-
Ford’s Dearborn engincering office,
calls them “far from cconomical,
and their costs will be recovered o a
lesser degree than for radios. for ex-
ample.”™ His rough estimate is that
the interlock units will add $35 to
$50 1o the price of a car. O

Semiconductor houses on the spot

One of the chief concerns about seat-belt interlock systems among auto
makers is the semiconductor industry's ability to deliver. Auto makers are
not confident that semiconductor manufacturers can meet their tight deliv-
ery schedules. GM's H. Blair Tyson, for one, questions the credibility of tra-
ditionally optimistic semiconductor delivery claims. GM is also developing
an electromechanical seat-belt interlock system using relays as a backup
for the solid state units. Says Tyson: ‘‘When they back up an electronic
seat-belt interlock with a relay system, you know how they feel about the
electronics industry’s credibility."”

Beyond that, it is not clear what will happen if slippages occur in installa-
tion of the units in 1974 models. Walter F. Kalin, sales applications manager
at Solid State Scientific Corp., says Federal legislation requiring the sys-
tems in next year's models “‘has forced the auto makers to deal with elec-
tronics manufacturers. The only recourse if semiconductor manufacturers
fail to meet 1974 model year requirements is for the auto makers to ask the
Government to postpone the requirement untit the 1975 model year."”

Will Steffe, Fairchild Semiconductor’s manager of design and develop-
ment for analog products, wants both Philco-Ford and GM to stabilize their
interlock system designs now “‘or they’ll have to do running changes’ as
the mode! year progresses.
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Your computer
deserves a
faster plotter!

The pen . . . It's not hard to understand
why man used it in the first plotter. He
had drawn with one for a thousand years.
And it served him well.

But then came the computer.

And suddenly, the pen plotter was a
slow left-over from another, darker age.

Matrix uses 1024 tiny nibs
to plot at high speeds

Writing with over 1,000 stationary nibs
simultaneously, the Matrix plotter can
create in under 60 seconds what a pen
plotter might take 2 hours to do.

It may be a complicated map, complete
with shading.

Or a graphic presentation of reams of
industrial, engineering, or scientific data.

The Matrix Printer/Plotter, utilizing the
Matrix Electrostatic Writing Technique
(MEWT™) prints and plots and is super
reliable (MTBF is over 3,000 hours!). The
quality of output is unsurpassed.

With our advanced design we offer
the lowest printer/plotter prices in the
industry.

And Versaplot™, a powerful FORTRAN
package, provides new features not avail-
able in conventional pen plotting systems.

Of course, we have nothing against the
pen per se. Itdoes have itsuses.Like
circling the bingo card. Writing us for
more info. Or signing a P.O.

Versatec Inc., 10100 Bubb Road,
Cupertino, Calif. 95014. (408) 257-9900.
TWX: 910-338-0243.

1 —
.erERSATEC

Matrix — the largest selling
Printer/Plotter in the world.
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Deltrol’s New catalog lists 1570 relays,
232 solenoids and 218 timers...and
it's yours, free!

One of Deltrol’s relays, solenoids or timers may be just what you’re looking for.
You’ll find engineering specs and prices for 5, 10, 15 amp AC and DC general
purpose relays, including the popular new 160/165 series...25 amp heavy duty
power relays with or without auxiliary switch...magnetic latching relays up to
6PDT..low, medium and highpower intermittent and continuous duty solenoids
with optional buzz trimmer that eliminates AC hum...medium and heavy duty
clappers with adjustable stops...and interval, pushbutton, repeat cycle, fixed or
adjustable automatic reset timers. We’ll send you this catalog free if you circle
the number below or write to...

DELTROL
CONMGIOIS | .. ionsi. wimosres we 53015

Phone (414) 671-6800 Telex 2-6871
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Magnetic recording
paper is erasable

Stylus field interacts with particles
floating in paper’s emulsion to print
traces that can be deleted instantly

by Dale O. Ballinger, Honeywel Test Instruments Division, Denver

O Recording by tilting millions of tiny magnetic flakes
embedded in a stock no thicker than ordinary bond pa-
per promises significant reductions in costs and labor of
instrumentation because the paper is instantly erasable
and reusable. By comparison, a sheet of conventional
chart paper, whether marked by ink, heat, electricity, or
light beam, has a built-in restriction—it can be used only
once. And this one-time usability costs industry millions
of dollars each year.

Although the cost of common chart paper that
records such measurements as temperature and pres-
sure for extended periods is only a few cents a sheet, to-
tal costs mount rapidly, large amounts of paper must be
either stored or discarded, and there is the periodic task
of replacing paper in the recorder.

For example, a 12-hour circular-chart recorder that
typically records a continuous trace of temperature or
pressure consumes more than 700 sheets a year. It is
necessary for many processing and manufacturing com-
panies to have hundreds—even thousands—of such
recorders in round-the-clock operation.

The new magnetic recording method permits writing
and erasing fields to be built into the recorders. But the
recording medium is by no means limited to displaying
continuous traces. From a multistylus writing head, the
paper will print alphanumerics and other symbols. And
because the continuous traces and symbols have rema-
nent magnetism they can be made machine-readable.
Further, the paper can be backlighted to suit specific
ambient light conditions. Thus, the paper will prove
useful in such applications as computer readouts, hard-
copy printing in conjunction with CRT displays, facsim-
ile printing, sonar and radar, and even toys.

Developed and patented by Honeywell Inc., and now
in limited production by the National Cash Register
Co., the new recording medium, called POP for particle-
oriented paper, is being extensively field-tested. The
magnetic chart paper, which can be made in circular
and rectangular sheets, rolls, and even endless loops. is

1. Microscopic. In particle-oriented paper, magnetic flakes (a, en-
larged 2,000 % ) are coated with oil, forming droplets (b, 1,200 %),
which are then rendered into an emulsion that is coated onto a pa-
per or clear plastic substrate (¢, 75 X))
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MAGNETIC FLAKES IN QIL
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2. Cross-section. Completed stock, containing substrate, tiny
flakes in oil cells, and overcoat, is about as thick as bond paper.

slated to be available in commercial quantities by year-
end at a cost of about 10 cents a square foot. Further-
more, the use of POP charts does not require buying new
or special recorders. Conversion kits can be made to re-
trofit present ink-type recorders with magnetic writing
styli and erasing fields.

Magnified magnetics

Three photomicrographs show the essential steps in
manufacturing particle-oriented paper (Fig. 1). Mag-
netic flakes of varying sizes. some as small as three mi-
crometers, but averaging 15 pm across. are suspended in
droplets of clear oil. Flakes consist of such materials as
pure iron, nickel, and stainless steel. Figure la shows
flakes enlarged 2,000 times. Droplets are then encapsu-
lated in cells ranging from 5 um to 50 pm in diameter,
with smaller flakes tending to group into the smaller
cells and larger flakes into the larger cells. The middie
photograph shows several encapsulating cells enlarged
1.200 times. Next. an emulsion of cells is coated on a
paper or a clear plastic substrate.

As the emulsion dries on the substrate, the cells tend
to conform to the substrate surface and to their neigh-
bors, resulting in an irregular cell-wall structure. This ir-

regularity is an important aspect of the mechanism by
which the flases can be made to produce permanent
traces. Figure lc shows the emulsion-coated paper,
magnified 75 times. A protective overcoat completes the
fabrication of the recording material (Fig. 2). Depend-
ing on application requirements, coordinate grids can
be printed on either side of the chart. Furthermore, the
magnetic writing stylus can be placed on either side of
the chart paper.

The sheet still requires magnetic prealignment, as ex-
plained later. Once prealigned. though. the magnetic
flakes are parallel to the paper’s plane (Fig. 3a), and
they thoroughly reflect incident light. The sheet appears
light. and it has an optical reflection density of about
0.5. However. a small-diameter stylus produces a mag-
netic field that is perpendicular to the paper’s surface.
This field rotates affected flakes away from the fat
plane. These rotated flakes then scatter, or absorb, the
incident light (Fig. 3b). The trace's optical reflection
density increases to about 1.0 (dark gray) compared
with a background of 0.5 (light). As the writing mag-
netic field is increased even more, flake rotation is
greater (Fig. 3c). and the trace is even blacker.

Chaining the flakes

What happens after the writing field is removed is
shown in Fig. 4. As mentioned, a prealignment field
forces all the flakes to be parallel to the paper’s surface
(Fig. 4a). The writing stylus tilts the flakes in its mag-
netic field, thus scattering incident light. When the writ-
ing field is removed. the flakes have sufficient residual
magnetism to produce local fields (Fig. 4b). Here, each
flake behaves as an individual permanent magnet, com-
plete with a north and south pole. As the like poles re-
pel each other. and the unlike poles attract, the residual
forces thus cause the flakes to move relative to each
other in search of the smallest possible energy state.

In achieving a low-energy state, the flakes are
“chained™ and held in place by force against the cell’s
irregular surface. Cell-surface irregularity is essential
for the flakes to remain locked in their light-absorbing
state. The relaxation time required for the flakes to
align to their permanent, or memory, state is about 0.5
millisecond after the writing field has been removed.

\X\/ / \\\ /\ \\
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(a) (b) (c

|

3. Light trap. Parallel flakes (a) reflect incident light, but magnetic-
ally rotated flakes (b) scatter fight to mark a trace. while additional
tilting (¢) increases magnetic-trace darkness.
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4. Chaining. Starting with flakes parallel to surface (a), magnetic
stylus tilts and polarizes flakes, then removal of field allows residual
magnetic forces to move and lock the flakes.

Electronics/March 1, 1973



>-
5 ac FIELD
z 151 \
w
a =
= e — e — - —— - — ——
o =
Glio —= j
e dc FIELD
w
A
w
[+ 04
a0
I 05
=4
}—
o
o
0 | |
0 200 400

PEAK APPLIED FIELD STRENGTH (GAUSS)

5. Shades of gray. Peak applied field strength determines trace
blackness, but ac fields write darker than dc fields.

The trace is permanent—until deliberately erased. The
exact realignment time depends on the oil's viscosity.
Therefore, the time required for the trace to stabilize
will increase as ambient temperature is lowered.

Optical reflection density, and hence the degree of
trace blackness. depends both on the field’s strength
(Fig. 5) and exposure time (Fig. 6). Therefore, both
these factors determine the maximum relative speed be-
tween paper and stylus for a given trace quality. As
Fig. 5 shows. an ac writing field produces blacker traces
than do dc fields of the same peak strength because al-
ternating fields give the tlakes more than one opportun-
ity to rotate out of the plane before chaining into per-
manent light-absorbing positions. The minimum
frequency of an alternating writing field depends on
stylus diameter and paper speed. A 40-kilohertz field is
adequate for a 0.01-inch diameter stylus and a paper
speed of 40 inches per second.

Shades of gray

The dashed lines in Fig. 5 indicate the loss of energy
during chaining and the slight reduction in blackness
after the writing field has been removed. These curves
also show that varying the peak intensity produces
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6. Writing time. Because of the damping factor related to oil's vis-
cosity, optical reflection density, a measure of blackness, depends
on how long paper is exposed to field.
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7. Wipe out. Rotating magnetic vector in plane of paper created by
a combination of an ac and a dc field prealigns the flakes.

traces ranging from light gray to heavy black. a charac-
teristic that may suit this new writing technique to such
special applications as facsimile recording.

As previously mentioned. trace darkness also depends
on how long a given peak field strength is applied to a
given area. Test results show that a field strength of 400
gauss exposed to the paper for a few milliseconds ap-
pears to be the optimum value for maximum light ab-
sorption (Fig. 6). Doubling the field to 800 gauss re-
duces exposure time, but it does not increase blackness;
reducing the field to 100 or 200 gauss not only reduces
trace visibility, but it increases required writing time
and thus slows down the recorder’s response time.

Magnetic markers

The magnetic chart paper can be marked in several
ways. An adequate writing stylus for a conventional
recorder can be a simple 0.01-inch-diameter pin of mag-
netized carbon steel. with its writing arm driven by a
relatively slow servomotor. As the paper moves at a
fixed speed. the pin on the writing arm traces the ampli-
tude of the recorded variable. Because of the limited
random wear contact between pin and paper, the paper
should last almost indefinitely.

Another type of writing mechanism 1s an electro-
magnetic stylus, mounted singly or in an array. Electro-
magnetic styli have been built in linear arrays, with
each stylus 0.01 inches in diameter. Mounted on 0.01-
inch centers, there are 100 styli along each inch. In op-
eration, the array is permanently fixed on the recorder
perpendicular to the direction of paper movement. The
amplitude of the recorded variable is then digitized
through an analog-to-digital converter. whose output
addresses a corresponding stylus. The selected stylus is
then pulsed to produce a very black dot. If the pulse
rate 1 fast enough, successive dots overlap, creating a
continuous trace. With paper moving at 10 inches a sec-
ond. such a writing stylus can faithfully reproduce a
sine wave of 10 kHz with adequate resolution.

By appropriate programing. addressing, and pulsing
of the styli in the linear array, the writing head could
then produce alphanumeric and other symbols, as well
as draw single or multiple continuous or analog records
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8. Continuous chart. Erasing fields built into circular chart recorder
wipe out magnetic trace written several hours earlier.

as the paper or writing head moves at a constant rate.

Before the POP medium can be used. all the em-
bedded flakes must be oriented so that their surfaces are
parallel to the paper’s surface. Two dc magnetic fields,
both in the plane of the paper. can produce the mag-
netic torques required in the two mutually perpendicu-
lar axes to align the flakes parallel with the paper’s flat
surface.

A more efficient method of prealignment uses one ac
ficld and one dc field (Fig. 7). The paper moves in the
Y-direction. By using ac and dc fields. instead of two dc
fields. prealignment can be achieved by only one pass
over the paper, and the alternating field provides more
chances for flakes to be reoriented during the prealign-
ment sweep. The ac and dc fields combine to produce a
vector field of about 400 gauss that continuously rotates
in the plane of the paper. thus creating aligning torque
over a flake’s total periphery rather than only at two
mutually perpendicular points.

Prealignment, or erasing, fields can be built right into
the recorder as suggested in Fig. 8. Here. the writing pin
traces the recorded variable, which is immediately view-
able. Eventually, the record passes under the eraser to
wipe out the trace. Thus, if the recorder motor rotates
the chart once every 24 hours, the eraser could wipe out
traces more than, say, 18 hours old. Hence, the chart al-
ways shows 18 hours of history. And the same chart is
used again and again. Of course. should the record indi-
cate some kind of failure or alarm condition in the re-
corded variable, the chart can be removed for later
analysis, and it could be readily duplicated on a copying
machine.

When an installation has many similar recorders or
when the size of the chart paper makes it impractical to
have a built-in magnetic eraser. stand-alone prealign-
ment machines may prove more practical and econom-
ical. For example, erasing the chart paper in an X-Y
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9. Stand-alone. Particle-oriented paper, such as used in laboratory
X-Y recorder, would be erased in a separate device.

recorder would probably be done in a stand-alone pre-
alignment machine (Fig. 9).

Practical prospects for POP

Although the obvious application for particle-ori-
ented paper is in charts for industrial and laboratory
recorders. the material may well fill other practical
needs. For example. the chart paper can be made ma-
chine-readable because the trace itself is magnetic, and
its field of about 20 gauss can be readily detected by a
chip-sized Hall transducer. In one application, trace
amplitude could be sensed magnetically and converted
to digits for computer analysis. Or the trace could be
used as a function generator to. say. serve as the input
to a piece of test apparatus.

Because particle-oriented paper is light-absorbing, it
is suited for displays that must operate in high ambient
light. This property makes POP an excellent prospect for
large radar and sonar displays. which would not need
the refresh storage required in present types of displays.

Just as a circular chart can be allowed to run contin-
uously because the paper is erasable and reusable, the
same technique can be applied to quick-look and trend
recorders that use endless loops of paper to record in-
formation for fixed time intervals.

When properly backlighted. special compositions per-
mit the paper to transmit light through magnetized
areas and traces. Thus, the paper can be used in dis-
plays requiring light emission, rather than absorption.

Although particle-oriented paper is just now entering
a commercial phase. other characteristics may bear fruit
later. The main prospect is for electrostatic particle-ori-
ented paper that will make possible faster writing
speeds. which will then permit the recording of higher-
frequency. faster phenomena. Electrostatic forces can
rotate the magnetic flakes in much the same way the
magnetic field does. And the electrostatic traces can also
be erased. However, material characteristics must be
different for electrostatic operation, and various mate-
rials are under laboratory investigation to determine
optimum relationships. O
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Enhancing an LS| computer

t_o_ha_mdle» decimal data |

A medium-scale processor has been squeezed onto an 8- by 11-inch pc
board by adding to an existing successful system two newly designed
large-scale IC chips that have decimal and byte-string capability

by Joseph P. Murphy, Wallace Chan, and Robert Greiner, Four-Phase Systems inc.. Cupertino, Calit.

O Imaginative design that exploits the advantages of
large-scale integration of MOS circuits has packed a me-
dium-scale computer with roughly the power of an IBM
360/30 onto a single 8-by-11-inch printed-circuit board.
Furthermore, this new machine adds decimal-arithme-
tic capability and byte orientation to the binary-process-
ing capability of the earlier Four-Phase Systems model
1V/70. introduced two years ago, which processes only
full 24-bit words. Although numerous microprocessors
built around LSI chips have been introduced recently,
all are only small-scale machines.

The computer is based on three MOS chips—the basic
chip in the original System 1V/70, the ALI, plus two
new ones. The decimal-arithmetic capability has been
integrated on a huge chip, the AL3., and a slightly
smaller device, the AL2, takes care of byte alignment.
The larger of the two new ICs, the arithmetic and logic
unit (ALU), is more than a quarter of an inch across—
one of the largest chips in production—and it had to be
divided into four parts so that it could be processed by
conventional photolithographic equipment.

To make room for these chips and to incorporate the
necessary microinstructions to execute the decimal-
arithmetic macroinstructions, the enhanced System
IV/70 contains a new 18,432-bit read-only memory, en-
larged from the previous 8,192 bits. On a separate pc
board, the main memory is expanded through use of a
new 2,048-bit read-write memory, replacing the older
1,024-bit unit [Electronics, Feb. 16, 1970, p. 109].

Design objectives

The new capabilities took the shape of four new kinds
of operations:
® The ability to move a string of up to 256 bytes, start-
ing from either end of the string, regardless of where the
starting point lies relative to word boundaries, either be-
fore or after the move.
® The ability to compare logically two strings of up to
256 bytes each, bit for bit, without changing any byte in
either string, and producing an output of “A less than

1. End conditions. Byte-handling capability produces five different
byte-alignment possibilities, as shown in color in the diagram, and
six different end conditions, as shown in the table, where color rep-
resents a new byte moved into the word. Case 6 of the table, not
shown in the diagram, occurs when a “'string’” of one byte moves
into the middle byte position of a destination word.
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LEFT2 o | 1 | 2 | SOURCE
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CASE 2 = \CASE 5
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SHIFT 0 1 2 SOURCE
LEFT1 «
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0 1 2 0 1 2 DESTINATION
CASE 1 e * CASE 4
0 1 2 SOURCE
MOVE
STRAIGHT
THROUGH
0 1 2 DESTINATION
CASE 3
‘\
0 1 2 SHIFT
L N\ RIGHT 1 SOURCE
N )
off 1 2 0 1 2 DESTINATION
CASE 2 -7 ™~ CASE 5
N\ SHIFT
0 1 2 "__ RIGHT 2 SOURCE
. N
.
0 1 2 0 1 2 DESTINATION
CASE 1 — Y CASE 4
BEFORE MOVE ABC
CASE 1 ABC
CASE 2 A E
CASE 3 ABC
CASE 4 (G0
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POWER, CLOCKS, GROUND BISTRIBUTION

AND BYTE ALIGNERS
~BYTE DESTINATION REGISTERS

12 INTERLEAVES 170 BUFFERS
17-BYTE SOURCE REGISTERS
5 EIGHT-8IT BYTE COUNTER

ALIGNMENT ADDRESS REGISTERS AND

INTERNAL CONTROL LOGIC
AND BYTE ALIGNERS

LEIGHT 81T BYTE COUNTER
BYTE DESTINATION REGISTERS
1%-BYTE SOURCE REGISTERS
12 INTERLEAVED |/O BUFFERS

[

OP CODE DECODER

2. Alignment chip. This integrated circuit realigns data being moved from one area in the memory to another, if the byte boundaries relative
to the word boundaries differ in the two areas. It 1s just under 200 mils square and contains about 1.000 gates

B." A equal to B, or A greater than B.”
® The ability to subtract or add a string of up to 64
signed decimal digits 1o a second string of as many as 93
digits. Each digit is a bvte in cither the American Stan-
dard Code for Information Interchange (ASCI) or IBMs
Extended Binary-Coded Decimal Interchange Code
(EBCDIC). and the signs are carried in the upper “zone
bits™ of the least-significant byte of each string.
® The ability to compare a string of up to 64 digits nu-
merically with a second string of up to 95 digits. produc-
ing the same outputs as the logical comparison men-
tioned previously. This numerical comparison is made
on only the four lower bits of cach bvte and the four up-
per bits of the least-significant byte in either AsCIl or
EBCDIC. ignoring the remaining bits. which is a common
process in Cobol programs.

In the most general terms. these new capabilities in-
volve two types of operations: moving data. byte by
byte: and manipulating the bytes arithmetically.
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Implementing these instructions would be relatively
straightforward if they did not require extracting mul-
tiple byvtes from memory. However. adding the capabil-
ity 10 a computer with a data path that is three bytes
wide presents two additional problems: First. the ALU
must be very complex to operate on three bytes in par-
allel. both decimally and logically. while assigning any
byte position within the ALU as the most- or least-
significant byte of the string. Second, five alignment
shifts are possible. as well as six end conditions at the
destination (Fig. I). making a total of 30 possible
boundary conditions. The five alignment possibilities
take into account the possible overlapping of source and
destination areas. If" overlapping could not occur. a
shift-left 1 and a shift-right 2. for example. would be es-
sentially identicul.

The six end conditions are treatments of the three
bytes already stored in the destination address when
new data is moved in from a source. Case 3 is the sim-
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INPUT / QUTPUT EQUIPMENT

BIDIRECTIONAL DATA BUS

A

READ/WRITE 8 BIT SLICES RANDOOM |
MEMORY (AL} > LOGIC
(3 CHIPS) {3 CHIPS)
A 3
READ ONLY
MEMORY
{3 CHIPS)

3. Eleven chips. The entire processing unit of the System IV/ 70, with decimal capability, isin 11 ICs on one board. The read-write memory,
which comes in modules of 6,144 bytes, is on separate boards. Bidirectional bus and ALU slice are characteristic concepts of the system.

plest. when three bytes of new data replace three bytes
of old data. In other cases, some old data is retained.
and some is replaced. Moving a string of more than
three bytes simply replicates one of the alignments and
one or two of the six end conditions. A string of two
bytes can move in any of the tive ways but a Case 2 or
Case 4 end condition always results. Moving a “string”™
of one byte can result in the unique Case 6. when only
the middle byte of a destination word is replaced and the
first and third bytes are retained.

One simple, one complex

To provide System 1V/70 with its new capabilities. a
two-chip subsystem was adopted—for three reasons: the
ease of functional division between the two kinds of op-
erations, the resolution of the problems of moving data
and manipulating bytes. and practical restrictions on
the size of the chips. The resulting subsystem includes
AL2. the byte-alignment chip. and AL3. the arithmetic
and logic chip.

The byte-alignment chip function is relatively simple:
its functional layout is shown in Fig. 2. and its logical
position in the computer in Fig. 3. In conjunction with
general-purpose registers in a chip called ALI. carried
over from the former unenhanced System 1V/70. the
byte-alignment chip realigns the data brought from the
source area in the main memory to fit the destination
area, whose word boundaries may be different. relative
to the byte boundaries.

The arithmetic and logic chip. AL3. can be more eas-
ily understood in the context of the architecture of the
System 1V/70. the first MOS LSI computer. This archi-
tecture includes the advanced concepts of the single
bidirectional bus structure and the ALU slice—in which a
single integrated circuit can do all the processing of one
or more bits. and any number of identical 1Cs can pro-
cess in parallel a multiple of the number of bits each 1C
can handle. In the original System 1V/70. one 1C (the
ALI1) processes one byte (cight bits): three of these
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handle the computer’s 24-bit-wide data path.

The architecture also includes microprogramed con-
trol logic in a 1.024-word-by-54-bit read-only memory
for all of the 117 macroinstructions. The ROM is pack-
aged in three chips of about 18.000 bits each. The read-
only memory recirculates in the sense that the address
for each microstep is generated during the preceding
step. rather than by an external counter: the recirculat-
ing logic includes the instruction-fetch processing and
decision logic used when the next microstep depends on
the result of a current step or on the details of a particu-
lar macroinstruction. Working in conjunction with the
read-only memory circuits are three identical one-byte
arithmetic/logical/shifter chips (ALIl) and three ran-
dom-control-logic chips.

Without the functional division of the decimal and
byte-oriented logic into two chips. an integrated circuit
about 350 mils square would have been necessary. This
exceeds the practical capabilities of the equipment that
would be needed to produce such a device. Thus the de-
cision to design two chips was made. Of the two. the

| - I
| System IV/70 basics |

The System IV/70, a business-oriented machine, is

used with a keyboard and cathode-ray-tube display as
| an operator's console, plus whatever additional stan-
| dard peripheral equipment is needed. Although it is a

full-fledged general-purpose computer, it is most eco-
nomical when used in clusters that replace groups of
remote terminals connected to a larger computer. In
its business applications, it is frequentiy called upon to
process decimal and alphabetic data occurring in long
strings of characters, as opposed to binary data repre-
sented by individual words or small groups of words.
With the computer's new capability, it can process
these strings four to five times as fast as it could pre-
viously. I

I
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OK OK
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4. Splicing tricks. To assure sufficient width of conductors at the points where the AL3 mask splices were made, the lines were widened
more or less as shown here—provided that by so doing, the misalignment did not cause insufficient clearance between two parallel lines.

AL2 chip was almost routine. It presented no particular
problems during development, and it was transferred
easily into production, even though it measures almost
200 mils square and contains about 1,000 logic gates.

Four sections

The AL3 is quite another matter. Even after the func-
tions of AL2 were separated to another chip, AL3 re-
quired an exceptionally large chip, too big to handle
with conventional production techniques. To under-
stand how these problems were overcome requires an
understanding of the conventional techniques.

When a random-logic LSI chip is produced at Four-
Phase Systems, the circuit design is translated into
artwork at a scale 400 to 500 times the finished size of
the chip. This artwork is reduced twice: first to 10 times
the size of the finished dimensions, and then, while
making the photographic working plate, it is reduced
again to the actual size of the chip. The process is re-
peated for each of several masks.

For conventional LSI circuits, a step-and-repeat pro-
cess exposes the photographic working plate many
times during the second reduction to reproduce the
mask design repeatedly. Through this working plate, a
large wafer of semiconductor material is then exposed
to the repeated design in one “snapshot.” After the wa-
fer has been exposed to all the masks, with appropriate
intermediate processing between exposures, it is cut into
individual chips at the design boundaries.

When the designers realized that the AL3 chip would
be more than 200 mils square—the limit of the com-
pany’s photographic equipment—they decided to split
the circuit into four approximately equal pieces and to
assemble the component parts during the second reduc-
tion, while making the working plate. Thus for AL3, the
entire step-and-repeat process goes through four com-
plete cycles, once for each part of the circuit. Each cycle
leaves unexposed areas of the plate between the parts,
and after the four repetitions, all the intervening spaces
have been filled.
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The design of the AL3 had to take this four-part lay-
out into account. The four segments were not required
to be divided along straight lines, although excessively
convoluted boundaries would have made fitting diffi-
cult. Also, since the MOS process has four critical lay-
ers—pt material, oxide, contact holes, and metal-
ization—the partitioning had to account for the
requirements of all four layers. A fifth layer, passiva-
tion, is continuous across the wafer, except for bonding
holes: its registration is not critical.

The designers were lucky; they had to split compo-
nents on only two of the five layers, the metal layer and
the p* layer. At first, they feared that during the photo-
graphic phase, device geometries would not align prop-
erly along the boundary, so that the permissible toler-
ance might be exceeded. In some cases, optical and
photographic aberrations might permit perfect align-
ment at one point on the boundary and troublesome
misalignment at another. To assure that alignment is al-
ways proper, a few tricks were required—for example,
where a cut through a p* line was necessary, the line
could be widened at the splice, if at the point of widen-
ing, two parallel lines requiring a minimum clearance
were not present (Fig. 4). Numerous test splices using
tricks like these were made, and the photocomposition
technique was tried out while the chip design was pro-
gressing. These tests showed that the total misalignment
could be kept within design specifications.

One-quarter inch square

The chip layout finally produced a circuit measuring
235 by 289 mils, with about 6,000 active elements in
random logic—one of the largest integrated circuits in
commercial production. It is mounted in a standard 64-
pin ceramic package.

While wafer yields have remained below 15%, low-
volume requirements—one circuit per system—enable
AL3 to be a viable production device. The photograph
of a complete CPU card (Fig. 5) demonstrates again—as
did the circuits of the original binary System IV/70—
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that LsI and the computer are closely related.

In the upgraded machine. strings of up to 256 digits.
each represented by an 8-bit byte. may be moved from
one location in memory to another without regard to
word boundaries. Addition. subtraction. or either logi-
cal or decimal comparison can be performed in parallel.

The memory-cycle time is a modest 2 microseconds.
But the three-byte parallel structure of the computer.
combined with the new ALU and alignment circuits.
which process three bytes at a time. results in execution
times for memory-to-memory string instructions rang-
ing from 2.8 to 5.8 us per byte. This speed escapes to-
day’s faster minicomputers. even those with memory
cycle times of a microsecond or less. (A memorv-to-
memory instruction is one whose operands are fetched
from the main memory, rather than from a high-speed
local register. and whose results are stored in the main
memory; a single occurrence of a string instruction in a
program causes the operation to be repeated over and
over for many bytes or words stored in sequential loca-
tions in the memory—a “string.™)

Although the original computer had several bvte-
handling instructions, most of them operated by shifting
a three-byte word by one byte left or right and masking
the two bytes not involved in the particular program
step. This procedure is time-consuming. and it unneces-
sarily complicates the program subroutines that ma-
nipulate byte strings. Otherwise the computer worked
only with pure binary numbers. To overcome these dif-
ficulties required a hardware development that could
operate on three bytes in parallel without regard to
word boundaries and without relying on shifting.

Manipulating bytes

At the beginning of a byte string instruction. the
source and destination addresses are placed in two of
eight general-purpose registers in the ALI chip. These
addresses locate the two words containing the first byte
of the data string before and after the move. The ad-
dresses are incremented or decremented by one each
time a three-byte word is brought from the source area
in the memory, realigned in AL2, and returned to the
location specified by the destination address.

The source and destination addresses contain two ex-
tra bits that define which byte within the word is the
first byte of the string. These bits are loaded into a spe-
cial register on AL2, along with a portion of the oper-
ation code that defines whether the move begins with
the most-significant or the least-significant byte. At the
same time, the number of bytes to be moved is loaded
into an eight-bit counter, also on AL2. This counter is
decremented by three with each three-byte cycle.

The extra bits and the counter set up all internal-
shifting and end-condition logic on the chip. This logic
is extensive because it must account, not only for all
possible combinations of byte positions within a word.
but also for the cases when source and destination fields
overlap or even fall within a single word.

In addition, the chip contains six byte registers—three
for the source and three for the destination. These extra
registers are necessary because some bytes within the
words containing the first and last bytes of the string
may not belong to that string and must not be modified
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by the operation. In these cases, the first and last words
must be brought out of memory. masked appropriately
by AL2. and returned to memory unaltered.

When characters are representations of parts of pure
binary words. as in the original System 1V/70, charac-
ter-string moving operations are handled by standard
word-moving methods from the microprogram of the
System IV/70 and by controlling the way the source
and destination registers are read to and from the data
bus (Fig. 3). Under control of the microprogram. the bi-
nary-arithmetic logic would generate source and desti-
nation addresses, fetch the operands. send control sig-
nals to chips. test condition-code status, and determine
recomplement requirements and similar conditions.

Purely binary operations are executed the same way
in the enhanced Systems 1V/70. But if decimal-arithme-
tic operations are required during the execution of a
string instruction, AL3 is required. Out of the 54-bit
microprogram word. four bits of control information
not used in the microprogram are decoded into 14 sig-
nals that control AL3. The four condition codes—zero.
overflow, minus, and carry—are generated in AL3 itself,
which also generates the remaining control signals from
the seven instruction codes.

While AL3. shown in Fig. 6. performs decimal-
arithmetic functions. ALl decrements the source and
destination address, and AL2 aligns the bytes. Then,
even after the bytes to be decimally processed are prop-
erly aligned. the sign of the decimal string, held in the
upper four bit positions of the least-significant byte of
the numeric string. may fall in any of three byte posi-
tions. Here. as in AL2. the logic circuitry has identified
the least-significant byte, the sign bits are stored within
the chip. and the operation proceeds.

This least-significant byte is the one with which most
arithmetic operations begin; its location is stored in
logic that generates a different four-bit sign in the least-

5. Processor. This circuit card, approximately 8 by 11 inches, con-
tains the entire central processing unit for System IV/70. The largest
of the packages is the AL3, the decimal-arithmetic unit. The three
chips at the left are the 18.000-bit read-only memories.
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6. Decimal-arithmetic unit. This enormous circutt. measunng 235 by 289 mils and including 6.000 active elements. contains all the logic for
byte-oriented processing in the enhanced System IV/70. A 64-pin dual in-hne standard package accepts the chip without modification.

significant byte if the operation requires the sign of the
result to be changed. Furthermore. the most-significant
bvte generates the condition codes used by instructions
that follow. This byte. like the least-significant one.
must be identified. regardless of its position in the word.
Finally. when the number of digits in the source is
smaller than in the destination. AL3 must force zeros
into the higher-order positions. but allow the carries to
propagate from the lower orders,

For addition. subtraction. and numerical-compare
operations. AL3 contains two counters to keep track of
operands of different lengths. These counters operate
mdgpcndcml\ with no control from the microprogram:
it only tests them from time to time to determine
whether or not the operation is complete.

An important distinction should be made between
System 1V/70 and the numerous small-chip micro-
processors that have appeared in recent months, These
microprocessors have rightly stimulated interest in MOS
LSt systems. but they remain limited in performance
they are small-scale machines. and no one pretends that
they are more than that. But the Svstem I1V/70 is a true
medium-scale machine.

The comparison between small and medium systems
can also be made in terms of the packaging. Four lvpi-
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cal single-chip microprocessors would fit in the same
arca as one AL3—but the latter is only one of 11 com-
plex circuits that make up the CpPU.

Some day. possibly even these 1l circuits may be in-
tegrated on a single chip. However. until then. clearly
the present dcxmn in which the CPU semiconductor
parts cost is less ‘than $200. shows that the role of the
classic medium-scale computer is sure o be re-
evaluated. With advances in technology. the computer
industry is dividing into two parts—one featuring huge
machines with vast data bases. and one Icalurmg small
local smart terminals at verv low cost. Recent an-
nouncements of large machines show that their end of
this “dumbbell- slmpgd market” is fast approaching. and
the availability of machines like the new System 1V/70
shows that their end of the dumbbell may be already
here—thanks to LS.

In just the past few vears. LSI has enabled the cost of
such machines to be reduced bv a very significant fac-
tor. Today. even if the semiconductor hardware were
free. it wouldn't materially reduce the total cost of the
svstem. which includes extra memory. peripheral equip-
ment. software. and support. Thus. no future cost reduc-
tions will ever be as significant as those made in recent
vears through the development of Lsi. O
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TRW LVA diode...

the sharpest knee
below 10 Volts.

FOCUS INTENSITY ASTIGMATISM SCALE ILLUM.

The current saver. compatible packages. If you have a need for a low
No other zener can approach TRW’s LVA perform-  current voltage regulator or any other product that
ance below 10 volts. Available for operation down demands low current consumption, you should
to 4.3 volts, TRW LVA diodes minimize power con- check out TRW LVA zeners. When it comes to cur-
sumption in portable-battery operated equipment.  rent, they're really misers!

They're also ideal for instrumentation, where, as

: For product information and applications assistance
reference elements, they draw as little as 50 pAmps.

write TRW Semiconductors, an Electronic Compo-
TRW LVA's are available in various package config-  nent Division of TRW Inc., 14520 Aviation Boulevard,
urations, including passivated chip form for hybrid- Lawndale, California 90260. Phone (213) 679-4561.

TRMW semiconoucTors

Electronics/March 1, 1973 Circle 83 on reader service card 83



Designer’s casebook

High-power counter
drives 20-watt loads

by Christopher Strangio

Villanova University, Villanova. Pa.

A high-current ring counter, which sequentially drives a
series of resistive loads. develops an output power level
of 20 watts at 2 to 5 amperes. A four-stage version of the
circuit is shown here. but the design may be extended to
an unlimited number of stages. Typically, this type of
counter can be used as a low-voltage lamp driver.

There is one silicon controlled rectifier in each stage.
When any one of these SCRs conducts. the stage associ-
ated with that SCR will also be in its conduction mode.
and the load driven by that stage will be energized.

Initially. all the stages are nonconducting. A SET
pulse must be applied to the gate terminal of any one of
the SCRs (SCR; is used for this circuit) to enable the
counter. Conduction can then be passed from the first
stage to the succeeding stages by successive trigger
pulses. Circuit operation is the same for cach stage.

Assume that SCRy is in its conduction mode. Prior to
triggering, capacitor C; is charged to the supply voliage
measured from point A to point B. since SCR: is con-
ducting. and its anode terminal is at ground level.

When a trigger pulse is applied to the base of transis-

to ground. Drive transistor Q; then turns off. the SCR
power source is blocked. and any SCR that was conduct-
ing will switch off. During this power-off interval. ca-
pacitor C. retains its charge because all possible dis-
charge paths are blocked. The capacitor in each stage,
therefore. serves as a memory that indicates what SCR
was previously conducting.

When the trigger pulse terminates, a bias current
again flows to transistor Q. and power is returned to
the sCRs. The anode of SCR» now rises to the supply
voltage. along with the voltage across capacitor C.. Be-
cause the capacitor is still holding its charge. capacitor
voltage increases to the supply voltage at point B. and
to twice the supply voltage at point A.

Zener diode Dy3. which is connected to the gate ter-
minal of SCR3. has a reverse breakdown voltage that is
about 20% greater than the supply voltage. Therefore.
as point A rises to twice the supply voltage, zener Dyy
will conduct. providing a gate trigger for SCR3 and turn-
ing this device on.

Resistor R4 drops the voltage at point A from the ze-
ner breakdown voltage. which is the SCR’s gate-current
cutofl point. to the supply voltage. Since Rj’s resistance
is considerably larger than the equivalent SCR gate
resistance. resistor Ry does not disturb the discharging
of capacitor C» during triggering.

The trigger input pulse should have a minimum
width of 200 microscconds. a maximum frequency of |
kilohertz, and an amplitude of 6 to 9 volts. When SCRs
with low firing points are used. put a resistor between

tor Q. the bias current feeding transistor Q; is shunted  each SCR gate and ground to inhibit noise. |
| 1 2 3 4
I - A = —&d ~ — A — = A — A
1
LoAD ! LoAD Loap, i LoAD
D, 510 D Q D 2 pp, 2°10Q
Y0 Yow B oerur | TP Gow 047w | T2 Gow 0.47uF | Y ow 0.47 uF
: i — SRl A1 |—
IN757 G) SCR, > IN757 SCR IN757 SCR
A ! r-)scr r . 2
& 2N1595 ? 2N 159 ‘ 2N1595
el i 2N1595 ’ [
%100 ke GATE 100 k$2 %100 kQ
'y D, D5, D1, D, Ds : SILICON DIODES
SET  TRIGGER
{LOGIC 1)

Sequential pulser. High-current ring counter can drive 5-ohm 20-watt load resistors This four-stage version i1s enabled by SET pulse applied
to gate terminal of SCR;. Each stage operates identically. producing a drive pulse in response to a trigger input Only one stage at a tme con-
ducts. During triggering. the capacitor in the previously conducting stage retains its charge equa! to the supply level
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C-MOS voltage monitor
protects Ni-Cd batteries

by William Wilke
University of Wisconsin, Madison, Wis

If nickel-cadmium batteries are permitted to discharge
completely. they can be permanently damaged. To pre-
vent this, a voltage monitor can be employed to turn off
the equipment being supplied by the batteries when
their voltage falls below a safe level. The monitor circuit
shown draws as little as 0.5 microampere. has an adjust-
able voltage trip point and hysteresis. and it turns itself
back on when the batteries are recharged.

The circuit basically consists of two complementary-
MOS multivibrators—a monostable and an astable—and
a network that compares their outputs. NOR gates G,

and G. form the astable multivibrator, which has a pe-
riod that varies with changes in the supply voltage. Vi,
obtained from the battery. On the other hand, NOR
gates Gy and G, make up a positive-edge-triggered
monostable multivibrator that has an output pulse
width that remains relatively constant even with some
changes in the supply voltage.

The astable output, Q.. is coupled through capacitor
C, to fire the monostable, and the output is also fed to
the DATA input of a D-type flip-flop. The monostable’s
output. Qy. drives the CLOCK input to this flip-flop.

Resistors Ry and R: are adjusted so that the periods
of the astable and the monostable are equal to each
other when battery voltage Vy is at the desired trip volt-
age (Virip). If battery voltage becomes higher than the
trip voltage. the astable’s period, Ta. decreases, and
when the positive edge of the cLOCK pulse from the
monostable reaches the flip-flop. its DATA input is low
so that its Q output goes high.

At battery voltages below the trip voltage, the

Vg TO POSITIVE
BATTERY
TERMINAL
2N 3904
TG Voo 0.01 4F
5 p 7 .
“{lb DATAﬁ' g Ve > Vi
RCA _—* FELIP- |
il %CD4013AE  crock | FLOP [ o
7.6 MS2 1 ' Ve < Vyaw
. T-
3IMQ =
TO NEGATIVE
250 pF 0.001 g 100 MS2 ?é\gl&ﬁ?XL
} _ -
R- 0, | AN
UL IN914 C
Qa Voo
SISO ECl DCOC It Ic -
‘ |
\ ED ED I y ‘
1 it
1 ASTABLE MONOSTABLE _l
RCA /
CD4001AE
10 MS2
aiin 4
|
M | ,
DATA____| - - i ) I
CLOCK T T mil| )
I —
Q —
| Vg < Vtmp IVB > Vtmpr
a 1

A

I
l

Battery watchdog. Voltage monitor for nickel-cadmium batteries detects when battery voltage (Vi) is above or below desired level (Vrgip).

Here the trip point is 3.6 volts, and hysteresis is 0.2 V. C/MOS circuit

ry keeps current drain to as little as 0.5 microampere. The period of the

astable varies with changing battery voltage, while the period of the monostable stays constant. Circuit costs under $6 to build.
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astable’s period increases. The flip-fiop’s DATA input.
therefore. is still high when the ctock fires. forcing the
flip-flop’s Q output to be high. In this way. the flip-tlop
Q and Q signals indicate whether battery voltage Vi is
less than trip voltage Vpgip or Vi is greater than Vegyp.

Diode D; and resistor Ry are added 1o give the
astable a duty cycle of approximately 10%. This addi-
tion assures that the output pulse width of the mono-
stable remains independent of the rate at which the
monostable is retriggered.

Circuit hysteresis is proportional to the value of re-

Switching large ac loads
with logic-level signals

by Lynn S. Bell, Bell Engineering. Tucson, Aniz..
and R. M. Stitt, University of Arizona, Tucson, Ariz.

An optical coupler makes it possible for integrated-
circuit logic signals to switch safely and without isola-
tion problems ac loads as large as 2 amperes.

In the circuit, capacitor Ci. zener diode D,. diode Do.
and resistor R, provide a -15-volt supply. referenced to
point A of the ac line source. A low-input logic signal to
the inverter turns off both the light-emitting diode and

sistor R,. which bypasses transistor Q,. When battery
voltage falls below Vipyip. the fip-flop Qsignal goes low.
shutting transistor Q, off and further lowering the effec-
tive Vpp supply voltage by the size of the IR drop across
resistor R;.

For the components shown. the voltage monitor has a
trip point of 3.6 volts. which is appropriate for three
series-connected batteries. Hysteresis is 0.2 v. and cur-
rent drain is 3 A when Vy is greater than Vg, but
only 0.5 yiA when Vy 15 less than Vpgrp. Total parts cost
is approximately $5.50. O

the phototransistor in the optical coupler. For this cir-
cuit. the coupler provides 2.500 v of isolation.

After the coupler turns off, transistor Q; saturates,
supplying a current of -10 milliamperes to the gate of
the triac and turning this device on so that the load is
energized. The triac will stay on through a complete
half-cycle of the line voltage. once the logic input to the
inverter goes low. The tniac turns off at the first zero
crossing of the load current that occurs after the logic
input goes high.

Resistor Rz and capacitor C2 suppress possible radio-
frequency interference and provide safe di/dt and
dv/dt triac operation when driving inductive loads. [J

Designe’ s casebook 's aregular feature in Electromcs We invite readers to submit onginal
and unpublished circuit iIdeas and solutions to design problems Explain briefly but thor-
ou3hly the circuit s operating principle and purpose We'll pay $50 for each item published

A
167406
LOGIC
INPUT
D')
| [ ST
| 120 Vac
R,
33 k$?
3w)
C
e 0.1 uF
OPTICAL (200 V)
COUPLER o - Y
MONSANTO
MCT 2E 1.5k
+| C D,
200 uF SEMCOR
Q (20 v} LMZ215
2N 3904
I - — —_ —

Logic-driven ac load switch. Ac loads as large as 2 amperes can be safely switched by logic signals because of optical coupler, which pro-

vides up to 2,500 volts of isolation. A low logic input turns off the coupler’s LED and phototransistor, causing transistor Q, to saturate. This
triggers the triac's gate terminal, firing this device and energizing the load. The R.C, network suppresses transients and rfi
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P-Channel N-Channel
JFET JFET

Since 1962, Siliconix has evolved FET technology and applied it to a
complete line of singles, duals, arrays, and ICs. So what’s new?

EKconomy

Epoxy FETs

Siliconix, the world’s leading supplier of FETs, now brings

you a full line of plastic encapsulated field-effect transistors—at
economy prices as low as 32¢ each in 1000-unit quantities. Why
be concerned over alternate sources? Call on the FET leader
for quality devices at rock-bottom cost.

®®

The Siliconix line Use these new epoxy FETs

of epoxy products includes with the same confidence you

s FETs for general purpose amplifiers have placed in Siliconix prod-

s FETs for VHF/UHF amplifiers and mixers ucts in the past—they are

s FETs for switches, choppers, and commutators  typed, manufactured, and

s FET pairs for differential amplifiers tested specifically for the indus-
s FET diodes for current limiters and regulators trial and commercial markets.

A copy of our new epoxy FET cross-reference guide and
full line catalog is yours for the asking. Just circle the
bingo card number or call your nearest
Siliconix distributor.

Write for Data

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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Matching oscilloscope and probe

Several tradeoffs must be weighed for best results; to measure rise time,
low input resistance is needed; for amplitude accuracy, it should be high;
capacitance can nearly always be ignored when checking for pulse amplitude

by Vic Bunze, Hewiett-Packard Co., Colorado Springs, Colo.

O The well-known relationship between chains and
their weakest links is particularly applicable to mea-
surement systems. One inaccurate or poorly matched
component can completely invalidate the results ob-
tained from an otherwise well-designed test setup. Mod-
ern oscilloscopes are particularly susceptible to this
weak-link phenomenon because their broad band-
widths can be easily compromised by selection of
probes that are inappropriate for a given measurement
situation.

Nor is this a trivial consideration. Selecting the best
combination of scope and probe for a particular mea-
surement and then estimating the errors caused by that
scope/probe combination is not necessarily a simple
task—especially when high-frequency signals are in-
volved. To understand why, consider how the probe
resistance and capacitance act to load down the signal
source, and then analyze how this loading affects ampli-
tude and rise-time measurements.

Resistive and capacitive loading

Oscilloscope input impedances come in two basic
classes, high and 50-ohm impedance (Fig. 1). Each can
be characterized as a resistance shunted by a capaci-
tance. When a probe is added to the scope input, the
scope/probe combination may still be represented by a
parallel RC circuit. The values and tolerances for R and
C are normally specified in the probe data sheet. These
values, along with the probe’s division ratio, are the
basis for estimating the loading effects of the
probe/scope input system.

If the input resistance of the probe/scope combina-
tion is of the same order of magnitude as that of the sig-
nal source, significant measurement errors will result
because of resistive loading. Small amounts of loading
may simply lower the amplitude of the observed signal,
while heavy loading may draw so much current from
the signal source that it may force a circuit into satura-
tion or nonlinear operation, or it may cause the circuit
under test to stop operating altogether.

Since the probe/scope input resistance, Ri,, and the
signal source resistance, Rg, form a simple resistive volt-
age divider, the measurement error caused by resistive
loading is given by

Errorin % = 100R./(Rz+ Rin)

A simple rule of thumb for keeping resistive loading
errors below 1% is to select a probe/scope combination
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having an Rj, at least 100 times greater than the source
impedance.

Purely resistive loading effects, of course, are inde-
pendent of frequency. The shunt capacitance, however,
causes measurement errors that are frequency-variable.
Like resistive loading, capacitive loading can cause am-
plitude attenuation and abnormal circuit operation; in
addition, it can cause phase shifts and pulse perturba-
tions, and it can introduce errors in rise-time and propa-
gation-delay measurements.

The effect of input shunt capacitance at high fre-
quencies is greater than might at first be assumed: The
input characteristics of a high-impedance probe with an
input impedance of 1 megohm in parallel with 20
picofarads are almost completely determined by the
shunt capacitance at even moderately high frequencies.
At 30 megahertz, the capactive reactance is 265, and
at 100 MHz, this drops to 80%.

Since the input impedance of a probe/scope pair con-
sists of the parallel combination of Ri, and X, both
must be considered in selecting a probe for a given job.
To aid in this selection, Figs. 2a and 2b show the effect
of source loading by giving in percent the signal re-
maining as a function of frequency for source imped-
ances of 500 and 5,0008. In both figures, the effect of
the probes’ division ratio is ignored—only losses caused

1. It goes In here. Typical high-impedance input (a) has 1-MQ resist-

ance shunted by a capacitance of 20 pF. The 50-2 input (b) is
shunted by a capacitance whose X¢ is very much larger than 50Q.

— 1
1

20 pF

50

N
——k——
/1
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SOURCE IMPEDANCE 500

I \\ X N i

| -
SOURCE IMPEDANCE 5 k2

. 5k§2/0.7 pF \_N

1. 1MQ/20pF 7 \ '
2. 1MQ/16pF 8. 25k /0.7 pF
3. 10MQ2/ 10 pF 9. 1k§2/0.7 pF '
4. 1MQ/5pF 10. 1kQ/1pF
. 5. 100k / 3pF 11. 50082 /0.7 pF
6. 1MQ/1pF 12. 250 82/0.7 pF \\\\

| A
AN

LR

- = n — -

2. Loading effects. Loading of a 500-© source caused by various probe/scope resistance-capacitance combinations is shown as a function
of frequency (a). For both this case and that of the 5,000-Q source (b), the effects of the probes’ division ratios are ignored.
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3. Equivalent circuit. Input circuit consists of C;, in parallel with Ry,
and fed from R (a). Equivalent circuit (b) shows C;, being charged
through equivalent charging resistance, Ra, = Ri,lIR,.

by loading of the signal source are taken into account.

As an example of the proper use of Fig. 2, assume
that a choice must be made between two probes for a
cw amplitude measurement from a 5002 source. Probe
1 is rated 10 M& and 10 pF, with 10:1 division ratio, and
probe 2, 5002, 0.7 pF, with 10:1 division ratio. The
problem is to determine which probe to use for a 50-
MHz cw-amplitude measurement. Figure 2a shows that
for source frequencies above approximately 33 MHz,
probe 2 (500€/0.7pF) causes less source loading than
probe 1, and therefore it provides a more accurate mea-
surement solution. Conversely, for frequencies below 33
MHz, probe 1 (10 M&/10 pF) creates less loading. The
input impedance of probe 2 is lower than probe | at dc,
it is higher than probe 1 for frequencies above 33 MHz,
and it is relatively constant over a broad frequency
range. The relatively high input capacitance of probe |
causes its input impedance to decrease rapidly with an
increase in source frequency.

Division is constant, loading is not

This example points out that because of the effects of
input capacitance, probes with high values of input
resistance can be much less accurate than probes with a
much lower input resistance.

It is important to recognize the distinction between
signal loss caused by variable loading and signal loss
caused by the constant probe-division ratio. Both com-
bine to reduce the signal level available for display.
However, the probe-division ratio is specified as con-
stant within a certain percentage over a stated fre-
quency range, and it is therefore easily accounted for.
Loading losses, on the other hand, are not easily esti-
mated because they depend on source impedance and
frequency. It should be noted here that a probe’s divi-
sion ratio is constant to within a few percentage points
only if it is properly compensated so that its RC time-
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constant matches that of the input of the scope to which
it is connected.

Voitage probes may be grouped according to their
ability to minimize resistive, capacitive, or both types of
loading. Probes can be classified into three groups that
have unique capabilities and limitations. They are
group I, high resistance; group II, miniature passive
divider; and group III, active. Table 1 lists typical
probes available from various manufacturers. Group I
probes are noteworthy for their low resistive loading,
wide dynamic range, and their ability to withstand sig-
nals up to several hundred volts. Their input impedance
is high at dc, but due to high input capacitance, imped-
ance falls off rapidly with increasing frequency. Their
high input capacitance can be reduced somewhat if
high division ratios (100:1) are practical (this depends
on the test-signal level and scope vertical-amplifier sen-
sitivity). The group I probe is best used where capaci-
tive loading is not a critical factor; for example, in mea-
suring pulse amplitude or when the source impedance is
known to be in the 50-Q region.

Group II devices provide the lowest input capaci-
tance available in a probe. They are used mainly when
resistive loading is not a major consideration and the
fastest possible rise time is desired. They come with
divider ratios ranging from 1:1 to 100:1, depending on
the divider tips. The maximum input voltage for a
group II probe is not as high as that of a group I unit.
Group II probes are best used for fast-rise-time mea-
surements, phase-shift measurements, and high-fre-
quency measurements in which some resistive loading is
acceptable. Their source loading is relatively high at dc,
but since it remains constant over a broad frequency
range, loading is easy to predict (see Fig. 2).

The group III probe is probably the best general-pur-
pose probing device within its dynamic range. Two of
its disadvantages are larger size (not convenient for very
dense circuits) and slightly higher pulse perturbations
than passive probes. Group III probes have less capaci-
tive loading then group I probes and more than those in
group II. Their resistive loading, however, is negligible.
Because they are active devices, they have limited dy-
namic range. By using divider tips, however, their dy-
namic range may be extended to as much as +50 v. Off-
set is commonly available. Group III probes offer the
highest R and lowest C of all probe types without re-
ducing the input signals. They are excellent for high-
frequency, low-level signals.

Measuring amplitude

The most important factors to be considered in select-
ing a probe for an amplitude measurement are signal
frequency (or pulse-repetition rate), probe/scope im-
pedance, source impedance, scope bandwidth and sensi-
tivity, probe compensation, and division ratio.

For measuring cw amplitude, unlike pulse-rise-time,
the main idea is to choose the scope/probe combination
that provides the highest input impedance at the source
frequency. A group I probe is often an excellent choice
at low frequencies, but it is quite possible, as the fre-
quency of the source increases, for the input impedance
of the group II probe to overtake that of the group I
probe and provide more accurate measurements.
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o | Moo ma | can | Ol

| 100048 10 MQ 10 10
1124A 10 MQ2 10 10

P6007 10 MQ2 25 100

42908 10 M2 1" 10

42928 10M " 100

79948 10M 74 10

10000A 10 MS2 9 10

1] P6048 1k§2 1 10
10020A 250 2 0.7 5

10020A 500 Q2 0.7 10

10020A 1k§2 0.7 20

10020A 25k 0.7 50

10020A 5 k82 0.7 100

11 P6045 10 M2 55 1

\ P6045 10 MS2 25 10
‘ P6045 10 M2 1.8 100
1120A 100 k§2 3 1

1120A 1M <1 10

1120A 1 M2 <1 100

*Switchable by means of a control that puts a 50-ohm resistor across a high-Z scope input

Surprisingly enough, accurate pulse-amplitude mea-
surements pose less of a problem than cw-amplitude
measurements. An accurate pulse-amplitude measure-
ment can be made with almost no concern for the input
capacitance of the system. The only proviso is that the
pulse duration must be at least five times longer than
the input RC time-constant of the probe/scope system.
This will ensure that the pulse is present long enough to
charge the input capacitance to the 100% amplitude
level. The main concern when making pulse amplitude
measurements is that R, be large. relative to the source
impedance.

An error can be introduced by the scope because the
vertical-amplifier response changes as a function of fre-
quency. Errors introduced by amplifier rolloff can usu-
ally be neglected if the bandwidth is about five times
greater than the input-signal frequency.

The probe compensation should be checked and ad-
justed before any measurement. If not indicated on the
probe, the division ratio can be obtained from a data
sheet or operating note.

Trading off loading and sensitivity

Here is an example illustrating the major considera-
tions for choosing a probe to measure a 35-MHz signal
from a 500-& source. The choice is between a 100-k€2/3
pF probe with a 1:1 division ratio (HP 1120A). and a 5-
k§2/0.7-pF probe with 100:1 division ratio (HP 10020A
with 100:1 divider tip).

The 5,000€/0.7-pF probe clearly minimizes the load-
ing error (it leaves 89% of the signal vs 76% for the first
probe), but its 100:1 divider ratio reduces a 1-v input
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Scope input

: Type Manufacturer
High-Z = 50-Q2

X Passive Hewlett-Packard Co
X Active Hewlett Packard Co

X Passive Tektronix, Inc.

X Passive Dumont

X Passive Dumont

X Passive Dumont

X Passive Dumont

X Passive Tektronix, Inc
X Passive Hewlett Packard Co.
X Passive Hewlett Packaed Co.
X Passive Hewlett Packard Co.
X Passive Hewlett Packard Co.
X Passive Hewlett-Packard Co

X X* Active Tektronix, Inc.

X* X* Active Tektronix, Inc

b X Active Tektronix, Inc.
X Active Hewlett-Packard Co.
X Active Hewlett-Packard Co.
X Active Hewlett-Packard Co.

signal to only 8.9 mv. This means that for a vertical am-
plifier with a deflection factor of 10 mv/division, less
than | centimeter of input signal would be displayed.
To minimize reading errors, it is always more accurate
to display several divisions of signal. If the signal ampli-
tude in the previous example were 250 mv instead of 1
v. the measurement would be much more difficult. If it
were possible to trigger the display properly, there
would be a large error resulting from readout accuracy
because the signal would only be 2 mm high.

The 100-k/3-pF probe allows a full-screen display
of even the 250-mv signal. assuming a vertical-deflec-
tion factor of 20 mv/division. The loading error in this
case, however. would be 24%. compared with 11% for
the other probe.

The choice here is between loading errors and read-
ing errors, and the optimum solution is to estimate both
and to try to minimize the combined effect of the two.

General rules for amplitude measurements

In general. maximizing the accuracy of an amplitude
measurement involves following three basic rules:
® If there is a choice, sclect a minimum-impedance
source. For example, the emitter-to-base impedance of
a transistor is generally lower than the collector-to-base
impedance.
s Select a probe with the highest possible Z at the fre-
quency of interest. When measuring pulse amplitude.
low capacitance is not as important as having resistance
high relative to the source impedance. While probe ca-
pacitance distorts pulse shape. the flat portion of the
pulse top (maximum amplitude) can provide an accu-



TABLE 2 : CALCULATED PROBE LOADING FROM A 500-OHM SOURCE

Probe Rech 2.2 RehCin= tinput
1. 10MS2/ 10 pF 500 11 ns
2. 100k&2/ 3 pF 500 3.3ns
3. 1M/ 1pF 500 1.1ns
4. 1kQ2/0.7 pF 333 0.514 ns
5. 5k2/0.7 pF 455 0.7 ns

Percent signal loss Probe Specified t,
caused by division ‘ of probe only
resistive loading ratio (25-ohm source)
0% 10:1 25ns
05% 1: 1 (active) 0.75 ns
0.05 % 10 : 1 {active) 0.75 ns
33% 20:1 0.5ns
9.1% 100: 1 0.5 ns

rate amplitude measurement because it contains low-
frequency information. Conversely, if the pulse width is
short with respect to the measurement-system rise time,
input capacitance can introduce errors because the
source cannot fully charge the input capacitance while
it is present. This problem increases as source imped-
ance increases.

s [f the source voltage is totally unknown, use a 100:1
divider to reduce the possibility of damaging the probe.
This will also indicate if there is enough signal available
to capitalize on the relatively low capacitance of a 100:1
divider. If the source voltage is too low for a 10:1 di-
vider, then the use of an active probe is advisable.

Measuring rise time

Measuring pulse rise time is one of the most frequent
and challenging applications for an oscilloscope. Since
there are few alternative devices for this measurement,
accuracy of the over-all measuring system is especially
important. Conditions affecting the measurement accu-
racy are:
= Source impedance should be as low as possible to re-
duce charging resistance of the probe/scope input ca-
pacitance.
= Probe rise time should be short relative to the signal
rise time because the observed rise time can generally
be approximated as the vector sum of the combined rise
times of the parts of a system.
® Input R and C of probe/scope combinations both
should be as small as possible.
= Oscilloscope rise time should be at least twice as fast
as the signal to be measured if errors are to be kept be-
low 10%.
® The signal source should be terminated with an im-
pedance that closely matches the source impedance if
reflections and perturbations are to be kept to a min-
imum. For example, a 50-2 source does not operate
cleanly into a 1 MQ/20pF input. A feedthrough termi-
nation in shunt with a 1-M{ input can reduce the dis-
played rise time, which reduces the observed error when
working with high-impedance inputs, but reflections re-
main from the 20-pF input capacitance.
® When the source resistance is much greater than
50 2, the displayed rise time error can be reduced by in-
creasing the resistive loading of the source.

s If signal amplitude is small in relation to the oscillo-
scope vertical-amplifier deflection factor, less flexibility
remains for using divider probes because a small dis-
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played signal can lead to large readout errors.

» Vertical-amplifier deflection factor, in combination
with the signal amplitude, can be a limiting factor in se-
lecting a probe.

The observed rise time of any displayed signal is ap-
proximately the square root of the sum of the squares of
all of the rise times in the system. These rise times are
the actual rise time of the signal source, the specified
probe rise time, the specified scope rise time, and the
rise time of the scope/probe input system—including
the effects of the source impedance. Other than select-
ing a fast oscilloscope, the only way the user can min-
imize rise-time errors is to minimize the rise time of the
scope/ probe input system—tinput-

What is tinput? As Fig. 3 shows, the input capacitance
of the scope/probe combination, Ci,, is charged
through the parallel combination of the source resist-
ance, R,, and the scope/probe input resistance, Riy.
This parallel combination may be thought of as the
charging resistance, R., of the input capacitance.

It can be shown that the rise time of the RC network
of Fig. 3b is approximately 2.2 R.nCia, Which is also
called tinpu; thus, to maximize the accuracy of a rise-
time measurement, both R., and Ci, should be min-
imized.

Since R is the parallel combination of R, and Ry, if
either is large, then the other should be kept small.
Given a choice, it is preferable to minimize R, because
this will also minimize resistive loading and allow a
more accurate amplitude measurement. When R, is
high (say, 500 € or more), some resistive loading will be
unavoidable to obtain the most accurate rise-time mea-
surement. In this situation, select the lowest R;,, that the
circuit can tolerate without going into an abnormal
mode of operation. This is the most difficult type of rise-
time measurement because some resistive loading is un-
avoidable if R., is to be minimized. A resistive-divider
probe set (such as HP 10020A) with several divider tips
is convenient for optimizing the tradeoffs of this mea-
surement.

If both R; and Ry, are large, then R., will increase
accordingly, and accuracy will be degraded unless Ci,
can be made very small. This is best accomplished by
using a 50-& oscilloscope input, which has almost zero

- capacitance. However, 1f 50 £ causes too much resistive

loading for the circuit, a probe can be added to increase
Rin to as high as | M&. There will be a slight increase in
input capacitance when the input resistance is raised by
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Measuring rise time. When high-impedance (10M{2/14 pF) probe is used. displayed rise time is strongly dependent on source impedance
(top). Switching to a 500-£2/0.7-pF probe working into a 50-{ input makes the display less dependent on the source impedance (bottom).

a probe.

As an example, consider the sclection of the best
probe for measuring the rise time of a signal with source
impedance of 500 Q. Assume that the source will satu-
rate if resistive loading exceeds 30%. Five probes are to
be considered:

1. 10 M2@m/ 10 pF, 10:1 (HP 10004B).
2.100 k€2/3 pF, 1:1 (HP 1120A)
3.1 MQ/1 pF, 10:1 (HP 1120A with 10:1 divider tip).
4.1k$2/0.7 pF, 20: 1 (HP 10020A with 20:1 divider tip)
5.5 k§2/0.7 pF, 100:1 (HP 10020A with 100:1 divider
tip).

pThis example covers many of the tradeoffs and con-
siderations necessary for selecting the best probe to
make an accurate transition-time measurement. Table 2
summarizes the probe-loading effects.

The results in table 2 indicate that probe 4 (1 k2/0.7
pF 20:1 passive divider) is the fastest, but it fails the ac-
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ceptable resistive-loading criterion of 30% signal loss.
The reasons this probe is so much faster are that Ry, is
the lowest, and the input C is very low. The next fastest
probe that is capable of meeting the loading criterion is
No. 5 (5 k{2/0.7 pF, 100:1 divider) with only 9.1% resist-
ive loading. The choice of this probe would depend on
whether or not there is sufficient signal remaining after
the 100:1 division ratio to present an acceptable display
on the CRT. If not, then the next choice would be probe
3 (1 MR/1 pF, active), which is only slightly slower than
the 100:1 divider probe.

The general rules for making accurate rise-time mea-
surements can be summed up in two sentences: Always
try to probe the lowest impedance point that contains
the waveform of interest. The fastest input system will
generally have the lowest Ri, and C;,,. (This rule is lim-
ited only by the maximum resistive loading that the
source can tolerate.) O
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Transformer-coupled transceiver
speeds two-way data transmission

New line driver/receiver can transmit serial data at 20-MHz rates
for several hundred meters and improve cost-effectiveness in certain
applications that only parallel-line data buses could previously handle

by Thomas R. Blakeslee, Consulting engineer. W =~ {eidr 7

0J The number of interconnections between clemen
computer systems is a major factor in determining over-
all system cost and reliability. Because of the many ad-
vantages offered by serial transmission techniques. thev
are rapidly replacing earlier parallel transmission meth-
ods in many applications. Serial transmission. in addi-
tion to a radical reduction in the number of wires. con-
nectors, and other system components. cuts crosstalk
and usually simplifies parity checking. Serial trans-
mission has not been used extensively because trans-
mission speeds are 100 low. especially to replace large
numbers of parallel lines. However. single serial lines
can operate now at speeds to 20 megahertz. which is
adequate for many applications.

To reduce the costs of cumbersome parallel lines in a
computer-controlled telephone exchange. a serial data-
bus system was recently designed. and tests have proved
it successful. Since the data transceiver that interfaces
with the serial bus is capabte of operating at speeds to
20 MHz. the design can be applied to numerous appli-
cations where many peripherals time-share a common
data bus.

Conversion to serial operation in the exchange de-
creased by a factor of 48 the number of transmission
wires. connector pins. line drivers. and reccivers. Fur-
thermore. because the upper limits of the transmission
rate imposed by timing skew between parallel lines is
eliminated. the total time required for the serial system
to transmit a 48-bit word (32 information bits plus 16
address and control lines) remains approximately the
same as it was for the parallel system.

Data-bus characteristics

When data is transmitted over distances greater than
I or 2 meters. either in serial or parallel. it becomes nec-

B U I I B
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1. Bipolar. Transformer coupling is made possible by the use of al-
ternate-mark-inversion (AMI) coding of binary logic signals. Result-
ing waveform contains no dc components in its frequency spectrum

STANOARQ BINARY
FORMAT

LOGIC STATE

ALTERNATE MARK
INVERSION (AMI)
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touse sendaas o ad reecivers that are icrminated
with an impedance that matches that of the trans-
mission line. When the distance is farther than about 15
meters. grounding and noise problems make trans-
former coupling desirable. And since the dc component
of the common binary signal is blocked by the trans-
former. special coding and decoding of the transmitted
signal is required.

Thus. any digital transmission path longer than about
15 meters requires connector pins. transformers. drivers.
receivers. and coding and decoding logic at each end.

[SRRNTY]

45V
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LOG!
e b Ry =390
150 Q 150 ©2 o0
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<5 1508 Qs PJ sy |
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\ , |
s |
I CA3045
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FERRITE H 10 ARRAY (3/5)
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45V INVERTER
750
é’ k2 ¢ | L r
VIHRESHOLO ~T—p a T0 SERIAL-
5608  TO-PARALLEL
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L g R, =8.2kQ
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2. Transtormer coupled. Two-way communication is achieved by
using a center-tapped transformer. Emitter-coupled-transistor con-
figurations allow higher speeds, since saturation never occurs.
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3. Twenty-megabit performance. Receiver accepts bipolar inputs (a. top trace) and converts them to standard TTL format (a. bottom trace)
for use by a serial-to-parallel converter. Transmitted waveform (b. bottom trace) 1s well maintained (b. top trace) after transmission through
150 meters of coax. Amplitude (¢) is attenuated little by the addttion of one load on a line that already has three loads attached

As a result, the use of parallel transmission can be quite
expensive and unreliable. Moreover. timing skew prob-
lems between parallel transmission paths limit the
speed of such a system to a transfer rate of about 400
kilohertz for each line.

Why serial transmission helps

Transmitting data serially. however. eliminates skew
problems. and the transmission speed is limited only by
that of the send and receive circuitry. In fact. trans-
mission rates as high as 6 MHz are commonly used by
the telephone industry to send pulse-code-modulated
data over ordinary twisted-pair cables with repeaters
spaced about one mile apart.

Other characteristics of serial transmission make it
more desirable than parallel-line designs. First. the
problem of crosstalk in large parallel-line cables is in-
herently reduced. And since only a single transmission
line is needed in serial systems. the use of coaxial cable,
which effectively reduces sensitivity to external noise.
becomes much more economical.

The use of a serial bus also simplifies parity error
checking. While paraliel data is usually checked by rela-
tively complex decoding circuitry. serial data is easily
processed by a single flip-flop sequential counter as it
arrives.

Pulse polarity patterns

In the prototype system. which demonstrates 20-MHz
transformer-coupled transmission. a bipolar pulse for-
mat removes the dc component that characterizes the
normal binary-pulse train. The coding system chosen
was alternate mark inversion (AMI). which represents 1s
by current flow in either direction. and current direction
reverses with each successive logic | (Fig. 1). Of major
importance is the fact that there is no de component as-
sociated with the AMI format. Thus, AMI-coded data is
easily transmitted through the transformer coupler.

Such a bipolar transmission also facilitates trans-
mission-error detection. Erroneous pulses tend to vio-
late the alternating polarity of the AMI pattern. and very
simple circuitry in the receiver is casily capable of de-
tecting such errors.

The transformer-coupled line-driver/receiver circuit
for the bidirectional bus is shown in Fig. 2. A center tap
on the coupling transformer offers a convenient method
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of implementing the bipolar format. The single trans-
former couples both send and receive circuits to the
transmission line.

Both send and receive circuits use transistors in an
emitter-coupled configuration. This allows the choice of
almost any general-purpose transistor. even for the
higher operating speeds. since transistor saturation
never oceurs,

A monolithic transistor-array package (3/5 of an RCA
CA3045) is used in the receive circuit. Besides being
cconomical. the matched-transistor integrated circuit al-
lows accurate setting of the decision-level threshold at
the base of Q.

When the signal at the base of Q; or Q2 is below
threshold. a current through Qy results. placing a logic 0
at the input to the TTL inverter. When a logic 1 is re-
ceived. the base of Q; or Q: (depending on polarity)
goes more positive than the threshold voltage set at Q.
causing Q; to switch off and place a logic I at the input
to the inverter. A sample of the bipolar receiver input.
and corresponding output of the inverting gate. are
shown in Fig. 3a.

Send circuits

The bipolar send circuit in Fig. 2 is much like that de-
scribed for the receiver. but it contains pnp transistors
(2N2894). The current through R. flows through Qs to
ground in the quiescent. or non-transmitting. state. To
transmit pulses. however. input lines feeding transistors

20 MHz 8]
SERIAL —p— 10
DATA TFO Q, BASE
(FIG 2)
F | 14H74
74H76
L, SAME PACKAGE
— FOR MATCHED DELAY
S ) S ray B
T0 0, BASE
Fi
714H74 ey
ALTERNATE MARK INVERSION
(AMI) SEND LOGIC RECLOCKING
FLIP-FLOPS

4. Bipolar coding. Smple coding logic converts the unipolar serial
data to the two-line format needed by the line driver in Fig. 2
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5. Back to parallel. Serial-to-parallel converter (a) prepares the received serial data for transfer to a parallei-data sink. Converter timing (b)
synchronizes incoming pulses with an internal 80-MHz clock. Receipt of a bit at right end of register signals that register is loaded.

Q; and Qs alternately go negative. Thus, current
through R is diverted through Q, and Q; and into al-
ternate sides of the transformer.

The resulting waveform (Fig. 3b, bottom trace) is well
maintained, even after 150 meters of transmission
through coaxial cable (Fig. 3b, top trace). The top trace
lags by about 675 ns because of propagation delay in
the transmission line.

The effect of loading by multiple receivers is illus-
trated in Fig. 3c. The amplitude of the waveform in the
top trace is slightly reduced by the addition of one load
on the line, which already has three loads attached.
With this loading, a line with 16 receivers has about
60% the amplitude it had with a single load.

The original parallel output of the data source is
changed to serial format for transmission simply by
loading the parallel data into shift registers and clock-
ing it out with a 20-MHz crystal clock. The circuit shown
in Fig. 4 can convert the unipolar serial data to the two-
line format that drives the sender in Fig. 2.

Some caution must be exercised to avoid timing dis-
tortion in the final logic stage, which drives transistors
Qs and Qs. To reduce such distortion, two flip-flops in
the same package (such as the two halves of a 74H74)
can be placed in each of these lines to reclock the out-
puts.

Receiver decoder

To convert back to parallel format at the data re-
ceiver, the circuit shown in Fig. 5 is suggested. Since
each transmission commences with a logic | start bit,
the leading edge of this pulse sets the proper phase for a
shift-register clocking pulse. The 48-bit serial word is
then clocked into the shift register in the same phase.

To accomplish this, a dual J-K flip-flop divides an 80-
MHz crystal oscillator down to 20 MHz. This counter cir-
cuitry remains inactive until the start bit has been de-
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tected and the counter has consequently been released.

If after two 80-MHz clock pulses, the input bit is still
present. a latch is set to prevent the reset to the flip-
flops from being released until the start bit has pro-
gressed all the way through the 49-bit shift register. At
this time, the 48 parallel information bits will be avail-
able for use by the data sink.

Depending on system requirements, additional logic
can be used at each terminal for such functions as ac-
knowledging received data and requesting retransmis-
sion. Such functions, however, are generally chosen in-
dependently from the type of transmission system and
are therefore not considered here.

Farther and taster

The prototype serial transmission system will operate
at distances up to 150 meters with a maximum of 16 ter-
minals. However, by use of regenerative repeaters, the
length of the data bus and the number of terminals at-
tached can be extended indefinitely.

Each repeater contains two senders, two receivers,
and reclocking logic. Thus, timing and voltage levels
out of each repeater are fully reconstructed. An inter-
lock between the two receivers in a repeater must also
be included to disable the reverse channel for the dura-
tion of a message.

Even higher data-transfer rates can be achieved with
multiple data channels. With three 20-MHz parallel
channels, for example, 48 bits could be sent between
two terminals in slightly more than 80 ns, plus propaga-
tion time.

Since each channel in such a three-channel link
clocks its data independently, the problem of skewing
between parallel transmission lines is overcome. After
the start bits have been propagated to the final stage of
each shift register, the 48-bit parallel data is ready for
transfer into the data sink. a
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MOS chip plus level-shifting circuit

drives gas-discharge display

The low-voltage output of MOS calculator chips can be made to trigger
a high-voltage display if the interface circuit is already maintaining

the display electrodes near the potential necessary to fire them

by James Y. Lee and Ed Lord, Burroughs Corp.. Elecironics Componenis Division. Plainfield, N..J

O Although flat-cell gas-discharge displays have been
on the market for several years, the high voltages re-
quired by such devices have hindered their use in desk
calculators, where low-voltage metal-oxide semicon-
ductors are the dominant technology. Changing that sit-
uation is a new interface circuit design. It provides a
high enough voltage to trigger such a display. while at
the same time limiting the voltage on the MOS elements
that drive the display.

The trick is to regulate the voltage on the electrodes
in the display about 50 volts short of the potential nec-
essary to fire the tube. Then the MOS devices can swing
the anodes up a mere 25 v and the cathodes down 25 v
to provide the firing or ionization voltage.

The display for which the interface circuit was devel-
oped is the Panaplex 11 Panel (see “The search for the
ideal display.” p. 99). Each digit in the display has its
own anode. The corresponding cathode segments of
each seven-segment digit are tied together and brought
out to a single terminal, so altogether there are only 10
cathode terminals for the seven segments. the decimal
point, comma, and minus sign.

Because there are so few electrodes, a minimum of in-
terface components are needed. As shown in the circuit
in Fig. 1, the MOs anode drivers are the digit select de-
vices. When a digit is off, its driver is off, and the anode
is clamped to the -25-v bus by a pulldown resistor R;.
The MOS cathode drivers are the segment select devices,

- MOS ANOOE DRIVERS —
Ry =27k$2 8
Rz = 1 MS2
R3 =510 LSD
- 7 6 5 4 3 2 1
Rq =20k § g 2
Rs =820 kS2 7 ?
Rg=10MQ 1 PULL-DOWN
Cy =0.002 uF, 150V R, R; R, R; R, R, R, RESISTOR
C, = 0.1 4F, 150V 1 )| )
D, = 1N7428 ‘ ' ‘ S !
0 = Veeo > lssov —25v
BETA > 250 -
RESISTORS: %W, £5% Y Gy — /_F;\RAPLEX_lll_\ <« ANODES
DIODE: 1N914 |
SEGMENT
CATHODES
BAS BUs
KCA Al c e e R c ™ LEVEL SHIFTING
\- H}—o——l HH’T HH—  HH— "4 1 . 2 CAPACITOR
Rz 3R, Y 2R ¥ 3R Y 2R 2R ;. 3R R R & R, «—— CURRENT
D J‘(:, ] o[y o[ T [0 T 17 |0; ? o, ?|o; ? |o; ! SENSING
150V 4 . | —— I N O RESISTOR
I T D O I
£ T T CATHODE ‘
g Q, I \ BIAS BUS
£ = = e = = = £ SENSING BUS
-180V l ,
DEC a b ¢ d e ' 9 PULL-DOWN ,
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<R, ‘:R| %R] <SR, R1 %R] Ry R,
NOTE: COMMA NOT SHOWN — - . ~-

CIRCUIT IDENTICAL TO
DECIMAL POINT.

=25V

<————————MO0S CATHODE SEGMENT DRIVERS ————— 5.

1. MOS Interface. A self-regulating current amplifier Q, maintains capacitor C, at the cathode bias bus voltage. Capacitor C;, in turn, re-
charges cathode level-shifting capacitors C,. Voltage on the MOS anode drivers and MOS cathode segment drivers is limited to 25 V dc.
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2. Multiplexed. Digits are scanned in reverse order by driving the
digit anodes positive. Simultaneously, the selected digit segment
cathodes are driven negative
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3. Waveforms. Each digit scan period is divided into portions for re-
ionization. on-time and blanking. The blanking time enables the cath-
ode shift capacitors to recharge in preparation for the next digit.

and each is coupled to a segment (decimal point. etc.)
through a capacitor Ci. Under cathode-off conditions.
the cathode segment is clamped to the cathode bias bus
by diode D.. The cathode bias bus potential is regulated
by a feedback network at approximately ~135v.

The display timing shown in Fig. 2 represents a time-
division multiplexed mode of operation with a scan pe-
riod of approximately | millisecond. Each digit 1s
strobed by driving the anode for that digit with a posi-
tive voltage pulse (from -25 v to zero) and by simulta-
neously driving the selected segment cathodes with a
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4. Key capacitor. Capacitor C. maintains a cathode bias voitage of
approximately —-135 volts. Its function is to recharge the cathode
shift capacitors during the blanking periods, and 1t itself is recharged

negative voltage pulse (- 135 v to -160 v). When this
combination of events occurs. the potential exceeds the
ionization voltage, and a glow discharge occurs about
the selected segments. Following ignition. the anode-to-
cathode voltage drops to the sustaining voltage. This
voltage. shown in Fig. 3. is the voltage necessary to
maintain the discharge.

The voltage and current wave forms are shown in de-
tail in Fig. 3. Note that prior to the firing of a digit the
anode-to-cathode potential is -25-(-135)v = 110 v

Where the charge goes

The key to circuit operation is the cathode bias bus
(Fig. 1). which is regulated at approximately ~135 v (de-
pending on the individual panel characteristic). This
voltage is developed across bias bus capacitor C. which
alternately charges from the -180-v power source and
discharges into various C; capacitors through the com-
panion restoring diodes D.. The details of this charge-
discharge sequence appear in Fig. 4.

When the circuit is first energized. the cathode bias
bus voltage is at an arbitrary potential. Viy. and zero
volts is across capacitor Cy. When the first segment is se-
lected. the anode of this selected digit is driven from -25
Vv to OV once every millisecond. Assume that only the
decimal-point segment at the first digit is driven during
the recurrent scans. The first cathode select signal drives
the MOs driver for that segment into cutoff, thereby
driving the Cy-Ru node to -25 v (Fig. 4). The base of
transistor Q, swings negative. and capacitor Cz charges
so that its voltage shifts from Viy t0 (Vine - AV). How-
ever, this is insufficient to fire the segment.

The voltage developed across capacitor Cu is sus-
tained during the next scan. and when the decimal
point is next scanned. a millisecond later, the same
event occurs, driving the capacitor Cz from (Viu - V)
to (Vin - 2dV). This continues until the cathode bus
reaches approximately -135 v. Then the cathode shift
capacitor C; shifts the segment cathode from -135 v to
-160 veach time the segment driver MOS is driven into
cutoff. When this shift occurs. the drain of the segment
driver MOS is pulled down to -25 V. This swing fires the
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scgment cathode. and C partially discharges.

Toward the conclusion of each dieit scan. a blankine
S o

signal is applied o0 each cathode (Fig. 3). This blanking
signal, which is applied by the segment select circuits.

pulls the cathode up to -135 v. During the blanking pe-

riod. any cathode shift capacitor C; which has been ac-

tive just prior to blanking is recharged bv means of the

restoring diode D2. along the Cy charge path shown in

Fig. 4. The capacitor is then ready o perform another

shift when the segment is again selected.

The cathode bias voltage is the same as the cathode-
off voltage and is self-regulated when the system is in
equilibrium. This regulated volage is brought about be-
cause the cathode shift capacitors C,, which discharge
during cathode shifting. regulate the current flow from
transistor Qy base through a like number of R» sensing
resistors, (The number of capacitors Cy that dischurge
cquals the number of segments driven into conduction.)
Thercfore the charge restored 10 capacitor C: equals the
amount of charge lost by capacitor Cy through the

1@ search Tor the id

eal display

When the boom in calculators became apparent. display
manufacturers began aiming at the optimum design for a

calculator display. Such a panel would:

® contain all digits in one envelope, so that no assembly
time would have to be spent on straightening and ahgning

the digits

® be directly MOS-compatible so that no interface cir-

cuits would be required.

® be low-voltage and low-power to reduce power supply

costs.

No one has yet built the perfect display. but the Panaplex

Il Panel makes substantial strides toward it

The Panaplex Il is a gas-discharge panel display that

can mount as many as 16 digits in a single housing. A 12-
digit, 0.25-inch-character model 1s only 3.5 in. long. 0.9

| in.high, and 0.2 in. thick (exclusive of the connector).
Each digit is made up of seven segments. plus decimal

point, comma, and minus sign.

As shown below. a conductive material is screened on
a ceramic substrate to form the segment pattern. A black
dielectric mask. also screened on the substrate. creates
a light-absorbing background that serves to enhance
contrast. The digits are neon red and can be read at a

distance of about 15 feet

+ ackaged digits. Up io '6 1igits may be enclosed n a < i
1as-filled package so that they are in permanent ahgnment En
tire device may be plugged into a companion socket.

Transparent conducting anodes and anode contacts
are applied to the top glass plate. and the plate and sub-
strate are then sealed together. in sandwich fashion. with
a spacer providing a hermetic chamber. The device is
evacuated and filled with a neon-mercury gas mixture
(the mercury reduces cathode sputtering and provides
long life).

The interface circuit for the Panaplex Il is designed for
time-division-multiplex operation of the display. This
means that the digits are addressed and illuminated. one
at a time. in sequence, so that power need be delivered
o only one digt at any instant. The segments require
about 5 milliwatts each. and so the worst-case power re-
quirement (assuming all were number eights and a deci-
mal point. @ minus sign. and a comma are on) is about 50
mulliwatts. If the multiplex (or scan) rate is 80 hertz or
higher. then operation will be free of flicker. At that fre-
quency, each segment is refreshed often enough for the |
eye to be insensitive to the variations in its illumination
level.

Direct MOS compatability remains out of reach. But the
interface circuit described In the accompanying article
provides direct capacitive coupling between MOS chip
and display for a minimum of external components.

CONTACT

SPACER

“— CATHOOE CONTACT

CERAMIC
SURSTRATF

Sandwich. Hermetic package, formed by a rear substrate with
screened segment cathodes and glass plate with transparent
anodes. become a multidigit, gas-discharge display.
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Panaplex 11 Panel and the sensing resistor Ro. This
same amount of charge is then transterred to the Cy's
during the next blanking interval. This implies that the
sum of all charges in all level shift capacitors and the
cathode bias bus capacitor C» remains constant.

Once the system is in this equilibrium state. it will re-
main so. Should the cathode bias voltage become more
positive than the equilibrium value. there will be a re-
duction of re-ionization voltage. and the re-ionization
voltage will remain longer across the sensing resistor Rz
(see Fig. 4). This will result in a greater Q; base current
time product which will thereby charge the bias bus ca-
pacitor more negatively. The condition is reversed if the
restoring bus is more negative than the equilibrium
value.

150

3

&

0C EQUIVALENT CIRCUI

POTENTIAL DIFFERENCE BETWEEN ANODE
AND CATHODE PAIR (V)
=

130

S———

MENT (CATHODE) CURRENT (uA) L5

5. D¢ behavior. The plot illustrates the volt-ampere characteristic of
a single digit segmen i t lies f current
that is in excess of 50 microamperes

In genecral. the volt-ampere characteristic of the
anode and cathode pair (Fig. 5) is important because it
enables a designer to select the proper current-limiting
circuits. This current is 300 microamperes for the seg-
ments, the comma. and the decimal point. and is the
value that ensures uniform cathode illumination of the
chosen segments.

A uscful portion of the curve is to the right of the
knec. or where the cathode current is above 50 micro-
amperes. A segment operated in this region may be ap-
proximated by a zener diode in scries with a resistor, as
also shown in Fig. 5.

Re-ionization time

There is a time delay between the instant that the
voltage is applied to a given segment and the instant
that illumination occurs. This delay is important be-
cause it sets an upper limit on the rate at which the dig-
its can be scanned by the multiplex circuits. If the scan
rate is too high. then the segments will not glow at all or
they will glow for too short a time to provide adequate
illumination. This delay is termed re-ionization time.

Shown in Fig. 6 is an oscillograph of the segment
cathode voltage which illustrates the re-ionization times
for four different applied voltages. The voltage swings
negative from -135 v to approximately -160 V to exceed
the ionization voltage. After a re-ionization time of 10
to 30 microseconds. depending on the applied voltages.
the segment is ignited. and the cathode voltage drops to
a value determined by the volt-ampere characteristic of
the circuit comprising the display and driver compo-
nents.

The re-ionization delay time is a function of both the
applied voltage and the availability of charged particles.
In a multidigit display like the Panaplex II. charged
particles are m an adjacent digit, which
means the delay is shorter for a given applied voltage

available fi

A
VOLTAGE
(20 V/D1V.)
130V — <—— CATHODE OFF
VOLTAGE
RE-IONIZATION
VOLTAGE
TIME >
6. Re-ionization delay. A delay of approximately 20 microseconds occurs following application of the segment re-ionization voltage until

100
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7. Calculator intertace. Bipolar transistors interface the Texas Instrument one-chip calculator TMS 0109 with a Panaplex Il display. Blanking
is provided by the Tl device. A doubler circuit (shown in simplified form in Fig. 8) develops a -180-V dc re-ionization voltage.

than if the digits were in individual envelopes.

If a designer wants to reduce re-ionization time, then
scan rate may be reduced, and/or applied voltage and
cathode current increased. The reduction of re-ioniza-
tion time with increased voltage is apparent in Fig. 6.
Of course, decreasing the scan rate much below the rec-
ommended 80 hertz will introduce flicker. As for ap-
plied voltage and current, if the voltage is increased be-
yond the maximum limit of 250 vdc or if current is
raised beyond 600 microamperes, then the life of the
device will suffer.

Other factors that will increase re-ionization time are:
the direction of scan when it is opposite the direction of
data entry. and the reduced availability of particles that
occurs whenever the preceding digit is blanked.

A one-chip calculator interface

Several different versions of this interface circuit have
already been designed. The one shown in Fig. 7 was de-
signed for the Ti one-chip calculator TMS 0109. This
MOS chip itself provides the cathode blanking required
by this interface circuit. The anode is a direct-drive con-
figuration with R, serving as the pulldown resistor from
a -24-v dc bus.

The cathode drivers use a voltage-doubler scheme to
provide the necessary cathode ionization potential. This
is the sequence of events. When transistor Q, saturates,
capacitor C, charges through diodes D3 and D, to ap-
proximately -90 v (Fig. 8). Therefore, when Q; cuts off,
the cathode 1s driven to approximately -180 v and trig-
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D, D, L,y
SEGMENT SELECT
SIGNAL FROM

ONE-CHIP CALCULATOR

| ]
8. Doubler. Transistor Q,, capacitor C,, resistor R,, and diode Dy
perform as a doubler to develop the necessary potential to fire the
Panaplex Il segment cathodes. Firing occurs following Q, cut off.

gers the segment. Resistor R, limits cathode current. Ry
provides base current to Q, during Qs on period.

The sign anode, which is usually located to the left of
the numeric, is shown in Fig. 7 positioned on the right
side of the Panaplex I1. There are two reasons for this:
the right-most character in this display does not func-
tion properly with the TMS 0109 if it is a digit; also, a
single minus sign in the left-most position represents a
difficult initial re-ionization condition. O
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Converting a digital panel meter
into a linear onmmeter

by Jon L. Turino’
Xerox Corp., El Segundo. Calif.

For voltage and current measurements. digital panel
meters are rapidly replacing analog meters in produc-
tion test equipment. Resistance measurements. on the
other hand. are still frequently being made with an
analog meter, a resistance bridge. or a digital multime-
ter. But any standard voltage-type digital panel meter
can be converted to a linear ohmmeter with the addi-
tion of a simple constant-current source. This not only
eliminates many erroneous readings. but also makes a
binary-coded-decimal output available for automated
measurements.

The basic converter circuit is shown in the diagram.
The value of the source resistor. Rs. for the field-effect
transistor 1s computed from:

Rx = Vax/lp
where I is the drain current. and Vx is the gate-source
voltage:

Vas = Ve[l = (In/1pss)7?]
where V) is the pinchoff voltage. and Ipss is the zero-
gate-voltage drain current.

The Vi, power supply should be selected to provide
2 to 3 volts across the FET. plus the required gate-source
voltage for constant-current operation. plus the max-
imum voltage needed across the resistance being mea-
sured. The value of drain current Iy, should be set at |
milliampere. or some multiple or submultiple of this. to
minimize conversion mathematics.

If more than one resistance range is needed. a switch

Now with Tektronix Inc . Beaverton, Ore

Filter bandwidth nomograph
gives sweep-rate limits

by Roger T. Stevens
The Mitre Corp., McLean, Va.

Because it is convenient, the sweep frequency generator
is commonly employed to obtain the bandwidth and
bandpass characteristics of narrow-band filters. How-
ever, these characteristics will be seriously distorted un-
less the proper sweep width and sweep rate are used.
The nomograph shows the maximum permissible val-
ues of sweep rate and sweep width allowable to assure
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to select ditterent values of source resistance Ry can be
added. A potentiometer that is twice the calculated
value of Ry should be used instead of a fixed resistor.
This permits the circuit to be calibrated and allows unit-
to-unit variations in transistor parameters to be accom-
modated.

With the circuit shown. resistances from [0 ohms to
1.990 ohms can be measured with a 1-mA current
source and a digital panel meter having a maximum
full-scale reading of 1.99 volts. The test voltage for the
resistors can never rise higher than 10 v. so that oper-
ator safety is assured and the front end of the meter will
not be harmed. O

10.0 Vdc

Voo

RESISTANCE
BEING
MEASURED Tu R
{10 © — 1,990 £) o=l m
+ | ]
DIGITAL PANEL
METER
| {1.99 Vdc

FULL SCALE)

From voltage DPM to ohmmeter. FET constant-current source con-
verts conventional voltage-measuring digital panel meter to linear
ohmmeter. Resistance range, which can be made switch-selectable,
is determined by value of source resistor Ry.

that the measured filter bandwidth will be within 1% of
the true bandwidth.

The illustrated filter “characteristics” demonstrate the
effect of too fast a sweep rate. When a filter having an
I1-kilohertz bandwidth is tested at the excessively fast
rate of 7 kHz with a 70-kHz-wide sweep, the apparent
filter bandwidth is much wider than the true bandwidth,
and the bandpass curve is highly distorted. But if the
same filter is swept with a 7-kHz-wide sweep at a rate of
41 hertz, the shape of the bandpass curve and the band-
width produced are the same as would be obtained by
point-to-point measurements.

The explanation as to why this occurs is complex, but
it can be simplified. Roughly speaking, the filter re-
sponds in turn to each instantaneous frequency during a
very slow sweep; but for very fast sweep speeds, the in-
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SWEEP RATE = 7 kHz

put that is applied to the filter begins to approach an
impulse function, causing the filter to produce an out-
put over the entire frequency spectrum.

The apparent bandwidth, B, of the swept filter is:

B = (4s2+b?*)/b
where s is the sweep rate in radians per second, and b is
the true filter bandwidth in radians per second. From
this equation, it can be seen that, as the sweep rate ap-
proaches zero, the apparent bandwidth is the same as
the true bandwidth. For very fast sweeps, the apparent
bandwidth is larger than the true bandwidth.

For most measurement applications, it is desirable to
keep the apparent bandwidth within 1% of the true
bandwidth. By substituting B = 1.0lb in the above
equation (to achieve the 1% accuracy) and converting
from radians per second to hertz, the product of the

C-MOS gate package
forms adjustable divider

by David Newton
Abbott Transistor Laboratories Inc.. Los Angeles. Calif.

A single complementary-MOs package—like RCA’s type
CD4001 quad two-input NOR gate—is readily connected
as an even-order digital frequency divider circuit. The
division modulo, N, is easily varied by adjusting an ex-
ternal potentiometer.

The circuit accepts pulses at frequency fi and gener-
ates complementary square waves at frequency fa:

fi/fa = N
where N is an even number. Two of the four gates in
the I1C package, Gi and Gg, are cross-connected in a
simple bistable latch configuration.

The feedback resistors (R) permit the capacitor (C) at
the input of the gate that is enabled to charge to the
supply voltage. Input pulses are then steered to the in-
hibited gate, causing the latch to change state, in the
simplest case, on every pulse (modulo 2).

For higher division ratios, the 5-picofarad capaci-
tance inherent at the input of each MOS gate is put to
work. The potentiometer decreases input pulse ampli-
tude so that the pulses can be integrated by the inherent
capacitance of the inhibited gate. The latch, therefore,
will change state only every four, six, eight, or more
pulses. (The limit is determined by the allowable system
noise margin.)

Naturally, the value of modulo N is a function of in-
put pulse amplitude, operating voltage, and discrete
component values. For the circuit shown, N can be var-
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SWEEP RATE = 41 Hz

sweep width (W) and sweep rate (R) becomes:

W x R = 0.01128b2
This equation is represented by the nomograph.

To use the nomograph, simply draw a straight line
connecting the desired points. Remember that the fig-
ures given for sweep rate and for sweep width are max-
imum permissible values, while those given for filter
bandwidth are the minimum permissible values.

As an example, let expected filter bandwidth be 5
kHz, and, to show the significant portion of the band-
pass curve, let sweep width be 20 kHz. The dashed color
line drawn across the nomograph indicates that the
maximum permissible sweep rate is 14.5 Hz. Therefore,
if a commercial sweep generator with a 60-Hz sweep
rate were used to check this filter’s characteristics, the
results would be highly distorted. O

ied between 2 and 30 with the potentiometer. Gates G3
and Gy are used to correct for the signal droop that oc-
curs at the outputs of gates G; and G2 as N approaches
its maximum value. O

Engineer's notebook is a regular teature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 tor each ilem published.

RCA
CD4001 )

L
V, (REP RATE =
12 15)
¢ 30k2 300k ==
410 pF L 21 Sskn
470 pF 1
~>1 '4-0.1 s
8V -
Vi
oV
V2
(N =6)

C-MOS digital divider. Even-order frequency divider consists of two
C-MOS NOR gates, G; and Gz, which are connected as a simple
latch. Division modulo N can be varied from 2 to 30 by adjusting the
potentiometer. For high values of N, inherent capacitance of MOS
gate is used to integrate input pulses and keep latch from changing
state. Gates Gj and Gy act as output puise shapers.
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Isolation plus gain
equals an
isolated amplifier

Tl extends
more design help
to the weary

Panel meter adds
another digit

Clean up those
messy grounds

Ohm’s law creates
precision ammeter
out of any voltmeter

For those quick
odd-lot buys
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If you're using an optically coupled isolator to get good circuic isolation
and following it with a discrete transistor to get good gain, you should
check out the new isolators that have the high-speed transistor built
right onto the chip. For example, Hewlett-Packard’s 5082-4350 isolator
can give you 2,500 volts of isolation, as well as a typical current gain of
100. This device is ideal for building an optically coupled ac amplifier:
the isolator, put between the output stage and the load, perfectly de-
couples the amplifier circuit from the load.

TI's Information and Automation Service division is now making avail-
able to outside customers the design automation system that it’s been
using to debug its own computer designs. It used only to offer TTL chip
and pc board layout assistance, but it has now been expanded to in-
clude such design aids as circuit analysis, package partitioning, design
documentation, and. most important, design simulation.

The service is fast—typically five weeks from submission of logic dia-
grams to prototype pc board—and even faster service may be arranged.
Contact Karl W. Hunter, P.O.B. 5012 M/S 907, Dallas, Texas 75222.

Equipment makers who've been forced to use an expensive digital
multimeter for five-digit resolution because they couldn’t get their
hands on a panel meter with more than four digits are about to have
their problems solved: Data Precision, Wakefield, Mass., is now offer-
ing a 5'%-digit panel meter at a lower price than the equivalent multime-
ter. The first of a new 3000-series panel-meter line, the 5%-digit DPM is
a stripped-down version of the company’s 2000-series DPMs. You can
see it at Data Precision’s booth this month at IEEE Intercon in New
York’s Coliseum.

For those breadboard designs that seem always to need just one more
ground, Appleton Electronics, 1701 Wellington Ave., Chicago, IIL
60657, is offering a ground terminal block which accommodates up to
ten crimp-type pin contacts. The ground contacts can be removed and
inserted at will into the block. which mounts (and grounds) to a 10%-
inch stud.

Remember Ohm’s law? The schoolroom way of using it to turn a volt-
meter into an instant ammeter is still valuable. Sensitive ammeters are
expensive, but even the cheapest of today’s voltmeters have precision
input resistors that can convert them into good ammeters. Indeed, when
used on its most sensitive scale. the ordinary bench voltmeter can mea-
sure currents accurately down to the picoamp range.

Got a hot tip and need a fast broker to take an odd-lot order? Write the
New York Stock Exchange, P.O. Box 1971, Radio City Station, N.Y.
10019. and ask for its “directory”—a list of 392 brokerage firms in 807
cities in 50 states that handle transactions of less than 100 shares.
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i; Now:
DIGITAL CONTROL METERS set,read

with
digital
precision!

These totally new api Digital Control
Meters control and display your tempera-
ture, flow, voltage, or current in brilliant
blue-green 7-segment digits one-half inch
high. If either set point is exceeded, a
LED indicator lights and a reed relay
switches for precise, quick control.

Set point adjustment is also fast, easy and
positive: simply depress and rotate the
control knob to obtain the desired high or
low limit. The api Digital Contro! Meter
displays the set point value during setting,
reverts to displaying the controlled
variable as soon as the knob is released.

Two models are availabie: api Model
4350-K displays 2Y2-digits, has ¥2%
accuracy and resolution, accepts voltage
or current inputs. api Model 4354-K ex-
tends the range to 2%-digits, the accu-
racy to 0.2%, handles temperature and
resistance in addition to current and
voltage.

LFE, Process Control Division, 1601
Trapelo Road, Waltham, Mass. 02154
Tel. (617) 890-2000.

High Speed
larm & Indication

Y S

% E(Q}:

P = e CORPORATION
L O - (@) C
T ~ Q Process Control Division
—— |
%

MOTOR SPEED ALARM
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Push-button promises.

Atmosphere. That intangible social, professional
or creative influence that you have been a part
of since you started your working career. We
don’t have to tell you how important the right
working atmosphere is. Nor do we have to tell
you how often it’s maligned in recruitment
propaganda through gross exaggeration. It’s

an important part of packaged promises
designed to get you onto the payroll. We at
Fairchild don’t discount the importance of
atmosphere. But, at the same time, we aren’t
going to make any false claims about the
Fairchild atmosphere. Collectively, we are a
multi-division company comprised of thousands
of highly-skilled professionals. But, individually,
we are people. And as people we react

differently to different situations. Challenge to
some may be frustration to others. Some need
regimentation. Others won't tolerate it. Some
must lead, others cannot. Some companies can't
understand this. Fairchild can. That’s the
Fairchild atmosphere. A place for the highly-
skilled. But still a place for people. If you're
interested, we would like to talk to you. Call

or send us your resume. Employment Oppor-
tunities, Fairchild Semiconductor Components
Group, Dept. 25, 465 National Avenue, Mountain
View, California 94040. (415) 962-3401.

An Equal p— —_—
Opportunity FAIRCHILD
Employer M/F. n—

A Fairchild career..more than a pretty package.

108 Circle 108 on reader service card
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New products

Flexible circuitry has strong anti-peel

Copper foil in composites for multilayer boards, hybrids, other packages

offers peel strength between 3 and 5 pounds per lineal inch at 500°F

by Stephen E. Grossman. Packaging & Production Editor

After serving an apprenticeship in
military and acrospace applications,
flexible circuitry is becoming in-
creasingly popular among high-vol-
ume commercial users when space
weight-saving and easc of assembly
are important,

Fabrication of flexible circuits,
however. has been plagued
by separation problems in
which the copper foil €
“swims™ or peels free from its
polyimide substrate. To min-
imize this problem. Du
Pont’s Industrial Products di-
vision has developed a new
line of flexible circuitry,
called Pyralux, that provides
peel strengths ranging from 8
to 12 pounds per lineal inch.
and the company says this
kind of performance repre-
sents a 50% improvement
over many carlicr systems.,

“What's even more impor-

tant.” says Jerrv Ansul. de- . -

velopment manager for the
Du Pont division. *is that the
peel strength remains 3 to 5
pounds per lincal inch at sol-
der-pot temperatures
(500°F). By contrast, most
systems drop to very low
strengths—typically 1 1o 2
pounds—when raised to this
level of temperature.”

The high-temperature
resistance of the Pyralux svs-
tem will permit the circuit
manufacturer to better use
other properties of the poly-
imide film than those of similar
composites, Du Pont says.

Dimensional stability in the sur-

face plane results in a variation of

less than 2 mils per inch following
etching and heating at 250°F.
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Flexible composite. Materials system at left can be adapted
for tlexible printed circuits, multilayer boards.

Du Pont savs the clectrical prop-
erties of the composites for the flex-
ible circuits are essentially the same
as those of Kapton film, also that
the flexible composites have good
mechanical properties. particularly
flexibility and cohesive strength,
good chemical resistance, and good

but not excessive low during lami-
nation.

The composites can be used for
flexible printed circuits. both single
and multilayer. as well as for hvbrid
(a combination of flexible/and

rigid) printed-circuit boards.

The product line is designated
WA/K and includes flexible metal-
clad laminates (Kapton polyimide
film bonded to copper foil). adhe-
sive-coated polyimide cover sheets,
and bond ply and unsupported
sheet adhesive.

Single-layer and double
laminates are available in
combinations of -, 2-, 3-,
and 5-mil polyimide and %-
ounce. l-ounce, 2-ounce, and
3-ounce copper foil. The ma-
terial is able to withstand sol-
der reflow temperatures of
450 F for 10 minutes without
blistering or delamination.

Pyraflux clad laminates
are available in development
quantities in |2-inch-by-12-
inch and 12-inch-by-24-inch
sizes. Pyralux bond ply and
cover shect can be supplied
in roll form (24 inches wide)
or sheeted.

Du Pont recommends the
following multilayer lamina-
tion cycle: pre-dry both the
etched circuitry and the
bonding plies for 10 minutes
at 100°C: laminate with pres-
sures ranging from 200 to
400 pounds per square inch
at 350'F 1o 500°F for 10 to
30 minutes: then cool the
laminate prior to pressure re-
lease.

Du Pont claims that the
coefficient of thermal expan-
sion in the Z (thickness) axis
is far lower than with conventional
systems and is essentially lincar to
275°C.

Du Pont’s Industrial Products Division, Du
Pont Company. Wilmington, Delaware
19898 [338]

109



MCS 6900 digital radios

with PCM yoice and TDM data

multiplexers...from

Contact us to-day for moré details.

CON\PANY

NADI! AN M ARCO N
TELECOMMUNICATIONS DIVISION - 2442 TRENTON AVE., MONTREAL 301, P.Q- CANADA
TEL.: (514) 343-341T TELEX NO. 05-26756%: Twx NO. 610-421-3564: CABLE: ARCON MONTREAL
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New products

DPM entry rides on 3-year warranty

Varian enters panel-meter race with one of smallest instruments in field:
power dissipation is less than 1 watt; family includes 16 models

by George Sideris, San Francisco bureau manager

What’s up front is not what counts
most in a line of digital panel meters
that marks the entry of Varian Asso-
ciates into that bustling sector of the
instrument market. Each of the 16
DPMs produced by the company’s
Velonex division has a light-emit-
ting-diode display, but behind this
is a self-calibrating digital voltmeter
that is approximately the size of a
pack of cigarettes and guaranteed to
satisfy for three years.

The cigarette analogy is not too
far-fetched. When Velonex—better
known for pulse generators and
high-voltage power suppliers—de-
cided to get into the DPM business,
its first step was a survey of DPM
users. The survey revealed that, un-
like cigarette smokers, DPM buyers
have little brand loyalty. Many of
them change suppliers annually,
seeking instruments that are
smaller, easier to use, and more re-
liable than the previous year’s mod-
els.

After digesting this information,
Velonex design engineers developed
the concept that is now the family
name—Impac, for instrument meters
packaged as components—each
member of the family weighs only
3% ounces.

The volume of the Impacs behind
the panel is about 3 cubic inches,
and power dissipation is below 300
mwW in the “blanked” mode, in
which the display is operated at a
very low duty cycle, providing a dim
but usable readout. Three factors—a
low component and connection
count, a lack of high potential
gradients, and low power dissipa-
tion—have led reliability engineers
to conclude that the DPM could op-
erate without failures for more than
three years.
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Velonex, therefore decided to
break with tradition and lengthen
the warranty from the usual six
months or one year to three years.
There is one slight catch—the rated
operating temperature is 0°C to
50°C, while many industrial panel
meters are specified to 60" C.

The Impacs avoid the necessity
for frequent manual adjustment by
automatically resetting the linear
circuitry to zero before each mea-
suring cycle to compensate for any
short-term drift. The only required
manual adjustment is a full-scale
calibration every three to six
months, Velonex says.

The basic meter takes supply in-
puts of +5 V and -12 v, which are
standard voltages in many instru-
mentation and control systems.
Power modules, about half the vol-
ume of the instrument, convert +5
V dc, 115 v ac or 230 v ac to the
standard input voltages. The mod-
ules either can be piggybacked onto
the instrument or mounted sepa-
rately.

There are four series in the fam-
ily, each with four voltage ranges,
running from 200 mv to 200 v full
scale. Over-voltage protection runs
from 25 v to 500 v, depending on

full-scale range. If the full-scale
voltage is exceeded, the display will
blink to indicate an over-range. Plus
and minus voltages are measured.

The four series are: series 30, 3
digits; series 35, 3% digits; series 40,
4 digits; and series 45, 4% digits. Ac-
curacies are to within 0.1%, 0.05%,
0.02%, and 0.01% of full scale, re-
spectively, and 0.1%, 0.1%, 0.05%,
and 0.05% of reading. The tempera-
ture coefficient is 0.01%/°C.

Sample rates are: series 30 and
40, 10 samples per second; and
series 35 and 45, seven samples per
second. Digital-control inputs in-
clude convert-and-hold, display,
and sign-blanking. Outputs are BCD
signals, strobe, end-of-conversion,
sign, and overload.

Prices for single units are: series
30, $112, dropping to $89 in 100-
lots; series 35, $125, dropping to be-
low $100; series 40, $169, dropping
to $135; and series 45, $225, drop-
ping to $174.

A 5-v power module costs $6, and
a line-power-converter module, $7.
Modules that will power multimeter
systems are available on special or-
der.

Varian Velonex Division, 560 Robert Ave.,
Santa Clara, Calif., 95050 [339]
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What good is the Age of Computers
if you can't afford to join?

Remember all the
wonderful things computers
were going to do for you?
They were going to solve
your day-to-day problems.
Lighten your burden. Free
your mind for important
decisions.

Then you found out
what they cost and that was
the end of that.

Well, today there’s a
new breed of computer.
Smaller. More specialized.
And infinitely more
affordable.

Its name is MAC, for
Multi-Application Computer.

What applications?
Over the last few years,
industry has found literally
hundreds of jobs for MAC.
Generally, MAC is at home
in data manipulation. Or in
solving problems that
involve flow. The flow of
liquids. Products. Electrons.
Information. Anything you
have that flows in volume.

You'll need a system

in order to put a computer We can tell you more about
to work, however. And complete what a MAC system can do for you —
MAC systems start at less than and give you a better fix on the cost
$10,000. That’s to buy, not just —if you'll let us in on what your

to rent. problems are.

Write to MAC, 6201 E. Randolph
St., Los Angeles, Calif. 90040. Or call
(213) 722-6810.

Lockheed Electronics

Data Products Division

See SUE systems on the Computer Caravan.
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New products

Components
Connector mates
flat cable, pcb

Molded nylon assembly
terminates 1-nanosecond
transmission line to board

A general complaint among users of
flat cable is the shortage of commer-
cial-grade connectors. One answer is
offered by Ansley Electronics Corp.
with its series 607 connector. The
unit was designed primarily for An-
sley’s Black Magic cable, a 20-chan-
nel, 50- and 93-ohm transmission
line which the company says han-
dles the 1-nanosecond-rise-time sig-
nals with extremely low, far-end
cross-talk. The new connector will
also terminate conventional flat
cable used in less critical appli-
cations. Also, connector-pairs can be
furnished to connect to lengths of
flat cable.

Joseph Marshall, director of re-
search, points out some of the at-
tractive qualities of Ansley’s new
connector: “The high density (50-
mil spacing) connector employs pre-
loaded bifurcated beryllium con-
tacts. The bifurcation ensures relia-
bility because contact inter-
connection is redundant, while pre-
loading ensures that adaquate con-
tact pressure is applied when the
connector is mated to either 35-mil
or 62-mil printed-circuit boards.”
The housing is molded of glass-
filled nylon in two colors so that po-
larity can be observed when mating
either board or connector. The con-

7
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tacts are plated with 20 microinches
of gold and rated at 0.5 ampere for
a 6'C rise. The voltage drop at 0.5 A
1s 5 millivolts maximum. Board in-
sertion depth is 0.330 inch, and in-
sertion forces are 3.10 pounds for a
0.035-in. board and 6.21 b for a
0.062-in. board. Ansley supplies
both connectors and companion flat
cables. In addition, the company
can supply complete cable assem-
blies ready for installation.

Ansley Electronics Corp., a division of
Thomas & Betts, Old Easton Rd., Doyles-
town, Pa. 18901 [341]

TV-tuning tube is a
neon-filled diode

A subminiature tube for television
touch-control tuning and channel
indication, designated the model

/-

\

-
ZA1006, is a neon-filled diode. A
large and stable difference between
ignition and maintaining the volt-
ages permits a reliable response
when triggered by the body imped-
ance of the person who touches it.
The unit has no moving parts, and
operation is silent. Switching is
faster than in mechanical devices,
and switch status is self-indicating.
Amperex Electronic Corp., Hicksville Divi-
sion, Hicksville, N.Y. 11802 [380]

.

Solid-state relay is
rated at 40 amperes

A solid-state relay achieves a 40-
ampere nominal rating when oper-
ating on a 1°C-per-watt heat sink in
a 30°C ambient temperature. The
unit can be used for switching 120
or 240 volts and operates with ac or
dcsignal inputs. The relay will oper-
ate as high as 60 A continuously
when operated on a heat sink that
will hold the case at 50°C max-

imum. Surge rating is 500 A rms for
one cycle and 110 A for 0.5 second.
Package size is 2.25 by 1.75 by 0.9
inches. Unit price for the model
D 1240 in quantities of 100 is $24.
Crydom Controls Division, International Rec-
tifier Corp., 1521 Grand Ave., E! Segundo,
Calif. 90245 [343]

Attenuator is
completely sealed

Using close-tolerance resistors, an
attenuator developed by the Spe-
cialty Switch Engineering Depart-
ment of RCL Electronics is com-
pletely sealed to eliminate problems

caused by dust, humidity, and cor-
rosive atmosphere. The unit. which
includes a concentric shaft, is a 20-
step device with linear control. The
attenuator is designed approximate-
ly 65% smaller than comparable
units.

RCL Electronics, 700 S. 21st St., Irvington,
N.J. 07111 [346]

Delay lines are designed
for computer applications

Packaged in dual in-line cases,
lumped-constant delay lines are in-
tended for computer applications.
The units range in delay from 10
nanoseconds to 200 ns, and taps are
located at increments of 10% of total
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HDC is the' pioneer of
shieldless heads.

COMPUTER GRADE
DUAL GAP
WRITE/READ

NO EXTERNAL
CROSSFEED
SHIELD

DUAL OR
SINGLE TRACK

V4

HAMILTON DIGITAL CONTROLS, inc.
2118 Beechgrove Place, Utica, N.Y. 13501

(315) 797-2370

I

New products

delay. Tolerances on delay are *5%
or | ns, whichever is greater. At-
tenuation is less than 0.5 dB and the
units are designed to operate over
the -55'C to +85°C temperature
range. Price is $10 each in small
quantities.

Andersen Laboratories, 1280 Blue Hills
Ave., Bloomfield, Conn. 06002 [345]

Beam-lead trimmers can
replace chip capacitors

The series 9401 beam-lead trimmers
feature Qs of greater than 10,000 at
100 MHz and have lead configura-
tions suitable for stripline, hybrid-
circuit, and printed-circuit-board
mounting. The units can replace
many chip capacitors and provide a
means of trimming without cut-and-
try adjustment lechniques that use
abrasives. Applications include im-
pedance matching and trimming
solid-state CerUllS Five models
have values ranging from 0.2 pF to
4.0 pF. Price is 95 cenls in volume.

Johanson Manufacturing Corp., 400 Rock-
away Valley Rd.. Boonton, N.J. 07005 [344]

High-voltage capacitors
are reduced in size

The size of tubular high-voltage ca-
pacitors, ranging from 1.0 kv dc to
200.0 kv dc, has been reduced 20 to
40% below that of competing prod-
ucts. The PHYV series, featunng rigid
phenolic housing. and oil-impreg-
nated and oil-filtered types, which
are hermetically sealed, operate at
85°C without derating. A typical ca-

114 Circle 114 on reader service card

pacitor of 0.005 microfarad rated at
10 kv dc £10% costs $2.37 in 100-
lots. Delivery of the high-voltage ca-
pacitors is from stock.

The Eimag Corp., 54 Clark St., Newark, N.J.
07104 [349]

Cermet trimmers are
rated to 1 megohm

The 522 series of %-inch rectangular
cermet trimmers has values ranging
from 10 ohms to | megohm. The
series measures 0.50 by 0.17 by 0.10
inch and offers infinite resolution,
100 ppm/°C coefficients, and has
an operating temperature ranging
from -55 to + 150°C.

Weston Components, Archbald, Pa. [350]

Keyboard switch offers
millions of operations

A single-pole, Form A, momentary-
contact keyboard switch, number
261-0100, is not affected by expo-
sure to moisture-resistance tests or
thermal-shock environment. Life
tests have indicated no significant
changes in switch resistance, contact
bounce, or operating characteristics
after 100 x 10® operations. Price
without key cap is 29 cents each in
250,000 quantities.

Cherry Electrical Products Corp., 3600 Sun-
set Ave., Waukegan, . [348]

Trimming potentiometers
have clear tops

Standardizing an option previously
available only by customer specifi-
cation, the series 3800 trimming po-
tentiometers are now available with
clear tops at no extra cost. The
semitransparent tops, which allow
easier contact-carrier inspection and
setting, also permit a saving in time
and money in servicing printed-cir-
cuit boards. The %-inch devices are
designated Vista Trim.

Amphenol Connector Division, Amphenol
Controls Operations, 2801 S. 25th Ave.,
Broadview, Ill. 60153 [347]
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KEY PEOPI.E

WHO DON'T
READ THESE,

AD THIS.

That's a lot of people to be pay from $8 to $25 to read our
putting all their faith in just one magazine than get all the
magazine. Especially when H others free. And their loyalty
there are so many others to BeCt'm'cs is just part of our story.

choose from. s 58,000 (67%) Electronics
Yet all these important R Y subscribers are managers.

customers would rather go
to The Source than read any
of the next five electronics
magazines.

That's a lot of readers. And
that’s a lot of trust.

We get so much unduplicated
readership simply because we

70,000 (81 %) have
engineering job functions.
74,000 (85%) decide who
their companies will buy
from. And a third of

them decide on purchases
of over $100,000 a year.

These crucial buyinginfluences

can’t be duplicated. believe in Electronics. And they’ll believe in
So once they've read Electronics, they've you when you advertise in Electronics.
read it all. And if you’re advertising With our kind of readership, You
everywhere else, nearly 25,000 prospective can't afford

buyers will never see it. not to go to ' 'l
These readers are so loyal, they'd rather The Source. THE SOURCE l‘}n
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New products

Data handling
Display controller
built for Novas

Circuit board allows user
to choose among keyboards,
cathode-ray-tube displays

Lexicon Inc., of Waltham, Mass.,
has developed a low-cost
CRT keyboard input-output control-
ler on a single large printed-circuit
board that is plug-compatible with
Data General’s line of Nova mini-
computers. Called the Lexiscope
2000, the unit can be purchased as a
circuit board alone, without either
CRT or keyboard. Its operation is
flexible enough to enable users to
pick and choose among off-the-shelf
and custom keyboards, as well as
displays. The Lexiscope 2000 cir-
cuitry accommodates any TV-moni-
tor display with a bandwidth of 11
megahertz and any of a variety of
synchronizing formats.

The unit generates up to 25 lines
of text at 80 characters per line, re-
freshing displayed alphanumeric
materials from its own random-ac-
cess IC memory 60 times per second.

The characters are in a 5-by-7 dot
matrix, and a 64-character ASCII
font is standard; a 128-character
font is available as an option to
quantity purchasers.

The Lexiscope 2000 is fully buf-
fered, takes less than 15 minutes to
install, and no elaborate reprogram-
ing is necessary. The controller has
been designed to use the Nova
DATA-IN and DATA-OUT instruc-
tions, and it includes decode logic,
which enables users to edit text—
also through standard instructions.

116

Y
A

Since display operations are trig-
gered through software, they are
performed quickly. The system’s ba-
sic character-transfer rate is 4.4
microseconds per character, and the
longest editing operation—insertion
or deletion of a line of text—takes an
average of only 32.3 milliseconds.
Most operations take tens of micro-
seconds or less.

To the OEM, the Lexiscope board
offers an opportunity to configure
computer-terminal systems in an
unconstrained fashion. The board
derives its power from the Nova’s
mainframe, using 2.8 amperes at
+5 volts and 40 mA at +15 v. As
many boards can be added as the
Nova’s power supply can support
and its back panels can accom-
modate. The Lexiscope can drive up
to five duplicate displays simulta-
neously, and more if line amplifiers
are used.

Why are RAMs used for display
refreshment rather than more com-
mon shift registers? Francis Lee,
president, points out that cyclical
shift registers have a built-in latency
time, but RAMs are faster because
desired data can be accessed or
changed directly without electroni-
cally riffling through unwanted ma-
terial. The RAMs also make pro-
graming easier, removing the worry
about mainframe interrupts.

Users need not sacrifice tele-
typewriters in favor of video with
the 2000. The teletypewriter can re-
main as a hard-copy printout de-
vice, and its keyboard can be used
directly as a Lexiscope input con-
sole. The Lexiscope board costs
$1,585 in single units, and a sug-
gested 12-inch display, including
keyboard, adds $600. The Lexiscope
system also has editing features.
Prices drop by about one-third in
OEM lots.

Lexicon inc., 60 Turner St., Waltham, Mass.
02154 [361]

Data system reads
hand-written numerics

An automated data entry system is
designed especially for direct com-
puter entry of handwritten numeric

source documents. Designated the
Ades-1. the multimedia system
eliminates the constraints of
previous handwritten-character rec-
ognition because a software resident
in each minicomputer allows loosely
written characters to be recognized.
The system also provides the flexi-
bility of keyboard second entry by
one or more operators. In this way,
source numerics that are unreadable

by the Ades-1 can be entered in
proper sequence through the key-to-
disk buffer. Applications are in
reading numerics used by utility
meter readers, department store
sales personnel, service technicians,
inventory control clerks, and other
data organizers.

Data Recognition Corp., 908 Industrial Ave.,
Palo Alto, Calif. 94303 [363]

Two-card memory has
16,384 words per card

A two-card memory system with a
capacity of 16,384 words per card is
called the Super ExpandaCore-16
and permits expansion of memory
capacities from 16,000 to 144,000
words. The storage board is pin-
compatible with the company’s
8,192 word storage board, allowing
users to intermix the two different
boards while using the same control
board and backboard wiring. The
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SEARCHLIGHT SECTION

CK MOUNT

AUTOTRACK

SCR-584 RADARS
360 degree azimuth. 210
degree elevation sweep with
better than | mul. accuracy
Missile velocity acceleration
and slewing rates. Amph
dy ne and servo control. Will
hundle up to 20 (t. dish. Sup-
phed complete with ¢sntrol
chassi. ALSO in stoex 10
em, van mounted radar sys
tem Conwal scan, PPL 6 ft
5, dish. Ideal for S band tele-
- metry. weather. baloon trk
massile trh, rocket trk, ECM runge. Wnite tor complete
data 600 pg. instr. bk, aval. at $25 ea

1 MEV LINEAR ACCELERATOR
Dual Mode. lon or Electron. RF Drive, 300 KHZ at 45
KW. Includes control console. R¥ unit. accelerator. eic

MOD IV HIGH RESOLUTION TRACKER
Instrumentation radar: freq. 8.5-9.6 GHz, Pwr: 250
KW, .1 mil tracking accuracy. 6" Fresnel lens anienna
with 4 horn monopulse feed. Tracking range 50 or 200
miles. Formerly used as range safety radar at Cape
Kennedy

MIT MODEL 9 PULSER 1 MW—HARD TUBE
Qutput 25kv 40 amp.. 30kv 40 amp. max. Duty cy. .002

35 10 2 microsec. Also S to § microsec. and .1 10 .5 m
crosec. Uses 6C21 Input 115y 60 cvele AC. MIg. GE
Complete with driver and high vollasgc power supply
Rel. MIT Rad. Lab. Senies. Vol 5. p. 152

2 MEGAWATT PULSER

Output 30 kv at 70 amp. Duty cycle .001. Rep
rates. | microsec. 600 pps. | or 2 msec. 300
pps. Uses 5948 hydrogen thyratron. Input
120 / 208 VAC 60 cycle. MIr. GE. Complete
with high voliage power supply

17 MEGAWATT LINE PULSER
Quitput 17KV at 1000 Amps. Rep. rate 150-
2000 PPS 2.5 Microsec. Keyer tube 5948 thy-
ratron. Pwr: 208V, 3Ph. 60HZ 38KVA

HV POWER SUPPLIES

SKV @ | Amp: 20KV @ 1.3 Amps: 35kV @
1.5 Amps: 28KV, 70MA: 12KV @ 800MA
18KV @ 2.25 Amps: 175KV @ 1.8 Amps

RECON DRONE CONTROL RADARS
X Band systems autotrack and search complete with
ploting boards  Fully mobile van mounted. Gives PPI
slant range. alttude data. Ground 10 air control hinks
and beacons also 1n stock. AN / MPQ-29 & AN/

UPW-|

PARAMETRIC AMPLIFIER
Collins type. 2 3 Ghe, 30 Mhz band width, 1.7 DB nowse
figure. 20 DB gain, 5-way power sphiter output

FREE ALARM CATA

Full line of professional burglar
and fire alarm systems and sup-
plies. 80 pages, 400 items. Off-
the shelf delivery, quantity
prices.

0" mountain west alarm
B¢ 4215 n. 16th st., phoenix, az. 85 16

SPARE PARTS IN STOCK
Nike A{u\. Nike Hercules, M-33. MPS-19. TPS.I1D
TPS-100. FPS-6. SPSE. SCR-584. HIPAR

CIRCLE 952 ON READER SERVICE CARD

.

RADAR & RF PKGS.
Jghs 40kw Pulve RE pkg
24ghs 40kw Pulse bomb toss system
16ghz 130 kw Pulse B-58 search rudar system
X BAND AUTOTRACK 250KW PULSE M-33
compl w / plot bourds
X BAND AUTOTRACK SOKW PULSE B47
fire control complete
C BAND HEIGHT FINDER
AN/FPS-26 § megawatl output
AN/TPS-37. | megawatl output
C BAND | MEGAWATT AUTOTRACK
10t dish mortar locator MPQ-21
C BAND 285KW PULSE Scarch AN / SPS.5/ 10
S BAND 1| MEGAWATT COHERENT AN / #PS-18
SBAND 1| MEGAWATT PULSE NIKE ACQ.
L BAND | MEGAWATT PULSE AN 6UPS—I
1. BAND S00KW PULSE AN / TPS-1 t
1. BAND S t0 20KkW PULSE
400mhe IKW CW AN / FPS-23
225mhz | MEGAWATT PULSE AN/TPS 28
2-30mh/ 100KW PULSE

CW 950-5ghs 1SO WATTS
CW 1.5mhz-10.5ghs S WATTS

AN / GPG-1 SKYSWEEP TRACKER

3 ¢m. auto. tracking radar system. Comp

HUNDREDS MORE IN STOCK  pkg. w / indicator sys. Full target acquisi-
LARGEST RADAR

tion & auto. tracking. Input 115v 60 cy. new

INVENT In stock for immed. del. Entire sys. 6 x 3' x
W M‘; 10°. Ideal for infrared tracker. drone tracker.
1t missile tracker. R & D
i CATV-COLOR
Graos MICROWAVE LINKS
ON YOUR  Ratheon l\re KTR-1000. Fullcolor band-
\ETTERNEAD width as well as studio audio. Rack mounted

Complete trans-recvr racks in stock

Radio-Research Instrument Co.c.
3 Quincy St., Norwalk, Conn. 06850 ¢ 203-853-2600

CIRCLE 951 ON READER SERVICE CARD

EMPLOYMENT

l OPPORTUNITIES

ELECTRICAL ENGINEERING
OPPORTUNITIES

The Computer Memorz Manufacturing Diviston for Con-
trol Data Corporation has several engineening opportuni
ties for degreed electncal engineers with 3 to 6 years ap
phcable experience. Enﬂneenng opportunities exist in the
8ual-ty Assurance and Manufacturing Engineenng Field
uality Assurance positions exist in manufacturing and
Eveproducnon A, all of which require a strone statistical
ackground and expenence in CORE MEMORY. In manu-
factunin, enﬁ:neenng. we are seeking a single level candi-
date with a thorough knowledge of electncal. mechamcal
and manufactunng charactenstics of Core Memory. Ex-
penience in the Core Memory OEM Market 1s desirable.
All positions are located in St. Lows Park. Minnesota. If
you are interested in explonng these positions, send re-
sume to:

F.C.Feth
Compuiter Memory Manufaciuring Division

CONTROL DATA CORP.

3857 Lowrsiana Ave. South
St. Lows Park, Minnesota 55426
1612)929-5531
An Equal Opportunity Employer. m/f

PLEASE SEND A SAMPLE COPY
OF ADVANCE JOB LISTINGS TO

ADVANCE JOB LISTINGS / P.0. BOX 900 / NEW YORK NY 10020 N

Job-seekers...

be the first to know

with McGraw-Hill's
Advance Job Listings

By having our new weekly ADVANCE JOB LISTINGS sent First-Class (or by Air Mail, f
you prefer) to your home every Monday you can be the first to know about nation-wide
openings you qualify for both in and out of your field.

This preprint of scheduled employment ads will enable you to contact anxious domes-
tic and overseas recrutment managers BEFORE their advertisements appear in up-
coming issues of 22 McGraw-Hill publications.

To recewve a free sample copy. plus information about our low subscnption rates
(from one month to 12). fill out and return the coupon below.

)
Hill'

NAME

ADDRESS

cIty STATE

2IP

3/1/73

MANUFACTURER’S
REPRESENTATIVES

needed by fast-growing manufacturer of sohd
state control devices (i.e., time delays. sensors).
Firm 1s expanding market on national scale sup-
ported by national ad program. Experience in
electromc components 1s required. Commission
Send full resume’ to:

Robert Nau, President

SENSITROL, INC.

200S. 4th St.. P 0. Box 150

Albion. lllinois 62806

HELP!

Q. H:;v do | reply to a box number
ad?

A. Address an envelope with the
box number indicated in the ad,
c/o Electronics, Class. Adv.
Dept., P.0. Box 900, NY, NY
10020

Q. Whom do | contact or cali to re-
new my classified ad or make
corrections?

A. Write Electronics, Class. Adv.
Dept., P.O. Box 900, NY, NY
10020 or call: (212) 997-6585
or 6586. Give full company
name, size of ad, & date or dates
it is scheduled to appear.
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4 C?VIulti-OctaV?
“Double “Balanced
cMixers®

“Now with

“Built-In

IC “Preamplffiers

A

\.t - gﬁf'.‘é . )
Pl —

iC&‘l'é"l

.
°

1T 112 GHz COVERAGE
IN A SINGLE MIXER

Now “"{_\alm
Se1l8 Ghe G0
LOW INTERMODULATION DISTORTION
HIGH ISOLATION
IF CENTER FREQUENCIES TO 200 MHz
IF BANDWIDTHS T0 200 MHZJ

-
ey

MODEL IF
NUMBER FREQ/BW | PRICE
| DM1-12710A | 60/10 $775
DM1-12/10B 60/20 $775

1.0t012.0GHz | OMI-12/10C | 30710 $775
J DM1-12/10D

70/10
DM1-12/10HH | 10 to 200 $850

NOTES:

1. LO-RF Isolation 20 db nominal

2. Noise Figure <9 db to 8 GHz
<11dbto 12 GHz

Also Available:

® A wide variety of double balanced mixers providing octave
and multi-octave coverage with and without preamps

® IC preamps with output capability to +20 dbm

® Gain and phase matched IC preamps with gain control

Write for technical performance curves and detailed data
sheets. °U.S. Pat. #3,652,941

RHG ELECTRONICS
LABORATORY -INC

A T T
ERSIGS

161 EAST INDUSTRY COURT = DEER PARK
NEW YORK 11729 = (516) 242-1100 = TWX 510-227-6083
for Reliability, Innovation and Service
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New products
unit is especially suited for minicomputers.
Cambridge Memories Inc., 696 Virginia Rd., Concord, Mass. 01742
[366]

Array processor speeds
capabilities of computer

The Apgen 1 is a hardwired, array-processing arithme-
tic and logic unit that speeds up the array-processing ca-
pabilities of any Data General computer by a factor of
six to 70. For example. the multiplication of two 1,000
element arrays
takes 2.8 ms us-
ing the Nova
800 and the Ap-
gen 1, as op-
posed to 19 ms
using only the
Nova 800 with
hardware multiply and divide. The unit performs multi-
plication, division. addition, and subtraction of two ar-
rays composed of 16-bit words. It can also take the
square root, integrating, accumulating and performing
logical operations in the element of arrays. The size of
the arrays may be as small as two or as large as 8,192
words. Price is $4,000.

Elsytec, 212 Michael Dr., Syosset, N.Y. 11791 [365]

Keyboard generates
7-bit parallel ASCI output

Available in two basic models to meet user require-
ments, the series KB200 freestanding alphanumeric
keyboard pro-
vides 53-key ar-
rangement. The
KB200A gener-
ates 7-bit ASCII
parallel output.
The KB200B
has a separate
cursor, as well as
numeric and
function key-
boards. The model KB200B-1 is intended for external
synchronous applications. Prices start at $250.

Ann Arbor Terminals Inc., 6107 Jackson Rd., Ann Arbor, Mich.
48103 [367]

Digital data system includes
an indicator and printer
By incorporating a digital indicator and a printer, the

recording speed of the model H4200 digital data system
reaches 20 points per second. The unit reads out directly

Electronics/March 1, 1973



in engineering units. can monitor up
to 1.000 points, and provides cither
one or two alarm limits per point. It
accommodates up to four different

ranges. which include types E. J. K.
R, S. and T thermocouples and
resistance probes, and two linear
ranges for use with signal condi-
tioners. Recording options include
two printers. an electric typewriter,
and a teleprinter.

Howell Instruments Inc., 3479 West Vickery
Bivd.. Fort Worth, Texas 76101 [368]

Digital printers operate
to five lines per second

A family of digital printers includes
paper-strip and programable car-
riage printers in bench or rack-
mounted configurations. The units
offer five to 16 digits and their max-
imum speed is five lines. or 64 char-
acters, per second. They accept one-
in-ten or BCD code and are
equipped with an interrogation unit.
Each decade can be interrogated

simultaneously. permitting printout
of all digits at the same time.

General Rand Corp., 100 Menlo Park, Edi-
son, N.J. 08817 {369]

Electronics/March 1, 1973

Its strength
is as the strength of ten.

Buy an S-130 Sysfem TSR

Performance Calcula-

generator, and an

[4] (A2 I:::. [RNR
tor, and you geta P E ==z | -~ DO I
variable length word ssee vz - g Qe
CUCE W . AL L
generotor,ondo L 1 i SR, - Sl 5l A T T
0 . et v .~o-_ ']1‘
variable width and Riaea NS | |
variable delay pulse kT e o0l

event counter, and a frequency meter, and a variable length pseudo-
random sequence generator, and an encoder-scrambler, and a
decoder-descrambler, and a bit error rate test set, and an error rate
counter, and a digital comparator and correlator. It operates from
DC to 130 MHz, and it fests modems, multiplexers, tapes, discs and |
a lot more. And it's from Tau-Tron, producers of the fastest, surest,
most economical collection of test equipment anywhere. Write for
spec sheets, applications folder and catalog.

The Troubleshooters, from |

Tau-Tron, Inc.

685 Lawrence Street LoweII Iv\ossochuseﬁs 01852
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SCAN CONVERSION
WOOEL 63%

HUGHES |

Simple, low

WEMORT

way to give your displuys

stop-action and four other competitive advantages—

all in one small package.

Introducing the Hughes Model
639 video storage unit. A complete
electronic image memory system.
With all the circuitry, power and
controls built-in to make your
displays versatile exhibitions.

It stores alphanumeric, graphic,

and pictorial data. With high resolu-
tion, high-speed writing capability,
selective updating and fast erasure.
It converts slow-scan and x-y
information to TV format.

It integrates signals (automati-
cally enhancing weak or low light
images). It speedily processes and

Jircle 150 on

stores input signals for conversion
into TV displays for the medical,
management, law enforcement, and
many other applications.

If you need close-up images,
there's a zoom control, with a
positioning joystick. And because it's
flexible, it can be customized to star
in any graphic display system.

Write for new brochure:

2020 Oceanside Blvd. Oceonsnde,
CA 92054, [~-""77777TTTTTTT
Orcall:
(714)
757-1200.

-

HUGHES AIRCRAFT CONPANV
INDUSTRIAL PRODUCTS DIVISION
IMAGE DEVICKES

reader service carc 11



Reduce Car
Maintenance
Increase
Engine
Performance.

Put a Mark Ten Capacitive
Discharge Ignition (CDI)
System On Your Car.

Even Detroit finally recognizes that elec-
tronic ignition systems dramatically in-
crease engine performance. Chrysler is now
putting them on their new models. The Mark
Ten CDI, the original electronic Ignition
system, has been giving increased perfor-
mance with lower maintenance to hundreds
of thousands of satisfied customers for
over eight years. Install a Mark Ten CDI on
your car, boat or truck and eliminate 3 out
of 4 tune-ups. Increase gasoline mileage up
tp 20%. Enjoy improved engine perfor-
mance. Or put a Mark Ten 8 on your car. it
was especially designed for engines with
smog control devices. By reducing combus-
tion contaminants, the Mark Ten B restores
power losses caused by these devices.
Equipped with a convenient switch for
instant return to standard ignition, the Mark
Ten B is applicable to ANY 12 volt negative
ground engine. Both systems install in 10
minutes with no rewiring. Order a Mark
Ten or Mark Ten B CDI today.

Mark Ten (Assembled) $44.95 ppd.
Mark TeanDeltaKit) $29.95 ppd.
(Kit available in 12 volt only.

positive or negative ground.)

Mark Ten B 59.95 ppd.

$
{12 volt negative ground only)

Superior Products at Sensible Prices
Mfg. in US.A.

Dept. €

DELTA PRODUCTS, INC.

P.O. Box 1147 /Grand Junction, Colo. 81501
(303) 242-9000

Please send me free literature.

Enclosedis$___ [J Shipppd. [ Ship C.0.D.
Please send:
Mark Ten 8 @ $59.95 ppd.

Standard Mark Ten (Assembled)
@ $44.95 ppd.

.6 Volt: Neg. Ground Only

12 Volit: Specity
Positive Ground Negative Ground

_Standard Mark Ten (Deltakit' )@

$29.95 ppd.
(12 Volt Positive Or Negative Ground Only)
Car Year. Make |
Name l
Address.
City/State Zip
—— _
120 Circle 120 on reader service card
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Packaging & production
One-piece lid
seals packages

Solder preform is attached,
thus improving alignment,
production rate, and yield

Hermetically sealing the ceramic
packages that protect semiconductor
circuits can present a major problem
to production managers. But they
have a promise of major assistance
in a system devised by Semi-Alloys
Inc. of Mount Vernon, N.Y. Called
Combo-Lid. the technique com-
bines the lids with solder preforms
that are already attached, and the
combination duplicates the separate
lid-and-preform technology conven-
tionally used for dual in-line. flat-
pack. and hybrid packages.

Attached as it is to the lid. the sol-
der preform. “fragile and difficult to
align.” does not have to be handled
separately. points out Semi-Alloys
technical director Samuel W. Le-
vine. Thus. production may be in-
creased by a factor of two or three.
he asserts. and. because it’s so much
easier to align the lid and package.
yields are improved. as well. More-
over. there is little or no loss due to
broken preforms. and much less
chance that a broken preform can
be used and cause a nonhermetic
seal. Another advantage is that sep-
arate inventories of lids and prop-
erly sized preforms do not have to
be maintained; if the lid is avail-
able. so is the preform.

Semi-Alloys supplies Combo-Lids
for all the popular-size packages of
each major manufacturer. Levine
says. Sizes range from 's by %

inches to *4 by % in. for dual in-line
ceramic packages: from % by !s in.
to Y2 by '2 in. for flatpacks: and % by
Y2 in. to 1% by 1% in. for hybrid
packages. And the lids come domed,
extruded. or fat.

Price of the Combo-Lids is any-
where from $70 to $120 per thou-
sand. This works out to roughly 5%
to 12% more than separately pur-
chased lids and preforms. But be-
cause of the better lid-preform-
package alignment that's obtained.
Levine says. it’s possible to use a
slightly smaller Combo-Lid. and
that swings the cost downward.
Semi-Alloys inc., 20 North MacQuesten
Parkway, Mt. Vernon, N.Y. 10550 [391]

SMA termination offers
VSWR of 1.1 to 4 GHz

A 50-ohm coaxial SMA termination
is suitable for production use in mil-
itary and commercial equipment.
Specifications include an average
VSWR of 1.1:1 over the range of dc
to 4 GHz with a maximum of 1.3:1.
and dissipation of '2 watt contin-
uous wave. | kilowatt peak over the
temperature range of -25 1o
+85°C. The design uses a male or
female gold-plated connector and a
MIL RCR resistor element. Price is
$4.50 in 100-lots. Delivery is from
stock.

Elcom Systems Inc.. 151-15 W. Industry Ct
Deer Park, N.Y. 11729 [393]

Inserter handles eight
terminal-pin clusters

A dual-headed inserter with auto-
matic positioning inserts clusters of
up to eight wire-wrapped-type ter-
minal pins at one time into circuit

COMBO-LID
(LID AND PREFORM) ~—__

—— PACKAGE
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boards. Production rates can reach
in excess of 580 pins per minute.
The machine allows the use of low-
cost bulk-packaged pins rather than
the reel-fed pins required by other
types of machines. Also. the dual
head of the unit permits two identi-
cal circuit boards to be processed
simultaneously. Price is $40.000.
Synergistic Products Inc., 1902 McGaw
Ave.. Irvine, Calif. 92705 (395]

Test handlers are designed
for DIP applications

Two manually controlled semicon-
ductor test handlers are designed for
applications involving naked DIPs
for relatively low-speed DIP testing.

/

The model CHS 250 with test leads
for 8-, 14-. and 16-lead packages. is
priced at $1475. The model CHS
500 is priced at $1.875. Both models
are offered for OEM and end-user
sales.

Components Handling Systems Inc., 2974
Scott Bivd., Santa Clara, Calif. 95050 (396]

Bus bar is for
dual in-line applications
A ground- and voltage-distribution

laminated bus bar is for dual in-line
integrated circuits. The bus concept
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international

electronic
components

exhibition

PARIS

Porte de Versailles
April 2 to 7 inclusive, 1973
Open daily from 9 a.m. to 7 p.m.

The world’s most
important event
in electronics
Organized by: S.D.S.A.

14, rue de Presles
75740 Paris, France

§< Please send me information and complimentary

entrance card for the Electronic Components Exhibition

Yes, | am interested in a group trip.

Name Title
Company Phone
Address

City State Zip

Please return this coupon to : French Trade Shows
1350 Avenue ot the Americas, New York, N.Y. 10019

Circle 121 on reader service card
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Help

college

help

YOu.

Businesses like yours
gave over $340,000,000 to higher
education last year.

It was good business to do
so. Half of all college graduates
who seek work go into business.
The more graduates there are,
and the better educated they are,
the more college serves the

business community. |

Your money was vital to
colleges. It relieved financial
pressures, made planning more
flexible, and contributed to the l
kind of basic and applied research
that puts new knowledge and
technology at the service of
industry.

So that colleges can con-
tinue to help you, give to the
college of your choice now. For
information on ways to do it,
please write on your letterhead
to Council for Financial Aid to
Education, Inc., 6 East 45th
Street, New York, N.Y. 10017.
Ask for the free booklet, “How
Corporations Can Aid Colleges

. o e {
and Universities”

[P Councilfor Fiancil Ao Eduation, .|
Advertising contributed for the public good. €2}
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New products

provides a voltage and ground ter-
mination for every package assem-
bled on the DIP bus. The series 140
units are used with l4-pin DIP
sockets, mounted in a row with con-
stant spacing. The series 160 unit is
for use with 16-pin sockets. A fixed
capacitance contributes to noise
suppression. Capacity per linear
inch is 75 picofarads at | MHz.

BH Electronics 245 E. Sixth St.. St. Paul,
Minn. 55101 [398]

CATV connector line is for
use with fused-disk coax

A CATV connector line is designed
for use with General Cable Corp.’s
fused-disk coaxial cable. The cable
uses air dielectric with polyethylene

m’ )

T

disks fused at intervals between the
center and outer conductors. Atten-
uation values of the connectors are
low, and return loss is rated at better
than 35 dB across 5 to 300 MHz—a
value that does not cancel out the
performance of the fused-disk cable.
EG&G Inc., Electro-Mechanical Div., CATV
Products, Georgetown, Mass. 01833 [399]

Soldering system provides
22 interchangeable tips

Providing control of solder. flux. rise
time, and temperature for soldering
small components. the Pulse Dot II

uses 22 interchangeable tips and of-
fers manual or automatic timing on
the length of the heating pulse. The
small size of the heating element in
each tip makes it useful where adja-

cent areas are heat-sensitive. Tem-
perature is controlled from ambient
to 2.200°F. A panel meter provides
tip voltage readout. Footswitch op-
eration is another feature.

Circon Corp., Santa Barbara Airport, Goleta,
Calif. 93017 [397]

Socket pins accommodate
IC, other device leads

Three socket pins directly accom-
modate integrated-circuit and other
semiconductor device leads to pro-
vide maximum circuit density by
eliminating large socket castings. In-
serted in 1/16-in. circuit boards, the
gold-plated sockets allow DIP de-
vices with any number of terminals
to be mounted end-to-end or side-

PN

by-side. The R30 and R31 models
extend 0.30 inch above the board
and the knurled R32 extends 0.135
in. The posts are interconnected us-
ing either wire-wrapped or solder
techniques. Price ranges from
$55.73 to $84.25 in 1,000-lots.

Vector Electronic Co. Inc., 12450 Gladstone
Ave., Sylmar, Calif. 91342 [400]
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Saving up to make your dreams a
reality can be pretty frustrating.
You try to figure out a way to
tighten your belt a little without
pinching too hard. But you can’t
find any sensible solution, and you
end up figuring no dream is worth
all that fretting and worry.

But there’s an easy savings
scheme—U.S. Savings Bonds. Easy
to buy ... and one of the easiest
ways to save. Just sign up for the
Payroll Savings Plan where you
work, or buy them on a regular
basis at your bank. Either way,
that money gets tucked away, and
you get a chance to do something
more than just dream.

If you’ve got a dream, buy U.S.
Savings Bonds. It’s a scheme to
make dreams come true.

Now E Bonds pay 5': % interest when held to sl',
maturity of 5 years, 10 months 4; the first %
year). Bonds are replaced if lost, stolen. or & k’ %
destroyed. When needed they can be cashed * *

at your bank. Interest is not subject to state ¥ R——
or local income taxes, and federal tax may l%,
be deferred until redemption (R

Take stock in America.

Now Bonds mature in less than six years.
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TWO A/ew SCRs

from NATIONAL ELECTRONICS

featuring

o Patented Regenerative Gate
® High di/dt with low power gate drive

F-390 850 A RMS, 500-1300 V. DC motor
control and power supplies.

F-395 700 A RMS, 100-600V. Fast switch—
ing, high frequency for inverter use.

NATIONAL ELECTRONICS
a varian division
geneva, illinois 60134 (312) 232-4300

This 30-watt
broadband
amplifier

has it all.
and for only $2950!

= Low Cost = Rugged
* High Performance = [nfinite Mismatch Tolerance
® Adjustable Gain to 44 dB » Low Harmonic Distortion

® Instantaneous Bandwidth — No Tuning

The Model 30L out-classes the competition with its frequency
and power capabilities. Oesigned for lab applications, the 30L
provides a minimum 30-watt output from 1-250 MHz. It’s
ideal for antenna and component
testing, wattmeter calibration,
EMI susceptibility testing, and as
a driver for frequency multipliers
and high power amplifiers.

For complete information, write or call:
Amplifier Research, P.O, Box 7,
New Britain, Pa. 18901. Phone: 215-822-0161

Circle 151 onreader service card 1
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Semiconductors
Simpler design
cuts prices

On-card op-amp dual
tracking regulator goes in
standard 8-pin package

When a new monolithic linear cir-
cuit comes out at half the going
price, the immediate reaction is that
it must be a Humpty-Dumpty de-
sign. But the RC4195 dual tracking
voltage regulator is not. Introduced
by the Semiconductor division of
Raytheon, it has *15-volt outputs
that track within 50 millivolts and
give typical line regulation of 2 mv
and load regulation of 5 mv with
only 0.005% voltage drift per degree
centigrade.

What's more, the RC4195 goes
into standard eight-pin packages in-
cluding a low-cost molded mini-DIP
(competing on-card op-amp regu-
lators have nine or 10 pins). Also, it
needs no external RC network (oth-
ers require two resistors and two ca-
pacitors).

The RC4195 delivers 100 mA on
each side (150 mA peak, 220 maA
short circuit). That’s enough to
power 20 to 40 standard op amps,
such as the 741.

For the standard *15-v supply
levels, only five connections are
made: two unregulated inputs at
+18 to +30 v, the two outputs, and
ground. The chip carries the com-
pensation capacitors and current-
limiting resistors. A sixth pin
couples the two sides so that with a
two-resistor divider, the device will
operate as a positive regulator ad-
justable between 15 and 50 v. The
last two pins allow booster transis-
tors and added compensation ca-
pacitors to raise the output currents
to as high as 10 amperes.

Output currents are limited to
safe values by an emitter resistor on
each output transistor and a tem-
perature-sensitive diode that cuts
output drive current if junction tem-
perature rises above the rated max-
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imum of 175°C. If an excessive load
continues. the diode and the emitter
resistors take over alternately as the
chip heats and cools. allowing the
output currents to fluctuate between
minimum and maximum drive.

Why the low price. then? Harry
A. Gill, who designed the RC4195,
explains:
= The chip is only half the size of a
conventional design. so that chip
yield from wafer processing is trip-
led.
® The mini-DiP and standard eight-
pin packages are cheaper than the
nine-pin or 10-pin packages for-
merly required.
® Design costs are low.

Gill says that a simple differential
amplifier in series with an emitter-
coupled complementary transistor
can correct voltage errors as well as
two op amps can. For a reference,
he simply put two zener diodes in
series between the two stages. Then
he added unmatched output transis-
tors. current sources. and the protec-
tive components.

Alan Borken. manager of linear
interfacing marketing at Raytheon’s
Analog Devices. promises to sell the
RC4195 for “under $1” to high-vol-
ume customers. The lowest previous
price for fixed duals was “under $2.”
List prices in 100 to 999 quantities
are $3.40 in a TO-66, $2.50 in a TO-
5 and $2.18 in the mini-DIP pack-
ages.

The military-temperature TO-5
will stay about the same at $5.40,
while the military TO-66 will cost
more than S| more at $8.34. How-
ever, the TO-66 dissipates a whop-
ping 2.4 watts without a heat sink or
9 w with a heat sink at 25°C. The
mini-DIP dissipates 600 milliwatts,
and the TO-5 version dissipates 800
mw at 25" C.

Raytheon Co. Semiconductor Division, 350
Ellis St., Mountain View, Calif. 94040 [411]

IC audio amplifiers ofter
a typical gain of 72 dB

A series of integrated-circuit audio
amplifiers typically provides a gain
from 70 to 72 dB while drawing 600
t0 900 microamperes from a 1.5-volt

battery. Designated MPS5003H and
MPS50003L. the circuits feature a
maximum harmonic distortion of
2% with a 40-pv, l-kilohertz input
signal. Amplifiers are available in
six-lead flatpacks and have appli-

cations in hearing aids, recorders
and radios. The units achieve high
gain and wide bandwidth with a
minimum number of stages through
the use of active loads integrated
onto the chips.

Micro Power Systems Inc., 3100 Alfred St.,
Santa Clara, Calif. 95050 [413]

Miniature hybrid amplifier
has gain of 150 MHz

A subminiature hybrid amplifier,
designated the model HVA-23, can
operate from dc into video fre-
quency ranges. When used as an in-
verting amplifier, the unit operates
at a frequency for unity gain of 100
MHz minimum, 150 MHz typical.
Frequency for full output is 10 MHz
minimum, 12 MHz typical. Other
features include a slew rate of 1,000
V/us and output voltage of *10 v.
ILC Data Device Corp., 100 Tec St., Hicks-
ville, N.Y. 11801 [414]

FET op amp delivers
bias currentto 1 pA

A guaranteed maximum bias cur-
rent as low as | picoampere at 25°C
is offered by the series 3522 FET op-
erational-amplifiers. Also offered is
a noise specification of | pV peak-
to-peak, a common-mode rejection
of 90 dB, and a maximum offset
voltage as low as 500 pv. Input off-
set-voltage drift from 0° to +70°C
is +50 uv/°C for the model 3522J,
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and *25 uv/°C for the models
3522K and 3522L. Small quantity
prices range from $10.50 to $18.50.
Burr-Brown Research Corp., International
Airport Industrial Park, Tucson, Ariz. 85706
[415]

Power transistors have 400-V
collector-emitter breakdown

Nine high-voltage Darlington power
transistors are designated the TIP
series, and six of the devices are of-
fered in plastic packages. Minimum
collector-emitter breakdown voltage
is 200 v for models 150, 160. 660, it
is 300 v for the 151, 161, and 661,

COLLECTOR

1000

L

o9
HIGH VOLTNGE ‘ "\:?\'sto

and it is 400 v for the models 152,
162, and 662. Collector current for
the 150 through 152 is 2 amperes; it
is 5 A for the 160-162 and 660-662
units. Price ranges from $2.05 to
$5.80 in 100 lots, depending on
packaging,

Texas Instruments Incorporated, Box 5012,
M/S 308, Dallas, Texas (416]

HIGH GAIN

Decade-counter/decoders
combine two technologies

Two devices to be included in the
4400A line of logic devices are dec-
ade-counter/seven-segment  deco-
ders. The first unit, the 4426A, offers
display-enable and bipolar outputs,
and the second, the model 4433A,
offers ripple-blanking with bipolar
outputs. C-MOS front-end counting
and decoding are employed to as-
sure high noise-immunity as well as
low power consumption. The com-
bination of bipolar transistors onto
the basic C-MOS integrated circuits
eliminates the necessity of purchas-
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| e CONNECTORS

ELECTRONIC 2000

THE LARGEST FAIRCHILD-DISTRIBUTOR IN GERMANY IS
INTERESTED IN REPRESENTING/DISTRIBUTING ADDITIONAL
LINES AS

® MICROWAVE COMPONENTS
® CAPACITORS
, ® OPTOELECTRONIC LED/LIQUID CRYSTALS

*D DC/DC CONVERTERS
* POWER SUPPLY MODULES
® FUNCTION MODULES

CONTACT ELECTRONIC 2000 VERTRIEBS-GMBH, Munich 40, Zieblandstr.
16 W-Germany, Telefone 524075/Telex 0522561 or During
IEEE Show Call New York Hotel Americana, Tel. 212/5811000
and Ask for Mr. W. Wolf.

Circle 125 onreader service card
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~ USC GR/RGR
HIGH DENSITY
WRAP/CRIMP
CONNECTORS

S.S. HOPE, m.p. |

Doctor. . . teacher . . . friend to
millions on four continents—
this floating hospital is a
symbol of America’s concern
for the world's disadvantaged.

Keep HOPE sailing.
PROJECT

WABE

1 of over 20,000 types of Connectors.
Send—todayl—for GR/RGR Series Catalog.

U. 3. COMPONENTS, INC.

Leader in advanced engineering and design,
1334 Zerega Ave., Bronx, N. Y. 10462
(212) 824-1600 TWX: 710-593-2141

] Dept. A, Washington, D.C. 20007 l
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‘ ‘Let’s

all the
lawyers!”

“The first thing we do, let’s kill all
the lawyers!”

— Henry VI, Part IL Act 111
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Jack Cade, in Shakespeare's play, was lead-
ing a rebellion and looking for a scapegoat.

He hit upon a somewhat bloodthirsty, but
extremely popular, idea.

There is a new and different kind of rebel-
lion in America today. An angry revolt against
the pollution and despoilment of our environ-.
ment.

And some people, again seeking a scapegoat,
have also hit upon a popular idea.

ut the blame, and the burden, on
business.

Indict U.S. industry as “The
perpetrator of an irresponsible

assault on the environment’
Demand that industry immediately
stop all pollution, end all depletion,
and forthwith “restore our natural heritage’

And enforce these demands with new, harsh
and punitive, laws and regulations. Impose
criminal penalties on the owners and officers
of offending companies. Launch an onslaught
of “Citizens’ and workers' suits for environ-
mental damages” Attack, harass, threaten,
punish and compel.

The idea has its appeal. It focuses on a con-
venient, conspicuous and vulnerable target.
It offers immediate action and immediate re-
lease for accumulated frustration and anger.
Most temptingly, it promises a quick, easy and
painless solution to the whole environmental
problem.

Against this attack, and in the face of this
appeal, industry is at a crippling disadvantage.
It has, to put it bluntly, been hit with charges
that cannot be denied —demands that cannot
be satisfied. And, backed into its corner, it is
in an awkward position.

A position in which anything it says is likely
to be taken as defensive or evasive, anything
it does is questioned in advance as inadequate.
evertheless, some things
need to be said. )

First, thatindustry is guilty
of an assault upon the environ-
ment, and is responsible for
the consequences.

But, second, that the guilt
has long since been acknowledged, the respon-
sibility long since accepted. Today, however
belatedly, U.S. industry stands firmly and fully
committed to the environmental cause.

The commitment is sincere. It is also specific
and binding.The U.S. Commission on Environ-
mental Quality has designed a massive pro-
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gram to cleanse and restore the American
environment in the 1970, at a total cost of
$287-billion. Industry’s share of this cost is
set at $195-billion.

Clearly, this assigned task and this imposed
burden will strain the financial, and test the

technical and managerial, capacities of U.S.

industry to the utmost. It adds an enormous
responsibility and a formidable challenge to
all of the other responsibilities and challenges
that industry must continue to confront in a
competitive and demanding world.

The responsibility has been accepted, the
job will be done. But beyond this assigned
task, beyond this designated goal, beyond
these outer limits of the possible, industry
probably cannot go. It is not a question of
will, but of capacity. The issue is not what
industry ought to do, but what industry can do.

To the extremists’ premise that industry
can be threatened, harassed and driven to
exceed its utmost capacities—that it can some-
how be made to do what it manifestly cannot
do—a frank and unequivocal response must
be made.

Industry cannot immediately stop all pollu-
tion, end all depletion, and overnight restore
our natural heritage. It is impossible. It is
financially impossible, technically impossible,
economically impossible, morally impossible,
and physically impossible.

It is financially impossible for industry to
immediately allocate and spend $195-biilion.
There is not that much money to be had, from
iny source, by any means, using any device.

It is technically impossible, at any price, to
cotally eliminate all forms of pollution.

It is economically impossible to bring all
f U.S. industry to a complete halt while pollu-
jdon control is given absolute priority over
roduction.

Itismorally impossible to close every offend-
ng plant, shut down every faulty operation,
md throw thousands of people out of jobs,
vhole communities into bankruptcy.

Anditis physically impossible, even if every-
hing else could be done, to compress the
vork of a decade into a day, a month, or a year.

To these obvious impossibilities, one more
nust be added. It is impossible to separate
ndustry from the society to which it belongs
—and which it serves and reflects.

The environmental erisis is not an isolated,
ut a total,national crisis. The result of uni-
‘ersal neglect and unanimous irresponsibility.
Aind of a prolonged, overwhelming, devastat-
ag mass assault on the environment, made by
aillions of American citizens and consumers,
1 ignorance or blithe disregard of the con-
equences.
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e are no longer ignorant.
We are no longer quite so
blithe. But the assault con-
tinues. Because the insist-
ent, unrelenting pressure
of consumer needs, wants, de-
sires and demands continues.

And this, ultimately, is the problem. Not
for industry alone, but for the whole of a
truly interdependent society. Any major solu-
tion to the environmental ecrisis requires a
profound change in the personal expectations,
habits, attitudes and actions of millions of
individual Americans.

But the point, with regard to industry’s
responsibility, is simple. Industry cannot dic-
tate change. It can control its own actions and
reform its own habits. But it cannot refuse
to meet needs, ignore wants, desires and de-
mands, and reform the habits, attitudes and
actions of 200-million Americans.

Killing lawyers does not further the cause
of justice. Persecuting and punishing industry
will not advance the cause of a better environ-
ment. The sacrifice of a scapegoat solves noth-
ing and gets us nowhere.

Except off the track. A common, national
problem demands a common, united, national
effort.The job belongs to us all.

It is time to forget the diversion and get on,
together, with the job.

We at McGraw-Hill believe in the interdependence of
American society. We belicve that, particularly among
the major groups—business, professions, labor and
government —there is too little recognition of our mu-
tual dependence, and of our respective contributions.
And we believe that it is the responsibility of the media
to improve this recognition.

This is the sixth of a series of editorial messages on
a variety of significant subjects that we hope will con-
tribute to a broader understanding.

Permission is freely granted to individuals and or-
ganizations to reprint or republish these messages.

John R. Emery, President
McGraw-Hill Publications Co.
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In Rochester,N.Y.

The soil is rich and prosperous
in this fertile, dynamic 9-
county area of Western New
York. And if vou want plant
space, we've got 5 million
square feet of it. Industrial
plants, small shops, warehou-
ses ... vou name it, and you’ll
find it in Rochester. We've got
what it takes to grow healthy
plants.

If vou'd like pictures of actual
properties, specs, or descrip-
tions, or if vou'd rather build
than buy and need preliminary
information on site selection,
call collect. Or, write to Bob
Hall, Director of Area Develop-
ment, Rochester Gas & Elec-
tric, 89 East Ave.. Rochester,
New York 14649 (Telephone:
716-546-2700).

Nobody knows more about
plant life in this area than we
do. We're eager to share our
green thumb with you.

Root for Rochester.

ROCHESTER GAS ANO ELECTRIC
89 £AS! AVENUE ROCHESTER N v 14649 + 546 2700
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ing bipolar transistors or multitran-
sistor ICs for this application. Price
in 1,000-lots is $35.65 each.

Solid State Scientific, Montgomeryville, Pa.
[417]

Eight-diode array requires
only 16 mW per diode

An LED array, designed for contin-
uous-line and bar-graph appli-
cations. is designated the ARL-18. It
is a common-cathode eight-diode
array with 75-mil lead spacing and
100-mil centers between lights. Any
number can be placed end-to-end
for a continuous line-of-light source.
The output of an individual diode is
100 foot-lamberts, and the array re-
quires only 16 mw of power per
diode. Price for 100 to 999 units is
$5.10 each, for 1,000 units it is $3.95.
Delivery is from stock.

Litronix Inc., 1900 Homestead Rd., Cuper-
tino, Calif. 95014 [418)

ICs are designed to
drive gas-discharge displays

Four dielectrically isolated mono-
lithic integrated circuits, designated
the DI series 267N, 277N, 287N.
and 297N, are for the constant-cur-
rent driving of seven-segment gas-
discharge displays. such as the
Sperry SP-734 and SP-754 panels.
and the Burroughs Panaplex I and

Panaplex I displays. The units.
available in 18-pin DIPs. are capable
of operating at up to 200 v. Output
current levels are programable from
0.2 to 2.0 mA. Price ranges from
$1.50 t0 $3.77 each in | to 99 quan-
tities. depending on voltage rating.
Dionics Inc., 65 Rushmore St., Westbury,
N Y. [419)

Circle 128 on reader service card

A paste solder for applications in
electronics hardware contains good-
purity, low-oxidation-state, and 60
Sn/40 Pb per-alloyed solder powder
suspended in an activated rosin flux
that prevents flux and solder segre-
gation. Designated Multicore Paste
Solder XM 27.298, the material
functions as a fluid preform. It can
be preplaced accurately in con-
trolled amounts and shapes. with
good adhesion of the solder and flux
to the component parts. Since the
paste remains tacky, it can be used
as a temporary adhesive, and sol-
dering can be delayed.

Multicore Solders, Dept. SC 122, Westbury,
N.Y. 11590 [476]

A graphite resistance coating for
printed circuits, vacuum tubes,
shielding, pre-plating nonconduc-
tors, and communications cables of-
fers good adhesion to plastics. mak-
ing it especially suited to
applications as a replacement for
other conductive materials. Electro-
dag 154 is an air-drying material
and has controlled electrical resist-
ance and good film formation.
Acheson Colloids Co., Box 288, Port Huron,
Mich. 48060 [477)

A submicron boron carbide abrasive
compound, dispensed in a smooth
paste and universally compatible
with aqueous and nonaqueous solu-
tions, is used to generate close-toler-
ance, low-microinch finishes on
hard electronics crystals and sub-
strates such as YAG. sapphire, fer-
rites, and, in particular, coated-
memory disks. The material is odor-
less and nontoxic and is applied
directly onto the surface of the pol-
ishing pad.

Geoscience Instruments Corp., 435 E. Third
St.. Mount Vernon. N.Y. 10553 [478]

A chemically synthesized, water-sol-
uble foaming flux. called Ecoloflux-
F. is a rapid. high-rising deoxidizer
The material requires low air pres-
sure for the creation of a constant
adjustable. fine bubble foam for usc
in wave-soldering machines. Pricec
at $12 per gallon, the flux is avail-
able in one or five gallon bottles.
Controlyne Inc., Box 502, Allwood Sta., Clif-
ton, N.J. 07012 [479]
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New literature

Epoxy resin. An epoxy resin selector
guide is available from Northern
Labs. 20 Bridge St.. Box 1355,
Greenwich. Conn. The four-page
guide outlines data for 21 different
systems that handle most adhesive
or encapsulating applications. Circle
421 on reader service card.

Cathode-ray tubes. English Electric
Valve Co. Ltd.. Chelmsford, Essex,
England CM1 2 QU. is offering a
24-page booklet on storage cathode-
ray tubes that covers principles of
operation and the storage mecha-
nism used. [422]

Switch drivers. LRC Inc.. 11 Hazel-
wood Rd., Hudson, N.H. 03051, has
issued a 44-page catalog detailing a
wide range of TTL-compatible
switch drivers with a total switching
time of less than 10 ns. [423]

Relays. Magnecraft Electric Co.,
5575 N. Lynch Ave., Chicago. IlI. A
32-page catalog describes over 740
stock relays available for custom ap-
plications. [424]

Lamps. General Electric Co., Nela
Park, Cleveland, Ohio, 44112, is of-
fering a variety of catalogs describ-
ing the company’s miniature lamps.
The catalogs include: 3-6253, lamps
for low-voltage applications: 3-6251,
sealed-beam lamps for vehicles: 3-
6252, subminiature lamps; 3-1240R,
solid-state lamps: and 3-6254, glow
lamps. [425]

MECL design. A revised and ex-
panded edition of the MECL Sys-
tem Design Handbook is available
from Motorola Semiconductor
Products Inc., Box 20912, Phoenix.
Ariz. 85036. [426]

Encoders. Programable pulse-code-
modulator encoders are described in
a six-page folder available from
Spacetac Inc., Burlington Rd., Bed-
ford. Mass. 01730 [427]

Core memory. The model DMS
add-on core memory for the PDP-
15 is described in a four-page tech-
nical sheet available from Di-
mensional Systems Inc.. 393 Totten
Rd., Waltham, Mass. 02154 [428]
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Test system. Teradyne Inc.. 183 Es-
sex St.. Boston. Mass.. has published
a nine-page brochure discussing the
model 2337 zener-diode test system.
The brochure includes sections on
productivity, device protection. test
modes. and automatic distribution
analysis of results. [429]

Waveform generators. Ailtech.
19535 E. Walnut Dr.. City of Indus-
try. Calif.. is offering an eight-page
catalog describing the series F200
waveform generators. Specifications
are provided. along with how-to-do-
it information for generating a vari-
ety of waveforms. [430]

Radio communications. A brochure
on portable two-way radio equip-
ment for sea-to-shore-communi-
cation with the U.S. Navy and Coast
Guard is available from Motorola
Communications and Electronics
Inc.. 1301 Algonquin Rd., Schaum-
burg. 11 [431]

Film-resistors. A 48-page film-re-
sistor design guide has been pub-
lished by Mepco/Electra Inc.. Co-
lumbia Rd., Morristown, N.J. 07960.
The guide discusses how to select
and apply resistors. It includes defi-
nitions and interpretations of re-
sistor parameters. designation codes.
and a special section on tempera-
ture derating. [433]

Diode tester. A data sheet on a me-
dium-power diode and SCR tester is
available from Dantronics Inc., 3175
Hafner Ct.. Saint Paul. Minn. 55112
[434]

Generator theorem. A monograph.
number 25. is available from Serco-
lab. Box 78. Arlington. Mass.. and
deals with the topic: The equivalent
generator theorem: network prob-
lems solved many ways. [435]

Timers. Curtis Instruments Inc.. 200
Kisco Ave.. Mount Kisco. N.Y. A
booklet describes the general char-
acteristics  of -digital and analog
timers and counters and compares
them from the viewpoints of equip-
ment designers and users. Detailed
comments and suggestions are pro-
vided. [436]
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The Elegant
Transformer
| Kits
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‘ Select from 157 kits. To find the exact
match for your needs. Plus ready-made
economies. With ferrite cores. Steel
frames. Cases. And bobbin/coil forms
that pin precisely into standard printed-
circuit grid patterns.

Six materials: fluorocarbon, nylon,
glass-reinforced nylon, DAP, polyester
and epoxy. For stability at temperature
ranges from 105 to 200 C.

The complete collection expresses
the craftsmanship you expect from EPC
as an EAIl component company. Look to
EPC also for custom-molded parts. Or

e ‘ to EAI for thick-film audio
amps. Capacitors. Cus-
tom coils. Solenoids. Ac-
tive filters. Analog/digi-

B tal converters and other
special function modules. Plus a growing
list of other elegantly crafted etceteras.

1 Eiectrical Plastics Corporation
500 Long Branch Avenue

Long Branch, New Jersey 07740

| Tel. (201) 870-9500

A Subsidiary of Electronic Associates, Inc.
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Prove it to yourself

Heath/Schiumberger
30-day trial offer

* Auto-ranging

* 5Hzto 30 MHz range

* 10 mV input sensitivity

* 6-digit LED readout with leading zero blanking

Heath/Schlumberger does it again...with the new SM-118A.
Compare features and price against the competition. The new
118A provides 5 Hz to 30 MHz guaranteed range...2 Hz to 40
MHz typical... 10 mV sensitivity guaranteed over the entire range
...5-8 mV typical. Plus features not found on other low cost
counters: Autoranging with four automatically selected ranges
of 10 sec., 1 sec., 100 ms or 10 ms., plus switch-selected time
base ranges of 1 sec. and 10 msec. ...1 MHz time base provides
stability of 1 part in 10¢/mo...plus a rear panel input to allow use
of an external time base oscillator for extreme accuracy or fre-
quency ratio measurements. Other features include 6-digit LED
readout with leading zero blanking...combination carrying
handle/tilt stand...small size and light weight...120/240 VAC
operation.

A value? You decide. Check the details of our trial offer at right
and put one to work for 30 days. We think you'll keep it.

Factory assembled & calibrated SM-118A, 7 [bs. . ..... $225.00*

Send for our FREE 1973 Electronic Instru-
ments catalog and get complete details on this
and other high performance, low cost instru-
ments. Use the coupon to receive your FREE
copy now.

How we can sell high performance instrumentation at low cost.
Heath/Schlumberger sells direct to you, through the mail. No
salesmen, no distributors. Result? Lower selling costs...lower
prices. Heath/Schlumberger is a division of the Heath Company,
the world’s largest manufacturer of electronic kits, one of the
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world’'s largest buyers of electronic components. That means
real purchasing power for us, lower costs for you.

And we're not a small company struggling with high overhead,
but a small division of a very large company, getting the benefit
of sharing some other very important (and expensive) facilities.
Again, this means lower costs for us...and for you.
Take advantage of our 30-day trial offer and prove it to yourself,
The Heath/Schiumberger 30-day trial offer.
We're so sure that our products can deliver on our claim of high
performance and low cost that we make this offer: try this or any
other Heath/Schlumberger product in your lab for 30 days. Just
send us your purchase order with the statement below typed on it.
"This order is placed for 30-day evaluation. The equipment
ordered may be returned within 30 days if, in the buyer's
opinion, it is not suitable. The buyer agrees to pay trans-
portation costs in both directions.”

If, in your opinion, the product is not suitable for any reason, just
return it to us within the 30-day limit and pay the shipping costs.
After the 30-day limit we'll process your PO and bill you for the
product. Send your PO now...and prove it to yourself.

T e S SR R Schlumberger -
| Heath/Schiumberger Scientific Instruments

| Dept. 531-284

| Benton Harbor, Michigan 49022

| {3 Please send 1973 Electronic Instruments catalog

{0 Enclosed is my purchase order for a 30-day trial evaluation
Name____ S -
Title_
Company/institution______ - —
| Address__ S —
| City_ - - - __ State______ Zip.
| *Mait order prices; FOB factory.
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Companies “on-the-move”
are moving to

Metro-Phoenix f |

Equitable taxes, a trained labor force and the
vast West Coast market combine to make Phoenix
the ideal LOCATION FOR YOUR PLANT. And, with
wide open spaces and room to run and grow, Phoe-
nix can be as good for your people as it can for
your company.

Send for your free booklet, ‘‘Industrial Assets
of Greater Phoenix'’, a planning guide for compan-
ies interested in moving to Phoenix.

Write on your company letterhead to Area De-
velopment, Salt River Project, P.O. Box 1980,
Phoenix, Az. 85001.

1 ?over voice grade circuits for
onference or data distribution purposes
w
ronmental monitoring: transmission

of TV signals for remote observation and.
computer analysis

Data recording: utilization of conven-
tional audio cassette or reel-to-reel tape
recorders for image storage

Biomedical image analysis

industrial control

Computer image enhancement

A TYPE FOR EVERY APPLICATION

® Faster Maintenance ® Interconnects Circuits
® Wiring Exposed for Testing ® Space Saver
Manufacturers of Standardized Hardware for Electronics

INEW FREE CATALOG ON REQUEST |

Colorado Video, Inc. CV| KEYSTONE

P.O. Box 928 Boulder, Colorado 80302 (303) 444-3972 ELECTRONICS CORP.
49 Bleecker Street o New York, N.Y, 10012 od

Video instruments for data acquisition, pro-
cessing, transmission, and display.
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THE MARKETS

The “little guy”:
Should he run
with the bulls?

It was the year the nation's most closely-
watched barometer of the stock market
finally managed to climb its own Everest.
After repeated passes, the Dow-Jones
Industrial average of 30 Big Board
stocks topped the 1,000-point level in
1972—and probed still higher. Perhaps
more important, a market dominated by
institutional giants—banks, insurance
companies, pension and mutual funds—
began again to hear the footfall, faint but
getting stronger, of the returning small
investor. The “littte guy’” who played so
big a role in the bull markets of the
1960s was heading back.

So, how is the stock market of 1973
shaping up for the investor with, say,

OCopyright 1973 McGraw-Hill, Inc.

$20,000 more or less in his portfolio? In-
deed, what factors will influence the
market's movement this year? Where are
the pitfalis? In short, how can the aver-
age small investor prepare himself for
the remainder of 19737

Perhaps more than ever, the market
this year will turn on two factors: eco-
nomic well-being at home and America’s
maneuvering abroad. The latter, of
course, remains uncertain, with large
question marks clouding the picture in
Southeast Asia, the Middle East, in at-
tempts to reform the international mone-
tary system, and in world trade. But on
the domestic front, the business recov-
ery that began last year has shown en-
couraging staying power.

Gross national product should rise
nearly 10% this year, according to most
economists; and despite a lingering in-
flation—higher than President Nixon and
his brain trusters would like—most of the

This PERSONAL BUSINESS section is wnitten by
McGraw-Hill editors to give you helpful informa-
tion on the better management of your leisure
time and money. Personal Business covers ev-
erything from taxes and investments to educa-
tion and travel. We feel that today, more than
ever, personal-business planning is of prime
concern 10 businessmen and professionals.

THE SMALL INVESTOR

... An A-to-Z look at the “little
guy,” his stocks, his bonds,

his mutual funds, his advisers . ..
and how he can make his way in
Wall Street through the rest

SS3UISHE

@®

expansion will come in real terms. At the
same time, unemployment should dip
below 5%, and in such areas as capital
equipment expenditures, consumer
spending, corporate profits, and inven-
tory accumulation, record or near-
record levels should be reached.

But there are still disturbing signposts
along the road to recovery, and they will
clearly influence any investor's stock
market decisions—especially the little
guy whose chips need to be handled
with care. Most analysts believe that, de-
spite a few valleys, the market will re-
spond to general economic health with a
broad, upward movement through 1973
and perhaps into 1974.

Yet impediments do threaten. For one
thing, the Federal Reserve System may
find it difficult to hold the growth in the
money supply to non-inflationary limits
At any rate, its efforts to do so may
create tight credit conditions, and force
interest rates higher. By most estimates,
yields in government, municipal and cor-
porate bonds will be up in 1973, though
not dramatically so; this means that in-
vestors, large and small, may find attrac-
tive alternatives to the stock market. One
area to watch is convertible debentures
(corporate bonds that can be exchanged
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for company stock). Although they pay
less than straight bonds, a rising stock
market invariably pulls up their value.

As this scenario indicates, the stock
market will hardly be the only game in
town these next several months. The
mutual fund industry, for one, expects
an advance this year, synergized both
by a general stock market rise and small
investors feeding desperately-needed
liquidity into many issues. The age of the
‘‘go-go’’ fund is gone, and the painful
lessons learned during the 1969-70 bear
market are still fresh. Even so, aggres-
sive growth and growth-with-income
funds are expected to do well in general
in 1973.

For those investors with the stomach
for it, commodity futures trading offers
another alternative to the stock market.
Margins are usually a mere fraction of
those required in stock trading, profits
can be enormous, and the action is
frenetic.

There are, of course, other investment
opportunities—REITs, real estate syndi-
cates (with entry cash as low as $2,000),
the so-called ‘‘tax shelters’ (useful
mainly to the wealthy), and in such ex-
otic areas as vintage wines, autographs,
coins, stamps, antiques, gems and art.
The fatter, of course, demand a special
expertise, and the stock market may well
be a more logical choice for the average
investor.

What stock groups, then, seem most
likely to succeed in '73? A majority of
analysts contend that cyclical issues
(steels, consumer hard goods, capital
equipment such as machine tools, and
the like) will be active this year, as op-
posed to the blue chips and high-quality
growth stocks that led 1972's market ad-
vance. Beyond that, several groups rank
among the analysts’s favorites for the
year. Among them:

m Airlines. At the end of 1972, the air-
lines group was selling at 16 times esti-
mated '73 earnings—and those earnings
should be big, perhaps 75% greater than
in 1972. By most counts, airline traffic
should rise at least 10%, and the
analysts are confident, despite such sad
tales as Pan American’s vast routing and
profit problems and public dismay over
skyjackings.

m Drugs. Earnings will rise in 1973,
and sales of non-drug products—chem-
icals and household goods, for in-
stance—should benefit from the broad
upward movement of the economy. But
price-earnings ratios have stayed high
right along, and some analysts pick drug
company investments for long-term pur-
poses rather than the near-term.

® Autos. Hardly a glamour industry by
most standards, autos nonetheless
should be attractive this year. The indus-
try sold a record 13.6-million cars and
trucks in 1972 (including imports), and
the industry figures that it can probably
match those figures this year.

Airlines: Earnings headed up?

= ——— e

m Oils. The deepening energy crisis,
slowly rising prices and greater refining
capacity, among other factors, will serve
to make 1973 a turnaround year for oils
after the doldrums of 1972, when mar-
kets softened. Profits for the industry are
expected to be up.

There are other industries, too, with
somewhat smaller coteries of fans for
'73. The aerospace and machine-tool in-
dustries, for instance, appear entering
periods of recovery. Banks and insur-
ance companies are expecting higher
earnings this year. As consumer spend-
ing grows ever stronger, retailers also
have reasons to grin.

All this, of course, pivots on the na-
tion's economic forecasts coming true. If
they don’t, and small investors begin to
scurry from the market once again, im-
pairing liquidity as they go, the decisions
of large institutional investors could do
what they did last year—cause dramatic
swings in a number of Big Board stock
prices.

But, by and large, the outlook is good,
and the brokers for the most part again
exude confidence— as they often do
with your money. No one, of course, is
so bold as to suggest that the boom
years of the Sixties have returned.
"*Sure, it's always possible for a little guy
to get burned,” one Wall Streeter con-
cedes, '‘But this year | don’t expect any-
one will become scarred for life.”



Break
the bottlienec

New TermiNet’ 1200 Printers
move data 12 times faster
than conventional printers

Moving high volumes of data
with low-speed printers creates
costly data communication system
bottlenecks . . . bottlenecks that
cause data to be late . . . that cost
you unnecessary money.

TermiNet 1200 high-speed
printers eliminate these bottlenecks.
They print up to 120 characters per
second, and transmit at 1200 baud
rates. You reduce operator costs
because you can handle the same
data load as 12 conventional printers.
You save on equipment costs. And,
1200 baud transmission optimizes the
use of public and private lines. More

efficient transmission means time
and money saved.

The same engineering and
manufacturing technology that {
made the TermiNet 300 printer 1
(10, 15, 30 cps) so successful is buiit
into the TermiNet 1200 printer . . .
and, at only a 30% increase in price.
Most options are interchangeable
and no extra training is required.

If you're moving high
volumes of data, find out how you
can break costly bottlenecks. Write
Data Communication Products
Department, Section 794-04, P. O.

Box 4197, Lynchburg, Virginia 24502.
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COUNSELING AND ADVICE

The hand-holders:
Reaching down
to small potatoes

The investment advisory business is
edging ajar a few more doors to squeeze
in the man who has good prospects, a
confident smile, faith in common
stocks— and maybe $10,000 or so to
place in the hands of a professional.
Banks, along with independent advisory
services, have started a modest new
trend that reaches from Boston to San
Francisco. It will gather steam.

Not that all doors to private counseling
offices have been opened to the man
whose assets are limited; far from it. T.
Rowe Price, the Baltimore mutual fund
company, for instance, is talking of
“small’’ individual investment accounts
starting at $100,000; and Scudder, Ste-
vens & Clark, the big New York fund and
advisory outfit, is still talking a carriage-
trade of $300,000-and-up.

But there is a trend going on that
should prove of interest to anybody with,
say, $5,000 to $50,000, who does not
want to rely on a broker for advice, and
whose penchant is to remain aloof from
the giant mutual funds. *‘Today a lot of
activity is being aimed at helping the
small investor who wants equity with
safety,”” says John Orr, vice-president of
New York's lrving Trust Co., which will
introduce this spring a new $10,000-
minimum personal account service.

Among front-ranking banks in the
country, First National City, in New York,
pioneered the idea of a personalized in-
vestment advisory for '‘the little guy.”
Today, Citibank's ‘‘Individual Selection
Service'' has a $10,000 account min-
imum, with a fee attached of $250 per
year. Beyond this level, the charge runs
1% of assets per year, up to $200,000.
Portfolio recommendations are mailed to
clients on a regular basis, and the client
is responsible for handling his own buys
and sells through brokers.

Citibank's aim—like that of most banks
in the advisory business—is to attract the
small investor who seeks portfolio
growth rather than income. New cus-
tomers are encouraged to think in terms
of a 10% to 13% rate of growth in asset
value per year, though no promises are
made. Bank officials state that Citibank's
record for 1972 ‘“‘exceeded’ the ap-
proximate 18% increase in the Dow-
Jones Industrial average—assuming that
the client accepted all of the recommen-
dations.

Marine Midland, another large Man-
hattan bank, offers a similar service. The
minimum account size is $8,000, with a
fee of $160 per year, or 2%. Over
$22,000, the fee figures at % of 1%.
Clients are sent mailed recommenda-
tions, and must agree to them before
portfolio changes are made by the bank.
Marine Midland also claims to have
bested the Dow in 1972. New York's
Chase-Manhattan bank also offers a
$10,000-minimum account service—a
new advisory concept that operates
much like the plan at First National City.

In the Midwest, there are fewer op-
tions for the small investor, but the indi-
cation is that the limited-minimum-ac-
count concept will spread in the next
year or two. Today, Continental lllinois
National, biggest bank in Chicago, will
provide individual management advice
for the investor with $20,000 or more.
“The advantages of this type of account
as compared with a mutual fund can be
considerable,” says P.J. Hamel, vice
president in Continental’'s trust invest-
ment department. "'No ‘load’ is paid.
Also people get an actual confirmation
of each transaction for their own ac-
count. When we recommend a switch,
we tell them why—we talk to them, and
that's important.”

The First National Bank of Chicago,
though presently offering no similar ser-
vice, is interested. "We are all iooking
for ways to address this problem,"”" says
the bank's Terrance Lilly, vice president
for personal asset management.

On the west coast, San Francisco's
Wells Fargo Bank has a $25,000 min-
imum account service, but Chester Bolt-
wood, vice president in charge of the de-
partment, notes that smaller accounts
are considered on an individual basis.

Bank of America, the nation’s largest
bank, last year started a personalized
portfolio service on a test-market basis;
the plan was a success, and is now
being offered statewide in California.
Minimum account: $50,000. Even those

"Advan'taiges. :.compared
with a mutual fund . . .
can be considerable.”

who most heartily endorse the idea of
the bank-operated advisory service—
particularly those designed for the small
investor—point out this word of advice:
Before laying out a dime, ask the bank
for its track record over the previous
year or two. Some banks will give this in-
formation only if pressed.

The small-account trend extends, too,
to a growing list of several hundred firms
in the country that bear the label "inde-
pendent investment adviser."

The independents come in a vast ar-
ray of shapes and sizes, from small one-
man shops whose services, like as not,
depend on the investment whimsey of
the proprietor, to big-time operations

that maintain a battery ot consultants
and thousands of customers. With the
exception of a few of the biggest, such
as Lionel D. Edie, owned by Merrill-
Lynch, and T. Rowe Price, which oper-
ates a string of mutual funds, the inde-
pendents are mostly just that: indepen-
dent. They are not connected with a
bank, brokerage, insurance company, or
mutual fund.

Currently many such firms will take
clients with as little as $25,000 to invest,
and a fast-increasing number are now
reaching down to the $10,000 man.

The 50-member Investment Counsel
Assn. of America, a carriage trade
group, is increasingly aware of the prob-
lem of the small man who wants his
place in Wall Street, according to ICAA
Executive Director Page Pyle. "*At least
two members,” notes Mrs. Pyle, “‘al-
ready accept $25,000 accounts: Wis-
dom and Kelly, of New Orleans, and
Trainer, Wortham, of New York; and
there's quite a trend in this direction.”

Lionel D. Edie, the big New York firm
with 12 branch offices in major cities, is
now taking $25,000 accounts and

“Trouble ié, most a_re
just too new to have
established records.”

charges a 1% fee up to $100,000. Unlike
most bank-managed accounts, Edie's
are mostly fully discretionary—that is,
the firm provides complete management
and is permitted by the client to use its
judgment on all portfolio switches. The
service. with 80% of its clients scattered
across the U. S., and 20% abroad, is too
new for much track-record discussion.
Says Duncan Smith, executive vice pres-
ident: 'We started very small two years
ago, and it's too early to come up with
meaningful figures."

A growing number of advisory ser-
vices across the country are centering in
on mini-investors whose accounts run as
low as $5,000. Danforth Associates,
Wellesley Hills, Mass., for example , of-
fers a personal portfolio service at the
$5.000 level, and charges 2% a year up
to $25.000. “'There's a big push in this
area, and a number of brand new com-
panies have opened services for the
mini-investor,” says old pro Mansfield
Mills, who heads up his own firm in La-
Jolla, Calif. **The trouble is, most of them
are too new to have established
records.”

Coast to coast, reputable advisors
stress these words of warning: Do some
careful investigation before signing on
with any advisory firm. Says Mills, whose
name is well placed on the west coast:
"'Pick your firm with the same care you'd
use to pick a stock broker. In fact, today
some of the highest quality brokers are
referring small investors to reliable inde-
pendent advisors. They don't want the
little account of $5,000 or $10,000.”



No other portable 2-way radio
avallable today can match

TALTEL

TACTEC is the first commercial 2-way
radio using beam-lead circuitry—a micro-
electronics breakthrough. That means more
communications reliability for you.

Unlike other integrated circuits, the
beam-lead circuit has no wire connections
that can break and cause trouble.

And it’ssecurely embedded in a tough
material that shields it electronically and
protects against damage from rough handling
and weather.

An innovation like this is possible
because of RCA’s extensive involvement in
major military ‘aerospace projects.

This experience has now been applied to
TACTEC—the world’s most advanced
portable 2-way radio.

Designed and manufactured at RCA
Meadow Lands, U.S.A., TACTEC is ready
here and now for down-to-earth jobs. In
public safety and security programs. Heavy
construction projects. Industrial operations.

With TACTEC, your messages get
through clear and strong
—with less interference
and distortion. r—;— .
0.0 o o l_ ..~ e b
Servicing is simple =
because of modular
construction with fewer

discrete parts.

And TACTEC is
rugged—inside and out,

Beam-lead circuit

*Totally Advanced Communications Technology.

with high resistance to impact, mois-
ture and corrosion. So it can take on @
tough jobs without complaining. |_
You can depend on TACTEC I
when you need it the most.

And TACTEC offers “Quiet 3
Channel” with all solid-state design  Portable
that eliminates the relatively AU
fragile tone-reed other systems use.

The new TACTEC :
portable series is [
designed for total
svstems flexibility.

A variety of features
and options permit
easy conversion of the
portable unit to mobile
and base station
operations.

You can specify up to
six frequencies and two power
ranges—both UHF and VHE

You have a choice
of three chargers, small
and compact, like the
radio. None of them
will overcharge
the battery.

And
there’s much,
much more.

For details,
write RCA Mobile Communications Systems,
Dept.PB13, Meadow Lands, Pa. 15347

“c Mobile

Communications Systems

-
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T “
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Desktop charger/radio

Vehicular charger/radio
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BOND FUNDS

The little guy’s
ticket to the
big-money game

The bond market is an arena where big-
money borrowers and lenders gather,
and traders play for multi-million-dollar
scores in miniscule decimal points. It's
an arcane, elite sort of game where
$100.000 goes a very short way—it will
buy a newcomer one round-lot seat in
the bleachers—and the little guy, per-
haps for his own good, is usually turned
away at the gate.

There is a way, however, for him to get
in—by pooling with other mini-investors
and buying into one or another of the
not-so-new but certainly newly popular
bond funds or trusts. Here he can enjoy
many of the benefits the big boys have.
principally a steady return (7%% is not
uncommon these days) with far fewer
risks to his capita! than he would find in
the stock market. Or. if his tax bracket
merits the choice. he can opt for any of

an increasing number of municipal-bond
funds. where the return will be lower
(perhaps 5.5%). but is all tax-free. A
word of caution here, though: Tax-
exemption does not do much for anyone
below the 28% bracket—a couple filing a
joint return should have a taxable (not
gross) income of at least $16.000 to
$20.000 before they will save more
through the tax break than they could
earn in the higher-return, taxable funds.

Untit fairly recently, bond funds were
most popular in two basic forms. Most
are closed-end investment companies.
They manage a changing portfolio for
the holders of a fixed number of shares.
for an annual fee (.5% to 1%. usually).
The shares are traded on the market.
sometimes at a discount from the under-
lying portfolio’s value. The second type.
open-end funds. operate much ke mu-
tua! funds. New units, or shares. can be
continuously created. sell at prices that
vary with the market, and the funds are
required to redeem them (at the market
price) at any time. These portfolios, too.,
are constantly being changed by their
managers

Sparked by rising bond yields a couple
of years ago—in times when the stock
market has been less than predictable—
the bond funds have ballooned. The as-
sets of open-end funds. less than $500-
million in 1967. were close to S1.5-billion
as this year began The closed-end

funds now top S600-million in assets,
mostly due to new formations in just the
past year

With assets quadrupling in the past
four years (while stock-based mutual
fund assets only grew 22%). their popu-
lanty cannot be denied. Nonetheless.
both types have shortcomings of which a
prospective investor should at least be
aware: Open-end funds are vulnerable
to adverse times, in that they must hold
onto cash to meet redemptions, thus
crimping their style in the bond market.
And. for reasons even veteran observers
can't clearly define. the price of shares
In closed-end funds almost invariably re-
cedes once the enthusiasm of the initial
offering wanes.

Latest filip on the bond fund idea—not
a new one. but one that Is also enjoying
a booming revival—is the unit investment
trust. Normally, these portfolios remain
unchanged once they are assembled,
and interests in them are sold in basic
units of $1,000 each, the price of newly
issued bonds. A $25-million fund, then,
has a maximum of 2,500 units to sell. A
modest sales charge is levied—3%% to
4%%. compared to up to 8% % for some
other types of funds. Since the portfolios
are fixed, there's no management fee,
although trustees do charge a minimal
amount (less than 12-cents per unit per
month. In one case) for "'supervision.”
The trusts are ultimately self-liquidating.

What do you get when you cross your telephone
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the unit-holders sharing in receipts as
the underlying bonds mature, are re-
deemed, sold or prematurely called by
their issuers.

The big draw of the new funds for
smaller investors is their *'spendable in-
come'' appeal—many mail a monthly
check, representing one-twelfth of the
current annual yields of the underlying
portfolio. (Unit-holders also get checks
from time to time as underilying bonds
mature or are otherwise removed from
the portfolio, but these can only be con-
sidered as *‘capital.”’)

The eagerness of investors for just
such a vehicle has surprised even its
sponsors, which include some of the na-
tion's largest brokerage houses—inciud-
ing Merrill Lynch, Pierce, Fenner &
Smith, Bache & Co., John Nuveen &
Co., and Walston & Co. Biggest sellers
have been the municipal trusts, whose
sales topped $530-million last year. Cor-
porate bond trusts, offering higher yields
to the less tax-conscious, are newer, but
gaining fast. Merrill Lynch, the managing
sponsor for a growing stable of UIT's,
launched its first monthly-payment cor-
porate fund last September, and had
sold $77-million worth by the end of the
year.

What is a small investor buying when
he gets into the new funds? For one
thing, he is getting the benefit of a diver-
sified portfolio which he otherwise could

not afford, and a certain amount of li-
quidity—the sponsors promise to buy
him out whenever he wants at the “‘offer-
ing’" (or higher) price his units are cur-
rently worth. But essentially, the investor
is in a vehicle built for the long-term—
cutting out early can cost him.

For instance, on the day it was
launched last November, Merrill Lynch's
ninth monthly-payment municipal trust
bore a $1.022.78 public offering price
per unit (the current offering price of the
bonds in the roughly S60-million fund,
plus 3%% commission). If an investor
had to turn around and sell it the same
day, Merrill Lynch would have paid him
$987.50 (redemption value was a bit
lower: $979.90).

On the other hand, he could look for-
ward to a monthly check for $4.74 for
every unit he held. On a $10,000 invest-
ment. that’s $568.80 a year, which, pro-
viding all things remain equal, he could
consider tax-free money to spend—if
spend he will. It represents his share of
the trust's prospective net annual inter-
est rate of 5.688%. For a man in the 30%
tax bracket, the tax-free $568.80 is
worth $812.57 in income on which he
has to pay taxes.

A lower-income investor who bought
into the Merrill Lynch corporate bond
fund (its third) issued last December,
would have paid $1,009.69 per unit (with
a resale value to the sponsors of $975),

with a Xerox Telecopier?

and would receive a monthly check for
$6.29 on every unit he held. That's
7.548% annually—taxable, of course,
but well over what he could get at the
bank or in a savings and loan account.

But before either one of them spends
their monthly yield money, or even be-
fore they sign up for any fund, they
should read the prospectus that every
fund is required to file. They would find,
for instance, that the stated interest
rates are not fully guaranteed. *'This rate
will change, '’ says a small-print passage
in a typical prospectus, ‘‘as bonds are
redeemed, paid, sold, or exchanged, or
as expenses of the fund change." It's
prudent to expect that any changes will
be downward.

On the other hand, a modest investor
in a UIT has some assurance of being in-
volved in a portfolio of breadth and qual-
ity he could not dream of putting to-
gether himself. The Merrill Lynch funds,
for instance, stock up with bonds rated
at least Bbb (medium grade) by Stan-
dard & Poor and Baa (lower medium
grade) by Moody's Investor Service—all
within *‘investment grade’’ levels. Note,
though, that this is not true of all the
bond funds—many portfolios are ever-
changing—and some have been rapped
by the SEC for filling up in lower-grade
bonds to beef up current yields. Best
idea, of course, is to take a close look at
what you're buying.

You get a copy of anything you
put on paper, sent anywhere in
the U.S. in four minutes or less.
A copy of something that has to
be seen to be understood. Some-
thing that just can’t wait.

Like a copy of the contract
your lawyers just drew up. A
patient’s medical records.

A rush sales order. A new design
the client needs right away.

What you won’t get are delayed
decisions, errors, and a lot of
wasted time.

And you can rent a Xerox
Telecopier transceiver for less
than $2 a day.

The more imaginative your
thinking the more uses you'll find
for a Telecopier. And the more
uses you find the more efficient
your business will become.

That’s what you really get
when you cross your telephone
with a Xerox Telecopier.

Telecopier turns
any telephoneintoa
copy machine.

XEROX



GET A
RUNNING
START IN
MISSISSIPPI

Read what Mississippi is doing to
help new industry find and train
competent workers. Right now, more
than 108,000 Mississippians are being
prepared for full-time skilled employ-
ment through a state-wide Start-up
program of vocational and technical
training. These training centers are
located throughout the state, staffed
by skilled instructors and furnished
with a $20 million inventory of modern
machinery and equipment.

Your industry’s requirements will
be analyzed and a tqilor-made
program of pre-employment training
will be designed and scheduled to
match your start-up plans. And the
State of Mississippi assumes all costs
in finding and training your new
employee staff.

We have a new booklet that tells
the whole story. We'd like to send you
one. Just send us the coupon and
your free copy will be on its way to you.

SE ARG TS,

-
I
I
I
I

Mr.Harry D. Owen, Director
Mississippi Agricultural &
Industrial Board

P.O.Box 849

Jackson, Mississippi 39205

O Please send me information on I
Mississippi’s Start-up program. I

NAME

TITLE I

COMPANY

| ADDRESS o l
CITY, STATE, ZIP

| mississiPpI

\ State of Change

\ WILLIAM L. WALLER, Govemor /
..
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REAL ESTATE

Seasonal forecast:
Tougher sledding
for mini-investors

Caution lights are flashing this year over
several types of real estate investments,
including some syndications, real estate
investment trusts (REITS), and other re-
cent favorites of smaller dabblers in the
land and construction game.

There still are good opportunities for
tax shelter (for those who need it), capi-
tal gains, or income—if rarely all three
together—but it will take a lot more savvy
and careful shopping to find them this
spring.

Spectres haunting real estate invest-
ment areas this year include:

New, tougher regulations by both gov-
ernment and the investment industry.

Hidden hookers in the tax law that
have only begun to hit investors.

Overbuilding in many once-tfavored in-
vestment markets, notably apartments
and office buildings

Scandals in subsidized housing that
have cast a long shadow over govern-
ment programs.

Financial troubles among certain syn-
dicators.

Accelerating costs that make econom-
ically viable deals harder to find.

Ecological considerations that more
and more are stalling or shelving once-
promising projects.

Higher interest rates and stiffer com-
petition in capital markets

Now, more than ever, it's important to
get expert, impartial information on any
real estate deal, however small. That
doesn’'t mean from your broker. whose
firm may have a big chunk of the deal —
or the syndicator. if any.

Much of the flak has been directed
toward the syndicates, but there is
plenty of concern over some REITS, as
well. Much of the distressed property on
the market is owned by REITs that ven-
tured outside their own area of exper-
tise. Aaron Lurie, head of Denver-based
Revac, Inc.. a national association of
real estate investors, syndicators and
developers. says flatly. "REITs never
had property management worth a
damn.”

This is not to say that all REITs no
longer are a good investment. Many of
the biggest and best continue to flourish.
But even these are concerned over the
upward trend of interest rates, partic-
ularly on short-term loans.

Where, then, is smart money going in

real estate these days? Shopping cen-
ters, for one place. The housing boom of
the past couple of years has generated a
strong market for them in newly devel-
oped areas.

For all the unfavorable publicity, there
still are good deals to be found in subsi-
dized housing, according to one tax
shelter consultant to the Mercer Allied
Corp., New York personal financial
counselors. It's a question, he says, of
good analysis of location, a strong gen-
eral partner, favorable climate, and ac-
cess to public transportation. Most of the
subsidized housing deals coming along
now were already in the pipeline before
the government’s January fund freeze.
But don’t overlook good opportunities in
state subsidized housing program—the
Mercer consultant favors those spon-
sored by the Massachusetts Housing
Authority and New York's Urban Devel-
opment Corp., among others.

Good sales-leaseback deals (where
investors buy and sometimes develop a
commercial or industrial property for a
major tenant under a long lease and a
guaranteed yield) are harder to find
these days, but still highly desirable.
Lurie also encourages his Revac affil-
iates to concentrate on buying dis-
tressed properties in areas where invest-
ment in rehabilitation plus sound
management could bring solid returns.

Investors more interested in quick
turnover of their investment have been
finding opportunities in the condominium
boom. By getting in on a soundly con-
ceived and marketed project at the pre-
development stage, investors have often
reaped a healthy profit and complete re-
turn of capital within two or three years.

Condominiums, however, are heavily
overbuilt in some markets. ‘‘Drive down
the Florida Gold Coast between Palm
Beach and Miami Beach, and you'll go
by condominium after condominium
that's empty.” cautions the Mercer con-
sultant. “‘I've seen flags flying offering
100% financing on apartments.”’ Early
this year, moreover, resort condomi-
niums came under stiffer federal regu-
lation. The process could mean a longer
wait for the payoff to investors.

More than ever, then, real estate is a
"buyer beware'’ situation. The party is
not over by any means, but extra care is
being prescribed. The pros strongly ad-
vise the investor to have good, impartial
advice; know his partners and be sure
they have some of their own money in
the venture; avoid ‘“‘blind pool’ syndi-
cates (where the investment is not iden-
tified), and be certain the project is eco-
nomically viable and soundly managed.
Steer clear of raw land deals, they say,
unless you are prepared to wait a long
time for your return—with so many envi-
ronmental pressures, it may never come.
In real estate today the old advice is still
the best: Never invest money you can't
afford to lose.
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Washington Natural Gas Co., Alderwood Manor, Washington

of this building

was finished
outside, insulated, and

finished inside before
It was put up.

Because it’s Stran

The other way to build

The wall is Stranwall 70, a fully in-
sulated panel that's a completed
wall once it is put into place. It has Name Title

great insulating value that saves you

money on heating and cooling Company

equipment and utilities. And it can

be erected quickly to help you hoid Address

down labor costs. Write us. Stran- :
Steel Corporation. P. O. Box 14205, ¢V o Sl Zie
Houston, Texas 77021. I'm interested in a building ft. x ft. for use as

Stran-Steel Corporation
Building Systems Subsidiary of
National Steel Corporation
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Thenew
super thin line
precision pencll
with exclusive
floating lead

protector !
New from Sheaffer — pencils * ¥
that use leads of just .3mm
or .5mm for ultra precise
writing or drawing without
lead repointing. Yet these
super thin leads don't break,
even under heavy writing
pressure. Exclusive Floating
Lead Protector absorbs all
side-to-side pressure. First
.5mm pencil engineered to
accommodate colored leads.
Metal or plastic modeis,
$2.98 to $5.98.

i
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dont see our lead |
IS the reason our ‘
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SHEAFFER.
UItra-FINELINE®
«3mm Pencl

SHEAFFER, WORLD-WIDE. A f8xironl COMPANY

How would you like
to consult with the
finest financial brains
in the country?

Fee: $39 per year!

Now—a truly sensible financial service.
The Business Week Letter taps the minds
of the top financial innovators—each
issue!

The Letter winnows the few really good
deals from those that only sound good.
Real estate, tax shelters, income tax
wrinkles, estate planning ideas, insurance.
Wall Street recommendations. All this,
plus.

The Business Week Letter prints only
the information that makes sense to each
lawyer, accountant, tax man and re-
searcher we consult. So you reap the
benefit of the best thinking and counsel
available from any financial reporting ser-
vice. All for $39 a year—and you can can-
ce! any time and get a refund on the
unexpired portion.

Bonus: Act now and receive at no extra
charge 18 Great |deas from The Busi-
ness Week Letter’—a sampling of the kind
of money-making and money-saving ideas
you get regularly in the Letter.

The Business Week Letter

A truly fine investment. And it's tax-deductible

Name

Address

City State Zip

Mail to The Business Week Letter, 1221 Avenue
of the Americas, New York. N.Y. 10020
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Ms. Betty Crocker.
How does she stay so young?

Betty Crocker is a member of an old Minnesota family —a company with a youth-
ful outlook. General Mills, Inc. “We believe the living conditions in Minnesota
deserve a lot of credit for keeping us young,” says Chairman James P. McFarland.
“This state is blessed with natural assets, an abundance of lakes, rivers, forests
and open spaces. It's simply a great place for families to live and work.” Quality of
life is more than an ideal in Minnesota. Mail the coupon and we’ll tell you more.

NAME

RN

STATE OF MINNESOTA
Department of Economic Development
| Industrial Development Division, Suite 107
| 51 E. 8th Street, St. Paul, Minn. 55101

I'm interested in Minnesota. Send me facts

Jts good to be inJllinnesota
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BOOKS

Panning for gold
in the get-rich
literature heap

Ever since Ben Franklin’s Poor Richard,
the American "'little guy’’ has had some-
body telling him how to handle his
money. It took the stock market fever of
the 1950s and '60s, however, to turn a
trickle into a torrent. Today, get-rich lit-
erature commands broad shelves in
booksellers’s stores, and the flood of
new titles goes on unabated.

All too seldom, the advice comes from
successful pros, and is worth the price
of the book. Gerald M. Loeb’s The Battle
for Investment Survival (Simon & Schu-
ster) was one of the earliest and still bet-
ter of these. Too often, however, the
best part of the book is its title—the in-
sides belaboring the obvious much of
the time. Lately the genre has taken
some quirky turns.

Iin The Astrological Guide to Financial
Success, for instance, Sybil Leek, whose
autobiographica! Diary of a Witch sold
well, ventures to advise investors ac-
cording to their stars. “There is a right
stock or commodity for everyone,’’ she
writes. ‘‘Trouble often starts when
people are tempted to go against their
natural zodiacal tendencies and there-
fore not attract the right vibrations to
them.'" She offers financial tips to indi-
vidual investors according to their zodi-
acal signs, and analizes the stars of vari-
ous major industries. Electronics, ruled
by Uranus, for example, can expect only
one really bad time—in June (Grosset &
Dunlap, $6.95).

The key to success in the market is
largely a matter of wanting to succeed,
according to another author, Claude N
Rosenberg, Jr. His Psycho-Cybernetics
and the Stock Market is an interesting
study in psyching oneself to the financial
heights, even if it's not much of a tool for
picking the stocks to get you there. it
has a price advantage, though in paper-
back (Playboy Press, $1.25)

Market investment technique is more
the forte of Thomas W. Phelps, author of
100-to-1 in the Stock Market. His con-
tention is that there is a fortune to be
made by picking the right stock and
hanging on to it. He lists 365 stocks that
have, indeed, appreciated at least a hun-
dredfold over the past 40 years. Phelps
offers some sensible guidelines on pick-
ing stocks for his prescribed long haul

With The Smart Money—How to Invest



in the Stock Market Like an Insider, the
small investor gets down to the nitty-
gritty. Author William A. Kent is a suc-
cessful broker with an insider's eye for
Wall Street shenanigans. He inspires a
healthy skepticism of the brokerage fra-
ternity in his reader, and makes the point
that thinking and acting like an *‘insider"’
is the only way the lonely investor is go-
ing to share in the loot. While he skitters
away from picking stocks for you, he
does sharpen the early-warning senses
(Doubleday, $6.95).

Charles Neal takes a somewhat less
sophisticated slant in How to Keep vWhat
You Have, or What Your Broker Never
Told You. The book, like many of the
new ones, is for beginners in the game,
but it's one of the better efforts. Having
been one himself, he's particularly help-
ful with sound advice on picking a broker
(Doubleday, $7.95).

How to pick the stocks to buy is the
special contribution of Shaking the
Money Tree, by Winthrop Knowlton and
John L. Furth. With hand-holding care,
they lead the reader through the basics
of investment, then tell him how to eval-
uate a company before buying its stock
(Harper & Row, $7.50).

William P. O'Conner, Jr., has his own
formula for judging a stock, and he sets
it forth in The 14 Point Method for Beat-
ing the Market. As the title says, he has
14 points on which companies should be
checked, and the data to do so can usu-
ally be unearthed in their annual reports.
Using the formula—and perhaps an
hour's homework—a reader can come
up with a relative rating ‘'score’ on a
company. O'Connor’s idea is sound and
useful, as far as it goes. The one flaw
from the short-run “little guy's’" point of
view is that the market itself may not give
the company of his choice an equally
high score (Regnery, $8.95).

On the downbeat side, John L.
Springer's The Mutual Fund Trap casts a
wary eye over that medium, but notes
“Mutual funds may be a poor vehicle,
but for millions of Americans they pro-
vide the only wheels in town.”” He then
offers some sound advice on how to pick
them (Regnery, $7.50). Two veteran
commodities traders, Stanley Kroll and
Irwin Shisko, similarly raise warning flags
on their market for the small investor in
The Commodities Futures Market Guide
“It is our intention to discourage all
those who . . . aie ill-suited to the haz-
ards of futures trading.” The book's
price may discourage many (Harper &
Row, $15).

There are so many books on the mar-
ket, you could expect there would be a
book on the books, and there is: Best
Books on the Stock Market, which con-
tains capsule reviews of 150 titles, by
Sheldon Zerdon. Trouble is that you may
find many titles in the bookstores that
have arrived since Zerdon went to press
(R.R. Bowker, $12.95).

Invest in a real sleeper

Ordinary motor hotel
operations show
ordinary growth.
They’re a last resort.

A “real sleeper” is something else . . . a Ramada Inn.
It answers the booming leisure time and business
demand for the economy and convenience of motels with

the luxurious completeness of hotels.

Ramada’s phenomenal record of growth (537 inns with
over 72,000 rooms open or under

construction since 1960) is our

success. You have the opportunity to

capitalize on the dynamic growing

travel market with a Ramada Inn franchise.

Write today for complete information

how you can get with a “real sleeper”:

Ramada Inn Franchise Division

P.O. Box 1632, Dept. PB03
Phoenix, Arizona 85001

CIRCLE 716 ON READER SERVICE CARD

Because youre successful...

A luxurious, quality built, Please send me literature on GRUMMAN
self-contained GRUMMAN 21" 25’ 28’ Motorhomes
MOTORHOME, A safe, and the name of my local dealer,

comfortable way to extend

. N Name
your horizons or discover
tranquility. A motorhome Address
that can be a chalet in winter; i .
a fishing cabin in spring; a City State Zip

mountain retreat in fall; or a
waterfront home in summer,
And, on weekends, mini vaca-
tions to satisfy your whim,
Because you're successful , . .
GO GRUMMAN.

GRUMMAN MOTORMHOME

600 OLD COUNTRY ROAD
GARDEN CITY, NLY, 1330
Telsphone S516-741-3500

GRUMMAN ALLIED INDUSTRIES, INC.

CIRCLE 717 ON READER SERVICE CARD




Healthy, wealthy and wise

A commentary:
Look in the mirror
before cussing
out your broker

An investor’s basic
duty: to know
what’s going on

by Joseph Wiltsee U
)

One of the favorite sports these days among investors with stockbrokers is to cuss
out the ‘“‘registered rep’” and blame him for all the ills and uncertainties that plague
the market. (‘"We get paid to take some of that flap,” says one pro, ‘*—but too much
of it jars the nerves. You make mistakes.”") . . . Before raising this kind of hell, an
investor would be smart to sit down and quietly review his stockbroker relations.
This is wise even if the broker is only used occasionally for advice and information.
Remember: It's oftentimes the investor—not the broker—who is neglectful of an ac-
count. True, there are incompetent registered reps, and sharpies such as account
“churners’ who artificially rev up trades for commissions. But some investors con-
tribute to the churning of their own accounts. Doyou? . . .

The man who's apt to demand unneeded action in his account, and thereby suf-
fer, is the man who (1) jumps from broker to broker (a habit that gained steam in
1969-70 when many brokers failed), or (2) has little real experience in the market.
For this investor, the best fundamental advice is: Get a clear view of your fongterm
investment objectives. . . . But even with goals defined, broker relations can turn
sour. Some people who've been in the market for years become clam-like and fail
to tell their brokers of changing investment goals—caused, perhaps, by a death in
the family, a marriage or divorce, or an inheritance. Or, simply a change in basic at-
titude. Here the advice is simple: Open up—especially with those who are expected
to keep your best interests in mind. . . . Others too often confuse their brokers. A
known blue-chip customer—a conservative—will suddenly get restive and want to
get into a couple of high flyers,” says a carriage trade broker. ““In a little while the
rep won't know where his client wants to go.”” The advice? Set aside maybe 10% or
15% of your account for flyers—and make sure your broker clearly understands
this. ““Define your goal,” he urges, “it'sa must!” . . .

In any general review of broker relations, let your registered rep know what you're
reading in the way of market letters, tip sheets, and other reports. Some of these
remain a menace to the unwary despite efforts by the SEC and Wall Street itself to
curb their publishers. ““If you lack the kind of confidence in your rep that this im-
plies,” warns the head of a respected brokerage, ‘‘—then it's time you moved on to
a new broker.”” . . . He adds: “‘Knowing what’s going on is your duty as much as
the rep’s. If you have a meaningful portfolio and lack the time needed to study the
market—then you don’'t want a broker at all. You want an outside manager or
maybe a mutual fund.”

Some suggestions: (1) Read not just annual reports, but interim ones, plus com-
pany surveys by Standard & Poor's and Moody’'s—and if you don’t already know,
take the pains to learn precisely what makes a report tick, footnotes included; (2)
meet with your registered rep monthly—if your account is at all active; (3) learn to
use “‘open orders” that permit your broker to buy or sell at a certain price (espe-
cially if you travel a lot), (4) tell your wife of your plans, at least generally—and see
that she meets your broker.

If a review puts you to seeking a new broker, remember that you are probably
quite safe with any good, well-known house that has superior research facilities.
But picking the registered rep is something else. . . . The branch manager will—af-
ter you've done some sifting, in view of your objectives—point you to a man. But
nobody can screen him for you. Idea: When you've found a man you like, be sure
of him by placing just smail transactions at first (and tell him what you're doing). If
he proves out over a span of, say, six months, up your ante and give him more and
bigger business. . . . And remember: The investor, like the broker, has a responsi-
bility. Dealing in the market is a two-way street.
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