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You don't get the lion's share of the
market by pussyfooting around.
You get it by building the most reliable tape and
disc controllers available. Our very first production units
built in 1975 are still going strong.
Wespercorp controllers work, right from the
moment they're installed.
That's because we thoroughly test and document
the performance of all of our controllers under actual
operating conditions before they leave
the factory.
You get it by building one
of the best service
organizations in
the business.

Should you ever 'reed service, we'll be there fast.
Anywhere in the world. We even fly our own airplane,
so you won't have to wait.
Wespercorp controllers fit DEC (LSI-11, PDP-11)
and Data General (NOVA and Eclipse), and Perkin
Elmer (Interdata) computers.We can fill orders in 30
days ARO. Sometimes even faster.
Get the complete story on our entire
line. Call or write us today.
Wespercorp, King of the
Jungle, 14321 Myford Rd.,
Tustin, CA 92680.
Ph. (714) 730-6250.

VIESPFJeOle
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JusE aflutter or
pressure...

Less than 2grams of force actuates this Cherry snap-action
miniature switch. Outside, a2%" long aluminum lever
provides unusually low operating force. Inside, an extra
internal actuator reduces operating force even more while
maintaining solid contact pressure for reliable performance.
Our unique light force miniature design is available with
other external levers offering operating forces ranging from
3.5 to 15 grams...rated 3amps, 125VAC. Gold crosspoint
contact versions bring this same, dependable switching to
your low energy (0.1 amp) àolid state circuits. Or, choose
higher electrical ratings of 5, 10 or 15 amps with increased
...but still low...operating forces.

CUE
o

EXTRA INTERNAL ACTUATOR

reduces force required at button plunger while
maintaining solid contact pressure.

SWITCHES

LIGHT
MINIATURE
FORCE

CHERRY ELECTRICAL PRODUCTS CORP. 3608sunset

Avenue. Waukegan. IL 60085-312/ 689-7700—TWX 910/235-1572!

worldwide affiliates and pbone numbers Cherry Sencondu. tor Corp ,East Greenw.ch, RI. U SA 401.885-3600 •Cherry heiltroschalter GmbH. Auerbach. Germew, 09 643 181 •Cherry Electrical
Products Ltd ,Harpenden 1Here) England, 105827) 63100 •Cherco Bras IIndustria E. Comercio Ltda Sao Paulo, Brazil, 011 246 4343 •Hirose Cherry Precision Co Ltd .Kawasaki, Japan, 044 933 3511
Or,,
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Now Available...

1
.
117AMPLIFIERS
0.05-1200 MHz from
mod
h linear

oc

$199

e (see tab

utput ... up to 30 dBm (1 W)

am n ... available from 16 dB to 27 dB
• Very fiat gain response ... ir1 dB
• Connéctors

crihiluN

BNC Std; SMA, TNC, N available

D'3 NOT

• Compact ..€ 3.75" • 2.60" x 1.92" (ZHL-A Models)
4.75" • 2.60" x 2.22" (ZHL Models)

--1
4
!

• Self-contained heat sink

INPUTEXCEED

lao

ZHL-2-8

• One-week delivery

If your application requires up to 1 watt for intermodulation
testing of components ... broadband isolation ... flat gain
over a wide bandwidth ... or much higher output from your
frequency syntnesizer or signal/sweep generator ...
MiniCircuits' ZHL power amplifiers will meet your needs, at
surprisingly low prices. Five models are available, offering a
selection of bandwidth and gain.
Using an ultra-linear Class A design, the ZHL is
unconditionally stable and can be connected to any load
impedance without amplifier damage or oscillation. The ZHL
is housed in a rugged '/8 inch thick aluminum case, with a
self-contained hefty heat sink. BNC connectors are supplied;
however, SMA, TNC and Type N connectors are also available.
Of course, our one-year guarantee applies to each amplifier.

SOW« .111.110.18
NV I'M, •
1000Il
SERIAL

So from the table below, select the ZHL model for your
particular application now ... we'll ship within one week!

MAX. POWER

ZHL-1A

MODEL

FREQ.

GAIN

GAIN
FLATNESS

OUTPUT dBm

NOISE
FIGURE

NO.

MHz

dB

dB

1-dB COMPRESSION

dB

±1.0 Max.

+29 Min.

0.4-150

24 Min.

±1.0 Max.

+29.5 Min.

21-IL-32A 0.05-130 25 Min.
ZHL-3A

INTERCEPT
POINT

PRICE
DC POWER
3rd ORDER dBm VOLTAGE CURRENT $ EA. QTY

10 Typ.
11 Typ.

+38 Typ.

+24V

0.6A

+38 Typ.

+24V

0.6A

199.00 (1-9)
199.00 (1-9)

2-500

16 Min.

+28 Min.
+29 Min.

+38 Typ.

199.00 (1-9)

18 Typ.

+38 Typ.

+24V
+24V

0.6A

15 Min.

±1.0 Max.
± 1.0Max.

11 Typ.

10-1000

0.6A

349.00 (1-9)

ZHL-2-8 10-1000
ZHL-2-12 10-1200

27 Min.
24 Min

±1.0 Max.
±1.0 Max.

+29 Min.
-29 Min. •

10 Typ.

+38 Typ.
+38 Typ.

+24V
+24V

0.65A
0.75A

449.00 (1-9)
524.00 (1-9)

ZHL-1A
ZHL-2

10 Typ.

Total safe input power +20 dBm, operating temperature 0° C to -60° C, storage temperature -55° C to +100 ° C. 50 ohm impedance, loput and outpt.I VSWR 2.1 Max.
*+28.5 dBm from 1000-1290 MHz
For detailed specs and curves, refer to 1980/81 MicroWaves Product Data Directory. Gold Book. or BEM.
Worlds largest manufaclufec of Double Balanced

2625 Easi 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460
International Telex 620156

MoXel.;

Mini-Circuits
MINI-CIRCUITS LABORATORY
A DI11131011 of ScfentflIc Cciroonents Corp
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119 Technical Articles
MICROSYSTEMS AND SOFTWARE

Ada determines architecture of 32-bit microprocessor, 119
TEST AND MEASUREMENT

Applying signature analysis to existing processor-based products, 127
INTERNATIONAL SOLID STATE CIRCUITS CONFERENCE

The events: VLSI processors, fast static RAMs, precise linear ICs, 138
SOLID STATE

16-K EE-PROM keeps MNOS in the running, 154
MICROPROCESSORS

Fast on-chip memory extends 16-bit family's reach, 157
COMMUNICATIONS

Mode scrambling can enhance fiber-optic system performance, 163
DESIGNER'S CASEBOOK: 134
ENGINEER'S NOTEBOOK: 170

41

Electronics Review

MILITARY: Advanced systems come under fire, 104

SOLID STATE: Low-voltage inverter logic outperforms
ECL in speed, 41

BUSINESS: Detour ahead for IC equipment makers? 108

TEST EQUIPMENT: System helps create production
software during development, 42
MATERIALS: No shortfall now in polysilicon, 43

183 New Products
ROUNDUP: Wafer-etching systems line up, 183
IN THE SPOTLIGHT: Bus-programmable pulse generator

CONSUMER: Toy firms cautiously consider speech, 44

speeds fast logic tests, 195

PHOTOVOLTAICS: Liquid-junction cells move in on
silicon, 46

COMPONENTS: Integrated-circuit temperature sensors
are laser-trimmed, 201
COMPUTERS & PERIPHERALS: Terminal divides screen
into 12 independent regions, 211

DISPLAYS: Computer line art looks like 3-d image, 49
NEWS BRIEFS: 49
MICROSYSTEMS: 16-bit microprocessor runs
minicomputer instructions, 50

INSTRUMENTS: Data recorder sets own speed, 220
DATA ACQUISITION: Hybrid a-d converter maintains
nonlinearity under 1LSB over military range, 230

INDUSTRIAL: 6800 helps monitor steel rolling, 55
COMPUTER-AIDED DESIGN: System proves itself with
VLSI design, 55
INSTRUMENTS:
the job, 58

Microsystem

analyzer

learns

Multiplexed-input module has pipelined functions, 230
INDUSTRIAL: Digital unit controls heat pumps, 236
on

MICROCOMPUTERS & SYSTEMS: Z8000-based
development system runs under Unix superset, 242
Dual processors strengthen development system, 242

69

Electronics International

Memory cage holds 32 megabytes, 244

GREAT BRITAIN: Monolithic filter derives design from
wave theory, 79

SOFTWARE: Portable language is full-featured, 250

JAPAN: Third prototype of camera-VCR system
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introduces yet another cassette-tape format, 80

Readers' comments, 8

International newsletter, 69

JAPAN: GaAs uhf amp IC has low noise, wide band, 82
WEST GERMANY: Circuitry for black-and-white CRT cuts

Editorial, 12
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Washington newsletter, 63
Washington commentary, 64

GREAT BRITAIN: Speech-recognition unit identifies
words in run-on speech, 82

Publisher's letter, 6
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Career outlook, 262
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COMPANIES: GE launches major LSI push, 95
SOLID STATE: Multivalued logic takes new paths, 100
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Representing dramatic achievements in very large-scale integration, a 32-bit
microprocessor called for major changes in most aspects of microcomputer
technology, including the development of a high-performance mos process
and anew package with a high pin count. Best of all, it meets the challenge
of software-intensive applications by going with Ada as its system implementation problem, making it easier to develop large, modular programs.
The cover illustration is by Art Director Fred Sklenar.
Signature analysis writes anew chapter, 127
An off-board source of stimuli brings the advantages of signature analysis to
existing digital, microprocessor-based equipment. The testing technique till
now had to be designed into aproduct but is shown here being retrofitted to
adisplay terminal.
VLSI makes asplash at ISSCC, 138
This year's International Solid State Circuits Conference, held last week in
New York, marks the true arrival of very large-scale integration. Perhaps
most noteworthy in that regard is the appearance of four 32-bit microprocessors (p. 138). In the memory area, the attention-getters were fast static
random-access memories (p. 141). In communications, the focus was on
monolithic devices to interface standard analog telephone systems with
digital switching or transmission systems (p. 146). For microwave integrated
circuits, gallium arsenide is clearly the material of choice, while data
converters, low-level operational amplifiers, and power transistors are reaching new levels of performance (p. 150).
Microprocessor family is prepared for VLSI, 157
A new generation of microprocessors, 16 bits wide, is designed to welcome
future very large-scale ics while maintaining software compatibility with
members of the earlier 9900 family. The speed needed comes mainly from an
extremely fast on-chip memory that can be addressed separately from the
main memory.
Plasma etching comes of age, 183
Makers of wafer-etching equipment are turning to dry or plasma etching to
achieve the fine lines of large-scale and very large-scale integration. The six
upcoming systems described in this Product Roundup show how manufacturers have brought the process variables under control.
And in the next issue ...
Special report on word processing and office automation ...a one-knob
oscilloscope . ..the third article in a series on speech synthesis ...marrying electronic mail to word processing.
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Shown actual size

the
shrinker
the worlds smallest and
lowest priced flatpack mixer
shrinks size and cost.
The ASK-1 from Mini-circuits

Mini circuits
Model ASKI Plastic Case

595 Go-49)

Until now, the smallest mixer flatpack available
was 0.510 by 0.385 inches or 0.196 sq. inches.
Now, Mini-Circuits introduces the ultra-compact ASK series, measuring only 0.300 by 0.270
inches or 0.081 sq. inches, more than doubling
packaging density on aPC board layout.
Utilizing high production techniques developed by Mini-Circuits, the world's largest manufacturer of double-balanced mixers, the ASK-1 is
offered at the surprisingly low price of only $5.95
(in 10 quantity).
Production quantities are available now for
immediate delivery. And, of course, each unit is
manufactured under the high quality standards
of Mini-Circuits and is covered by a one-year
guarantee.

ASK1 SPECIFICATIONS
FREQUENCY RANGE:
RE LO 1-600 MHz;
IF: DC-600 MHz
CONVERSION LOSS.
One Octave from Bandedge: 8.5 dB Max.
Mid-Range: 7.0 dB Max.
ISOLATION:
L-R: 45 d13 Typ.; LI. 30 dB Typ.
ABSOLUTE MAXIMUM RATINGS:
Total Input Power: 50 mW
Total Input Current. peak: 20 rnA
Operating Temperature: —55 .C. +100*C
Storage Temperature: —55' to +100 .0
Pin Temperature (10 sec): +260 .0
WEIGHT .35 grams
(.01 ounces)

CASE: Plastic

Mini-Circuits

A C,v,slon of Sc ,enld ,C Components

World's largest manufacturer of Double Balanced Mixers

2625 East 14th Street. Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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Never before...
200 watts
of RF power with
incredible
versatility.
3200 Lspans
250 kHz to 150 MHz.

Now there's acompletely solid
state power amplifier that provides
200 watts of linear power over a
frequency range from 250 kHz to
120 MHz And at 175 watts, the
range extends to 150 MHz
Imagine the wide range of applicat ons you can cover with this
single Class A linear unit. All you
need is any standard signal or
sweep generator and you have
the ultimate in linear power for
RFI/EMI testing, NMR, RF
Transmission, and general
laboratory applications
And, like all ENI power annplifiers,
the 3200 Lfeatures unconditional
stability, instantaneous failsafe
provisions, and absolute protection from overloads and transients.
The 3200 Lrepresents abreakthrough in RF power ve -satility
and packaging Never before has
there been anything like it commercially available anywhere!
Contact us for ademonstration
of the 3200 Land our complete
cate log on the other amplifiers in
our wide line ENI, 3000 Winton
Road South, Rochester, NY14623.
Call 716/473-6900, or Telex
97-8283 ENI ROC.

ENI
The advanced
design line of
power amplifiers
6
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Publisher's letter
In one of the Gilbert and Sullivan
operas acharacter sings about having a little list. Justin Rattner and
William Lattin of Intel Corp.'s Oregon facilities had alittle list too.
On it were the things they had to
accomplish in order to realize the
32-bit microprocessor that is now
labeled iAPX 432. It was quite alist.
"Early on we realized that we
couldn't design the 432 with technology then available [early 19751,"
recalls Rattner. What neither engineer expected as the project wore on
and moved from the Santa Clara
headquarters to Aloha, Ore., was the
impact that accomplishing the list
would have on the company.
First off, the design team devised
a new architecture. Next on the list,
a new process, turned out to be
Intel's high-performance mos, or
il-mos. The 432 required a new
package. Result: the 64-pin quad inline package, or QUIP. And because
the development team was working
with basically the same programming methodology that produced the
Ada program language, the 432 features one of the first compilers that
runs on the Defense Department's
standard programming language
now gaining commercial acceptance.
Details of the 432 are in the cover
article (p. 119) written by Rattner,
principal engineer and department
manager of the 432 architecture
group, and Lattin, general manager
of the original-equipment-manufacturer microcomputer systems operation. Microsystems and software editor Colin Johnson edited it.

Hewlett-Packard described a new
six-chip set that features the amazing density of 450,000 transistors on
the central processor, and Bell Laboratories had a paper on its latest
MAC 32 unit.
These and other new developments unveiled at isscc are described in our special report starting
on page 138. Colin Johnson organized the report, and he notes that
"last year's isscc was full of new
technology, but this year's topped
even that."
There is, for example, a description of Digital Equipment Corp.'s
interesting approach to the design of
a single-chip version of its popular
PDP-11 minicomputer. To execute a
minicomputer instruction set, DEC
has used only 13,000 transistors on
the chip in an effort to get minimum
die size. This approach is opposite
those that load more and more transistors on ever-larger dice.
As usual, there was also a large
representation of Japanese papers.

T he push into very large-scale integration is itself pushing integrated-circuit production technology
on many fronts. Linda Lowe of the
Boston bureau looks at one of
these—plasma etching—in the Product Roundup starting on page 183.
"The difficulties in cutting VLSI
geometries are enormous," she says,
"but so are the spoils for those who
succeed."

T here were other 32-bit micropro-

cessors featured at this year's
International Solid State Circuits
Conference. In addition to Intel,

Wanted: an EE who wants to be an editor
We have achallenging position available for an electronics engineer who can
combine writing ability and technical knowhow into arewarding career as an
editor on Electronics magazine in New York. Candidates should have aBSEE
and some linear design experience. We offer excellent salary and fringe
benefits. If you are interested, send your résumé to Raymond P. Capece,
Managing Editor, Technical, Electronics, 1221 Avenue of the Americas, New
York, N. Y. 10020.
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11111111.

inalINEBI Model 1861
Model 1860

Programmable
devices

Inter-

2716 (127581. 12732.
12732A. 12764. TMS2532.
TMS2564. 18755A. 18748A.
.8741A and compatible.

Serial

RS-223C and 20mA
current loop (or TTL level I
switch selectable,

Programming of 8 MOS.
12716.12732. TMS2532.
and compatible
RS-232C. 20mA current
loop. or TTL level
selectable

as specified

when ordering.

face
BaUC

Parallel
Size. weignt

L
F
e
-

Model 1861
Exclusively for simultaneous ganged

rate 110. 300. 600.1200. 240C. 4800. 9600
PTR parallel interface

280 (WI x208 (D) x65 (H)
mm, 2.5kg

280 (WI n208 (D) x75 (H)
mm. 3541

MINATO ELECTRONICS INC.
4105, Minami Yamada -cho, Kohoku-ku,
Yokohama, 223, Japar Phone: 045-591-5611
Cable: MINATOELEC YOKOHAMA
TELEX: 3822-244 MINATOJ

New Series 1860 P-ROM Programmers.
New Model 1860 Series for the age of P-ROM diversification
Minato Electronics New Series 1860 P-ROM programmers
meet the demands for wide applications. They are super
compact, light weight and inexpensive.
Model 1860 has two standard interfaces.
MOS and bipolar P-ROM can be easily programmed by
simply changing personal modules. Serial I/O data
editing, optional high-speed 400ch/sec. PTR, and
other economical, efficient, and flexible functions
are provided.
Model 1861 simultaneously programs 8
ganged MOS.
Model 1861 is aspecial program-only programmer for simultaneous ganged programming of 8MOS. Data editing, PTR and
other specifications are identical to those
of the Model 1860.
Circle 7 on reader service card

Plastic Film
Capacitors
Lead Spacing 5mm

mi Space saving design up to 1pF
•High capacitance/temperature
stability. Suitable for automatic
insertion; available on tape
for volume usage

WIMA MKS 2 Metallized
polyester type providing extremely
small dimensions at maximum
capacitance/volume efficiency.
Ranges also include WIMA FKS 2/
WIMA FKC2/WIMA FKP 2: polyester/
polycarbonate/polypropylene with
metal foil electrodes.
WIMA PCM 5 mm
Capacitors:
Tomorrow's technology!
WILHELM WESTERMANN
Spezialvertrieb e'ektronischer Baue'emente
P.O. Box 2345 •D-6800 Mannheim 1
Fed. Republic of Germany
U.S. Sales Offices:
THE INTERNATIONAL GROUP INC.
North Dearman Street •P.O. Box 23
Irvington •New York 10533 •(914) 591-8822
TAW ELECTRONICS CO.
4215 W. Burbank Blvd.. Burbank
California 91505 (213) 846-3911
8
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Readers' comments
What's in an array?
To the Editor: With regard to "Gate
arrays: a special report" [Sept. 25,
p. 145] and to Frank Deverse's letter
about it [Dec. 18, p. 8], Iwould like
to point out that gate arrays are
arrays of basic cells, not gates. The
basic cell is aconfiguration of n- and
p-channel transistors interconnected
and arranged in such away that they
can, at the user's discretion, be further interconnected via metalization
to become gates or portions of gates.
Two n-channel and two p-channel
transistors can be configured as a
two-input NAND gate, so if a cell
with these devices is wired for this
function, a gate and a cell could be
considered synonymous. However,
for more complex gates—to perform, say, an AND OR INVERT function—several basic cells may be
required. The configuration of the
basic cell differs from vendor to vendor but is seldom, if ever, a gate
equivalent until metalization.
In choosing avendor, some subtle
and some not-so-subtle factors make
comparisons of cell configurations
misleading. Factors such as levels of
customizable interconnection, input/output pin count, speed, loading,
power dissipation, percentage of utilization of available cells, and computer-aided design support are more
important.
Jim E. Coe
Fujitsu Microelectronics Inc.
Santa Clara, Calif.

week or so, we'd go up to the shack
and discharge this cap with asatisfying bright blue bang.
The amount of energy that can be
stored in the parasitic capacitance is
truly prodigious, perhaps hundreds
or thousands of times what you'd
expect from the textbook formula
Q = CE. Back in the days of the
vacuum tube, Iused an oil cap as the
bias "battery" for a transmitter rf
power-amplifier stage; it would stay
charged indefinitely.
In another experiment, Iused an
0.1-microfarad oil cap to power a
Geiger counter. Once the dielectric
had been "set up" by a prolonged
charge, it would power the instrument for two hours at ambient radiation levels.
Perhaps if this effect were exploited, a new kind of "battery"
could be developed to supply small
amounts of power for limited periods—as for the emergency supply of
a computer memory, to take only
one example.
Dale Hileman
Woodland Hills, Calif.
Corrections

Several errors crept into the description
of a novel electrolytic display from
France (Jan. 27, p. 82). A gap of 0.2
millimeter, not 2 mm, separates the
display's back and front panels, and
the back one is coated on the inside
with alayer of silver, not silver iodide,
that serves as a common electrode.
Using captive charge
Each active display area requires a
To the Editor: In "Single-slope a-d single lead, not two, and the display's
converter makes a comeback with overall size is limited by voltage drop,
20-bit linearity" [Nov. 6, p. 151], not current loss.
In "CHAS seeks title of global CAD
the author states that with respect to
dielectric absorption, "electrolytic system" (Feb 10, p. 100), typographicapacitors are the worst." But judg- cal errors caused the omission of some
ing from my own experience, the oil- information. The first full paragraph in
impregnated types must take the column two should read: "Mudge says
that, to adegree, the philosophy behind
cake. Large oil caps are notorious for
spontaneously accumulating a CHAS draws on and extends the
charge, and for this reason large approach developed by Carver Mead of
the California Institute of Technology
units are shipped with a shorting
and Lynn Conway of Xerox Corp., as
wire.
In our high school ham shack, we well as the bristle-blocks approach of
David Johannson. ... " On page
removed a large oil cap from ahigh102, the first sentence in the first full
voltage power supply and set it
unconnected on the workbench. paragraph should end " ...stations,
thus cutting calendar design time."
Each lunch period in the ensuing
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CAMBION PRESENTS ANEW
AND UNIqUE INTERCONNECT
SYSTEM THAT WORKS
UNDER PRESSURE.

Until now, if you wanted to interconnect ciraiitry, you had to use
either solder, bond or other space-taking hardware. Now there's
Cambiflexrm—the new and unique metal-to-metal interconnect
system that works by pressure alone.
The Ciunbiflex system is both simple and reliable. It consists
of dozens of parallel, gold-plated copper conductors wrapped
around anon-conductive elastomeric core. These conductors lock
into corresponding patterns of circuitry with positive contact
redundancy. In additkm, the elastomeric care provides the force
for agas-tight connection. It also serves as aresilient backing
that increases contact area under compression and actually
accommodates any surface irregularities.
With the Cambiflex system, you can interconnect just about
any kind of parallel or perpendicular planes, including flat flexible cable, discrete components, thunibwheel switches, and subassembly modules. In fact, you can use Cambiflex whenever
and wherever size, simplicity and reliability are important!
Use as an edge connector
for sub-circuits such as
thumbwheel switches.
I

„A'
.

For plugging unusual
electronic packages

For the interconnection
of ceramic hybrids to
printed circuit boards.

IC. •

ti)
)))))ll Or,

Mail to Cambridge Thermionic Corp
445 Concord Avenue
Cambridge, MA 02238

E

Yes, Iwant the Introductory Cambiflex Kit
(P/N 440-1000-01-00-00). Here's how I'll
pay for it:

Experiment. Examine the Cambiflex Interconnect
System in kit form to prove out its uniqueness,
versatility and reliability for the low price of $75.

.>

Included are one each of the following: • Vertical entry connector
• Horizontal entry connector • 17 contact flat flexible cable assembly
•17 contact adapter board• Dual 20 contact adapter board 2.3 x2.5
• Dual 20 contact adapter board 2.3 x3.2u Extractor tool • Data
and information packet
Cambridge Thermionic Corp., 445 Concord Ave., Cambridge, MA 02238
Tel: (617) 491-540a Telex: 92-1480. TWX: (710) 320-6399.
New York State (201) 529-1030 Baltimore/Washington
(703)941-5470 Los Angeles (213) 326-7822
San Francisco (408) 371-0585 Ontario (416)671-1588

AMMON'

The Right Connection.

D PO
El Check enclosed. D Send C.O.D.
D Send me the 8-page Cambiflex Design
Data File.
El Have aCambiflex Rep contact me.
Name
Title
Company
Address
City
State
Telephone

Zip
Ext.
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The International
Standard of Quality
uarantees these
electrical AgLs on
all parameters over
the operating tern
peratum
e: 0.1`/)0
onMOSRAMs&
ROMs; 0.2%
Bipolar Logic
& Interface;
Linear, LSI Logic
& other memories.
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Good isn't good enough anymore. Yesterday's acceptable quality levels are simply
unacceptable. Here's what we're doing: Effective April 1st, every part we make will
meet or exceed INT•STD•123.
•
Nobody does it better.
d

A vanced Micro Devices
901 Thompson Place, Sunnyvale, CA 94086 •(408) 732-2400

Electronics/February 24, 1981

11

Editorial
Getting astart on defense changes
A recent report by the House Armed Services
Committee [Electronics, Jan. 27, p. 24] paints an
ominous picture of a U. S. defense industrial
base as not only incapable of providing the
"surge capability" vital to a fast upgrading of
the military, but in trouble over simply keeping
up with today's workload. Actually, it confirms
what many leaders in the military, the defense
industry, and a few in Congress have warned
about since the 1960s and reflects an ongoing
effort by prime contractors to put their concerns
before Congress.
One of the key conclusions is that suppliers of
essential components increasingly opt out of military business for many reasons but chiefly
because of low (or no) profits, crushing paperwork, excessive contract changes, and the uncertainties of yearly contract renewal. All in all, this
report spells out dismal defense prospects unless
basic changes occur.
Now, however, there is a ray of hope in the
form of growing efforts intended to make some
of the recommendations in the House report
happen. Equally encouraging, in John H.
Richardson, the defense industry has an effective
spokesman able to dramatize the needed changes
and their benefits. The energetic president of
Hughes Aircraft Co., who has logged some 32
years at top levels of aerospace management, ran
through his presentation earlier this month at the
22nd annual Winter Convention on Aerospace
and Electronic Systems (Wincon) held in Los
Angeles.
Richardson's overall message is simple and
hardly controversial anywhere except in defense
work: contracting should be based on tested business practices so that planning and execution can
take place in astable manner. His proposal sets
out several key requirements, starting with
smoother cash flow to prime contractors and
thence to their suppliers. That would not necessarily mean higher total payments—merely more
12

and faster payments to keep contractors away
from the increasingly expensive bank borrowing
that runs up costs.
Closely allied to that is the need for better
procurement practices that promote multiyear
contracting. Even for systems accepted for production, contracts are in one-year segments, a
policy that ties the hands of both prime contractors and their suppliers, preventing the economies of scale attainable in nondefense work. The
U. S., by the way, is the only Western nation
with such alimitation.
The objective has been to get changes through
Congress and into the Pentagon, and although
these are only just getting under way, there is a
good chance of success. For example, House bill,
H. R. 745, introduced on Jan. 6 by Rep. Dan
Daniel (D., Va.), proposes amendments to establish more flexible contract procedures, specifically multiyear types. Support for the bill in the
House, is growing, according to Richardson.
And influential new leaders in the Senate's
Republican majority—many from Western
states— are taking interest.
Opposition to such changes is bound to arise,
largely from middle management levels at the
Defense Department who would fear loss of tight
control over contracts. And Richardson, for one,
though confident about the chances for reforms,
is experienced enough in these matters not to
expect miracles overnight. Still, quite a bit has
happened already. Most of the problems have
been identified, hearings have taken place, and a
bill has been introduced in the House. Considering that the condition of the defense industry has
gone largely unacknowledged for the last decade,
that is alot of progress.
The House report and others such as the one
recently released by the General Accounting
Office (see p. 104) seem to be the splash of cold
water needed to wake up the rest of Washington
and get positive action.
Electronics/ February 24, 1981

El

pie° aoimas Japeai uo es aloi!O

r

'DIFFERENCES: (1) Memory editing. (2) Battery-backed buffer memory to hold data for 7
days without power. (3) Single-stroke dupl ,cating in manufacturing mode. (4) Key-selectable
standard RS232 formats. (5) 8-digit HEX display for future 16-bit memories. (6) Built-in selftest functions. (7) Five times faster operation of standard functions (such as Compare, Blank
Check and Checksum). Plus many more—see for yourself in our "hands-on" demo.
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People
Mayhew puts education,
safety on the AEA's menu

Expanded
Textool
ECONO ZIP
Production
Socket Series
New inexpensive ECONO ZIP socket
series features easy, safe zero
insertion and extraction pressure for
"end-user" production requirements.
Textool's expanded new low cost
ECONO ZIP production socket series
is especially designed for those
applications where initial loading and
field replacement of expensive IC's are
anecessity and socketry is an
absolute requirement.
ECONO ZIP sockets now are
available in 16, 24, 28, 40, 48, and 64
pin models. They are designed for
mounting on standard .100" centers on
either axis.
The ECONO ZIP socket is designed
for the most simple mechanical action.
A device can literally be dropped into
the socket. Rotation of the cam to a
built-in stop firmly retains the device
with exceptionally good electrical
contact. Counter
rotation of the
cam releases
the device,
thus providing
zero pressure during
both insertion and extraction.
The economical (U.L. approved
plastic) production sockets offer
additional device protection features
including wide entry holes to accept
bent or distorted leads that don't have
to be reformed prior to insertion, a
screw driver operated metal cam for
easy operation and prevention of
accidental unloading, and extremely
long life (hundreds of actuations).
Detailed technical Information on
new low cost ECONO ZIP
production sockets Is available
from your nearest Textool sales
representative or the factory direct.

Textool Products Department
Electronic Products Division/3M
1410 W Pioneer Dr, Irving, TX 75061
214;259-2676

3M
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Things are always stirring around
Lawrence L. Mayhew, acclaimed by
many as the master chef who came
up with the recipe for Tektronix
Inc.'s successful penetration into the
information displays field. Now operations and marketing group vice
president for the Beaverton, Ore.,
firm, the 47-year-old executive will
be cooking on more than one range
this year, inasmuch as he is also the
newly elected chairman of the
American Electronics Association.
Programs. As presiding officer of
the prestigious industry trade association, Mayhew is likely to have a
hand selecting the programs the AEA
presents both to lawmakers in Washington and to industry management.
He feels that some of the issues
pressed by his predecessors, such as
a further reduction of the maximum
capital gains tax and enactment of a
25% tax credit for increases in corporate R&D, will make it through
Congress.
Thus, Mayhew is focusing his
efforts primarily on two new main
courses — industry's technical manpower needs and a safer work environment for its employees. He plans
to assemble a blue-ribbon panel of
industry executives and leading academics who will interact with state
legislators and, he states, "perhaps
go to the White House for support."
He believes the electronics industries
are better than most in their support
of education, but adds: "There just
aren't enough sources of capital,"
and so "we have to get our industry
to change its funding attitude."
What's more, Mayhew says, "we
in industry should analyze what contribution we are making to the shortfall in graduating-class size by our
snatching away those who might
have gone on to graduate school and
become professors."
Similarly, Mayhew wants the AEA
to "contribute to improving the
health and safety environment of
employees in our industry" and "not
to interfere with the discovery of
unsafe working conditions or imple-

Industry voice. AEA chairman

Mayhew

feels U. S. needs new education funding.

mentations of laws that prevent
health hazards to employees." He
feels industry needs to understand
the "vagaries and consequences" of
such laws.
A native of Santa Paula, Calif.,
Mayhew joined Tektronix as a circuit design engineer in 1961, following graduation from California State
Polytechnic University with abachelor's degree in electronics engineering. He was aNavy pilot from 1953
through 1958, but has not flown
since. Rather, his "myriad of interests," as he puts it, includes working
in an elaborate home workshop, gardening with his wife, and getting his
son interested in electronics.
"Sailing is another one of my
interests," he recalls. "That's the
problem—I have so many things
cooking, Isometimes forget one."

Mostek's Quinn carries on
leadless carrier crusade
Leadless chip-carriers are due to
make their mark in packaging by
1985. But at Mostek Corp., Carrollton, Texas, this compact integratedcircuit package is already finding a
place on motherboards that use the
carriers to double memory density.
According to Bobby G. Quinn, 49year-old marketing manager of military high-reliability products at
Mostek, the technique of pairing the
leadless packages on ceramic moth-
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PDP11/03 PDP11/23
MICROCOMPUTER SYSTEMS

MM.
FiRSTMiCRO

PMPii

FIRST COMPUTER CORPORATION NOW OFFERS
MICROCOMPUTER DEVELOPMENT SYSTEMS IN 00r1.1
11/03 AND 11 /29 CONFIGURATIONS.
11703-L

11V03-L

SRVXLLB

PART

SRVXSSB

11723-L

11V23-L

SRWXLLA

SRWXSSA

KD11-HA
CPU 11/03

KD11-HA
CPU 11/03

KIWI 1
CPU 11/23

KDF11
CPU 11/23

MSV11-DD
32KW Memory

MSV11-00
32KW Memory

MSV11-DD
32KW Memory

K4SV11-DD
32KW Memory

RLO1
Controller

RX02
Controller

MSV11-1)1)
32KW Memory

MSV11-1)1)
32KW Memory

RLO1
Controller

DLV11-J
Serial 14)

DLV11-J
Serial 141
,
3ACKPLANE

The Basic POP -ii 03 systems offer the designer o
low cost compatible alternative to the larger
members of the POP-11 family The larger foster
POP-ii 23 systems offer the power expondability
and operœng systems of the larger members of the
POP-1 1family while retaining the proven cost
effective G -Dus orchirecture. These systems save
you money, improve progromrhing efficiency, ond
boost productivity

OPEN
OPEN

OPEN

RLO1
Controller

RX02
Controller

RLO1
Controller

DLV11-J
Serial (4)

DLV11-J
Serial (4 .

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

BD Vil -AA
Bootstrap

BD Vil -AA
Bootstrap

BDV11-AA
Bootstrap

BDV11-AA
Bootstrap

Serving the world with cost effective computer systems.

ntst computer corporation
TM

TWX NUMBER 910-651-1916

corporate square/825north cass avenue/ westmnt, Minas 60559/(312) 9201050

"Trodemork First Computer Corporation

-Registered

trademark o' Digital Equipment Corporotion

SS-3

Which
Alphanumeric
Printout
do YOU prefer?
DIGITEC'S
1 ID
8.
6 et 2 03
ELECTROSEHS ITIVE
ALPHANUMER IC PRINTERS
* 64 CHARACTERS
H123456789 ABCDEFGH
IJKLMNOPORSTUVWXYZ@
!"

DIGITEC' S
6 4- 5 et
e,
6461B
THERMAL ALPHFINUMER IC
PR INTERS
* 64 CHARACTERS
0123456789 RECDEFGH
IJKLMNOPQRSTUUYXYZ@

1C)

* 21 CHARACTERS/LINE
32 OPTIONAL
* SERIAL/PARALLEL
INPUT

* 21 CHARACTERS/LINE
* SERIAL/F'RRNLLEL
INPUT

Digirec's popular
6400 Series Printers
now offer you achoice!
DigiTec has added two new thermal models to the tried and proven 6400 Series Alphanumeric
Printers You can now choose thermal or electrosensitive printing and get all the DigiTec
benefits with either Fewer moving parts than impact printers guarantee increased reliability
Plus non-impact means no hammers to clatter or wear out and no messy ribbons to change
Abuilt-in microprocessor provides the simplest
possible interfacing
Input configurations satisfy all the popular data
communication interfaces The serial models are
programmable for either RS-232-C or 20 mA current
loop at either 110 or 300 baud while parallel input
models accept data at rates up to 1000 characters
per second (higher rates optional)
These features combined with compact size
quiet operation and designer-styled good-looks
Dimensions:
produce dependable printers that are perfect for
71
/"W x53
2
/
8"
DxVAC H
your application
Weight: 31
/ Lb.
2
Choose either thermal or electrosensitive
if its
DigiTec you've made the right choice
in OEM Quantities

UNDER $300.

Dígirec

UnITED
SYSTEMS
CORPORATIOn
918 Woodley Road. Dayton Ohio 45403
(513) 254-6251 TWX (810) 459-1728

CIRCLE #26 FOR INFORMATION ONLY
CIRCLE #16 FOR DEMONSTRATION ONLY
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People
erboards will lead the way toward
solving the No. 1problem with chipcarriers —how to mount them on
printed-circuit boards.
"The benefit is that the product
going on the motherboard is the
chip-carrier," explains Quinn, who
was first sold on the concept while
working at Texas Instruments Inc.,
Dallas. With this approach, the
motherboards will be the learning
vehicle that will advance chip-carrier
technology.
"Right now, Ithink motherboard
products are going to run off and
leave the chip-carrier ones behind—
in terms of volume," observes Quinn,
a recently appointed member of the
Joint Electron Device Engineering
Council's solid-state panel.
Crusaders. So much does Mostek
believe in the interim period of
motherboard-mounted chip-carriers
that it is considering awide range of
products using side-by-side configurations, including adual-chip 128-K
dynamic random-access memory
[Electronics, Jan. 27, p. 34]. The
128-K model—to be offered initially
as a military part made up of two
64-K RAMs —will follow asuccessful
32-K version (two 16-K RAms) that
propelled Mostek into a top volume
position in chip-carriers.
"That's not what we first intended
to do," says Quinn, whose military
department is working with Mostek's commercial memory departments to develop chip-carrier products, "but we changed our emphasis
from being achip-carrier supplier to
one of also being asupplier of building blocks on motherboards."
"When individual chip-carriers finally do make it," he adds, "most of
the country's high-volume customers
will be using the chip-carrier directly
on pc boards, while many mediumsize users will continue to use the
motherboards."
When it comes to military memory, the former Air Force captain says
the motherboard and chip-carrier
combination is just what the general
ordered. "The military needs chipcarriers because of the problems in
getting more horsepower— memory
power if you will—into a smaller
area."
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HP's new 1980 with p.P-based intelligence and anew front-panel design combine to provide an oscilloscope system of great power.
programmable in three, ways:

The 1980 is fully

through HP-IB; through local built-W1, nonvolatile registers which can be controlled via HP-IB; and through optional feature

ROMs which plug in and expand resident firmware capabilities.

In automated applications, the 1980 simplifies and reduces the time required for

repetitive, complex tests. A computer can lock out front-panel controls set up the instrument, and direct a measurement through the CRT readout.

New fully-programmable oscilloscope measurement system
Hewlett-Packard's new, HP-IB compatible 1980 Oscilloscope Measurement System makes significant contributions
in measuring, viewing and processing of time domain
waveforms. This revolutionary instrument improves productivity by reducing measurement time while providing greater
measurement confidence. All measurement parameters are
continuously calibrated through software routines which

eliminate uncalibrated operating modes. In addition, character generation permits instructions to be written on the CRT
by acomputer to speed complex measurements.
All measurement related front panel controls are fully programmable by an external computer. This includes variable
functions such as deflection factors, sweep speeds and trigger
(continued on sixth page)

Computers, Calculators, and Peripherals =

Modular Computer: A new concept in automated

HP-IB
SYSTEMS

test, measurement and control

Designed for dedicated test, measurement and instrument-control applications, a new computer system also features the low system-development
cost of adesktop computer at the low unit cost of aboard computer. Extensive SELF TEST, AUTOSTART and error-trapping capabilities make the HP
9915A ideal for applications requiring minimal attention or unattended operations.

The new HP 9915A Modular Computer—the first in anew
class of products from HP—is basically the heart of an HP-85
Desktop Computer. Consisting of acentral processor, memory, operating system, and input/output ports, the 9915A is
packaged in a small, rack-mountable box suitable for easy
integration into instrument systems. The new modular computer solves anumber of system-design problems by making
it possible to buy relatively low-cost hardware, spend relatively little on software development, plus have the advantage of bringing acompleted product into use quickly.
Powerful Development Station
The HP 9915A is designed to run programs developed on
the HP-85 Desktop Computer. With aProgram Development
ROM and I/O ROM installed, the HP-85 becomes adevelopment station featuring a powerful, interactive BASIClanguage operating system. This makes it possible to write
and debug application software in a fraction of the time it
would take using lower-level languages. The HP-85, with all
its interactive editing and debugging aids, can also serve as
an HP 9915A emulator for in-system software debugging.
Once system software is complete, it can be transferred to
the HP 9915A via either EPROM (erasable/programmable
read-only memory) or magnetic tape. Software is available for
the system designer to program EPROMs with any of several
commercially available PROM programmers. The HP 9915A
can accept up to 32 kilobytes of EPROM-stored information.
EPROM storage is ideal for harsh environments or when
program security is required.
With an optional tape unit, the HP 9915A can also exchange
programs and data with HP data cartridges whenever it is

ria
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necessary to change programs often or to record test data.
Capacity of a data cartridge is approximately 200 kilobytes.
Economical, Integrated Interfaces
The HP 9915A frees system designers to design and pay for
only the exact operator interfaces needed. Eight front-panel
LEDs and eight software-definable special function keys provide an economical, integrated operator interface for many
applications. Yet, the interfaces and I/0 drivers required for
easy connection to the system designer's choice of CRT displays (with full HP-85 graphics), keypads, typewriter
keyboards, and custom control panels or keyboards are
also available.
Flexible I/O Capabilities
The HP 9915A Modular Computer has the same flexible I/O
capabilities as the HP-85. These include interrupt, bit manipulation, high-speed transfer, software control of interface
configuration and easy data formatting. Both computers have
built-in I/O drivers and use these same, plug-in interfaces:
HP-IB; serial (RS-232-C or 20 mA current loop); generalpurpose I/O (8 or 16-bit parallel); and binary coded decimal.
The standard HP 9915A comes with 16 kilobytes of useravailable read/write memory that can be expanded to 32 kilobytes by plugging in an optional memory module. The
operating system contained in 48 kilobytes of ROM, can be
expanded by adding optional ROMs for matrix math,
plotter/printer control and mass storage control.

Check B on the HP Reply Card for more details.

Computers, Calculators, and Peripherals

New HP technology cuts cost of high-performance
plotting in half

HP has entered the large plotter market with anew technology that cuts the cost of high-performance plotting in half.
The basis of this new technology is an aluminum grit covered
wheel that is capable of moving single sheets of paper,
polyester film or vellum. The low-mass, low-inertia
mechanics in the drive system replace the heavy, bulky components of flatbed and drum plotters. This permits the use of
smaller, less expensive motors and drive mechanisms, resulting in a substantial cost reduction.
Versatility for Many Applications
This new 7580 DraftingPlotter brings low-cost/performance
to such demanding applications as PC board layout, IC layout, CAD/CAM, drafting, architecture and civil engineering.
The versatility required for these varied applications is impressive. The plotting media sizes range from 20cm x 27cm
(8" x 10 1
/ "), smaller than ANSI A or ISO 4, to 62cm x119cm
2
(24 1
/ " x46.85"), larger than D or Al sizes. Pen types include
2
fiber tip, liquid ink and roller ball, giving the operator a

tremendous choice of different colors, line widths and line
types. What's more, pen speed and force can be finely controlled to match special pen and medium combinations for
maximum quality output.
Exceptional Friendliness
But the 7580A is a lot more than a new technology. The
7580A represents an advance in the ease with which plots can
be made. Sheets of drawing media can be loaded within
seconds. Plot size is automatically set for media size. Pen
force and pen speed are automatically set for pen type. Automatic pen capping keeps pens from drying out. A VIEW
mode permits viewing the plot before it is completed. Last
but not least, ajoystick provides interactive control of pen
positioning.

Check Con the HP Reply Card for many more outstanding
features and benefits of this plotter.

A micro-grip drive moves the sheet in one
direction while the pen

carriage moves

perpendicular to it, making the new HP 7580A
virtually the fastest, D-size, large-format
pen plotter in the world.

r]
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The professional alternatives to meet your different
memory needs. .. New HP-41CV and HP-41C
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In addition to their built-in capabilities, these two calculators can
be further expanded by three plug-in peripherals offering
vast growth potential.

Desktop computers directly
measure dc voltages without
conventional voltmeter
A new HP interface card now enables you to measure
analog dc voltages, and directly enter digital readings of the
values measured to a desktop computer.
The HP 98037A four-channel, analog-to-digital converter
enables any HP 9825, Series 9800 System 35, or System 45
computer to measure dc voltages without using a conventional digital voltmeter/interface-bus system. The unit is useful for measuring applications requiring 31
/ -digit resolution
2
and one-percent overall accuracy.
The new interface has an internal four-channel scanner and
four control outputs. The user can program the HP 98037A for
scan sequence, time delay, external triggering, various data
formats and self testing.
The HP 98037A takes up to 150 readings per second over
two software-selectable ranges (1 or 10 V), and can provide
measurements to ±18.99 V dc.
A companion product to the new interface card is the HP
98637A terminal box for easy experimental breadboarding.
Standard HP OEM and volume-end-user discounts are available.
For details, check D on the HP Reply Card.

MEASUREMENTCOMPUTATION NEWS

Now Hewlett-Packard offers a choice in alphanumeric,
full-performance, programmable calculators with the new
HP-41CV and the HP-41C. Both calculators are powerful yet
easy to use.
Need lots of memory? Choose the HP-41CV—it contains up
to 2,000 program lines or 319 storage registers—that's five
times more built-in memory than the HP-41C. And with all
this memory built-in, you can store a host of programs and
still have four free ports to add the peripherals of your choice,
making your system even more powerful and versatile.
If you do not require full memory capability immediately,
start with the HP-41C. It has up to 400 program lines or 63
storage registers. As your needs increase, you can add The
New Quad Memory Module, or up to four Memory Modules
to meet your computational needs.
The new Quad Memory Module contains 256 registers or
up to 1600 program lines. With this Quad Memory Module
you can expand your HP-41C memory up to 2,000 program
lines or 319 data registers—the equivalent of the HP-41CV.
By itself either the HP-41CV or the HP-41C may be all the
calculator you'll ever need. But if you need more capability,
you can expand either calculator by plugging in a thermal
Printer/Plotter, an "Extra Smart" Card Reader or an Optical
Wand for reading bar codes.

For more information, check A on the HP Reply Card.

Telecommunications Test Equipment

HP introduces a new approach to microwave
radio measurement

Preparation of white-noise loading plots can be carried out quickly and
accurately using HP's new 3724A/25A/26A Baseband Analyzer under
HP-IB control.
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The new 3724A 125A/26A Baseband Analyzer from
Hewlett-Packard combines all the instruments used on the
baseband of aradio system in one integrated test set and links
them through acommon CRT and keyboard. Measurement
modes can be changed at the press of akey without any of the
recabling and retuning required for a collection of standalone products. The baseband analyzer replaces: wideband
power meter, selective voltmeter, synthesized signal
generator, frequency counter, spectrum analyzer, and
white-noise test set.
The result is one instrument with real flexibility, very high
measurement accuracy and new ways of performing measurements. Model 3724A/25A/26A is ideally suited for commissioning and troubleshooting microwave radio links. And,
with dedicated software routines, it is an invaluable tool for
both in-service and out-of-service measurements.
The new test set is HP-IB compatible. At its simplest the
bus may be used to dump hard copy of the CRT display to a
printer/plotter without an additional controller. However, the
addition of an HP-IB controller will considerably enhance the

capability of the baseband analyzer. For example, timeconsuming routines such as preparation of white-noise
V-curves can be completely automated to relieve the tedium
and improve the accuracy and speed of results. Further, the
baseband analyzer, under HP-IB control, can be akey part of a
manufacturer's automatic final test system or be included as
part of acentralized surveillance system for monitoring and
analyzing acomplex microwave radio network.
The new baseband analyzer has been designed with those
who manufacture, commission and maintain microwave
radio links in mind. It offers these benefits:
• Increased production throughput at final test and reduced
time outside inspectors need to spend in the plant carrying
out acceptance trials.
• Faster system testing and reduced on-site time of commissioning engineers.
• Reduced main channel downtime by allowing maintenance personnel to perform out-of-service checks much
more quickly and accurately.
For more information, check E on the HP Reply Card.
Fp] MEASUREMENT/COMPUTATION NEWS

General Purpose Electronic Instruments and Systems

New display with temperature range down to —40°C
HP's new compact, standard red alphanumeric display, the
HDSP-2010/TXV-2010, has the high reliability required for
military, space, medical and industrial control applications. It
has a guaranteed operating range of -40't to +70'C. The
upper temperature range can extend to +85 °C by special heat
sinking techniques described in HP's Application Note #966.
Based on HP's highly successful HDSP-2000, a compact,
package-efficient, 5-by 7-dot matrix alphanumeric component, these displays have a(3.8 mm) 0.15" character font and
integrated shift registers plus constant current drivers to
greatly simplify design. The HDSP-2010, has a guaranteed
leak rate of 5 x 10 -7 cubic centimetres per second and temperature cycles from -55 °C to +100 °C. The TX V-2010 is subjected to the standard military screening program.

For more information, check F on the HP Reply Card. For
Application Note #966,check

Terminate fiber optic cables with speed, quality and ease
This new HFBR-0100 Fiber Optic Connector Tooling Kit
supplies the user with everything needed for terminating
fiber optic cable. It is acomplete kit designed for quick field
installation of Hewlett-Packard HFBR-4000 connectors onto
HFBR-3000 through HFBR-3400 series 100/140 im optical
fiber cable. The kit includes a set of common connectoring
tools, aset of connector piece parts (HFBR-4000) for terminating ten connector ends, adapters (HFBR-3099) for making
connector to connector junctions, a step-by-step illustrated
user's manual, and aconsumables kit (available separately as
HFBR-0101) with enough material for assembling ten fiber
optic connectors, plus aset of custom tools (available separately as HFBR-0102). This kit enables the novice fiber optic
technician to quickly and easily make factory quality connections (1.5 dB typical) while an experienced user will be able to
assemble a connector onto fiber optic cable in less than 20
minutes. The Kit is available from authorized HP distributors.

Check Hon the HP Reply Card for additional information.

New power field-effect transistors from HP
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HP's new Power MOS field-effect transistors (MOS FETs)
are designed primarily for use in off-line switching power
supplies, power inverters and converters—but are also ideal
for ultrasonic transducer drivers, audio amplifiers and general industrial applications.
Called Hewlett-Packard's HPVVR-6501 family, these four,
high-performance power FETs feature high breakdown
voltage (V D ss): 450 V minimum; low on-resistance (R (0 „)):
0.85
maximum; and fast switching speed: 50 nanoseconds
typical. They operate at high frequencies (200 KHz or more),
with simple drive circuits and are not limited by "second
breakdown" phenomena in their rated safe operating areas.
These Power MOS FETs are available in the industrystandard TO-3 steel hermetic package.

fl

Check Ion the HP Reply Card for more details.
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HP's HP-IB counter goes
fully programmable
SIGN

OR

SYSTEMS

New signature multimeter
speeds pP troubleshooting
This compact, lightweight instrument conveniently serves
the basic needs in troubleshooting microprocessor-based
products:
To locate bad synchronous digital nodes, this 5005A Signature Multimeter has two signature analysis modes, normal
and qualifier. The qualifier mode speeds your job by ignoring
bit stream sections of no interest to the test at hand.
To help locate bad asynchronous digital nodes, it measures time interval and will totalize pulses.
To help locate bad analog components, it measures voltage, differential voltage, resistance and frequency to troubleshoot power supplies, clocks and dividers, etc.
To help locate other faulty elements, its ohmmeter and
peak voltmeter trace stuck nodes and intermittent faults.
And for awide variety of faults, it serves as ahigh-speed,
digital logic probe sensing pulses as brief as 10 ns.
The 5005A also handles higher speed bit streams than other
HP signature analyzers.
For full details, check Jon the HP Reply Card.

Automatic test equipment and bench top systems users can employ the
new, full programmability option for HP's 5335A. It brings high performance to universal ccunter measurements and automatically measures many parameters not usually measured by counters.

With this newest option for the 5335A Universal Counter
you'll be able to remotely control all front panel controls, even
the trigger levels, via HP-IB. Option 040 makes the 5335A
HP's most versatile, high performance universal counter.
The counter's automatic interpolators and reciprocaltaking technique give an outstanding resolution of nine
digits/s in frequency measurements up to 200 MHz (1.3 GHz
optional), and asingle-shot time interval resolution of two ns.
This remarkable counter also automatically measures voltage,
phase, slew rate, duty cycle, rise/fall times and statistics. It
can apply math (4-, —, X, ÷) to any measurement.
Four modes of triggering and six modes of arming further
enhance the 5335A's versatility. The standard 5335A is already extensively programmable via HP-IB. Option 040 remote controls trigger levels, input filter, attenuators, AC/DC
coupling and input impedance.
The 5005A Signature Multimeter speeds p.P products troubleshooting

Check K on the HP Reply Card.

in production and field service. It serves as a signature analyzer,
DMM and frequency counter for TTL, ECL, and CMOS circuits.

Simplify and reduce complex oscilloscope tests
(continued from first page)

levels. The computer can integrate the front panel control
settings and then calculate and print out measurement results. In addition, any or all of the front panel keys can be
"locked-out" to prevent inadvertent actuation which could
result in erroneous measurements. This automated operation
improves productivity by increasing through-put while improving the quantity and quality of measurements.
In manual applications, the 1980's approach to instrument
setup eliminates the need for adjusting many controls to
speed measurements and analysis. A press of the Auto-Scope
key directs the 1980 to seek, scale and display input

waveforms. When coupled with acomputer in alaboratory
environment, the 1980 provides fast analysis of data for circuit development and characterization. Thousands of measurements may be performed and analyzed in minutes.
The standard 1980 includes two 100 MHz vertical input
channels, independent five ns main and delayed sweeps,
eight built-in nonvolatile registers for saving measurement
setups, HP-IB interface, and can be calibrated from the front
panel in less than 45 minutes without external test equipment.
Check Lon the HP Reply Card for more exciting details.

MEASUREMENT'COMPUTATION NEWS

HP designs electronic coordinate determination system
for industrial applications
A new electronic X,Y,Z coordinate determination method
designed for dimensioning large objects in industrial environments is now available from Hewlett-Packard. The HP
3822A Coordinate Determination System provides accurate,
non-contact measurement to a variety of items with a
specified repeatability of 1:100,000 (repeatability specification based on a50-foot object—order technical data sheet for
specifications on larger objects). Designed to be transportable, the HP 3822A is small and light enough to be moved
quickly and easily to the object to be measured. This eliminates the problems associated with moving large objects to a
coordinate measuring machine.
The new 3822A requires the operator to aim two electronic
digital theodolites at a measurement point. The system's
computer then automatically reads the theodolite angles,
translates the angle information into X,Y,Z coordinates and
prints the results along with measurement information. To
accomplish this, the 3822 was designed utilizing a timetested methodology based on triangulation. Hewlett-Packard
has combined this technique with electronic digital theodolites and apowerful HP computer. The result is asystem with
computational power to solve the scores of difficult coordinate determination equations and display virtually instantaneous results.

The HP 3822A is designed for determining the X,Y,Z coordinates of
large objects in industrial environments. Easily transportable, this system solves scores of difficult coordination equations and displays them
virtually instantaneously.
Obtain further information on this exciting new product by
checking N on the HP Reply Card.

New application note describes semi-automatic
transceiver test set
SYSTEMS

Application Note #300, High Performance SemiAutomatic Transceiver Testing, describes abenchtop test set
that makes in-channel tests on 150 kHz to 990 MHz AM, FM
and PM transmitters, receivers, and transceivers.
This E85 8903A Test Set makes optimal use of today's
fully-programmable, microprocessor-based measuring instruments by linking them via HP-IB under the HP-85

desktop computer control. The result is a miniature distributed system wherein much of the work formerly handled by
the computer is done locally by instruments that are experts at
their tasks. Those key instruments are the new HewlettPackard 8656A Signal Generator, 8903A Audio analyzer and
the 8901A Modulation Analyzer.
For afree copy of AN #300, check Mon the HP Reply Card.
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Siemens infrared products
now visible in the U.S.
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Introducing the world's broadest
infrared photodetector product line
In Europe, Siemens IR/PD products are rated number
One for quality and dependability.
So when we got the go-ahead to begin distributing
the Siemens infrared/photodetector product line in the U.S.,
we were naturally excited.
Siemens makes over 200 different IR/PD products.
These include: IR emitters, photodiodes, and
phototransistors.
They range from high reliability, hermetically sealed
products for military applications to low cost products in
plastic packages for commercial uses.
Siemens offers many different sizes and shapes.

litroni

X

Singte packages to 10-unit arrays. Production volume is
huge. Certain miniature types are produced in the millions
of units per month.
The Siemens IR/PD product line is now available
through the extensive Litronix distributor network in whatever supply you require...and at highiy competitive prices.
So welcome, Siemens. We are pleased to assist you
in becoming the most visible "non-visible" product line
in America.
IR/PD Product Selector Guide available from Litronix,
19000 Homestead Road, Cupertino, CA 95014.
(408) 257-7910, or the foflowing distributors.
U.S. Distcbutors: Advent, Almac-Stroum, Arrow Component Specialties,
Gerber, Hamilton Avnet, Harvey, Kirkman, Lionex, Marshall, Moltronics.
Pioneer-Standard. Summit and Zeus

A Siemens Company
Circle 27 on reader service card

Intel's HMOS* Setting
memory designs of the
Intel's high-performance production process — HMOS— makes
possible anew generation of memory products: 64K dynamic
and I6K static RAMs, a64K EPROM and I6K E2PROM. Putting
a whole range of new design possibilities on the memory map.
Intel's total line of HMOS memory
products continues to set industry
standards for performance, density
and functionality. It includes the new
2164 and 2167 RAMs, 2764 EPROM
and the 2816 in-circuit Electrically
Eraseable PROM.
These devices represent the most
recent advances in the evolution of
our HMOS process technology, which
began in 1977 As Intel continues to
apply this technology, increasingly
higher performance and higher levels
of integration are being achieved.
Plus, as manufacturing knowledge
accumulates, higher yields and

increased reliability are attained.
Hence, Intel's HMOS technology and
planned product upgrades protect
your investment in existing designs.
How? By reducing your overall product
lifecycle costs, and maintaining your
competitive advantages in arapidly
changing technology area.
New 64K dynamic RAM
now available
When you're designing today's commercial computer systems—micro,
mini or mainframe—you need readily
available memories with all the built-in
quality and reliability you can find.

Memories like our new 2164 dynamic
RAM. The 2164's wider operating
margins and increased yields are the
results of our design priorities and use
of new redundancy fabrication
techniques.
The +5V 2164 now offers high density
in acompact, industry standard 16-pin
DIP along with access times ranging
from 150 to 250 ns. And it's the logical
extension to the 16K industry standard,
our +5V 2118. So now your overall
system designs can be simpler and
more compact—enhancing both
economy and reliability And upward
compatibility means your investment
in existing designs is protected.
New high-density16K static RAM
If you're designing high-density static
RAM memories for buffer, cache, control store or main memory in computer
and microprocessor applications, our

matures, memory cost-per-bit will
continue to decrease significantly. By
mid-1982, high-speed, high-density
EPROMs will cost no more per bit
than the EPROMs you currently buy.
The 2764 is already in volume
production, so it's available.

the course for
future.
new 2167 should be part of your plan.
Like the 2164, it incorporates component-level redundancy in fabrication,
leading to greater device availability.
In its 16K x1 format, this double poly
HMOS II part combines in one
device the speed and power features
of our industry-standard 2141 and
2147 4K RAMs. Our high-density
2167 offers astandard 20-pin device
with access times in the 55 to 100 ns
range. Like the 2147, the 2167
features low active power dissipation
and automatic power down on
deselection, drastically reducing
power consumption when compared
to constant-current static RAMs. An
alternate 4K x4format—the 2168—
will also be available soon.
A new 64K EPROM family
member
With the addition of our new 64K

device—the 2764—you now have
auniversal solution for designing
in EPROMs. When you're on the Intel
price/performance curve, you can
select the optimum memory solution:
2716, 2732, 2732A or 2764. If you
need high-speed memory (up to
200 ns) to improve microprocessor
performance, and high densities to
save board space, you can now
design in the 2764.
Besides maximizing microprocessor
performance, the 2764 provides the
natural EPROM growth path, from 16K
all the way to 256K. Since its pinout
conforms to the JEDEC-approved
28-pin standard for Byte-Wide Memories, you can upgrade to higher
density devices—or mix and match
other Byte-Wide Memory components
—without board layout changes.
Best of all, as HMOS-E technology

New E2PROM is byte eraseable
in-system
The announcement of our 2816 insystem Electrically Eraseable PROM
marks the beginning of awhole new
class of non-volatile memory applications. Consider the microcomputer
design possibilities. Reconfigurable
systems. Self-calibrating equipment.
Self-adjusting machine tools. Selfdiagnosing/correcting products. And
since the 2816 is manufactured by
the HMOS-E process, it will follow
the EPROM learning curve, and
dramatically change all cost-perfunction relationships in systems
using program store or configuration
constants.
With a2K x8format, the 2816 offers
both high speed (250 ns) and high
density (16K). Taking just 10 ms to
program or erase abyte, the 2816
is the only 16K E2PROM that can be
altered either in bulk or by single
bytes—saving valuable system
execution time. And because of its
floating-gate tunnel-oxide (Flotox) cell
structure and Intel's 10 years of
EPROM manufacturing experience,
the 2816 offers exceptional reliability.
Plus it's completely pin compatible
with the industry standard 2716,
so you know interfacing to any
microprocessor is simple.
New directions in design
There you have four new memory
solutions from Intel. Because of our
patented HMOS fabrication technology, we're continually able to offer
the broadest range of advanced
memories and other microcomputer
components available from any single
supplier. So to chart atrue course for
your systems, set your design sites
on Intel's complete line of memory
components.
To receive more information, contact
your local Intel sales office/distributor.
Or write Intel Corporation, Literature
Department, 3065 Bowers Avenue,
Santa Clara, CA 95051. Telephone
(408) 987-8080.
*HMOS ll and HMOS-E are patented Intel processes.
Europe Intel International. Brussels. Belgium
Japan Intel Japan. Tokyo United States and Canadian
distributors .Alliance. Almac/Stroum. Arrow Electronics.
Avnet Electronics. Component Specialties. Hamilton/Avnet.
Hamilton/Electro Sales. Harvey. Industrial Components,
Pioneer. L A Varah. Wyle Distribution Group. Zentronics

delivers
solutions
Circle 29 on reader service card

Introducing
52 NEW Power Supplies
For The
Computer Industry
Deltron employs the latest linear technology to
bring you dual, triple and quad output computer
power supplies—specific units for microcomputers, fixed and floppy disks, controllers,
I/O devices and printers. Unequaled parts
quality and outstanding workmanship are
combined in these stock models to guarantee
reliability and top performance at modest cost.
Our broad range of standard and custom
options and accessories, and our large selection
of models, can meet the requirements of most
systems without the delays and higher costs
associated with acomplete custom design.
All models are UL 478
and a 3 year transferrable
warranty applies.
For more information,
send for our new 1980 -81 catalog

Meetings
Fifth International Conference on
Digital Satellite Communications,
IEEE, Intelsat, and Telespazio Spit,
Fairgrounds Conference Building,
Genoa, Italy, March 23-26.
Digital Communications Techniques
Seminar, IEEE and Princeton University Department of Electrical Engineering, Princeton University,
Princeton, N. J., March 24.
FOC 81 East—International Fiber
Optics and Communications Exposition, Information Gatekeepers Inc.
(167 Corey Rd., Suite Ill, Brookline, Mass. 02146), Hyatt Regency,
Boston, March 24-26.

High-Temperature Electronics Conference, IEEE Solid State Circuits
Society, Department of Energy, and
University of Arizona, Ramada Inn,
Tucson, March 25-27.
Semiconductor Microlithography VI
Conference, Society of Photo-Optical Instrumentation Engineers (P. 0.
Box 10, Bellingham, Wash. 98225),
San Jose Hyatt House, San Jose,
Calif., March 30-31,
1981 IEEE International Conference
on Acoustics, Speech and Signal Processing, IEEE, Sheraton-Atlanta Hotel, Atlanta, March 30-April I.

irjeleiteortt

P.O. BOX 7369
WISSAHICKON AVENUE a•l NORTH WALES, PA 19454
HONE: 215/699-9261 TIVX: 510/661-8061
P
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Keeping you ahead of the pack.
You (and we) are in a quick-moving business.
News breaks frequently. Change is the name of
the game. Awareness is the way to win.
Give us one hour of your time every two weeks
and we will keep you aware of what's going on
around you and around the zhc.nging world of
electronics technology
Keep ahead of the pack. Send in one of the
subscription cards in this issue.

30

Interface '81—Ninth National Data
Communications/Distributed Data
Processing Conference, The Interface Group (160 Speen St., Framingham, Mass. 01701), Las Vegas
Convention Center, Las Vegas,
Nev., March 30--April 2.
Optical Characterization Techniques
for Semiconductor Technology Conference, Society of Photo-Optical
Instrumentation Engineers (P. O.
Box 10, Bellingham, Wash. 98225),
San Jose Hyatt House, San Jose,
Calif., April 1-2.
First International Conference on
Robot Vision and Sensory Controls,
IFS Conferences Ltd. (35/39 High
St., Kempston, Bedford MK42 7BT,
England), Hilton Hotel, Stratfordupon-Avon, England, April 1-3.
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KONTRON'S
MPP 80 The total
programming instrument

3.
MPP 80SAM
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Whether down-loading from a development
system, servicing field equipment, or programming through a handler on the production
floor .... Kontron's MPP 80 can do it! 1. Programmable logic modules to support Signetics
IFL both the 28 and 20 pin (FPLA, FPGA,
FPRP, FPLS), MMI PALTM, etc., with full CRT
editing. 2. Gang programming to support
all popular EPROMS using interchangeable
identifiers, including the new 64K EPROMS.
3. Inexpensive personality modules for programming single devices and whole PROM
families uses interchangeable
socket adapters.
Features a All Kontron modules are submitted for device manufacturers approvals
• Over 400 devices programmed U Computer development system, or terminal
remote control • Standard UV lamp
• These and many more features
are explained in our comprehensive brochure.
Kontron's MPP 80 SAM
provides data transfer
capabilities over telephone lines via an
approved modem
and acoustic
coupler. Just
think! No more
PROMS lost in
the mail and updates are as quick
as a phone call!

For data on Kontron Computer/Controllers, Digital Multimeters, Counters, PROM Programmers,
Locic Analyzer and Printers, call (800) 227-8834. In California call (415) 361-1012.

KONTRON

al ELECTRONICS, INC.

AdvancedEw:tr.nwinemmentan.”
Circle #31 for literature

630 Price Avenue, Redwood City, CA 94063 (415) 361-1012
Circle #273 for denonstration

PIN-COMPATIBLE
MICROPROCESSOR
MEMORIES

•\.

Planning for the future. It's no
longer adesign luxury. It's a
competitive necessity. Multiple
redesigns. Quantum leaps in
density upgrades. Countless
new product introductions.
These are the everyday realities
that confirm the need for planning. In fact, in today's fastpaced marketplace, it's almost
axiomatic: If you want to outpace your competition, plan for
tomorrow before you start
designing today.
A contradiction in terms? Not
if you use BYTEWYDE memories from Mostek. These pincompatible n-word X 8RAMs,
ROMs and EPROMs provide unprecedented flexibility. Flexibil-
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NEW LANDMARKS.
Now there are even
more choices to get you
there in record time. Our
new 16K MK4802 is the highest density static RAM you
can get. Within the BYTEWYDE
family, it's adouble density
upgrade from the MK4118A

1K X 8static RAM.
Our new MK37000 is equally
impressive. This 8K X 8ROM
features fast access-250ns (max);
low active power —220mW (max);
and just 35mW (typ) standby.
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ity to design astate-of-the-art
array that's easily upgraded.
Flexibility that eliminates the

Prototyping is easy.

need for "guesswork" partitioning between program and memory storage capacity Flexibility
to lay out amore compact board

TYPE

PART NO.

ORGAN.

ACCESS(ns)

ROM

MK34000

2K x 8

350

MK37000

8K x 8

250/300

MK4118A

1K x 8

120/150/200/250

MK4801A

1K x 8

70/90

MK4802

2K x 8

120/200

EPROM MK2716

2K x 8

300/350/390/450

8Kx 8

450

that requires only one socket
type. Flexibility that makes the
inevitable change fast, simple
and efficient. In athought, flexibility to plot awell-defined

BYTEWYDE MEMORIES

RAM

course farther down the product
life cycle road.

MK2764*

Circle 33 on reader service card
•MK2764 will be available 20, 1981

+ Contact Mostek Military for complete details.

MOSTEK e and BYTEVVYDE are trademarks of Mostek Corporation
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The BYTEWYDE track:
Designed to take you
the distance.

MOSTEK

Just use our EPROM equivalent, our new
8K X 8MX2764. Mask generation? It's quick
Ir

and efficient as well.
lbgether, these memories significantly
expand the BYTEWYDE family
into state-of-the-art density levels.
Their common pinout with other
BYTEWYDE RAMs, ROMs and
EPROMs means you can
interchange all three
types without jumpering. And plan for upgrades as dense
as 32K X 8.

All with the same 28-pin
JEDEC-approved pinout. Most
BYTEWYDE memories +are
also available in military versions designated "M1G3" with
full MIL-STD 883 Class B
processing.
CLEAR-CUT DIRECTIONS.
Before you start up your next
memory design, or rethink an
existing one, take ahard look at
the components you plan to use.
Can they be easily interchanged
with other types? Or upgraded
through several generations
without redesign? If not, you
owe it to your future to investigate the straightforward course
in memory design: The BYTEWYDE track. Just write Mostek,
1215 W. Crosby Rd., Carrollton,
lbxas 75006, (214) 323-6000.
In Europe, contact Mostek
Brussels at 762.18.80.

In this age of runaway inflation...

Look what

$795* will

buy

The HIPADTM digitizer
Inexpensive input to your computer

The ideal input device for the small
system user.

The HIPADTPA digitizer can be used for both converting graphic information into
digital values and as a menu. Utilizing either the stylus or the optional cursor, the
operator can input graphic data into the computer by locating individual points or.
the digtizers 11" x 11" (28cm x 28cm) active area. In the "stream mode" a continuance of placements of coordinate pairs may be input.
Not a kit, the HIPADTm comes complete with both RS-232C and parallel interfaces
and has its own built-in power source. The origin is completely relocatable so coordinates may be positive or negative for a true reference value and oversized material may be input by simply resetting the origin.

Accurate positional information, free form sketches,
even keyboard simulation
All can be entered using the multi-faceted HIPADTPA digitizer. Its capabilities and
low price make the UL listed HIPADTm a natural selection over keyboard entry, inaccurate joysticks, or expensive approximating light pens. It's perfect for inputting
isometric drawings, schematics, X-rays, architectural drawings, business graphs,
and many other forms of graphic information, as well as creating your own graphics.

Use it with Apple 111M, TRS-80 Level II
popular computers
Available with stylus or optional cursor.

TM

,

PET

TM

or other

The HIPAD'sn" built-in RS-232C and parallel 8 bit interfaces make it all
possible. (For Apple II order DT-11A, for TRS-80 or PET order DT-11).
Furthermore, you get English or metric scaling, data format (Binary/BCD/ASCII),
selectable baud rates, and resolution of either .005" or .01".
For complete information contact Houston Instrument. One Houston Square, Austin, Texas 78753.
(512)837-2820. For rush literature requests, outside Texas call toll free 1-800-531-5205. For technical
information ask for operator #5. In Europe contact Houston Instrument. Rochesterlaan 6, 8240 Gistel,
Belgium. Telephone 059/27-74-45.
Circle

Available with optional display.

'U.S. Suggested retail price
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'-UPAD is a trademark of Houston Instrument
TRS-8C is a trademark of Tandy Corporation
APPLE is a trademark of Apple Computer Inc
PET is a trademark of Commodore Business Machines Inc
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Rockwell quits
commercial bubbles

Oki plans push
for 64-K RAM

Rockwell International Corp. is dropping out of the commercial market
for magnetic-bubble memories, though it will continue to build units for
military customers. It says it is making the move because of the market's
slow development, compared with the immediate potential of the military
side. A spokesman at Rockwell's Electronic Devices division, Anaheim,
Calif., says Rockwell will continue support of existing commercial bubble
customers but is not taking new orders. What effect the decision has on
second-source agreements with the Motorola Semiconductor Group and
Siemens AG is the subject of discussions with them, the spokesman says.

Not yet known as amaker of 64-K dynamic random-access memories, Oki
Semiconductor has actually been selling a two-supply part to Nippon
Telegraph & Telephone Public Corp. for over three years, just as Fujitsu
has been. And like Fujitsu, it now has a5-v-only device, the MSM 3764,
that it will market aggressively. In fact, Oki, from its Santa Clara, Calif.,
outlet, intends to sell 5,000 units this month, then 200,000 per month by
October, and double that by early 1982. The 3764's big plus is its speed,
with 80% of the good dice faster than 150 ns, says Oki. The 46,000-mil 2
(29.7 mm 2)chip uses 128-cycle, 2-ms refresh and is laid out like Motorola's 64-K RAM, but with two layers of polysilicon.
Motorola itself shipped over 150,000 of its 64-K RAMS last year alone,
but the device's reputation has been marred by soft errors due to alpha
radiation. Fighting back, Motorola is switching to amore substantial type
of polyimide coating. Moreover, it has added an implant —and a mask
step—to give its memory high-capacitance cells. Parts with the Hi-C
structure, as it is called, will be available in the second half of this year.

New material

Researchers at Argonne National Laboratory in Argonne, Ill., are prepar-

at Ar gonne boasts

ing apatent application for anew material made with alternating ultrathin
layers of metal said to exhibit resistivity at room temperature up to two
orders of magnitude higher than commonly used pure resistor materials.
As one of a new class of materials dubbed Lucs (for layered ultrathin
coherent structures) by inventors Charles M. Falco and Ivan K. Schuller,
the new substance may hold promise in very large-scale integrated circuits
where packing density is important. The distinguishing characteristic of
Lucs is that they are built by sequential deposition of ultrathin layers
(between 1 and 4 atoms thick) of two metals with differing crystal
structures and dimensions.

high resistivity

GenRad STI
to introduce
more VLSI testers

Electronics/ February 24, 1981

Continuing its aggressive move into the market for automated test systems
for very large-scale integrated circuits, GenRad Semiconductor Test Inc.
of Santa Clara, Calif., has announced plans for three new systems.
According to president Brian Sear, the company will introduce two
focused testers, one for memory and another for microprocessors, by early
1982. Based on the same architecture as the general-purpose GR16
[Electronics, Jan. 13, 1981, p. 187], the production-targeted systems will
sell in the $200,000-to-$300,000 range. The company also plans to
introduce acomplex general-purpose tester—one with up to 144 pins per
test head—in the near future, even though Sear says he has "seen some
softness" in the market, paralleling that for semiconductors.
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Systems house formed
for local networks

Signetics to source
Fairchild FAST logic

Controller LCD works
like a tube display

Allied Chemical offers
tunable alexandrite
laser for annealing

Data General adds
units in reorganization

Addenda
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The local-computer-network field, virtually nonexistent four years ago and
now including more than 100 companies building hardware, has added its
first systems house. The new company, Architecture Technology Corp.,
has been formed in Minneapolis with a unique approach: it will not
develop hardware but will instead concentrate on meeting the need for
system-oriented services such as system integration, consulting, and educational services.

Signetics Corp. of Sunnyvale, Calif., will be the initial second source for
the FAST (Fairchild advanced Schottky TTL) family of logic devices via an
accord with Fairchild Camera & Instrument Corp. of Mountain View,
Calif. The licensing agreement will allow Signetics to make and market all
37 products currently in the 74F line as well as offer some proprietary
products of its own. The 74F family is pin-compatible with existing
Schottky series (74S) parts, while reducing power consumption up to 75%
and improving speed about 50% over these devices.

Engineers at the Modicon division of Gould Inc. in Andover, Mass., in
building a small programmable controller, have come up with a liquidcrystal display that functions much like one using a cathode-ray tube.
Ladder diagrams and logic circuits to be used by the controller can be
displayed on its 1.5-by-5-in. surface. The controller itself is based on a
Zilog Z80 microprocessor and is small enough to be rack-mounted on
manufacturing process-control equipment. Modicon will sell it for less than
$500, and plans to market the display separately on aprogramming panel.

Allied Chemical Corp.'s new electro-optical products department in Morristown, N. J., will begin shipping laser-based systems for commercial,
industrial, and military applications later this year. A synthetic alexandrite
laser with a700-to-815-nm wavelength will be the basis for asemiconductor annealing system costing $100,000 to $125,000 to be offered in the
second quarter. Comparable with other solid-state lasers, the alexandrite
device is tunable over its entire bandwidth, and becomes more efficient at
higher power levels as the operating temperature increases.

In an effort to decentralize authority and delegate responsibility, Data
General Corp. of Westboro, Mass., is reorganizing itself along market
lines. The firm's three new divisions— Information Systems, Small Business Systems, and Technical Products—each will have ageneral manager
with profit and loss responsibility. The new divisions will report to
executive vice president Herbert J. Richman.

Mattel Electronics, the Hawthorne, Calif., division of Mattel Inc., will
break away from electronic toys and games to enter the self-improvement
market. At this June's Consumer Electronic Show, Mattel will show aline
of electronic aids for calorie counting and other "me-generation" pursuits. ...An image-processing system for the robotics market is coming
this spring from Octek Inc. of Burlington, Mass. The model 4200 digitizes
and manipulates video inputs and outputs, the eyes of robotic systems.
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Sometimes there's no substitute
for high resolution.

Especially when you need
guaranteed linearity of 0.0008
per cent. For those demanding
occasions consider our new
DAC9377 —the first true 16-bit
DAC in a24-pin DIP. Guaranteed linearity from zero to full
scale, completely selfcontained in aspace-saving,
money-saving package.

To get this jump on the
others we used brains instead
of brawn—namely, aproprietary decoding technique
consisting of 29 switches and
latches integrated on one active
chip. This is agood example
of why our IC converters are
consistently priced alot lower
than modules, even when the
modules can match our per-

9

bdd

formance. DAC9377 is only
$129 in 100s.
You've got the main idea,
now write or call for the technical details you'll need. You'll
also find that we offer, for even
less money, 14- and 15-bit linearity versions that will give you
the same high resolution with
the linearity you actually need.

ems

Syst

Crosby Drive, Bedford, MA 01730. Tel. (617) 275-1570 (TWX 710-326-7584 HYBRIDSYS BFRD)
In Germany: Hybrid Systems GmbH, Luisenplatz 4, 6100 Darmstadt, Germany. Tel. (06151)-291595 (TELEX 419390 HYSY D)
In the United Kingdom: Hybrid (Component) Systems U.K. Ltd., 12A Park Street, Camberley, Surrey. Tel. (0276)28128 (TELEX 858720 HYBRID G)
In France: Hybrid Systems S.A.R.L. 14 Rue du Morvan SILIC 525, 94633 Rungis CEDEX, France. Tel (1)-6878336 (TELEX 250969 HYSYS)
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Glue your product
with Burroughs SELF-SCAN® II gas plasma displays—

Burroughs SELF-SCAN displays provide bright, easyto-read alphanumeric readout that will enhance the
saleability of your product. Over one-quarter million
have been built into everything from word processors
to data terminals to paint matching machines.
And now they're easier than ever to use. Optionally
available microprocessor-based controllers save you
most of the time normally spent to "design-in"

gemphozwe

_.

e
;

adisplay.
Give your
product

the visual
excitement and dependability of SELF-SCAN displays.
You'll benefit from each of these features:
•Thin cross-section (under 2" with electronics) to
keep your product's design efficient and low-cost.

• Neon-orange characters are uniformly bright,
flicker- and distortion-free, easy-to-read in high
ambient light and at night without eye strain.
• Easy interface with microprocessor-based systems.
•Any of over 100 languages can be
displayed with many
special effects
(such as
word blinking).

uisual superiority
now mailable with microprocessor control.

• Low power requirements, low heat buildup.
• Fewer connections required than with other displays.
• Long service life even where vibration, temperature
and high humidity are present.
• No danger of implosion or X-ray radiation.
Choose from our complete line. SELF-SCAN displays
are available in 16, 32 and 40 character single line
panels plus 240 and 480 characters multi-line panels.

Add the visual excitement of SELF-SCAN displays to
your product. Call or write for specifications today.
Burroughs OEM Marketing,
Burroughs Place, Detroit,
MI 48232, (313) 972-8031. In
Europe, Langwood House, High
Street, Rickmansworth,
Hertfordshire, England.
Telephone: 09237-70545.

Burroughs
Circle #38 for general

information

Circle #39 for detailed specifications

Here's why were Number One.
When it comes to logic probes, more people purchase Global
Specialties! Because you can spend twice as much and not
get the speed, precision. flexibility and accuracy offered by
our four logically-priced probes—including our remarkable
new 150 MHz ECL Probe. Not to mention the versatility,
reliability and durability we've become famous for.

True multi-family
performance:
DTL. TTL. CMOS and
now ECL'

But we don't stop there. When it comes to logic testing, Global
Specialties does the complete job. With our DP-1 auto-sensing
digital signal injector— for fast, easy stimulus-response testing,
at an economical $83.00*. Plus a line of multi-channel Logic
Monitors that provide an inside picture of circuit activity at up
to 40 nodes simultaneously. And each product has an ideafilled applications manual—as well as an unmatched line of
highly-functional accessories, to extend its versatility still more.
With Global Specialties, there's no need to compromise on
performance. Or value. Discover for yourself why we're the
number-one logical choice!
Easy-to-use Memory
and Pulse functions
Full readout
indications Hl LOW
PULSE

Interchangeable thinprofile power cords
(instead of awkward.
heavy or coiled cords)

Overload and AC-lineprotected highimpedance input
Linear input impedance
eliminates errors due to
non-uniform loading

Unsurpassed reliability—
performance proven
Alt specs conservative
and guaranteed
Half the price for equal
(or better) performance

Complete line of
interchangeable
probe tips and
grounding wires,
including easy
clip, banana plug,
alligator clip
jumpers and
variety of power
cords

Circuit-powered with
reverse-voltage
protection

1

I

re4

Standard LP-1, only $50.00*. with latching memory— captures

pulses as fast as 50 nsec. to 10MHz. guaranteed
Economy LP-2, $28.00*, guaranteed to 50 nsec, 1.5 MHz
High -speed LP3with memory, only $77 00*. guaranteed to
10 nsec (6 nsec, typical) and 50 MHz!
New ECL LP4— the new industry standard—with memory.
guaranteed to 4 nsec (2 nsec. typical) at 150 MHz!
Compact high-impact
human-engineered case
70 Fulton Terr. New Haven, Cl 06509 (203) 624-3103. TWX 710-465-1227
OTHER OFFICES San Francisco (4151 421-8872. TWX 910-372-7992
Europe Phone Saffron-VValden 0799-21682. TLX 817477
Canada Len Finkler Ltd .Downsview. Ontario

GLOBAL
SPECIALTIES
CORPORATION

Call toll-free for details

1-800-243-6077
During business hours

'Suggested U.S. resale. Prices, specifications sublect to change without notice. C Copyright 1981 Global Specialties Corporation.
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Low-V inverter logic
outperforms ECL
yet saves power
by John G. Posa, Solid State Editor
delay neatly bridges the gap between
is nonsaturating, which shortens
TTL and ECL. "Here we have the
propagation delays, because saturation leads to much more stored
promise of a circuit that has drive
cuts delay time with
charge. Also, the output stage supconstants similar to that of ECL but
two-stage NOR cell;
plies low impedance and hence high
at considerably lower power levels."
drive. "Push-pull output stages can
LVI gets its name and its lower
shrinks die area as well
also be built with ECL," remarks
power consumption from the fact
Konian, "but not without at least
that logic swings can be as low as 2
two collector time delays."
volts—less than half that of ECL.
Using standard bipolar technology,
The two-input LVI NOR cell occu"The supply voltage only has to be
International Business Machines
pies an area of 86.6 by 116 gm, or
comfortably greater than two VBE
Corp. has developed acircuit configdrops," explains Konian. A VBE
uration that outperforms emitter- just over 15.5 square mils. With the
same 2.5-gm layout rules, aTTL gate
drop, the voltage across atransistor's
coupled logic. Not only is it about
base-emitter junction, is equivalent
twice as fast as ECL; but it uses a consumes 14.5 mil' of silicon; in ECL
18.6 mil' is required. The curves in
to the voltage across a forward.
fraction of the power.
(b) show that gate delay in LVI logic
conducting diode.
What's more, the low-voltage inapproaches 350 picoseconds at powSupply side. Also unlike with ECL,
verter logic, as it has been named,
er levels under 2 milliwatts, whereas
the negative supply terminal can be
takes up little more die area than
ECL consumes 10 mw in reaching
grounded. "It will operate from a
TTL cells, and much less than its ECL
single positive supply," he says,
counterpart. IBM is using rather about 700 ps.
"I personally feel that the circuit
although the two supplies can also be
aggressive 2.5-micrometer minimum
is most applicable at power levels
adjusted for direct interfacing to ECL
features to build its developmental
from 1 to about 2 mw," Konian
circuitry.
chips, but circuit design, not processsays. At these levels, propagation
For even higher performance, the
ing, is the essence of the performance gain.
NOR gate. The primitive function
Shortest path. In IBM's low-voltage inverter
in LVI logic is a NOR gate built with
logic, any path from input by output is
two stages— fewer than ECL or TTL
delayed by only one transistor (a). Thus LVI
requires—as part (a) of the figure
circuitry is faster than that built with emittershows. The first stage, made up of
coupied logic, but it operates at much lower
transistor Q 1 and resistors RL and
power levels (b).
RE,sets up appropriate de levels in
the circuit. The second, containing
transistors Q2 and Q3 and resistor
2.0
TTL
Ro,is apush-pull output driver.
"The unique interconnection of dc
1.0
TYPICAL
LOW.
level-setting and driver sections re0.8
ECL
VOLTAGE
`= 0.6
sults in adelay of only one collector
INVERTER
>LOGIC:
time," explains Richard R. Konian,
*3 0.4
WITHOUT
senior designer at IBM's East Fish0
CAPACITORS
kill, N. Y., facility. In other words,
WITH
0.2
CAPACITORS
"any line you draw from any input
to the output only passes through a
01
single transistor." One such path is
01
1.0
10
colored in (a).
POWER ImW)
(b)
As in ECL, the basic gate structure

New IBM bipolar approach

LU
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circuit can include two bypass
capacitors—shown in the figure—
that provide overdrive currents.
When an input rises, a capacitor
temporarily shorts the emitter of the
associated input transistor to
ground, "allowing it to conduct
about 11
/2 times the norm," he says.
This high current helps discharge
the parasitic capacitors along the
input-to-output path. When the input falls, the added capacitor stabilizes the emitter voltage, facilitating
aquicker turnoff.
Extra capacitors. "Depending on
the size of the transistors, the capacitors are somewhere between a halfpuff and two puffs (0.5 to 2 picofarads)," says Konian. "They would
appear underneath the wiring channels, so they do not add to the gate
area." Where it proves impossible to
hide the capacitors and space saving
is an important consideration, circuits without them will show delays
that are about 200 Ps more.
Konian cannot yet speak about
IBM's plan for the new logic form,
but he does hold that it can replace
ECL for any application, "or even
irn because of the low power dissipation." A simpler structure than
those of the other two bipolar technologies, LVI circuitry may be a
prime candidate for very large-scale
integration.

Test equipment

plans to use in asystem—or, for that
matter, for an IC that he is designing. Since he is the person most
familiar with the component and its
intended use, his creation of the test
programs saves the time it would
take a test engineer to learn and
translate the stimuli information into
atest program.
The use of assembly language is
important, says James Lindwedel,
manager of the El Segundo, Calif.,
division's large-scale integrated component engineering unit. "Engineers
don't want to get involved with all
that binary pattern stuff," he
explains. "But, typically, they know
assembly language or can pick it
up."
Time-saver. The FAST project
group, of which he was a key member, knew that writing the binary
code for the average production test
system could take eight man-

CONTROLLER
8085
MICROPROCESSOR
AND 32 K BYTES
'If RANDOM ACCESS
MEMORY

Engineers at Xerox Corp.'s Electronics division have put together a
$5,000 benchtop system that cuts the
time needed to generate programs
for production testing by 75% to
80%. FAST, for functional algorithmic simulator-tester, is designed for
the development engineer, automating the task of creating the truth
table that represents the test stimuli
and desired responses and saving it
in avery deep memory.
The development engineer programs in assembly language aset of
stimuli for an integrated circuit he
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TO DEVICE UNDER TEST

50 MHz, 64 BIT
SAMPLER
PROGRAMMABLE
PERIPHERAL
INTERFACES
(4)

COUNTER
COMPARATOR

16 BIT
DOWN COUNT
TIMER

System helps create
production tests

months, and program writing for a
comparison tester working with a
known good IC cuts only two manmonths from that. With the FAST
system, engineers were creating test
software in only six man-weeks,
including the time to make the hardware interface.
Licensing. Xerox does not plan to
offer FAST as a product, but it will
license the plans. Similar products
are in. development at major testequipment makers, who are not
ready to talk about them.
The system is divided into two
major subsystems (see figure). The
controller turns the assembly-language stimuli into binary code and
applies it repeatedly to the device
under test. The sampler unit can
grab 64 pins' worth of data, both
stimuli and responses, for each pass
through the test.
The data for each pass is stored on

ADDRESS
COMPARATOR
64 BIT LATCH
TIMER
TO DEVICE UNDER TEST
FLOPPY
DISK
CONTROLLER

PROGRAMMABLE
COMMUNICATIONS
INTERFACE
121

FLOPPY DISK DRIVES 121

TELECOMMUNICATIONS
MODEM

OPERATOR'S TE 131'.11NAL

FAST samples. Xerox's Electronics division has developed a functional algorithmic simulator-tester to create production-line test programs with the aid of the development engineer.
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dual 128-K-byte floppy disks, in
effect making FAST a 64-channel
logic analyzer with a memory depth
of 32,000 samples (or about 50,000
samples with data reduction of identical passes). The controller can format this data into a truth table for
production testing. It also can send
the data to a computer for translation for aproduction test system.
The major challenge in building
FAST was creating the pseudo-50megahertz sampling system, says
George Eldridge, a member of the
division's engineering staff. "There
weren't any 50-MHz real-time logic
analyzers with 64 channels at that
time [early 1979] or any with the
memory depth we wanted," he says.
Looping. So Eldridge built a unit
that, by exercising the IC in a loop,
can pick up samples as little as 20
nanoseconds apart in successive
passes. It employs Schottky logic for
high speed and a look-ahead technique for setting up data capture.
Using astate-of-the-art logic analyzer to build a similar system is now
possible, but it would be expensive
overkill in such adedicated application, he says.
FAST also can be employed for
system-level testing when ics of a
given type are found to be failing.
The unit is attached to a properly
working on-board chip; and then it
exercises the system repeatedly in
the mode in which the failure
occurred. The data that has been
gathered in this way may be used in
aproduction-line tester to screen out
ICs that will not work at the system
level.
-Richard W. Comerford

Materials

No shortfall now
in polysilicon
Remember that polysilicon shortage
predicted to hit semiconductor makers in late 1980? "It's pretty much
gone away," admits the industry
consultant who most loudly warned
of an impending shortfall.
Important but unanticipated
changes on each side of the supply
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Major U. S. polysilicon supplier expands
One indicator of the speed with which polysilicon makers moved to fill the
demand gap last year is the nearly 30% production jump reported by the
major U. S. producer, Hemlock Semiconductor Corp. What's more, the
Hemlock, Mich., firm will add more than 20% this year and is "looking at
further expansion," depending on what the market does, according to sales
specialist Daniel C. Closs. Though last year's jump took place in existing
production facilities, a newly renovated polysilicon plant will go on line next
month. It was closed in 1977, but the decision to upgrade was made last
year when ashortage loomed, he says.
Prices are at the $75-per-kilogram level, up from $65 a year ago. After
factodneln inflation, the price hike does not amount to much —yet last year
most industry hands argued that substantial price hikes were needed before
the polysilicon makers would invest in additional capacity.
A jointly owned subsidiary of Dow Chemical Co. and Corning Glass Works,
Hemlock gained market position in the past year by increasing production to
the point where it nearly equals that of long-time leader Wacker Chemitronic
GmbH, sources say. Wacker is said to have had a third of last year's $270
million world market, with Hemlock taking a quarter of the market before it
began its jump in output.

and demand equation combined to
allay the shortage spectre, says Daniel J. Rose, president of Rose Associates, Los Altos, Calif. His prediction of a year ago [Electronics, Feb.
14, 1980, p. 45] was based on mod-,
erate supply increases on the part of
the polysilicon producers coupled
with much sharper hikes in demand
from the semiconductor makers.
Demand drops. The current slump
in semiconductor orders has blunted
the feverish pace of the 30% to 40%
annual projected growth in demand
for polysilicon. "The late 1980
crunch was predicted on that, as a
worst-case scenario," says Rose. He
predicts back-to-back 14% growth
for 1981-82.
The other unexpected development was a big jump in production
on the part of the polysilicon suppliers. The 1980 boost amounted to
20%, instead of the 10% or so
expected by most everyone, he says.
Here, the credit must go to rapid
industry response to "customers putting heavy pressure on suppliers,"
Rose says. European and Japanese
polysilicon producers especially
came up with more of the basic
material faster. In fact, Japanese
suppliers are moving to become a
major factor in world markets.
After charting a revised supply
and demand balance through 1983,
Rose is confident of a 10%-to-15%

excess of polysilicon —"no great
margin," however, if device orders
should suddenly soar. Fortunately, a'
worldwide rapid buildup of polysilicon manufacturing capacity in both
new and expanded facilities is coming—although new plants take twcf
to three years to start up.
By 1984, Rose thinks, capacity
will jump nearly 80% from 4,420
metric tons at the end of 1981 to
about 7,840 metric tons. His projections are based on his knowledge of
suppliers' plans, including some not
yet announced. "Every major producer is adding 500 to 1,000 tons
extra," he notes.
Japan's role. As in so many other
areas of electronics, Japan is assuming a new importance in the materials business. With marketing techniques that Rose calls "a quiet invasion," Japanese materials firms have
boosted their share of the world market from 8% in 1977 to more than
20% and could easily grab athird of
the total by 1985. In addition to
silicon, ceramics, thick- and thinfilm pastes, and other materials are
included in these figures, he says.
U. S. suppliers, such as Hemlock
Semiconductors Inc. (see "Major
U. S. supplier expands") and Monsanto Co.'s Electronics division, can
be expected to counter the Japanese
invasion with increased production
capacity. Also, European polysilicon
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makers are expanding in the U. S.
A new entrant will be DynamitNobel AG, a member of the West
German Flick group and recently
the buyer of the Italian polysilicon
manufacturer SMIEL spA. It plans a
plant in the U. S. Southeast. Also,
West Germany's Wacker Chemitronic GmbH will be bringing a Portland, Ore., polysilicon facility on
stream at its Wacker Siltronic Corp.

wafer-processing subsidiary.
The new plants are virtually all
slated to use the conventional Siemens polysilicon process, rather than
any newer technology, Rose points
out. Hesitation over pushing ahead
last year stemmed from the chance
the U. S. Department of Energy
would come up with a process that
was cheaper and better, but this has
not materialized.
-Larry Waller

Consumer

Toy firms cautiously consider speech chips,
as list of talking products starts to grow
A small but growing band of toymakers is embracing speech synthesis as ameans of adding extra appeal
to their wares. At last week's annual
Toy Fair in New York, many manufacturers were talking about putting
speech in their products, but only a
handful have thus far done so.
The talking toys at the fair scheduled for general introduction this fall
use speech-synthesis chips from
varying manufacturers. Their mak-

ers are divided into two camps—
those exploiting the feature purely
for its entertainment value and those
using it as an educational tool.
Caution. For the most part, the
traditionally conservative and pricesensitive toymakers are cautiously
approaching this latest high-technology offering from the electronics
field. For one thing, the feature adds
from $15 to $20 to their unit costs.
Also, "it's very hard to find a

product that can use speech synthesis. It's almost a novelty application
now," says Anthony Clowes, president of Entex Industries Inc. "When
the cost comes down and some
improvements in the technology are
made, there'll be more products on
the market."
Nevertheless, his Compton, Calif.,
company introduced its first speaking product at the fair. The $60 Do
As I Say issues instructions for
pressing acombination of buttons in
sequence. The players—as many as
four—score points if they correctly
repeat the sequence. Entex's unit
uses a National Semiconductor SPC
speech chip.
The first denizen of the toy world
to use speech for its entertainment
value was last year's $60 phrasematching game called Milton. Now
its developer, Milton Bradley Co., is
offering the $40 Say It Again Sam, a
bingo-like card game.
"Whether speech synthesis is abig
hit or fizzles depends on the application," says James A. O'Connell, vice
president of research and development for the Springfield, Mass.,
company. "It's not a technological
challenge to create the products now.
The onus is on the creative people."
Milton Bradley is developing its
speech chips in conjunction with
Speech Technology Corp. and General Instrument Corp.'s Microelectronics division.
Catch-up. Another prominent toymaker, Mattel Inc., is working hard
to catch up on speech synthesis. Its
Hawthorne, Calif., Mattel Electronics division is doing much of its own
development work, although speechsynthesis pioneer Texas Instruments
Inc. has been lending ahand.
Later this year, the company will
add a speech module to its Intellivision line, which at base level is a
package of electronic video games
and at the high end is a personal
computer. Next year, it will add
speech to its tabletop toys.
Already shown is another video
Soulmates.
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game package that incorporates
speech. Mego Corp. brought its $220
Video Voice System to the fair after
introducing it at last month's Consumer Electronics Show. The company is using Ti's TMS-5200 speech
chip and should have the product on
the market later this year. The unit
uses the home TV set for both display
and sound, and the New York company says it will offer game, sport,
and educational cartridges.
Firmly in the educational camp is
Tiger Electronic Toys Inc. The
Mundelein, Ill., company is intro
ducing a three-member family of
learning aids selling for $25 and
more and aimed at tots to preteens.
Learning tool. The products, built
around Votrax's SC-01 synthesizer
chip, include the K-2-8 Talking
Learning Computer (see photograph
on p. 44). Math, spelling, and reading modules will be available with
the $99 K-2-8, intended to be an
all-in-one counter to the various TI
products derived from its pioneering
Speak & Spell.
In its own talking products, TI
plays up speech as an educational
enhancement worth the extra cost.
But it thinks speech can succeed
across the board in the toy world.
"To people who are in the toy
business, price is such an issue. If
speech-based products are ...properly positioned, they will sell," says
Randy N. Robinett, merchandising
manager for Ti's Lubbock, Texas,
Educational Products division. "We
can justify the [entry] price of
speech synthesis by taking advantage
of the learning curve."
-Pamela Hamilton and Gil Bassak

Photovoltalcs

Liquid-junction cells
move in on silicon
Researchers at Bell Laboratories are
shedding new light on the problem of
building photoelectrochemical solar
cells that combine efficiency and
corrosion resistance. Using singlecrystal indium phosphide, they have
built an experimental semiconductor
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Teamwork. Adam Heller (left) and Barry Miller are part of a Bell Labs team that has devised
aliquid-junction photocathode solar cell with 11.5% efficiency—comparable to silicon cells'

liquid-junction solar cell that converts light into current with an
11.5% efficiency while avoiding surface oxidation.
Thus the six-year-old technology
has yielded a chemically stable liquid cell with efficiency levels comparable to those of the classic silicon
photovoltaic cell. In aliquid-junction
solar cell, semiconductor electrodes
are immersed in electrolyte solution,
and the action induced by sunlight
produces an electric current.
Bell Labs' new cell could not be
mass-produced
economically,
stresses Adam Heller, head of the
electronic materials research applications department at Bell Labs in
Murray Hill, N. J. Indium is much
too scarce and expensive, he notes.
A contender. Nevertheless, Heller
thinks the liquid-junction technology
could reach solar cell price goals set
by the U. S. Department of Energy
faster than the silicon solar cell,
developed originally by Bell Labs in
1954. The DoE's photovoltaic systems program calls for solar cell
module prices between 15¢ to 50¢
per watt by 1990 [Electronics, July
19, 1979, p. 106].
So the next challenge for the Bell
research team will be to adapt the
technology to acheaper semiconductor material. Finding that alternative
will be "an extremely nontrivial
task," as one solar cell researcher at
another lab puts in.
Heller is quick to caution that
mass production may be as much as
a decade away, but he also notes
between 20 and 30 research groups
around the world are working on
liquid-junction cells. "It's extremely

likely that within the next few years
there will be inexpensive materials
developed," he ventures.
A photoelectrochemical solar
cell's electrodes are immersed in a
solution containing two ions, one of
which is in a higher oxidation state
than the other. Sunlight is allowed to
illuminate one electrode—either an
n-type photoanode or ap-type photocathode—thereby forming electronhole pairs.
The holes within aphotoanode are
attracted to its surface, where they
oxidize the solution. The electrons
flow in the opposite direction, passing through aresistance before flowing to acounter electrode where they
reduce the solution. Thus there is no
net chemical change in the system.
With aphotocathode, the opposite
reduction takes place, and drawing
electrons to the cell-electrolyte junction prevents the oxidation of the cell
surface that shortens the life of the
photoanode-based cells. Unfortunately, the photocathode cells have
exhibited much less conversion efficiency, adrawback some researchers
believed to be inherent.
Solution. "What we have
solved ...is the surface recombination problem," says Heller, who
headed the Bell research team that
included Barry Miller, Hans J.
Lewerenz, and Klaus J. Bachmann.
The recombination of electrons and
holes on the surface of the photocathode has been the primary cause of
the inefficient conversion of photocathode cells.
The researchers form a single
atomic layer of oxide over the p-type
cell's surface, and it significantly
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FREE MICROPROCESSOR MEMORY SEMINAR

MOSTEK.

Stop solving memory problems one bit
at atime. Get on the BYTEWYDE track.
45Ldedite
-#«tteApeefftf

fedletjt,_
If applying microprocessors is a
part of your professional life, Mostek has an important opportunity
for you. A first-hand opportunity
to learn more about microprocessor memories and how to use them
effectively.
In afact-filled, half-day seminar,
you'll have the opportunity to listen to and talk with factory engineers about memory component
selection. Issues that will be covered include cost. Performance.
Interface techniques to avariety of
popular microprocessors. Nonvolatility. lbsting and reliability. As
well as industry-wide standards,
trends, new products and realistic
predictions for the future.
The 4-hour session also includes
adiscussion of the Mostek BYTEVVYDE memory design philosophy.
It's acoordinated design path approach encompassing anumber of
proven, cost-effective ideas that
can simplify your design life. Plan
to ask questions and have them
answered. Then plan to leave with

an armful of the latest Mostek
publications, including data books,
application notes and reference
materials.
Pre-register now and you'll be
eligible to win your own FLUKE
8020A digital multimeter.
The Mostek Microprocessor
Memory Seminar. It's your best op
portunity yet to solve your microprocessor memory problem by
the byte.
Application Seminar Highlights
•Memory component selection
•Quality and reliability
•Non-volatile memories
•Dynamic RAMs
•BYTEVVYDE design philosophy
•Pricing trends
•Cost-efficiency analysis
•Interface techniques-3880, Z80,
6809, 8085, 8086
•'Ibsting and Diagnostics
•JEDEC Standardization
•Density expectations for the
future

Call now for your reservation and a chance to win
a FLUKE digital multimeter.
Date

Location

Contact

Phone

Date

Location

Aria 15

Atlanta

Glen Coryell

(404) 458-7922

April 3

Orange County

Marty Goldberg

(714) 549-0397

Contact

Phone

March 5

Austin

Pat Regan

(512) 458-5226

April 23

Ottawa

Terry Black

(613) 725-3704

8 Orll 7

Baltimore

Jim Bowersox

(301) 461-1323

Philadelphia

Pat Beach

(609) 429-1531

Apr) 14

Boston

Dana Bumham

(617) 935-0635

APrit 8
March 19

Pittsburgh

Tom Edwards

(513) 299-3405

(312) 956-8240

Apnl 9

Plainview NY

Chuck Miller

(516) 543-0510

May 12

Portland

John Von Donlon (503) 297-2581

March 25

Chicago

Chuck Cation

March 18

Cleveland

Tom Edwards

March 3

Dallas

Mike Wilhelm

(513) 288'3405
(214) 386-9141

ADM 21

Rochester, NY

Charles Walters

(716) 381-2820

March 20

Dayton

Tom Edwards

(513) 299-3405

March 10

Sacramento

John Crago

(408) 287-5080

March 17

Detroit

Keith Barber

(313) 478-1470

Apr) 10

Sackllebrook. NJ Chuck Miller

(516) 543-0610

March 11
April 16

East Bay

John Grego

(408) 287-5080

March 4

San Antonio

Pat Regan

Fort Lauderdale

Bill Blaeuer

(813) 876-1 304

April 2

San Dreg°

Marty Goldberg

(512) 458-5226
(714) 5494397

March 6

Houston

Bill Routh

(713) 988-0991

April 1

San Fernando

Marty Goldberg

(714) 549-0397

Tom Edwards

(513) 298-3405
(714) 549-0397

March 24

Indianapolis

March 31

Los Angeles

Marty Goldberg

March 26

Milwaukee

John Albert

March 27

Minneapolis

Apr) 24
Apo 13

Valley
March 13

San Mateo

John Crago

(408) 287-5080

May 11

Seattle

John Bennett

(206) 632-0245

Tim Curran

(414) 476-2790
(612) 831-2322

March 12

South Bay

John Grego

(408) 287.5080

Montreal

Terry Black

(613) 725-3704

Apnl 22

Toronto

Terry Black

(613) 725.3704

New Haven

John Sullivan

(203) 237.8827
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Switching power
transistors in TO-3
From the SGS-ATES universe ofpower
HIGH VOLTAGE NPN

HIGH CURRENT NPN

VCEO
(
V)

I
Cisat) /113(sat)

2N6306/7/8

291350

2N6542/3

Pen
(W)

tf ny w at I
CIsati
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125

0.3

30(1400

5/1

100

2N6544/5

301400

5/1
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930-400
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(lis)
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140

0.2

90-120

15/1.2

140

0.1

90-120

50/5

140

0.3

120

5/0.5

140

0.15

125

50/5

250

0.15

200-250

25/3

250

0.2

125

70/7

350

0.1

200-250

50/5

350

0.25

2N5038/9

9175

0.3

2N5671/2

125

0.3

2N6032/3

10/2

175

0.3

2N6354

300-400

5/1

150

0.3

301400

10/2

175

0.3

BUR 20

325-400

BUW 32( PNP ) 400

20/4

250

0.4

BUR 50

5/1

125

0.3

BUR 51/2

Word's getting round about the
complete line of NPN and '
PNP power transistors
manufactured by SGS-ATES.
WHY? Because
SGS-ATES keep their
complete range in stock ready
for delivery on demand.
WHY? Because SGS-ATES
is aPower House with a
proven track record for
1
quality and reliability.
As word gets round
more and more people are
switching on to the
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convenience and security of a
single Power House source for all
their power needs.
WHY DON'T YOU?

1111

1

ATE

1

The power
semiconductor house
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PLACE YOUR ORDERS ON:
SGS-ATES
REPRESENTATIVES

SGS-ATES
DISTRIBUTORS

ALABAMA, GEORGIA,
MISSISSIPPI, TENNESSEE
REP INC
Huntsville. AL. (205) 881-9270
Tucker. GA. (404) 9384358
Jefferson City. TN. (615) 4754105
CAUFORNIA
NEVADA (NORTHERN)
KOTTMIER ASSOC.
cupint.no. (408) 255 3710

ALABAMA
RESISTACAP
Huntsville, AL. (205) 88)-9270
CALIFORNIA
DIPLOMAT
Sunnyvale. (408) 7 34 1900
V.S.I. ELEC
Santa Ana, (714) 557 7131
Sunnyvale. (408) 7344470
ENERGY ELECTR. PROC.
Los Angeles. (213) 670-7800
ENERGY SALES
Palo Alto, 1415) 5850900
GENERAL TRANSISTORS
Inglewood, (2)3) 6738422
ZEUS COMPONENTS
Anaheim. (7141 6324880
Santa Clara, (4081 72707)4
COLORADO
INDUSTRIAL ELECTR
Englewood, (303) 7712636
FLORIDA
DIPLOMAT
Clearwater. (8)31 4434514
Fort Lauderdale. (305) 9717160
Palm Bay. (305) 7254520
ILLINOIS
CAMELOT ELECTR.
Chicago. (312) 5834588
EDMAR ELECTR.
Des Plaines. (3121 2988580
MARYLAND
DIPLOMAT
Columbia. MD, (301) 995)226
MASSACHUSETTS
DIPLOMAT
Holliston. (6)7) 4294120
FUTURE ELECTR.
Natick. (6)71 237-6340
LORCOR
Wake«. (617) 2461903
SEMTEX
Woburn, 1617) 935-2156
WILSHIRE ELECTR.
Burlington. (6)7) 2728200
ZEUS COMPONENTS
Burlington. (617) 2730750
MICHIGAN
CAMELOT ELECTR.
(3)3) 5918055
REPTRON ELECTR.
Livonia. (3)3) 5252700
MINNESOTA
DIPLOMAT
Minneapoks. 16121 7888601
NEW JERSEY
DIPLOMAT
Totowa NJ. (201) 7851830
NEW YORK
DIPLOMAT
Melville. (5)6) 454-6400
East Syracuse. (315) 437 9900
SEMTEX
Freeport. (6)61 623 9400
ZEUS COMPONENTS
Elmsford. (9141 5924120
OHIO
CAMELOT ELECTR.
Columbus. (6)4) 239-0056
SEMTEX
Dayton, (513) 4354600
TEXAS
KA ELECTR.
Anstm. (5)21 458-2257
Dallas. (214) 634 7870
Garland, (2)4) 494 2538
Houston. TX. (7)3) 7890140
QUALITY COMPONENTS
Ausbn. (512) 8350220
Addison. (2)41 3874949
Houston, (713) 7727100
WASHINGTON
RADAR ELECTR.
Seattle. (2061 282 2511
SHANNON LTD.
Kent, (206) 7630545
CANADA
PRELCO ELECTR.
Montreak (5141 389-8051
Ottawa, Ontarbo. (6)3) 2268491
MEXICO
MEXEL
Mexico City, 19051 575-7868

CALIFORNIA (SOUTHERN),
NEVADA (SOUTHERN)
RICAL ASSOC
HuntIngton, CAI. (7)4) 894-7257
Walnut. CA. (7141 595 2987
CAUFORNIA
(SAN DIEGO COUNTY)
KAPLAN
(ADDEMI/SAN DIEGO)
San Diego. (714) 2688448
COLO., WYOMING, UTAH
ELCOM, INC
Englewood. CO. (303) 7704400
Salt Lake City. UT. (80)) 532 7940
DELWARE
EMECO TECHNOLOGY
Owings Milts, (301) 363-0133
FLORIDA
AS)
Newport Richey. (8)3) 84841578
Orlando .(305) 851 7929
Plantabon (305) 583 8895
ILLINOIS, WISCONSIN
JANUS, INC.
Des Plames, IL. (312) 298-9330
INDIANA
LATTRONICS MFG. REP.
indianapars. (317) 846-578B
MARYLAND
EMECO TECHNOLOGY
on,ngs Mills. (30)) 3630133
MASS., CONN.,
MAINE, NEW HAMPSHIRE,
RHODE ISLAND, VERMONT
STONE COMPONENT SALES
Framingham. MA, (6)7) 8743266
Hartford. CT. (203) 552-4555
MICHIGAN
GREINER ASSOC. INC.
Grosse Pointe Park, (3)3) 4990188
MINNESOTA, NORTH &
SOUTH DAKOTA
NORTHPORT ENGINEERING
Bloomington, MN. (612) 8545556
MISSOURI, KAN., NEB.
KEBCO
Marytand Heights, MO, (314) 5764111
Overland Park, KS, (913) 5491051
NEW YORK (CITY &
NEW JERSEY (NO.)
J. SQUARE MARKETING, INC.
Westbury. NY. (516) 997-6210
NEW YORK (UPSTATE)
D.L EISS ASSOC.
Rochester, NV. (716) 328-3000
NO. & SO. CAROUNA
REP. INC.
Raleigh. NC, (9(9) 85) 3007
OHIO, WEST VIRGINIA,
PENN. (WESTERN),
KENTUCKY
MAKIN ASSOC., INC.
ononnat.. OH. 15131 8712424
Cleveland. OH. (2)6) 9210080
PENN. (EASTERN).
N.J. (SOUTHERN)
C.H. NEWSON & ASSOC., INC.
Fiourtown, PA. (2)5) 248-3377
Towson. MD. (301) 2942292
TEXAS. ARK, LOUISIANA.
OKLAHOMA
WEST & ASSOC.
Austin, TX. (5)2) 4414973
Dallas. TX. (2141 661-9400
Houston. TX. (713) 7774)08
Tulsa. OK,
6273609
VIRGINIA
EMECO TECHNOLOGY
OwlngsflY. (301) 3630133
WASH., IDAHO, ORISON,
MONTANA. ALASKA
R & R ASSOC.
Kent. WA. (206) 251-5396
Portland. OR. (5031 2924406
CANADA
ARMATEL LTD.
Toronto. (4161 6634240
MEMO
MEXEL
Mexico City. (9051 5747868
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News briefs
RCA communications unit looks to new horizons
RCA Corp. may be pondering an entry into the high-speed communications
business. It has just announced a newly formed subsidiary, RCA Communications Inc., to serve as a holding company for the New York firm's existing
communications businesses and to develop new communications services. A
company spokesman acknowledges that asoon-to-be-created subunit, RCA
Network Services Inc., will have the initial task of expanding the corporate
voice and data network into a nonregulated business. Though proposed
offerings like AT&T's Advanced Communications Service and Xerox's Xten
would be regulated under present law, some industry observers expect those
constraints to evaporate. The new subsidiary will incorporate RCA American
Communications Inc. and RCA Global Communications Inc., whose president, Eugene F. Murphy, will move up to head RCA Communications Inc.
IBM weighs into the relational data-base game
Joining such suppliers as Tandem Computers Inc., Tymshare Inc., and
Control Data Corp., International Business Machines Corp. has introduced its
first relational data-management system: Structured Query Language Data
System, or SQL/DS. Designed to operate with IBM's hierarchical datamanagement system DL/I DOS/VS, the new offering from the White Plains,
N. Y., Data Processing division can extract data from the DL/I data base and
insert it into its own tables.

slows the electron-hole recombination. The Bell Labs cell immerses the
single-crystal indium phosphide photocathode in a solution that uses
vanadium dichloride and vanadium
trichloride as the ion couple in aqueous hydrochloric acid.
Heller points out that liquid-junction semiconductor cells might be
made of deposited polycrystalline
material that may be 100 times
cheaper than the single-crystal or
large-grain materials that present
silicon solar cells require. Bell has
reached 7.8% efficiency with a photoanode cell employing thin-film
polycrystalline gallium arsenide deposited on a graphite substrate, he
says.
-Wesley R. Iversen

Displays

Computer line art
looks like 3-d image
A display technique an illusionist
would admire is behind Genisco
Computers' development of asystem
that will show three-dimensional
images but uses a two-dimensional
format. The Costa Mesa, Calif.,
division of Genisco Technology
Corp., which produces graphics dis-

play equipment, is already well along
with a system that turns line-drawing data in computer-processed form
into a3-d—like image.
Setup. The drawing is produced on
a cathode-ray-tube display whose
image is focused onto a vibrating
mirror to give the 3-d effect. The
concept, called SpaceGraph, was
developed several years ago by Bolt
Beranek & Newman Inc., the Cambridge, Mass., research, development, and consulting firm. Genisco
got an exclusive license for SpaceGraph about a year ago and has put
together a financing package that
began with a tax-sheltered limited
partnership, an increasingly popular
route for electronics firms [Electronics, Jan. 17, 1980, p. 40].
SpaceGraph uses a mainframe
data base of digital representations
of objects. This data may be
obtained, for example, from seismic
investigation of the earth's geological strata or from X-ray probings of
cross sections of the human body.
Successively deeper layers of the digital representations add up to the
seemingly rounded image.
A PDP- 11/34 minicomputer processes the images and sends them to
a high-resolution CRT display. The
CRT image, on an overhead assem-
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bly, is focused onto a mirror facing
the viewer.
The round, flexible plastic mirror
vibrates, driven by air pressure created by a woofer just like those in
the best audio systems. In SpaceGraph, the woofer is controlled by
the minicomputer.
The back-and-forth vibration varies the focal length of the image,
itself changing at arate of five layers
a second. The mirror has a 3-millimeter vibration arc, which creates an
apparent image depth of some 25
centimeters. An anisochronous clock
compensates for the sinusoidal vibrations of the mirror.
The thrust of Genisco's development effort is toward increasing the
system's data-handling capacity, improving the CRT, and doing the engineering to turn the prototype into a
production item. SpaceGraph is attracting attention from oil companies, which use seismic exploration
data to create 2-d line drawings of
the earth formations; from hospitals,
for use with computerized axial

tomography; and from the military,
for use with reconnaissance data.
Shipments are planned to begin in
late 1981, with the first units
expected to cost about $100,000

Microsystems

16-bit processor runs mini's instructions,
addresses 4-gigabyte virtual memory space
With an eye to updating its minicomputer line, Philips Gloeilampenfabrieken is developing a 16-bit
microprocessor that implements a
large virtual memory. When Philips
completes its chip set, it will in effect
have a minicomputer in very largescale integrated circuits.
Working closely with their Signetics Corp. affiliate, engineers at Philips Data Systems of Apeldoorn, the
Netherlands, have designed a twochip set (see figure) built in an nchannel mos process with 3.5micrometer minimum features. The

L

INSTRUCTION AND DECODE LOGIC

ARITHMETIC
AND
LOGIC UNIT

SP 16/20C
PROCESSOR

set [Electronics, Jan. 13, p. 34] is
software-compatible with the Philips
P800 minicomputer family.
The processor has avirtual memory space defined by a 32-bit-wide
address, "which means the user sees
an address space of 4 gigabytes,"
says Frans C. Schiereck, manager of
electronic development for Philips
Data Systems. That is four times the
virtual address space of Intel Corp.'s
forthcoming iAPX-286 16-bit processor [Electronics, Nov. 20, p. 42] —
but the 286 is asingle-chip part. The
virtual memory capability lets the

CACHE OF SEGMENT DESCRIPTORS,
PROTECTION FIELDS,
BASE ADDRESSES

INTERFACE
LOGIC
REGISTER
BANK
(LOWER
16 BITS)

apiece. By then Genisco may have
designed its own minicomputer to
run the system, since the expanded
processing capacity will push the
11/34 to its limits.
-Larry Waller

INTERFACE
LOGIC
ADDRESS
VIOLATION
DETECTION
AND ERROR CODE
GENERATION

CONTROL
READ-ONLY
MEMORY

BUS
CONTROL
AND
INTERRUPT
LOGIC

ADDRESS
ADDER
(LOWER
BYTE)

H

ADDRESS
ADDER
(UPPER
2BYTES)

REGISTER
BANK
(UPPER
16 BITS)

LOGIC TO DETERMINE
IF MEMORY ACCESS
IS OFF OR ON BOARD

SP 16/23C
MEMORY
MANAGEMENT
UNIT

16 BIT OATA/24 BIT ADDRESSES

Teamwork. Philips uses two chips for its 16-bit microprocessor, software-compatible with its minicomputers. The memory management unit
addresses 4 gigabytes of virtual memory. It works with the processor to come up with the 32-bit-wide addresses.
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Longer system life with
the new LM330 voltage regulator.
A striking reduction in drop-out
voltage extends battery life beyond
old limits.

Higher gains
from deep base
diffusion.

The new LM330 offers the lowest dropout voltage of any fixed regulator on the
market: 0.32V at 150mA. So instead of requiring 7.0V to operate (as do standard regulators), the LM330 provides a5.0V output
even when the input voltage dips as low
as 5.32V.
As aresult, the useful life of the battery is
much longer with this advanced new voltage regulation and system efficiency is significantly improved.
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Ultimate system protection.This S.70*
part protects other expensive devices by
preventing both high voltages and negative
voltage from getting through.The LM330
also offers protection against reverse battery
mirror image insertion, automotive load
dump and input voltage transients.
And with Nationars100% thermal limit
bum-in offered as standard processing,
incoming component test costs are significantly reduced.
National. Way out in tront in linear
technology
For more information, check box numbers 053, 054 and 060 on the Nafional
Archives coupon.
*Prces shown are US once Only

National's better way. To accomplish
this feat, National's LM330 incorporates
apnp transistor enhanced by adeeper
diffusion of the p-type material. This provides ahigher current gain in the seriespass regulators.
Both the LM330 and its sister version,
the LM2930 (designed primarily for automotive applications), feature this new pnp process (see the pnp technology article).
Efficiency plus. Because the LM330
has alower drop-out voltage, it runs cooler,
and thus more reliably
Since system designs using the LM330
won't need as much heat sinking the designer
can now cut his costs to aminimum by
using lower power/voltage components.

The Practical Wizards once again display their linear leadership. This time, they've
improved the current gain on pnp transistors in voltage regulators by using adeeper
base diffusion of p-type material (see diagram below).
When applied to their new LM330 and
LM2930 5V fixed regulators, the enhanced
pnp transistors result in astriking reduction
in the IC's drop-out voltage.
So rather than requiring a2V input-to output differential, National's new regulators
have atypical drop-out of only 0.32V at
full-rated current (150mA).This allows the
LM330 to operate at amuch lower input
voltage, resulting in reduced power dissipation and improved reliability through lower
chip operating temperature.
Plus, they offer intrinsic protection that
npn-type voltage regulators can't match:
reverse input voltages up to 30V, voltage overload, thermal overload and short-circuits.
So even if the 3-terminal regulators have
been inserted backwards —which is not
uncommon for TO-220 packages —they're
fully protected from burning out.
All thanks to the linear experts.
0

Unlike the relatively shallow diffusions of the npn or standard pnp transistor, the deeper
diffusions of the p-type material offer higher current gain in series-pass voltage regulator ICs.
STANDARD PNP

DEEP BASE PNP

STANDARD NPN

New ¡ale-compatible converters
bridge the gap from D to A.
National's line of low-cost 8-,
10- and 12-bit CMOS MICRO-DACTM
converters are double-buffered
for maximum versatility.
The number of microprocessor-based
designs requiring digital-to-analog conversion is increasing at an incredible rate.
In response to this demand, the linear
wizards are now offering afull line of lowpower CMOS D/As that interface very easily
to any 8- or 16-bit 11P bus. These doublebuffered converters contain both an input
latch and DAC register plus all the µPlogic
necessary for simplified design and reduced
board space.
DOUBLE BUFFERED
MICRO-DAC CONVERTERS

20-pin (.3" wide) packaging keeps board
space usage down while their 20mW
power consumption —afactor of 10 lower
than bipolar— extends battery life in portable equipment.
The high accuracies obtained by using
these devices is due to their "end point"
linearity: just set zero and full scale and linearity is met.
And to make them even more versatile,
National's 8-bit DAC0830/31/32, and 12-bit
DAC1230/31/32 D/As have identical pinouts for easy interchangeability
For complete details on the entire line
of low-power MICRO-DAC converters, check
boxes 051 and 057 on this issue's National
Archives coupon.
At National, the practicality keeps on
coming through.
MICRO BAC

'DUI 2
,
OUT

LOGIC

And since they're all monotonic with
differential non-linearity specified over temperature, they fit particularly well in either
fixed or multiplying reference applications
such as servo control or synchro-to -digital
converters. Thanks to their low cost, these
new 8-, 10- and 12-bit D/As can also be used
as programmable gain amps, digital attenuators, band-pass filters and more.
All digital inputs are TTL-compatible
for more extensive interface flexibility Their

Is

atrademark of Notional Semiconductor Corporation

PRODUCT SUMMARY TABLE
PART
DIP RESOLUTION ACCURACY
NUMBER SIZE
(BITS)
(9,
0OF FSR)
DAC0830 20
8
005
0.10
DAC0831 20
8
DAC0832 20
8
020
DAC1000 24
10
0.05
DAC1001 24
I
0
010
DAC1002 24
10
0.20
DAC1006 20
10
0.05
DAC1007 20
10
0.10
DAC1008 20
10
0.20
0.01
DAC I
208 24
12
DAC1209 24
12
0.02
DAC1210 24
12
0.05
DAC1230 20
12
0.01
DAC1231 20
12
0.02
DAC1232 20
12
0.05

Worlds ahead in
data acquisition
technology.
National Semiconductor, the Practical
Wizards of Silicon Valley, is the world's largest
supplier of data acquisition components.
Over the last year, for example, they shipped
over 5million A/Ds —more than anyone else
in the industry
The key to their lead over the rest of the
pack is their high volume production capabilities and extensively broad line, and their
commitment to high performance at alow
cost.With all of their transducers, amplifiers,
filters, MUXs, sample and hold circuits, references, A/Ds and D/As, there's aNational
part for every application.
In addition, they're the only supplier utilizing technologies of bipolar, CMOS, NMOS
and hybrid along with thin-film resistors
and laser trim.
This is just aglimpse into what they're
up to —designing high technologies into
practical high performance data acquisition components.
National, the dedicated leader in data
acquisition technology and components.

The intelligent new 8050generations beyond the 8048.
The new pin-compatible apex of the
INS8048 Series carries afull
256 bytes RAM and 4K ROM for the
most intelligent single-chip
solution to 8048 applications.
National Semiconductor announces
the largest step forward in microprocessor
technology since the 8048.
Their new INS8050, with afull 256
x8RAM and 4K x8ROM, is the industry's
first single-chip solution for more complex
8048 applications.
XMOSrm makes it all possible. National's
new INS8050s are pin-for-pin architecturally
and software compatible with their entire line
of 8048 Series MPS. This includes 27 I/O
lines (expandable with the INS8243), an
8-bit timer/counter, binary and BCD arithmetic, the same 96 instructions and abuilt-in
clock oscillator.
As adirect replacement for 8048s and
8049s, the 8050 provides adegree of convenient upward flexibility that until now was
simply unavailable.

MAXIMUM CURRENT CONSUMPTION (r

THE INS8050.TWICE THE MEMORY,
HALF THE POWER.

200

8049
INDUSTRY
STANDARD
PARTS

150
100
50

INS8050
INS8048
INS8049 ........................
............ ..
NATIONAL S
INS8048
SERIES
IK x8

2K x8

4K

8

And because of their leading edge XMOS
technology, the 8050s consume over 50%
less power in full operation (max 75mA at 5V)
and 12 to 35 times less power in standby
mode (8.5mA) than do competitive 8048
series devices.
More speed, intelligence and versatility.
National's INS8050 is currently available
in afast 6MHz version with acycle time of
2.5psec. An 11MHz version (1.36msec cycle
time) will be available very soon. So an
8050-based design is not only more intelligent and versatile, it's faster too.
And that simply means that an 8050
can do more than any other 8048 series
microprocessor on the market. More self and
system diagnostics, table look-ups, truth
tables and character storage, plus it can perform interpretive commands with ahigh
level language. The list is endless.
Available now at competitive prices.
But the 8050 is only one of several microcomputer devices already in production at
National —all of which may be programmed
using their STARPLEXTm development system with ISETm (In-System Emulation).
For prototyping or low volume usage,
they also offer aROMIess version of the 8050
called the INS8040. And both are available
right now at very competitive prices.
The INS8050 breakthrough. Just
another reason why they're called the Practical Wizards of Silicon Valley
Check boxes 029, 037 and 050 on
this issue's National Archives coupon for
additional literature.

8050 software
and hardware
emulation
made simple.
STARPLEX, National's complete pf3
development system, with real-time ISE
(In-System Emulation) is the time-saving
solution for 8050 program development.
Made by the same people who designed
the 8050, STARPLEX with ISE includes 32K
bytes of real-time map memory plus all the
necessary logic for breakpoints, tracing and
memory mapping.
The ISE module uses an 8050 target
card that plugs directly into the microprocessor socket on the 8050-based prototype.
The target card approach allows simultaneous emulation of two of the same or
even two different microprocessors by the
use of dual target cards.
The 8050 ISE can be used to emulate
any 8048 series microprocessor. ISE support
is also available for the 8070, 8080,8085
and NSC800 pPs.
All told, STARPLEX is the easiest system
for both hardware and software development of MPs, pCs, microcontrollers and programmable logic circuits.
For complete information on STARPLEX,
ISE and the 8050 emulator package, circle
box 037 on the National Archives coupon.
STARPLEX. The fully developed development system.

XMOS STARPLEX and ISE ore trademarks of Notional
Semiconductor Corporation

What's new from the National Archives?'
006 D Special Functions Dota
Book (S6.00)
029 D INS8050 1.1P Dota Sheet
036 D Optoelectronic Handbook (S3.00)
037 D STARP1_EX and ISE
Information

050 D 1980 48-Series Microcomputers Handbook
(S3.00)
051 D 1980 Data Conversion/
Acquisition Handbook
(S7.00)
052 D Free Data Update
Subscription

053 D 1980 Linear Data
Book ($9.00)
054 0 LM330-5.0 Fixed Regulator Data Sheet
057 E MICRO-DACT" Converter
Dato Sheets
060 El 1980 Voltage Regulator
Handbook (S6 00)

Enclose check or money order based upon appropriate currency. Prices shown are U.S. prices only.
Make checks payable to National Semiconductor. Allow 4-6 weeks for delivery. This coupon expires
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The Practical Wizards
of Silicon Valley
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microprocessor treat every memory
location in the system as if it were in
the main memory. However, "the
translation of the logical to the real
addresses in the virtual scheme and
the inherent checks normally slow
down the processor significantly by
the many memory references,"
Schiereck says.
Speed schemes. To speed up the
data fetching, Philips uses microprogramming to load the segment
descriptors that identify each page
into the cache memory, just as
National does with its 16000 family
[Electronics, April 24, 1980, p. 123].
Also in the interest of speed, the
memory management unit performs
the necessary checks in parallel with
instruction execution.
Philips chose to implement in
hardware the checks on residence
errors that occur when a particular
item needed by the processors is still
in off-line memory. What's more,
the microprogram checks for residence errors with every instruction,
to provide a restart when it is necessary to fetch an off-line item.
"This slightly complicates the microprogram, but it appears far
preferable to overhead in the software to check the moment amemory
segment is swapped in from disk to
line memory," Schiereck says. "It
also eliminates the possibility of
interrupts occurring between the
loading of a segment descriptor and
the execution of an instruction in the
segment," he notes.
This approach is in contrast to the
space-saving tack Intel is taking with
the 286, in which memory management is performed by software.
Morever, the 286 allows restart only
of those instructions that load or
store the descriptors.
Addressing. The virtual-memory—addressing scheme is based on
16-bit-wide arithmetic. The 16 bits
of the memory management unit's
register bank indicate the page location in off-line memory and the 16
bits of the processor chip's register
bank give the individual location on
that page.
Once the segment is in the 16megabyte on-line memory, the memory management unit forms a 24-bit
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real address. It performs an overlapping addition of the 16 bits in the
register and the base address of the
segment to come up with that 24-bit
address.
The address space of the Philips
processor is divided into 64,000 segments, each capable of holding from
256 to 64-K bytes. "The flexibility of
the segments enables them to comprise a complete software task,"
Schiereck notes.
Flexible paging. Some 16-bit processors will have a paging system
that pulls a fixed block of data into
main memory: the Zilog Z8003, for
example [Electronics, Oct. 23, p. 41].
"This inflexibility leads to awaste of
memory space, because a lot of the
tasks will ask for pages smaller than
the fixed, big size," Schiereck says.
However, keeping track of the flexible page sizes does take more processor hardware.
Philips expects to see first silicon
on the two chips during the second
quarter, with a decimal coprocessor
following by year-end and afloatingpoint coprocessor likely next year.
The parts will be made both in
Europe and at Signetics in Sunnyvale, Calif., which is doing the layout
and initial fabrication.-Bruce LeBoss

Industrial

6800 helps monitor
steel-rolling process
A 6800-based instrument is easing
the job of rolling steel by giving a
precise digital readout of the position of the rollers' shafts. As well as
displaying data from a selsyn, the
SI -500 from ILC Data Device Corp.
can feed its information to acomputer controlling the process—an important feature in an era of everincreasing steel-mill automation.
In most U. S. mills, however, a
skilled operator controls the rolling
through commands to the motors
that drive the screws that position
the pairs of giant rollers turning
slabs of steel into ribbons or sheets.
The steel can go through the rollers
at speeds up to 6,000 feet a minute,
with the operator fine-tuning the
rollers' positions in thousandths of
an inch.
"In most rolling mills today,
mechanical displays such as counters
are an integral part of the monitoring system used by the operators,"

CAD system proves itself with VLSI des9i:
The first very large-scale integrated circuit designed using Digital Equipment
Corp.'s new Chip Assembler, or CHAS "global" computer-aided design
system, is a77,000-transistor floating-point processor chip (FPP). Designed
as a proof-of-principle exercise for CHAS, the complementary-MOS chip
may never see the inside of a diffusion furnace, but it gives an idea of the
power of the Maynard, Mass., firm's new design system [Electronics, Feb.
10, p. 100].
The FPP chip, brainchild of DEC engineers William Herrick and Henry
Walker, would occupy relatively little area for its complexity-84,100 square
mils, 290 mils on aside—and require more than 80 pinouts.
The chip design has a very high regularity factor —the ratio of its total
number of transistors to those designed by hand —of 74 versus about 4or 5
for commercially available VLSI chips. Higher regularity means that more of
the overall design task is handled by computer, speeding design time. DEC
spokesmen also note that, compared with the commercial state of the art,
the CHAS-aided design uses far less space-consuming random routing.
The FPP chip was designed to implement the full VAX-11/780 floatingpoint instruction set and to deal with 128-bit binary numbers. The chip's
simulated data path cycles in 150 nanoseconds. According to DEC spokesmen, there is no comparable LSI or VLSI device available with this combination of speed and capability. The only realistic comparisons, they say, lie with
400-odd-chip TTL FPPs, which are faster but far less attractive in terms of
volume, power dissipation, and design time.
-James B. Brinton
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When Clear
Displays Count
You can count on Ferranti-Packard's
electromagnetic 7-Segment display module
to give you the electronic compatibility
you need plus the reliability and
visibility your customers demand.
Performance-proven for over 5
years, the simple design and
construction, backed by FerrantiPackard research and engineering,
gives you the combination of reliability, visibility and flexibility
that no other read-out component
can match.
When you design an electronic
read-out system, Ferranti-Packard display
modules will help you do it better. It's clearly the display
module you should consider. See the difference for yourself,
write or call us and we'll prove it.
Ferranti-Packard Electronics Ltd.

When clear displays count Specify Ferranti-Packard.

6030 Ambler Drive, Mississauga
Ontario, Canada L4W 2P1
Telephone: (416) 624-3020
Telex •
06-961437
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(at ultra low cost)
LC-23 •under $100* •small size of
2.3" diameter X 1.6" long •single or dual
channel plus marker •5 or 12 volt sine wave,
TTL or CMOS outputs •optional line drivers •
up to 1270 pulses/revolution
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@100 pieces

(for the rugged application)
TRU-MITE •3/8" diameter shaft with sealed
bearings •die-cast aluminum housing •
complete choice of output options •
100 KHZ frequency response •up to
5000 pulses/revolution

datametrics

DatametrIcs Inc.
340 Fordham Road, Wilmington, Mass. 01887
Tel (617) 658-5410 TWX: 710-347-7672
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notes Steven N. Friedman, applications engineer for the company in
Bohemia, N. Y. Selsyns feed their
positioning information to electromechanical receivers and associated
counters: an SI -500 replaces both a
receiver and adisplay.
Position data. An operator must
continuously monitor the rollers to
ensure that the steel is being rolled
to the desired thickness. The SI -500
[Electronics, Jan. 13, p. 34] gives
real-time positioning data on a fivedigit light-emitting-diode readout to
ease this task.
The selsyns measure the shaft
angles of the screws, and the SI 500's 10-bit synchro-to-digital converter and 8-bit processor convert
these measurements, which help the
operator determine the relative positions of the two rollers in a pair as
the steel goes through.
The processor also eases the recalibration of the monitoring mechanism, which must be done every time
the roller pairs are changed. At rest,
the two new rollers will have a different relationship from the two they
replace. Since this resting position is
the base from which the positioning
data is calculated, it is helpful to be
able to show this position as the zero
level. The SI -500 has apreset button
that takes care of the recalibration.
A further chore the processor can
undertake is the scaling of the readout, which expands the relatively
small measurements taken by the
selsyn. The SI -500 has internal rocker switches that can change the scaling factor; with mechanical displays,
agearbox was often necessary.
Savings. "I can electronically replace the gear box and the selsyn
receiver with its mechanical counters
at about 70% of the cost," says Robert E. Soden, assistant supervisor of
maintenance at the Hot Rolling division of U. S. Steel's Gary, Ind.,
works. The base price of a single
S1-500 is about $2,500, reflecting
the cost of making a product for an
industrial environment.
Such options as serial or parallel
digital data outputs, fiber-optic serial output, and multiplexed 10-wire
digital data let the instrument display its data remotely or send it to a

Manufacturer of Trump Ross Encoders
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Nearly anything digital you can do on
an LSTTL board we can do on our big
gate array SystemChips. For your
smaller boards, we've got dozens of
smaller CMOS chips too, each with
proven reliability. If you want to leapfrog your competition, send us your
logic diagram for aquick confidential
quotation.
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5Volts-220 Amps
The Power House AQS Series has
extra power density, the specs you
need, the price you want: $849.
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computer. The American steel industry lags behind such foreign
counterparts as the Japanese in
automating its production lines, and
avitally needed computerized catchup effort is just beginning.
For steel mills with computers, the
instrument can serve as a part of a
fail-safe system. "I'm using two SI 500s at the slabbing position mill as
backup for the process control system. If there's a failure in the main
system, we still have a real-position
readout," says Frederick C. Miller,
programmer for automatic controls
at Jones & Laughlin Steel Corp.'s
Indiana Harbor Works in East Chicago, Ind. "It's definitely something
that the steel industry really can
use," he adds.
-Pamela Hamilton

Instrumentation

SPECSTACULAR!
SPECS:
• 0.1°/0 Line Regulation

•±0.2% Load Regulation
•50mV P-P Ripple
•186-264 VAC, 47-63 Hz Input

• Industry Standard
5" x8" x11" Package
•73% Efficient
•20mS Holdup Time

STANDARD FEATURES:
•Built-in adjustable overvoltage •AC power fail signal
and overcurrent protection.
•Hi-Lo margin check
•Inrush current limiting
•Multi-unit parallel
•Remote sense
capability
•Logic inhibit
• Ball bearing fan
Recognized component

IN STOCK-IMMEDIATE DELIVERY
Power House has 75 more AC to DC and DC to DC
switching power supplies ready for immediate delivery.
Our full-line catalog and handbook gives you detailed
electrical and mechanical specifications including EMI
performance. For your free copy, circle the reader
service number or contact us today.
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21 Water Street
Cuba, New York 14727
Phone (716) 968-2400, TELEX 91-6451
TWX 510-245-2700

Microsystem analyzer
'learns' on the job
The Microsystem Troubleshooters
now being readied by the John Fluke
Manufacturing Co. of Mountlake
Terrace, Wash., for aJune introduction have been designed for on-thejob learning. The reason is that this
family of instruments, which will be
marketed as the Fluke 9000 Series,
has self-contained intelligence with
which it can "learn" the characteristics of undocumented microprocessor-based systems and then test them
using compact algorithms [Electronics, Feb. 10, p. 33].
The instrument's entry into the
system under test is through the
socket of the microprocessor, although Fluke will also supply its customers with the information necessary for adaptation to soldered
microprocessors. In both cases, the
instrument can control the address,
data, and control buses, as well as
the reset and hold lines.
Learn algorithm. The details of
Fluke's complex learn and test algorithms are cloaked in the secrecy of
patent proceedings. Simply put,
however, the instrument basically
increments the system under test
through its entire address range,
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Putting microelectronics to work.
We supply the missing pieces.
r •. r

Advanced Microelectronics Operations is a new General
Electric component.
Its assignment: To help coordinate and sharpen microelectronics at GE by utilizing an impressive array of existing capa ft
P
hff
r
*V/
bilities.
The Corporate Research 8( Development Laboratories is
investing $50 million for new facilities to advance the state of
the art in VLSI process technology.
The Electronics Laboratory is adding
LSI facilities and people to develop CAD software for the
company-wide Microelectronics program and to bring
monolithic microwave technology to advanced practical
applications.
And the Aerospace Electronic Systems Department is
developing military VLSI technology and heading the
VHSIC effort for leadership in technology, processes and
products.
We're also building new capabilities like the GE Microelectronics Center at
Research Triangle Park, N.C. or custom integrated
circuits which will be among the nation's most advanced facilities. Although GE will remain a major
buyer of standard ICs, this custom capability will
add value to our products and enrich our plants and
processes with microelectronics-based production tools and systems for even
greater reliability and productivity.
If it's new in microelectronics, it's at General Electric, where technological
leadership and manufacturing success are standard. At GE, we're
putting microelectronics Advanced Microelectronics Operations
to work.
General Electric Company

GENERAL
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THE LATEST LINE FROM ITT JENNINGS:

UGH POWER
"TITANATE"
CERAMIC
CAPACITORS

At last here an answer for those applications that require ahigh power capacitor
providing high KVA ratings, long life, and
extremely high reliability over awide frequency and temperature range.
It our "titanate formulation" ceramic
capacitors.
They exhibit ahigh dielectric constant,
low loss characteristics, and can be produced in smaller sizes than most other types
of capacitors with similar ratings.
These capacitors offer capacitance ranges
from 5to 5,000 pF or more, and voltage
ranges from 5to 40 KV
They are ideal for transmitters, power
supplies, induction heaters, voltage grading
for circuit breakers, CRT computer interfaces, lightning arrestors or practically any
application that requires ahigh power
ceramic capacitor.
Do you have an unusual requirement? If
so, our modern production facility and our
30 years of high power test experience can
assist you with specialized ceramic capacitors in avariety of shapes, sizes and
formulations—even water cooled types.
Check with our applications department
at 970 McLaughlin Avenue, Dept. TF1, San
Jose, CA 95122, or call us at (408) 292-4025
and let us tell you more about our high
power titanate ceramic capacitors.
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DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
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while reading the responses on its
bus lines, as well as the chip-select
responses. The stimulus is picked
from 4-K bytes of read-only memory
controlled by 10-K bytes of learning
algorithm ROM.
The learning algorithm determines whether the system can both
write and read back signals over a
given address range. If it can, and if
the address range is greater than 256
bytes, then the learn mode labels
that address range as random-access
memory. If it can write and read
back, but over less than 256 bytes of
address, then it labels the address
range as an input/output port. If the
learning mode reads a consistent
response over an address range
greater than 256 bytes but that
response is different from the stimulus routine, then it labels the address
range as ROM. If it consistently
reads a response for a range under
256 bytes, then it concludes that
address range is write-only i/o.
On the model 9010, a tape cassette and RS-232 link can be used to
store results and comparison values
employed in the learning mode.
Model 9020 will add IEEE-488 programmability. The instrument's full
keyboard with functional key groupings also helps the user develop guided fault-isolation proceedings in an
on-line fashion.
Added probing. The prompting
instructions can include directions
for using aseparate probe, which is
contained in the instrument. The
probe is capable of signature analysis, as well as event counting and
logic probing that is synchronized to
address and data information. This
last capability is important, because
it enables the user to catch a logic
state that is linked to others on the
fly and display it as though it were
static. Coupled with the stimulus
algorithms, this feature lets the user
observe the toggling of asingle bit in
the system under test.
The 11-pound troubleshooter can
handle 8-bit, I
6-bit, and later 32-bit
microprocessors. Its price—$3,295
for the basic unit, $695 for each
8-bit pod, and $1,495 for each I6-bit
pod—is affordable by most fieldservice setups.
-Martin Marshall

Country
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Current sensing
resistors for
multi-range instruments.

Non-inductive precision
resistors for power
switching circuits.

Caddock's Type 1787
Current Shunt
Resistor Networks.

Caddock's Type MS
Power Film Resistors.

Absolute resistance tolerances of 0.25%,
0.1%, 0.05% and 0.02% make these 2-, 3and 4-decade current shunt resistor networks the ideal replacement for expensive, bulky discrete resistors.

Caddock's patented Non-Inductive
Design in power ratings from 2watts to
15 watts assures minimum voltage transients in all types of power switching
circuits.
High stability Micronoxi resistance
films operate to +275°C and years-long
load-life tests demonstrate extended-life
stability better than 0.05% per 1000 hours.

16 standard models are now available.
The basic network design provides aseries
total resistance of 1000n ,100n ,100 and
in .Other standard models provide commonly used variations of this basic design

Off-the-shelf precision
decade voltage dividers.

Caddock's Type 1776
Precision Decade
Resistor Voltage Dividers.
When used as a 10 Megohm input voltage divider, the Type 1776 family can provide high accuracy voltage division in
ratios of 10:1, 100:1 and 10,000:1.
Type 1776 Precision Decade Resistor
Voltage Dividers are now available in 25
standard models with ratio TCs from
50 ppm/°C to 5ppm/°C. Caddock's laser
production techniques keep OEM quantity
prices low, too.
For Type 1776 data, circle Number 205

For Type MS data, circle Number 203.

For Type 1787 data, circle Number 201 .

CADDOCK Resistor Technology

solving problems across the board!4e

High stability resistors for
very-high voltage control
and measurement circuits.

100 Megohms in a
miniature package.

Resistor pairs and quads
with very low ratio TC.

Caddock's Type T912 and
T914 Precision Resistor
Networks.
Caddock's Type MG
High Voltage Resistors.
High voltage probes and control circuits
make wide use of Type MG resistors for
precision high voltage regulation and
high voltage measurements.
Long-term stability — plus proven
reliability — have also made these precision resistors first choice in communications satellite voltage control circuits.
For Type MG data, circle Number 202.

Caddock's Type MK
Precision Film Resistors.
Precision values to WO Megohms in a
miniature CK 06 case make the Type MK
ideal for low current designs.
These non-inductive resistors find wide
application in high-impedance analog
circuitry.
For Type MK data, circle Number 204.

Ratio tolerances to +0.01%, ratio TCs
of 2, 5or 10 ppm/°C and ratio stability
within ±0.01% at full load for 2000 hours
provide exceptional stability in precision
analog circuits.
Both pairs and quads have isolated
resistors of equal value. Standard resistance values are 5kn to 1Megohm and
custom variations with unequal values
are available.
For Type T912 and T914 data, circle
Number 206.

Caddock's latest General Catalog provides complete performance data and
specifications on over 150 models of these outstanding 'problem-solving' resistors.
For your copy, just write or call to Caddock Electronics, Inc.,
1717 Chicago Avenue, Riverside, Calif. 92507 •Phone: (714) 788-1700 •TWX: 910-332-6108

HIGH PERFORMANCE FILM RESISTORS
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M OW THERE'S ACOMPLETE
MEPROGRAPHIC PACKAGE.
M IND IT'S FROM KODAK.
Sodak has an extensive line of fi'ms and papers that can handle
ust about any type of reprogropnic application you can
ILmagine. We have...
Kodastar wash-off films—wet-erasable that permit
revision after revision.
Kodograph conventional films—excellent matte
drafting surface.
Precision Line products—high-resolution films
ideal for printed-circuit work.
KocJagraph Tronstar moterials—popers for
producing low-cost intermediates.
or information on any or all,
Eastman Kodak
.ompany,
.

W

ept. GH005,
ochester, NY
4650.

IF IT'S REPROGRAPH1C AND PHOTOGRAPHIC,

Irs
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Washington newsletter
DOD outlays will

Military spending outlays for fiscal 1981, which ends in October, and for
fiscal 1982 will rise by only $1.3 billion and $7.2 billion, respectively,
lag behind
under President Reagan's budget revisions now set to go to Congress on
bigger budgets ... March 10, according to the Office of Management and Budget. The
spending levels are lower than anticipated in view of Pentagon reports that
increases in its authority to spend total about $12 billion and $25 billion in
each of the two years, which will push the respective Defense budgets up to
nearly $170 billion and $220 billion. The explanation by Office of
Management and Budget sources is that some of the budget authority will
be carried over to be spent in later years when the Defense Department
has a better handle on its priorities. For example, outlays in the fiscal
1983-86 time frame are expected to climb steadily by $20.7 billion in
fiscal 1983, $27 billion in 1984, and $50.2 billion in 1985 and to peak with
a$63.1 billion increase in fiscal 1986.

as Reagan cuts
hit NASA hard

NSF could lose
funds to upgrade

Though program specifics were carefully avoided in the Reagan defense
budget revisions during the Office of Management and Budget's Feb. 18
briefing, proposed cutbacks in other agencies with high technology content
were spelled out in detail. Outlays for the National Aeronautics and Space
Administration, for example, are proposed to be cut $60 million in this
fiscal year to $5.22 billion, followed by even sharper slashes in fiscal 1982
and 1983 of $241 million and $334 million, respectively, leaving annual
outlays of $6 billion and $6.3 billion in those years. Fiscal 1985 and 1986
outlays are $5.7 billion and $5.3 billion. The space shuttle and the Orbiting
Space Telescope systems remain intact, but the agency stands to lose
space science missions such as the Venus Orbiting Imaging Radar, the
gamma-ray observatory, and Spacelab experiments, and U. S. participation in the international solar polar mission will be reduced.

Funds for the National Science Foundation, which President Carter
sought to boost significantly in his fiscal 1982 budget request [Electronics,
Jan. 27, p. 98], would also be cut back under the Reagan plan. The NsF's

college instrumentation

annual outlays, which hover around $1 billion yearly, would be reduced by
$26 million this fiscal year and by $15 billion in fiscal 1982. Reductions
would continue steadily through fiscal 1986 to alevel of $155 million. On
the Office of Management and Budget's hit list this year are instrumentation grants for colleges, as well as selected science and engineering education programs.

Protests greet plan

One novel Reagan cost-cutting approach calls for putting the Federal
Aviation Administration and the Coast Guard on apay-as-you-go basis by
invoking new user taxes. The air-traffic control system, for example, would
be funded along with other FAA functions by a20% tax on airline fuel, 9%
on tickets, and 5% on freight. Similarly, the Coast Guard would derive
new revenues from taxes on yachts and ships that use its services. Already
objecting are congressional advocates of Federal funding of these programs
and those protesting plans to eliminate Department of Energy research and
development for photovoltaics, along with other solar energy R&D, which
the Reagan Administration believes should be left to private industry.
This approach would cut solar programs by 60% in fiscal 1982, says the
Office of Management and Budget.

to tax users
for FAA, Coast Guard
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Washington commentary
Military readiness: must reading for Congress
The issues of military force readiness and the
U. S. "tooth-to-tail" ratio—combat equipment
and manpower versus hardware and personnel
support costs—are getting the attention they
deserve from the Reagan Administration. And
there is evidence that Congress, which ordinarily emphasizes weapons procurement in its
annual budget battles, will devote more of its
attention to military preparedness, as well.
The most recent sign of increased congressional interest is Senate Appropriations Committee chairman Mark Hatfield's call for athird
under secretary of defense, one who would speak
for all three services on preparedness and combat readiness and complement the under secretaries for policy and for research and engineering. The Oregon Republican may get his wish
since the outgoing Carter Administration was
considering just such a move by upgrading the
job of assistant secretary for manpower, reserve
affairs, and logistics.
Unfulfilled promises
The move is encouraging. Yet Hatfield, his
colleagues, and their staffs should also look
deeper into the misapplication of the old "bigger-bang-for-a-buck" philosophy of weapons
that is spawning increasingly complex equipment. Inadvertently encouraged by Congress,
the system produces the expected response from
the military services and their contractors—promises of "wonder weapons" that do
not always work well.
The resultant technological complexity, however, invariably requires larger maintenance
crews, more spare parts, and a proliferation of
automatic test equipment —all producing a
longer and costlier support tail at the expense of
the teeth, combat-ready systems.
Automatic test equipment, long recognized as
a problem by industry and the military, was
extensively analyzed in a three-year study
involving 500 Government and industry specialists [Electronics, Dec. 4, 1980, p. 102]. Yet the
"Industry/Joint Services Automatic Test Project" is still no more than a voluminous study
that is a long way from implementation. It is
also a product of narrow ATE interests, rather
than abroad view of the readiness issue.
Nevertheless, the military ATE analysis does
make a crucial point when it notes that more
than 60% of the problems occur in the acquisition and management of equipment, rather than
in the technology. Congress should take note, in
addition to considering the related problems
specified in two smaller, more recent criticisms
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of readiness developed by the DOD's program
analysis and evaluation group and the General
Accounting Office (see p. 104).
The DOD's "Defense Facts of Life" is signed
by Franklin C. Spinney, who calls it an "independent minority view." He maintains that system complexity is not necessarily the product of
advanced technology, but rather of a lack of
program discipline. Spinney calls the complexity
problem a challenge for leadership, not "management gimmicks," like blue ribbon panels and
zero-based budgeting, that "do not work." Such
gimmicks, Spinney contends, "have the effect of
a placebo rather than a cure—in effect, they
contribute to the problem by conveying the false
impression of a solution. What is required is
leadership than can make real national defense
take precedence over the component interests
involved in defense."
Top industrial and academic experts in weapons systems indirectly supported that view when
they told the GAO that overly complex weapons
systems are the product of incorporating too
many unproven technological innovations into a
single system—an approach that would never be
undertaken by any successful company in the
commercial and industrial electronics marketplace. Nevertheless, weapons system primes are
regularly prodded to propose such multiple
advances to achieve the biggest bang for the
fewest bucks. Such systems are virtually guaranteed to cost far more than proposed.
Cut paperwork
Contractors argue—correctly, it seems—that
they have the "knowhow" to design more supportable systems if the procurement system can
be changed to provide them with design responsibility and financial incentives. They also told
the GAO that industry's lead time could be
shortened and weapon performance improved if
the 3,000 pages of Defense Acquisition Regulations and some 27,000 additional pages of procurement rules could be simplified and abbreviated. The Congressiona 1Budget Office concurs
on the latter point, saying that regulations
increase amajor system's cost by 20% to 100%.
With so many disparate interests in agreement, it seems that Sen. Hatfield and his colleagues should use their leadership roles to initiate some significant changes in the system that
will make best—if not the most—use of technology in weapons that will work when needed. But
without strong support from Congress, one more
under secretary of defense simply will not be
able to change the system.
-Ray Connolly
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New from Sprague!

eefe
WANT TO GIVE YOUR pP
AGREAT WAY TO TALK
TO THE OUTSIDE WORLD?

New Sprague Monolithic 4-Bit and 8-Bit
BiMOS Latch/Drivers Simplify Interface
between LSI and Peripheral Loads.

Sprague UCN-4401A and UCN-4801A Latch Drivers
combine advantages of CMOS logic and highvoltage/high-current bipolar output buffers. They afford
a low power, wide supply range (5 V to 15 V) with the
excellent noise immunity of complementary MOS.
Bipolar Darlington outputs provide the characteristics
of industry-standard Sprague Series ULN-2000A and
ULN-2800A Darlington Arrays (50 V & 500 mA per
output).
High input impedance (50 Id/) of all inputs means
minimum loading of 1.LP
lines. All outputs have integral transient suppression for inductive loads.
These latch, drivers employ a copper-alloy, lead
frame DIP assembly for maximum allowable power.
The UCN-4401A (4-bit) is supplied in a 14-lead
0.300" wide DIP while the UCN-4801A (8-bit) is a 22-

lead 0.450" wide DIP. Outputs are pinned opposite inputs to simplify board layouts.
Typical applications include peripheral loads such
as relays, solenoids, d-c and stepper motors. LED,
and incandescent or electro -magnetic displays.
For application engineering assistance on these
or other interface circuits, standard or custom,
write or call Paul Emerald, Semiconductor Division,
Sprague Electric Company, 115 Northeast Cutoff,
Worcester. Mass. 01606. Telephone 617'853-5000.
For Engineering Bulletin 26180 and a 'Quick
Guide to Interface Circuits', write to: Technical Literature Service. Sprague Electric Co..
Marshall
St., North Adams, Mass. 01247.
For the name of your nearest Sprague Semiconductor
Distributor, write or call Sprague Products Co. Division,
North Adams, Mass. 01247. Telephone 413 664-4481.

FOR FAST INFORMATION, GALL YOUR NEAREST SPRAGUE SALES OFFICE.
ALASAW, Sprague Electric Co 205 883-0520 •ARIZONA. Sprague Electric Co 602 2449154, 602 966-7233 •CAUFORNIA, Sprague Electric Co 213 649-2600
714 549-9913 R David Miner Inc 714 421-5586 VVm J Purdy Co 415 347-7701. COLORADO. Wm J Purdy Co 303 777-1411• CONNECTICUT, Sprague Electric Co
203 261-2551, Ray Perron 6 Co Inc 203 268-9631. 203 673-4825* 01ST. OF COLUMILA, Sprague Electric Co IGovt sales only) 202 337-7829 •ROAM. Sprague
Electric Co 305 83 , 3636 • ILLINOIS. Sprague Electric Co 312 296-6620 • INDIANA. Sprague Electric Co 317 253-4247 • MARYLAND. Sprague Electric Co
301 792-7657 • MASSACHUSETTS. Sprague Electric Co 617 8999100 413 664-4411 Ray Perron & Co Inc 617 969-8100 • MICHIGAN. Sprague Electric Co
517 787-3934* MINNESOTA, F1618 Inc 612 831- 74004 MISSOURI. Sprague Electric Co 314 781 ,2420 •NEW HAMPSHIRE. Ray Perron &Co Inc 603 742-2321•NEW
JERSEY. Sprague Electric Co 201 696-8200, 609 795-2299. Pinkie Sales Inc 609 795-4200 •NEW MEXICO. VVm J Purdy Co 505 266-7959 •NEW YORK. Sprague
Electric Co 516234.87GO. 914 834-4439. 315 437-7311, Wm Run. Inc 914 834-8555. Piston-Hunter Co Inc .
315 437-2843. NORTH CAROLINA. Electronic Marketing
Associates 919 722-5151* OHIO. Sprague Electric Co 513 866-2170. Electronic Salesmasters Inc 800 362-2616* PENNSYLVANIA, Sprague Electric Co 215 467-5252
Trinkle Sales Inc 215 922-2080 •SOUTH CAROLINA. Electronic Marketing Associates 803 233-4637* TEXAS. Sprague Electry Co 214 235-1256 •VIRGINIA, Sprague
Electric Co 703-463-9161. WASHINGTON. Sprague Electric Co 206 632.7761. CANADA, Sprague Electric of Ganarla Ltd 416 766-6123 or 613 238-2542

SPRAGUE®

THE MARK OF RELIABILITY

a subsidiary of GK Technologies
Circle 65 on reader service card

Introducing the

SUPER ANALYZER
Ono Sokki Dual Channel FFT Sound
and Vibration Analyzer
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64K byte mass storage data memory user area.
The CF-500 is an all new FFT Analyzer
with dual-channels, multi-functions, high
accuracy and low cost! It incorporates a
64K byte large-capacity mass storage data
memory, and features improved real time
FFT analysis. Features include a digital
oscilloscope which displays an amazing
twenty-eight thousand 12-bit words, and
running to 3-dimensional recording of
power spectra, and coherence-and-transfer
functions. All switches are feather-touch,
which combine beautifully with the many
functions to make the CF-500 a powerful,
highly accurate, easy-to-use analyzer.
Distributors and Sales Representatives wanted.

CALL TOLL- FREE 8001323-0315
in Illinois 312 /640-8640.
Exclusive Agents

SHIGMA

Specifications
• Dual-channel, real-time FFT
•

14 ranges from DC to 1Hz and from DC to 20
kHz, plus external control

•

Resolution-401 lines overall

•

12-bit A/D, dynamic range is 68 dB or more

• Transient recording (Memory capacity: 28K words)
Power spectrum (2 ch. simultaneously)
Linear spectrum (2 ch. simultaneously)
1
/
3 octave analysis
Coherence function
Transfer function (gain/phase)
Multiplication and subtraction of each spectrum
• Provision of a64K-byte user area data memory
Twenty eight block continuous memory spectrums
are possible.
• Complete copies of CRT information with
the CX-445 X-Y recorder. Three-dimensional
recording is possible.
• GP-1B interface (optional)

INC

80 Mart in Lane •Elk Grove Village, IL 60007

WESTERN HEADQUARTERS
2471 East Bayshore Suite 501
Palo Alto, California 94303
Telephone (415) 328-3351
Manufacturer
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ONO SOKKI

CO
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LTD

Tokyo, Japan
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Everything but
the kitchen sink.
Serial I/O Baud
Rate Selection

Serial Line #1

Bootstrap
Selection

RAM Address
Selection

32Kb or 8Kb RAM

EPROM Configuration
& Address Selection

Serial I/O
Address Selection

Memory
Logic

Bus Interface
Logic

Space for Bootstrap
or EPROM

Industry Standard
Q-Bus

Clock
Serial Line #2

MX Vil will change your
ideas about micro packaging.
The MXV11 multifunction board measures just
5.2" x8.9".
Yet it has so much capability, all you have to
do is combine it with one of Digital's LSI-11 processors
(also 5.2" x8.9"), and you have acomplete, low-cost
microcomputer ready to handle awhole range of
applications. From instrument control to intelligent
terminals.
And if that isn't enough, we also offer 9different memory boards, 11 I/0 modules, 9communications options, and an unmatched selection of peripherals and options. All supported by Digital's
consultation, training, and 14,000 service people
worldwide.
It's the total approach to micros. And it's why
Digital has sold more microcomputers than anyone.
For more information call our toll-free LSI-11
Hotline at 800-225-9220. (In MA, HI, AK and Canada,
call 617-467-7000.) Or send the coupon.
Digital Equipment Corporation, MR2-2/M65,
One Iron Way, Marlboro, MA 01752. In Europe: Digital
Equipment Co. Limited, Acre Road, Reading, RGZ
OSI.J, England. In Canada: Digital Equipment of
Canada, Ltd. Or contact your local Framilton/Avnet
distributor.
Electronics/February 24, 1981
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Li Please send more information on the MX V11

multifunction board.

G Please have aSales Representative call.
Name
Title
Address
City

State

Zip

Telephone
My application is

Send to: Digital Equipment Corporation,
Microcom puter Products Group, MFt2-2/M65,
One Iron Way, Marlboro, MA 01752.
DEC-C-162
N-2-24-1
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We change the way
the world thinks.
Circle 67 on reader service card
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SOLENOIDS.
This box frame .53H is designed
for smooth, pull on-operate actuation. Its molded coil cover
provides excellent coil and terminal protection. Intermittent
and continuous duty cycles
available for AC or DC.

NEW KRNL
This new, low-cost version of the
famous KRP relay features a
clear dust cover and octal-type
plug termination. 5 and 10
amp contacts are available
in arrangements up through 3
form C. UL

DEFINITE PURPOSE
CONTACTORS.
The P30 and P40 series switch
motor loads up to 30 and 40
amps at 600V AC or resistive
loads up to 40 and 50 amps at
600V AC. Three and four pole
models are available.

CIRCUIT BREAKERS.
This W58 thermal is the inexpert.
sive alternative to tuses. Contacts "snap" open and reset
button extends when breaker
trips. From 0.5 through 35 amps.
UL & CSA.

GENERAL PURPOSE REIMS.
Save space with the compact,
ruggedly constructed KIO series.
2form Ccontacts rated 13 amps
at 120V AC (resistive), 10 amps at
277V AC or 28V DC (resistive).
UL and CSA.

SOUD STATE RELAYS.
This ECM hybrid is packaged in a
.875" high, screw terminal enclosure. Reed-triggered triac
switches 120 and 240V AC loads
from 0.75 through 40 amps. Potted and non-potted versions are
UL recognized.

P&B isn't just relays.

Circuit breakers, solenoids, solid state relays, time delays, definite purpose contactors—now they're all designed and manufactured to meet the same high standards
Potter & Brumfield has set for
general purpose and power
relays. And since they're P&B
Adeel
components, they're all

available off-the-shelf from leading distributors backed by P&B's sizeable factory
inventory. Potter & Brumfield Division
AMF Incorporated, 200 Richland Creek
Drive, Princeton, IN 47671.
812/386-1000.

Potter&Brumfield

We're demanding so
you don't have to be.
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International newsletter
New Hitachi computer
surpasses the 3081

Sinclair flat-screen TV
gets volume go-ahead

One-chip codec filter
from Canada

As asingle processor with 2.1 to 2.4 times the performance of IBM'S 3033,
Hitachi Ltd.'s new Hitac M-280H is somewhat ahead of IBM's 3081
dyadic processor, rated at 1.9 to 2.1 times the 3033's performance. The
new computer has 8to 32 channels for an input/output throughput of 90
megabytes/s, versus the 3081's 24 channels and 71 megabytes/s.
Contributing to those figures are two emitter-coupled-logic arrays built
with 2-gm technology. One has amaximum of 550 gates and apropagation delay of 0.45 ns; the other has 1,500 gates at most and a0.8-ns delay.
For control and buffer memories, 4-K and 1-K bipolar memories with an
access time of 7 ns are used. The 16-to-32-megabyte main memory is
populated with the firm's 16-K dynamic devices that when used in an 8- or
16-way interleave have an access time of less than 100 ns. This hardware
gives a single-processor performance of 30 megafiops when the optional
array processor for scientific calculations is attached. Two to four
processors may be linked in amultiprocessor configuration.
Monthly rental for the smallest practical system is $195,000. The
Japanese company is in the course of negotiating agreements with the
firms that sell plug-compatible versions of its machines abroad—National
Semiconductor in the U. S., Italy's Olivetti, and West Germany's BASF.

Success with his ZX80 personal computer —over 50,000 of which were
sold in their first nine months of production [Electronics, Feb. 14, 1980,
p. 80]—together with government agency grants totaling $6 million, has
given British electronics entrepreneur Clive Sinclair the financial
resources to fund a four-year $11.7 million program for putting his
flat-screen tube into volume production. Cambridge-based Sinclair
Research Ltd. will subcontract the manufacture of both the tube and the
microvision radio-Tv combination to Timex. In the first, $2.9 million
phase, a highly automated flat-tube production line is being built at
Timex's plant in Dundee, Scotland. The first product, a multistandard
radio-Tv combination with amonochrome 3-in, screen and measuring 6by
4by 1in., will debut in the second half of 1982, retailing for around $115.

A one-chip complementary-MOs codec and filter with exceptionally low
power consumption is being developed by Mitel Corp. of Ottawa. The
company, which manufactures communications systems and associated

uses Just 15 mW

integrated circuits, is tailoring its Iso 2c-mos part to its forthcoming
SX2000 private automatic branch exchange for voice and data, but it is
likely also to introduce acommercial version. Based on switched-capacitor
technology, the ± 5-v-to- ± 8-v, 18-pin part will measure about 145 by
105 mils (3.7 by 2.7 mm), consuming about 15 mw in the active mode
and almost nothing in the power-down mode.

Plessey to offer

After amajor redesign of its quad sense amplifier for bytewide magneticbubble memory systems, the Plessey Co.'s Allen Clark Research Centre of
Caswell, Northants., is now providing British firms and a West Coast
company with samples of both this integrated circuit, the SB9001, and the
complementary SB9002, aquad write driver 1c with integral protection of
the magnetic-bubble write circuitry. These two special-purpose support
circuits are for use in the 256-K-byte bubble modules that will go into
Britain's System-X all-digital exchange and the Project Wavell battlefield

bubble support ICs
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International newsletter
information display system. They would also make it easier and more
economic to configure custom bubble memory systems, but sister company
Plessey Semiconductors Ltd. has not yet decided whether to produce
custom bubble boards commercially.

Thinner video tape
plays role in
VCR-camera battle

VCRs to do well
In West Germany

NTT opens doors
to new suppliers

Canada, Japan, try
standards accord

70

As Japan's manufacturers of video cassette recorders vie for the lead in
setting standards for combined camera and VCR units, video tape producer
Fuji Photo Film Co. has gotten into the act by announcing two new
prototype tapes—a metal and adeposited-metal kind. Matsushita's hand
in the struggle to become the standard is greatly enhanced by the existence
of asecond source for deposited-metal tape (see p. 80). For asignal with a
recorder wavelength of 1 gm, the respective outputs of the metal and
deposited-metal tapes are 13 and 22 dB higher than that of the tape now
used for Beta format or VHS VCRs. For each hour of video recording, 0.25
to 0.3 square meter of the metal tape and 0.125 to 0.15 m 2 of the other is
needed. Since their respective coatings are 2.5 gm and 0.15 to 0.20 gm
thick, the volume improvement for the deposited-metal tape is still greater — Fuji says enough of it should squeeze into a cassette the size of the
standard Philips audio cassette to record for three hours.

The sector for video cassette recorders continues to stand out as abright
spot in West Germany's lackluster market for entertainment electronic
products. According to the Deutsche Video Institut, a newly established
video consulting organization in West Berlin, domestic VCR sales should
exceed the $500 million level this year, up from $380 million in 1980. In
terms of units, the figures for 1981 and 1980 are 550,000 and 374,000
respectively.

Motorola Inc. will become the first U. S. firm to sell telephone subscriber
equipment to the Nippon Telegraph & Telephone Public Corp. when
purchases of its pocket bell paging units begin on April 1, the start of
Japan's 1981 fiscal year. The small, portable devices beep to indicate the
subscriber should contact his office. As the market for them has been
monopolized by five Japanese firms, next year's orders for 130,000 units
will be split six rather than five ways. Motorola's product will be assembled
in Fort Lauderdale, Fla.
Meanwhile, 23 foreign and domestic firms have officially applied to
take part in open bidding on nine categories of electronic instruments and
other products that till now have been bought only from 21 designated
Japanese firms. More firms are expected to apply before the end-ofFebruary deadline.

The Canadian Standards Association and its equivalent in Japan, the
Electrical Testing Laboratory, have agreed to try a reciprocal testing
agreement according to which each country will accept the other's word
that standards have been met for such consumer and industrial products as
hand tools and appliances. Later more sophisticated gear like communications equipment could be included. No other country has such an agreement with Japan.

Electronics/February 24, 1981

32

T0

64

Chm mels.. with aBattery
Dolch Logic Instruments' third generation logic analyzer, the
LAM 3250, lets you meet your troubleshooting needs now,
and expand for the future. The LAM 3250 records up to 32
channels of information at sampling rates to 50 MHz, and with
optional Channel Expansion Probes, its capability can be
extended to 64 channels. And there's more.

you can recall complete test set-ups in amatter of seconds.
No more time wasted rewriting menus.

Powerful triggering.
Four-level sequential triggering, each level with an independent pass counter ranging from 1-255 counts, lets you
debug programs containing nested subroutines. There's even
aRestart function to guide you through data on the bus. All
of this is easily programmed in aseparate trigger menu.

Check these features and compare:
• 32 channels X 1000-bit memory
• Expandable to 64-channel X 500-bit memory (optional)
• Sampling rates to 50 MHz
• 5ns glitch capture
• Timing capability for 16 or 32 channels
• Hex, octal, binary and ASCII displays
• Powerful word search feature
• Window triggering
• Real-time trigger tracing
• Non-volatile menu memory
• GPIB and RS-232 interfaces standard
• Personality probes and disassemblers for many popular
uP's and bus systems (optional)

Battery back-up.
The LAM 3250's revolutionary new BATTERY-BACKED
MENU MEMORY feature allows you to store up to 6
separate files of display and menu parameters in CMOS
RAM for up to three months without power. This means that

This is only part of the story. For more details on this and
other dynamic troubleshooting tools, contact the logic
analyzer experts today. Dolch Logic Instruments,
230 Devcon Drive, San Jose, CA 95112.
Or call toll free (800) 538-7506. In California (408) 946-6044.

Sophisticated clocking.
Since it incorporates dual 16-channel X 1000-bit recording
blocks, the LAM 3250 can accept up to two independent
external clocks for sampling data, letting you independently
monitor both address and data on amultiplexed bus.

g.11 DOLCH

WI/MBM LOGIC

INSTRUMENTS

REPRESENTATIVES; Austria 02236/866310. lielaisius 02219145353. Cased. 15141 336-0392. Eleentark 02804200, Fialaed 014090520311. Frame 069302880, Germany 08931901.1. Gaga, Britain 0734694944. Greece 0218219470
Holland 040533725. lerael 0345315). 11).1,1)24158746, Nino., 1)2356110. Shale 052213199. Swede.. 08879490. Stelteerheed 013632188, East Europe-U.K. 093252121, Sierapore 0637944. South Africa 01227739.
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BergStik Headers.
We're making more.

Eighteen months ago we couldn't have written
this ad. The demand for "BergStik - headers was
just too great for our then existing capacity. So
we've added more capacity to meet your needs.
Why the appeal of genuine "BergStik - headers?
We think it's because the discriminating user
agrees with our policy of making "BergStik headers with the same precision and quality con-

sciousness that characterizes every other Berg
interconnection product. We insist, for example,
on drawn wire pins which offer smooth contact
surfaces and sharp corners. Ideal for disconnect
applications and in wire wrapping. And the pins
are molded in the nylon dielectric to help prevent
flux contamination and give superior pin retention. Sure, you may not always need this quality in
your headers. But when you do, it's there.
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You're needing more.
160,000 every day.
Choose from avariety of vertical and right-angle
configurations with varying spacings, pin lengths
and plating options. Color-coding helps in identification, and the tongue-and-groove design facilitates side-by-side stacking. "BergStik - headers
are notched for breaking. Either buy full length or
specify the length and we'll supply them.
You may take headers for granted, but we never

do. They're an important part of the BergCon*
interconnection system. For more information on
genuine "BergStik" headers, and your nearest
Berg distributor, call 800-233-7581 (Pa. residents: 717-938-6711).
The Du Pont Company, Berg Electronics Division
New Cumberland, PA 17070
*Du Pont trademark

An electronics company.
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TEK 465B

PORTABLE
OSCILLOSCOPE

Take acloser look at
The 100 MHz, 465B.
For years, our 465 portable
scope had been considered
the standard by those who
service high performance or
computer-based electronic
systems.
Until we introduced the 465B.
Performance you can see.
The 465B still does everything
that made the 465 so popular.
The big difference is, it does a
lot more.
An alternate switching capability between intensified and
delay sweeps lets you view
both displays for analysis.
There's third channel trigger
view with delay adjustable to
zero, so you can view both
data channels and the trigger
signal simultaneously.
Improved trace selection
switching provides unmatched flexibility in waveform display.
And we've upgraded the
magnified sweep speed to
2ns/div, so you can analyze
signals in even greater detail.

Quality you can trace.
Though it looks like a465 on
the outside,the 465B is different
inside. We've used modern
IC's in place of discrete components. That means improved performance, reliability and trace quality for you.
Service that'll see you
through.
Our worldwide service team
goes where you go. We're with
you all the way, with more than
500 service personnel at 46
Tektronix centers in the U.S.A.
and hundreds of Tektronixsupported service engineers
in over 50 other countries to
calibrate and maintain your
Tektronix scope.

U.S A.. Asia, Australia, Central & South
America. Japan
Tektronix. Inc
PO Box 1700
Beaverton. OR 97075
Phone. 800/547-1512
Oregon only 800/644-9051
Telex 910-467-8708
Cable TEKTRONIX
Europe, Africa,
Middle East
Tektronix International, Inc.
European Marketing Centre
Postbox 827
1180 AV Amstelveen
The Netherlands
Telex 18312
Canada
Tektronix Canada Inc.
PO. Box 6500
Barrie, Ontario L4M 4V3
Phone. 705/737-2700

2000

It's the kind of performance
that'll help you interpret complex timing signal relationships more clearly.

We're
going
places

2ORANG2

e24.111L

4E5 e
OSCILLOSCOPE
VOLTSDIV

Seeing is believing.
Contact your Tektronix Sales
Engineer. Or write or call us
toll-free for abrochure.
1-800-547-1512.
It pays, when you take acloser
look.
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Compare this general purpose logic analyzer
with the currently accepted industry standard,
The K100-D wins over Hewlett-Packard's 1615A hands down!
Logic designers have made
Gould's powerful Biomation K100-D
our fastest selling logic analyzer

mode to catch gliches as narrow
as 4 ns. It gives you the most
precise logic analysis for today's
high speed minicomputer, mainframe and microprocessor systems.
Best of all, you're already prepared
for faster designs as they arrive.

Compare capacity.
The K100-D's 1024 word memory is
four times as deep as the 1615A's.
This dramatically extends the
length of data you can trap from
your system at any one time. And
that means faster, more accurate
debugging. In addition, the
K100-D's standard 16 channel format can be expanded to 32
channels for work on the new
generation of 16-bit microprocessors.
ever. You'll see why once you compare it to its nearest competitor,
the 1615A from Hewlett-Packard.

Compare clocking speed.
With a 100 MHz clock rate, the
K100-D gives you resolution to
10 ns—five times better than the
1615As. Use the K100-D's latch

—

The final analysis.
To help you evaluate these two
fine instruments before you buy,
we've prepared a point-by-point
competitive comparison of the
two. If you're designing and
debugging high-performance digital systems, you'll want to read
this document carefully. To get
your free copy, just use the reader
service number or write Gould
Inc., Biomation Division, 4600 Old
lronsides Drive, Santa Clara, CA
95050. For faster response, call
408-988-6800.

Compare your productivity.
Finally, the K100-D makes
designers more productive with
convenience features superior to
those of the 1615A. The K100-D
has a larger keyboard, plus an
interactive video display. Comprehensive status menu. Data domain
readout in hexadecimal, octal,

Hewlett-Packard 1615A
A very good logic analyzer

-41011SELÉ_
.

binary or ASCII. And the list goes
on and on.

Biomation K100-D
The industry's finest logic analyzer
otte
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Chip
Technology.

Advanced chip technology
has made AVX the industry
leader in multilayer ceramic
capacitor design and man
ufacture. AVX chip technology also delivers superior
quality multilayer ceramic
chip capacitors. in volume.
when you need them, at
extremely competitive
prices. AVX's dedicated
production facilities are
capable of providing awide

variety of special services—
like tight tolerance NPO's
burn-in, DPA. marking, gold
tabs, and anumber of dif-

/elf(

ferent termination materials. Chances are, AVX's
volume production and
large inventories will match
your chip requirements
perfectly. AVX is dedicated
to chips. To take advantage
of AVX's chip technology,
give your local AVX Representative acall, or write:
AVX Ceramics, Dept. C-1,
P.O. Box 867, Myrtle Beach,
SC 29577
Circle 78 on reader service card
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Monolithic filter
derives design
from wave theory
by Kevin Smith, London bureau manager

Voltage-wave' device that
cascades sections of
transmission line could be
built with C-MOS process
Even as the relative merits of chargecoupled-device and switched-capacitor monolithic filters are debated,
researchers have come up with yet a
third technique that threatens to
upstage them both. Based on wave
theory and using analog sampleddata circuitry and techniques, it has
the dual virtues of design simplicity
and ease of integration.
It made its first public bow this
week in New York, in a paper presented to the International Solid
State Circuits Conference (see
p. 138) by the microcircuit group of
Edinburgh University and agroup of
filter design specialists from University College, Dublin.
They have demonstrated the elegance and potential power of the
technique in a prototype circuit that
combines three separate filters —
third-, fifth-, and seventh-order lowpass devices—and gives excellent
agreement with theory. As a practical design, though, this first chip has
shortcomings primarily due to the
use of an unsuitable 6-micrometer
polysilicon-gate n-channel mos 15volt process and purposely overlarge
capacitors. But the Edinburgh group
believes it could have a competitive
complementary-MOs version working in alittle over ayear's time.
Benefits. Ease of integration and
hence low cost is the most significant
advantage claimed for the switchedcapacitor voltage-wave filter, as it is
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called. For active elements, it employs simple unity-gain buffers instead of the several, more onerous
operational amplifiers needed in a
conventional RC switched-capacitor
filter. Explains John Mayor, head of
the Scottish group, "In c-mos technology the buffer amplifiers can be
built with just acouple of transistors
and present atrivial design problem.
Dual-input operational amplifiers
used in switched-capacitor filters,
however, are difficult both to design
and to process."
Conventionally, analog filters even
of the switched-capacitor type use
capacitive or inductive storage elements to create frequency-sensitive
circuits. The Edinburgh-Dublin
group discards this "physical" approach in favor of a purely mathematical implementation. Their starting point is the fact that filters can
be constructed by cascading sections

of transmission line that are unequal
in impedance. A transmission line,
after all, incorporates distributed
inductance and capacitance.
In itself that is no advantage, but
a body of theory developed at yet a
third European university, the RuhrUniversitât Bochum in West Germany, provides a means of representing
such a cascaded array with great
mathematical simplicity. Its author,
A. Fettweis, showed that each section could be modeled by a time
delay, representing the wave propagation time, and an adaptor, representing discontinuities between sections of transmission line.
Like the now almost extinct analog computer, the mathematical
equations describing these cascaded
sections of transmission lines are
modeled by connecting together
switched capacitors used as computational elements (not as resistors,
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their role in conventional switchedcapacitor filters). These switchedcapacitor elements are used to perform such mathematical operations
as addition, multiplication, and subtraction in real time on successive
data samples. The needed time delay
is inherent in the clocking system.
Rationale. "A digital implementation of the storage, multiplication,
and addition processes necessary to
solve these equations, while possible,
is not elegant in integrated circuit
form," says Mayor. "We chose an
analog, sampled-data realization
where the internal calculations are
performed using switches, capacitors, and unity-gain buffers, with no
basic requirements for operational
amplifiers."
The switched-capacitor elements
provide a convenient computational
element. For example, when voltages
to be subtracted are applied to opposite ends of an input capacitor, a
charge proportional to the voltage
difference is collected during the

sampling period. Again, multiplication by a factor of less than unity is
accomplished by connecting a second capacitor in parallel with the
first. Both functions are employed in
modeling the transmission line section, as in the diagram.
Proven. A first silicon implementation adequately demonstrates the
design theory. It yields low-pass filter sections with accurately defined
pass-band edges at one eighth of the
clock frequency and exhibits low
sensitivity to variations in capacitor
ratios and agood dynamic range of
better than 50 decibels.
However, because a C-mos process was not available at the time
and the prototype chip was intended
to demonstrate only the theory, chip
capacitors were made larger than
necessary, operational amplifiers
were used for convenience between
buffer stages, and more buffer stages
than necessary were provided. Now
the Edinburgh group plans an optimized version.

Japan

Third prototype of camera-VCR system
introduces yet another cassette-tape format
The jockeying over which cassette,
tape and recording formats will
become the industry standard for the
forthcoming video cameras with
built-in cassette recorders is heating
up. Matsushita Electric Industrial
Co. has just announced its entrant.
The new prototype's formats differ from those used in two earlier
entries from other leading Japanese
consumer electronics manufacturers.
Also it incorporates an inexpensive
half-inch vidicon as image sensor
rather than the solid-state sensors in
the other two—a move on Matsushita's part to demonstrate that the cassette-camera combination need not
wait for affordable semiconductor
sensors and the lack of agreement on
standards is what is holding up this
new consumer product.
The use of a new high-coercivity
tape with a deposited metal coating
enables Matsushita to squeeze two

80

hours of recording time into the cassette. That recording time is the
same offered in Hitachi Ltd.'s prototype [Electronics, Sept. 14, 1980,
p. 64] and six times that of the Sony
Corp. prototype [Electronics, July 17,
1980, p. 48].
Measurements. The Matsushita
tape is 7 millimeters wide, and its
10-micrometer thickness is less than
half that of standard video tape. The
94-by-63-by-14-mm cassette will
hold 103 meters of tape, running at
14.3 mm asecond.
The Hitachi metal-coated tape is
6.25 mm wide and 14 I.tm thick, and
115 m of it fit into the 112-by-67by-13.6-mm cassette, running at
15.76 mm/s. The Sony tape is 8mm
wide, 14 pm thick, and 25 m of it fit
into a 56-by-35-by-13-mm cassette,
running at 20.34 mm/s. Sony says
thinner tape would extend recording
time to 30 minutes from 20 min.

Since recording time is akey feature for the user, the wide divergence
between the Matsushita and Hitachi
prototypes and the Sony version is
notable. However, Sony is not interested in developing a product that
could compete with its present line
of home video cassette recorders,
whose recording times range from 2
hours upwards.
Still, a 20- or 30-min. recording
time betters that of the 8-mm home
movie camera that these video units
are expected to replace. So strong is
the threat that the Japanese firms
expect photography giant Eastman
Kodak Co. to enter the market —and
Kodak is known to be doing research
in the area.
Although Matsushita's system
features the highest recording density of the three, in all the systems the
high-coercivity tape supplies picture
quality as good as that of 6-hour
conventional VCRs.
Sensors. Just as the Japanese companies disagree on apossible cassette
and tape standard, they also present
different imaging systems in their
prototypes. Matsushita's half-inch
vidicon, a new tube slightly smaller
than the one used in color video cameras today, would speed introduction
of aproduct because it would not be
necessary to wait for the price of
solid-state image sensors to come
down out of the clouds.
However, Sony and Hitachi think
the smaller size, higher reliability,
and easier producibility inherent in
the prototype semiconductor sensors
warrant their inclusion in the camera-recorder prototypes. Sony's prototype uses a charge-coupled-device
color sensor, and Hitachi's uses an
mos sensor already in production for
the firm's consumer video camera
that goes on sale in April.
While the consumer may not care
about the type of image sensor he
has, small size and minimal weight
are likely to be important considerations. The small cassette, the 0.5-in.
vidicon with only half the volume of
the near-universal 2/3-in. versions,
and extensive use of very large-scale
integrated circuits enable Matsushita to squeeze both recorder and camera into a box measuring only 229
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ENGINEERING SOFTWARE FROM
THE ENGINEERING PEOPLE.
For more than 30 years, engineers and
technicians have relied on Sams technical,
electronics, and computer books. Now, Sams
has put its technical expertise together in a
complete series of circuit design software
programs.
7packages encompass 37 different pretested,
debugged programs. Fully documented. Easy
to use. Available on tape or disk for popular
microcomputers. Multi-program tapes only
$24.95... disks $29.95.
Sams Software helps you optimize your circuit
design by letting you quickly look at all the
design parameters and possibilities. Sams
Software is the fastest way to solve
complicated, repetitive engineering,
mathematical, and statistical problems that
use up creative engineering time and rob you
of engineering freedom.
Sams Software is the difference between static
and dynamic designing. If you're still trying to
compete in todaYs world with old-fashioned
techniques, catch-up with the future. Find out
how Sams Circuit Design Software can
change your ideas into working designs faster.

Mail the coupon today for a copy of the Sams
Software Catalog ...or call toll-free for the
name of your nearest Sams Software outlet1-800-428-3696.

-

Howard W. Sams 8( Co., Inc.
4300 West 62nd Street
P.O. Box 7092
Indianapolis, IN 46206
Name
Company
Address
Cily

State

Zip

The microcomputer I
currently use is: _TRS-80 _APPLE II
OSI

OTHER .

Interested in: Technical
Educational

Personal
Business

Sams.

ADO6C,
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mm deep by 118 mm high by 67 mm
wide. The unit weighs 2.1 kilograms
to Sony's 2kg and Hitachi's 2.6 kg.
Matsushita's prototype uses six
Penlite-size nickel-cadmium rechargeable batteries that will run the
camera for 40 min. Sony uses a 9volt rechargeable silver-oxide battery for its 20-min. unit, and Hitachi's 9-v NiCd battery will power
the unit for 30 minutes.
With all the differences between
the Sony and Matsushita prototypes,
they do have acommon requirement.
They require a tabletop adapter to
convert the camera into a playback
machine; Hitachi's version incorporates the adapter.
It will take several years for the
units to arrive on the market, however. They are expected to cost about
$1,000 each.
-Charles Cohen

Great Britain

Unit identifies words
in run-on speech
Though amachine capable of understanding conversations is still a distant goal, a first step in that direction has been taken by Britain's
National Physical Laboratory. It has
developed prototype hardware that
can identify key words and numbers
in continuous speech.
In contrast, first-generation hardware works best when words are
spoken in isolation and, according to
NPL researchers, will never be able
to cope with the run-on sounds of
conversation. The NPL setup potentially costs much less, too, for the use
of preprocessing hardware shrinks
the recognition task to one that can
be handled by a Digital Equipment
Corp. LSI-1 1microcomputer.
To help the technique move from
the laboratory into production systems, NPL has formed aclub of nine
users. Within two to three years
members like office equipment manufacturers Nexos and the Plessey
Co. or CAD equipment manufacturer
Quest Automation Ltd. could be
putting aspeech-recognition capability in commercial systems.

82

In conversation the beginnings
and ends of words can run together,
fazing hardware that adopts awordmatching strategy. So instead of isolating words or even phonemes, the
British researchers split the incomSing waveform
into 10-millisecond
snapshots and classify each sample
into 1of 16 distinctive phonetic categories. A similar approach is
adopted in aspeaker-recognition system from Threshold Technology
[Electronics, Jan. 27, p. 53].
The 16 categories each correspond
to one of the characteristic resonant
modes of the human vocal tract, and
the duration of each phonetic feature
is also taken into account. The
approach works equally well with
every language and every speaker,
and the phonetic features lie within
the bandwidth of all communications systems.
A form of frequency analysis
based on auto correlation techniques
is used, according to Brian Pay, a
researcher at NPL's laboratories in
Teddington, Middlesex. Data bandwidth is so reduced that recognition
decisions can be performed in real
time using relatively little power.
Matched. Each category is defined
by a 32-bit word, and this is transmitted every 10 ms to a short-term
memory where asequence of sounds
is built up. At this stage, comparison
logic, under the control of asoftware
director, attempts to match each of
the items in the store with the templates of admissible sequences in a
64-word vocabulary. To shorten the
process, the matching logic can take
account of the context— for example, by inspecting only those templates that correspond to spoken
numerals.
At this intermediate level, alist of
matches with attached probabilities
is stored. The overall match is subsequently deduced in terms of the permitted syntax. For example, in an
avionics application, in the command
"set height 20,000 feet," the key
word "set" triggers the system and
"height" defines acontext requiring
anumerical value. At this level, says
Pay, "We are moving towards
speech understanding rather than
speech recognition."
-Kevin Smith

Japan

GaAs uhf amp IC has
low noise, wide band
With the aid of a simple gallium
arsenide integrated circuit, extremely low-noise wide-band amplifiers
spanning the very high and ultrahigh
frequency bands can now be built
without tuned circuits. Although a
variety of applications is envisioned
by the engineers at Matsushita Electronics Corp. who developed the ics,
most of them could wind up in TV
tuners made by parent Matsushita
Electric Industrial Co. and others.
Over a frequency range of 50 to
2,000 megahertz, the new devices
have anoise figure of only 1.7 to 2.2
decibels and a gain of 8 to 10 dB.
Noise is least at about 100 MHz,
increasing slowly at higher frequencies as well as at low frequencies
because of 1/f noise. The input and
output impedances are 50 ohms,
with standing-wave ratios less than
2.5 — low enough to build multistage
amplifiers with no matching circuits
between stages. Noncritical radio
frequency chokes to supply bias voltages and coupling capacitors are the
only other amplifier elements.
For use in TV tuners, the devices
could be designed for the narrower
frequency range of 50 to 900 MHz
and hence ahigher gain than the 15
to 20 dB normally required in this
application. Also, the impedance level would probably be higher.
The device that gives this superb
performance consists of a single
transistor with a Schottky-diode
capacitor and epitaxial island resistor connected in series between its
drain and its gate to give a negative
voltage feedback.
Recessed gates. The transistor
resembles the one developed earlier
by Matsushita [Electronics, July 31,
1980, p. 56]. It has recessed gates
and a narrow, 1-micrometer sourceto-gate spacing for low series resistance of less than 512. Gate length is
also 1gm, the same as the sourceto-gate spacing, for good high-frequency characteristics. Feed-
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Channel
your
efforts.
-

16 Channels of

BrickwallTM Filter
Performance,
plus aBuilt-in
eat>
Introducing System 716—our
multi-channel system of antialiasing Brickwall filters, the
Wavetek Rockland innovation
that provides remarkably shaip
rolloff of better than 115 dB per
octave. Up to 16 channels of sta.
ble low-pass or high-pass filtering lets you apply our Brickwall
technology to multi-channel digital signal processing and other
systems use.
A built-in GPIB makes programming easy. And this smart
system features anon-volatile
memory that stores up to 16
groups of cutoff frequencies and
gain settings per channel!
System 716 gives you the same
performance features found in all
our Brickwall filters—dynamic
range of 80 dB, achoice of cutoff
Circle =82 for literature

frequencies from 1Hz to 100 kHz,
and 2-digit resolution for 400 discrete frequencies per channel.
The passband and stopband
characteristics are near-ideal,
and you can pair up channels to
get band-pass, band-reject or
double rolloff (230 dB per octave).
Phase match is tight between
channels, typically ±0.5°. And
the 716 offers even more features,
such as sophisticated automatic
overload detection and aself -test
capability.

Whatever your application,
you can't find asmarter, sharper
programmable multi-channel filter
system that's as cost effective and
"rack economical" as the 716. You
can even buy the system in its
simplest form today, and add
more channels later, as you
need them.
Contact us or your nearest
Wavetek Rockland representative for complete data or afree
demonstration.
Wavetek Rockland, Inc.
Rockleigh Industrial Park
Rockleigh, NJ 07647
(201) 767-7900

W AVE TE
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6Ways
To Mount
Cable Ties
-ALL NYLON-

back resistance is about 250 1
.
2, while
the series capacitor is about 50 picofarads, but either value can double
or halve without greatly affecting
device characteristics.
As fabricated for low-noise operation, the device runs on 20 to 30
milliamperes from a3-to-5-volt power supply. The same device fabricated for a current of 100 mA will
operate as a power amplifier with
several hundred milliwatts' output.

SCREW FASTENED—

Other firms have also made GaAs
microwave ICs, some with even wider
bandwidths, but they have higher
noise figures and appear to use different circuits. Hewlett-Packard has
a device that will operate over the
range of direct current to 4 gigahertz, but its noise figure is said to
be about 12 dB. Siemens has just
announced a GaAs IC in the same
frequency range, but it has a noise
figure of 4dB.
-Charles Cohen

West Germany

Circuitry for black-on-white CRT
cuts flicker and raises resolution

ADHESIVE FASTENED—

Hightemperature
adhesive
available

SNAP -IN —

Write for catalog.

A circuit proposal from Siemens AG
promises to be an economical way of
ridding cathode-ray-tube terminals
of eyestraining flicker and of producing many more high-resolution
characters on the screen than can
conventional CRT displays. Worked
out at the applications laboratories
of the company's components group
in Munich, the proposal provides for
the display of 2,560 black characters
against alight background.
As the number of these terminals
mounts, so do the demands of labor
unions and health authorities that
their manufacturers come up with
displays that reduce eye strain at
close viewing ranges. Thus CRT makers are considering switching from
bright characters on a dark-green
background to dark characters
against awhite background.
Flicker. Such a display lessens
strain on the eyes because they need
no longer alternately adapt to blackon-white printed copy and a dark
display of bright characters. However, the white background introduces another problem: luminance
flicker, which is noticeable even out
the corner of the eyes.
Since flicker becomes imperceptible above 75 hertz, the Siemens proposed circuitry provides for apicture

frequency of 80 Hz, 20 Hz more than
for conventional data displays, explains Wolfgang Winkler, head of
the applications lab that worked out
the proposal. With the 80 pictures
per second, some 40 million picture
elements, or pixels, are transmitted—two to three times more than in
conventional data displays.
To obtain a high resolution, the
circuitry increases the line frequency
to 45 kilohertz, up from 25 kHz or so
for high-quality conventional CRT
displays. This measure gives 32 80-

imilli11111111111111111.111
1118100

Easy on the eye. Siemens's 2-D-Transformer

COMPANY hic.
4444 W. Irving Park Road
Chicago, Illinois 60641 (312) 282-8626
84

(right)

is part

of a low-cost deflection

unit in circuitry designed to raise CRT display
frequency above the threshold for flicker.
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Hundreds of Quality Test
Accessories Under One Roof.

Your 1981 Pomona Electronics catalog is ready.
And it covers more than 650 high-quality test accessories.
Bushels of black boxes.
Dozens of Dip Clip TY test clips.
Carloads of connectors.
Grosses of Grabber TM clips.
Armloads of adapters.
Pounds of pin tips.
Bunches of bananas. And much, much more.
Refer to your copy of the Electronic Engineers
Master ([EM) catalog for complete product in-

Consistent quality for a complex world.

formation, or ask us for a free catalog today.
ITT Pomona electronics, 1500 E. Ninth St.,
P.O. Box 2767, Pomona. CA 91766. Phone (714)
623-3463.
In Europe, ITT Industries Belgium S.A.. Pomona
Division, 250 Avenue Louise, Box 121, Brussels,
Belgium. Phone 02/640.34 .00.
AVAILABLE THROUGH YOUR FAVORITE
ELECTRONIC PARTS DISTRIBUTOR

Pomona Electronics

ITT
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INTERNATIONAL

OE CRYSTAL OSIMATOR a :I I1
International's OE
Series of Crystal
Oscillator Elements
provide a complete
crystal controlled
signal source. The
OE units cover the
range 2000 KHz to
160 MHz. The standard OE unit is designed to mount direct on a printed
circuit board. Also available is printed
circuit board plug-in type.
The various OE units are divided into
groups by frequency and by temperature stability. Models 0E-20 and 0E-30
are temperature compensated units.
The listed "Overall Accuracy" includes
room temperature or 25°C tolerance
and may be considered a maximum
value rather than nominal.
0.4.19.10,
Elonwn
7144

2000 Ott
to
61 MIS

035213
035214
035215

0E-1
0E-1
0E-1

517 23

035216
035217
035218

0E-5
0E-5
0E-5

$21.38

4413144

47 MIS
to
139 9112

$19.79

S25 20

035219

01,11111er
Eferam
lot
0E-10

035220

0E-20

537.02

035221

0E-30

$76.59

Wise

Uraber

140 MI1.
lo
ISO 11119

$24.89

$33 19

4000410020000010

$25 20

All OE units are designed for 9.5 to 15
volts dc operation.
The 0E-20 and
0E-30 require a
regulated source to
maintain the listed
tolerance with
input supply less than 12 vdc.
Prices listed Include oscillator and
crystal. For the plug-In type add the
suffix "P" after the OE number; eg
0E-1P.
0E-1. 5and 10 can be supplied to operate at 5 vdc with reduced rf output.
Specify 5 vdc. when ordering.
Output — 10 dbm min. All oscillators
over 66 MHz do not have frequency adjust trimmers.

Overall

Mt

blames

4 004,097

±.01%
+60°C

-.005%

-air to

±.002%
-10° to +60°C

±.0005%
2 -66MHz
±.001%
67 to 139 MHz
±.0025%
140 to 160 MHz
211t
blames
Zero
trimmer
Zero
trimmer
Zero
trimmer

Omiii
atcuney

.±.0005%
-10° to +60 -C
1..0005%
-30° to +60°C
t .0002%
-30° to ,60 C

INTERNATIONAL
CRYSTAL
MFG. CO., INC.
10 North Lee
Oklahoma City. OK 73102
405/236-3741
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Wat ers

Waters announces the Anglyzer — atotally new concept in
360° shaft angle position measurement that features the infiAnglyzer® nite resolution and low noise of aprecision conductive plastic
potentiometer with afull 360° active angle. Anovel integral
Angle
solid state switching system combines two internal signals into
one output over the full 360° to an accuracy of ±.36°. The
Position Anglyzer provides alife of 100 million shaft revolutions at 1500
R.P.M. and may be used alone to provide aDC output proportional to shaft angle, or may be used with its companion Digital
Readout as atotal angle measurement/display system.

Shaft

Readout

WATERS
AejA, MANUFACTURING
INC.

Electronics international
character lines of high-resolution 8by-16-dot characters, eight more
lines than do present-day displays.
This performance, Winkler says,
can be economically realized with
relatively new components that his
company has developed. Contributing to the high information flow of
40 million pixels/s are power mos
transistors of the Sipmos variety
[Electronics, Aug. 28, 1980, p. 145],
featuring switching speeds of 300
nanoseconds at 1 kilovolt. Sipmos
parts are also used for signal amplification and beam deflection.
The company is using its new 2D-Transformer that works according
to diode-split transformer principles
and is combined with a ferrite core.
Winkler says this combination constitutes alow-cost deflection unit for
45-kHz line-frequency operation. A
bipolar integrated circuit, the TDA
4610 widely used in TV sets, controls
a diode modulator circuit that corrects the picture geometry without
loss of sharpness.
Economy claim. To support his
claim of circuit economy, Winkler
points to the low components count:
15% fewer than would be in a conventional CRT terminal if it were
designed to achieve the same flickerfree, high-resolution performance.
The 1
-Kv power transistor replaces
an IC plus its peripherals, as well as a
complete driver stage. The 2-DTransformér replaces aconventional
transformer and acascade circuit or
a high-voltage transformer and an
integrated half-wave rectifier. The
Sipmos transistors, he says, make it
possible to design flicker-suppressing, resolution-enhancing display
circuitry "with fewer components
than has acolor TV set without highfrequency and intermediate-frequency stages."
The Siemens circuitry also offers a
distinct advantage over another possible solution to the flicker problem.
Tubes with along after-glow, or persistence, would eliminate the flicker—but their long persistence spells
aloss of contrast and streaking during abrupt transitions from black to
white and vice versa as occurs with
the display of rapidly changing
nformation.
-John Gosch

LONGFELLOW CENTER, Wayland, MA 01778 • (617) 358-2777
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MANAGER'S
DIT.ENEIVIA NO.1

How to get it
redesigned by Monday.

MOSTEK

,

-„

Face it.
If your people are still
designing microcomputer
system hardware, any redesign
is frustrating. Now consider
how much faster and simpler the
entire design cycle would be if
they only had to develop the
application software.
There is a cost-effective way:
MD Series STD-Z80 BUS compatible boards. The hardware
is already designed. Assembled.
Usted. Debugged. And modularized so that you only have to buy
those functions you need. Consequently, redesigns are as easy as
adding, deleting or exchanging
STD-Z80 BUS compatible modules. More than 25 of them in all.
Including CPUs. Memory A/D
and D/A. Parallel or serial I/O.
Special functions. Diagnostics.
Even PROM-based BASIC
c 1981 Mostek Corporation

Use STD-Z80 BUS
microsystems.
The cost
effective edge.

MOSTEK 'and MD Series are trademarks of Mostek Corporation

software.
It's that simple.
And that flexible.
Want assurances about
quality? Our new one-year warranty documents it.
With the STD-Z80 BUS MD
Series, you can avoid frustrating
design situations. Our Manager's
Dilemma Casebook explains how.
To get yours, write Mostek Micro
Systems, 1215 W. Crosby Road,
Carrollton, Texas 75006 (214)
323-1829. In Europe, contact
Mostek Brussels 762.18.80.
Circle 87 on reader service card

Tektronix' new 7D02.
logic analyzer with the

N

ow, atotal soluti
on to problems
encountered
either on or off the bus. Tektronix' new 7D02 Logic Analyzer. Featuring aunique user
language that reduces even
the most complex testing to a
few simple statements. You
supply the overview and the
7D02 does all the detail work
for you. With asophistication
never before possible.

A simple, yet sophisticated user language.
Writing atest program is no
more complicated than responding to afew simple
prompts. A handful ofbasic
phrases let you configure the
7D02's resources into almost
any combination needed to
solve the problem at hand.
Often you'll fmd the 7D02 has
an intelligence equal to the
software you're integrating
into your prototype.

Individualized 8and 16-bit mnemonics.
Through aseries of personality modules, the 7D02 can
adapt to the characteristics of
specific microprocessors.
Familiar mnemonics let you
work faster and more accurately. Support today extends
to the 6800,6802,8085,8086,
Z80 and Z8002 with more to
come. There's also apersonality module available for general purpose logic analysis.

Up to 52 channels of
information. Flexibility is
the key. You start with the
basic 28 channels used for
state acquisition, then the expansion option increases this
to 44. For timing applications
or wider state acquisition,
there's an additional synchronous or asynchronous
8-channel timing option
complete with its own memory, word recognizer and
glitch trigger.

,11111

All test parameters
supplied by prompts.
IF clause defines adata
stream event, which
may be either single or
compound.

THEN clause defines a
response to the event. In
this case, setting counter
#1 to zero and then incrementing every
millisecond.
At the same time the
counter is set, branch to
the second test. (bracketing allows simultaneous actions).

Copyright @ 1980, Tektronix, Inc. All rights reserved. 902-1

If the event occurs, then
branch back to the first
test and start the program over.

The 7002 now monitors
the data stream for an
event to satisfy the second test's IF clause.
-

Or if counter #1 has
reached 100 mS, then activate the trigger.

71)02

LOGIC
ANALYZER

A user-programmable

smartest triggering ever.
And there's more. The
7D02's user language takes
advantage of four separate
word recognizers, each up to
48 bits wide. Plus two counters usable in either the time
or event mode. In addition to
clock qualifications, there are
two types of data qualification to provide selective data
storage.
The Tektronix 7D02
Logic Analyzer can give you a
whole new approach to I.LPbased design.
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Locating an intermittent fault. The following
program gives alimited
demonstration ofthe simplicity and power behind the
7D02's user language. Here
the object is to trigger when
asecond event on the bus
does not occur within 100 mS
of afirst event.
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The 7D02 is a3-wide plug-in for the popular Tektronix 7000

Series oscilloscope. Shown above is aTek 7603 mainframe
housing the 7D02 logic analyzer with apersonality module
supporting the 6802 microprocessor.
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READ
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By using the proper personality module,
software flow can be
displayed using the
mnemonics of the chip
under test, here the
Motorola MC6802.

TëJctroni°x

COMMITTED TO EXCELLENCE

For immediate action, dial our toll free automatic
answering service 1-800-547-1512.
For the address ofyour nearest Tektronix Field Office., contact:
U.S.A., Asia, Australia, Central & South America, japan Tektronix, Inc., PO. Box 1700,
Beaverton, OR 97075, Phone: 800/547-1512. Oregon only 800/644-9051, 503/644-0161,
Telex: 910-467-8708, Cable: TEKTRONIX
Europe, Africa, Middle East Tektronix International, Inc., European Marketing Centre,
Postbox 827,1180 AV Arnstelveen, The Netherlands, Telex: 18312
Canada Tektronix Canada Inc., PO. Box 6500, Barrie, Ontario IAM 4V3, Phone 705/737-2700

DIGITAL
TELECOlVLMUNICATIONS
Better numbers. At Mostek, we
define them in terms of experience,
performance, commitment and
growth.
First, experience. Measure ours
from 1974 when we introduced our
Mane I* series of integrated tone
dialers. Since then, in tone and
pulse dialers alone, we've added
nine new products. Each with the
progressively sophisticated features that state-of-the-art systems
demand.

1,250,000
'Tone Iand MOSTEK. are trademarks of Mostek Corporaffon

2,500,000
C) 1980 Mostek Corporation

Second, performance. Measure
that in units of power consumed.
Mostek telecommunications circuits consume miserly amounts of
it. In fact, the reason why our
CODECs became the industry standard is because they dissipate a
mere 30mW, less than half that of
our closest competitor.
Third, commitment. Add up our
product line as proof. More than 30
products, including CODECs, filters, pulse dialers, tone dialers,

5,000,(

How better numbers
logically add up to
ahigher level of confidence.

repertory dialers and others give
us the widest and broadest telecommunications product line of
any integrated circuit manufacturer. Then add to that our full line of
RAM and ROM memories as well
as the microprocessors needed to
configure your total system. All
available from Mostek.
Fourth, growth. As a semiconductor manufacturer, ours is
unparalleled. In telecommunications alone, for example, we have

doubled in size every year for the
past four. Stated another way, that
totals up to more than 10 million
telecom circuits shipped, more
than all other IC manufacturers
combined.
The advantages for you? In a
word, confidence. Confidence that
our expertise can position you at
the leading edge of digital telecommunications. Confidence that our
lower-power devices will make
your system more cost-efficient.

MOSTEK.
Confidence that you can specify a
full line of those devices from a
proven single source. And confidence that we have the demonstrated production capability to
meet your high volume needs. Both
today and tomorrow.
lb find out more about what our
numbers can do for you, contact:
Mostek, 1215 West Crosby Road,
Carrollton, Tbxas 75006 (214) 3231000. In Europe, contact Mostek
Brussels 660.69.24.

10,000,000
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THE NEW L200 BOARD TEST SYSTEM
ENDS THE
IN-CIRCUIT VS. FUNCTIONAL DISPUTE.
The L200 series of board test systems offers
both in-circuit and functional test capability in a
single machine. With state-of-the-art performance
and common hardware, software, and fixturing.
Its totally new, distributed processing architecture takes advantage of today's best technology
and allows rapid product evolution through the
1980's.
Complete flexibility for high quality testing of
analog and digital boards, fast job plan generation
and debugging, and low overall cost of ownership
make the L200 series the most economical
approach to your most demanding test problems.

HIGH QUALITY TESTING
The L200 gives you high clock rate testing to
speeds of 10 MHz for functional and 2MHz for incircuit testing, with up to 16 drive and detect
phases, programmable in 1nanosecond increments.
Parametrics at speed, using dual threshold comparators and aprogrammable load on every pin.
Algorithmic pattern processor, to test and diagnose on-board RAMs and ROMs.
Awide range of high accuracy analog forcing and
measuring functions, available over aKelvin
matrix.
And high performance fixturing, that keeps lead
lengths to critical nodes between 3"-4".
As products grow even more complex, easy
field upgrading of L200 systems will allow
expanded performance, with higher clock rates,
larger pin counts, and greater pattern depth.
That means the L200 will
evolve in keeping with your
future board test requirements. And that's agood
investment.

HIGH SYSTEM
THROUGHPUT
The L200's rapid test
and diagnosis capability

results in minimized labor costs and alower number of test systems required.
Its high effective test rate handles long test
sequences on LSI boards at up to 100,000 tests per
second.
Bed-of-Nails Trace uses the digital matrix to
eliminate manual probing.
Diagnostic tools ensure fast, accurate fault location, with State Sensitive Trace for diagnosis of
functional failures at speeds to 10 MHz, and the
Electronic Knife for diagnosis to the failing
component.

LOW PROGRAMMING COST
L200 software is modelled after PASCAL, for
ease of programming. Incremental editing and
compilation enable test personnel to modify and
then execute even the largest LSI job plans in
seconds.
Job plans are highly structured and modular, for
efficient development and later modification for
better fault coverage.
In-circuit programs are automatically generated
using the In-circuit Composer software. Functional
programs may be generated manually or by
LASARTM test generation software.
The Teradyne L200 series of board test systems.
One system for both kinds of testing gives you
reduced programming time, increased throughput,
and improved fault coverage. All for lower yearly
PCB test costs.
Now, who's going to argue about that?
Teradyne manufactures a
complete line of automatic
test equipment for electronic components and submu assemblies.
For additional information on the new L200 or
any other product, write:
Teradyne, Inc.
183 Essex Street,
Boston, MA 02111.
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MDB makes the only
foundation module for Multibus*
that requires just one card slot.

Imagine what else we can do!
If you've never been excited about afoundation
module before, now's the time. MDB offers the
industry's first module for use with Intel 16 and
8 bit single board computers. It gives low cost
Multibus-to-peripheral interface with complete
address and interrupt logic, standard Intel board
spacing and room for up to 38 sockets or IC devices
of any size on the wire wrap portion of the board.
Because all wire wrap pins and components are
on the same side of the board, the module requires
only one card slot. And it takes any configuration
DIP package and provides three 50-pin edge connector positions. In addition, MDB makes apure
wire wrap general purpose module in a single slot
configuration which has space for 60 IC positions.
This is the kind of flexibility a logic designer
dreams about.

•Trademask Intel Corp "Trademark Digital Equipment Corp.

Circle 94 for Intel, 131 for LSI-11,132 for PDP-11,
133 for DG, 134 for PE, 135 for IBM.
94

If you're not an Intel user, you can still get
MDB design flexibility— in single slot bus foundation and wire wrap modules for PDP**-11, LSI**-11,
Data General and Perkin-Elmer cómputers and
wire wrap boards for IBM Series/1. Even the dedicated portions of these modules are application
adaptable in that they allow achange of functionality
by the use of wire wrap pins.
What else can MDB do for you? Look at our
line printer controllers. We offer more than 100
computer/printer combinations. If you need communications modules, interprocessor links, multiplexors and PROM boards, we've got them all with
the built-in quality MDB is famous for.
MDB interface products are warranteed for
afull year; most can be delivered in 30 days or less,
and you can buy them under GSA contract #GS-00C02423. What can we do for you?

11[313

1995 N. Batavia Street
Orange, California 92665
714-998-6900
SYSTEMS INC. TWX: 910-593-1339
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Probing the news
Analysis of technology and business cleyelopment•

GE launches major
LSI technology push
The company is committed to gaining aleadership role
in advanced technologies targeted for internal use
by Pamela Hamilton, New York bureau manager

About a decade has passed since
General Electric Co. dropped out of
the digital integrated-circuit market,
folded its computer manufacturing
operations, and slipped into the
background of digital logic and
memory technology. Now the international conglomerate is making a
comeback in this direction.
The familar GE logo will not be
seen in the rough-and-tumble merchant market, however. This time
the company will be manufacturing
custom semiconductors in large
quantities, to supply internal needs
brought about by the increasingly
complex systems it plans to produce
in the next two decades.
Like those computer companies
that have already established internal semiconductor capability [Electronics,
May 22, 1980, p. 106], GE
found that the merchant
market is not always ready
to gear up production to
meet the relatively low demands of systems manufacturers for custom ics. The
problem of maintaining proprietary designs is another
reason for establishing an
in-house capability.
As an international supplier of power generators,
communications equipment,
home appliances, and industrial products, General
Electric, Fairfield, Conn.,
believes that it now needs
in-house capabilities to design and fabricate largescale ics for these systems.
In fact, GE estimates that as
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many as 60% of its products will use
isi and very large-scale integratedcircuit technology by 1985. And for
a company with sales of nearly $25
billion last year, that adds up to alot
of devices.
A major supplier of power semiconductors, GI', with its new solidstate push, wants to move into a
leading position in the LSI arena. To
that end, the firm has participated in
the Defense Department's very highspeed integrated-circuit program,
which, most agree, will serve as a
stepping stone to advanced computer-aided-design techniques and highdensity processing know-how.
The first internal customers for
GE's homemade ics will be in the

Aerospace Business, the Industrial
Electronics Business, the Information and Communication Systems
groups, and the Medical Systems
Business division. There are numerous other product departments in
line as well, from consumer and power systems sectors (see chart).
"Trends in electronics today for
total solutions [on achip] are giving
systems houses a better opportunity
to serve individual market needs
than wafer bashers," observes Roland W. Schmitt, vice president,
Corporate Research and Development, Schenectady, N. Y. "That's
why you see such increasing activity
in GE today. At the time that we got
out of the merchant market the need
for those [semiconductor]
technologies internally
wasn't as obvious as it is
now. It has become vividly
clear that we need the technologies not just for the
products we sell, but also for
automating internal design
and manufacturing."
Robert T. Cornell, first
vice president for the New
York—based investment firm
of Paine Webber Mitchell
Hutchins, sees GE's semiconductor push as a first
step. "GE's move into semiconductor components is a
piece of an extremely grand
strategy. Not only should it
eventually improve the comRingmaster.
vanced

As

head

Microelectronics

of

Ad-

opera-

tions, Donald S. Beilman will oversee GE's VLSI effort.
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pany's growth, but it should also
help to increase productivity in GE's
own plants," he says.
The plan. To achieve these goals,
the company has taken a twopronged approach—an internal cornpanywide push into all phases of
VLSI design and development and
the establishment of a technicalresource and personal-training center to implement any lc technology
to come out of the VLSI program.
Company officials also expect the
recent Intersil Inc. acquisition and
the pending Calma Co. addition to
aid in this endeavor—although peripherally, as both operations will
remain vendors to outside customers.
Heading up the technology thrust
will be Donald S. Beaman, formerly
the vice president and chief technologist for GE's Aerospace Business
group in Valley Forge, Penn. As the
new vice president and general manager for the recently formed Advanced Microelectronics operations
in Valley Forge, Beilman will report
directly to the executive vice president and sector executive in charge
of the Technical Systems and Mate-

rials sector (see chart). But his
responsibilities extend through all
parts of the company as well.
The Advanced Microelectronics
operations consist of the Electronics
Laboratory, Syracuse, N. Y.; the
military microelectronics program
(vHsic), Utica, N. Y.; and the soonto-be-completed Microelectronics
Center (MEC) in Raleigh, N. C. Corporate Research and Development
will support this fledgling enterprise
with process and design know-how.
Double dual-function. "The MEC is
adual-function laboratory. Not only
will it serve as a research facility,
but production will also be done
there," notes Beilman. In addition,
the center will serve both as IC supplier and internal training center for
the design teams from throughout
GE. "These people may want to take
the production capability from the
MEC back to their own product areas
once they know how to do it," he
adds.
The $55 million center will begin
shipping custom ics to GE's business
divisions in 1982. More than 160
people are scheduled to be hired over
the next two years, with a total of
about 500 on board in the next 10
years. James E. Dykes, former vice

president and general manager at
Harris Corp.'s Semiconductor Products division, Melbourne, Fla., has
been hired as general manager of the
center. Dykes brings with him considerable experience in mos technology.
Beilman estimates that the Research Triangle Park facility will initially produce 75,000 wafers a year.
Up to five modules providing both
research and production capabilities
will be built on the North Carolina
site, with each one turned completely
into a production line as internal
demand grows. "We have acapability of producing 275,000 wafers a
year if both process and engineering
development are being carried out in
the same module," Beilman explains.
Output jumps to 400,000 wafers per
year if the module is dedicated completely to production.
Although Beilman expects to leave
silicon on sapphire and gallium arsenide technologies to Utica and Syracuse, respectively, he does see certain
advanced processes being implemented on the mEc's product lines.
Among them are an advanced bipolar process—probably an oxide-isolated PI process; an advanced nchannel mos process—either H-MOS

CHAIRMAN OF THE BOARD,
CHIEF EXECUTIVE OFFICER

VICE CHAIRMAN OF THE BOARD
AND EXECUTIVE OFFICER

VICE CHAIRMAN OF THE BOARD
AND EXECUTIVE OFFICER

1
CORPORATE
TECHNOLOGY
STAFF

INTERNATIONAL
SECTOR

UTAH
INTERNATIONAL
INC.

1
CONSUMER PRODUCTS
AND SERVICES
SECTOR
• LIGHTING BUSINESS GROUP
• MAJOR APPLIANCE BUSINESS
GROUP
• AIR-CONDITIONING BUSINESS
DIVISION
• HOUSEWARES AND AUDIO
BUSINESS DIVISION
• TELEVISION BUSINESS
DEPARTMENT
• GENERAL ELECTRIC CREDIT
CORP.
• GENERAL ELECTRIC BROAD.
CASTING COMPANY INC.
• GENERAL ELECTRIC
CABLEVISION CORP.

INDUSTRIAL PRODUCTS
AND COMPONENTS
SECTOR

POWER SYSTEMS
SECTOR

• CONTRACTOR EOUIPMENT
BUSINESS GROUP

• NUCLEAR ENERGY
BUSINESS GROUP

• INDUSTRIAL ELECTRONICS
BUSINESS GROUP

• POWER DELIVERY
GROUP

• MOTOR BUSINESS GROUP
• APPARATUS SERVICE
BUSINESS DIVISION
• GENERAL ELECTRIC
SUPPLY COMPANY
BUSINESS DIVISION
• TRANSPORTATION
SYSTEMS BUSINESS
DIVISION

• TURBINE BUSINESS
GROUP
• INSTALLATION AND
SERVICE ENGINEERING
BUSINESS DIVISION

TECHNICAL SYSTEMS
AND MATERIALS
SECTOR
• AEROSPACE BUSINESS GROUP
• AIRCRAFT ENGINE BUSINESS
GROUP
• ENGINEERED MATERIALS
GROUP
• INFORMATION AND COMMUN.
ICATION SYSTEMS GROUP
• MEDICAL SYSTEMS BUSINESS
DIVISION
• ADVANCED MICROELECTRONICS
OPERATIONS

LSI permeation. Both the Advanced Microelectronics operations and the Corporate Technology staff will be helping other GE businesses
increase in-house LSI design and fabrication capabilities. Initial programs are slated for the industrial and technical systems sectors.
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Amajor improvement over traditional

I.C. packaging methods.

How asimple socket can mean
greater reliability, greater
design flexibility at alower cost.

N

ew SocPac'" DIP and
SIP sockets use a
conventional precision
screw machine contact. But,
that's where conventionality ends.
They're available in both solderable
and solderless press-fit models with a
combination of features not found in
any other socket.
Contact clips and tails precisely
oriented.
Tines of each contact clip are precisely oriented for perfect alignment
with I.C. leads. The result— four contact points at every lead every time, a
redundancy that costs you no more
than conventional designs.
Also, each tail is oriented square
and parallel with the others to easily
accept mating connectors.
Selective gold plating.
The contact clip is plated with 30;1,
in. gold over nickel. The screw machine contact can be selectively
plated starting from the tip of the tail
(.250" minimum) — with the exact
gold thickness you need. That can

0.055" on press-fit and 0.050" on
solderable sockets. Which means you
can run atrace between contacts for
greater printed circuit density. And
greater design flexibility. Additional
printed circuitry translates to
eliminating at least one tail wrap —
from a3-wrap tail to a2-wrap, or no
wrap at all. You keep compactness,
too. The two-wrap tail allows about
the same board to board spacing as
conventional low profile sockets with
a3-wrap tail.
Higher sockets also add reliability.
You get better air flow, thus better
heat dissipation. That's particularly
important with higher pin count
IC's.
How they come.
You can select either solderable or
solderless press-fit Soc-Pac
sockets in selective gold
over nickel, tin, or nickel
finishes.
DIP sockets come in 8, 14
and 16 pin counts for a
0.100" x0.300" grid spacing
and 24 and 40 pin counts
for 0.100" x0.600" grid
spacing.
SIP Sockets come in strips from
4to 56 pin counts.
There's no other socket on the market that combines all the features
you'll find in the Soc-Pac" socket.
So, to get the savings, the reliability,
and the flexibility Soc-Pac" sockets
offer is asimple matter of contacting
us. Use the address and phone number below.

mean significant savings.
Solderless press-fit advantages.
With solderless press-fit Soc-Pac
sockets, you get the savings that
eliminating the soldering step make
possible. And, you get agas-tight mechanical and electrical interface with
the plated-thru hole in the PCB.
There are still more advantages to the
Soc-Pac design.
Get higher density, more flexibility.
Contrary to the trend to low profile
sockets, Soc-Pac sockets stand relatively high on the PCB. There are very
good reasons for that.
It allows us to reduce pad size to

Nia e

ELFAB

The Leader in Press-fit Technology
P. 0. Box 34555, Dallas, Texas 75234. 214-233-3033
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NOW THAT YOU'VE GOT
AREAL CHOICE IN OP-07'S,
THERE'S REALLY NO CHOICE.
ASECOND SOURCE
THAT'S REALLY
SUPERIOR.
The long wait for the second
source OP-07 that's reliable,
dependable and readily
available is over! The Analog
Devices new AD OP-07
op amp is clearly in a
class by itself. It offers
ultra-low offset voltage,
low input current, low
noise and low drift. It has
ten times more openloop gain than the competition, so it provides far
greater accuracy and linearity
in high closed-loop gain
applications. Our AD OP-07
comes in the five standard
performance grades —
three commercial, and
two MIL.

COUNT ON US
FOR CONSISTENT
DELIVERY TOO!
When you tell us what you
want and when you want it,
we'll give you adelivery commitment you can count on

op

every time. And with afull line
of precision op amps to choose
from, we can deliver the exact
op amp you need.

SO WHAT
ARE YOU
WAITING FOR?
If you've been waiting
to design in the OP-07,
or if you're already
using it in your designs,
now you've got abetter
way to go. It's the new
AD OP-07 from Analog
Devices.
For more information
on the AD OP-07, contact
Doug Grant or Don Travers
at (617) 935-5565, or write
Analog Devices, Inc., PO,
Box 280, Norwood, MA 02062.

Tuis oP-o7
ooeNT COME

eom FANTASYMN V!

ANALOG
DEVICES

WHOUT IN FRONT
Analog Devices, Inc., Box 28C,. Norwood, MA 02062: East Coast: (617) 329-4700, Midwest. (312)653-5003; West Coast:
(714) 842-1717; Texas: (214)231-5094; Belgium. 031/37 48 03: Denmark (02) 84 58 00, England: 01/94 10 46 6: France.
6E:7-341'; Germany: 089/53 03 19, Japan: 03,26 36 82 6, Netherlands: 076/879 251; Switzerland: 022/315760; and
representatives around the world.
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Probing the news
or H-MOS II; and bulk complementary-mos processing. Initial IC
production will be directed at mobile
communications applications, according to Beilman, with gradual
growth into other electronics-dependent areas. Among those he cites are
data-processing and medical systems
businesses. Flight simulation and
other aerospace needs will also have
to be met eventually.
Software a key. Advanced computer-aided circuit design concepts,
as well as new architectural approaches for circuits, are being
developed and tested at the Electronics Laboratory under the aegis of
GE's internal VLSI program and the
federally funded VHSIC program.
Central to GE's work in this area is
automated physical-layout software
based on binary decision diagrams
(Boo), according to Richard A.
Kashnow, manager of the Laboratory. "BDD is amethod of approaching
design that doesn't grow exponentially with complexity," he notes.
"The system gives a functional
description, not a gate-level description, and so it doesn't use as much
computer memory as earlier LSI
computer-aided-design programs."
Thus the set of test vectors this BDD
software generates is almost an order
of magnitude smaller, he says. The
layout software will find use both in
GE's part of the VHSIC program and
work that will be done at the MEC.
Two advanced circuit programs at
the Syracuse lab may also be
employed at MEC. The first is a selftesting multiplier fabricated with a
c-mos-on-sapphire process. The second is a monolithic microwave lownoise amplifier using MES FETs on
gallium arsenide and being developed under a Phase III VHSIC contract. The latter is the technology
Beilman would like to see applied to
mobile communications—but on silicon.
Much of the process development
work for the company as a whole,
and for the Electronic Laboratory
and Microelectronics Center in particular, will take place at the Corporate Research and Development center (CRD) in Schenectady, N. Y.
"We have the lead role for process
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development," notes David C. Golibersuch, manager of the signal electronics laboratory at CRD. Among
the processes his group is looking at
are: 3-micrometer c-mos on sapphire, 1.25-µm bulk c-mos, and gallium arsenide MES FET on sapphire
for the monolithic microwave circuit
work being undertaken in Syracuse.
"We're laying the groundwork for a
0.5-mm process now—a likely candidate is bulk c-mos—by developing
vital unit process steps such as dry
etching," he notes.
Corporate R&D will also help the
MEC get up and going on some of the
custom circuit design work. "We're
doing much of the head-end design
work for the custom circuits manufactured outside of the company
now," notes Virgil L. Stout, research
and development manager, electronics science and engineering at CRD.
Industrial links. The Industrial
Electronics Business group is well
positioned to benefit from technology coming out of both CRD and the
Microelectronics Center. "visi technology will continue to have the type
of impact on industrial electronics
that LSI technology has had,"
observes Donald K. Grierson, senior
vice president and group executive.
Both Intersil and Calma will be
part of his operations, and he fully
expects CRD's and the MEC efforts to
benefit them as well. In fact,
although the Intersil acquisition was
completed only this month, CRD
already has research projects started
for the new addition.
"If there are some areas of overlap
between the MEC, CRD, and industrial electronics, we'd rather have it
that way, than to have areas of
void," he says.
One area of overlap may be the
Industrial Electronics laboratory being constructed as part of a $31.3
million expansion begun last August
in Charlottesville, Va. "My laboratory will be more of asystems prototype lab than a group developing
state-of-the-art devices," notes
Grierson. Projects under way include
development of systems software
architecture for use with various factory and process automation systems; equipment and software for
automated inspection; and robots,
for internal use and to be offered
externally as products.
LI

FOR ANT
TYPE
OF LC
FILTER
CALL THE
LEADER
LOW PASS, HIGH PASS,
BAND PASS, BAND STOP,
EQUALIZERS, WEIGHTING,
ROOFING, C-NOTCH,
C-MESSAGE AND
JUNCTION FILTERS
From 1.0 Hz to 1000 MHz, designed
to commercial or MIL specs. Our
competent staff of filter engineers
has made us atop rated supplier in
the Instrumentation, Communications, Telernetering, Telephony and
Computer Industries.
No order too small. If you need one
or one thousand, we will be happy
to quote.

CUSTOM FILTERS AT
OFF-THE-SHELF
DELIVERY AND PRICES!
For further informatior —
call or write today:
Dept. EL, 511 Victor Street
Saddle Brook, NJ 07662
Telephone: 201/845-6886
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Solid state

Multivalued logic takes new paths
Successful implementations of once-elusive technology
are showing up in MOS, CCD, and ECL versions
by John G. Posa, Solid State Editor
If only integrated-circuit interconnections could carry more information ...If only memory cells could
store more bits ... Such wishes
have led to the development of multivalued logic circuits—circuits that
go beyond binary, using base 3 or
base 4 arithmetic instead of base 2.
For adecade, logic designers chased
after multivalued circuits, but early
implementations did not perform as
well as expected because of lagging
process technology and poor operating margins. Also, an essential element —a latch or memory cell that
could efficiently hold multiple levels—proved elusive.
Recently, however, interest in
multivalued logic has been rekindled. One of the reasons, ironically,
is the advent of very large-scale integration. True, vi.si continues to
incorporate more and more devices,
but an even greater percentage of
the die is being consumed by on-chip
wiring. Interchip interconnections,
too, have grown unwieldy, necessitating packages with upwards of 100
pins in some cases.
Even if all dimensions of the
active elements were reduced to
zero, the packing density of a binary
logic chip would hardly change, says
Tich T. Dao, a researcher at Fairchild Camera & Instrument Corp. in
Palo Alto, Calif., who has been
investigating multivalued logic since
the early 1970s. At this week's
Compcon 81—the 22nd Computer
Society International Conference—
in San Francisco, he will join five
other speakers in asession devoted to
multivalued logic.
To reduce wiring, says Dao, the
information content carried through
each connection must be increased,
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either by time or by level multiplexing. Whereas the first approach is
mainly limited to interchip pin connections, the second technique can
be applied to interchip circuitry.
The mos way. Early attempts to
build multivalued chips centered on
integrated injection logic, but recently attention has turned away from
bipolar technology toward LSI MOS
circuitry. Work with i. does continue, but the faster offshoot, inte2 to 3 to 2. These standard n-MOS circuits
convert ternary logic into binary (a), and
binary input signals into a three-state signal.
Many three-state circuits are also available.
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V
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grated Schottky logic, or ISL, seems
more promising now. Multivalued
logic is also being tried with chargecoupled devices and emitter-coupled
logic. Nor have experiments been
limited to silicon, either, as multivalued gallium arsenide ics have
also been proposed.
Results with mos have been most
encouraging, but for all practical
purposes, it is confined to three-level,
or ternary, logic because of tight
noise margins, particularly if 5-volt
logic is assumed. L. Keith Russell,
formerly with Signetics and now at
National Semiconductor Corp., Santa Clara, Calif., has devised some
elegantly simple ternary logic elements that can use standard silicongate enhancement- and depletionmode mos technology if transistor
gate-width and -length ratios are
appropriately adjusted.
The illustration shows Russell's
input level detector (a) and ternary
output structure (b). Logic level 0
ranges from 0to 0.5 v, level 1from 2
to 3 v, and level 3 from 4.5 to 5 V.
Thus, the levels are separated by a
1.5-v margin. The ternary output
structure converts two binary signals
into these three voltage levels; likewise, information represented in ternary logic will be translated back
into two binary outputs via the input
level detector.
Other functions. Besides binaryto-ternary translators, Russell has
constructed a number of primitive
ternary functions. The most primitive function in binary logic is simply
inversion, but in ternary and higher
logic forms a number of additional
functions, like replicators, predecessors, and successors, are important.
Replicators act as double inverters to
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MICROWAVE
TO
MILLIMETERS
Microwave tuning elements
offer aconvenient and
economical method for
tuning cavities,waveguides
and other microwave
structures. The unique
Johanson self-locking
constant torque drive
mechanism eliminates the
need for locking nuts and
assures stable noise free
adjustment in applications
from L to W band.
Available in a variety
of applications in metallic,
dielectric and resistive
materials.

reestablish the logic levels. Predecessors and successors produce the previous and the next logic outputs,
respectively, based on the input; for
instance, in ternary, a predecessor
yields a0for a 1, a 1for a2, and a2
for a0.
Russell has also built up arithmetic circuits like half-adders and -subtractors and multipliers. He has also
devised storage structures such as
master-slave flip-flops and even a
ternary static random-access memory cell. The cell requires 14 transistors, however —more than double
that of abinary static RAM cell.
The reason the ternary RAM cell is
so complex is that it must be written
into as well as read out of. Multivalued read-only memory cells could
be much more area efficient, a fact
that Intel Corp., Santa Clara, Calif.,
has already proven with a quaternary ROM cell [Electronics, Oct. 9,
p. 39] developed for the microcode
sections of its 8087 numeric processor and the execution unit of its
iAPX 432 32-bit microprocessor (see
p. 119). Both applications store
about 30,000 bits of microcode.
In fact, Intel's four-state cell
stores 2 binary bits in less area than
that of a standard ROM cell or the
more compact X-shaped cell pioneered by Mostek for its MK 36000
64-K ROM (see table). In the 2-bit
cell, there is still only one transistor
per bit, but four different channel
widths are used to vary its impedance. When a cell is selected, the
voltage developed across it is based
upon its impedance. So, to sense
what is stored, Intel feeds this voltage to one of three comparators that
have their other input tied to reference potentials equaling the memo-

Electronic Accuracy
Through
Mechanical Precision

Ceetaemeob
Manufacturing
Corporation

400 Rockaway Valley Road
Boonton, New Jersey 07005
201-334-2676
TWX 710-987-8367
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ry's three interlevel voltages.
The ROM cell's worst-case access
time is less than 100 nanoseconds.
As shown in the table, although the
area saved per cell is 46%, the total
area saved is only 31% because the
overhead per bit is similar to other
designs. Intel explains that even
more area can be saved—if performance is compromised—by employing
a single comparator, instead of
three, that goes through a series of
tests using the different reference
potentials until amatch is found.
Intel has also looked into storing
more than 2 bits per cell, but only
13% more area per cell is saved by
moving to 3bits. However, overhead
per bit diminishes as the number of
stored bits goes up, so that higher
levels warrant continued investigation.
(
cps too. IBM Corp.'s Thomas J.
Watson Research Center in Yorktown Heights, N. Y., is exploiting
the analog nature of charge-coupled
devices to store multivalue data in
serial shift registers. The idea is to
create variable-depth charge packets
proportional to an input voltage,
clock the charge around memory
loops, and then convert the packets
back into a representative voltage at
the output. Binary data can be used
to generate the input voltage, and an
appropriate sense amplifier can
bring back binary once again.
This basic principle has been used
previously—indeed, a 128-K CCD
memory was built by Mitsubishi
Electric Corp. but processing tolerances and supply variations have
degraded the operating range of the
input and output interfaces—the
launch and sense circuits, as IBM
calls them. IBM's contribution improves upon these circuits, using a
digital-to-analog converter for
launching and an a-d converter for

COMPARISON OF READ-ONLY MEMORY CELLS
Standard ROM
Area per bit, (stm 2)

Mostek MK36000

210

169

Area per bit savings, (%)

2-bit-per-cell ROM
112.5
46

Area overhead per bit, (pm 2 )

95.0

96.6

Normalized area overheadb

0.45

0.86

Area savings, (%)

o

'(Total ROM area — cell array areal/number of bits

13
b Value

of

. /area

per bit

Source: Intel Corp.
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sensing. Moreover, to minimize
tracking errors, the converter in the
launch circuit is also used in the
sense amplifer.
The input converter is capacitively
coupled to a common well used to
both generate and detect charge
packets. To launch one, the converter simply builds up the right amount
of charge in the well and this packet
gets shifted out. To measure apacket for sensing, the converter first
empties the well to its greatest
depth. Next the packet is moved in.
Finally, a counter feeding the converter causes the level of the common well to move up in steps, and
when the packet reaches the top,
charge spills into a trigger that indicates the level.
By generating and decoding in the
same well, virtually all geometry
effects are eliminated, says IBM. The
scheme is also faster and needs fewer
control circuits. IBM folded its recirculating shift register into acircular
series-parallel-series loop so that
input and output are adjacent. The
sensitivity of the detector is 1.5 femtocoulombs, and the company has
simulated shift rates of 1.5 megahertz for three levels of storage using
4-micrometer gate lengths.
At the Twente University of Technology in Enschede, the Netherlands, quaternary CCD full adders
are being built for a 31-bit binary
correlator. In binary form, 26 full
adders would be required; but with
four-valued logic.
High speed. At the Université
Pierre et Marie Curie in Paris, quaternary ECL circuits are being investigated with the hope of constructing
a supercomputer. In particular, researchers are looking at the so-called
Bayan network, which can contain
up to 64 processors, each with 40
input and output lines. So the university decided to build aquaternary
logic chip using a fast oxide-isolated
process. In fact, two such chips are
now being processed. One contains
the four-state encoder and decoder
and a reference bias network, and
the second is mainly to test and characterize the process. According to
researcher Daniel Etiemble, the multivalued approach must be carefully
studied by IC designers so long as LSI
is not easily realized in a technology
significantly faster than silicon.
D

CMOS
memories
in volume.
RCA offers immediate delivery
on these CMOS memories.
• 1Kx 4
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• 1Kx 410V
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For more information, contact your local
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Advanced weapons come under fire
Military gear too complex to use and test systems that
do not work are targets of two Government reports
by Ray Connolly, Washington bureau manager
Is advanced electronic technology too
complex for military personnel to use
and maintain? Does it take too long
to prove out the latest technology
and incorporate it to improve weapons systems?
These are a couple of the questions being raised in and around the
Pentagon these days. As a result,
military electronic systems have
been caught in a crossfire of criticism that the high performance
promised in prototypes is not being
demonstrated in the operational systems deployed in the military forces.
The arguments are that electronic
systems in particular have become
overly complex, designed by highly
skilled engineers for use by troops
with limited skills; incorporate too
many unproven innovations, while
stressing the lowest bid rather than
quality and life-cycle costs; and are
difficult to maintain despite a $15
billion inventory of automatic test
equipment in the Air Force and
Navy alone.
The critics. Two new critiques of
advanced military technology and its
failure to perform as promised are
getting increasingly widespread
readership in the capitol. First is a
slim but strong statement titled "Defense Facts of Life" produced by the
Defense Department's Office of Program Analysis and Evaluation and
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signed by Franklin E. Spinney. The
Spinney Report, dated last Dec. 5,
but only made available in early
February, contends that "advanced
technology and high complexity are
not synonymous." They often become so, however, because the military bureaucracy, its contractors,
and the Congress make it happen, it
argues.
Better known is the General
Accounting Office's report to the
Congress that the "effectiveness of
U. S. forces can be increased
through improved weapon system
design." The GAO's 61 pages, replete
with appropriate horror stories of
"undependable" sophisticated weapons [Electronics, Feb. 10, p. 59], calls
for greater consideration of quality
assurance and logistics support. It
also calls for greater consideration of
human, user issues—including combat stress and fatigue, as well as
relatively low skill—early in adesign
process that now stress program
cost, schedule, and performance.
Too much technology? Using complex and often unproven technology
to achieve weapons system superiority generates more problems than it
resolves, says the GAO. And the
argument is supported by military
leaders as well as a panel of 18
industrial and academic leaders consulted by the investigators in its

study (see "The view from the outside"). "Constant striving to achieve
technological excellence is causing
undue technical complexity, leading
to high cost and long gestation" in
weapons development, former Army
Chief Bernard N. Rogers told the
Congress last year.
The GAO also notes that William
J. Perry, the DOD's former under
secretary for research and engineering, believes that "a dangerous communications gap" between weapons
users and their developers has led to
technology-driven systems that "are
poorly united to the operation need
because the user did not know how
to state his need in terms of available
technology." Compounding that are
R&D programs that give inadequate
weight to field support costs and user
skill levels. The result: low readiness
and large outlays for retrofits.
Relatively low military skill levels
and inadequate training, the industry advisory panel told the GAO, is
leading to phasing men out of the
system in favor of more built-in test
equipment, removable/replaceable
modules, and factory or depot repair,
rather than on-line diagnosis and
repair. The approach, the industry
managers noted, "leads to rather
complex electronic components and
can increase the number of 'black
boxes' needed in the supply sys-
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tem" — another costly approach.
The Spinney Report is considerably more scathing than its
GAO counterpart, but makes many of
the same points using the weapons
experience of the Tactical Air Command to address the larger issue of
changing the DOD'S Planning, Programming and Budgeting System
(PPus). Though Spinney notes the
TAC was chosen because it was less
subject to budget cutbacks in the
late 1970s than other services, the
critique has some Air Force leaders
burning. The report states that TAC
has the same problems with maintenance equipment, spares, and personnel skills as everyone else.
Excessive system complexity,
Spinney says, is encouraged by military project officers and their contractors who know their chances of
being funded improve when they can
promise more "kills per dollar,"
since this is an accepted measure of
system capability. Like the GAO's
criticism of project emphasis on cost
schedule, and performance at the
expense of lifetime operation and

support costs, Spinney notes that
project competition is intensified by
rewarding a sponsor "in accordance
with how successfully he moves 'his'
program through the bureaucracy."
The squeeze. One product of this
PPBS approach—particularly as few
systems are canceled outright after a
significant investment —is, he points
out, "a cost-budget squeeze," in
which "the sharply increasing cost of
replacement slows modernization,
and the rising cost of low readiness—operating costs that must be
absorbed—squeezes the overall investment budget, leaving less money
to modernize with more expensive
equipment."
The Pentagon and the services'
planning systems and economics
"tend to discount the present and
inflate the future" by arguing that
newer and better systems on the
drafting boards will more than compensate for today's low readiness.
Yet the complexity is just not working. "We need to change the way we
do business, and in particular, we
should use our superior technology
in apositive way. Technology should
and can increase readiness, not draw
it down," Spinney argues.
LI

The view from the outside
One uncommon feature of the GAO report is that it solicited the views of 18
top management officials from the defense industry and academic community and incorporated asummary of their recommendations separately. "Their
agreement with most of our recommendations was a pleasant surprise,"
says one source at GAO, who was even more surprised that the Defense
Department called the congressional investigators' analysis "excellent and
well-balanced."
The special procurement advisory panel contributed some 19 recommendations of its own on systems design procedures, quality, and usability, too.
Key suggestions among them were to:
• Assign civilian program managers to projects from beginning to end,
instead of military officers whose three-to-four-year tours of duty are dominated largely with aconcern about what happens on "their" watch.
D Provide contractors with financial incentives and responsibility for
designing more supportable systems with reduced operating and maintenance costs. A rating system should be included that emphasizes logistics
support for use in development systems proposal requests.
• Improve military systems for reporting on problems experienced with
fielded systems, so that engineering analysis can identify causes.
CI Emphasize direct evaluation of a contractor's quality assurance program
by program offices, instead of using system design evaluation as a means of
identifying quality assurance goals.
o Revise the DOD's glossary defining supportability—a subject with serious
semantic problems.
• Make "a major effort" to reduce the number of DOD directives, specifications, and regulations.
CI Make sure that manuals and training courses intended for secondaryschool-level users are not written by "the wrong people" —engineers.
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East Haven, JV ELECTRONICS (203) 469 -2321
Wallingford. ARROW (203) 265-7741
FL •Ft. Lauderdale. ARROW (305) 776-7790
Orlando, PIONEER (305) 859 -3600
Palm Bay. ARROW (305) 725-1480
GA •Norcross, ARROW (404) 449 8252
IL •Elk Grove Village. PIONEER (312) 437-9680
Lombard, RM ELECTRONICS (312) 932 5150
Northbrook. CLASSIC COMPONENTS (312) 272 9650
Schaumburg. ARROW (3121 893 9420
IN •Indianapolis. ARROW (3171 243 9353
Indianapolis. GENESIS (317) 257-2231
Indianapolis, PIONEER (317) 849-7300
South Bend, GENESIS (219) 287-2911
MO •Baltimore, ARROW (301) 247-5200
Columbia. DIPLOMAT (301) 995-1226
Gaithersburg. PIONEER (301) 948-0710
MA •Newton. GREENE-SHAW (617) 969 8900
Woburn. ARROW (6171 933- 8130
MI •Ann Arbor, ARROW (313) 971-8220
Livonia. PIONEER (313) 525-1800
Wyoming. RM ELECTRONICS (616) 531-9300
MN •Edina, ARROW (612) 830-1800
Minneapolis. DIPLOMAT (612) 788 8601
Minnetonka. PIONEER (6121 935 5444
MO •St. Louis, ARROW (314) 567-6888
NH •Manchester, ARROW (603) 668 6968
NJ •Moorestown, ARROW (2151 928-1800
Saddlebrook. ARROW (201) 797-5800
Totowa, DIPLOMAT (201) 785-1830
NM •Albuquerque. ARROW (505) 243 4566
Albuquerque. BELL (505) 292 -2700
NY •East Syracuse. DIPLOMAT (315) 437-9900
Elmsford. ZEUS (914) 592 4120
Hauppauge. ARROW (516) 231-1000
Hauppauge. COMPONENTS PLUS (516) 231-9200
Liverpool, ARROW (315) 652-1000
Melville, DIPLOMAT (516) 454 6400
Rochester, ARROW (7161 275 0300
Rochester, ROCHESTER RADIO (716) 454-7800
NC •Greensboro, PIONEER (919) 273 4441
Winston-Salem, ARROW (919) 725- 8711
OH •Centerville, ARROW (513) 435 -5563
Cleveland. PIONEER (216) 587-3600
Dayton, PIONEER (513) 236 9900
Reading, ARROW (513) 761-5432
Solon, ARROW (216) 248 -3990
OK •Tulsa, QUALITY COMPONENTS (918) 664 8812
OR •Lake Oswego, BELL (503) 241-4115
PA •Horsham. PIONEER (215) 674 -4000
Monroeville, ARROW (412) 856-7000
Pittsburgh. PIONEER (412) 782 -2300
TX •Addison, DUALITY COMPONENTS (214) 387-4949
Austin, OUALITY COMPONENTS (512) 835 0220
Dallas, ARROW (214) 386-7500
Dallas, PIONEER (214) 386-7300
Houston, PIONEER (713) 988- 5555
Houston, QUALITY COMPONENTS (713) 772-7100
Stafford, ARROW (713) 491-4100
UT •Salt Lake City, BELL (801) 972 6969
WA •Bellevue. BELL (206) 747-1515
Tukwila, ARROW (206) 575- 0907
WI. Oak Creek. ARROW (414) 764 6600
Mequon, TAYLOR (414) 241-4321
CANADA •ZENTRONICS:
Calgary (403) 230-1422 •Edmonton (403) 463 -3014
Montreal (514) 735-5381 •Toronto (416) 676- 9000
Ottawa (613) 238 •
6411 •Vancouver (604) 688 -2533
Waterloo (519) 884 -5700 •Winnipeg (204) 775 8661
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Free! Your own
brand new optically coupled isolator
with triac driver output from TRW Optron.
You already know what it does; with
as little as 10mADC in the coupler's
input, it gives you logic control capability and electrical isolation for 120
VAC appliances and equipment.
What you didn't know until now
is that you no longer have only one
source for these popular optocouplers.TRW Optron has just jumped
into the opto triac driver business
with both feet. Our 0P13009, 0P13010,
and OPI3011 are directly interchangeable with their MOC3009,

MOC3010, and MOC3011.
Naturally, you can look for the
same kind of quality, reliability, and
availability you already expect from
an industry leader.
Write now for your free TRW
Optron-quality opto triac driver.
Check it out. And, keep your eyes on
TRW Optron. In the near future, you
will see the OPI3020, OPI3021 series
for 240 VAC applications and the
OPI3030, OPI3031 series with zero
crossing networks included on-chip.

Yes! I'd like to test aTRW Optron triac
driver. Send one free with Application
Bulletin #110 and data sheet.
Name
Company
Div/Dept

Mail Code

Address
City

State

Zip

TRW Optimal
1201 Tappan Circle
Carrollton, Texas 75006 USA
Phone 214-323-2200

E-?

TRW0p7-RoN

An Electronic Components Division of TRW Inc.
Circle 107 on reader service card

Probing the news

Business

Detour ahead for IC equipment makers?
Semiconductor capital equipment spending is predicted
to drop, but there is little agreement on how far and when
by James B. Brinton and Linda Lowe, Boston bureau
The road signs for makers of semiconductor manufacturing equipment
are pointing every which way. Good
times could be ahead or they might
not. There could be adip in the road
for capital equipment buys by semiconductor makers in 1981—or not
until 1982.
After two boom years, in which
capital expenditures increased by
60% to 70% in 1979 and by another
30% to 50% in 1980, market analysts
disagree on how bright or dim the
picture for 1981 will be.
The mix of optimism and pessimism, coupled with the uncertain
timing of the various market projections, is making almost everyone
associated with the capital equipment end of the semiconductor business alittle nervous, and it is making
the stock market nearly panicky (see
"A case of market jitters").
Poles apart. The differences in
opinion between observers is evident
in the contrasting views of Michael
J. Krasko, technology group vice
president for New York—based Merrill Lynch Pierce Fenner & Smith

Inc.; his associate Thomas P. Kurlak; and Kent A. Logan, vice president of Goldman Sachs & Co. in
New York.
Logan feels that 1981 can be a
good year and cites the capital
expenditure plans of Intel, National
Semiconductor, Signetics, and Fairchild. As recently as last month all
of these firms had planned to spend
anywhere from 20% to 70% more on
plant expansion in 1981 than in
1980. "There's sure to be some scaling down of these figures later,"
comments Logan, "I expect 1982 to
be the soft year, not 1981."
He adds that until six months ago
he would have projected less growth.
"During the last two recessions,
semiconductor makers halved their
capital equipment expenditures, and
Iexpected similar behavior this time,
too. So far it isn't happening—the
industry appears to be living up to its
pledge to 'build through' the recession, even in the face of soft orders
and profits. They are running now to
stay competitive with Japan later."
Krasko and Kurlak are less san-

A case of market jitters
As an example of how close analysts are watching semiconductor equipment firms these days, take the case of GCA Corp. Last month its shares
dropped 22% to $49 in one day's trading. The trigger was pulled by aMerrill
Lynch advisory issued in spite of GCA 1980 sales and earnings increases
of 76% and 145% respectively.
Merrill Lynch vice president Thomas P. Kurlak blew the whistle for three
reasons: adrop in GCA's backlog from just over $157 million to about $143
million—not atypical cause for executive suicide; what he deemed to be the
stock's high price-earnings ratio; and the expectation of amarketwide falloff
in orders.
Though GCA stock is more volatile than many afirm's in this market, the
Burlington, Mass., company's experience underlines the uncertainty about
the future of the semiconductor capital equipment market.
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guine. "Yields are up, money is
tight, orders are down, and profit
margins are narrowing for semiconductor houses," says Krasko.
"Though some semiconductor capital equipment sectors will be
strong—notably plasma etchers [see
p. 183], wafer processors, and VLSI
testers—others are going to be weak
and some very weak." Krasko
expects a 10% to 20% growth rate
for the capital equipment sector in
1981. Thus Logan's 1982 slump
already is written into Merrill
Lynch's 1981 scenario. But Kurlak
looks for areturn to health in 1982.
Still, there is reason for pessimism. At the Information Services
Seminar held earlier this month by
the Semiconductor Equipment and
Materials Institute in Newport
Beach, Calif., capital equipment
makers listened to gloomy reports
from industry observers. Howard Z.
Bogert, director of technology for
Dataquest Inc., the Cupertino,
Calif., market research firm, noted
that the 48% growth rate of capital
equipment sales of the past five
years could not be maintained. Dataquest's forecast for the next five
years is nearer 20% to 25%.
Good performers. Other observers,
though, distinguish between the poor
prospects for mature production
technologies and the bright outlook
for advanced ones like dry processing. Buoying orders for advanced
equipment are the increased yields
and throughputs they promise, making such high-priced equipment attractive to semiconductor houses
fearful of losing market share. Says
Goldman Sachs' Logan, "It's as if
the Japanese have forced U. S. firms
into long-term planning."
111
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THE NEX, GENMAT1ON OF
COMMERCIAL JETS WILL BE ON
A SPAGHETTI-FREE DIET.

CMOS ARINC-429 Spec Bus Interface Circuits are
now available from Harris Programs Division.
Harris Semiconductor Programs Division introduces the
first monolithic bus interface circuit — designed primarily for use in digital avionics systems to interface with
auto pilot, thrust management, engine control, flight
simulator and fuel management sub-systems in commercial aircraft. Benefits include elimination of cabling,
reduced weight and enhanced reliability.
ARINC 429-1 Compatible The HS-3282 is ahigh
performance circuit which meets the requirements o
ARINC Specification 429-1 and similar encoded,
time multiplexed serial protocols, including
MIL-38510/MIL STD. 883, 5004, class B.
CMOS Technology Single monolithic
chip configuration, in a40-pin cerdip
package, combines dual independent receivers and single
transmitter on one circuit,
eliminating hybrid systems.
Data rates of 12.5 or 100
kilobits with one megabit
premium option.
Pricing - $175 (100-499 peel
Delivery - 20 WI. ARO

The HS-3282 also incorporates the low power advantages of CMOS technology. The unit operates on asingle
+5 volt supply, output is T2L compatible and operates
over the full military temperature range. No interface
logic is required. Other features include 25 or 32-bit word
lengths with on-chip parity generator for
increased data capability.
Additional Applications Although
designed for avionics applications, the
Harris Semiconductor Programs Division
HS-3282 bus interface circuit can also be
incorporated into energy management systems,
electronic security systems, banking systems
u (communication from main office to branch offices),
plus other electronic management systems which contain adata bus in the computer.
Available Now The HS-3282 is in full production and
available to you now to fit your preliminary design and
production deadlines.
For samples, data sheets or application information,
write Greg Smith, Market Planner, Harris Semiconductor
Programs Division, P.O. Box 883, Melbourne, FL 32901
— or call (305) 729-5243.

ON THE HORIZON

1111r—
Harris Semiconductor Programs Divisi
Products Now in Development
I
HS-3182 Bus Driver Monolithic Chip to
interface with HS-3282 and aManchester bus.
µ1, BASED HOST
ELECTRONICS
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Preliminary data sheets available now.
Samples — Spring, 1981.

Harris Technology
...Your Competitive Edge
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SEMICONDUCTOR
PROGRAMS DIVISION
A DIVISION OF HARRIS CORPORATION

WORLD'S FIRST
5V PROGRAMMABLE
NONVOLATILE STATIC RAM.

NOVRAM
Y11E
14125 IMES.
Its been ayear now since we launched the
industry's first ever easy-to-use, nonvolatile
5V-programmable static RAM. We call it NOVRAM.
But if the tidal wave of inquiries we received last
year is any indication, design engineers call it
extraordinary!
NOVRAM is turning engineers into overnight
explorers...because the ocean of possibilities
created by NOVRAM's innovative features just goes
on and on. Virtually any kind of µP-based system can
now be given the ability to elçctrically alter nonvolatile data, simply and quickly—without need for
high voltage programming, UV light sources or
unsocketing. And the dream of using asingle 5V

....

'

supply to both erase and rewrite system firmware,
from asingle word to an entire program 'in system',
has now become areality.
In normal operation, our 1024x1bit NOVRAM
functions as aconventional 5V static RAM, with a
cycle time of less than 300 ns. When needed, asingle
TTL signal is all it takes to transfer acomplete
'snapshot' of all the RAM data into NOVRAM's
shadow memory (E 2PROM). And it can be stored in
E2PROM indefinitely...without power. This means
that when the power fails, your database is safe.
Conversely, the data stored in E2PROM can be
brought back into RAM with another TTL signal
whenever desired.
So whether you're designing portable databases,
avionics, metering systems, industrial controls,
smart terminals...in fact any fiP-based system...it's
time you explored the possibilities of NOVRAM.
Available right now from stock! Just circle the reader
service number below and we'll set you on the right
course with complete specifications. If you just can't
wait, pick up the phone and give us acall. Xicor,Inc.,
1221 Innsbruck Drive, Sunnyvale, California 94086.
Phone 408-734-3041.
CONTROL
/-

18 Pin Dip .300"
AO

STATIC
RAM

iÍ

,ARRAY
,RECALL

EPROM
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Erauble PROM)

AI
A2
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A4
DOUT
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,

SY)
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WE11. ARRAY RECALL
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Xicor's X2201 uses
reliable n.channel floating
gate MOS technology.

INNOVATIVE NONVOLATILE
SEMICONDUCTOR MEMORIES.

Circle 111 on reader service card

THE WORLD'S
BEST
DTMF
RECEIVER.

MITEL SETS
NEW STANDARDS...
AGAIN.

CMOS OPENS NEW
MARKETS FOR YOU.
Name your application.

Designed for designers.

Our 2-chip DTMF receiver is already being used for
telecommunications applications in mobile radio, PABX
and central offices. Its high performance makes it capable of
meeting the most stringent requirements of your new product.

You'll find that the MT8860 and MT8865 have been designed
to facilitate and speed your new system development.

No matter what the application, you gain four important
advantages with our chip set.
First, reduce your system power requirements with the only
micropower receiver solution available, made possible by
our advanced CMOS technology.
Second, reduce your system to only afraction of the size
using our integrated solution.
Third, reduce your cost by up to half that of equivalent
modular or PCB solutions.
Fourth, maximize the performance of your system with our
flexible 2-chip design.
These four advantages make our chip set the best DTMF
receiver for any application, including:

• 358M Hz crystal completes the oscillator
• External, passive components allow user selection of
"Guard Time"
• Operates from asingle voltage supply (4.5V to 13V)
• Low current, 2mA at 5V.

MT8865 1S0 2-CMOSTm DTMF Filter
• High and low group band pass filtering
• Dial tone rejection
• Schmitt trigger limiting
• 30 dB dynamic range
• 38 dB intergroup rejection
• 16 pin DIP

Typical Filter Characteristics

• Central office, PABX and key systems. Achieve optimum
talk off by selecting the desired guard time for your system.
• Mobile radio and radio telephones. User selectable tone
dropout time ensures high performance in the presence
of high noise and distortion. Naturally, small size and low
power are important factors.
• Data transmission units using intelligent telephones and
special data terminals. The low power consumption, small
size, and low cost of our chip set now make it possible for
you to develop new products to meet this growing market.
• Industrial and domestic remote control systems. Our chip
set's high performance and low cost is now advancing the
development of innovative services and products.

o

affillal. I

II I I
muriiimm
_x=

-10
V

8
á

-30
-40

'III
Precise
C. 352Hz
Dial Tone
D = 941Hz
350Hz
E = 1209Hz
Y = 440Hz p = 1336Hz
DTMF Tones G = 1477Hz
A = 697Hz
B = 770Hz1633Hz
H.

11b111111111M

0 11111111Hillel
Y

l
I

9111113111111

1000

X

I

2000

ABCD

EF

GH

Frequency Hz

MT8860 CMOS DTMF Decoder
• Selectable tone acquisition and release times
• Decodes all 16 DTMF tone pairs
• 4-bit latched, 3-state buffered output
• Direct interface to amicroprocessor data bus
• 18 pin DIP
The MT8862 and MT8863
DTMF decoders are both
24-pin devices that offer
optional 8-bit output codes.
Each has acontrol input
to allow selection of a
2-of-8 output or two 4-bit
binary codes.

The best DTMF receiver
now available in volume.
Call us today for price, delivery and the name of your local Mitel distributor.

MITEL SEMICONDUCTOR
U.S.A.
2321 Morena Blvd., Suite M. San Diego,
California 92110; (714) 276-3421.
1223 Westchester Pike, Havertown,
Pennsylvania 19083; (215)449-5556.
14330 Midway Rd.. Dallas. Texas 75234;
(214)387-5581.

Canada
P.O. Box 13089, Kanata, Ontario
K2K 1X3 (613)592-2122,
Telex: 053-4596.

Europe
Hamilton Road, Slough, Berkshire,
England SL1 4QY, 0753-76126,
Telex: 847730.
Fredericiagade 16, Suite 309, 1310
Copenhagen, Denmark, (01) 119302.
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Asia
TST P.O. Box 98577. Kowloon,
Hong Kong, 3-318256, Telex:
64235-Mitel HX
TM-Trademark of Mdel Corporation
Copyright Mitel Corporahon 1980

Math, memory and 50 ppm in anev
No other DMM delivers
this performance under
$3,000 U.S.
Now you can improve your
measurement and microprocessing
capabilities at an affordable price
(under $3,000 U.S.). Fluke's new
8520A is astate-of-the-art system
and bench meter with internal
processing. It turns raw data into
the information you can easily use.
The advantage of speed
For rigorous systems
applications and even routine

bench DMM measurements, you
get 240 readings per second with
51/2 digit resolution and 500
readings per second with 41/2 digit
resolution. No other DMM can
match this performance.
The rejection of noise
Analog and digital filtering
techniques have been used to
virtually eliminate the effects of
unwanted signals and noise. This
feature is extremely effective in
systems where noise generated by
other instrumentation is present.

On the bench, this filtering is
crucial for quiet, accurate
measurements.
Essential functions enhanced
with memory.
The most used DMM functions
are standard and programmable
via the built-in 1=11,
interface. The internal memory
allows you to get the maximum
benefit from each function. And it
opens up an entirely new world of
measurement possibilities.

STATUS
PAM!

BURST
Sill LOCATION

PROGRAM
sELecTiON DATA

POWER
ON

—

OFF s

READ
A

systems/bench DMM from Fluke
Readings can be captured at
high speed for subsequent
processing. Or they can be
printed-out. Both operations had
previously slowed the data
acquisition process.
In systems applications, when
the memory is filled, the 8520A
signals the controller to gather all
the data at once. This means your
system can run faster because your
controller isn't tied up retrieving
individual readings from the DMM.

Put the power of distributed
processing to work.
In your system, the internal
processing of the 8520A reduces
software overhead and makes your
system controller more effective at
doing its job, controlling
instrumentation.
For bench applications, take
advantage of internal processing to
speed testing, improve repeatability,
and reduce the factor of human error.
Complex tasks reduced to
simple operations.
The new 8520A is remarkably
easy to use. All functions are
activated from an easy to
understand panel. Even
inexperienced personnel can
quickly learn and use the 8520A.
For complex applications
calling for statistics (standard
deviation, averaged readings,
variance, etc.) or dB ratios, an
operator can easily initiate the
appropriate program. The 8520A
does the work and presents the
operator with information, not the
raw data.

The standard menu of
programs for the 8520A includes:
•Self lbst— both analog and
digital comprehensive tests
•"Zero" Program
•External Reference
•Offset, Scale & Ratio
•Percent Deviation
•Peak Storage
•Limits Testing
There's more to this powerful
new DMM.
An extended math and
memory package is also available
for the 8520A. With it, you get 400
memory storage locations (50
locations are standard) and an
additional seven math programs
(above the standard seven). These
include: statistics, low frequency
ac, dB ratios, RTD, and thermistor
temperature readings in
centigrade, fahrenheit, or Kelvin.
With the temperature programs,
the 8520A can do the job of both an
accurate thermometer and a
voltmeter.
Call Fluke for the full story.
Before you invest in your next
DMM, see the 8520A in action. It
has the whole industry's attention.
Call one of our nearby salespeople
or attend aFluke seminar on
system multimeters. Or call
toll-free 1-800-426-0361.

FLUKE

(Fast-Response Coupon)
IN THE U.S. AND NON/
EUROPEAN COUNTRIES:
John Fluke Mfg. Co.. Inc.
P.O. Box 43210 MS #213
Mountla ke Terrace, WA 98043
12061774-2481, iblex: 152662

IN EUROPE:2
Fluke( Holland) B.V.
P.O. Box 5053,5004 EB
Ti lburg, The Netherlands
013) 673 973, iblex: 52237

Send 8520A Literature.
I'd like to know more about
DMM seminars.
0 Please have asalesman call.
D
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Title

Mail Stop

Company
Address
City

lblephone

For Technical Data Circle # 115
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System control just got simpler •
Fluke redefines the operator-me
•

Fluke has good news for builders
of automated test systems: instrument control just got easier. With
our new 1720A, we've provided the
missing link in available systems
technology that gives you total control: from design, through software
development, to the production
environment.

Built from the boards up for
IEEE-488 systems, the Fluke
1720A is more powerful than acalculator and more efficient than a
mini-computer adapted to instrument control.
Designed with atouchsensitive display: because
your test time is money.

The first thing you'll notice
about the 1720A is its simplicity. No
complex controls clutter the front
panel, and there's no computerlanguage keyboard for an operator
to deal with.
Instead, the operator interacts
directly with the screen on the
1720A—a soft-labelled CRT display

bine interface.
that you program according to the
skill of the user and the specifics
of your test procedure. Your software presents instructions, choices
and even safety warnings to the
operator via the display, as well as
measurement data from instruments in the test system. The
operator responds by touching des-

igmated areas of the display, and is
able to work through even complex
routines quickly after aminimum of
training.
The benefits of speed, simplicity and program security.
With the operator's attention
focused only on the 1720A display
for all control functions—instead of
being split between an assortment
of devices—productivity can be
improved dramatically.
Your software remains in complete control of the procedure—a
guarantee that test and measurement routines will be followed to
the last detail. Graphic attributes
such as double-sized, reversed,
highlighted or flashing characters are at your disposal to
draw the operator's attention to
critical items.

While our design lets you restrict operator access to the
controller and application software, the.1720A does come
complete with astandard computer keyboard for programming.
We simply made it detachable.
A software specialist or
engineer can connect this keyboard to the 1720A without
taking the controller out of its
rackmounted production test
environment.

The real bonus: 16-bit computation power plus versatile
memory and control features.
The 1720A is built around a
16-bit microprocessor with astandard read/write memory of 60K
bytes and a175K byte floppy disk;
providing all the computational
power of amini-computer.
But for applications needing
greater speed and larger storage,
Fluke's file-structured E-Diskm
extends the 1720A's working storage to as much as 256K bytes.

Om>
Rackmountable and fully compatible with all IEEE-488 bus instruments, the 1720A is equipped
with two independent IEEE-488
and RS-232-C interface ports.
How to get your hands on a
1720A.
To demonstrate the far-reaching
applications of this new instrument
controller in ATE production testing,
data acquisition and process control,
Fluke is holding 1720A Systems
Seminars throughout the country.
To sign up, or simply get more
details on the 1720A, call toll free
1-800-426-0361, or use the fastresponse coupon below.

FLUKE
For Technical Data circle No.1 17

r---- (fast response card)
IN THE U.S. AND NONEUROPEAN COUNTRIES:
John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS #2B
Mountlake Terrace, WA 98043
(206)774-2481, 'Wes: 152662

IN EUROPE:
Fluke (Holland) B.V.
P.O. Box 5053,5004 EB
Tilburg, The Netherlands
(013)673 973,Ulex: 52237

D Send 1720A Literature.
D Please have asalesman call.
D Send info on other Fluke IEEE products.
Send information on seminars.

D Sign me up for aseminar.
RIM
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Complete systems from Computer Products that
you can put to work with confidence; RIGHT
NOW!! Systems precisely configured to your
critical application using our broad RTP line of
standard analog and digital I/O options. Systems to solve your industrial automation
problems with assured complete reliability.
RTP measurement and control systems
are extensively used in many well defined
segments of industry; food
processing, petrochemical,

cit•

chemical, paper, automotive, utility, fiber, metal,
water treatment, research and aircraft simulation. Limited only by your imagination; compatible with your computer or ours. Computer
Products' systems are versatile, dependable
and innovative in a wide range of environments. Computer Products, Inc.
1400 N.W. 70th Street, Ft. Lauderdale,
FL 33309, Tel. 305-974-5500 TWX
510-956-9895.
The inplace performance of our
systems is unbeatable
"We've Proven IL"

Computer Products, inc.
The Industrial Problem Solver

confide
right now
Circle 118 on reader service card

Technical articles_

Ada determines architecture
of 32-bit microprocessor
Its use of the high-level language makes the chip set easy to program
for multiuser, multifunction applications like office systems
by Justin Rattner and William W. Lattin
D Generation after generation, microprocessors increase in sophistication.
And the time and cost of developing
new applications for them escalates
also, till by now skilled system designers and programmers are in very short
supply.
Anticipating this critical situation,
Intel Corp. undertook to develop a
microcomputer system that can be
made to handle complex, softwareintensive applications in much less time
and at much lower cost than has been
usual. The project encompassed nearly all aspects of
computer technology and resulted in the development of
a new semiconductor process—high-performance moS,
or H-MOS —a new package with a high pin count—the
quad in-line package or QUIP — and three of the largest
integrated circuits in history (see "A history of the
Aloha project," p. 125).
Its crowning achievement thus far is a 32-bit microprocessor—the iAPX 432—that has amajor new architecture, a new operating system (imAx), and one of the
first compilers for Ada, the Department of Defense's
new standard programming language.
As the first 32-bit microprocessor designed specially
for multiuser applications, the two-chip general data
processor (GDP) is a significant milestone in computer
technology (Figs. Iand 2). Together with the single-chip
interface processor (IP) shown in Fig. 3, it was designed
to serve the kind of cooperative, multifunction applications typified by future office information equipment
and distributed data-processing systems. Similar systems
are also envisioned for use in computer-aided design and
factory automation.
Cooperative multifunction applications share four
important characteristics. They are large in scale and
broad in scope, requiring mainframe computing power.
They are software-intensive, each discrete function or
service requiring considerable programming. They are
expected to evolve over time, so the design must allow for
future software enhancement and «increments in performance. Finally, they are applications where the failure of the computer system can have serious conse-
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Intel Corp., Aloha, Ore.

quences to human life or the cost of
doing business, so that long-term
dependability of both hardware and
software is essential.
Those characteristics of cooperative
multifunction applications guided the
432 designers to its major goals. The
breadth of computing power required,
in terms of both function and performance, includes support for multiprogrammed and virtual memory operating systems; as such, ultimate performance for fully configured systems was to
be that of amid-range mainframe.
Further, it was decided that the long-dreamed-of
incremental performance capability—adding power to a
432-based product already in the field simply by plugging in additional GDPS and iPs — would gracefully
accommodate planned or even unplanned growth in computational power over the life of an application. The goal
of increased programmer productivity was met by supporting acomprehensive methodology for modular software development, served by using Ada as the 432's
native tongue. And finally, to ensure high hardware and
software dependability, the 432 includes extensive hardware fault detection and software-protection mechanisms.
Transparent multiprocessing
Through careful attention to multiprocessing issues in
the definition of both its system organization and its
architecture, the 432 successfully implements the longsought-after idea of transparent multiprocessing for general-purpose computation. This simple but important
concept means that the number of data processors in a
432 system can be increased or decreased without software modification. It is even possible to start or stop a
processor at any time without informing, let alone damaging, a single piece of software. More importantly,
neither the operating system nor the application programs need rewriting to exploit an increase in the number of processors.
A principal challenge in the development of any multiprocessing system is the design of the interconnection
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1. Instruction decoding. One of the two chips that make up the
general data processor, the 43201 is the instruction decoder. it
contains more than 100,000 devices on asingle die, making it one of
the densest VLSI circuits to have been fabricated so far
2. Microexecution unit. Decoded instructions from the 43201 are

structure that ties the processors and memory subsystem
together. The 432 approach to this problem is unusual:
rather than define astandard bus, the 432 simply defines
a standard way for processors to communicate with
memory and each other. This frees the designer to
choose his own bus structure, optimizing the cost/performance ratio of the application. All 432 processors are
compatible with the interconnect protocol.
The main goal of the interconnect protocol is to reduce
bus use. For that reason, it puts requests and replies in
separate packets, so that the first need not monopolize
the bus while waiting for the second. For example, a
processor generates a request packet in order to access
memory but expects a reply packet (Fig. 4) from the
memory system only if the request specified aread cycle.
The result is that the processor ties up the bus only long
enough to transmit a packet to the interconnect; sometime later areply packet will be returned, if necessary, to
the requesting processor. In the interval, other processors
may be active on the interconnection.
For still greater efficiency, the protocol defines packets as variable in length. A single request or reply may
transmit from 1to 16 bytes of information. Fewer individual storage accesses need be made to obtain long
operands, and designers using the 432 can improve system performance by widening the interconnect's bus.
Communication between processors is one of several
additional functions supported by the interconnect protocol. Because of the packet format, aprocessor can send
an attention signal to one processor or broadcast it to
several processors simultaneously. Upon receiving asignal, aprocessor examines an interprocessor message area
defined in memory. The message previously deposited
there by the sending processor will instruct the receiving
processor as to the desired course of action. Typical
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executed by the 43202, which has over 60,000 devices on chip. Its
unusual horseshoe-shaped data bus can be discerned from the
photograph. The device is housed in a64-pin quad in-line package.

interprocessor messages can direct either one or aset of
processors to start, stop and redispatch.
Many bus structures can be designed to meet the 432
packet protocol. A simple. single bus interconnect implemented in discrete logic is shown in Fig. 5. On this bus,
the packets are demultiplexed as they leave the processors. The separate address and data lines are interfaced
to a static memory subsystem in the conventional way.
Up to four processors can be supported without serious
contention by this simple interconnect.
A conventional mainframe often offloads onto a minicomputer all responsibility for low-level device control
and data transfers. The 432 general data processor
(GDP) uses an attached input/output processor in the
same way. Device driver execution, device interrupts,
direct-memory-access channel initialization are all handled within them) subsystem.
Offloading I/O chores
A typical 1/0 subsystem is built around a Multibus or
other standard microprocessor system. A standard
microprocessor, such as an 8086, is connected to the bus
along with memories and peripheral devices to form a
complete, attached 1/0 processor.
The GDP is connected to the microprocessor-based i/o
subsystem by the 432 interface processor (IP). Under
software control, a group of programmable, associative
memories in the IP called window registers can be
programmed to map asubsystem's address space into the
432's. The mapping operation is totally transparent to
the attached 1/0 processor, so that both read and write
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3. Input/output support.

The single-chip interface processor.

43203, offloads the general data processor of the tasks involved in
communicating with input/output devices. It includes 65,000 devices
and can emulate many of the general processor's instructions.

cycles on the subsystem bus can proceed normally.
All communication in the 432's central system is
based on messages and not interrupts. The IP receives
those messages sent to an I/O subsystem and holds them
in its window registers while signaling the uo processor
with an interrupt. The I/O processor then fetches the
message through the IP window.
Communication in the opposite direction is slightly
more complex. Since conventional interrupts do not exist
in the central 432 system, the IP must give the attached
processor the ability to send messages in the same way as
a 432 data processor. The IP looks like a memorymapped peripheral to the uo subsystem as the latter
writes commands to the IP registers. In passing those
messages into the central system the microprogrammed
logic of the IP emulates many of the same functions
found in the high-level instruction set of the 432 data
processor. Among the available commands is one to send
message. Consequently a 432 data processor cannot
detect any difference between messages sent by an IP
and those sent by another data processor.
Multiple I/O subsystems may also be used to incrementally increase ho processing power much as mulitple
data processors increase processing power for general
computation. By multiprocessing both vo and data, the
432 serves many more applications than existing microcomputer systems can and meets the major goal of
incremental, field-expandable, processing capability.

Over 100,000 devices are on the 43201 alone. The
single-chip IP in Fig. 3holds roughly 65,000 transistors.
Each of the three 432 chips is housed in a64-pin QUIP,
as shown in Fig. 6 [Electronics, Jan. 4, 1978, p. 130], and
each dissipates less than 2.5 watts of power from asingle
5-volt supply. Two-phase clocking at 8megahertz yields
the nominal 125-nanosecond microcycle time.
These complex components could not have been developed without several advances in design techniques and
tools. Among these was the use of regular logic structures and wiring topologies.
This technique, developed almost simultaneously at
Intel by Sam Schwartz and at the California Institute of
Technology by Carver Mead, dramatically reduces the
number of randomly drawn transistors. Creating astructured integrated circuit design is hard but gets easier
with practice. The micrographs reveal ageneral increase
in geometric regularity from the earliest of the chips to
be developed, the 43201, to the latest, the 43203.
Both the GDP and the IP are microprogrammed and
rely on high-performance microarchitectures to minimize microprogram size. The two-chip GDP contains a
4-K-by-16-bit microprogram ROM, and the IP contains a
2-K-by- 1
6-bit ROM. The physical size of the iP's microprogram ROM is further reduced by having 2bits stored
in each ROM cell, a technique developed for the 8087
numeric data processor [Electronics, Oct. 9, 1980, p. 39]
and improved upon in the 432.
The last two entries of Table 1 mention two of the
more interesting functional capabilities of the 43201 and
43202. The address generator on the 43202 is responsible for mapping or translating 432 logical addresses into
the physical addresses used to access the memory system. To accelerate the translation process, the address
generator maintains acache of recently used addresses,
so that a new entry automatically replaces the one least
recently used.
The silicon operating system is largely in microcode
with some simple hardware assistance. Consequently the
execution time for a typical operation like "send message" is five times faster than for a highly tuned minicomputer operating system and 20 to 30 times faster
than for the best mainframe operating system.
Table 2 describes the allocation of microcode in the
43201/2 data processor and provides one of the most

On chip
The processing units of the 432 are designed to exploit
very large-scale integrated H-tvIOS technology to the full.
The two-chip 43201/2 GDP, whose microphotographs
appear in Figs. 1and 2, contains 160,000 transistors.

Electronics/ February 24, 1981

4. Quantized memory requests. Since memory is shared by several processors, requests to access it are optimized by being quantized
into packets. A processor controls the bus just long enough to make
arequest and receives areply only if the request was to read.
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5. Many bus structures. Illustrated is the minimal bus structure consistent with the iAPX 432 architecture. Many other configurations are
possible as long as they adhere to the quantized packet protocol of the 432. For example, afaster bus might use wider data paths.

important clues to the functional power of its microarchitecture: only 6% of the total microprogram is required
to implement the basic instruction set. The low percentage is due to the close match between the basic instruction set and the microinstructions. Many instructions can
be executed by just a single microinstruction. These
microinstructions emerge directly from the instruction
decoder located on the 43201 and therefore do not take
up space in the main microprogram ROM.

from them. In the master mode, a component operates
normally. But in the checker mode—a feature never
before found in a microprocessor—all the pins that
would normally operate as outputs reverse themselves to
function in a special input mode. Instead of asserting
output data, they sample the states of their signal lines.
The sampled data is compared internally, by an exclusive-OR gate built into each output stage, with the data
that would have been asserted in master mode. A mismatch on any pin indicates an error.
Virtual addresses
A fault-sensitive unit is formed, as shown in Fig. 7, by
Virtual addressing, another important 432 function, simply wiring together two identical 432 components.
uses only 7% of microprogram space on the 43201. This One chip is placed in the master mode and the other in
percentage is kept small by alittle extra hardware, in the the checker mode by asserting the checker-mode pin.
form of back-up copies of certain key registers. When a Any error signal asserted by the checker is routed to a
requested memory segment is not in RAM, microcode can special input on the master. In operation, the master and
restore the machine to the state it was in when the checker stay in lock-step synchrony. Any disagreement
requesting instruction started. System software can then apparent at the output pins of the master is flagged
bring the missing segment in from secondary storage and immediately by the checker and freezes the operation of
execute the instruction afresh. The entire operation is both units.
transparent to the executing program.
Longer and shorter
Table 2also shows that a large amount of microcode
is devoted to the silicon operating system. Many of the
The instruction formats are designed to simplify and
high-level 432 instructions, such as send message, are to reduce the size of code. Consequently, instructions
included in this total. Equivalent functions, programmed vary in length and have from zero- to three-operand
in the instruction set of atypical microprocessor, would references. The operand addressing modes are modeled
take four to eight times as many bits.
after the structures found in high-level languages like
All 432 components are designed to operate in two Ada to support scalar, vector, and record data types.
modes so that highly fault-sensitive systems can be built These correspond roughly to the base-plus-displacement,
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6. Quad in-line package. To house the 432 devices, amore reliable package was developed. The QUIP combines aleadless chip-carrier with

asocket that has four staggered rows of pins on 100-mil centers. A metal clip helps dissipate heat, and test points are easily accessible

base-plus-index, and base-plus-displacement-plus-index
addressing modes, respectively, found in conventional
machines. Instructions also never refer to a register,
since registers can be hard to manage during compilation. Instead, operands may come either from memory or
from the hardware-supported expression-evaluation
stack. Any mix of memory or stack-based operands is
allowed. Lastly, the instructions may start and end on
any bit boundaries. Naturally, branch instructions are
designed to branch to abit location, too.
With instruction formats such as these, the most frequent statements of ahigh -leve: language like Ada compile to single 432 instructions. Some examples are shown
in Fig. 8, along with the corresponding instruction
lengths (in bits).
An object orientation
The 432 has an object-oriented architecture. Objects
provide an identical framework for everything from a
simple piece of data, like abyte, to amessage being sent
to another processor. They are responsible for most of
the facilities found in the 432 architecture, including
basic computation, language run-time environment,
resource management, interprocess communication, and
protected addressing.
A data object supports basic computation. It is simply
alinear, logical address space from l-K to 64-K bytes in
length. Any type of binary data can be stored in adata
object, and agiven element within the object is accessed
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by specifying its byte displacement from the starting
address of the object. The complete logical address of a
single data item, as found in the operand fields of a
typical instruction, contains both the displacement and
the program's local name (or nickname) for the data
object. This short, local object name selects the much
longer access descriptor, which indicates the location of
the object's full name (or absolute address). The local
name often runs as few as 6bits in an operand reference.
More than ordinary
Just as data objects support basic computation in the
432, more complex objects are used to support higherlevel functions. The hardware knows from their descriptor-type code that they contain more than just ordinary
TABLE 1: EXECUT ON TIMES OF THE APX 432
32-BIT MICROPROCESSOR
Functional unit

Typical operation

Execution turne
at 8 MHz i,us)

Variable-precision
integer arithmetic unit

32-bit integer
multiply

6.25 (16 peon
IBM 370/148)

Microprogrammed
floating-point
arithmetic unit

80-bit floating
multiply

26.125
(38.5 ps on
IBM 370/148)

Barrel-shift unit

32-bit field
extract

1.875

Address generator with
associative cache of least
recently used addresses

32-bit memory
access

0.75

Silicon operating system

send message

80.875
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TABLE 2: ALLOCATION OF MICROCODE IN THE
1APX-43201/2 DATA MICROPROCESSOR
Function
Basic instruction set
Floating-point arithmetic

Bits
3,680

Percentage
6

11,680

18
10

Run-time environment

6,400

Virtual addressing

4,800

7

Fault handling

2,640

4

Silicon operating system

26,400
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dures. Their second major function is to provide each
procedure activation with adata object for its local data
and an operand stack for expression evaluation.
The remaining 432 system objects support the hardware-based operating system services called the silicon
operating system. A data structure representing an individual GDP is called a processor object. There is one
processor object for each physical GDP in a432 system.
Some more objects

An object representing an independent concurrent
program or task is called aprocess object. Processes may
be scheduled to run on aprocessor and thus represent a
64-K
100
Total
claim on some part of the system's total processing
resources. A process object contains, among other things,
data and uses that knowledge to implement many func- the priority of that process.
tions carried out by software on conventional machines.
An object representing aportion of the allocatable or
The hardware-recognized objects are referred to free storage in the system is called a storage resource
generically as system objects.
object. Many such objects may exist in a system to
System objects include domain objects and context partition storage in accordance with claims and grants.
objects. Both of these primarily support the run-time Through storage resource objects, new objects are creenvironments of high-level languages.
ated dynamically for software by the hardware.
A domain object represents the addressing environA very flexible object that is used to support the
ment of aprogram module. Contained within the domain buffered transmission of messages between processes, or
object are all the access descriptors for both the module's programs, is called a port object. Port objects also
instruction objects and its data objects. The domain also support the scheduling and dispatching of processes on
contains links to other domains and thus is part of a multiple processors in amultiprogrammed fashion. Ports
network of domains representing a completely linked are able to serve both functions because scheduling and
but still modular program.
dispatching is modeled as sending amessage (the process
A domain is actually composed of two parts—public object) to a process (the processor). In practice, the
and private—that are analogous to the interface and message is nothing more than an access descriptor. Since
body portions of an Ada package [Electronics, Feb. 10, an access descriptor can reference any object, the send
1981, p. 127]. The public part contains the links to the instruction can be used to send any object and, hence,
objects defined by a module's interface specification, any complex message. A message might be adata object
while the links to other objects not defined in the inter- containing astring of text or acomplex object including
face but used to implement the module are located in the executable code and perhaps representing an important
private part. Only objects whose links are found in the system resource. Objects, therefore, present aconsistent
public part of a domain object can be accessed from framework in which both processes and processors may
other connected domains.
communicate conveniently.
Context objects support the dynamic allocation of
Object addressing
memory every time they are activated. A context is
created dynamically when a procedure is called and is
Objects are stored in pieces of the address space called
deleted dynamically when the procedure returns. Since a segments. Simple objects can be stored by a single
new context is created for every activation, contexts segment, but complex ones may occupy many of them.
directly support shared, recursive, and re-entrant proce- Important information about each object, including its
type and location in physical memory, is found in its
object descriptor. An object is always addressed via this
descriptor, the location of which is indicated by an access
MASTER MODE
descriptor (Fig. 9).
OUTPUTS
Length information is used to protect the object from
INPUTS
out-of-range addresses, and presence information, along
with other data in the object descriptor, is used to
implement virtual memory. To simplify storage management, all object descriptors are grouped in a central
table. Naturally, the object table is an object, too, and its
ERROR
object descriptor is contained within itself.
To select or refer to an object requires a32-bit access
descriptor that contains the identity of the object it
7. Error-checking mode. Each 432 chip has a checker mode as
references. Each access descriptor also contains other
well as a master mode. Two devices can be wired in parallel and one
information to help control access to the object to which
put in the checker mode to duplicate all the operations of the master
it refers. Different access rights can be represented by
and signal an error when it detects a discrepancy.
different access descriptors for the same object. This fact
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A history of the Aloha project
The iAPX 432 32-bit microprocessor has been in gestation
for over six years, a third of that time in Santa Clara, Calif.,
and the remainder in Aloha, Ore. There its development
eventually became known as the special systems operation, or SSO, with Jean-Claude Cornet as director. But its
shroud of privacy led some to think SSO stood for "secret
systems operation."
In the beginning the 432 was called the 8816, then the
8800. It had to be given a number because at Intel, "as
soon as you give something a number, it is instantly
perceived as this little thing with side-brazed connections
coming out of it," jokes principal engineer Justin R. Rattner (see photo). By November of 1975 the endeavor had
coalesced into a working unit under William W. Lattin. He
remained 432 program manager until April of last year,
when he moved over to another Intel division.
The original idea was to "do something interesting" with
very large-scale integration, but with Schottky TTL performance. The team looked at and then discarded a
double-diffused MOS process and a modified chargecoupled-device structure, before it fina ly came up with a
short-channel technology that could squeeze 100,000
transistors onto a single chip yet still support future geometry reductions. It was the birth of the high-performance
MOS, or H-MOS, process.
After some preliminary design work, the group presented prospective users with a specification. "They were
responsible for our emphasis on multiprocessing," says
Rattner. "It was the No. 1thing they wanted." Back then,
the notion of software objects as a way of simplifying
programming barely existed. "But suggested mechanisms
began to get very ad hoc," he adds. "Every new feature
seemed to involve a different machine facility, a different
hardware unit."
Early one Saturday morning Rattner woke up convinced
software objects were the solution. "I wrote for about six
hours and called George Cox [a staff scientist], and that
Sunday morning we met at Intel to start working out the
details," he recalls.
Then came the hardware design, which "made extensive use of regular logic cells and wiring topologies, very
much along the lines of the work done at Cal Tech" by

is the basis of the 432's need-to-know protection system:
in order to refer to an object, aprogram must contain an
access descriptor for it; a program may only access an
object according to privilege rights encoded in the access
descriptor it holds.
Access descriptors are found only in aspecial type of
segment called an access segment. This protects the
integrity of access descriptors by preventing them from
being treated as ordinary data. Only certain instructions
are permitted to move or manipulate access descriptors.
Selective entry

An access descriptor selects one of the 224 entries in
the object table, and each entry can specify a singlesegment object of up to 216 bytes. That gives a systemwide logical address space of 24°-1 trillion—bytes of
information. At any instant, however, the logical
addressing environment of aprogram is restricted to 216
objects of up to 26 bytes, or 4 gigabytes. The instanta-
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Carver Mead, who had begun consulting on the project in
1975. "We knew we couldn't just randomly wire 100,000
transistors," so computer-aided design and simulation
tools had to be designed.
Portions of the chips' architecture were implemented
directly in silicon—so intimately that they have no logicgate equivalent. "We looked at each function, but instead
of drawing a logic diagram and figuring out a gate implementation, we asked if there was a way to do it with MOS
transistors directly," says Rattner. For the processor's
control store, the team adapted a read-only memory cell
designed for the 8087 numeric processor that stores 2 bits
[Electronics, Oct. 9, 1980, p. 39]. Without tricks like the
ROM cell, "the chips couldn't have been built."
Rattner feels the modular design methodology was "a
spectacular success." At least one of the chips, the complex execution unit, "could have been shipped in sample
quantities the first day out of fab," he says, adding that all
in all, "productivity was five, six, seven times that of some
other Intel projects."
The SSO now employs over 100 engineers designing
follow-on board computers and design aids for the 432
family. Many of them have worked with minicomputer or
larger machines in the past, as also has marketing manager Dave Best.
The project "cost a bundle," says Best, adding that "it
was the largest investment in a single program that Intel
has ever made—larger even than the magnetic stuff," the
bubble memories.
-John G. Posa

neous addressing environment is represented by four
access segments, each of which is limited to 24 access
descriptors.
To implement the 432's two-level addressing architecture efficiently, each processor contains abuffer or cache
of the most recently used object addresses. Cache data
made stale by asoftware alteration of an object descriptor (which is a relatively infrequent occurrence) can be
flushed by the operating system through interprocessor
communication.
The key computing resources of the 432, unlike conventional systems, are controlled by hardware-defined
system objects rather than by user-supplied software.
This difference dramatically changes the way resources
are managed by, and ultimately the structure of, the
entire system.
For each type of system object, the hardware automatically handles some part of the operations that can be
carried out on an object. Some of the operations are
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8. Variable-size instructions. Since users are not expected to

9. Address calculations. All memory requests are calculated via a

program the 432 in assembly language, its instructions are not

two-level operation in which an access descriptor points to an object

aligned on convenient byte boundaries but instead can be any length

descriptor and the object descriptor in turn ind cates the location and

of bits. The statements illustrated compile to single 432 instructions.

size of the desired memory contents (called an object).

available as instructions, while others are involved only
when the hardware determines, independently of any
particular instruction, that the operation is needed, such
as fetching an absent memory segment. Software is
responsible for providing the remainder of the operations
defining the complete interface to the object.
This organization presents an important hardwaresoftware tradeoff, involving just which operations should
be put into hardware and which would be better left to
software. In the 432, the decision to put an operation in
hardware is based on one of three factors. First, the
timing of an operation may be critical, affecting overall
system performance in a fundamental way. Second, an
operation may be security-critical, affecting the integrity
of the protection system and the isolation of important
information. Third, its reliability may be critical, affecting the ability of the system to function correctly in
delicate programming situations.
The software part of the object management function
is still by no means trivial. Software is largely responsible for creating new objects and disposing of old ones.
Generally speaking, objects work to remove the traditional barriers between the operating system and the
application environment. The packages that make up
iMAX are tools with which the user may build an application. If the iMAX package for a particular service is
not quite right, the user is free to replace it with a
package of different design.
Ada: implementation language
Ada, the Department of Defense's new standard programming language, is an ideal systems implementation
language for the 432. The goals established for Ada's
design were very like those set for the 432 since the
language's designers drew upon the same body of
research. The ultimate goals of both Ada and the 432
are increased programmer productivity, increased software reliability, and low software life-cycle costs.
Ada is inspired by the Pascal language and has much
in common with it. But it differs from Pascal, and moves
far beyond the older high-level language, in its support
for large-scale, modular software. While several
attempts have been made to repair this deficiency in
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Pascal, none has been widely accepted or used. Ada
makes these efforts obsolete.
Through its "package" construct, Ada provides anatural way to put together large programs based on
object-oriented modularization. A package defines an
object and the operations that can be done on it. Following the object-oriented view further, a package restricts
access to an object as specified in a separate interface
portion and thus succeeds in hiding the details of its
implementation.
Ada turns out to be an ideal language for the 432 not
only because they embody the same idea of modularization but because many Ada constructs map directly onto
the hardware. For example, the Ada package construct
is directly supported in the 432 architecture by the
concept of adomain object and Ada subprogram activations become contexts in the 432 architecture.
In those cases where the hardware of the 432 goes
beyond Ada's built-in constructs, Ada's definition allows
for aspecial machine-access package. Any 432 instruction or feature can be accessed via this package, eliminating the need for a432 assembler. Ada is thus the only
language used to write the iMAX executive and programmers are not ordinarily expected to require machine
access. Hence even systems programmers will use Ada,
resorting to direct machine access only rarely.
Ada and the 432 architecture cooperate to provide
complementary checks on a program's design. Ada
checks data types and interfaces during compilation, and
the 432 subsequently rechecks them at run time in order
to catch errors missed or possibly caused by the compiler. The 432 architecture also provides those checks on
interfaces and data types that in Ada can only be made
during execution.
Finally, Ada is the basis of the 432's integrated
programming system. This software development system
is built around Ada to provide separate compilation of
programs with fully checked interfaces as well as linktime checking of module version numbers. The latter
capability ensures that old versions of programs will not
sneak back into a system. A symbolic source-level
debugger lets the application programmer debug programs in Ada rather than 432 machine language.
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Applying signature analysis
to existing processor-based products
With the advent of an off-board source of stimuli
for signature analysis, it is possible to retrofit
this efficent test method without extensive redesign
by Robert Rhodes-Burke,*
The digital test technique known as signature analysis
is now widely regarded as the best way to service
digital, processor-based boards. Until recently, however,
products had to be designed to meet the special requirements of SA. In particular, the digital test patterns
needed to stimulate the board during SA had to be
generated by an on-board processor working from a
user-supplied program.
Consequently, the many processor-based products
designed before the technique's introduction could not be
tested by it unless they underwent expensive redesign.
However, now that an inexpensive, general-purpose stimulus source—the model 5001 microprocessor exerciser—
is available, existing products can be serviced with little
or no modification using signature analysis.
The application of SA to the Memorex 1377 display
terminal will demonstrate the ease with which the technique can be used on equipment not designed for it.
Although the terminal has
been in production for several years and was not originally designed for signature
analysis, it is agood SA target. Large portions of its
circuity can be accessed
through its processor using
the 5001, so that a reasonably thorough check of its
operation can be performed.
Understanding the application of SA to the 1377
demands familiarity with
both the technique (see
"Signature analysis revisited," p. 128) and the
tools of the process. A brief
(SA)

1. Retrofit in a box. Using signature analyzers

to

troubleshoot

products not designed for use with
them like the Memorex 1377 terminal is easy, thanks to the 5001
microprocessor exerciser (center).
The checkerboard pattern (top) is
produced by a5001 program.
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Hewlett-Packard Co., Santa Clara, Calif.

description of the 5001 exerciser, its capability, and
general application therefore precedes an explanation of
the 1377 retrofit.
The model 5001 microprocessor exerciser, or Stimpod,
as it is nicknamed, is a companion to the signature
analyzer. It provides the digital stimuli to the board from
which the analyzer takes bit streams for translation into
hexadecimal signatures. Weighing only 3 pounds and
measuring 91
/ by 51
4
/ by 1inch, the Stimpod is portable
4
and travels easily into the field (Fig. 1).
Each Stimpod is designed for use with a particular
type of microprocessor. The 6800 is supported at present,
and the 8080, 8085, and Z80 will be supported in the
coming year.
To employ the Stimpod, the processor on the board
under test is removed and plugged into azero-insertionforce connector on the front panel of the 5001. A ribbon
cable from the Stimpod is
then connected to the board
socket that has been vacated
by the processor.
The processor and board
.can then be exercised by the
5001. Contained in the
Stimpod's internal memory
are 52 test programs (see
Table 1) applicable to a
general class of microprocessor-based designs. For
testing special aspects of a
design, another ZIF socket is
provided on the 500 l's front
panel. It accepts a 2716
erasable programmable
read-only memory in which
the user has placed astimuli
program. Thus the 5001 lets
users apply signature analysis techniques without designing in or disturbing onboard program memory.
To use one of the internal
test programs, a user sets
the front-panel switch to
•The author
Corp

Is

now with

Apple Computer

CupertIno,
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INT and calls up the test by number, pressing the tens
and units buttons below the light-emitting-diode display.
Pressing the enter button then starts the test. Putting a
preprogrammed PROM in the smaller front-panel socket
and moving the double-throw switch to the external
position permits custom tests to be called up and run in
the same manner.
Since the 5001 was designed for use with asignature
analyzer, it produces the start, stop, and clock signals
needed by that unit to gate the bit stream and form a
signature. These signals are provided at ports on the
right of the exerciser, along with acommon ground and
a qualifier signal that is applicable in some of the
preprogrammed tests.
On the left side of the Stimpod is an eight-bit output
port, a qualifier input, and a power input and ground.
Using the byte-wide port, the 5001 can stimulate the
input side of input/output devices on the product being
tested. The qualifier line can be used to recognize when a
particular device is enabled, so that the 5001 can tell the
signature analyzer to collect bits going to or coming
from the device. The external power ports need only be
used when the exerciser's power requirements—nominally 2.75 watts, exclusive of the processor—exceed the
power available directly from the board under test.
Signature analysis could be applied to most of the
1377 by the 5001 and a 5004 signature analyzer alone.
The general methodology of SA application involves deriving a set of signatures for a known good board,
analyzing possible faults to determine how they change

the signatures, and verifying that the set of signatures
thus generated is valid and unique using other boards of
the same type.
Although all this was done by hand for the 1377, it
can now be almost completely automated with a automatic board tester that incorporates signature analysis.
Such aboard tester is available from Hewlett-Packard —
the 3060A with option 100. In either case, once valid
signatures are obtained, the board designer or test engineer can generate a fault tree—a listing or schematic
that tells what points to check next if afault signature is
found. A field technician otherwise ignorant of SA can
then use this tree to troubleshoot asystem.
Applying signature analysis to many microcomputerbased products is often straightforward, using only the
preprogrammed tests in the 5001. The 1377, however, is
a special challenge to SA application because of some
unusual aspects of its design. These can be understood
by examining the functional layout of the terminal.
Choice target
The digital electronics used in the model 1377 display
terminal are contained on a single, 9-by-16-in. multilayered printed-circuit board (Fig. 2). The board can be
functionally segmented into five separate areas: the
microcomputer, the display memory, the display-refresh
algorithmic state machine (Asm), the communications
ASM, and the clock and timing circuitry.
It should be noted that in normal operation three
machines—the microcomputer, the communications

Signature analysis revisited
Signature analysis, a patented troubleshooting technique
available under license from Hewlett-Packard Co., is
based on the principle that a good digital circuit in a
known (initialized) state will produce the same output
when stimulated repeatedly by the same input. If the
repeated output of a device is not the one it has been
designed to produce, it has failed.
While this principle is simple and fairly obvious, signature analysis implementation is a bit more complex, relying
on mathematics similar to that for cyclic redundancy coding. (For athorough explanation of the signature formation
process, see Electronics, March 3, 1977, p. 93.) But once
signature analysis techniques have been applied to a
design, using them to troubleshoot it is extremely simple.
All a technician has to do, either in production or in the
field or depot, is follow the time-honored technique of
signal tracing. He or she checks one test point and compares the measurement result to that in a table or schematic. If it does not match, the troubleshooter checks
another point in accordance with the test plan.
The point between the last bad measurement and the
next good one is the failure location. It should be noted
that the technician does not need to know anything about
signature analysis or, for that matter, digital logic. Thus, by
requiring less from the troubleshooter, the technique can
greatly reduce service costs.
In the past, a repetitive digital stimulus, or bit stream,
was generated by the microprocessor of the product
under test, which would execute a special test program
residing in an on-board memory. A signature analyzer is
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used to check the response at the board's various test
points, or nodes.
The analyzer works by monitoring the bit stream on one
line for a specified period determined by the clock rate of
the circuit under test. In this process it compresses the
data and translates it into a four-character hexadecimal
word, or signature.
A set of signatures, one for each test node in the circuit,
must be generated; the designer or test engineer generally
does this by exercising a known good unit —the prototype
perhaps—with routines designed to exercise each area of
the board. The good signatures are recorded; then the
board is analyzed for the effect of failures on the bit
stream. Once this is done, the test designer can create
test procedures and test-point schematics for use by
production-line and field technicians.
The three key conditions for the application of signature
analysis are the ability to:
CI Initialize circuits that can hold two or more different
states (RAMs, flip-flops, and counters, for example).
CI Synthesize the timing needed for signature sampling,
both in terms of framing the sequence (sample startsample stop) and clocking the bit stream.
D Apply the stimulus.
The first of these requirements is really a basic tenet of
design for testability and can only be achieved by design.
Designers who fail to observe it will be faced with a major
testing problem. The other two conditions, however, need
no longer be absolute design imperatives, thanks to the
introduction of the 5001.
-Richard W. Comerford
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TABLE 1: MICROPROCESSOR EXERCISER TEST SET
Address range

Test

Number
00

Microprocessor: 6800 instruction set, interrupts

01

Buses: free-run

all

02

RAM: read/write 6800 direct addressing range

0000 — °OFF

03

RAM: read/write multiple patterns (checker-

0000 — 3FFF

04

board, inverse, address-as-data);

4000 — 7FFF

05

address range is selected according

8000— BFFF

06

to test number

Qualifier

C000 — FFFF

07

RAM: read/write address as data

all

08

RAM: read/write alternating checkerboard

all

09

RAM: write checkerboard, then free-run

all

10/11

I/O:

write patterns to qualified outputs

as qualified

12/13

I/O:

read stimulus from qualified inputs

as qualified

14/15

ROM: read qualified data

as qualified

0/1
0/1
0/1

16/17

ROM: bus signature (pin X0 )

as qualified

0/1

18,19

5001: self-exercise

20 — 51

ROM: read 2-K address range
•Test

number indicates 2-K address range, for example, 20 is 0000 to 07FF, 51 is F800 to FFFF

ASM, and the display refresh ASM —are jointly responsible for the terminal's workings. They operate concurrently in a complex, interleaved fashion, using various
bus arbitration methods to share the data and address
lines and access the shared display memory. The challenge, then, was to find away of checking the functional
areas independently, yet as they really performed.
Other aspects of the 1377's design were challenging,
too. The use of two programmable interface adapters
(PiAs) in the microcomputer section required a somewhat custom approach, since the designation of these
devices' ports for input or output is determined and
programmed to fit a specific application. In the 1377,
the PiAs scan the terminal's keyboard and configuration
switches, as well as drive its audio output (bell) and
status indicator. Data from the PIAS can directly control
some of the functions of the Asms, such as selecting
different segments of the display RAM or inhibiting the
display or its reset. Therefore, it was essential to find a
way to check the operation thoroughly.
The most elaborate part of the board is the timing and
clock circuitry. Like other clock circuits, it generates
timing waveforms independently of the microprocessor.
On the 1377, it generates 11 phased clocks—more than
usual— which are in turn used by the other functional
blocks for timing generation. Despite this circuitry's
complexity, SA checked it 100% with the least difficulty.
Of the other four functional blocks, the microcomputer also was 100% tested with SA. But the display memory
block could be only 90% tested and the display-refresh
ASM could be only 80% tested because of the communications ASM.
The communications ASM operates asynchronously
with respect to the rest of the system, so that it could not
be checked using the 5001 and the 5004 alone. Howem,
aspecial test tool designed previously by Merrtoresefied
been used for some time to check this portiefiff the
terminal. With some adaptation of such a tool (to be
described later), even this asynchronous segment could
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be tested with signature analysis techniques.
The microcomputer section was (and in general is) the
logical place to begin applying signature analysis. It ts
the area in which the 5001 exercises most direct control
over the system operation. Further, the elements of the
block are extremely common and hence can be easily
checked out with the 5001's preprogrammed tests.
The 5001 was connected to the 1377 as described
earlier, and the 5004's start, stop, and clock inputs were
connected to the Stimpod. The 5004 was set to operate
from the rising edge of the clock and start signals and
the falling edge of the stop signal. For most of the tests
performed, this was the only setup needed.
Test 00 (see Table 1) was the first performed. It
checks the 6800's functionality by running it through ils
entire instruction set, except the wait-for-interrupt
instruction, while it is isolated from the board. Other
instructions in the test sequence serve to verify the
interrupt line operation and the processor's ability to
service interrupts.
Checking out the kernel
While the test is running, the functioning of the
kernel—the processor, its clock and power—can be verified by taking asingle signature. If the kernel is operating, holding the 5004's data probe to the proce,ssot's
+5-volt supply produces abit stream of Is, which results
in a signature of 2813F11 6.This provides an 80% confidence level that the processor is good.
To provide an even higher confidence level (95%),
each pin of the 6800 can be probed while the test is run.
This will result in the signatures shown in Fig. 3 and
takes about 30 seconds to perform. Unless other tests
indicate that the processor could be at fault, howevel-,
this check is not absolutely necessary.
Once the kernel's operation is verified, the next step is
-to check that the address lines and decoders are operational so that the Stimpod can access other circuits for
test. Another preprogrammed test, 01, is used to do this

OPTION
SWITCH —*

PERIPHERAL'

I

INTERFACE
ADAPTER

KEYBOARD

ALARM
STATUS

SCRATCHPAD
RANDOMACCESS
MEMORY

6800
MICROPROCESSOR

PROGRAM
READ-ONLY
MEMORY

PIA
2
It
ADDRESS (16 BITS)

BUFFER

TIMING
ANO
CONTROL

DECODER
MICROCOMPUTER

*
I

ALL
TO
FUNCTIONAL
BLOCKS

CLOCK AND TIMING
CRYSTAL
OSCILLATOR

TIMING ASM

CLOCK
GENERATOR

02

}

TO MICROPROCESSOR

TO ALL
FUNCTIONAL BLOCKS

2. Shared facilities. In the 1377, the microprocessor, display refresh ASM, and the communications ASM share buses and the display
memory. A major challenge is finding away to independently analyze how these blocks work through the shared facilities.

content of the memory being tested can be taken.
Up to three ROMs contain the operating program in
the 1377. To check each individually, the 5001's Q-in is
tied to achip-enable line and the contents of the chip are
read by the Stimpod; test 16 does this since the 1377's
chip-enable lines are active low. Were a block-enable
line used in the design, the entire chip set could be
checked with a single signature. Then, if an incorrect
signature resulted, the contents of each chip could be
checked individually.
The 128-byte scratchpad random-access memory was
checked next, using test 02, read-write 6800 directaddressing range. This test uses asliding-I pattern with
areverse background fill, which detects address interdependency. After the Stimpod writes the pattern, it reads
One-signature checking
it and the values written and read determine the clocking
Depending on the product design, the program memo- signal it supplies to the signature analyzer. Thus, by
ry—read-only memory, or ROM—can be checked with a placing the signature analyzer on the +5-v supply line
single signature or one signature for each memory device as in the microprocessor test, a signature is produced
in it. This is done using either preprogrammed test 16 or that reflects the number of good cells in the RAM. RAMS
17, depending on whether the memory-enable line is with less than 256 bytes can be checked using this test;
active high or low, respectively.
other tests are provided for larger RAMS.
In both tests, the entire contents of the enabled memoIn the 1377, PiA 2 falls within the direct address range
ry are read by the 5001 and formed into a single bit of the 6800. Thus, the PIA was partially exercised using
stream, which is output through port X,2 on the Stim- test 02, when it was responding as though there were two
pod's left side. By placing the data probe of the signature extra scratchpad RAM cells when it was operating propanalyzer on this port, a signature that is unique to the erly. If an incorrect signature appeared, the PIA-enable

check. In this free-run test, the CPU runs through its
entire address repertoire, the analyzer's data probe is
placed on each of the address lines, and a signature is
obtained for each (Table 2). These signatures will be the
same for any 6800 processor tested in this way.
Using the same test, signatures can be obtained at the
outputs of the address decoders, but since their output is
product-dependent, the signatures will vary from one
design to another. After the ability of the processor, and
thus the Stimpod, to access the various components of
the system has been verified, they can be checked. The
most logical area to investigate next is one closest to the
processor, such as the memory in which the operating
program is contained.

130

Electronics/February 24, 1981

DISPLAY MEMORY
COMMUNICATIONS
ALGORITHMIC STATE
MACHINE

DATA
MULTIPLEXER

SERIAL
DATA

PARITY

CURSOR

DISPLAY
BUFFER
RAM

110 BITS)

SHIFT
REGISTER
SERIALIZER

CHARACTERGENERATOR
ROM

VIDEO DATA
LATCH

CURSOR
INTENSITY

ADDRESS
MULTIPLEXER

ADDRESS
COUNTERS

VIDEO GATING
DRIVER

TIMING AND SYNC
GENERATOR

TIMING
AND
CONTROL

TIMING
AND
CONTROL

line was grounded and the test rerun to see if the fault
was actually in the RAM or the PIA.
With the completion of the scratchpad RAM test, the
entire microcomputer block with the exception of the
PIAs was completely checked. To test the PIAs, it was
determined that a custom program would be needed.
Rather than change the test setup and insert a custom
programmable ROM, it was decided to save time and
continue testing whatever could be checked with the
preprogrammed tests and the present setup. The custom
PIA test will be described later, along with adiscussion of
other custom tests.
The display memory, or display buffer RAM, in the
1377 is a 4,098-by-10-bit store composed of 10 1-K
RAMs. This is divided into two pages, each consisting of
2,049 10-bit words. As the microprocessor can handle
only bytewide data, two accesses (and therefore two
addresses) are needed to obtain the data set; one address
maps to the cursor portion of the stored data, while the
other maps to the character portion.
Since the display memory address range is therefore
large, two preprogrammed tests were first used to check
its operation: test 03, which covers the address range
from 0000 16 to 3FFF16, and test 04, from 4000,6 to
7FFF 16 .Before these tests were run, the display refresh
was disabled by grounding a single pin, in order to
prevent it from interfering with the 5001's control of the
display RAM.
As shown in Table 1, these tests cause a number of
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DISPLAY
DATA

-11
-SYNC

DISPLAY REFRESH ASN1

different patterns to be read from and written to the
thoroughly checking its operation. While the tests
are run, the analyzer's data probe is set on each of the
data-in and data-out pins of the two-port RAMS. The test
resulted in only 20 signatures being generated for the
entire display RAM.
Though the preprogrammed routines were well suited
to testing the display memory, it was subsequently found
that acustom program needed to test the display refresh
circuitry could also check display-memory operation,
and was more effective in that it resulted in the need for
even fewer signatures. This test will be described later,
together with other custom programs.
RAM,

Clock and timing
As previously noted, the clock and timing circuitry of
the 1377 terminal is elaborate and takes up aconsiderable portion of the board's electronics. Even so, it was a
relatively straightforward matter to derive aset of signatures for it.
Since the circuit is self-stimulating, it runs asynchronously and independently of the processor. For this reason, the start, stop, and clock inputs to the 5004 were
moved from the Stimpod to the circuit itself; it was not
necessary to reset the edges for these inputs.
Carrying out the tests at the clock rate of the circuit
was very desirable; taking signatures in this way is
simpler and the results are more easily interpreted. The
1377's clock rate is very high—greater than 17 mega-
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TABLE 2- 6800 ADDRESS BUS SIGNATURES FOR TEST 01

Line
0000

Vss

28PH
0000

2 HALT
f

3

RESET

40

28PH

TSC

39

0000

Signature

UUUU

Ag

7791

- f

Ai

FFFF

Ag

6321

A2

8484

A10

37C5

A3

P763
1U5P

Al2

4FCA

A5

0356

A13

4868

Ae

U759

A14

9UP1

A7

6F9A

A15

0002

NC

38

02

37

- f

DBE

36

28PH f

IOCH

4 /
RQ
5

4514

6

NMI

0000

7

BA

28PH

8

V,

D, 33

7180

2A92

9

Ao

Di 32

41U0

NC

35

28PH

Re

34

9U 18

49A9

10

Al

D.
,
31

7735

524F

11

A

0,

30

H579

7C57

12

Ai

0.1

29

94FC

4984

13

A.
1

Dr,

28

CH24

60F4

14

A

Di, 27

A6UF

C654

15

A,

D, 26

C82C

3754

16

A,

A1 , 25

U01 C

U3UU

17

Ar,,

A, 24

H8HC

C560

18

Ai

AI, 23

F73C

9H00

19

Al,

A,,

22

5344

0A7C

20

AI•

V, 21

0000

3. 6800 pin signatures. Running the 5001's test 00 on a good 6800
yields the above set of signatures. A good signature at pin 2 is
enough to indicate that the processor kernel is operational; other
signatures can be taken if further testing indicates aproblem.

hertz—but with option H02, the 5004 is able to test at
rates up to 18 MHz. With HP's latest signature analyzer,
the 5005 [Electronics, Nov. 20, 1980, p. 44], rates of up
to 20 mviz can now be checked.
Before checking the circuit, two preprogrammed tests
were run on the Stimpod. Test 09 was run first to fill the
display RAM with a checkerboard pattern; this predictable pattern allowed some stable signatures to be taken
in the area of the character generator. Before any signatures were taken, however, test 32 was run. This test tells
the processor to read a 2-K address range that does not
affect the shared buses and thus limits its activity to an
area removed from the one to be checked. Thus, timing
circuits outside the actual clock generator itself could
also be investigated.
The 1377's clock and timing circuit is a long, chainlike circuit with a fair amount of feedback. It was
therefore necessary to move outside the loop to verify
correct inputs. Though it may be necessary to break a
loop when extensive feedback exists, it is not absolutely
required. When provision is made for resetting the
counter chain, as it was in the 1377, it is often not
necessary to break it, particularly if the loop contains
only two or three elements. Isolating a fault to such a
loop is then sufficient, permitting the faulty element to
be easily found with the signature analyzer's built-in
logic probe.
As noted previously, two areas of the board required
some custom approaches to generating signatures: the
PiAs and the display-refresh circuitry. Both tests
involved programming a 2716 erasable PROM, but this
was the only thing necessary for testing the displayrefresh ASM.

132

Line

Ao

28PH f

VMA

Signature

6U28

For the PIA test, jumpers were needed to ensure complete exercise of the devices; that was not due to any
deficiency in the test, but rather to the layout and
partitioning of the design itself. Accessing several lines
connected to the device required looping back to other
lines in order to thoroughly stimulate the device, and this
looping would have been required for other test techniques as well.
The custom program developed for the PiAs is of a
general nature and could be used for other such devices.
It is a 150-byte program and copies of it will be made
available this year by Hewlett-Packard. The reason it is
not included in the preprogrammed tests is that, though
general, it requires that the user specify the address and
the port functions (input or output) specific to his or her
application. Given that information, the program is simple to adapt to adesign.
Testing display-refresh
Two levels of display-refresh testing—functional and
diagnostic—were provided for the 1377 with one custom
program. This program initialized the display RAM with
all possible display characters and some nondisplayed
control sequences. It was, in effect, similar to the "quick
brown fox ..." type of test often used in data communications testing.
For both tests, the framing and clock signals input to
the signature analyzer were taken from the displayrefresh ASM, since it runs asynchronously with respect to
the microprocessor. The clock signal for the functional
test was taken from the dot-clock that controls the video
gating drivers. Using this clock, the analyzer can verify
that about 40% of the terminal's circuits are functional
with only one signature, which is taken by placing the
analyzer's data probe on the display-refresh Asm's video
output. This quick and easy go/no-go test also provides a
full CRT display.
It should be noted that with this custom program both
the microcomputer and display-refresh ASM are running
concurrently, just as they would in normal interleaved
operation. For the diagnostic check of the display-refresh
ASM, the signature analyzer's clock is moved to the
character clock, which is synchronous with direct memory accesses performed by that ASM. Thus, by using this
clock to check activity on the system buses, signatures
are generated only when the display-refresh is using
them—the interleaved operation is separated for testing.
Both the functional and diagnostic approaches used in
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4. Serial stimuli. For checking out the serial interface (the communications ASM) of the 1377, Memorex has been using the in-house
tester, which simulates IBM 3270 protocol. Setting toggle switches
causes two 8-bit registers (shaded) to create atest word.

8

TIMER
555

2
WRITE
READ ?

1.5µF

T

102 pF

-1-

51 kS2

-

1 kS2
1
/
6 7404

the 1377 could easily be applied to other products. They
may, in fact, prove invaluable in testing the increasing
number of processor-based CRT products.
There were basically two reasons why the communications ASM was not tested using the 5001A and 5004
combination: the asychronous nature of the ASM timing
and the nonstandard logic levels of the interface line.
Memorex had designed a special tool, shown in Fig. 4,
which replicates the IBM 3270 protocol. With a little
modification, the tool could send characters on command from the 5001, but the task of finding appropriate
clock and timing signals in the circuit proved difficult. A
further modification to the tool that could let it supply
these signals had been suggested but it has not yet been
completed by the company.
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Designer's casebook
until the line current is reduced and the reset switch is
depressed.
A second example is the fault detector of an automobile's brake signals (b), where it is important to know
when a stop or turn lamp has failed (a feature not
supplied by auto makers). Here, two reed/coil assemby Daniel Appiolaza
Mendoza, Argentina
blies are required, with the reed contacts being normally
closed.
If for any reason either of the stoplights does not turn
Mechanically providing such functions as undercurrent on when the brake is applied, no current can flow
and overcurrent protection for power supplies and fault through either coil. Consequently, the reed switches will
indication for an automobile's turn signals or stoplights not open and the panel LED will indicate trouble with the
is easier to achieve inexpensively with relays having a signalling system.
separate reed and coil. Using the coil as a remote
With normally closed relay contacts, however, the
current-sensiqg device also makes the relay flexible stoplights may still turn on despite a failure in the reed
enough to do a myriad of other jobs not possible with circuit or even the LED/resistor itself. Alternatively, it
self-contained units.
might be better if the reeds are of the normally open
Consider th ç example of current-overload monitoring type. Then the circuit can be wired to switch on the
(a). Here, the normally open reed switch serves to acti- panel LED only when the car's stoplights become active.
vate the shunt formed by the light-emitting diode, resisThis latter arrangement will positively indicate a failtor RI, and the zener diode when excessive supply ure in the system. If the LED does not turn on when the
current flows.
brake is applied in the normally open reed system, howThe coil, made from four turns of No. 12 gauge wire, ever, it does indicate difficulty with either the lamp or
is tightly wqpnd over the reed so that an instantaneous the monitor circuit.
111
line current equal to or larger than approximately 5
amperes dc will close the reed relay and trigger zener Designer's casebook is a regular feature in Electronics We invite readers to submit original
and unpublished circuit ideas and solutions to design problema Explain briefly but thoroughly
diode D. Thus the reference voltage will drop to zero the circuit's operating principle and purpose. We'll pay $75 for each item published.

Reed-coil relay is behind
flexible fault detection

Switching

separates.

Two-element

relay

having remote four-turn current-sensing coil
and normally open reed switch (a) provides
inexpensive overcurrent protection for power
supply. When implemented in car's brakesignal system, relay detects faulty turn or
stoplights.

A normally

open

relay

circuit

might be preferable to the normally closed
configuration shown.
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Engaging switch SI momentarily fires timer AI,whose
pulse width is determined by capacitor CI and one of
four timing resistors, RIthrough R4. The timer enables
an astable multivibrator, A2, and resets a three-digit
decimal counter, which then counts the number of pulses
from A2 until the timer runs out or a count of 999
(overflow) is reached. The number is then displayed.
A seven-decade range (see table) is achieved by
switching in RI—R 4,and R5—R 6,which sets the frequency
of A2 to approximately 1 or 1,000 hertz. For best
performance, RI—R4 should be hand-picked to achieve
the desired 1:10, 1:100 or I:1,000 ratios if an accuracy
to within 1% is required.
Calibration is achieved with a known capacitance of

Four-chip meter measures
capacitance to within 1%
by Peter Henry
Seattle, Wash.

Measuring capacitance over the range of 1,000 picofarads to 1,000 microfarads, this four-chip meter has an
overall accuracy of 1%. Costing less than $20, the unit
has a digital readout and is built from parts that are
readily available.
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Charge check. This digital capacitance meter measures accurately over the range of 1,000 picofarads to 1,000 microfarads. The circuit
displays the number of pulses from astable multivibrator Aï in the measurement count period during which 555 timer A- is active. The
measurements are repeatable to within a few counts on all but the lowest scale, giving an overall accuracy to within 1%.
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Wavetek Model 189 sells for
$695.* Yet it has digital storage
of sweep settings just like the
expensive instruments.
Turn the dial to the desired
low frequency (down to 4mHz)
and push START Then turn the
Circle #137 for demonstration

dial to the high frequency (up
to 4MHz within sweep limits)
and push STOP. Both
frequencies are stored in
memory, so the dial is now
'available for setting the marker
frequency.
Other controls set sweep
rates from 100 microseconds to
120 seconds, hold or reset
sweeps, and set output level
(up to 20V). As a function
generator, Model 189 gives
precision sine, square and
triangle waveforms from 4mHz
Circle #136 for literature

to 4 MHz in continuous,
triggered or gated modes.
So if you're looking for an
inexpensive sweep/function
generator that handles
precision sweeping
assignments, remember the
Wavetek Model 189. Better yet,
call or write us today. Wavetek
San Diego, P.O. Box 651, 9045
Balboa Avenue, San Diego, CA
92112. Tel (714) 279-2200; TWX
910-335-2007.

AN/

'TŒ K®
•U S Pnce Only

This is the first low-priced sweep generator
with sweep memory and marker.
And don't you forget it.
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approximately 0.3 µF. Potentiometer R5 is adjusted for
identical readings on the calibrating and 1-µF scale.
Then potentiometer RB is adjusted for the same readings
on both scales. This procedure is repeated as often as
necessary for perfect agreement.

The circuit is very reliable and will yield repeatable
measurements to within a few counts on all but the
lowest scale. Differences in capacitance of 10 pF can be
detected. Leaky capacitors may be difficult to measure
because of their series resistance.
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Stabilizer boosts current
of ±dc-dc converter
by Gerald Girolami,

Vo«). Similarly, op amp A2generates avoltage:

V2 = Vre dl +(R2/12 6)1— ViR2/R 6
where R6 = R2,and so V2 = 2Vrer— VI. Combining the
final expressions of VI and V2 yields V2 = 3/2 V„ f+ i/2
V

Université Pierre et Marie Curie,

Thus, an increase in V,„,, will cause V2 to increase.
Because V2 =
Voue, as specified under normal conditions for the ICL7660, an increase in V2 will cause V.„,
The power-handling capacity of Intersil's popular posi- ultimately to decrease, and vice versa, and negative
tive-to-negative voltage converter can be increased by a feedback is achieved. Thus, under conditions for stabilifactor of 10 with this circuit. Using an efficient, low-cost zation, V2 =
Vout = 3/2 Vrer+ 1
/
2 V.., or Voot =
stabilizer to hold output voltage constant for an operat— %/ rd ,and only V ie will have any effect on V., with the
ing current generally above that which the ICL7660 is required driving and load currents provided by AI and
normally used, the circuit is aviable alternative to using A2 and power transistor QI.
an expensive modular dc-dc converter when a 0-to-10In practical applications, the output voltage is adjustvolt, 0-to-100-milliampere source is required.
able from —2 V to —10 V for a positive \ire-of similar
Although the ICL7660 is used almost exclusively in range. The maximum output current is 100 mA at V00, =
low-power applications, its maximum load current is in
— 5V and drops thereafter. But it is possible to use two
excess of 50 mA for a 5-v, 100-mA input. At this level, such circuits and two diodes to double the output curhowever, the output voltage drops from the expected rent. That may not seem too interesting because many
— 5-v value to near zero. By using the LM301 operation- good dc-dc converters that deliver high current are availal amplifiers (A 1 and A2)in a feedback loop, however, able, but note that this circuit allows selection of the
the output voltage, V., can be made to equal the output voltage, a feature not usually found in commernegative of the given reference voltage, —Vre r. at the cial units. The regulation is good and the mean output
desired output current.
voltage variation will be only 70 millivolts at 11.d = 100
As seen, the output voltage, V., is compared with Vrer mA. This specification is adequate for digital circuits
at op amp AI.As aconsequence of the circuit configura- that can withstand a ± 5% variation (that is, 250 mv) at
tion:
the 5-v level.
Note that the MC1776CG is suitable for use as AI
v
=
[1+ R I
3
t
ets ][ R ,
R
+2R2 ] vre3R4
and A2.It is necessary to add an 8.2-megohm resistor
between pins 4and 8of each device, however, to set the
where R3I1R5 = Ra, Ri = R2, and R3 = 2R4. Thus VI= operating current in the amplifier.
Physique et Dynamique de l'Atmosphère, Paris, France
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32-bit microprocessors
inherit mainframe features
by R. Colin Johnson
Microsystems & Software Editor

The main events:
VLSI processors,
fast static RAMs,
precise linear ICs
Chips with upwards of 10,000 transistors are becoming
commonplace. So are 32-bit microprocessors, sub-20nanosecond complementary-MOs memories, extremely
accurate monolithic filters, and chips that can withstand
hundreds of volts. As the 28th annual International Solid
State Circuits Conference, held last week in New York,
proves, all that is possible—and more.
With very large-scale integration in hand, Intel, Bell
Laboratories, National Semiconductor, and HewlettPackard have sculpted 32-bit microprocessors out of silicon.
All bear the vLsi look: regularity through programmable
logic arrays and microcode. They appear as intelligent
memories, which, indeed, they are.
Speaking of memories, the word this year is static.
Whereas last year's conference highlighted ultra-Ls!
dynamic memories, this year's stars are superfast c-mos
and n-channel static random-access memories.
In telecommunications circuits, where the marriage of
codec and filter has been an obvious one for some time, cmos seems to be the technology of choice as well. Active
filters in general are being designed with frequency and
bandwidth electrically adjustable to within cycles.
Advanced integrated-injection-logic processes have made
possible aI4-bit digital-to-analog converter that needs no
on-chip trimming, a16-bit analog-to-digital converter that
shares its die with emitter-coupled logic, and a14-bit cmos a-d converter that pulls trimming values from an onchip memory. These techniques, plus ahost of high-voltage
processes, are expanding the role of electronics in consumer,
industrial, and other areas.
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It seems that the era of 32-bit very large-scale integrated
microprocessors is here, given the appearance of no
fewer than four such devices at this year's mcc. Most
have been rumored for years, as would be expected for
projects hundreds of man-years in the making.
One of these is the three-chip iAPX 432 from Intel
Corp.'s Aloha, Ore., Special Systems Operation division.
It has been coming for quite some time [Electronics, May
22, 1980, p. 39] and has finally arrived with more
features and subtleties of architecture than might have
been imagined (see p. 119).
Two of the other 32-bit offerings may come as more of
a surprise; one, a single-chip microprocessor from Bell
Laboratories, is loaded with such unusual attributes as
separate fetch and execution units and a 32-megahertz
clock; the other is from Hewlett-Packard, which has
become increasingly involved in the making of such
custom chips in the last few years. Finally, National
Semiconductor revealed more details of its upcoming
NS 16000 family of 32-bit components, including both
the memory management unit and the central processing
unit itself.
Several new I6-bit offerings have arrived as well,
including a fast complementary-mos processor from
Toshiba and a single-chip implementation of Digital
Equipment Corp.'s PDP-11/34 minicomputer. Also, several unique parts were discussed, like an 8-bit microprocessor with on-chip nonvolatile memory from Hitachi, a
biomedical microprocessor with analog input/output
from Intersil, a single-chip graphics display controller
from Nippon Electric, and aself-testing microprocessor
from West Germany's Institut für Theoretische Elektrotechnik
Bell Labs does it again
The single-chip 32-bit c-mos microprocessor developed by Bell Labs in Murray Hill, N. J., is known as the
Mac-32. A register-based machine with a I7-by-32-bit
file, its architecture is clearly the result of serious forethought. The chip has two independent subunits, one
optimized for fetching instructions, the other for executing them (Fig. 1
)— which is an increasingly popular
method used on both the 8086 and Texas Instruments'
forthcoming 99000 (see p. 157). The fetch unit in the
Mac-32 has an instruction queue for storing upcoming
instructions, as well as a special-purpose arithmetic
address unit to do its own address calculations. The
execution unit features abarrel shifter that requires only
a single machine cycle to shift from Ito 32 bits. The
arithmetic and logic unit for the execution section uses
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an extremely low-power dynamic c-moS technology that
the labs calls "domino" cells. The part is also fast,
executing a32-bit addition in just 60 nanoseconds.
The instruction set, like that of the Motorola 68000, is
extremely orthogonal, allowing all of the microprocessor's rich set of data types to be used with any instruction. Included are bit-manipulation instructions that
work not only on single bits but on fields and blocks of
bits as well. The part also has instructions to push and
pop data in multiple registers to and from the stack for
easy context switching, plus extensive exception-handling facilities and a hierarchy of four privilege levels
similar to National's 16000 that serve to isolate system
and user software.
The Mac-32 is cast in Bell Labs' exclusive "twin tub"
C-MOs technology [Electronics, Nov. 20, 1980, p. 136].
The huge chip comprises more than 100,000 transistors
laid out according to 3.5-micrometer design rules—a
process that took only three months to accomplish with
computer-aided design. Extensive use has been made of
programmable logic arrays, and the registers, barrel
shifter, and instruction queue all are formed from gate
arrays. The part will be shrunk to 119,350 square mils
(77 square millimeters) when 2.5-gm rules are employed, and it operates off a 32-MHz clock that derives
from two phase-shifted 8-MHz external clock sources.
The Mac-32 will be used internally in equipment made
by Western Electric Co.
The most highly integrated logic chip ever produced is
the new 32-bit microprocessor from Hewlett-Packard

Mighty

Co. in Fort Collins, Colo. [Electronics, Feb. 10, 1981,
p. 39]. This n-channel mos device has over 450,000
devices incorporated into ahigh-resistance substrate. An
eight-mask, silicon-gate part that uses 1.5-gm (±0.25gm) lines and 1-gm (±0.35-µm) spaces, it achieves its
density partially through the use of electron-beam
lithography.
Special hardware
The microprocessor has a register-based architecture
that incorporates a 28-by-32-bit file on chip. It also
contains several other special-purpose hardware units,
including an N-bit shifter (called abarrel shifter on the
Mac-32 and the iAPX-432) and a hardware multiplier
that yields a64-bit result from two 32-bit operands in a
fast, 1.8 microseconds. It also provides 64-bit floatingpoint multiplications, conforming to the standard set by
the Institute of Electrical and Electronics Engineers, in
only 10.4 Ms—a feature that is highly desirable but
seldom found as directly executable instructions.
Many other unusual features are included as well, like
four separate stack pointers and a three-level pipelined
instruction sequence that overlaps the fetching, decoding, and execution portions of three instructions simultaneously. This sequence results in a basic-instruction
throughput equal to the part's clock period of 55 ns
derived from its 18-MHz clock.
Like practically all contemporary microprocessors of
16 bits or more (excepting, perhaps, Zilog's Z8000),
HP's part is fully microprogrammed. Its 9,000-by-38-bit

micros.

the

32-bit

microprocessor

from

Hewlett-Packard

(above left) holds over 450,000 transistors. Intel, Bell Labs, and National
Semiconductor (above) a'lso unveiled 32-bit devices. Hitachi brought
forth an 8-bit unit with on-chip nonvolatile memories (left).
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1. Pipelined. Separate fetch and execution units allow those two operations to be overlapped in Bell Labs Mac-32. The fetch unit has its
own address calculation hardware to offload that chore from the execution unit, which features a barrel shifter.

control store works in conjunction with aprogrammable
logic array that performs the actual instruction decoding. Besides the definition of the basic instruction set, the
microcode also includes special debugging code for operations like breakpointing, single stepping, and tracing
instruction execution.
A feature that will probably be mandatory on all VLSI
chips is self-testing. When power is turned on and before
the microprocessor fetches its first instruction from main
memory, it runs the self-testing routines that are kept in
microstore, thereby ensuring the user that if it comes up
at all it is working properly.
The Institut für Theoretische Elektrotechnik in Aachen, West Germany, is one of those experimenting with
self-testing procedures for microprocessors. To that end,
it has built aself-testing device that consists of amicroprogram counter, a microinstruction register and the
actual microprogram read-only memory itself (Fig. 2).
The researchers estimate that about 15% of achip's area
is required for self-testing hardware to build a fully
self-testing microprocessor.
New family
A processor family that features 32-bit internal data
paths and a I
6-bit memory interface (a technique also
used in Motorola's 68000) is the NS 16000 from National Semiconductor Corp., Santa Clara, Calif. The microprocessor itself, the 16032, can be married to the memory management unit, the 16082, to form a true virtualmemory microprocessor system [Electronics, April 24,
1980, p. 123].
Like HP's part, the 16032 has separate fetch and
execution units, but in addition it pipelines the execution
in three stages: instruction loading, decoding, and finally
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execution itself. The pipelining technique will likely
show up in many future microprocessors as designers
attempt to squeeze more throughput out of registerbased von Neumann architectures.
The device is also fully microcoded and like the HP
part includes self-testing routines (127 bytes) in its total
microcode space of 1,300 by 18 bits. The microprogram
unit cycles in 100 ns.
The 16032 is an n-mos device incorporating over
60,000 transistors onto à 290-mil-square (8.4-mmsquare) chip that is housed in a48-pin package.
16-bit arena
Sixteen-bit microprocessors have carved out asignificant share of the total market of late, making it likely
that even more manufacturers will be competing shortly.
Two new I
6-bit parts were discussed at the conference.
One, the result of a collaboration between Digital
Equipment Corp. in Hudson, Mass., and Integrated Circuit Systems in nearby Worcester, is asingle-chip implementation of DEC's PDP-11/34 minicomputer. This
38,750-mil 2 (25-mm 2)n-mos chip has been highly optimized, so that only 13,000 transistors are required to
realize a microprocessor with a minicomputer's instruction set. It uses programmable logic arrays containing
50% fewer gates than the TTL version of the PDP- I1/34.
The chip can add a register to any memory location in
2.4 its at the 7.5-MHz clock rate and dissipates 0.8 watt.
From

the

East

Toshiba Corp.'s proprietary I
6-bit c-mos microprocessor is fabricated on asapphire substrate that speeds
the part along to a300-ns microcycle [Electronics, Oct. 9,
1980, p. 75]. It, too, uses a parallel-pipelined architec-
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ture, a barrel shifter, multiplication hardware, and an
instruction prefetching queue. It also has afull range of
floating-point instructions. All this capability fits on a
264-by-295-mil (6.7-by-7.5-mm) die that houses 12,000
gates and is powered by a single +5-volt supply. It
comes in a64-pin dual in-line package.
The other Japanese offering is an 8-bit unit that has
on-chip electrically erasable programmable ROM, from
Hitachi Ltd. One kilobyte of the EE-PROM can be erased
in blocks, and 60 bytes can be erased and programmed a
word at atime. The EE-PROM requires 500 milliseconds
to erase and 5 ms to program and endures 10,000 such
erase and write operations. In addition an unlimited
number of reads can be done with an access time of 500
ns. The presence of nonvolatile memory on asingle-chip
microprocessor is something all the major contenders
will go to eventually; Hitachi just happens to be first.
Most instructions are executed in approximately 3gs
at the nominal 1-MHz clock rate. Design rules of 4 gm
are used to lay down 30,000 transistors on a 236-by232-mil (6-by-5.9-mm) die. It runs off + 5and +25-v
supplies and dissipates 900 milliwatts. The nonvolatile
memory is implemented in metal-nitride-oxide-semiconductor technology.
Nippon Electric Co. discussed its single-chip graphics
display controller, which turned out to be avery sophisticated device indeed. It can refresh a screen at the
tremendously fast rate of 800 ns per dot from its 512K-byte memory and can zoom, pan and, scroll.

2. Self-tester. The ability of a microprocessor to test itself becomes
more important in the VLSI era of superdense chip. The experimental
die illustrated, from West Germany's Institut für Theoretische Elektrotechnik, uses routines stored in ROM to test itself.

In memories, C-MOS speeds up
and redundancy catches on
by John G. Posa
Solid State Editor

If 1980 was the year of the big 256-K mos dynamic
random-access memory, then 1981's isscc will be
remembered for its fast static RAms. ComplementaryMOs static parts are achieving access times of less than
20 nanoseconds as 16-K mOS chips reach for 25 ns, and a
1-K bipolar static device waits Iless than 3 ns to present
its data.
A second 64-K static RAM MOS was also unveiled, as
was a 32-K chip needing only three transistors per cell.
In addition, new techniques surfaced for implementing
redundancy, self-refreshing, and nonvolatility. Also,
improved bipolar processes are merging more different
device types for high density or high voltage and, as
always, new applications.
In all, seven mos static RAMS were revealed. Their
salient features are listed in the table.
The three fast C-mOs 4-K static RAMS illustrate the
different ways to cut delays. First, all three designs scale
down to 2-micrometer gate lengths. Beyond that, Toshiba uses a sapphire substrate and molybdenum suicide

Electronics/February 24, 1981

gates [Electronics, Sept. 11, 1980, p. 80], Hitachi
employs a second-generation high-performance process — Hi-c-moS
—and a sense amplifier with feedback, and Intel has turned to n-type wells in a p-type
substrate [Electronics, Dec. 4, 1980, p. 39].
Hitachi dopes separate n- and p-type wells in a nearintrinsic substrate and uses vertical npn bipolar transistors for higher drive currents—as it did in its older
Hi-c-mos— while adding a second polysilicon layer to
Hi-c-mos ii for acell area about two thirds smaller. In
its sense amplifier, acapacitor shunts the data input line,
DATA, with the complementary output line, OUT, and
another capacitor connects DATA to OUT. The capacitors
act as short circuits to the steep signal edges in the
circuit. Thus, when the inputs change, the outputs
assume their correct polarities almost instantaneously,
then either supply or sink current, reducing the delay for
latching to under 5ns.
Like several other memories at the conference, Hitachi's design adds redundancy. Though that seems exces-
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NEW MOS STATIC RANDOM-ACCESS MEMORIES
Typical

Typical power
dissipation (mW)

Design
rule
(iini)

Channel
length

n.a.

2

0.61

392

9,300

6

redundancy,
feedback sense
amplifiers

>3

2

2.7

1,742

18,300

11.8

n-type wells

3.5

2

2.0

1,296

19,620

12.7

molybdenum
silicide gates

70

n.a.

1.5

1.2

787

41,840

27

pure molybdenum
word lines

550

70

3

2.5

1.6

1,032

41,712

27

column sense
amplifiers

150

350

1

3

n.a.

0.86

555

52,000

33.5

three-transistor
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150

400

40

1.5

1.5

0.45

291.5

44,020

28.4

16-pin, 300-mil
package

Organ.
i
zation
(bits)

Technology

Hitachi

4 K by 1

Hi-C-MOS II

18

150

Intel

4 K by 1

C-H-MOS

25

90

Toshiba

4 K by 1

C-MOS on
sapphire

18

200

0.05 b

Nippon
Electric

16 K by 1

scaled-down
n-MOS

25

575

Texas
Instruments

16 K by 1

scaled-down
n-MOS

30

Mostek

4kby 8

scaled-down
n-MOSc

Nippon
Electric

64 K by 1

scaled-down
n-MOS

Company

access
time
(ns)

'Some rounding off was done.

active

b With

standby
0.5

10-0.0e

C-MOS input levels.

sive on a 4-K RAM, Hitachi's method of swapping in a
spare column of cells with its associated decoder is
nonetheless noteworthy for its uniqueness. A laser programs the part, but instead of burning out links the way
Bell Laboratories does, Hitachi heats up the polysilicon
between two highly doped regions, allowing impurities to
diffuse in and lower its resistance from over 1gigohm to
less than 1kilohm; these regions appear to be ordinary
polysilicon load resistors placed in the decoder circuit.
Another asset is that the laser pulses can be administered through the final passivation layer.
Like Toshiba, Nippon Electric Co. employs molybdenum, but to speed up a 25-ns 16-K RAM in bulk silicon.
However, NEC uses it as pure metal—not as asilicide—
and not for gates. Rather, it shorts out the first polysilicon film through six contact vías along each word line,
cutting the line's delay by 6 ns. To subdue alpha radiation, NEC implants boron under each cell node, forming
aburied junction to sweep away generated carriers.
The other 16-K-by- 1
-bit static RAM hails from Texas
Instruments Inc.'s mos Memory division in Houston.
Contributing minimally to its 30-ns access time are the
column-line sense amplifiers that replace the usual column (or Y) decoders. Decoders exhibit a high diffused
capacitance; the much lower transistor gate capacitance
presented by the sense amps improves overall speed by
20%, but at the expense of slightly greater power dissipation and chip area.
NEC also built, using 10:1 step-and-repeat photolithography, the second 64-K static RAM, following the
recent announcement of an 8-K-by-8-bit memory from
Matsushita Electric Industrial Co. [Electronics, Nov. 6,
1980, p. 145]. NEC's chip is 1bit wide and stuffed into a
16-pin 64-K dynamic RAM's dual in-line package. This
arrangement is not as inappropriate as it might first
sound, as static parts are inherently faster than dynamic
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ones and more easily used. Though a big difference
remains in the number of devices per cell for each
memory type, processing complexities to enhance the
performance of dynamic RAMS are narrowing that gap.
Moreover, if an idea from Mostek Corp. pans out,
there may well be fewer devices per static RAM cell, as
well. The Carrollton, Texas, company is testing a 32-K
chip that needs only three transistors and one capacitor
per cell to appear fully static.
The cell, shown in Fig. 1, stores alogical 1with both
kick and storage nodes high and a0with both low. With
a high word line, data is transferred to and from the
storage node through transistor Q 1.A 1is written into
the cell with the line labeled PC low; when PC is returned
to the Vcc potential, the kick node, too, is charged—via
Q. The pump signal bears a low-to-high triangular
wave. If a 1is stored, the capacitor couples the kick node
high, replenishing the storage node through Q2. With a0
stored, Q3 remains off and the kick node is kept
discharged on account of substrate leakage.
Three-transistor cell
Because its contents are held actively, the cell's
alpha-particle immunity is high. The cell area is 0.86
square mil (554 square micrometers) — roughly three
times more than for a dynamic RAM's single transistor
and capacitor cell. The chip, made with asingle-polysilicon process, is organized as 4-K bytes, and Mostek will
put it in a28-pin package with 1-for-32-bit redundancy.
Based on density, aself-refreshing 4-K-byte RAM from
Intel Corp., Santa Clara, Calif., could be seen as competing with Mostek's device—but not really, since Intel's
entry is no more than a self-refreshing dynamic (or
pseudostatic) RAM, controlled through a refresh-enable
pin (REFEN) on its 28-pin package. External refreshing
is accomplished by strobing RFFEN 128 times in 2milli-
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seconds; but with the pin low, the device will refresh
itself with an on-chip counter. A separate ready line is
asserted during self-refreshing to avoid contention. The
device will perform a hidden refresh—even if it is not
selected—if it receives an address-latch-enable signal.
The memory also has redundancy—eight rows' worth.
Its 400-ns cycle time is double its access time.
Self-refreshing and redundancy arc also part of a64-K
dynamic RAM from Inmos Corp. The Colorado Springs,
Colo., company is opposed to laser programming because
of the precise mechanical positioning required. So, like a
mounting majority of suppliers, it opted for fusible polysilicon links. However, fusible links in general usually
mean a compromise between a large number of spare
elements and the large area consumed the oversized
interconnections and drive transistors involved with the
high fusing-current pulses. Generally both cannot be
minimized simultaneously because the arbitrary substitution of asmall number of cells demands fuses to both
route in the good elements and mask out the bad.
This tradeoff led at least one manufacturer to append
large blocks of spare circuitry for a 25% redundancy to
limit the number of fuses and related circuitry [Electronics, March 13, 1980, p. 115]. However, Inmos developed
acircuit that consumes less than 5% of the chip area yet
allows eight rows and four columns to be substituted

arbitrarily. Intel Corp. also got more specific about its
16-K static RAM with redundancy [Electronics, Jan. 13,
1981, p. 196], and Bell Labs presented a paper stating
that the redundancy on its 64-K RAM improves yield by
30%, typically.
Inmos's 64-K RAM incorporates a so-called shared
sense amplifier that connects to four bit lines instead of
two, halving the number of sense amps and allowing
full-sized dummy cells. A similar approach was taken by
National Semiconductor and Fairchild in their RAms
[Electronics, May 22, 1980, p. 119], except that Inmos's
layout also permits folded metal bit lines.
The part's internal organization is 16 K by 4 bits,
enabling 4 bits of data to be shifted out in 80 ns, 20 ns
per bit; this arrangement is similar to that of Texas
Instruments' 64-K RAM [Electronics, Oct. 23, 1980,
p. 26]. The die size, too, is similar to that of Ti's chip,
although slightly larger, but at 34,529 mil' (22 mm 2)it
is still tiny compared with most other designs. Inmos's
self-refreshing is activated with the column-address
strobe (cits) low as the row-address strobe (F) falls.
Thus, unlike the scheme of Mostek's and Motorola's
64-K Rims, which depend on pin 1 for refreshing,
Inmos's idea will remain valid at the 256-K level when
that pin is considered for an address line.
At 131 12m 2,Inmos's is the smallest 64-K RAM cell yet

Fast and C-MOS. Three new high-speed complementary-MOS 4-K static random-access memories
all use 2-micrometer features. Additionally. Hitachi's entry (left)

includes a novel approach to

redundancy, Toshiba's chip (bottom left) is built on
sapphire, and Intel's RAM (below) uses n-type wells
in ap-doped substrate.
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1. Dynamic static. Mostek has invented afully static random-access memory cell that needs only three transistors and acapacitor per bit (a).
A closeup of about two of the 0.86-mil' cells is shown in (b). Mostek will first use the idea in a4-K-by-8-bit memory.

2. Xicor revealed. Xicor Inc. gave many more details about the
nonvolatile cells in its 1-K shadow RAM. It uses three layers of polysilicon, and two transistors and four capacitors had to be added to a
standard six-transistor cross-coupled flip-flop.

reported. But a new cell from International Business
Machines Corp.'s Thomas J. Watson Research Center in
Yorktown Heights, N. Y., needs less than a third that
area, albeit with 1-itm rules. Cells in the Japanese 256-K
RAms described last year measured about 70 gm'. Actually, with polysilicon word lines that double as capacitor
plates, IBM's cell looks very much like Motorola's 64-K
dynamic RAM cell. Differences include the use of tung-

144

sten silicide for a 2.7-ohm/square polysilicon sheet
resistance and a high-capacity, or Hi-C, implant for a
relatively high, 13.3-femtofarad node capacitance.
Both of the electrically erasable programmable readonly memories discussed rely on rough-textured polysilicon — with asperities—to enhance electron tunneling in
order to charge and discharge a floating gate [Electronics, Sept. 13, 1979, p. 39]. One of the devices, from IBM,
uses what it terms adual electron-injector structure with
a cross section resembling that of a floating-gate avalanche-injection mos cell in a modern, double-polysilicon
E-PROM. A key difference, though, is IBM's growth of a
rough, silicon-rich oxide film on both the polysilicon
control gate and the polysilicon floating gate, on the
surfaces that face each other; between these, it grows a
thin tunnel oxide. The rough oxide films enhance electron injection, so that a voltage of less than — 16 v on
the control gate will write the cell, and a like positive
voltage will erase it.
IBM's idea reduces the programming from the 20 to 25
V required for today's EE PROMs and EPROMs, but a
drawback is the necessity of the negative potential for
programming. However, a new configuration from the
company adds asecond control gate to each cell, and this
gate capacitively couples to the bottom side of the floating gate, thereby making possible all-positive-voltage
operation.
The shadow is back
The other EE PROM, from Xicor Inc. of Sunnyvale,
Calif., connects to both sides of the floating gate by
having three layers of polysilicon —one on either side. As
shown in Fig. 2, layers 1and 2 are given asperities so
that electrons can flow up from level 1to 2for programming and from 2 to 3 for erasing. It is not yet known
exactly how large the inducing voltages have to be, as
these potentials are all generated on chip, so that the
user needs only +5 v for all operations.
Xicor has discussed its shadow RAM previously [Elec-
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tronks, Oct. 11, 1979, p. III], but this is the first time it
has disclosed full functional details of its cell. As the
figure shows, two transistors and four capacitors are
added to astandard six-transistor cross-coupled flip-flop
to give each cell its nonvolatility.
If power fails, the store line is raised, and the flipflop's data is transferred into the nonvolatile portion of
the cell. If node N 1is low, transistor Q will be off,
allowing the floating control line to go high when the
store signal is raised. The high control line couples the
floating gate high, and it becomes charged as electrons
are attracted from the grounded first polysilicon layer.
If N Iis high, Q7 will be on, capacitively grounding the
floating gate. However, the store signal can still be
raised, attracting the electrons off the floating gate and
erasing it. When power returns to the flip-flop, it will
latch in accordance with the status of the floating gate.
If the gate was charged,
will be on, capacitor C2—
which is larger than CI
—will load node N2 as power
ramps up, and the flip-flop will latch with N I high.
Similarly, if Qg is off, CI will load N I and latching will
occur with N2 high.

e

Qs

Respectable bipolar advances
The mos memories at this year's iSscc are impressive,
but bipolar designers are not coasting either. Indeed,
engineers at Nippon Telegraph & Telephone Public
Corp.'s Musashino Electrical Communication Laboratory in Tokyo have measured access times of 2.7 ns on a
256-by-4-bit emitter-coupled-logic RAM —again, that is
the access time, not agate delay (see Fig. 3).
As might be expected, NTT uses local oxidation for
device isolation and polysilicon for multiple self-alignment. Responsible for the high speed, though, is asubmicrometer base width, formed as impurities diffuse down
from a 2-by-2-µm doped polysilicon emitter. The completed cell measures 2,050 µm 2.NTT also developed
something like a look-ahead reference circuit for the
memory's sense amplifier that cuts the word line by
about 15% while increasing the chip's 0.5-w power dissipation by only 3%. The company says that with a 1-µm
process, access times could get as short as 1ns.
At present, NTT is employing standard optical lithography, and so is Hitachi for another self-aligned bipolar
process, developed at its Central Research Laboratory.
A key feature of this structure is an npn sandwich
formed with asingle emitter mask. Contact to the collector is made to the bottom of the stack by way of the
usual diffused underpass; aluminum connects to the
emitter, and doped polysilicon makes contact to the base
from the side, around its perimeter. So far, Hitachi has
only fabricated experimental integrated-injection-logic
gates, but has found that devices with 6-by-50-µm 2emitter areas perform as well as conventional bipolar transistors with emitter areas half the size.
Speaking of Pt., researchers at IBM's Yorktown
Heights, N. Y., and Biiblingen, West Germany, facilities
continue to improve their combined PI. and mergedtransistor-logic memory cell, introduced in 1978. Two
beauties of this cell are its compactness and its built-in
high-impedance load. A limitation, however, is the use of
the voltage differential across an injector diode as a
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3. Blink and miss it. This 256-by-4-bit emitter-coupled-logic RAM
from NTT's Musashino lab has a 2.7-nanosecond access time. It is
made out of silicon, not gallium arsenide. The researchers say that
with 1-micrometer-wide lines, 1-ns access times are possible.

sensing signal. Only about 25 millivolts to begin with, it
decreases as the reading current increases and this limits
performance.
IBM solved the problem by splitting the emitter common to the two cross-coupled npn storage transistors in
the cell, connecting them through individual resistors to
the word line. The voltage developed across the resistors
is now the basis for sensing, which is much more
substantial.
The I2L-MTL memory cell does not pay too heavy an
area penalty either, because the resistors are formed in
an n-type epitaxial layer and so are buried. Secondly, a
pair of resistors can be shared among a group of cells.
With 3.5-µm features, the cell is 1,200 µm 2,about 15%
larger than previous cells without the split emitters. But
then, whereas a 16-K static RAM made with the older cell
accesses in 45 ns [Electronics, Feb. 14, 1980, p. 142], the
latest version cuts that figure to 25 ns.
High-voltage 1
21
While IBM is optimizing Pt. for memory applications,
Siemens is raising its operating voltage for phase-lockedloop chips and other complex integrated circuits that
combine analog and digital functions on a single die.
Siemens' new device, which it named the gate-underlaid
transistor, gets its high-voltage integrity from junction
field-effect transistors formed without added processing
steps because the devices are well merged. When the
collector voltage reaches the pinch-off voltage of the
J-FET, it saturates, limiting current and shielding the
overall device—to 40 volts, so far.
Some other applications of bipolar technology at the
conference include a convolver chip from TRW Inc.'s
Microelectronics Center in Redondo Beach, Calif., that
uses 1-µm design rules [Electronics, Dec. 4, 1980, p. 44]
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and a master slice from Mitsubishi Electric Corp.'s LSI
Research and Development Laboratory in Itami, Japan.
It integrates 2,500 0 R3-ns 0.54-milliwatt ECL gates on a

huge, 7.76-by-10-mm (120,520-min die. The chip is
housed in a 224-pin package, of which 148 serve for
input/output, 16 for power, and the rest are unused.

Telecom chips near goals,
GaAs unlocks microwaves
by Harvey J. Hindin
Communications & Microwave Editor

One of the points of impact of large-scale integration for
the communications industry is the interface between
standard analog telephone lines and digital switching or
transmission systems. Each isScc meeting in recent
years has emphasized devices for this purpose, and that
is even more true this year.
Monolithic codees, high-voltage cross-point arrays,
and subscriber-line interface circuits with low power
consumption are what is desired. But they must be
available at a low price, since hundreds of thousands if
not millions have to be purchased.
Perhaps the chief chip of interest is the codec. In fact,
recent years have seen the emergence of what one industry figure called the codec-of-the-month club. For Bell
Laboratories' Harry Mussman, who is presiding at a
session with three codee papers, there is a good reason
for this flood: "There is a very necessary continuing
effort to keep codex performance high and reduce its size
so that it can be produced cheaply and reliably." And, he
adds, the lower the power consumption, the better. At
previous meetings, all the codees discussed but one had
their associated filters on separate chips. That is not the

most cost-effective way for a codee to do its chores.
Now, Mussman says, this is the first conference where
each codee has its filters on chip, and "they all seem to
work well and meet their required specifications."
All three codees are amazingly similar in design (see
figure, p. 147). They all use complementary-MOs technology, and each chip is about 46,500 square mils (30
square millimeters). Two have reference voltage generators on chip and one does not—yet. Some, according to
Mussman, are able to select A- or
companding for
European or U. S. use, respectively, with a metal mask
option. This approach yields flexible parts that can be
sold all over the world. Moreover, the chips can usually
be turned off when they are idle. All these similar
features, he says, show that "we are converging on a
standard part."
From Japan ...
The cross-point array designed by a team from Nippon Telegraph & Telephone Public Corp. and Oki Electric Corp. in Tokyo is a refined version of the one
presented by the same group at the iSscc in 1979. This
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1. High voltage. ITT's Bell Telephone Manufacturing Co. in Antwerp has built a chip that can switch up to 400 volts under isolated low-voltage
control. It is a precursor of more elaborate cross-point arrays that will handle multiple signal paths.
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device is used as aconcentrator. For example, acentral
office may have four times as many input lines as codecs
and they are interconnected with asolid-state cross-point
array [Electronics, March I, 1979, p. 41].
The major advance the Japanese researchers have
made is to reduce the triggering current that the array's
light-emitting-diode drive needs by about 75%. That
makes it easier to control the array and reduces the
power needed. Another accomplishment was the mounting of the pnpn switches with solder rather than with
wire bonds, which means easier fabrication. Finally,
instead of dielectric isolation, a form of air insulation is
used, dubbed "canal isolation" by the designers. It is
achieved by cutting into the die with asaw.
...and Belgium
Not to be outdone, ITT's Bell Telephone Manufacturing Co. in Antwerp has produced a400-volt cross-point
array comprising four separate parts—a control logic
decoder, 400-v isolation capacitors, aswitch controller,
and a 400-v switch (Fig. 1). The switch is really two
back-to-back vertical double-diffused moS transistors
that are turned on and off by aseries of pulses generated
by the controller. The low-voltage control inputs and the
high-voltage output terminals are completely isolated
dielectrically, even though the switches and control and
decoding logic are fully integrated.
A subscriber-line interface circuit—often called a
SLIC—is the device that connects the telephone subscriber's local loop in his or her home or office with the codec

and associated filter used in the telephone company's
office. A full-fledged SLIC performs what is known as the
Borsht functions [Electronics, June 5, 1980, p. 1131,
which are concerned with feeding battery power to the
subscriber's phone, two-to-four wire conversion, lightning protection, and other maintenance and test functions necessary to telephone service.
Although these devices have been available in hybridcircuit form for some time now [Electronics, May 8,
1980, p. 41], the race is on in the semiconductor industry
.
to produce one in monolithic form that performs as
many of the Borsht functions as possible, since it is
clearly desirable to use as few external components with
the SLIC as possible.
For the Harris Semiconductor operation in Melbourne, Fla., a monolithic subscriber-line interface
means achip that uses 80-v dielectric-isolation technology, needs but asingle 12-v power supply, and consumes
110 milliwatts. It is suitable for use in both private
automatic branch exchanges and central offices, even
though the requirements for these two applications differ
insofar as the Borsht specifications are concerned.
A selection
Harris's SLIC cannot perform all the Borsht functions
but it is not unique in that regard. Both Motorola and
Siemens have introduced suc -like chips. And Bell Labs'
offering does not even call itself aSLIC.
With Harris's approach, both protection circuitry for
lightning and relay ringers are necessary between the
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C-MOS codecs. Seen for the first time are
C-MOS codecs from Bell Labs (left), Hitachi
(above), and a joint effort by Nippon Electric
and the Musashino Lab of NTT (above left).
Similarities between designs are uncanny.
Besides the C-MOS technology, all measure
about 46,500 mil' (30 mm 2), and all include
switched-capacitor filters—the small rectan-

'

gular gridded areas on each die.
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longitudinal balance at 1kilohertz on a 127-by-127-mil
(3.2-by-3.2-mm) chip. The quiescent dissipation from
the attached 48-v battery is only 8mw in the powereddown condition and 65 mw when the device is on.
For communications systems, a monolithic filter
means high-performance processing of analog signals
with a minimum use of hard-to-come-by power. Of the
several choices possible, West Germany's Siemens AG
prefers a charge-coupling approach because devices
manufactured using this technology do not suffer from
self-oscillation. Furthermore, charge-coupled-device filters have center frequencies that are independent of
fabrication tolerances and bandwidths that are dependent solely on mos capacitance ratios. Therefore, they
can be specified and built precisely.
CCDs for FDM
The Munich-based firm has taken advantage of the
approach with two analog communications filters.
In one, a company research team built a completely
self-contained bandpass filter for frequency-division-multiplexed modems (Fig. 2). It needs only 37 mw
and achieves a bandwidth of 97 hertz at 131.85 kHz,
SIEMES
which is equivalent to a quality factor (Q) for the CCD
passive resonators of 1,350. That is extremely high compared with what can be obtained at this frequency with
2. Modern art. Siemens' analog filter is suitable for frequencylumped-constant filters. (Normally, a Q of a few hundivision multiplexers. The CCD chip offers resonator quality factors,
dred at most can be expected.) The tolerance achieved
bandwidth, and stability that substantially improve the performance
for the center frequency specification was ±3 Hz—
of radio-frequency communication equipment.
again a figure that is first-class and not obtainable with
lumped-constant technology.
subscriber-loop two-wire connection—called the tip and
The modem filter requires just one 12-v supply and is
ring—and the SLIC itself. A balance network between implemented in standard n-channel double-polysiliconthe suc and the codec plus filter is needed to maintain gate mos technology. It needs a2.37-MHz master clock,
current flow at the proper levels in what is now a the stability of which determines the stability of the
four-wire connection. Also, external resistors and capaci- filter's center frequency. The die size for achip with two
tors are required for tuning and filtering. Among other filters and clock generation and bias circuitry is amodest
features, the suc will perform battery feeding, overvolt130 by 157 mils (3.3 by 4.0 mm).
age protection (with some external devices), ringing
A Siemens group consisting of much the same people
control, line supervision, off-hook condition detection, has developed another CCD filter for FDM modems. In
and two-to-four-wire conversion. In addition, it features this case, the monolithic device has aclassic Chebyshev
an uncommitted operational amplifier for the external filter response characteristic centered at 50 kHz, with a
balance network.
bandwidth of 4.2%. It achieves the same stop-band
At Bell Labs' facilities in North Andover, Mass., attenuation as Siemens' other filter-60 decibels.
and Reading, Pa., another device—not aSLIC but achip
However, there is some disagreement over whether
for a SLIC, says Bell—called a "transformerless trunk CCD filters are the best way to go for solid-state frequenand subscriber-line interface" has been made using a cy filters. In fact, for ateam led by John Mayor of the
60-v, beam-leaded, junction-isolated bipolar technology. University of Edinburgh and his colleagues at University
The Bell researchers call it a"straightforward" realiza- College in Dublin, the switched capacitor approach is
tion of transformerless line circuits with operational better (see p. 79). Furthermore, Mayor says, a c-mOS
amplifiers. The op amps contain both vertical pnp and implementation of such a filter (it is done with n-mOs
npn transistors with current gains (betas) of 100 and now) will have characteristics superior to those of any
cut-off frequencies of about 200 megahertz.
other switched-capacitor approach when bandpass
designs are necessary.
Current balance
Shift that phase
The high-voltage integrated circuit needs some lowvoltage control off chip to achieve such Borsht functions
In microwave technology, gallium arsenide is the
as battery feed, auto coupling, and current limiting. Its watchword at this year's Isscc. This compound—for
designers are particularly proud of its current balance monolithic microwave chips what silicon is for lowerand note that good longitudinal performance has been frequency devices—is the substrate material for such
difficult to obtain with transformerless interface circuits. diverse devices as analog phase shifters, varactor-tuned
However, the Bell team has come up with 86 decibels of oscillators, and a receiver front end. As is usual for the
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3. Multipurpose. This measuring setup allows both characterization of the source and load impedances presented to the FET phase shifter
and on-line observation of the circuit's scattering, or S, parameters, as well as its noise figure and bandwidth.

conference, these devices are preliminary in nature. But
they indicate that, for microwave ICs, GaAs is the way to
go for the 1980s.
The technique for constructing analog phase shifters
has been known for some years. Dual-gate GaAs FETs
are the key to a successful design because in phasedarray radar systems, for example, they can make possible a degree of fine phase adjustment on each array
element to improve the antenna array sidelobe levels.
Moreover, a properly tuned GaAs FET amplifier can
simultaneously provide gain, a low noise figure, and
phase shifting.

amplifier network and the phase shift that can be
achieved—at least for their circuits— were presented by
the Allan Clark Research Centre of Plessey Research
Ltd. in Caswell, Northants., England. To vary the coupling of their amplifier input and output circuits, Plessey's researchers employ mechanical tuning disks. They
conclude that, for the cases investigated, the most critical part of the circuit is the input matching network.
As is true of the French phase shifter, the English one
has a ripple in both the gain and the phase characteristics under most conditions. Add to those the amplitude
and phase variations as a function of temperature—
enough to require compensation—and it is clear that the
Shifting phase
GaAs FET phase shifter has a long path to travel before
Achieving all these parameters is no easy feat, but anyone will be shipping it for use in phased arrays.
GaAs FETs can also be configured as electronically
engineers at LEP (Laboratories d'Electronique et de Physique Appliquée), Limeil-Brevannes, France, have made tunable voltage-controlled oscillators. In fact, theory
aone-stage phase shifter yield 10 dB of gain and 90 ° of says that tuning of greater than one octave is achievable
continuous phase variation. They have also achieved a in both the X and Ku bands using submicrometer-gate
gain of up to 30 dB, 140 ° of phase shift, and a noise GaAs FETs, hyperabrupt GaAs varactors, and both
figure of less than 4 dB at 13 gigahertz (Fig. 3). In their lumped and distributed passive circuit elements. For
approach, a dual-gate GaAs FET accomplishes both the Texas Instruments Inc.'s Central Research Laboratories
phase shifting and amplification, with a single-gate FET in Dallas, the theory translates into a voltage-controlled
providing additional amplification and also acting as a oscillator tuning from 7.3 to 15.6 GHz with a tuning
voltage varying from only 0 to 16 V. The oscillator
buffer stage.
But these results, as impressive as they are, are not generates 4 mw with a4-v, 80-milliampere input. These
characteristics represent the state of the art for such a
indicative of any limitations on the technique. What can
be realized is a function of the input and output match- device.
ing to the GaAs FET stages and whether various forms of
Tune that frequency
mechanical tuning like sliding short circuits are used.
According to Ti's researchers, classic small-signal
The bandwidth of the amplifier's input and output networks and the bias voltages on the FETs also determine scattering parameters were used to determine the GaAs
source and gate-terminal impedances for optimum oscilwhat is possible.
Charts and graphs summarizing the complex interre- lator operation. Because adequate bandwidth was a
lationships between all the parameters of the GaAs potential problem, computer-aided design techniques
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were called on to get the last drop of bandwidth out of
the drain circuit.
Ti fabricated both the GaAs FET and the GaAs varactor. For the former, what the investigators called a
"proven combination" of gold, germanium, and nickel
contacts; titanium, platinum, and gold gates; and silicon
nitride passivation was chosen to make the inherently
high-gain and broad-bandwidth 0.5-by-300-gm gate. For
the latter, vapor-phase epitaxy and ion implantation
were combined to achieve awide capacitance swing, low
bias-voltage requirements, and low series resistance.
Building microwave components on GaAs substrates is
well and good, but these accomplishments are only preliminary to integrating entire subsystems or systems.
One such subsystem has been put together by the Massachusetts Institute of Technology's Lincoln Laboratory in
Lexington, Mass.
Researchers there have made a 31 -GHz monolithic
receiver prototype as part of an ongoing program to look
into the feasibility of GaAs for both transmitters and
receivers at millimeter frequencies. It is fabricated with
amixer-diode front end and ametal-semiconductor FET
preamplifier, all on aGaAs substrate. It has aconversion
gain of 4dB and maintains asingle-sideband noise figure
of only 11.5 dB.
What's more, the device can be improved. Noise-circle
analysis of the intermediate frequency amplifiers, say
the researchers, shows that the receiver's noise figure can
be brought below 10 dB. In fact, they add, with two
amplifier stages the receiver chip can have its conversion
gain go up 10 to 14 dB.

The problem they faced in their design was the integration of the Schottky-barrier mixer diode and the
low-noise MES FET preamplifier. Because high-cutofffrequency diodes and MES FETs demand different layer
structures, different epitaxial requirements are imposed
on the semi-insulating GaAs wafer. The engineers were
able to develop a procedure for the deposition of these
separate layers that was reproducible and that yielded
acceptable receiver specifications.
Detect the light
For fiber-optics watchers, there is not much at this
year's isScc except for a single-chip 200-megabit/second receiver from International Business Machines
Corp.'s Thomas J. Watson Research Center in Yorktown Heights, N. Y.
The device is fast enough to keep up with computer
data-transfer rates and generates logic outputs directly
from a p-i -n photodiode [Electronics, Dec. 4, 1980,
p. 40]. Key to its design is the use of what is known as
current-mode amplification in place of the usual integrating or transimpedance amplifiers.
Current-mode amplifiers are not limited in speed by
transistor base-spreading resistance as are conventional
amplifiers using differential pairs. Furthermore, they are
well suited to integration because they need few resistors
and their gain and bandwidth do not depend on precisely
fabricated electrical parameters. Based on master-slice
technology of five years ago, the design may be extendible to 1gigabit/s with the latest such chips, the IBM researchers say.

Linear ICs advance in
drive, accuracy, frequency
by Roger Allan
Components Editor

Linear and discrete integrated circuits like monolithic
data converters and operational amplifiers, power transistors, and control devices are confidently matching
strides with digital integrated circuits. In fact, linear and
discrete IC technologies have never been as varied as this
year, with many papers coming from overseas.
As expected, data-conversion technology was well represented, with papers on the latest monolithic analogto-digital and digital-to-analog converter designs. Japanese designers are showing surprising strengths in such
parts, as evidenced by three interesting technical presentations. One of these, from Hitachi Ltd., describes ad-a
converter with a linearity of 14 bits to within ± 1
/ least
2
significant bit without the usual on-chip trimming of
analog components. This accomplishment is yet another
step up in linearity for untrimmed monolithic d-a units,
the previous level having been 12 bits in abipolar design
manufactured by Advanced Micro Devices Inc., of Sun-
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nyvale, Calif. [Electronics, Dec. 6, 1979, p. 152].
Intended for consumer high-fidelity audio systems,
Hitachi's device packs 1,230 integrated-injection-logic
gates and 470 linear devices on achip that is 161 by 205
mils (4.1 by 5.2 millimeters). Fourteen-bit linearity
without trimming is achieved by comparing a rampfunction output with the output of the main part of the
d-a converter (Fig. 1). The comparator's output is then
fed back through a flip-flop, a counter, and a randomaccess memory to asubcircuit of the d-a converter. The
converter achieves a 1-microsecond settling time (to 1
LsB) and has an output of about 4volts peak to peak. Its
designers feel confident it can yield 16-bit linearity.
The 16-bit level is what Sony Corp. has reached in an
a-d converter for pulse-code-modulation audio systems.
Using a coarse-fine integration technique, it has produced a50-kilohertz device that is completely monotonic
and accepts input signals of up to 20 kHz. A combination
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of ik and emitter-coupled-logic technology produces a
linear-compatible 5-v device with a 50-megahertz clock
frequency and asignal-to-noise ratio of 95 decibels.
Error correction is the latest function to be added to
an a-d converter. It appears in a 14-bit complementarymos unit from Intersil Inc., Cupertino, Calif. The converter's 161-by-165-mil (4.1-by-4.2-mm) chip houses a
thin-film nonbinary 17-bit d-a converter similar to a
conventional R-2R ladder network but using a radix of
about 1.85 instead of the usual 2. It also contains an
erasable programmable read-only memory for converter
calibration. The part converts in 20 its.

input section and employs double-diffused mos technology for the cascode-amplifier and current-driver sections. Its performance, which is said to be comparable to
if not better than that of larger and more expensive
hybrid designs, is exemplified by a 300-v maximum
supply potential; a 150-v dynamic range (at a supply
voltage of 220 V); and a 5-MHz, 3-dB bandwidth. The
power dissipation is 3watts maximum.
Signetics Corp., Sunnyvale, Calif., uses localized positive feedback in a programmable monolithic operational
amplifier to achieve a 1-gigahertz maximum gain-bandwidth product. The op amp is configured as an open loop
in which avoltage-to-current converter input is followed
by a current amplifier and then a current-to-voltage
converter. Constructed on a 56-by-78 mil (1.4-by-2.0mm) chip, it features atotal harmonic distortion of 0.1%
over a programmable gain range of 0 to 100, for a 1-v
peak-to-peak signal output. Depending on the gain level
programmed, the device dissipates 60 to 100 milliwatts.
Of all the wideband monolithic amplifiers available on

High voltage
New performance plateaus are being reached, too, in
designs for very low-level operational amplifiers and
amplifiers capable of handling hundreds of volts. One
high-voltage amplifier is a video device from ThomsonCSF, Saint-Egrève, France, for color TV applications.
The monolithic amplifier includes a bipolar differential-
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circuit from Sharp (above) that provides 400 volts to drive
an electroluminescent display; a chip from Stanford University that finds the true mean frequency in a signal's
power spectrum (above left); and a 14-bit digital-to-analog
converter from Hitachi (left).
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1. Untrimmed. Up to 14 bits of linearity (to within ± '/2 least significant bit) are possible from this digital-to-analog converter from
Hitachi— without the usual trimming of analog components on the chip. The 161-by-205-mil chip is designed for hi-fi audio systems.

the market, few if any combine their wideband specification with low-noise performance. In addition, most come
in large packages that not only require external components but also have large leads that contribute unwanted
inductances, leading to poor performance at high frequencies. Signetics engineers, together with researchers
at the University of California at Berkeley, have overcome these drawbacks with a wideband low-noise ic
amplifier in aTO-46 can.
Sporting a4.4-dB noise figure, the 725-MHz device has
matched 50-ohm input and output impedances and
requires only four connections to the external world:
input, output, power supply, and ground. No external
components are needed. The amplifier has a gain of 18
dB and a 1-dB gain-compression point of +3 dBm and
dissipates 180 mw.
New sensor designs emerge
Sony has also produced a silicon magnetic sensor
employing asaturation velocity principle that allows it to
achieve high magnetic sensitivity independent of bias
voltage and temperature. Made with aconventional planar process, the lateral device is built on a substrate
whose 300-micrometer thickness does not influence sensor sensitivity, as conventional sensor substrates do.
A different type of sensor is a monolithic powerspectrum centroid detector from the Electronics Laboratories of Stanford University in Palo Alto, Calif. The
device estimates the centroid of a signal's power spectrum by defining its true mean frequency. It can be used
in doppler sonar and radar applications, doppler ultra-
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sonic blood-flow and velocity measurements, communications, and real-time signal spectral analysis and compression. Powered by ±7.5 v, the detector has an overall
nonlinearity of 2% and asensitivity of less than 0.1%/°C.
Stanford researchers have also produced a fully integrated ri-actuated battery controller for implantable
telemetry systems. The 146-by- 1
46-mil (3.7-by-3.7-mm)
chip has I-millivolt sensitivity at a standby current of
300 nanoamperes. An on-board PL. ring-oscillator divider determines the on-time of the implanted package it is
housed in, establishes acceptable input activation signals,
and enables serial programming of the package's ontime. The device alleviates the problems of rf and magnetic interference common to conventional nonlatched
continuous-rf devices and of accidental activation typical
of conventional latched magnetic-reed switches.
Yet again from Sony comes adual-channel audio 1c
for volume and tone control that has just 0.002% distortion and a 100-dB S/N ratio. Both figures are obtained
with a 300-mv root-mean-square input signal and at a
frequency of 1kHz. The chip, 220 by 217 mils (5.6 by
5.5 mm), contains 110 mos field-effect transistors as
low-distortion switches, 1,000 mos FETs as decoders, and
100 polysilicon resistors.
High-voltage devices for displays
Another consumer IC from Japan is a high-voltage
driver ic from Fujitsu Laboratories Ltd. Designed for TV
deflection coil, plasma-panel display, and electrostaticprinter circuits, it is made with an epitaxial spinet
process that allows the integration of both low- and
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2. Low noise. Using a single external p-i -n photodiode with a monolithic heterojunction preamplifier enables Sony researchers to achieve a
broad bandwidth (30 megahertz) and notably high detectivity (1.53 x 10" cm-Hzia/W) in aphotodetector.

high-voltage circuits on the same chip. Spinel, amagnesium aluminum oxide, is vapor-deposited onto shallow
wells that are etched into a silicon substrate. Silicon is
then grown epitaxially atop the spinel in order to fill the
shallow wells.
Fujitsu achieved 450-v isolation between adjacent
wells for spinel thicknesses of 11.im and demonstrated
that silicon-on-spinel structures have superior breakdown qualities to those of silicon-on-sapphire structures.
At a potential of 5 v, for example, leakage current
through aspinel layer was measured as less than 2X 10 -12
amperes/square centimeter.
Sharp Corp. has developed a 400-v diffused selfaligned mos ic for driving electroluminescent displays.
Housed in a 42-pin plastic dual in-line package, the
224-by- I
34-mil (5.7-by-3.4-mm) chip includes low-voltage logic and 32 high-voltage output transistors. The
device improves its breakdown characteristics over those
of previous mos high-voltage Ics through the use of
multilayer conductive and floating field plates that
reduce its electric-field enhancement. It operates from a
single 5-v supply, is TTL-compatible, and has an on drain
current of 50 milliamperes. The drain-source on resistance is 500 9.
Stretching the microwave

limits

Two complete microwave device sessions at this year's
conference attest to the growing importance of this technology, as higher frequencies at yet higher power levels
are reached.
An amplifier that operates over the K band (10.90 to
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36.0 GHz), from Texas Instruments Inc., Dallas, relies
on gallium arsenide power FETs to obtain an output of
675 mw, a gain of 5.8 dB, and an efficiency of 18% at
20.5 GHz. Even at frequencies as high as 25 GHz, gain is
still an impressive 200 mw, with an efficiency of 6.3%.
The 0.3-by-1.5-by-0.1-mm FETs have single, 1.35-mm
gate stripes with multiple gate pads.
Researchers at Thomson-CSF in Orsay, France, put
commercially available FETs to work in a three-stage
single-ended amplifier to achieve 12 dB of flat gain and a
voltage standing-wave ratio of less than 2.5 over abroad
frequency range of 150 MHz to 16 GHz. The FETs, with
0.5-pm gates, are self-biased and yield an amplifier noise
figure of 8.5 dB (from 1to 12.4 GHz). The researchers
employed computer-optimization techniques for secondorder matching circuits without feedback to implement
their design. No transformer or distributed circuit elements—components common to conventional broadband
amplifier designs—are used.
To solve the problem of high S/N ratios in fast photodetectors, Sony researchers combine a p-i -n photodiode
and a monolithic preamplifier. The result: a 30-MHz
bandwidth and detectivity of 1.53 x 10" cm-Hzin/w at
10 MHz. According to the company, such detectivity is at
least 12 dB better than that of the best photodetector at
present on the market.
The preamplifier chip is configured with a commonemitter input (Fig. 2). The device exhibits an equivalent
noise power (at a wavelength of 950 nanometers) of
5.35 X 10 -12 w/Hzu 2 at 30 MHz and 4.01 x 10 4'wiHz 1/
2
at 20 MHz.
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16-K EE-PROM
keeps MNOS
in the running
2-K-by-8-bit electrically erasable
programmable read-only memory uses
metal-nitride-oxide-semiconductor
process to vie with floating-gate devices
by Kyotake Uchiumi and Tsugio Makimoto
Musashi Works, Hitachi Ltd., Kodaira, Tokyo, Japan

Electrically erasable PROMs have come along way in
the last two years, from storing only hundreds of bits to
storing tens of thousands. That puts them only ageneration behind the less convenient E-PROMs, programmable
read-only memories that are erasable by ultraviolet light.
It also makes them strong candidates for use in microprocessor-based systems, with all that implies by way of
an explosion of applications.
The newest EE-PROM updates the oldest EE-PROM
technology—the metal-nitride-oxide-semiconductor, or
MNOS, approach. Designated the HN48016, it achieves
the same 16-K density as the more novel floating-gate
type [Electronics, Feb. 28, 1980, p. 113]. Like other
MNOS devices, it can be written into and erased 1,000
times. Yet with atypical access time of 250 nanoseconds,
it no longer suffers from their moderate speed. Also
unlike other MNOS EE-PROMs, it does not become harder
to read the longer it is in use.
To enhance its performance, the 48016 substitutes
polysilicon gates for the metal gates denoted by the tvt in
MNOS. (Still, it is expedient to retain its MNOS classification.) Also for the sake of speed, the EE-PROM uses
n-channel instead of p-channel MNOS storage devices.
The third important change in the MNOS process is an
adjustment to the threshold voltage of the memory cell
that ends what is called the read-disturb problem.
As the memory can be read with asingle 5-volt supply
and as all its input/output pins are Tu.-compatible,
designers can put together boards and systems without
having to incorporate other power sources or add levelshifting circuitry. The long list of the memory's potential
applications includes:
• Controllers and microprocessor and microcomputer
systems, for nonvolatile program and data storage.
• Cash registers and bank and point-of-sale terminals,
for keeping track of running totals.
• Private telephone systems, for interpreting messages
and mapping routes.
• Tee and measurement instruments, for updating cali-
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SILICON NITRIDE

SILICON DIOXIDE
POLYSILICON GATE

TUNNEL OXIDE

ii-TYPE SUBSTRATE

TWO TRANSISTOR
MEMORY CELL

PERIPHERAL
TRANSISTOR

1. All n-NOS. The high-density electrically erasable programmable read-only memory gains speed by using an n-channel in place of the older
p-MOS process. The compact memory cell, on the left, shares asource-drain implant between aselection device and astorage transistor.
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bration data to keep pace with aging components.
Systems that need to preserve hysteresis.
In any MNOS device, the application of a programming voltage alters the contents of the memory by
forcing carriers to tunnel to or from the cells through an
extremely thin layer of silicon dioxide. The n-channel
version of such amemory behaves no differently.
Basic to it is an n-type (100) silicon wafer in which
separate p-type wells are formed for the memory cells
and peripheral transistors (Fig. 1). The first layer of
polysilicon creates the gates of the non-MNOS transistors, including the switching device in the memory cell.
A 500-angstrom-thick layer of silicon nitride topped by a
second layer of polysilicon creates the gates of the MNOS
storage devices. This polysilicon-nitride sandwich is separated from the substrate by a20-A-thick tunnel oxide.
Finally, the source and drain regions of all the transistors are implanted, with the gate serving to align the
implantation. The implants are annealed at a relatively
low temperature in a hydrogen atmosphere. High temperatures are avoided because they would degrade the
MNOS gates. The hydrogen improves the memory's ability to retain data.

•

Do not disturb
The n-channel MNOS transistors in this design can be
read avirtually unlimited number of times, unlike their
p-channel predecessors. Figure 2 explains why. To distinguish logical 0from 1states in ap-type MNOS device,
agate voltage of about —7v is required. This negative
potential attracts positive carriers and ions, forming
trapping centers in the gate region that eventually upset
the device's threshold voltage. In contrast, the on and off
states of the n-channel transistor have been deliberately
shifted so that they can be distinguished by a gate
voltage of 0 v. Consequently, the n
MNOS device is free
from read-cycle limitations.

Dual storage areas
The die is organized into two 8-K storage areas, separated by the X, or word-line, decoder (Fig. 4). At one
end of the two sectors lie the Y, or bit-line, decoder and
gating circuits. Eight sense amplifiers and input/output
buffers, 10 address buffers, and various bit-erasing elements make up the rest of the peripheral circuitry.
The chip is mounted in a 24-pin plastic dual in-line
package for compatibility with standard 16-K E-PROMS.
The only difference is that instead of achip-enable ()
signal, pin 18 accepts a necessary programming pulse,
PGM. And, of course, provision had to be made for
electrical erasure in lieu of ultraviolet light. The table
lists the various modes of the device, including erasure.
When being read, the 48016 becomes active only when
both the chip-select () and Pom signals are low. In

nCHANNEL MNOS
VGOV

YDECODER

X DECODER

DRAIN CURRENT (ARBITRARY UNITS

p-CHANNEL MNOS

A schematic of a portion of the memory matrix is
given in Fig. 3. Because the transistors employ silicon
gates, the array can use low-resistance aluminum for its
bit lines. During a read cycle, both the source and gate
regions of the MNOS devices are grounded, so that the
switching transistor gates are the sole contributors to
word-line capacitance—in fact, word-line capacitance is
about one quarter that of arrays using conventional
aluminum-gate cells. The two factors translate into a
significantly shorter access time.
As Fig. 1indicated, each memory cell consists of a
conventional mos switching transistor in series with an
MNOS storage device. But because the two transistors
share a p-well and a source-drain region, they occupy
only 400 square micrometers, or less area than acomparable, double-device p-channel memory cell. As aresult,
the entire 16-K EE-PROM fits on adie measuring 4.46 by
4.16 millimeters, or 28,758 square mils. Some 16-K
E-PROMS are larger, despite having only a single device
in each of their cells.

WORD

s,
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Mini matrix.
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2. Shifted shift. In older, p-channel metal-nitride-oxide-semiconduc-

3.

tor devices, logical states are detected by high negative voltages that

low-impedance aluminum can be used for bit lines. Word-line capaci-

Since the storage transistors have silicon gates,

create positive trapping centers and thus give rise to the read-disturb

tance is also reduced because the source and gate regions are

problem, as it is called. N-type devices are free from this upset.

grounded during reading. The result: ashorter access time.
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OPERATING MODES OF 16-K ELECTRICALLY
ERASABLE PROGRAMMABLE READ-ONLY MEMORY

Memory mode

Programming
pulse,
PGM

Chipselect
(CS)
signal

Read

VIL

VIL

Deselect

don't care

VIII

Program

pulsed VIL
to VIH

VIM

Program verify

VIL

VIL

Erase

pulsed VIL
to V1H

VIL

Note:

Supply
voltage
Vpp (V) ' VCC (V)

Program-

ming
voltage

1

1

Output

5

5

data out

5

5

'high
impedance

25

5

data in

25

5

data out

25

5

I

VIL = input voltage. low:

4

WRITTEN CELL

2
I
i

I
VIM = input voltage, high

THRESHOLD VOLTAGE (V

Pin function
and number

•••••

o
1YEAR

10 YEARS

100 YEARS

-2

ERASED CELL

other words, it behaves like a fully static device, as do
ultraviolet-light-erasable PROMs. Although it lacks the
E-PROM's automatic power-down mode, it does dissipate
less power than a standard 16-K E-PROM in the read
mode—typically 180 milliwatts.
The chip has the same programming waveforms as an
E-PROM and also allows the user to verify what has been
written. The programmed data can be confirmed on the
data pins by holding the address lines stable while
bringing the Œ and PGM signals low.
The 48016—like an E-PROM —cannot be erased abyte
at atime. But the time it takes to write abyte of data is
slashed to 10 milliseconds. The entire 2-K bytes of memory can be programmed in only 20 seconds, compared to
the 100 seconds or more required for today's E-PROMs.
Erasure also takes less time than for a 16-K E-PROM. It
is done in a way that deviates minimally from E-PROM
operations. With
low and PGM high, asingle 1-s 25-v
pulse on the Vpp pin clears all storage cells to alogical 1.
The typical access time of the 48016 is 250 ns, even if
Vcc is lowered to 3.5 V at 25°C. An elevated ambient
temperature degrades the memory's electrical characteristics, but at 70°C, the maximum access time is still only
300 ns. Even when wafer-processing variations cause,
worst-case threshold voltages, polysilicon thicknesses,
and so forth, the maximum access time of the device is
350 ns for Vce = 5V ±5% in the temperature range of
0° to 70°C.
All large-scale integrated mos memories must be

4. Two times 8 K. The MNOS chip has two 8-K storage areas that
are separated by the word-line decoders. The bit-line decoders are at

one end of the chip, and the rest serves I/O functions.
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TESTED AT 125"
6
10 4

10 8

10 8

10 7

10 8

RETENTION TIME (s)

5. Retention characteristics. With time, the threshold voltage of
both written and erased cells nears the 0-volt sensing potential.

However, these curves show that it will take more than 10 years for a
written cell to fail and even longer for an unwritten cell.

tested for valid operation and data retention at high and
low voltages and at high humidity, and they must also
pass mechanical stress checks. In addition, MNOS memories must pass tests related specifically to their unique
storage mechanism. Thus, their ability to endure
repeated write and erase cycles must be verified. Also,
any read cycle limitations must be observed—none, of
course, in the case of the HN48016.
Long-lasting
As for endurance, the EE-PROM can be written and
erased more than 1,000 times before those processes
irreversibly alter the threshold voltage and channel conductance of its memory cells. There is agradual buildup
of carriers in the gate oxide very near the oxide-silicon
interface, for each time the cell is programmed and
discharged, slightly more carriers are trapped than
released. Eventually, when the threshold voltage of an
unwritten cell crosses the sensing level, the device fails.
The upper curve in Fig. 5shows the threshold shift in
awritten cell, while the lower curve applies to an erased
cell. When extrapolated, these curves indicate it will be
more than 10 years before a written cell's potential
crosses 0V —the point at which it becomes impossible to
read. The threshold voltage for an erased cell takes a
much longer time to pass through 0 v, but this only
means that worst-case data-retention characteristics
must be inferred from awritten cell.
Moreover, when 16,384 cells are integrated onto a
single chip—as they are in the 48016 —the poorest bit
determines the reliability of the product. Owing to uniform processing, the 48016 should retain data longer
than 10 years with junction temperatures of 85°C.
El
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Fast on-chip memory extends
16-bit family's reach
When stored on the same chip as the microprocessor,
frequently used routines will execute faster
by David S. Laffitte and Karl M. Guttag,

Texas Instruments Inc., Houston, Texas

I=1 In the years ahead, advances in very large-scale inteThe Macrostore memory occupies 64-K bytes, some of
gration will either sink the systems designed today them on chip and the rest located off chip in fast
around current microprocessors—or bear them trium- random-access or read-only memories. It is designed
phantly into new application areas. To succeed, today's specifically for frequently used operating system funcsystems must be capable of stretching to accommodate tions and for real-time functions that can be stored in
increasingly fast and powerful VLSI chips as and when firmware. Initially, the on-chip part of the Macrostore
they arrive.
will consist of a 1-K-byte read-only memory, plus a
A new generation of I6-bit microprocessors under 32-byte random-access memory that will serve as a
development at Texas Instruments is being designed to high-speed register set (Fig. 1).
form the core of such evolutionary VLSI systems. The
It will also be possible to use the Macrostore as a
TMS 99000 series will, in addition, carry forward waystation to even higher performance by implementing
already existing designs based on the TMS 9900 family the same functions in what Ti is calling attached procesof microprocessors, microcomputers, and support chips, sors. Several standard functions will be offered in both
updating the 9900 architecture while retaining software the Macrostore and attached processors.
compatibility with their predecessors.
Users of the 99000 family will follow adesign cycle in
The microprocessors in the 99000 series will employ which the first step will be to emulate the desired functhe strip chip architectural topology first used extensive- tion in normal memory. Once the program was debugged
ly for the TMS 7000 8-bit microcomputers [Electronics, and verified, a production run could be scheduled to
Jan. 27, 1981, p. 107].
commit the program to
Also their greatly optithe ROM portion of the
MAIN MEMORY
mized microcode, as well
Macrostore either on a
as instruction prefetch99000 processor itself or
ing, will speed program
externally in a separate
execution. But perhaps
package. Alternatively,
BUFFER
their most distinctive feagreater performance will
ture will be what TI calls
be obtainable if the Macthe Macrostore.
rostore is replaced by a
The Macrostore is a
dedicated attached prohigh-speed memory that
cessor.
can be addressed indeTI plans to offer severpendently of main memoREGISTER
al standard solutions to
ry. Once a function has
common processing probCONTROL
been placed in the Maclems in specialized MacMACROSTORE
ROM
rostore, it can be exerostore Roms. The 99110
512-BY-16 BIT
cuted much faster than
READ-ONLY
will contain high-perMEMORY
when located in the main
formance floating-point
ARITHMETIC
16-BY-it-BIT
AND LOGIC
system memory. Macroroutines, and the 99120
RANDOM-ACCESS
UNIT
MEMORY
store functions will be
will contain the kernel of
•
coded in assembly lanTi's Real-time Executive,
guage but derive the
which supports the operspeed with which they
ating system of Microare executed from the
processor Pascal.
faster on-chip memory—
1. The Macrostore. Standard 99000 microprocessors will contain a
When operating in its
as little as 167 nanosecseparate on-chip address space called the Macrostore. Often used or
standard mode, a 99000
onds will be needed for
time-critical routines can be stored there and will execute up to twice as
processor will directly exeach memory cycle.
fast as the same routines when they are kept in main system memory.
ecute the op codes it has
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00 00
001E

0800
0812

RAM

ENTRY-POINT TABLE

16 WORDS

20 BYTES

0814

ROM

1.024 BYTES

OBO E
OBEO
OBFE

SELF-TEST ROUTINE

2000

AA AA

2002

ENTRY POINT

32 BYTES

IF SYSTEM
CONTAINS
EXTERNAL
MACROSTORE

FFFE

2BYTES

2. Address map. The separate Macrostore address space uses the
lowest 32 bytes as RAM locations that will ordinarily act as a
high-speed register set. Programs may be kept in the ROM area with
an entry point table indicating the starting address of each one.

in common with the 9900 series of devices as well as its
new instructions. But when it recognizes an op code that
is not defined, the Macrostore will become active. In this
situation, the 99000 processor uses the same macroinstruction detection (min) mechanism as the 9995 processor [Electronics, Dec. 18, 1980, p. 91].
Upon encountering an MID op code in the user's
program in main memory, it will first interrogate its bus
to determine if an attached processor is present to service
the request. If none is present, it will check the on-chip
Macrostore, and if that does not contain the routine, it
will check the external Macrostore. If that search, too,
should fail, it will trap to interrupt for conventional
software emulation or illegal op-code error detection.
Otherwise, it carries out a number of actions in the
Macrostore.
Inside the Macrostore
First, the 99000 searches the entry point table in the
on-chip Macrostore ROM to find the starting address of
the appropriate routine. If found, it makes a context
switch similar to a9900's. The speed of this operation —
aminimum of 14 machine states or 2.33 microseconds—
has long been one of the hallmarks of TI microprocessors. Once the return address, or program counter (Pc),
the workspace pointer (we), and the status register (sT)
have been stored in the last three locations of the on-chip
RAM, control is transferred to the Macrostore routine.
Upon completion of the function, another context switch
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returns control to the calling program in main memory.
The 99000 complete Macrostore address space is
shown in Fig. 2, with the off-chip portion located above
200016. The first 32 bytes are high-speed RAM and are
normally used to hold the 16 general-purpose 16-bit
registers. The work-space register set may alternatively
be located in off chip RAM, which must be fast if the
high-speed edge is not to be lost.
Next, starting at 80016, come 1,024 bytes of on-chip
ROM. The Macrostore routines in this ROM are entered
via an entry-point table that stores the address of each.
Normally, accesses to the Macrostore, whether on or
off chip, will take place within a single machine cycle
(167 ns with a6-megahertz four-phase clock). However,
users will be able to add external memory with longer
access times very simply, by using the ready line to insert
wait states.
There is no need for the main memory to be homogeneous. Fast bipolar chips may be used for time-critical
segments, and less exacting routines may be located in
cheaper, slower memories. That memory partitioning
will enable systems designers to trade off speed for cost
and the lower power consumption of mos memories.
It is unnecessary to have large amounts of high-speed
memory in order to take advantage of the 990000's high
throughput. If frequently used sections of code are stored
in fast memory, the average execution time of programs
can be significantly reduced. It should be noted that
relatively small caches, on the order of 512 words, can
have 90% or higher hit ratios—the percentage of memory requests for information located in the cache. (Of the
microprocessors in Table 2, only the 99000 is designed to
exploit fast cache memories.)
The prototyping mode
Before committing to the large production runs necessary to mask-program the Macrostore ROM, a user will
be able to emulate and debug that operation in aspecial
prototyping mode. In this mode, external RAM and/or
ROM replaces the internal memory. The same mode may
even be used to start low-volume production, giving way
to the on-chip ROM only when the volume demand
makes that option cost-effective.
The prototyping mode is apin-programmable function
that maps the lower Macrostore ROM locations into an
off-chip memory of the user's choice. In this way users
will be able to experiment inexpensively with the 99000
processor to evolve custom forms that are particularly
suited to their applications by only adding ROM—since
the high-speed on-chip RAM is still available.
Other improvements
Figure 3is ablock diagram of the microprocessors in
the 99000 family. Strip chip architectural topology
(SCAT) lines up all register and memory elements in
strips and passes all control and data interconnections
over them, saving silicon and shrinking die size. Such a
design gives the 99000 series a radically different die
layout from the 9900 series.
Still, the processors in the new series will use the same
69 instructions as those in the old series, adding several
new ones to bring the total to 85. The 4operations that
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TABLE 1: STEPS IN MICROINSTRUCTION SEQUENCE
STEP NO.

STATE
COUNT

OPERATION
FETCH INSTRUCTION

2.

I

4

DECODE INSTRUCTION

MEMORY CYCLE

INTERNAL FUNCTION

FETCH INSTRUCTION

PROCESS PREVIOUS OPERANDS

WRITE RESULTS

DECODE INSTRUCTION

3.

FETCH SOURCE OPERAND

2

FETCH SOURCE

4.

FETCH DESTINATION OPERAND

3

FETCH DESTINATION

5.

PROCESS THE OPERANDS

4

FETCH NEXT INSTRUCTION

ADD OPERANDS

6.

STORE THE RESULTS

WRITE RESULTS

DECODE INSTRUCTION

were added to the 9995, including signed multiplication
and division, are employed, but 12 others are completely
new to the 99000.
Included in the 12 are 4 32-bit operations that can
streamline floating-point routines: shift left, shift right,
add, and subtract. There are also 3new bit-manipulation
instructions to set, clear, and test specified bits in the
main memory space. Two stack manipulation instructions allow the 99000 to conveniently push and pop
multiple stacks that can be located anywhere in memory.
The remaining 3 new instructions are dedicated to communicating with the 74610 memory mapper, which
expands the basic 64-K-byte address space to 16 megabytes using asegmentation methodology.
Besides the high speed of Macrostore accesses, a
99000 processor will use several other techniques for
faster execution speeds. Whenever possible, op codes and
operands are prefetched from memory while the processor is working internally.
Smarter pipelining
Unlike some other prefetching 16-bit processors, the
99000s will have some intelligence built into this pipelining process. For instance, branch instructions are often
troublesome to a prefetching scheme since the next
instruction need not come from the next location in
physical memory. On 99000 processors, however, the
microcode that executes all branch and jump instructions will inform the prefetching unit of the true next
instruction location. In fact, only an interrupt will be
able to cause the prefetcher to discard aprefetched item.
The prefetching scheme overlaps two successive bus

cycles whenever possible, eliminating the time required
to fetch an op code. For example, precessing an instruction to add involves the sequence of six steps outlined in
Table I. The prefetch mechanism recognizes that, while
operands are being added (step 5), the memory bus is
inactive and therefore can be used to prefetch the next
instruction's op code. Then while the result of the current instruction is being stored, the prefetched op code is
decoded. Thus all six steps are performed by the processor in only four machine cycles since in the first and
fourth states both an internal operation and a memory
bus transfer are made.
Microprogrammed
Microcode in a separate control ROM defines the
operations that must be performed in order to execute
each assembly-language instruction. The microinstructions specify the control signal states that manage the
processor's arithmetic and logic unit, its internal registers, and its input/output operations. Each microinstruction is active for one machine cycle, or four cycles of the
input clock. In fact, a microprogrammed processor is
something like a computer within a computer. The
smaller one consists of the microcode itself plus the
mechanisms that apply a sequence of microinstructions
to the control lines themselves. The length of time that a
microinstruction remains active depends on the frequency of the processor's clock. For example, each microinstruction would last 167 ns for a 24-MHz input clock
from which a four-phase, 6-MHz internal clock is
derived.
Several microinstructions will be needed to execute a

TABLE 2 MACHINE CYCLES NEEDED BY 99000 AND OTHER MICROPROCESSORS TO EXECUTE TYPICAL INSTRUCTIONS
Instruction and

Microprocessor

99000

68000

8086

Z8000

2

3

addressing modes
Move register to register

3

Move memory to memory

5

Move register to register, indirectly
autoincrementing each

9

6

Add register to register

4

2

Add memory to register

5

6

15

9

Jump relative

3

5

16

6

2
10

29

20

18

20

3

4

Signed multiply register to register

25

35

128 to 154

70

Signed divide register to register

34

79

165 to 184

95

Electronics/February 24,

1981

159

AD RES /DAT PINS
ADK
RBREUESGFI/SETDREART
RMEMOERGEYIGSIATSDETERRES SBWYTAEP
O
PROWGOPRRAKIM-NSTCPEORAUCNETER
INSMETGGRIUSSCHTIEIFRTON CREOGMISUTNEIRCANTIONS
RE ER CROEGMISUDTNEEILRCAAOYTUIONS
S
T
R
A
I
G
H
T
H
I
F
R
T
R
E
G
I
S
T
E
R
S
T
LEFT
STA US REGISTER
COCNOSSUHTNIAFNTETRS A USLLTROOAGGAIINUCCSDOM
4

Sm41
À

I

MRACRÓSTOREM
CRYSTAL CLKOUT
CBOUNFTEROSL CONTRMOL
MISCCROEONALCTRDNOTELROULS
MBDUNIESRTMEOCTRFAYMCUECSOMNATRDYOL,
IINNTTLEOERGRIUCUPPTT
ASDGNALSE
11 t

3. Internal architecture. Like its predecessor, the 99000 does not rely on an internal register set, but allows access only to the program
counter, status register, and workspace pointer. The last of these indicates where in main memory the 16 contiguous registers are located.

single assembly-language instruction, and TI will make
available a table listing the number of machine cycles
and memory accesses needed for each 99000 family
instruction. The total execution time, T, for any instruction may be computed from:
T=t
c(C + WM)
where
t
c = the machine cycle time
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C = the number of machine states needed to execute
the instruction and modify the associated addresses
W = the number of wait states per memory access
M = the number of memory accesses.
For example, when memory is accessed without wait
states and both operands are in work-space registers,
executing a move instruction (mov) could take as little
as 500 ns in asystem operating at the maximum design
clock frequency of 24 MHz. This would yield a I
67-ns
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4. Cycling efficiently. The 99000 will accommodate a range of memory speeds as
determined

by

processor clock

rate and

number of wait states. Some values are projected in this graph.

machine cycle time with C = 3, W = 0 and M =- 3 in
the above equation. Working with aslower memory that
requires two wait states will prolong the execution time
to 9 t, intervals (C = 3, W = 2, M = 3). Addressing
the source operand symbolically, with the same two wait
states required, raises the execution time by another 3t
c
(C = 3+1, W = 2, M = 3+ 1).
The control ROM itself uses the code-compression
techniques developed for all new 16-bit TI processors.
The result is a faster-acting, denser ROM that interprets
assembly-language instructions using a microcoded control word of over 150 outputs. These microinstructions,
which are among the widest in the industry, are largely
responsible for the high efficiency of the device—very
few machine cycles are needed for it to do the commonest assembly-language instructions. The reason is that
more operations can be done in parallel when a wide
microinstruction is used. Each separate internal bus can
be transferring adifferent 16-bit word for each machine
cycle. Architectures that use fewer internal buses and
microinstructions that are not so wide will require significantly more machine cycles for each assembly-language
instruction. Table 2 compares several microprocessors
for their efficiency in this respect. The execution speeds
depend upon the length of the machine cycle for each
microprocessor listed.
Cycling efficiently
The relationship between the memory access time—
the time needed to fetch data from amemory location—
and the memory cycle time—the time from the start of
one memory cycle to the start of the next —is the factor
limiting efficient use of memory. Generally, the memory
access time is determined by the memory subsystem
itself, while the cycle time is adjusted to fit.
Two methods are used to extend a microprocessor's
memory cycle: either wait states can be added to the
access portion of the cycles or the clock frequency can be
adjusted to the processor. The curves in Fig. 4 show the
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average relationship between access and cycle time for a
range of wait states and clock frequency adjustment.
There are two important points to notice in Fig. 4.
First, for agiven memory access time, the memory cycle
time can be shorter for the 99000 than for the other
microprocessors. Secondly, the shortest 99000 cycle time
will be over twice as fast as the other processors'. The
first is due to an efficient memory interface, enabling the
99000 to operate faster with less expensive, slow memories. The second point indicates the 99000 will be able to
make full use of fast memories.
Future versions
Many specialized versions of the 99000 architecture
will be built in the coming years. They will offer the
system designer a totally modular solution to his microprocessor application.
Three processors will pioneer the series:
• The 99105 is a part that will bridge the gap between
current 9995 applications and future 99000 ones. The
instruction set of the 99105 will be identical to the
9995's, and the 99105 device will be pin-compatible with
the other 99000 family members, but it will not contain
aMacrostore.
• The 99110 will be the family's standard processor for
number-intensive applications since it will have the ability to do afloating-point arithmetic in its on-chip Macrostore. This part will not only free the programmer from
the need to write floating-point routines but will also
reduce the time needed to the execute those functions.
• The 99120 will be the standard processor for applications requiring intensive use of Ti's Micropascal system
function. Its on-chip Macrostore will contain the kernel
of Ti's Real-time Executive.
All 99000 devices will initially employ the scaled
n-channel mos technology called Smos and use 3micrometer or less design rules. They will be supplied in
40-pin packages that multiplex the data and address
lines and will operate off asingle 5-v supply.
El
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More ways to get into bubble memory
And get more out of it. From Texas Instruments.
TI's eight years of experience in bubble
memory design and production have
provided keen insights into customer
design requirements.
So, it makes sense that only TI, the
leader in bubble memory technology
and products, can offer you more makeor-buy choices for more ways to get into
the industry's fastest-growing
technology.
It all comes down to a special sensitivity to our customer's needs — no
matter what your application, level of
sophistication or volume — if you want
to get more out of bubble memory technology—talk to lbxas Instruments.

Add-in systems
For direct plug-in to most popular microcomputer buses, including TI's
TM990 bus. Fully tested, fully assembled systems with capacities ranging from 11K to 1024K bytes. All with
associated support circuitry on board.

Prototyping boards
TI supplies the assembled bubble memory and support circuitry — you prototype the interface to your own system
— then, when you're ready for volume
production, you can build your own
boards or have TI build to your
specifications.

MAGNETIC BUBBLE MEMORY DEVICES, KITS AND PROTOTYPING BOARDS
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DEVICE

KIT

PROTOTYPING BOARD
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256
512
1024

1180203
1180250
7160500
TIE11000

TIBK091
TIBK021
TLBK051
TIBK101

TBB5990
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TBB5905
TBB5910

ADO-IN SYSTEMS
BUS STRUCTURE

SYSTEM
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TM990
TM990
STD
OEM (9900,8080. Z80)
OEM (9900, 8080, Z80)
LSI-111
MULTIBUSf
S-100

TM9901210
TM990/211
TBB7090/91
TBB5005
TBB5010
MBC11*
MBB8Cr
MBB100•

23 to 69
128 to 1024
11 to 104
64
128
46 to 736
92
46 to 736

SOFTWARE
TM990/431
TM990/ 453

Interactive monitor to test and demo TM990/2 0
Power Basic with file management for TM990/210

'Available from Bubbl-tec Div of PCM, Inc .
6800 Sierra Court, Dublin. CA 94566 (415) 829-8705
Trademark of Digital Equipment Corp.
Trademark of Intel Corp.

••US prices, subject to change without notice
1981 Texas Instruments Incorporated
Circle
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Kits and components
Design your own non-volatile memory
system for your own production. Less
than 8100** buys you a92K bubble memory kit in unit lots of 1,000, complete
with all the support circuitry, including
the custom controller. TI's 92K, 256K,
512 K and 1-million bit bubble memory
components help optimize costeffectiveness. Because you buy only as
much memory as you need. Only when
you need it.
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user's manuals to development
software to a learning-intensive Advanced lbehnology Seminar at either of
our Regional lbchnology Centers. And,
for technical design help, there's our
bubble memory applications lab.

Continuing commitment
lb innovative, cost/performance effective bubble memory technology. For a
full line of standard or custom products.
And, for more choices.
For details, send for our newly updated brochure, CL-473A. Contact
your nearest lbxas Instruments field
sales office or authorized
fi o
distributor. Or write
Texas Instruments, Box
225012, M/S 308, Dallas,
Texas 75265.
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Mode scrambling can enhance
fiber-optic system performance
To increase bandwidth and decrease attenuation, designers may use
this little-known variation in light's electromagnetic field
by Steven L. Storozum,
El The optical fiber phenomenon known as mode scrambling can be a real mischief maker in data transmission
if systems designers choose to ignore it. But if the
effect—which alters the electromagnetic fields through
which light waves propagate—is understood, it can be
controlled and even beneficial.
Scrambled transmission modes may account for
increases in fiber-optic bandwidth and for unusual cable
attenuation. If unrecognized and uncontrolled, such
effects hinder repeatable results when low-loss, wideband, multimode optical fibers are configured into systems. They also have an impact on system performance
after splicing of the fibers, where bandwidth increases
with the number of splices per unit cable length. And
they help explain how static and dynamic tension placed
on the fibers during system installation affect bandwidth
and attenuation.
Applying the research
The phenomenon, which has been exhaustively studied
in laboratories, has received minimal attention from the
fiber-optic user community. But aknowledge of its practical applications to system design and characterization
can boost performance. In certain cases, for example, the
increased bandwidth that is induced by mode scrambling
can be used to advantage to expand system data rate
beyond what the data sheet indicates for the fiber's
normal bandwidth.
Also important for the designer, scrambler designs to
enhance performance can be either installed initially or
retrofitted into an existing system. In addition, attenua-

McDonnell Aircraft Co. St. Louis, Mo.

tion and bandwidth measurements may be standardized
by taking the effect into account.
A transmission mode is away of characterizing propagating guided waves by a particular electromagnetic
field pattern. In ahigh-order mode, light rays travel the
length of the fiber as they ricochet around at a high
angle in the fiber core on aper-unit-length basis. Rays in
alow-order mode do the opposite, following apath close
to the core's center.
For example, in atypical optical fiber construction of
cladding over core (Fig. l
a), high- and low-order transmission modes exist together. The difference in the times
it takes light rays to traverse the fiber in high- and
low-order modes is the primary cause of signal distortion
in multimode optical fibers.
Graded-index fiber, which has denser glass at its core
to slow down rays in the low-order modes, is used to
correct that situation. This fiber is effective in equalizing
signal transit times and alleviating intermodal distortion.
But signal distortion is not the only problem; the mixing
and switching of optical power between modes creates
other performance difficulties.
Optical fibers are not flawlessly long and straight.
Mode scrambling can take place whenever a light ray
hits an imperfection in the core (Fig. lb) or acurve at
the core-cladding interface (Fig. I
c). These imperfections and bends are created during cable manufacture,
splicing, and installation. The imperfections refract the
light, shifting its angle or propagation mode. Bends in
the fiber compress one edge of the core, slightly altering
the light ray's propagation path. This change of direction
IMPERFECTION

HIGH- ORDER MODES

___--(b)

-.•••

e'

BEND

LOW—ORDER MODES

(c)

1. Lots of modes. The normal fiber-optic cable with core and cladding has both low- and high-order propagation modes (a). Scrambling of
these modes can occur either at imperfections (b) or at bends (c). The fiber's attenuation then may vary in some unpredictable way.
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2. Scrambler design. If 10-km fiber is squeezed by six wires in heat-shrinkable tubing of the proper length (a), its 3-dB bandwidth increases
considerably (b) as a function of the number of scramblers used. Periodic scramblers thus change information-carrying capability.

transfers power between modes, which has an impact—
good or bad—on system performance.
In fact, in terms of the pulse-broadening that occurs as
pulses propagate, real fibers exhibiting mode scrambling
have better characteristics—or less broadening—than
those computed for an ideal step-index fiber. The computed pulse broadening for an ideal step-index fiber can
be expressed as T, = (n i—n2)L/c, where ni is the core
refractive index, n2 is the cladding index, L is the fiber
length, cis the velocity of light in free space, and Tiis
measured in seconds.
Coupled modes
A real fiber's pulse broadening can be given as r, =
(n 1—n2)(L1) 1
2/c where 1is the mode-coupling length.
/
This characteristic length is inversely proportional to the
mode-to-mode coupling coefficient.
The mode-coupling length has been computed theoretically for certain optical fibers and has been found to be
on the order of 1to 4 km. But in reality it is generally
less than this, though normally more than 150 meters.
Because pulse broadening for actual fibers is less than
that computed for the ideal fiber, fiber bandwidth can be
improved with mode scrambling.
One design objective in an actual fiber-optic cable is
to minimize sharp microscopic bending of the fiber during fabrication. This microbending, as it is called, causes
mode scrambling that can even couple light out of the
fiber under certain circumstances, increasing attenuation. Manufacturers have developed special techniques
to reduce microbending. In fact, these efforts have
resulted in one of the more heated debates among fiberoptics users to date—over the loose tube versus tight
buffer method.
With loose tube cables, lacquer-coated optical fibers
are threaded inside hard plastic tubes, with only one
fiber per tube. The fiber's bend radius is thus constrained by the tube's bend radius, and microbending is
therefore averted.
Tight buffer fibers are coated first with soft rubber
(usually room-temperature vulcanizing silicone rubber, a
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substance similar to rubber cement) and then with a
harder plastic such as DuPont Hytrel. Thus, the fiber
floats in a bath of soft rubber that buffers it from any
sharp bending of the outer plastic coating during cable
manufacture or cable installation. Both types of jacketing alleviate microbending and mode-scrambling losses.
These buffers work so well that some systems have
even seen cable losses begin to decrease after acable has
been in place for a few months. This happens because
residual microbends induced during insertion of the fiber
into the cable and cable installation iron themselves out
as afiber gradually moves within its buffering to aspot
where it is under minimal mechanical tension. As microbending goes down, low-order modes are not scrambled
as severely into high-order modes and the fiber's loss
decreases. One example is an experiment at 'Tr's Electro-Optical Products division in Roanoke, Va., where a
multifiber optical cable suspended between telephone
poles decreased in loss by 0.25 decibel during the ninemonth recording period. This was independent of temperature variation from 20° to 80° F.
Small but significant
One quarter of a decibel may not seem to be much,
but with ever-decreasing cable losses, even small
amounts of fiber loss that are not accounted for may
downgrade system performance. Even with commercial
fibers having losses as low as 3dB per kilometer at 850
nanometers, a 0.25-dB variation over I km would
amount to an 8% fluctuation in received optical power.
Such a fluctuation would have an impact on the operation of certain optical data buses. Additionally, with
optical connector losses decreasing to the 0.25-to-0.5-dB
level and splice losses shrinking to 0.1 dB, a 0.25-dB
decrease may let an extra connector or couple of splices
be accommodated in an optical system with a tight
power budget. The system designer must carefully determine when he must be concerned with these effects.
They are small but in the aggregate can cause trouble.
There is no comprehensive theory available to quantify the microbending effect, but unless a fiber-optic sys-
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tern has been designed in which the optical receiver is so
near saturation that adecrease in fiber loss will saturate
it, a detailed analysis is not needed for most system
designs. Only a decibel or so need be allowed for in the
designer's power budget for cable "annealing" after
installation. If the cable is very long, the power budget
should be adjusted accordingly.
Bandwidth effects
Mode scrambling can be exploited in several ways to
boost fiber-optic system bandwidth as well as to decrease
attenuation. One method of improving bandwidth is to
employ low-order modes. Since the launched modal
structure is partially preserved over short (less than
100-meter) lengths, launching low-order modes in short
systems will lead to primarily low-order modes arriving
at the far end. If all modes are launched, the high-order
modes slow down relative to low-order modes, causing
greater signal distortion. Therefore, avoiding high-order
modes can widen a short system's equivalent electrical
bandwidth.
There are three ways to launch low-order modes: by
modifying the fiber; by modifying the light source; or by
modifying the coupling between the two. Modifying the
fiber's physical parameters is not practical because of

size considerations. To modify the light source, which is
the simplest method, the existing source is removed and
replaced with a device having a smaller emitting area:
the smaller the area, the more preferentially the loworder modes in the fiber are filled. Finally, the coupling
of the source and the fiber can be modified by inserting a
jumper fiber whose numerical aperture and/or core
diameter is much smaller than the main channel fiber. If
the system power budget can accommodate the associated loss increase, this technique is convenient for
launching low-order modes.
Scrambling with splices
Another method of enhancing fiber bandwidth merely
involves applying an in-line fiber splice. Splices cause
mode-to-mode power transfer—even if the fiber is free of
bends or imperfections—because of microscopic differences in glass density, fiber-to-fiber misalignments, or
tiny fiber core bulges at a thermally fused splice. Since
mode scrambling tends to equalize the power distribution among propagating modes, the splices in a fiber
reduce pulse spreading, increasing the effective electrical
bandwidth. This effect is most pronounced over long
fiber runs where imperfect splices have been made.
Splicing may not fully equalize modal power distribu-

Using math to make models
The usual explanation of how light moves along optical
fiber is based on simple geometric optics and does not
take into account the electromagnetic-wave characteristic
of light. Cylindrical optical fibers confine light within their
diameter and guide it along their length by what is known
as total internal reflection. To accomplish these two tasks,
fibers have a center region of optically dense material
surrounded by optically less dense material. Light rays
incident at the interface of these two materials at an angle
less than the total reflection angle are trapped by the fiber
and guided by it.
But, in fact, not all the light rays within the total reflection limits of a given structure propagate down it. Because
light is propagated by means of an electromagnetic wave
that has its own physical requirements, only a given number of rays with discrete reflection angles propagate as
guided light waves. These are called modes.
These propagating rays, or modes, travel along the fiber
because, after successive reflections at the side walls,
they repeat in phase, so that they are spatially and temporally synchronous. Thus they interfere constructively when
they superimpose upon each other. Rays not repeating in
phase will interfere destructively, canceling each other out
before they propagate very far along the fiber.
The quantization of waves into a discrete set of modes
is required for the solution of the equations that model the
fiber's behavior. These were derived by the physicist
James Clerk Maxwell in the 19th century. Each cylindrical
fiber, with its own peculiar geometry, has a unique set of
solutions. Each member of the set of solutions corresponds to a mode.
Usually the optical density of the fiber's inner core has
either an abruptly changing or a gradually changing
refractive index. The laws of geometric optics that govern
ray deflection may be used in either case. As long as the
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fiber is uniform and of perfect geometry, the wave propagation characteristics relevant to practical optical communication may usually be derived from the ray optics
approach.
More importantly, to use the geometric optic approach
as a valid approximation of Maxwell's equations, both the
step-index fiber and the graded-index fiber must have
diameters that are large in relation to the wavelength of
the energy propagating through them. But if, on the other
hand, it is necessary to propagate only a few modes—to
keep attenuation at alow level, to design adevice that can
couple modes from one fiber to another, or to scramble
modes—more rigorous solutions of Maxwell's equations
must be found.
Ultimately, the so-called single-mode fiber will be used
for optical communications—at least for long-distance,
high-bandwidth systems. These fibers have small diameters in relation to the optical wavelength. Here, Maxwell's
equations must be solved for each geometry in question —
a difficult chore even for simple, idealized fibers with
perfect geometry and no imperfections. These numerical
analyses, which almost always involve computer assistance, are beginning to involve more and more fiber-optics
systems designers as single-mode fiber becomes more
important.
As difficult as such analysis may be, it has some advantages. Only one mode propagates in these fibers, and
once its characteristics are fully understood, it is easier to
design fiber-optic components to process and control the
energy. The chore is more easily done, for example, for
microwave devices that propagate only one mode, with its
single electromagnetic field pattern. In fact, analysis of the
operation of multimode microwave waveguides is so difficult that these transmission lines are rarely, if ever, used
for practical components.
-Harvey J. Hindin
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turbations and the optical properties of the fiber. This
complex theoretical relationship can usually be satisfied.
Finally, a lack of consistent measurement results has
always plagued fiber optics. Both loss and frequency
response measurements must be qualified carefully
according to the conditions under which they are made.
The fact that a fiber's apparent characteristics depend
on how evenly its input aperture is filled with light is a
major problem. A full input aperture will launch many
modes, whereas apartially filled aperture launches only
a subset of the lowest-order modes. For example, a
system's measured end-to-end loss is not usually asimple
sum of individually measured cable segment losses and
splice/connector losses. Similarly, insufficiently filling
the fiber's numerical aperture may give an optimistically
high fiber bandwidth estimate. Since the lack of mode
scrambling causes this problem, adding mode scramblers
can be the cure.
Measure for measure

By using mode scramblers at the fiber input, all lowand high-order modes are filled equally. Thus, consistent
into a 10-km graded index fiber system with splices (a), the system
loss measurements independent of source type, sourcefiber misalignments, or the fiber's inherent mode couattenuation decreases as its bandwidth increases (b). The simultapling length can be made. Such astable distribution of
neous occurrence of these effects is welcome to the designer.
modes at launch (one that simulates the modal distribution. Additionally, splicing acable for the sake of equali- tion beyond the mode-coupling length) can be ensured
zation may not be desirable from aloss standpoint (if the for lateral source-fiber misalignment as well as for both
system power budget is tight) or from reliability or light-emitting-diode and laser sources.
Additionally, cables with splices or connectors can be
cost-effectiveness standpoints. Mode scrambling may be
achieved under these circumstances far more simply by measured accurately by inserting mode scramblers after
applying enough pressure to the fiber near its connectors, each continuity break. This technique guarantees that all
to bend the core. An efficient scrambler to accomplish propagating modes are refilled after each break. It also
this can be made of wire kept in tight contact with the provides loss measurements that can be correlated with
fiber by heat-shrinkable tubing (Fig. 2a). The 3-dB fiber measurements made on asingle length of standard cable,
bandwidth of such a structure increases approximately if the baseline cable is also measured using an input
as the square root of the number of equidistant mode mode scrambler.
More repeatable bandwidth measurements can also be
scramblers that are used (Fig. 2b). System bandwidth
can be broadened by a factor of 3 by using such a made with mode scramblers. Because all modes are
equally excited spatially at launch when an input
scrambler (Fig. 3).
scrambler is used, the fiber's actual long-length bandLight that leaks
width can be estimated from measurements made over
The price to be paid for bandwidth enhancement by fiber lengths shorter than the mode-coupling length.
scrambling is that scrambling can throw light into leaky This standardization method can decrease some of the
or nonpropagating modes that is then lost into the fiber confusion surrounding bandwidth testing.
cladding. To minimize this loss, mode scramblers must
Bibliography
be designed to scatter light primarily into guided modes.
1. R. W. Uhlhorn. "Naval Avionics Fiber Optic Support Study." Final Report, McDonnell
Co.. Contract No. N68335-78-C-0526. November 1979.
To do this there must be a relationship between the Aircraft
2. S. E. Miller and A. G. Chynoweth ed.; "Optical Fiber Telecommunications," Academic
spatial periodicity of scrambler-induced mechanical perPress, New York, 1979, p. 31.
3. Improved attenuation. If a number of mode scramblers are put
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16 Input Ch annels
•4Output Channels
•
•CoMbination I/0

RTI 1240 Series
•16 Input Chan nels
•8Output Channels
•4Output Channels
•Combination I/0

RTI 1250 Series

•16 Input Channels
•4Output Channels
•Combination I/O
IllMene'reuxwme,e,

For complete information and technical assistance, call (617) 329-4700
and ask for RTI Product
Marketing. Analog
Devices, PO. Box 280,
Norwood, MA 02062.

4.11111111Milin.
'Registered trademark of Digital
Equipment Corporaton

e-17,25 Series

•co-epee:01%f 0

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Irz Box 280, Norwood, MA 02062; East Coast. (6171329-4700, Midwest. (312i 894-3300, West Coast (7141842-1717;
Texas: (214% 231-509.4, Belgium -031/37 48 03; Denmark: 32/84 58 00; England: 01/941 0466: France .01/687 3411, Germany -089/53 03 19;
Japan: 03/263 6826, Netherlands: 076/87 92 51; Switzerland: 022/31 57 60. and representatives around the world.
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An evolutionary
idea from the creators
of the
StereoZoom R
Microscopes.
1 0
1
0

•
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It solves
the hybrid and
packaged chip
inspection dilemma.

Now your inspectors can quickly scan packaged chips, then
"zoom" each objective up to twice its power for closer
examination. And that's just one of the many advantages of the
new Bausch & Lomb MicroZoom Microscope.
Three long working distance objectives, giving total
magnificat.ons from 22.5X to 1000X—and higher—give ample
working distances for chip inspection. There's virtually no
chance of damaging chip or objective.
Erect, unreversed image for faster, easier inspections.
Advancec vertical illumination with aperture control for true
color rendition. And all this is standard. No costly add-ons.
But you can make it even more versatile than it already is.
Add complete photomicrographic and CCTV accessories.
A dual-viewing system for training. It's the only complete
microscope you can buy for chip inspections.
The new MicroZoom Microscope. It's exactly what you
would expect from Bausch & Lomb.

Take a
closer look.
For aconvincing demonstration or
free catalog, return this coupon today.
Please call for an appointment

D Please

send your new MicroZoom
Microscope catalog

Nene

Ce)MPany

Address

A

State

City

It has 3 long working
distance objectives,
each with exclusive
1X-2X zoom.

Zrp

phor,e
Bausch & Lomb, Dept. 6606
1400 N. Goodman St.
Rochester, N.Y. 14602
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A full Vs" chip can be
viewed at the lowest
magnification (22.5X).
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BAUSCH & LOMB
Scientific Optical Products Division
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Engineer's notebook
Charge integrator measures
low-level currents
by Philip R. Gantt
Precision Monolithics Inc., Santa Clara, Calif.

Current cannot be measured accurately at picoampere
levels by conventional measurement techniques. Yet in
many cases, such small leakage currents can have a
considerable effect on system performance. Measuring
current at picoampere, and even femtoampere, levels is
possible, however, using the method of charge integration. As shown here, a charge integrator can be easily
used in conjunction with sample-and-hold amplifiers or
analog-to-digital converters, or both, for such wideranging tasks as determining the leakage current at the
gate of afield-effect transistor or measuring and recording small currents with the aid of an automated (micro-

1. Current climb. Bi-FET integrator can measure femtoampere leakage currents. Particular attention is paid to reducing shunting error
by mounting feedback-to-input connections on Teflon standoffs and
using a polystyrene or Teflon capacitor. With a 100-pF capacitor,
100-pA input current produces an easily measured ramp of 1V/s.

170

processor-baced) test system.
The integrator, shown in Fig. 1, is one of the simplest
circuits that can be configured with an operational
amplifier. Its relative immunity to 60-hertz interference
is due to the negative feedback provided through a
capacitor (C). The accuracy of the basic circuit is
limited mainly by two factors—the input bias current of
the op amp and the user's ability to measure voltage with
respect to time.
The output voltage of the integrator is given by:
V. = — f t'Iœdt -I f t, Ib- dt + Vos
c t.
c t.
where lb, is the driving current to the op amp, lb- is the
inverting input's bias current, and Voo is the amp's offset
voltage. Thus, if l
in = 0, it is in principle possible for the
circuit to measure the bias current lb- or to accurately
measure the leakage current, l
œ,
of an external device if
l
in >>I b .
The integrator can be made practical for these lowlevel measurements by minimizing the leakage current
of the entire circuit itself and by using an appropriate op
amp. Installing Teflon standoffs at the op amp's inputs is
recommended, and a low-leakage capacitor of the polystyrene type or, in high-temperature applications, a
Teflon capacitor is necessary. Where printed-circuit
boards are used, ahigh—surface-resistivity laminate such
as Triazene is recommended to prevent leakage currents
from flowing. The relay used to reset the integrator
should be ahigh-impedance device of the glass reed type.
For measurements at several hundred picoamperes, a
bipolar field-effect-transistor op amp should be used in
conjunction with a 100-pF capacitor. Should measurements at lower levels be required, an electrometer amplifier with an input bias current of less than 0.1 pA is
needed. Measurements down to 1fA are possible using a
discrete integrated-gate FET with the input biased at V,
= 0for low leakage.
Ideally, the input voltage as a function of time for a
given input current will be aramp. Since the Vœ of the
op amp is a constant and the terms relating to current
are a change in voltage with respect to time, the offset
voltage of the op amp is insignificant. Because the value
of C will be known, à,V/At can easily be observed on a
storage scope or measured with the aid of a voltmeter
and astopwatch.
The anticipated current flow determines the capacitor
value selected. A high-impedance reed relay placed
across the integrating capacitor can be used to discharge
it and reset the integrator for sequential measurements.
For a 100-pA input current, a 100-pF capacitor would
produce a voltage ramp of 1 volt/second, an easily
measured value.
Because the noninverting input of the integrator is tied
to ground, a potential at the input will normally cause
the integrator to rail. To ensure against this, the input
should be connected either to a point of zero potential
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with respect to the supply common to the integrator or to
a floating point that is electrically insulated from other
potentials. The integrator input thus will always appear
as avirtual ground with respect to the point to which it is
¿V3/
At
connected.
In a typical application, such as measuring an FET '
S
vo
leakage current (Fig. 2a), the circuitry is virtually identi(= KV os
AT t= 0)
cal to that of the basic integrator. As noted, the slope of
the linear ramp is directly proportional to the magnitude
of the input current,
te-1
l
b- = -C
IW I/
At)
An analog-to-digital converter will adapt the circuit of
AV 2/,0d
= - C2l AV2/A11
Fig. 2b to amicroprocessor-based test system. As shown,
l
os = -KC(V
3/0
AD
sample-and-hold amplifiers convert l
,. to a voltage at
515
two specific time intervals. The OP-07 is biased as a
KR
differential amplifier and thus provides an output of V.
= K(V, — V2). With the aid of the a-d converter, therefore, the voltage corresponding to the input offset that is
measured can be stored in memory. For greater accuracy, leakage error currents and droop errors can be calculated and then subtracted from measurements of device 2. Applications. Charge integrator is ideal for measuring FET gate
current. For measurements amid high noise, the integraleakage (a). It is adapted to use with a microprocessor-based
tion period (t 2— tl)should be amultiple of 60 Hz.
test system with sample-and-hold and differential amplifiers (b),
In Fig. 2c, three op-amp parameters are measured which convert current into voltage so that measured values can be
during one integrating time period. This circuit is espe- stored. More than one op amp offset parameter can be determined
cially suitable for measuring low lb and low l
os values, as
during a measurement (c). The circuit, which eliminates resistive-type
it avoids the resistive-type errors inherent in convention- errors, is well suited for measuring low currents.
al measurements.
With the integrator in a voltage-follower configuraor a relay having a low temperature-to-offset voltage
tion, the input offset voltage of the device under test can
dependence must be placed across the input of the device
be measured by shorting the relays across the integrating
under test, in order to measure and subtract the errors on
capacitors. The V., of the AD515 must be nulled to zero,
an automated basis.
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Why more engineers are
switching to Beckman DMMs
Every day more engineers compare
hand-held digital multimeters,

22 megohm input impedance
increases Vdc measurement accuracy

then buy Beckman.
The reason: aunique combination of
high-performance features designed

by reducing circuit loading.
Separate diode/transistor test
function allows accurate measurement

to provide you with all the measurement

of forward voltage drops across diode
and transistor junctions, even
while in-circuit.
True RMS (ac
dc) measurement

capability and reliability you need.
And the ease of operation you want.
Beckman Series 3000 DMMs give
you an unbeatable combination:
Single center rotary switch lets you
quickly and easily find and set the
range and function you want.
10 amp current capability permits
you to measure up to 10 amps ac or dc
without adding acurrent shunt.
Ins t
a Oh ms TM continuity indicator
allows you to make continuity checks
with the speed of analog VOMS.
2000-hour battery life typically
keeps Beckman multimeters working
up to ten times longer than other DMMs.
Circle 172 on reader service card

capability extends accuracy to
non-sine waveform applications
(Model RMS 3030).
Multimeters you can count on
for a long time
To ensure that your multimeter
keeps going, all Beckman DMMs
provide you with superior RF shielding,
custom-designed switch with gold
contacts, 1500 Vdc overload and 6kV
transient protection. Plus fewer
electronic components for
higher reliability.

The rugged case is sealed tight to
keep out dirt and fluids, and designed
strong enough to take a6-foot fall
onto concrete and still perform up to
spec. The Model 3010 gives you 0.25%
basic dc accuracy while the 3020 and
3030 deliver 0.1%.
When the comparisons are in, it's
clear that Beckman DMMs really
are head and shoulders above the rest
— except in price. The Model 3010
is priced at just $140, the 3020 at $170
and the top-of-the-line 3030 —
$210 (U.S. prices).
Isn't it time you switched to
Beckman, too?
For information on the complete line
of Beckman DMMs and accessories,
call your local distributor today.
For the one nearest you call: (714)
993-8803 or write Beckman
Instruments, Inc., Electro-Products
Group, 2500 Harbor Boulevard,
Fullerton, CA 92634.

BECKMAN

Adapter equips HP analyzer
for general ROM tracing
by Israel Gal
Liad Electronics, Moshav Yaad, Israel

A two-socket adapter turns the popular Hewlett-Packard
family of HP1611A logic analyzers—which can normally be configured for debugging one specific microcomputer—into a general-purpose read-only-memory
tracer. Thus, as this example shows, it can be used with
the Z-80 Personality Module as adevelopmental tool for
Intel machines, without the need for Intel's ICE series of
in-circuit emulators.
Tracing is simply achieved by placing the microprocessor's address and data lines directly in parallel with
those of the external program memory and disabling all
other input lines to the Z-80. Placing a low-insertionforce socket, such as those produced by Textool Inc., at
the Z-80 end enables fast connection to the conversion
circuit. At the memory end, use of a hardwired 24-pin
spring clip adds increased flexibility for in-field testing.
Also recommended is ascope probe for latching onto the

appropriate circuit point of the desired clock signal. The
clock and its inverse signal are available, so that the user
can synchronize the timing to each particular processor.
In operation, the logic analyzer will be synchronized
as usual to accept address, data, and external information in every possible combination. Thus, most of the
additional options of the analyzer, such as pretriggering,
post-triggering, trace and count triggering, and trigger
enable and disable can be utilized. The single-step and
trace-then-halt options of the Intel 8031-8051 machines
cannot be used here, although they will be functional on
every other processor that has await line.
Using the HP1611A this way has several drawbacks,
among them the fact that there is no disassembly—
information is displayed in hexadecimal or octal format.
And the information shifted onto available on-chip RAM
or registers is not itself displayed, only the representation
of the transfer as an operating code. Also, as aresult of
the clocking arrangement, there can be situations where
the directive will be displayed twice (although the
address is always correct). However, where low cost,
convenience, and efficiency are important, this circuit is
satisfactory.
D
Engineer's notebook is a regular feature 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. Well pay 875 for each itern published.

Translator. Parallel connection of
data and address lines of external
4

memory with HP1611A logic analyzer
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drawbacks—lack of disassembl-
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er, the fact that shifted information
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is cheap,

convenient, and efficient.
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Engineer's newsletter
How to check that
Basic programs
meet ANSI standard

Vhf conference
Is receiving
professional hams

Watch how
you wash
that capacitor

174

Software designers who use Basic and need to ensure that their programs
meet the American National Standards Institute's new minimal guidelines
for routines written in that language will want the National Bureau of
Standard's new two-volume publication. It describes aset of programs for
testing whether various implementations of Basic comply with the Federal
Information Processing Standard 68 and ANSI standard X3.60-1978,
which are virtually identical.
The 556-page manual is titled "NBS Minimal Basic Test Programs—
Version 2, User's Manual." Volume 1, on documentation, describes the
nature of the ANSI standard and how the tests support it. Volume 2, on
source listings and sample output, supplements the information in the first
volume, enabling the user to examine various source codes in their
original form. In addition, it familiarizes the user with the form of the
standard implementation at the output.
The two volumes sell for $4 and $9.50, respectively. They are available
from the Superintendent of Documents, U. S. Government Printing
Office, Washington, D. C. 20402. Order by stock number, 003-00302262-4 for the first volume and 003-003-02263-2 for the second.

Calling out to the professional radio-engineering community, Western
Michigan University is asking for papers for presentation in its 27th
Annual vhf Conference, which will be held on campus the afternoon of
Saturday, Oct. 17. The conference, long respected by technically minded
radio amateurs, has in recent years attracted a growing number of
engineers and speakers from industry and the universities. Chairman Glade
Wilcox is now attempting to raise the level of quality even further. Papers
are being solicited on awide range of subjects, including picture transmission and reception, satellites, antennas and transmission lines, measurement and test equipment and mobile operation, in addition to other topics
of traditional interest to amateurs.
The deadline for submission of synopses is June 30. Speakers will be
notified of their acceptance by Oct. 1. Final drafts may be given to the
chairman on the day of the conference. Contact Prof. Wilcox at the
Department of Electrical Engineering, Western Michigan University, Kalamazoo, Mich. 49008, for more information.

The halogenated hydrocarbon solvents used for cleaning and defluxing
printed-circuit boards will attack unprotected aluminum electrolytic
capacitors and cause their eventual failure, according to arecent application note released by the Sprague Electric Co., North Adams, Mass. The
results of tests performed by Sprague support the cautionary statements
made in the military specification MIL-C-39018 and the Electronic
Industries Association's RS-395. They indicate that among the generic
substances that may or may not contain solvents, the safe ones are
acetone, butyl-, ethyl-, methyl-, and propyl-alcohol, lacquer thinner, butyl
cellosolve, toluol-hexane-ethyl-acetate, xylene, and mineral spirits. Among
the brand-named, acceptable substances are Alpha 2001, Aquaflux Strap
1000, FC78, Kenco 190 and 2240, Loncoterge 444-N, and the popular
detergents Calgonite, Oakite, and Turco. All other agents should be
avoided, unless the capacitor is so constructed that it contains an epoxy
barrier. Even then, its exposure to any of the undesired solvents should last
no more than 2minutes.
-Vincent Biancomano
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Make no mistake—before you pick the
hold capacitdç for your next sampleand -hold circiitt, take ahard look at the
dielectric abso tion (DA) factor.
This little understood pro
sa nasty
effect. Under rap
ching conditions,
it can cause the capacitor to become
an active source of DA error. Another
concern is leakage.
DA results from stored charges in
the dielectric which behave as parasitic
RC components. These subversive
elements serve to aggravate output
voltage error, which obviously means
aloss of accuracy. How much loss
of accuracy depends primarily on the
dielectric material. Typical DA percent
values (i.e., voltage error), measuring
accumulated charge after acontrolled
discharge, are:
DIELECTRIC ABSORPTION COMMRISON

Te,—msec

The tradeoffs: polypropylene is clearly
superior to the others in DA. It also is
superior in insulation resistance (leakage).
On the other hand, it comes in third,
behind polystyrene and polycarbonate
but ahead of polyester, in temperature
coefficient.
Upshot: if high accuracy in your
sample-and-hold circuit is amust,
polypropylene is amust, too.
Next decision: source. TRW
researched, developed and introduced
polypropylene for use in miniaturized
precision capacitors. We made it work
in the real world. We suggest, therefore, that you test our Type X363UW for
your next sample-and-hold design.
It can save you alot of design time.
Today's S/H circuits are another
reason why capacitor selection is awhole
new ball game. It needs to be a
studied project or it'll cause sticky
problems. But you needn't let the
discipline nag or nettle you.
You can rely on acompany called
TRW Capacitors ... and relax.

Send in coupon or call us at
(308) 284-3611.
TRW Capacitors
An Electronic Components Division of TRW Inc.
301 W. - 0" Street, Ogallala, Nebraska 69153

Please send data on your sample-andhold capacitors.

Name

Company

Dio/Dept

Mad Cod.

AddreSS

CIty

State

Zip

(These values also, incidentally, are affected
by capacitor value, size and configuration.)

TRWCAPACITORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW
Circle 175 on reader service card

5V
Immedi
e

You'll find the ultra low-power 5V
Motorola's Comprehensive
EPROMs you're looking for in
5 V EPROM Family
Motorola's comprehensive, quality-built
16K to 64K EPROM family.
That includes the MCM68764 and
Max
Max
5V
MCM68L764, far and away the lowestAccess
Active
Standby
Supply
Motorola
Time —
Current — Current — Utterance —
power 5V 64Ks available. The family
Part Number
na
coA
mA
%
also includes our MCM68766 and
18K EPROM.
MCM68766-35 for those who need a
MCM2716
450
100
25
-± 5
5V 64K with an extra-fast outputMCM27L16*
450
50
10
-± 5
enable access time.
MCM27 16-35
350
100
25
±10
They're all available in volume from
MC M27L16-35* 350
50
10
±10
Motorola now.
These Motorola 5V EPROMs are
32K EPROMs
pin-compatible with the 8K through
MCM2532
450
100
25
• 5
64K industry-standard maskMCM25L32*
450
50
10
•5
programmable ROMs, right down
MCM 2532-35'
350
100
25
t10
to using the same 24-pin packagMCM25L32-35' 350
50
10
*10
ing. Even the 64Ks are "plug-in"
84K EPROM.
replacements for the 24-pin inMCM68764*
450
120
25
•5
dustry-standard ROMs, as well
tt 5
MCM68L764*
450
60
15
as for smaller 5V EPROMs. The
±- 5
MCM68766
450(150 1) 160
16K 32K and 64K EPROMs from
MCM68766-35
350(150 1) 160
±10
Motorola all have JEDEC-approved
standard pinouts.
*Lowest power in the inclustrY
lAccess time from output enable
Added attractions such as on-chip
overvoltage protection circuitry help
put these 5V EPROMs in aclass by
ustry-standard ROMs, 64K dyn
themselves. The higher-performance
,fast static RAMs, and these leading
versions are all ±-10% supply devices.
5
OMs all point to one thing.
Data retention in these EPROMs
Mot
has the MOS memories
is superior, consistent with the high
you
quality of product Motorola has
been noted for since the 1950s. By
Inn
superior data retention, we're
talking about afailure rate of only
0.001% per 1000 hours.
The MCM68766 EPROM offers all
the features and performance of
Motorola's original ultra low-power
64Ks except power down. It has the
same access time from address
▪
IM MI MMUS MU
• TO: Motorola Semiconductor Prod
and an even faster 150 ns maximum output enable access time.
Please send me Info
Order Motorola 5V EPROMs
II Name
now from your local Motorola sales
II Title
office or authorized distributor.
Company
For additional information, use the
Address
coupon or write to Motorola
É
Semiconductor Products Inc.,
• City
lbchnical Information Center,
▪ State
P.O. Box 20912, Phoenix, AZ 85036.
Main, Ill
IIIM

We can't
overstress the
benefits of our
socket's precision
contact.
That's because AMP DIPLOMATE
sockets' anti-overstress design
prevents the major cause of socket
failure. And at acost-effective price.
DIPLOMATE sockets are available
with the widest choice of features in
the industry today. You can choose
between .175" and .160" in profiles and
solid or ladder housing construction.
Our designs feature large contact
target area for machine insertion,
closed bottom to prevent solder

contamination, and leg retaining
detents to help increase productivity
to meet your design needs. There are
even MIL-S-83734 approved types.
You can also rely on on time"
delivery with our computer-linked
regional inventory system
For reliability, delivery and the best
price, ask about the choices you have
with DIPLOMATE sockets.

AMP Facts
for DIPLOMATE Sockets
.175" Profile
Performance Characteristics
Physical
Engaging force: 340 grams max.(0.13) [0.331
pin)
Separating force: 14 grams min. (.008 [0.201
pin)

Large
target entry

Electrical
Rating: 250 VAC
Contact resistance: 20 milliohms max initial,
30 milliohms max. after test
Dielectric withstanding voltage: 1000 VRMS
min.
Insulation resistance: 5000 megohms min.
Capacitance: 1picofarad max.

Dual wipe
contacts

Environmental
Operating temperature: —55 °C to +105 °C
(tin plate)
Vibration: 10-2000-10 Hz in 20 minutes at
.0611.5210r 15G's for 3 sweeps
in each of 3 axes.
Shock: 100 G's, sawtooth waveform, total
6 shocks.

For afree sample, call the AMP
DIPLOMATE Socket Information Desk
at (717) 780-8400.

Anti-overstress
stop wall

AMP Incorporated, Harrisburg, PA 17105.
AMP and DIPLOMATE are trademarks of AMP Incorporated

AMP' means productivity.
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NO COMPETITION.
Introducing the monolithic 9-bit 40 nsec A/D converter. Just $585.

TRW presents the state of the art.
Now. there's amonolithic 9-bit
40 nsec A/D converter for only $585 in
hundreds. TRW technology gives you
the edge: Up to 10-1 power reduction over
other video-speed A/D converters, and
more than 2/3 size reduction; conversion
up to 25 megasamples per second;
highest reliability and stability; wide
temperature range performance.
Using the TDC1019J is simplicity
itself. A convert signal strobes 511
comparators, encodes all their binary

outputs into a9-bit word, and stores
the word in an output latch. Unlike other
types, our converter needs no sampleand-hold circuit. It works as aflash
converter, and doesn't depend on tedious
successive-approximation techniques.
(And it's ECL compatible.)
Our new A/D converter is also
available on its own standard 100 mm x
160 mm evaluation board (TDC1019EC).
It's fully assembled and tested, equipped
with auniversal 64-pin edge connector.
Using — 5.2V and ± 15V power supplies,

the board accepts and digitizes a 1-volt
peak-to-peak signal from a75-ohm
source...at up to 25 megasamples
per second.
Price for converter and evaluation
board is $885. In hundreds, just $685.
(Converter only, $785. In hundreds,
$585. If you order only the converter,
we'll enclose the pertinent data sheet/
application notes to help you evaluate it
on your own.) Prices are U.S. prices only.
Any way you order, you can order
with confidence and the knowledge that

4191•111111111111111119111—
/111111111•111111111—.
'
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411111111111111111111=—

TRW LSI Products
P.O. Box 2472, La Jolla, CA 92038

E-2

1

Please send data sheets on the TDC1019EC and TDC1019J 9-bit A/D converter.
TRW has more exoerience than any other
company in the design and production
of high speed monolithic A/D and D/A
products. (Remember our 8-bit converter?
It was revolutionary then. It's now the
industry standard.)
Give yourself and your company the
TRW edge. Order the no-competition
TDC1019J. On the board or by itself.
Now in stock at Arrow Electronics and
Hamilton/Avnet.
For immediate information, call
714-578-5990, or send in coupon,
or just attach your business card to
this ad and mail it to us.

Name

Company

Div./Dept.

Mail Code

Address
City

TRW keeps you ahead in
video speed data conversion.

State

Zip

TRWLSI PRODUCTS

An Electronic Components Division of TRW Inc.
Circle 181 on reader service card
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SIEMENS

New product roundup
process moves the wafers into and
out of the reactor.
Most of the 480's processing functions are software-controlled, making the system's Z80 microprocessor
more than just a sequencer, notes
company president David K. Lam.
He adds that this approach gives
engineers greater flexibility and control in setting process parameters
and minimizes the need for operator
intervention during processing. An
RS-232 port and standard software
interface make the system compatible with remote host systems.
The 480 includes a cathode-raytube console for system monitoring
and program development. Taking
up 10.5 square feet of floor space,
the machine will have throughputs
of 30 to 60 wafers per hour; an
expanded version of the 480 planned
for later this year will double that
rate while requiring only 35% to 40%
more floor space, Lam says. The
Autotcch 480 will cost $165,000.
Shipments begin in mid-1981, and
delivery takes four to six months.
High throughput. Bowing at Semicon West this May will be Anelva
Corp.'s 4001 reactive-ion etching
system, which guarantees throughputs of 56 to 72 wafers per hour. A
U. S. version of Anelva's Japanese
model 504, the 4001 uses a simplified, ruggedized shuttle mechanism
for wafer transport. It also employs
two load locks, each able to handle
two vertically stacked wafer cassettes. The reactor chamber processes 10 wafers at atime.
The 4001 includes a keyboard,
CRT display, and two floppy disks. A
Sord DA223 microprocessor runs
the system and communicates with a
host computer via an RS-232 port.
Prices will be between $200,000 and
$250,000; first shipments will take
place in August or September.
R&D etching. Whereas the Anelva
machine is production-oriented, Materials Research Corp.'s RIE-51
reactive-ion etching system is intended primarily for research and
development. MRC says, however,
that the RIE-51 can be operated on
small production lines and can
achieve throughputs of 10 to 40
wafers per hour. The system can
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etch materials like gold, aluminum,
and gallium arsenide; product applications include processing magneticbubble memories, surface-acousticwave devices, and optical integrated
circuits.
The RIE contains eight ports for
diagnostic and control instrumentation. Its modular design enables customized configuration, so its price
ranges from $23,000 to $60,000;
delivery takes 120 to 150 days.
Independent channels. The Plasma
Inline 701 from Tegal Corp. in
Novato, Calif., costs $76,000 domestically. The single-wafer system automatically transports wafers from
cassettes into a reaction chamber.
Logic circuitry controls gas composition and flow, power, chamber pressure, and the like. Two independently variable process channels let
users run combined or different etching processes without halting production to reset the whole machine.
The 701 has two automatic endpoint detection modes and three
automatic impedance-matching
settings. It can operate fully automatically or be stepped through a
process sequence with apush-button
switch mounted on the inside control
panel. Delivery of the 701 takes 90
to 120 days. Tegal also expects to
announce its Plasma Inline 702,
designed for etching aluminum and
other metals and priced around
$130,000, at Semicon West. Although technical details are not yet
firm, the 702 will incorporate a
68000-type microprocessor and most
system functions will be under software control.
Anelva Corp., 536 Weddell Drive, Suite 4,
Sunnyvale, Calif. 94086. Phone (408) 7441780 [401]
Drytek Inc., 220 Ballardvale Street, Wilmington, Mass. 01887. [402]
Lam Research Corp.,
Building

31,

3350 Scott

Santa Clara,

Calif.

Blvd..
95051.

Phone (408) 496-6999 [403]
Materials Research Corp. /Plasma Etching
Division, 35 Jefferson Ave., Pearl River, N. Y.
10965. Phone (914) 735-4900 [404)
Plasma Systems Inc., Linscott Road, Woburn, Mass. 01811. Phone (617) 933-9170
[405]
Tegal Corp., 1 Commercial Blvd., Novato,
Calif. 94947. Phone (415) 472-7500 [406]

Specify Siemens
at these distributors.
ALABAMA: Hall-Mark, Huntsville (205) 837-8700
ARIZONA: MeruMI, Phoenix (602) 243-4101: GS. Marshall, Tempe (602) 968-6181
CALIFORNIA: Arrow, San Diego (714) 565-4800; Sunnyvale (408) 745-6600: Boll, Sunnyvale (408) 734-8570;
Capacitor Sales, Sunnyvale (408) 734-3020; Jaco,
Chatsworth (213) 998-2200; San Jose (408) 263-1100;
MeruIff, Los Angeles (213) 725-0325; Palo Alto (415i
968-6292; San Diego (714) 278-2112; Tustin (714
731-5711, OS. Marshall, Canoga Park (213)999-5001; I
Monte (213) 686-0141; Irvine (714) 556-6400; San Diego
(714) 278-6350; Sunnyvale (408) 732-1100; Zeus, Anaheim (714) 632-6880: Santa Clara (408) 727-0714
COLORADO: Arrow, Denver (303) 758-2100: Kierulff,
Denver (303) 371-6500: G.S. Marshall, Arvada (303)
423-9670
CONNECTICUT: Arrow, Greenwich (203) 622-9030;
Wallingford (203) 265-7741; G.S. Marshall, Wallingford
(203) 265-7738
FLORIDA: Arrow, Ft. Lauderdale (305) 776-7790; Palm
Bay (305) 725-1480; Hall-Mark, Ft. Lauderdale (305)
971-9280: Orlando (305) 855-4020: Hammond, Orlando
(305) 849-6060; Klerulft, St. Petersburg (813) 576-1966;
G.S. Marshall, Orlando (305) 859-1620
GEORGIA: Arrow, Norcross (404) 449-8252
IWNOIS: Advent, Rosemont (312) 298-4210; Arrow,
Schaumberg (312) 893-9420; Hall-Mark, Bensenville
(312) 860-3800; Kierutff, Elk Grove Village (312) 6400200; G.S. Marshall, Bensenville (312) 595-6622
INDIANA: Advent, Indianapolis (317) 297-4910
IOWA: Advent, Cedar Rapids (319) 363-0221
KANSAS: Hall-Mark, Shawnee Mission (913) 888-4747
MARYLAND: Arrow, Baltimore (301) 247-5200; HallMark, Baltimore (301016-9300; BLS. Marshall,
Gaithersburg (301) 840-9450
MASSACHUSETTS: Arrow, Woburn (617) 933-8130;
Klerulff, Billerica (617) 667-8331; O.S. Marshall, Newton
(617) 965-5115; Zeus, Burlington (617) 273-0750
MICHIGAN: Arrow, Ann Arbor (313) 971-8220; Advent,
Farmington Hills (313) 477-1650
MINNESOTA: Arrow, Edina (612) 830-1800: Hall-Mark,
Bloomington (612) 854-3187; G.S. Marshall, Plymouth
(612) 559-2211
MISSOURI: Arrow, St. Louis (314) 567-6888: Hell-Mark,
Earth City (314) 291-5350; G.S. Marshall, Gladstone
(913) 648-6414
NEW HAMPSHIRE: Arrow, Manchester (603)668-6968
NEW JERSEY: Arrow, Moorestown (609) 235-1900;
Saddle Brook (201) 797-5800; Hall-Mark, Cherry Hill
(609) 424-0880: Kling% Fairfield (201) 575-6750
NEW MEXICO: Arrow, Albuquerque (505) 243-4566
NEW YORK: Arrow, Farminale (516) 694-6800: (511
293-6-1M: Hauppauge (516 231-1000; Liverpool (315
652-1000; Rochester (716) 275-0300; Ronkonkoma (516
694-6800; AC1, Plainview (516) 293-6630; G.S. Marshall,
Farmingdale (516) 293-4141; Zeus, Elmsford (914)
592-412D; Melville (516) 752-9551
NORTH CAROLINA: Arrow, Winston Salem (919)
725-8711; Hall-Mark, Raleigh (919) 832-4465: Hammond, Greensboro (919) 275-6391
OHIO: Arrow, Centerville (513) 435-5563; Colon (216)
248-3990; Reading (513) 761-5432; Hall-Mark, Highland
Heights (216) 473-2907; Worthington (614) 846-1882:
G.S. Marshall, Dayton (513) 236-8088; Micro-MIL
Dayton (513) 434-8231
OKLAHOMA: Hall-Mark, Tulsa (918) 835-8458
OREGON: Klerutfl, Portland (503) 641-9150
PENNSYLVANIA: Advacom, Duquesne (412)469-2601;
McKean (814) 476-7774; Arrow, Pittsburgh (412)
856-7000: G.S. Marshall, King of Prussia (215)337-3330
SOUTH CAROLINA: Hammond, Greenville (803)
233-4121
TEXAS: Arrow, Dallas (214) 386-7500; Stafford (713)
491-4100; G.S. Marshall, Dallas (214) 233-5200; Houston
7
.1111
u
3)777-0358: Hall-Mark, Austin (512)258-8848: Dallas
214) 343-5000: (214) 234-6111; Houston (713) 781-6100;
s, Dallas (214) 783-7010
UTAH: Klerulff, Salt Lake City (801) 973-6913
WASHINGTON: Arrow, Tukwila (206)575-0907; Kierulff,
Tukwila (206) 575-4420: OS. Marshall, Tukwila (206)
575-3120
WISCONSIN: Arrow, Oak Creek (414) 764-6600; HallMark, Oak Creek (414) 761-3000; Klerulff, Waukesha
(414) 784-8160

SIEMENS

If capacitors are in your design,
Siemens is in your future.
A complete line of quality
capacitors for fast delivery.
At Siemens, you'll find whatever
you're looking for— in any quantity
you need. You can depend on
Siemens high quality, too— in
every type of capacitor. Each is
designed and produced to
precise rated capacitance,
tolerance and voltage. And each
delivers the maximum, reliable
performance design engineers
have come to expect from
Siemens.

Tantalum
•High volumetric efficiency.
•Extremely low DC leakage.
•High resistance to shock and
vibration.

Aluminum Electrolytics
•Low cost per capacity volume.
•High volumetric efficiency.

Monolithic Ceramic
•Extremely small size.
•Three temperature coefficients:
COG DIELECTRIC.
Ultra stable 0 -+ 30 PPM
temperature characteristics.
X7R DIELECTRIC.
Stable
15% temperature
characteristics.
Z5U DIELETRIC.
General purpose +22% -56%
temperature characteristics.

Polypropylene
•Low long-term drift.
•Lowest dielectric absorption.
•Extremely low dissipation factor.
Metallized Mylar
•Two different types —
wound and stacked film.
•Self healing.
•Stacked film has highest
volumetric efficiency of
any capacitor.
For further information, return the
coupon below. For applications
engineering assistance, contact
Siemens Capacitor Marketing
Dept., 8700 E. Thomas Rd.,
Scottsdale, Arizona 85252.
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Specify Siemens and be secure.
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IN STOCK NOW!
New 2K x8Static CMOS RAM

HM 6116
Prom HITACHI !!!
Pin Compatible With Byte Wide
Industry Standard EPROMS
The Hitachi HM6116 CMOS RAM is Available Now
for Immediate Delivery! Now that you're ready to
design your next system, why not use the best: the
Hitachi HM6116 2K x8static RAM. The HM6116
incorporates Hitachi "Hl-CMOS" technology and a
cost-effective plastic package that bring you the
best of three technologies: HMOS speed; NMOS
high-bit densities; and CMOS low power
dissipation. Like all Hitachi "Hl-CMOS" RAMs. the
HM6116 lets you enjoy state-of-the-art
performance at competitive prices. In addition,

the HM6116 2K x8has an address access time of
12Ons; its low power dissipation during operation is
180mW, and a mere 100µW, during complete
standby (compare this to the typical 700mW
required by ordinary 16K NMOS cerdip RAMs).
And, the HM6116 has another big plus: it's ready
now for immediate delivery!
For more information about the Hitachi HM6116
CMOS RAM, call your local Hitachi Representative
or distributor sales office.

HITACHI

Hitachi America, Ltd., Electronic Devices Sales and Service Division
1800 Bering Drive, San Jose, CA 95112 (408) 292-6404

Symbol of Semiconductor Quality Worldwide
Regional Headquarters
Western
1800 Bering Drive
Son Jose CA 95112
(408) 292-6404
TX 910-338-2103

Stocking Distributors
Central
Eastern
Active Component Technology •Anthem •
6200 Savoy Drive, Suite 704 594 Moffett Road, Suite 22 Bell •CAM/RPC •Diplomat •Fulure •Jaco •
Marshall •Milgray •RC Components •
Houston, TX 77036
Lexington, MA 02173
Pesco •PM Electronics •Sterling •Time •
(713) 974-0534
(617) 861-1642
TWX 910-881-7043
Western Micro Technology
'MX 710-326-1413
Circle 140 on reader service card
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SECS 2
SECS 80

A militarized
16-bit minicomputer that's DEC
PDP-11 software and I/O
compatible.
,4111111Martaam

SECS 2is z.s rugged as arhino.
It not only meets MIL-E-5400, 16400 and 4158, but has been
FAA certified for avionic use as well. This powerful new
minicomputer is fully compatible with DEC PDP-11 software. In
fact, programs developed on commercial PDP-1 l's can be
directly transferred to SECS 2.
So there's no need for you to re-design acommercial computer
to withstand severe environments when we've already done it
for you. SECS 2offers true system flexibility: acomplete line of
standard 6" by 9" support modules provide core, RAM, ROM,
and EPROM memory, 1553B bus interface, power supplies,
and more. Also, these individual modules are available for use
in your own embedded systems.

Complete systems
designed around
our ruggedized
versions of Intel's
iSBC' single
board computers.

Like the mightly jungle cat, SECS 80 is tough, fast, and flexible.

Designed for airborne, shipboard, ground mobile and space
applications, SECS 2is the perfect minicomputer for tough
military and commercial avionics requirements. Hundreds are
currently in use as part of aviation fuel management systems,
saving valuable fuel for commercial airlines throughout the
world.

By taking our ruggedized versions of Intel's 8-bit and 16-bit
single board computers (which utilize 8080, 8085 and 8086
microprocessors) and surrounding them with our equally
ruggedized support modules, you have all the building blocks
you need to configure amicrocomputer system that will operate
in the most severe environments. And you can choose either a
system that meets full MIL specs, or alower cost industrial
version that is perfect for applications involving oil exploration,
construction, miniag, transportation, etc.

Packaged in afull-ATR chassis, 25 module slots are available;
thus, atotal system including CPU, power supply, memory and
I/O can be accommodated in asingle chassis while still allowing
ample space for custom I/O, interfaces, etc. Another design
advantage for you!

A multitude of ATR packaged modules are available, including
SBC's. RAM. ROM and EPROM memory. digital tape recorder
and controller, 1553 serial I/O, digital input/output, analog to
digital converter, high speed arithmetic unit, and power
supplies.

'Trademark ol Daptal Equipment Corporation

'Trademark of Intel Corporation

ONES ARE HERE
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SEMS

A complete line
of core and
semiconductor
memories for
military,
space, and
tough industrial
environments.

SETS-1
A 23-megabit
digital tape system for airborne and
other severe environments.
Not only is SETS-1 at home in the air like the soaring eagle, it's
also built for severe ground environments.

Our full line of memory systems, which meet MIL-E-5400.
16400. 4158 -and more, have the survival qualities of the
alligator.

Meeting MIL-E-16400, 5400 and 4158, this compact recorder
has aremovable, hermetically sealed tape module which stores
23 megabits of data at 1600 bpi on 300 feet of 1
4 inch magnetic
/
tape. It also has bidirectional read/write capability on 4tracks
with a192 K bps transfer rate.

They've been fired into the sea, withstanding over 3.000 G's
shock, and have survived. They've been blasted 80 miles into
space and have continued to work.

At last, arecorder that's perfect for bulk data storage and data
gathering from vehicles and remote sites. Or, as adata entry
device for mission loaders and fire control systems.

Since 1961. SEMS memories have been part of major programs
-Sea Sparrow, F-16, F-18, Pershing, AWACS, SR-71, Mirage
and Harrier, just to name afew. On commercial jets, too L1011, DC10. 727.

Other EMM Products

We have core and semiconductor memories. With wide
variations in weight. capacity. cycle and access time. In full and
1
/
2-ATR packages.

LrdLfLLJ

Severe Environment Systems Company
,

tibsullan;

011,

MerlIones

Mdynetic Gni

l' O. Box 668 •Chatsworth. CA 91311
Telephone: !213) 998-9090 •TELEX: 69-1404

We also have acomplete line of commercial
memories, both core and semiconductor,
magnetic core storage stacks, mass
memories, automatic test systems. and
severe environment power supplies.

Send for details.

COMPUTER PRODUCTS FOR SEVERE ENVIRONMENTS
Circle 141 on reader service card

TPIE WORLD IS GOING.
IS ALREADY THERE.
Harris recognized the enormous potential of CMOS in 1971,
and has pioneered this low power technology with an
impressive list of Harris CMOS "firsts":
•First 4K CMOS RAM
•First 4-inch CMOS wafers in production
•First CMOS PROM
•First 64K CMOS RANI module
Choose from these prown Harris performers
Iodai:
•CMOS RAMS
64K Module — 8K x8
4K — 1K x4
16Kx4
4K x 1 •CMOS Microprocessors
1K —1Kx 1
6100 Family
256 x4
Peripheral Circuits
Look for these exciting llams uc‘clopments
tomorrow:
•16K .CMOS RAM
•8K CMOS EPROM
HM 6516
HM 6758
•4K CMOS PROM
• 16K CMOS EPROM
HM 6641
HM 6716
A decade of technological innovation and proven
performance make Harris today's recognized leader
in CMOS technology — delivering years-ahead
products at down-to-earth prices. Call the Harris
Hotline: 1-800-528-6050, Ext. 455, for Authorized
Distributor or Expedited Literature Service. Or,
write: Harris Semiconductor, Dept. 53-035A,
P.O. Box 883, Melbourne, FL 32901.
Harris Technology
..Your Competitive Edge

HARRIS
SEMICONDUCTOR
PRODUCTS DIVISION
or _AAA., cooboo.al.0.•

the DSD 880

A DEC n-compatible disk system combining eight-inch Winchester and flexible disks.
For DEC users who need more capacity and performance than a dual RX02, the DSD 880 now offers a
more cost effective alternative than a dual RL01.
• significantly lower initial and total life-cycle costs
•the reliability of aWinchester, with 7.5 Mbytes,
emulating RLO1
•the removability of a flexible disk, with 1Mbyte,
emulating RX02
•valuable saving in rack space (5 14" vs. 21"
for dual RL01)
• unique"hyperdiagnostics"enabling fast and
easy troubleshooting to the modular level

• built-in bootstrap eliminating the need for an
expensive DEC bootstrap board and saving a
backplane slot
• one half-quad backplane slot vs. two quad boards for
the RLV11
•versatile interface card for easy integration with any
LSI-11 backplane, unlike DEC's RLV11 interface that
needs a special backplane and cannot be used with
the VT 103 terminal
Compare for yourself and see why nothing
compares to the DSD 880.

The Intelligent Alternative to DEC Disk Systems

To get more information on the DSD 880, call or write:
Corporate Headquarters:
2241 Lundy Avenue
San Jose, CA 95131
Tel (408)946-5800
TVVX: 910-338-0249

Western Region Sales:
2560 Mission College Blvd., Suite 108
Santa Clara, CA 95050
Tel: (408) 727-3163
TWX: 910-338-0249

Eastern Region Sales:
51 Morgan Drive
Norwood, MA 02062
Tel: (617) 769-7620
TWX: 710336-0120

International Sales:
Australia: Melbourne (03) 543-2077. Sydney (02) 848-8533; Canada (416) 625-1907; Denmark 01/83 34 00; Finland 90/88 50 11; France 03 /95681 42;
Israel 03 /298783; Italy 02/4047648; Japan: Osaka (06)323-1707, Tokyo (03)345-1411; Netherlands 020/458755; New Zealand 4/ 693-008; Norway 02 /78
9460; Sweden 08/38 03 70; Switzerland 01/730 48 48; United Kingdom 01/207-1717; West Germany and Austria (089)1204-0.
•Registered trademark of Digital Equipment Corporation.
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Pulse generator speeds logic tests
100-MHz microprocessor-controlled pulse generator produces
clean, fast pulses with rise times variable from 1.3 ns to 900 gs

by John Gosch, Frankfurt bureau manager

A 100-mHz repetition rate, a variable rise time as short as 1.3 ns, and
setting accuracies of better than 2%
are the key features of a fully programmable microprocessor-controlled pulse generator from Hewlett-Packard GmbH, the Büblingen,
West Germany-based arm of the
California.company.
Intended for bench and system
applications and suitable for jobs in
research and development, production, and incoming inspection, the
HP 8161 A automates pulse parameter tests of fast logic circuits such as
emitter-coupled logic and advanced
Schottky TTL — tests that "for lack
of effective instruments so far had to
be done with manually controlled
gear or expensive dedicated 1c test
setups," says Jürgen Brettel, product
manager at the German HP facility.
The most significant features are
the instrument's fast variable rise
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times ranging from 1.3 ns to 900 us,
measured between 10% and 90% of
amplitude. That, Bette! notes, is
important in production for evaluating integrated circuits under worstcase conditions and fer testing highspeed ECL or TTL for propagation
delay, as well as for testing setup and
hold times—that is, where fast clean
pulses arc needed. Rise time can be
varied to meet different ICs' specific
requirements: 1
.5± 0.2 ns, for instance, or 2.0 ±0.2 ns.
The 020 option gives the 8161 A
an independent second channel. It is
possible to use one or both channels
in the double-plus mode, adding both
channels or complementing them
individually. With such flexibility,
complex staircase-shaped waveforms
with up to four voltage levels can be
generated.
Also, through the "A plus B"
channel mode, the option permits

glitch and noise simulation, which
should come in handy in testing
high-frequency components. Since
the two channels operate independently of each other, aglitch can be
located anywhere within the base
period. The glitch width can be set to
as little as 4ns.
Resolution. The 816IA, which has
avariable output voltage of up to 5V
into a 50-9 load, boasts a high timing resolution: 100 ps for all timing
parameters like pulse delay, period,
width, and double-pulse spacing as
well as rise times.
Further enhancing the instrument's versatility are counted burst
and synchronous gate capabilities as
well as a 125-MHz repetition rate in
the double-pulse mode. In addition
to normal triggering, there are external triggering modes.
Versatility is combined with flexibility: the repetition rate can be set
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New products

Farrand High Gain Inductosyn linear and rotary position transducers
custom designed to meet size, accuracy, and
environmental requirements, can be delivered
at $10.00 to $20.00 each in production
quantities.
Accuracies to ± 50 microinch, repeatability to
±20 microinch. Pitch to user specification;
.010" to .020" typical. Auxilliary control
signals, such as End of Travel or Track
Location, can be included. Any substrate
material, from cast aluminum to fiberglass
tape. Thermal time constant adjustable to
match user structure, eliminating inaccuracies
during warmup.
Capacitively coupled. Ideal in strong magnetic
fields. Interface easily to MOS. Use any
excitation, such as 250 kHz user system
clock. IC packages containing complete
oscillator, error amplifier, and AGC available.
Contact George Quinn,
(914) 761-2600 or Telex: 646640.
Or send now for technical bulletin.

ful FARRAND CONTROLS
Division of Farrand Industries, Inc.
99 Wall Street Valhalla, NY 10595
(914) 761-2600
Telex: 646640

to within 2% and both the pulse
delay and pulse width to within
1%± I ns of the desired values—a
characteristic especially handy for
work with high-speed logic. Brettel
points out. A high measured-value
reproducibility is ensured because of
the instrument's good repeatability.
The latter is twice as good as the
accuracy, or to within between 0.5%
and I% for all timing parameters.
Not to be overlooked is the instrument's wide operating temperature
range. Extending from 0° to 50°C, it
guarantees reliable and accurate
operation in system or rack applications, where one instrument tends to
heat up another.
The 8161A includes the popular
IEEE-488 interface bus for precise
and speedy programming in automatic testing and provides easy keyboard entry in manual operation.
"Users can quickly familiarize themselves with the instrument because
program instructions closely follow
the procedures for manual operation," Brettel explains. Threshold
and other critical values can be set
with vernier controls for rapid manual adjustments. The learning mode
makes for error-free transfer of critical values to the computer and the
automated test system.
A nonvolatile memory in the
8161 A stores nine complete sets of
programmable parameter and mode
setups, ensuring repeatable results.
A hardwired set of parameters provides ahandy starting waveform.
Error catcher. When a parameter
is entered into it, the instrument
checks the parameter's compatibility
with other settings or checks if its
values exceed specified limits. In
case of an error or incompatibility, a
front-panel display shows whether
the cause is improper slope, level, or
timing or if an inappropriate parameter has been set.
The basic 8161 A carries a price
tag of $14,940 in the U. S. The 020
option, the integrated second channel, adds $6,590 to the basic price.
Delivery time is 12 weeks.
Hewlett-Packard Co., 1501 Page Mill Road,
Palo Alto, Calif. 94304 [338]
Hewlett-Packard SA, P. O. Box, CH 1217
Meyrin 2, Geneva, Switzerland [339]

196

Circle 196 on reader service card

Electronics/February 24, 1981

Making the design possibilities
almost infinite.
Intel's latest HMOS processor and peripheral introductions plus extensive development arid software
support now expand the universe of 8-bit applications.
Ever since Intel introduced the first 8-bit
microprocessor in 1972, we've been the
industry leader. We've always been committed to staying on the leading edge of
8-bit technology. That's what enabled
Intel to be first in introducing awide
range of components, most of which
are now industry standards. Today, we re
continuing to apply this innovative
technology both to develop new 8-bit
products and to reduce costs and
improve performance of existing ones.
Even more importantly, Intel always
designs 8-bit parts to be members of a
family cf products, so they evolve in an
orderly progression, as the technology
evolves. By planning for technological
change, we've been able not only to
improve product performance, but to

extend product life-cycles and thus
protect our customers' irvestments.
That's the real reason why today Inte is
the leading manufacturer of 8-bit
microprocessors.
Expanding the 8-bit universe
For microprocessors, the greatest cost
reductions and performance improvements have resulted from breakthroughs
in technology—not Jolume production
techniques and automation. That means
breakthroughs such as Intel's advanced
HMOS.*
This technology enables us to put more
power and more lunctiors on asmaller
chip, and offer arange o' dey ces that
do more, while shrinking the priceperformance ratio.

At the high-per‘ormance end of the 8-bit
spectum, for example. consider the
new 8-bit champion: the iAPX 88. This
sta:e-of-the-art HMOS microprocessor
at:performs its closest competitors in
memory efficiency, ease of programming, and throughput—by as much as
4to 1. It's also trie only 8-bit microprocessor that addresses up to 1million
bytes of memory—witnout external
memory management. And since the
8088 is the only 8-bit microprocessor
whose instruction set is compatible with
a16-bit device, it's the only way you
can move up to 16-bit power—such as
the iAPX 86's—without sacrificing
your software investment.
Or consider Intel's latest, highly
integrated solut on to design problems
that previously required multiple chips:
our new microcompu:er hero, the 8051.
This single-chip device contains twice
as much program and data memory as

parts—like the 8085A—show similar
price-performance improvements.
The key to these breakthroughs is our
second-generation HMOS technology.
That, combined with our pioneering
computer-aided design techniques,
allows transparent process conversions.
Since our strategic design program
allows us to plan for die-size reductions
at the time of original design, we can
make subsequent process conversions
via CAD software, rather than having to
re-design. Thus we can produce faster,
lower power, less expensive devices—
like the 8048H and 8085AH —while
keeping identical circuitry and layouts.
The net result of these improvements
is that your existing products can now
evolve as Intel's technology evolves.
Right now, you can improve your
existing designs while lowering costs,
thus extending the life cycles of your
products and boosting profit margins.
Intel's Built-in Die Shrinkage Steps
Technology Impact on 8-bit Products
(The 8049)

250 x199
167 x198
134 x158
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competitive parts; provides up to 10
limes as much speed as te 8048; and
offers aunique Boolean processor —
particularly important in controller
applications.
iAPX 88 Performance Comparisons
1APX 88

2-80

MC6809

1
(5MHz)

3.4
(451Itz)

0.6

15-bit object
code compatitia

8086

IIDNE

NONE

NONE
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1
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1.4

1. 5

646 256

64K NONE

6461256

NO

NO
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(
251114 )

8C85A
0.3
(
3MHY)

Memory 10
address space

1Megabyte
64K

%Ili er
co-processing

YES INIM
8087.8089)

NO

PASCAL. PL h
d FORTRAN

YES

NO

NO

YES

ICE syn-Jzolic
Zr bugging

YES

NO

NO
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Shrinking the 8-bit world
As part of along-range plan to apply
advanced HMOS technology to our
existing products. we ve developed
versions of numerous oarts that deliver
greatly enhanced price-performance.
Take our industry-standard 8048, for
example. The new 8048H vers ons of
this single-chip microcontrol et now
offer up lo 80% more speed, at 67% less
power. 0-her established Intel 8-bit

a

Technology

NMOS

HMOS

Advanced

Introduction
Relative Area
Relative Cost

1977
1.00
1.00

1980
0.67
0.55

HMOS
1982
0.42
0.40

Improved HMOS processors, however,
constitute only afew points on the Intel
8-bit horizon. We've also used HMOS
technology to enable our peripherals to
cover awide range of applications, from
the 8274 multi-protocol serial controller,
through the 8272 double-density floppy
disk controller, to the 8741A universal
peripheral interface, with on-chip
EPROM memory. By doing more, these
devices off-load your CPU, and
increase system throughput.
HMOS also lets us build memories
with awide range of density and speed
characteristics—from 16K statics
through 64K dynamic RAMsto afamily of
EPROMs ranging from our 2732A to our
new E2PROM, the 2816. HMOS gives
you the same flexibility in memory
design that you have in designing other
parts of your system.
Turning the competitive
world around
When you want to make immediate use
of the latest 8-bit VLSI technology at
the board level, Intel has the solution.
Our iSBC 88/25 - and iSBC 88/40 single
board microcomputers, for example,
will let you prototype systems or fill lowto medium-volume production requirements rapidly. And they're only two out
of eight single board microcomputers
for you to choose from.
Then too, when you'd rather concentrate
on your product than on re-inventing the

wheel, Intel offers two 8-bit real-time
operating systems: the iRMX/80'" and
iRMX/88. These operating systems are
ideal for 8-bit designs, where memory
space and response time are often critical. They require only 2K to 4K bytes
of memory, and the iRMX/88 operating
system is capable of providing up
to 6000 samples per second in your
real-time application.
Finally, to speed development time,
we offer afull complement of development support tools. Such as the latest
development system technology, the
new Intelleo Series III. With its dual
processor architecture, the Series III is
ideal for 8088 development work.
Then there's the Series II, and the
new, low-cost Model 120—the choice
for entry level 8085 or 8048/8049 microcontroller designs. As part of aplanned
path to protect your investment, both the
Series II and the Model 120 are upgradable to the Series III, and further to the
NDS-1 development network. And,
by applying the same computer-aided
design techniques we use to shrink
our chips, we're also able to build bondout chips for use in our ICE - in-circuit
emulators. So our ICE modules perform
exactly the same way in your circuit as
the original chip. Plus they're ready to
go, as soon as anew chip is available.
To further reduce development time and
enhance programmer productivity, Intel
supports these hardware systems with
the broadest range of development software available today. Up to five language
translators, including Pascal, PL/M,
FORTRAN, COBOL, and BASIC. Four
different macro-assemblers. An extensive set of programmer utility routines.
So you can always match the right
language or program to the job—and
offer your customers away of further
developing your products if they wish.
All of which means that now it's easy,
convenient and cost-effective to get the
most out of Intel's 8-bit world of
advanced technology And make your
product design possibilities almost
infinite. With these technology advantages, this degree of commitment to
8-bit users, this breadth of product line,
and this level of development support,
it's no wonder the 8-bit world is turning
to Intel's HMOS.
Our new brochure gives further details
on Intel's 8-bit world. You can get your
copy by circling the reader response
number, or contacting your Intel sales
office/distributor. Or writing Intel Corporation, 3065 Bowers Avenue, Santa Clara
CA 95051. Telephone (408) 987-8080.
•
HMOS is apatented
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The New World of
Intel's 8-Bit HMOS
Intel's 8-Bit Microprocessors and Support
Microprocessor

Replaces

Description

Klts
Evaluation

In-Circuft
Emulators

8048H/8748
8048L

8048

Microcontroller New 11 MHz and 8MHz CPU speeds; up to 70% lower power;
on-chip EPROM at new lower price

PROMPT-48

ICE-49n'

804911/8749
8049L

8049

MIcrocontroller Same speed selections as 804811; now available with
2K byte on-chip EPROM

8051/8751

NEW

MIcrocontroller Intel's newest high integration micro with on-chip serial
port; Boolean processor; 12 MHz CPU and 4K byte on-chip EPROM

SDK-5V"

Microprocessor Intel's original 8-bit processor, recently upgraded

SDK-85"

ICE-80 1"
ICE-85"
ICE-88'"

8080A

ICE-49% .

I3085AH

8085A

Microprocessor 30% lower power; 10% voltage margins; new high performance
6MHz version

SDK-85n'

8088

NEW

Microprocessor Highest performance 8-bit CPU; 1Mbyte address range;
16-bit instruction set; multi-processor support

SDK-86"

ISBC 88/25

NEW

Single Board Computer 8088-based, with Multibus'" expansion, coming mid '81

ISBC 88/40

NEW

Single Board Computer 8088-based measurement and control computer

ICE -5V"

Intel's 8-Bit Peripheral Controllers
Model

Replaces

8202A

Description
Dynamic RAM Refresh Controller Makes dynamic RAM look static, handles refresh, address multiplexing
and arbitration

8272

NEW

Double/Single Density Floppy Disk Controller Interfaces 8- or 16-bit CPU to four floppy disk drives;
IBM-compatible formats

8274

NEW

Multiple Protocol Serial Controller Speeds up to 1M baud; protocols can be async, bisync or synchronous
(HDLC/SDLC)

8276

NEW

Small System CRT Controller Allows complete CRT system implementation with less than 20 devices

8041AH/
8741A

8041A

Universal Peripheral Interface Controllers with new 12 MHz and 8MHz CPU versions;
slave processor interface

8232

NEW

Floating Point Math Processor Four function 64-bit floating point operation; IEEE compatible; 4MHz clock

8291,8292

IEEE-488 GPIB Controller Talker/listener and controller functions for 500K bytes/sec data transfer

Intel's Hardware/Software Support
Support
intellec®
Mode1120

1
1NEW

intellec®
Series II

Description
Development System New price/performance breakthrough; gives small program development capabilities
including ICE'" support at lowest cost for 8-bit microcomputers; also acts as editing station for NDS-1
Development System Versatile; provides support for Intel's entire 8- and 16-bit product lines, including high level languages and ICE in-circuit emulators

intellec®
Series Ill

NEW

Development System High performance; two host processors to support Intel's entire 8-and 16-bit
microprocessor family; resident 8088 Pascal, FORTRAN, PL/M, and assembler; compatible with hard disk

Intellec®
NDS-1

NEW

Network Development System Provides distributed support for multiple 8- or 16-bit projects; offers shared file
access, high-speed compilation, and low-cost debugging; coming mid '81

ICE'"
Emulators

In-Circuit Emulators Detect design flaws; perform real-time hardware/software symbolic debugging, even in
the most complex systems, versions available for all 8-bit processors

ASMn•

Macroassembiers Available for every Intel 8-bit processor

PL/M
Pascal

System Implementation Languages Available for system software development

Pascal
FORTRAN
COBOL
BASIC

NEW

Application Languages All four languages for 8085AH application programming; Pascal and FORTRAN for
the 8088; all available now

IRMX/813v"
IRMX/80"

NEW

Real-Time Operating Systems User configurable, for 8088 and 8080A/8085AH; major facilities include:
priority-based resource allocation; real-time clock; interrupt handling; task dispatching
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Laser-trimmed ICs
sense temperature
Chips need be calibrated
only at the factory, have
two reference outputs
Monolithic temperature sensors cost
less than conventional electrical sensors but for high accuracy must generally add components and other
resources to calibrate zero and fullscale end points. A family of singlechip temperature transducers from
Intersil are "simpler, yet highly
accurate, digital thermometers,"
claim its developers.
Designated the ICL8073 and
—8074, the new bipolar temperature
transducers include all the necessary
offset and reference voltages, thus
"eliminating the need for potentiometers and other external components
typically employed when calibrating
currently available temperature sensors," states Larry Goff, design engineer for analog research and development at Intersil. The temperaturesensing devices can be plugged
directly into any number of available
analog-to-digital converters, he adds,
for a factory-calibrated direct temperature readout in any of the normal scales—Kelvin, Fahrenheit, or
Celsius.
According to Goff, "the days of
laborious calibration requiring
equipment and manpower are gone
forever. Digital temperature control,
differential temperature measurement, analog temperature control,
and more can be accomplished with
no external components and absolutely no calibration."
Each of the new devices has three
outputs. The first is proportional to
absolute temperature in kelvins, similar to other monolithic temperature
sensors, such as those offered by
National Semiconductor, Motorola,
Analog Devices, and Intersil, among
others. However, asecond output in
the devices is a constant, the offset
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voltage: it is exploited to convert to
the Celsius scale (in the case of the
ICL8073) or to the Fahrenheit scale
(ICL8074). The third output is a
reference voltage for a-d conversion.
Using an ICL8073 or -8074 with
Intersil's ICL7126 single-chip 31
/2
digit integrating a-d converter, for
example, and astandard 9-v transistor radio battery "forms a temperature measurement system with abattery life in excess of six months,"
Goff says. He notes that each of the
calibrated temperature transducers
consumes 50 µA typically (200 µA
maximum), about one sixth the power, of the popular AD590 temperature transducer made by Analog
Devices and Intersil.
Gradations. The 8073 and 8074
are laser-trimmed for accuracy and
interchangeability. The absolute accuracy, which covers the offset voltage (V.), reference voltage (Vrer ),
and voltage proportional to absolute
temperature (Vp.81 ), is different for
each of three grades of parts (I, J,
and K) in each of three classes (commercial, industrial, and military). In
the case of the ICL8073, the levels
of absolute accuracy are ±5.0°,
±3.0°, and ± 1.5°C, respectively.
For the ICL8074, those accuracy
specifications are ±9.0°, ± 5.4° and
±2.7°F, for the I, J, and K grades,
respectively. The worse-case interchangeability error equals the worstcase guaranteed error, which can be
as little as ± 1.5 °C or ± I.8°F.
Both the 8073 and 8074 are available in a TO-71 package with six
leads for full-function operation, as
for adigital thermometer capable of
0.1°C resolution. The two types of
temperature transducers also are
available in plastic TO-92 or hermetic TO-52 packages, each of
which has only three leads. The lower-cost, three-leaded devices have
only one output voltage (Vp. 1).
"They are intended for those applications, such as temperature controllers, where it isn't necessary to know
the temperature relative to absolute
temperature (kelvins), but only the
ratio with respect to degrees Celsius
or Fahrenheit," Goff states.
The temperature-sensing ICs operate from awide power-supply range,

2.7 to 30 V. Both the operating and
storage temperature ranges of the
two device types are — 100° to
+150°C. Nonlinearity is rated at a
maximumn 0.5 K, and long-term
stability is 20 parts per million per
month.
At the 100-piece level, the commercial, full-function ICL8073 and
-8074 are $3.10 each. The controller
versions are priced at $2.45 each in
like quantities. The premium for
upgrading from the commercial to
the industrial grade and from the
industrial to the military is approximately 25% to 30% in each instance.
Availability is 30 days after receipt
of order.
Intersil Inc.. 10710 N. Tantau Ave., Cupertino, Calif. 95014.

Phone (408) 996-5000

[341]

58-key keyboard has
low, 0.400-in. profile
A keyboard panel that meets European safety requirements, the
model MK 058-001, is only 0.400 in.
high—a low profile that should be
useful in portable and desktop equipment like home computers, desk-top
terminals, telephones, and portable
and laboratory instruments.
The MK 058 gives the operator a
tactile feedback and has a 0.060-in.
travel for afaster throughput. It can
be mounted from the front of an
enclosure or flat panel via eight
male-mounting studs. All of its 58
keys are enclosed and protected from
the environment to extend its life.
Legends, which are graphically applied. may be placed on the bezel for
advanced styling or added to the buttons for more than one operating
mode. The keyboard has a 2-0 contact resistance, an eight-by-eight

e.

tePlEWERWeRkiti1.
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array of switches for easy scanning
by a microprocessor, and keys
requiring a 2.8-oz force for actuation.
The keyboard panel is priced at
$37.00 in quantities of 1,000 in offthe-shelf designs. Delivery is from
stock. Custom-made keyboards are
readily available. Matching numeric
and hexadecimal keyboards will soon
be available for the MK 058 family.
Advanced Input Devices, P. 0 Box 1818,
Coeur d'Alene, Idaho 83814. [343]

Monolithic op amp has

ANY Type

high speed and low noise

ANY Time

SHARP PHOTOCOUPLERS
PC-500, 600, 700, Serres

• Plenty Model
Sharp's photocouplers have 3 series of

PC-500,

PC-600, PC- 700

(High withstand voltage), so that you can choose for your purpose.
• Compatibility
Since Sharp's photocouplers are pin Compatible type, they are exchangeable for those Ti's, GE's, Monsant's, Fairchild's and other makers.
• High Quality
Sharp's photocouplers adopt GaAs emitting diode as light emitting
device and Si planar

phototransistor as photo sensitive device.

• Wide Application
Sharp's photocouplers are useful in interface and noise cut for system appliances, and also useful in conveying signals of unmatching
voltage or impedance.
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545, JAPAN
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An integrated circuit operational
amplifier offers a peak-to-peak noise
of only 80 ny in low-frequency
instrumentation applications and 3
nY/Hz'A in audio-frequency stages,
an offset voltage of 10 0/, a slew
rate of 3.2 Vips, a bandwidth of 8
MHz, and a long-term drift of 0.2
per month. These characteristics
combine to make this device unique
in the industry, says the manufacturer. At 10 Hz the OP-27/37 exhibits a
typical input noise density of 3.6
nV/Hz" which drops off to 3.1 at 30
Hz and 3 at IkHz. It has a typical
power consumption of 90 to 100
mw, and input noise current density
of 1.7 pA/Hz 1
/ typically, and 4
2
pA/Hz 1
/ maximum at 10 Hz and 0.4
2
pA/Hz" (typical) and (maximum)
0.6 pA/Hz 1
/at 1kHz.
2
Available in eight-lead, dual inline packages and eight-pin TO-99
cans, the OP-27/37 has a —55 to
+ 125"C or
to 70 C temperature
range. In quantities of 100 and up,
the op. amps range in prices from
$5.00 to $50.
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U.S.A. SHARP ELECTRONICS CORPORAT ION
10 Keystone Place, Paramus, New Jersey 07652
Tel I2011 265 5600 For further information,
wr,te to Mr M M.yagawa
EUROPE: SHARP ELECTRONICS IEUROPEIGMBH
Sunntnstralle 3, 2000 Hamburg 1. F R Germany
Tel ;040) 28511 Attention Mr H Asano

Power-MOS-FET 'relays'
need only 500 µA for control
A series of ultrasensitive, optically
isolated, power mOs field-effecttransistor solid-state relays, the
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Light-torque rotary switches
make the LM-3.5A :DMM: as
easy to operate as it is to carry.
LM-3.5A at aglance.

Troubleshooters swear by it. Repairmen find the LM-3.5A works wonders
on tvs, business machines, even cameras. Checks all quiescent AC and DC
voltage values. Spots current drains.
Measures the resistance of suspect
components. Quickly and precisely.
Other DMMs to match your needs.
The LM-3.5A is just one in afull series
of 3 to 4-digit DMMs. If you need LCD
convenience for measurements outdoors, we market the LM-350, among
others. You don't pay for true RMS
capabilities you don't need. But if you
do need true RMS readings, Non-Linear
Systems can oblige.
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1to 1,000. 4 ranges
1to 750, 4 ranges

»duns

1to 10000, 5ranges

AC/DC Current

1mA to 1A, 4 ranges

Polarity Selection

Automatic

Readout

0.3" Red LED

Size

1.9" Hx 27" Wx 4.0" D

weight

9.2 oz (batteries installed)

Power

3type AA rechargeable
Nicad batteries and charger

Pik.

$165.85

LT-3 Digital Temp Meter. Featuring
0.1° resolution and high accuracy, the
31
/ -digit, 2,000 count full scale LT-3 is
2
indispensable for home or industry.
Checks everything from thermostats to
appliances. Even monitors critical
operations like photoprocessing and
electroplating.
The LT-3 can be supplied with any
of eight thermistor and RTD temp
sensors to read ranges of 0-100°C,
32-199.9°F, or 0-199°C or F.
Work outdoors? Then the LT-31
(LCD format) is the ticket.

On abenchtop or abelt, over ashoulder or in atool kit, the LM 3.5A DMM, and its LCD counterpart,
the LM-350.are ready to go when you are.

Convenience. That's the key to NonLinear Systems' best-selling LM-3.5A.
A high-performance, competitivelypriced, all-purpose mini DMM. Convenience from light-torque rotary switches.
So operation's acinch. Convenience
from bold, bright LEDs. For instant,
accurate, numeric answers. Unlike
some competitive meters, the LM-3.5A
features both vertical and horizontal
readings. And an optional leather carrying case with belt loops and shoulder
strap assures hands-free operation.
At 9.2 oz., the LM-3.5A is portability
at its best. There's more. The LM-3.5A
is a 31
/
2 -digit DMM. Features 2,000
counts per range-100% over-ranging.
Result? Increased accuracy and resolution between readings of 999-2,000.
It also reduces the amount of range
shifting when measuring near 1,000.

DC Vohs
AC Voila

FM-7. The bantam frequency meter.
Portability teams with performance in
the FM-7. The smallest, 7-digit, 60MHz,battery or AC line-operated instrument available.

Operator convenience is the key to our line of frequency and temperature meters. too. Pictured left to
right, SC-5 prescaler, FM-7 frequency meter, LED format LT-3 digital temp meter, and its LCD cousin,
the LT-31. Top. the MLB-1 digital logic probe.

Hobbyists, radio and tv studios,
phone companies and the military all
depend on the versatile FM-7. Whether
the job calls for calibrating fixed, variable frequency or voltage-controlled
oscillators, checking flowmeters, highspeed photocell counters, or setting
the IF or heterodyne frequency in communications equipment, the FM-7 is a
standout performer
SC-5 Prescaler. Top range booster.
This 512-MHz, battery or AC line-operated prescaler was developed to extend
the frequency range of the FM-7 from
60 to 512 MHz. Adapts to most other
frequency meters, too.

Get the word on us. We offer a full
lineup of convenient, competitivelypriced products. From DMMs, frequency and temp meters to miniscopes
and DPMs.
For further technical information or
the names of your nearest distributors,
contact Non-Linear Systems Inc.,
533 Stevens Ave., Solana Beach, CA
92705. Telephone (714) 755-1134.
TWX 910-322-1132.

NonLinear Systems, Inc.
)Specialists in the
science of staying ahead.
C 1981 Non-Ltnear Systems, Inc
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Let NEL's years of frequency control experience work
for you. Our clock oscillators are available over the
frequency range 600- to 60 MHz. We supply either
TTL or CMOS compatible units in our all-metal,
resistance weld sealed Dip package. Write or call for
Data Sheets 7810A (TTL), 7810B (CMOS), or 7902A
(Overtone).

OFM-21, -22, -23, and -24 series,
operate on adc input control current
of less than 500 µA for complementary-mos drivers or low-level
battery circuits. They can switch ac
or de voltages at levels up to 300 v
and currents to 750 mA. Because of
the units' FET output, they do not
exhibit a voltage or thermal offset.
As a result, voltages as low as 10 µv
can be switched at currents from
nanoampere levels up to full rating.
Housed in either miniature six-pin
dual in-line or single in-line packages, the units can be used in telecommunications and computer applications and to replace reed relays.
In quantities of 1,000, the ac and dc
solid-state relays range in price from
$5 to $5.95 depending on rating.
Delivery is two to four weeks after
receipt of order.
Theta-J. Corp., 208 West Cummings Park,
Woburn, Mass. 01801. Phone (617) 9357600 [345]
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0.1- to 3.3-F capacitors

DID YOU
KNOW?
When you need
magnets fast,

PERMAG
HAS THE
ANSWER!
PERMAG has one of the

largest stocks of magnets
and magnetic materials—and
shipment is usually made the
same day your order is
received. Magnets in all sizes.
All shapes. All grades. All
ready for 24-hour delivery.
All at each of our 9modern
plants—stocked, staffed and
equipped to meet your every
requirement.

nNee magnetic field. PERMAG is No
ALL

ACROSS THE COUNTRY

NEW YORK •BOSTON •ATLANTA •TOLEDO
CHICAGO •DALLAS •LOS ANGELES •SAN FRANCISCO
MINNEAPOLIS/ST. PAUL

are rated at 5.5 WV dc
Rated at 5.5 wv dc with capacitance
ratings of 0.1, 0.33, I.0, and 3.3 F, a
new series of miniature electrolytic
capacitors measure only 1% by 1s/s
by / in. They arc designed to be
used in solid-state memory backup
driven by a 5-v (± 10%) power supply or in long—time-constant circuitry, driving relays, solenoids, and other pulsed actuators. They come in
rectangular packages instead of the
cylindrical ones of the original Gold
Capacitor series, which are rated at
alower 1.6 and 5.0 wv dc.
They have an operating temperature of — 25 ° to + 70 °C, a capacitance tolerance of — 20% to 40%, an
internal resistance (impedance) of
1 maximum at 1kHz at 20 °C, and
amaximum leakage current of 1mA
after operating for one hour at rated
voltage at 20 °C. The failure rate is
just 1% after 50,000 hours at arated
voltage at + 40 °C.
Deliveries of Gold Capacitors are
from stock to 12 weeks.
5 8

Panasonic, One Panasonic Way, Secaucus,
N. J. 07094 [346]

Consult Yellow Rages for address la phone number of PERSIA° near you
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Problem:
Build an oscilloscope light enough
to carry in the field,yet sophisticated
enough to use in the repair shop.
And bring it in at under $650.
Solution:
Non-Linear Systems' MS-230.
A 3lb.10 oz. miniscope.

at $497.00. Or the MS-15, 15 MHz,
single-trace at $389.00.
And each model is available with
optional accessories to help you
get the job done. Like a 10:1,
10 megohm probe and leather
carrying case with shoulder strap
and belt loop.
When it comes to portable, affordable, accurate miniscopes NonLinear Systems leads the way.
MS-230 at aglance
Vertical Bandwidth:

30 MHz

Deflection Factor:

10 mV/div to 50 V/div,
12 calibrated ranges

Input Impedance:

1megohm in parallel
with 50 pF

Time Base:

0.05 nSec/div to
0.2 Sec/div. 21 calibrated
ranges

Horizontal Bandwidth: 200 kHz
Trigger Modes:
Power Sources:
Internal:
External:

At 3lbs. 10 oz.. the MS-230 is the lightest miniscope around. Now you can take the scope to the
problem. Or bring the problem to the scope.

It's easy to get carried away with the
MS-230. Our remarkable 30-megahertz, battery-operated, dual-trace
miniscope. At 3lbs. 10 oz., its the
smallest, lightest miniscope in the
field today. Suddenly, portability's
not aproblem anymore.

On abenchtop or abelt, over ashoulder or in a
tool kit. the MS-230's ready to go.

Sets up shop. Makes housecalls.
The state-of:the-art MS-230 is at
home anywhere there's aneed to
accurately test or measure electronics equipment.
TV repairmen find it works

wonders in trie field. Tuck it in the
tool kit, sling it over ashoulder or
slip it on a belt, and it's ready to
make aquick on-site diagnosis.
It's a great benchmate in the
shop, too. Checks distortion, compares circuit inputs and outputs,
finds faulty components. All with
equal ease. And the MS-230 is so
compact it doesn't clutter up the
work area.
What smore, the versatile MS-230
is perfect for servicing microcomputer systems, maintaining avionics equipment and diagnosing
sophisticated medical equipment.
A trio to pick from. If your work
demands an oscilloscope that
handles virtually all normal applications with unblinking accuracy,
we've got your number. The MS230. A superb value at $649.00.
We also make miniscopes to
match other budgets and needs.
Take the MS-215, for example. It's
a 15 MHz, dual-trace scope priced

Automatic. Internal,
External and Line
Rechargeable lead
acid batteries
115 VAC or 230 VAC,
50-60 Hz via plug-in
transformer

Size:

2.9" Hx 6.4" Wx 8.6" D
(74 mm x 163 mm x
218 mrn)

Weight:

3lbs. 10 oz. (1.65 Kg)

Get the word on us. Non-Linear
Systems has been intelligently
innovating in the digital testing
industry for nearly three decades.
From the introduction of the first
digital voltmeter to breakthrough
products like the MS-230.
Today we offer afull line of cornpetitively-priced, state-of-the-art
equipment. From miniscopes, digital voltmeters, digital panel meters
and counters, to frequency meters,
logic probes, line-frequency meters
and pre-scalers.
Our entire lineup is available now
from top electronic distributors
throughout the world. Contact your
local distributor today.
For further technical information,
or the location of your nearest
distributors, contact Non-Linear
Systems, Inc., 533 Stevens Ave.,
Solana Beach, CA 92705. Telephone
(714) 755-1134. TWX 910-322-1132.

Non-Linear Systems, Inc.

Specialists in the
science of staying ahead.
.O 1980 Non-Linear Systems. Inc
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THE EllIEST
CD MITER
PIVIENT
BY' Ill
In one day... in your city... in England,

Some of the
companies which will

Germany, The Netherlands, France and
Italy...You can get aclose-up view of
the latest in computer and peripheral
equipment from 30 of the world's lead-

computer
equipment

ing manufacturers. It's all there at the
Invitational Computer Conference, the

into systems for

only international seminar/display

Computer Conference is for you. Don't

designed specifically to meet the require-

miss the opportunity to attend when the

resale, or volume user, the Invitational

ICC is in your region. Invitations are

ments of the quantity user.
The unique Invitational Computer
Conference one-day seminar/displays
have proven extremely effective and
popular with OEMs for the past eight
years in the United States. Now, the
series is extended to promote the
exchange of technological advances

available from participating companies
or the ICC sponsor.
The schedule for the 1981 International Series is:
London, England

March 17, 1981

Munich, W. Germany March 24, 1981
Frankfurt,
W Germany

between the computer communities

March 26, 1981

Amsterdam,

of the world.

The Netherlands

Attendance at the ICCs is by invitation only. So, if you are amanufacturer
of computer equipment, integrator of

Paris, France
Milan, Italy

be participating in the
International Series will be:
Century Data Systems, Charles River
Data Systems, Cipher Data Products,
Control Data Corp., Dataram, Genisco
Computers, International Memories,
Inc., Lear Siegler, MDB Systems,
MFE Corp., Monolithic Systems, PerkinElmer, Priam Corporation, Printronix,
Remex, Rianda Electronics, Tektronix.
For further information contact:
B. J. Johnson ei Associates, Inc.
2503 Eastbluff Drive, Suite #203
Newport Beach, California 92660 U.S.A.
(714) 644-6037
Telex: 678401 (TAB IRIN)
Interco

November 5, 1981

14 Petersham Road

November 12, 1981
November 17, 1981

Tel.: 01-948 3111

Richmond, Surrey TVV10 6UW England
Telex: 21120 (IBC 1196)

The Invitational Computer Conference International Series
206
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Here's an inexpensive way to give your existing
products aface lift.
Our new snap-in pushbuttons fit standard rocker switch mounting holes. And
they're available now, so you can use
them to enhance your panel design
without costly restamping or re-cutting
of the face panel.
These new pushbuttons are available
with all the circuits, terminations and

ratings found in our standard rocker switch line.
Actuators can be hot-stamped, illuminated or
color-coded to meet every need.
For more information, contact your
Cutler-Hammer salesman or switch distributor Or write for our new catalog of
commercial switches. Eaton Corporation, Commercial Controls Division,
4201 N. 27th St., Milwaukee, WI 53216.

Snap our new Cutler-Hammer
pushbutton into your plans.
The switch is easy.
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The new INMOS
16K static RAM.
The IMS1400 is the first product from a new leader in VLSI
technology, and its available now.
INMOS has combined the most advanced VLSI processing and
manufacturing technologies with a revolutionary approach to static
N-Channel MOS memory design. The result is the IMS1400: a 16K x 1
fully static RAM that offers the best combination of performance
and density available today.
The IMS1400 achieves chip enable access times of 55ns and cycle
times of 5Ons while consuming less than 120mA of active current
and 20mA of standby current from a single 5V ±10% power supply.
Naturally, its TTL compatible and is packaged in a 20 pin 300 mil
ceramic DIP with the industry standard pinout.
For more information on this new standard of NMOS memory
performance, the IMS1400, call or write today.

nrnos
P.O. Box 16000 •Colorado Springs, Colorado 80935 •(303) 630-4000 •Twx 910/920-4904
Burlington. Mass. (617) 273-5150 •Dayton, Ohio (513) 439-0988 •San Jose. Calif. (408) 298-1786
Whitefriars •Lewins Mead •Bristol BSI 2NP •ENGLAND •Phone 44 272 290 861 •TLX: 851-444723
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Measurement, Source
and Multiplexing
Solutions for Your
Systems
Requirements
Not all systems requirements are the
same. That's why Data Precision
offers you achoice of instruments
encompassing awide selection of
features, options and specifications.
All accomplished without those
burdensome customizing costs you're
so familiar with.

For additional information or a
demonstration contact Data
Precision:
(800) 343-8150,
(800) 892-0528 in Massachusetts

Measurement requirements can be
met with achoice of 41
2 and 5
/
2
/
1
digit multimeters with basic
accuracies of .007% and conversion
speeds from 21
/ measurements/sec.
2
up to 1000/sec. with full 51
/ digit
2
resolution. You can choose a
dedicated DVM or full function
instruments with multiple ratio
measurement. Programming can be
accomplished through BCD,
IEEE-488 or RS232 and resistance
measured with either 2or 4wire.
You can purchase only what you
need now and extend your
instrument's capability with field
installable options later.

Source requirements, both voltage
and current, can be met with our
programmable calibrator which will
generate adifferent voltage or
current level every millisecond
(including settling time). Accuracy is
lOppm for voltage and 100ppm for
current with outputs of ±100nV to
±100V and ±1µA to ±100mA.
Capability can be extended with
optional GPIB and ±1000V
amplifier.
Multiplexing requirements can be
addressed with our 8/16 channel
analog multiplexer with automatic,
remote, manual and slave scanning
modes at rates up to 10 channels/
sec. Range is 111V to 250V.

e

/

DL_ATA PRECISION

DIVISION OF ANALOGIC CORPORA770N

Data Precision Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923, (617) 246-1600, TELEX (0650) 921819.
Circle #210 for additonal information
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New products
$3,950 and the display can be split
into only four scrolling regions.
The 940, which has 16 programmable function keys, uses a I2-in.diagonal cathode-ray tube designed
with — state-of-the-art ergonomic
features to reduce the operator
fatigue
normally associated with vidLow-cost video terminal
eo terminals," says a company
separates independent regions spokesman. A combination of double-height and/or double-width
vertically and horizontally
characters is standard, to reduce
eyestrain. The full 128-character
A smart video display terminal from ASCII set is displayed using a 7-byTexas Instruments is capable of han- 9-dot-matrix font in a 9-by-I I-dot
dling a dozen independent scrolling cell to make room for character
regions at atime. Its ability to parti- descenders and underlines.
tion the screen into two vertical and
Separate fields may be defined
six horizontal sections allows opera- within each displayed region, a usetors to compare data easily and will
ful feature for data verification
improve data-entry productivity, the work. Fields may be defined to
firm says.
accept only numbers, only letters, or
The first in Ti's Opti 900 family, both; a mandatory entry command
the 940 carries a single-unit price requires the operator to complete the
tag of $1,895 in the U. S. This, Ti
field before proceeding. Fields may
believes, puts the company in a be further defined to automatically
price-performance leadership role in
tab and send data and also may be
this area of the market. End users, protected to prevent the operator
original-equipment manufacturers,
from altering data from the host.
and distributors all figure in Ti's
The 940 has an RS-232-C intermarketing plans: quantity discounts
face for asynchronous full- or halfare available. Hewlett-Packard Co. duplex communications at rates
offers similar features in its 2626A
from 110 to 19,200 b/s. It also has
display station, but the price is an output for a printer—it is cornComputers & peripherals

Terminal divides

screen two ways

patible with the firm's dot-matrix
Omni 800 impact printers and Silent
700 thermal printers. Two 256-character buffers are standard to prevent
data overflow.
Painless growth. There is room in
the 940 chassis for two more boards
for options such as extra memory;
1,920- and 5,760-character memory
cards are available. The 940's design
and its message-based operating system make it possible for new options
to be integrated easily, a key to the
development of the terminal family,
says Rod Canion, manager of terminal systems at TI. Other available
options are atiltable display mechanism, detachable nonglare filters
(neutral, amber, and green), an
international character set, and a
graphic character set for both the
keyboard and display.
Custom integrated circuits and
the use of gate arrays have reduced
the parts count on the chassis and
therefore the power and heat dissipated. Power is also conserved by an
automatic circuit that turns off the
screen if no key is pressed for 15
minutes. The display is reactivated if
a key is pressed or if the host sends
data to the terminal.
Deliveries of the 940 are scheduled for April.
Texas Instruments Inc., P. 0. Box 202145,
Dallas, Texas 75220. Phone (713) 373-1050
1361]

Panel-mounted thermal printer
includes control, interface
Unlike many stand-alone printers
used with microprocessor-based instrumentation systems, most of their
panel-mountable counterparts lack
built-in interface and control electronics and are only about 20 columns wide so as to save space. But
Datel Intersil has designed a lowcost 48-column panel-mounting
thermal printer that sits in an 8.4by-2.92 in. cutout and includes all
the necessary electronics.
The model APP-48 5-by-7dot—matrix printer is compatible
with most microcomputers or serial
ports that support RS-232-C or 20-
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service
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change your
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(609)

448-8110*
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*9 a.m.-4 p.m. EST
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mA current-loop outputs. Only two

are needed to connect it with
the optoisolated current-loop input,
and the data rate may be set at 110
to 9,600 b/s.
The APP-48 prints the full 96character upper- and lower-case
ASCII alphanumeric set and stores a
second 96-character set of special
figures and symbols in internal
memory. Both sets are accessed by
software control. The built-in microprocessor permits inverted-line printing so that the hard copy reads like a
page from a standard typewriter, in
addition to the standard instrumentation readout, wherein the first data
recorded by the instrument appears
at the bottom of the page.
The 6-lb printer includes a dualvoltage 115- and 230-v ac (47- and
440-Hz) power supply. It consumes a
maximum of 40 W while printing at
a rate of up to 72 lines per minute
and 12 W when idling. A 12-v dc
power supply can be substituted for
the ac unit at no extra cost.
The single-quantity price of the
APP-48 is $1,095; discounts for original-equipment manufacturers are
available. Delivery takes two to six
weeks.
wires

8-in. Winchester disk drive
stores 136 megabytes

Because of a totally new idea for
head positioning, the Ontrax Series 8
Winchester disk drive can locate 960
tracks per inch. The density gives it
the highest storage capacity available among mini-Winchesters: 136
megabytes. The leader was Fujitsu's
2312 at 84 megabytes.
The new positioner is a digital
actuator composed of nine concentric sleeves. These slide within each
other and can place a read/write
head in 512 discrete locations each 1
mil apart across the disk. By applying current to selected sleeves, any
one of the 512 positions can be
addressed with a binary number
between 1and 512. For example, to
move the actuator to position 11,
current is applied to the first, second,
and fourth sleeves—the binary number 1011. When the current is
removed, aspring returns the sleeve
to its rest position.
Three models are included in the
new Ontrax Series 8 family: the
model 136, which uses two positioners, five platters, and 16
Datel Intersil, 11 Cabot Blvd., Mansfield,
read/write heads to achieve 136Mass. 02048 Phone (617) 339-9341 [362]
megabyte capacity in 9,600 data
tracks; the model 68, which uses two
positioners, three platters, and eight
Bubble memory cassette
read/write heads for a 68-megabyte
capacity in 4,800 tracks; and the
stores 256-K of data
model 34, which uses one positioner,
A 256-K magnetic-bubble memory two platters, and four read/write
cassette from Fujitsu will be avail- heads for a34-megabyte capacity in
able off the shelf by the end of this 2,400 data tracks. Data rate is more
month for $462.50 per single unit. than 9.2 mb/s and data is recorded
The system consists of the detach- in an mfm format at 7,158 b/in.
able bubble memory cassette itself Each data formatter in the drive
(FBM-43CA), a cassette holder incorporates a 68000 microproces(FBM-4002) that includes a linear sor, a memory card containing data
circuit and sells for $212.50, and an buffering and processor instructions,
8-bit parallel controller board (FBC- astorage port interface, and acom404C38) that sells for $331.25 and munications port interface.
Final prices have not been set, but
interfaces the memory with the host
system's 8-bit bus. Alternatively, for in original-equipment quantities of
$358.75, the user can buy an RS-232 250, the model 136 will be priced at
about $4,000. A complete disk subinterface (FBC-404C3S).
system of the same model will go for
Fujitsu America Inc., Component Sales Diviaround $5,500.
sion, 910 Sherwood Drive-23, Lake Bluff. Ill.
60044. Phone George Neenox at (312) 295-

Ontrax Corp., 611 Vaqueros Ave., Sunny-

2610 [367]

vale, Calif. 94086 [363)
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RN "hybrid" DIP sockets give you GOLD
where it counts...TIN where you solder.
These RN solder tail DIP sockets are selectively gold plated in
the contact area for highest reliability and low contact resistance.
And the tin plated leads give you excellent solderability without
solder bath contamination.
RN offers what smart engineers want—GOLD PLATED reliability—without the gold surcharge.
RN "side-wipe" contact design assures high reliability for
the life of the socket. The gold cannot be degraded in use by the
rough edges of the IC lead. Only the flat, smooth side of the IC
lead meets the gold contact surface.
These cost-cutting GOLD "hybrid" contacts are available for
ALL regular RN DIP sockets — at very competitive prices —
without agold surcharge.

Selective GOLD
plating on
contact area—
without a
surcharge.

TIN plated
leads for
excellent
solderability.

Write Today for complete
specifications on these "Goldwithout-cost" DIP sockets.

.wnwArsizdv
moueArr,

800 East Eighth Street. New Albany, Indiana 47150
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Phone: (812)945-0211

TVVX: 810-540-4082

PMI Serves atjp
cfl New Data Conversion Plum Cake
The King of DACs Introduces DAC-206, 208, and 210

C PNII 19m)

"The Lion and the Unicorn were fighting for the crown:
The Lion beat the Unicorn all around the town.
Some gave them white bread, some gave them brown:
Some gave them plum-cake and drummed them out of town."

Linear Wonderland has been abloody battle'
with everyone fighting for the DAC Crown, ev
PMI introduced the first monolithic Digital-toConverter back in 1969. The battlefield has been
crowded, like the one Alice observed in Through the
Looking Glass, and the challengers have often been just
as ineffective.
"She thought that in all her life she had never
seen soldiers so uncertain on their feet: they
were always tripping over something or other
and whenever one went down, several more
always fell over him:'
What they are fighting for in Linear Wonderland is
PMI's DAC crown. Now —just when the Lion and the
Unicorn thought one of them was about to win it away
— PMI gives them something new to trip over: from the
original source of the world-famous DAC-08 comes the
complete 8-bit DAC-208, plus two more —the 6-bit
DAC-206 and the 10-bit DAC-210—to create a truly
monolithic new DAC family, with all components on
a single chip, including an internal reference and
output Amp.
Just look what's in our new Data Conversion PlumCake: the DAC-206 (a complete 6-bit D/A system); the
DAC-208 (8 bits plus Sign); and the DAC-210 (10 bits
plus Sign). All are the fastest in their class, with a
maximum of bts settling time and atypical of 1.5µs,
and after all, what most DAC users want is speed. All
have guaranteed monotonicity. And all are priced lower
than comparable hybrids and have no monolithic counterparts. And they offer the greater convenience and
reliability of PMI's famous monolithic construction,
plus our exclusive Sign-Magnitude Coding format, and
Triple Passivation, of course.

THE DAC-208 OFFERS THE SPEED OF THE
FASTEST HYBRID BUT AT MONOLITHIC PRICES

In Europe contact:
Precision Monolithics, Incorporated
do BOURNS AG
ZUGERSTRASSE 74, 6340 Baar, Switzerland
Phone: 042/33 33 33
Telex 78722

SAMPLE PMI's DAC PLUM CAKE

DAC-206

S1000

0 DAC-208

CI DAC-210

Mail to: Precision Monolithics, Inc., 1525 Comstock Avenue,
Santa Clara, CA 95050

DAC-3
< MN30
MN3014
I

100CNIN
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80
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Slow
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IPM1 DAC-208

l
60

or Precision Monolithics, Inc., do BOURNS AG
Zugerstrasse 74, 6340 Saar, Switzerland
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œ
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• = Lowest 0-70°C Grade
Hybrid
-- Monolithic

pS
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Precision Monolithics, Incorporated
1500 Space Park Drive
Santa Clara, California 95050
(408) 246-9222 TWX: 910-338-0528 Cable: MONO

Just fill in the coupon for the DAC ofyour choice and
we'll send you afree sample. How do we know you'll
like it enough to give them away? It's apiece of cake!

COMPLETE 8-BIT DACS

S1
100

For any data conversion application you have in
mind, there's now a PMI DAC to fit the bill at prices
ranging from $55 at the top of the line to $9.50 at the
lower end. They also come at all commercial and military temperature ranges, including 883B versions.
The chart shows comparisons and what we've been
talking about —nobody else's are really truly monolithic
like the DAC-206, 208 and 210—which are monolithicly complete with Op Amp and reference on the chip.
When Alice told the King she'd never seen such
fighting just for acrown, he told her, "The best of the
joke is, It's my crown all the while!" So the next time
the Lion and the Unicorn stop fighting long enough to
try serving you their plain brown data conversion
bread, tell them you prefer the King's DAC Plum-Cake
from PMI. Which DAC Plum-Cake would you prefer?
Take your choice on the coupon.
If someone beat you to the coupon, write to us. Or
circle #200 for literature.
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Let's talk about speech capability.
Voice synthesis products.
From Texas Instruments.
The bright promise of products that
think came closer to fulfillment in the
70s. The trend for the 80s is clear:
Products that "talk."
Whether it's appliances, automotive
consoles, transaction terminals, office
systems, telecommunications, robotics
or electronic toys and games, no other
area of technology will have more impact during this decade.
Speech synthesis technology — pioneered by TI — portends awhole new
generation of voice-prompting products. Products that will change the way
you live and learn and work.
So, if you're designing new products
with speech applications, talk to TI —
the only total capability supplier with
the experience and production-proven
know-how to assure you of reliable
speech products and services.

The TMS5200 single chip VSP produces high quality speech at avery low
data rate (1200 bps), easily interfacing
with 8and 16-bit microprocessors. The
on-chip FIFO buffer allows speech data
to be stored in either the host microprocessor system, or off-line on bubble
memory or floppy disk. Also, speech
data may be stored in acustom ROM,
such as the 128K-bit TMS6100. You can
use TI VSPs with TMS6100 Series
VSMs for storage of up to 3,000 words
of speech.

Let's talk technology
TI offers several methods of vocabulary
analysis, dependent on your volume,
versatility of application and voice
quality desired. TI's Linear Predictive
Coding (LPC) technique provides the
highest quality speech reproduction
because it's the only technique devised
that models itself after the human
vocal tract.
Define your vocabulary, consider
your volume requirements, cost and
development time, then talk to TI
about your application.

Let's talk products
Choose from the industry's broadest,
most cost-effective line of speech products. A growing line of integrated circuits, evaluation kits, OEM boards and
acapability for the design and development of complete custom modules incorporating microprocessors, display
and interface functions. A good example of our commitment to this technology: ROMs made especially for speech
applications.
TI's LSI Voice Synthesis processors
(VSP) and Voice Synthesis memories
(VSM) are in volume production, now.

'Solid State Speech Is atrademark
of Texas Instruments Incorporated

The TMS5100 single chip VSP produces high-quality speech at data rates
of 1200 bps and interfaces with 4-bit microprocessors. TMS5100 VSP directly
addresses up to 16 TMS6100 VS memories for up to 30 minutes of speech.
For evaluation of TI's voice synthesis
capabilities for 4, 8 and 16-bit microprocessors, complete speech evaluation
kits are available for TMS5100 and
TMS5200.
So, what are we talking about? We're
talking about quality, flexibility, cost/
performance effectiveness and right
now delivery — only from the voice
synthesis leader — only from Texas
Instruments.
There's more. We're also talking
about custom modules and boards.
Like the TM990/306 speech module
without standard vocabulary for applications using customer-specified
words and shipped without EPROMs,
allowing users to install Solid State
Speech* vocabularies developed specifically for their own applications.

For high-volume applications, userdeveloped vocabularies can be implemented on mask-programmed ROMs.
The benefits of the custom module
approach are both time and cost related. TI's experience in the design and
production of electronic modules means
quick cycle times, substantial savings,
and, of course, getting your product to
market faster.

Let's talk support
Like the development of production vocabularies at any of TI's Regional lbchnology Centers. Custom vocabularies
can be synthesized at the RTCs at low
cost with quick turnaround (so quick in
some cases that you can walk out the
door with your program) and delivered
on EPROMs for use with either TI's
TM990/306 speech board or TMS5000
Series VS processors.
And like tapping the resources of
TI's word library where natural sounding speech is pre-recorded and readily
available for specialized vocabularies.
And like an intensive one-day RTC
seminar covering TI's Solid State
Speech technology and its applications,
including acoustics, phonetics, waveform analysis and LPC. Systems architectures as well as hardware and software design techniques and a
demonstration of several speech products round out the day.
And like the Design Service assistance rendered by the RTCs for the
application of cost-effective, state-ofthe-art technologies to your specific
product and program needs.

Let's talk now
About a total systems solution capability for voice synthesis technology.
About low-cost, high-quality, quick
turnaround Solid State Speech applications for your products.
Talk to your nearest TI field sales
office, or write to Texas
o
Instruments Incorporated, P.O. Box 225012,
M/S 308, Dallas, Texas
75265.

TEXAS I
NSTRUMENTS
INCORPORATED

85904
1981 Texas Instruments Incorporated
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Test #1: You are aguard in
efortress and have the duty of visiting all seven towers starting with
the middle tower. You may leave the tower by either doorway and return through the other. If you visit
all seven towers only once, never using the same path twice, what is the only course you can take?

WE'D LIKE TO TEST
YOUR CIRCUITS.
We devised afiendish little labyrinth to test your mental circuits. If it points out a
better way to test your printed circuits, so much the better.
It occurred to us that choosing an
automatic test system is alot like working your way through alabyrinth.
One system looks pretty much like
any other, in the same way one path
looks just like another. And, unless you
know the difference between products,
you don't know which way to go.
Some major differences
between aGenRad system
and all others.
At GenRad we genuinely believe
our systems can test your printed circuit boards more efficiently than any
other system. The reason? A GenRad
system is significantly different from
other systems.
Take software, for example. VVe
made sure ours was well defined and
well integrated with the hardware from
day one. And we continue to update it.
(Nine major enhancements in as many
years, actually). The result? Systems
we sold nine years ago are still testing
today's board designs. Can anybody
else say that?
Another key difference is programming support. We have 8Regional
System Centers worldwide, where you'll
find as many as 10 complete GenRad
test systems in operation—with
20 or more of our people ready
to develop test programs for you.
No one else can provide you with
programming support like that.
And consider our credentials.
GenRad has been aleader in
testing for 65 years. And our sales
are now over $150 million. But
perhaps the best testimony to our
commitment to our customers is
the fact that we have more board
testers in use worldwide than
anybody elsé.
Some specific product
differences to get you moving
in the right direction.
GenRad makes both functional and
in-circuit testers. A lot of our customers
use both advantageously. No matter
which you choose, what's important
is how long it takes to do atest program.
And how much help the system gives
you automatically.

The advantages of aGenRad
functional system.
When it comes to functional
testers our systems give you plenty of
help. A good-sized library of functionally
modelled IC's, for example, can save a
lot of time in developing atest program.
We just happen to have the largest library
in the business. Over 2000 SSI and MSI
devices and over 100 LSI devices.
Also an accurate simulator can
keep you from going down alot of blind
alleys while working on atest program.
So does the ability to prepare programs
incrementally and do nodal verification.
You'll find all of these things on a
GenRad functional tester. But not on
anybody else's.

The GenRad 1795 Functional Test System

The GenRad 2270 In-Circuit Test System

When it comes to troubleshooting,
isolating faults directly to asingle IC
can be atremendous timesaver. Our
special beyond-the-node software
linked to adiagnostic resolution module lets you do just that.
The advantages of aGenRad
in-circuit system.
You want pretty much the same
things in an in-circuit system that you
want from afunctional system—simple

program prep and comprehensive
diagnostics to maximize throughput.
Look for atest system that does more
than dump out arough first pass of a
test program.
Look for one with software so automatic you get aprogram that's almost
ready to run as is.
In that regard, you're going to be
interested in these exclusive GenRad
features: Automatic Bus Disable which
frees the programmer from having to
manually write alot of extra tests in
order to isolate the IC under test from
the effects of other ICs on the bus; feedback squelch to automatically deal
with troublesome spikes; and memory
behind each pin to allow patterns to
be applied and sensed in parallel. Go
ahead and check out other systems,
but you won't find these exclusive features on any of them.
One final thing to keep in mind. If
you're going to design with two kinds
of logic (and who isn't today?) your
tester ought to be capable of testing
two logic families simultaneously, right?
Both our in-circuit and functional
testers can.

The logical conclusion.
And an offer that's hard to
pass up.
If you've followed us this far,
it ought to be pretty clear whose
system can do the best job of test•Imh ing your printed circuits. Now
how about awall-size version of
our labyrinth to show the world
your mental circuits check out
okay, too? We'll send you agiant
poster if you drop us anote on
your letterhead. And, by the way,
if you'd like to know more about a
GenRad System, the best course of
action is to call us.
How about right now?
You can reach us at 300 Baker
Avenue, Concord, Massachusetts
01742. Telephone: (617) 369-4400.

GenRad

THE BEST IN TEST
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Instruments

Data recorder
sets own speed
Data rate and tape speed of
high-density instrumentation
recorder adapt to application
The trend toward digital instrumentation systems is exciting a need for
temporary or archival storage in the
form of high-density digital tape
recorders. These recorders are finding their way into a wide variety of
applications, each of which may
require different data rates and, consequently, additional expense in tailoring the recording system to suit
the application. To satisfy these
widely varying needs, engineers at
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Honeywell Inc.'s Test Instruments
division in Denver have developed a
high-density digital magnetic-tape
recorder that can be readily programmed to match different data
rates and packing densities without
system recalibration.
To date, "manufacturers have
designed high-density digital recorders to the unique requirements of a
particular application," states
Charles A. Castle, senior specialist
at the Honeywell division. If an
application is changed, "the recorder
must be changed also, and it usually
takes a minimum of hours—even
days—to recalibrate and reconfigure. Redesign is often necessary."
Time saver. The HD-96 has builtin electronics that computes and sets
optimum tape speed. This "eliminates the set-up time and cost usually required to handle the different
data rates" of, for example, satellite
image signals and radar signal analysis, Castle states.
In essence, the standard HD-96 is
fully automatic (without recalibration) over a 128:1 speed range, or
1.875 to 240 in./s. It has a total
serial throughput rate of 26 kb/s to
160 mb/s and parallel data rates to
186 Mb/s. Higher rates are available
in custom configurations. Specially
designed pulse-code-modulation
electronics are included for either
serial or parallel input/output operation. Modular construction permits
the number of active channels to be
adjusted, from 4 to 28 tracks, to
meet the aggregate bit rate needed
for aparticular application.
To reinitialize the HD-96 for new
requirements, the operator manipulates the front panel and associated
clock-frequency synthesizer to program bit rate and packing density in
a matter of seconds. The recorder
then computes, displays, and runs at
the optimum tape speed for the new
conditions.
The technical breakthrough in this
proprietary design is the "automatic
equalization" of the reproduction
electronics after initial setup, Castle
says. It is done by a"unique" digital
reproduction amplifier and bit
synchronizer, which replace the traditional binary equalizer and phase-

locked-loop bit synchronizer. The
design avoids the constraints of the
binary tape speed steps in traditional
instrumentation recorders by providing not just the discrete IRIG speeds
but any in-between speeds to within
0.1%. Thus the HD-96 can run at
the ideal tape speed for recording or
reproduction.
Of equal significance is the HD96's use of a recently developed, yet
proven, multitrack error-detection
and -correction system [Electronics,
June 19, 1980, p. 46]. According to
Castle, the system "offers bit error
rate improvements over raw uncorrected performance by two to three
orders of magnitude." The system
minimizes the effects of signal dropouts that are the result of flaws in
the magnetic tape and other error
sources. The data quality is monitored by a bank of three lightemitting diodes for each active digital channel. These indicate apossible
error in the reproduced data (data
loss), the loss of frame synchronization (sync loss), or a parity error
(error).
Among other features of the HD96 is remote control of the tape
transport, the digital data rate, and
per-track density—there is a standard remote-control connector on
the yo panel. Additionally, up to
four auxiliary analog channels are
available for recording time codes,
voice, low-rate pulse-code-modulated data, or similar editing or processing functions.
Prices for the HD-96 range from
about $65,000 for a minimum-configuration 14-channel system with
error detection and correction.
Availability is immediate.
Honeywell Test Instruments Division, P. O.
Box 5227, Denver, Colo., 80217. [351]

31
2 -digit panel meter
/
consumes only 17.5 mW
Although the DM-LX3 31
/
2-digit,
single-board panel meter has an
extra-large, 0.75-in.-high liquidcrystal display, it consumes only
17.5 mw (+5 v at 3.5 mA) because
it uses low-power complementary-
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DDC's MIL-STDerror rate of the sys1553 Transformer,
1553 Data Bus to Subsystem Bus
tem. DDC's Model
Transceiver and
BUS-8937 ManManchester II Converter hychester II Converter offers
brid circuits provide uniqu
encoding/decoding, serial/
design solutions to the vital
parallel and parallel/serial
link between the 1553 Serial
conversion, address decodData Bus and the Subsystem
MANCHESTER II
ing and recognition plus
CONVERTER
Parallel Bus. Model BUStri -state double buffered
8553 Transceiver features
output latches. For complete
TRANSCEIVER
very low power dissipation
details on how DDC can take
and improved filtering on
you from bus to bus call or
the receiver to enhance bit
write today.

to
ILC DATA DEVICE CORPORATION
EXECUTIVE OFFICES: ILC Data Device Corporation, Dept. K-7,105 Wilbur Place, Bohemia, NY 11716, (516) 567-5600,TWX: 510-228-7324
LOS ANGELES: ILC Data Device Corporation, Dept. K-7, 7337 Greenbush Avenue, No. Hollywood, CA 91605. (213) 982-8454, TWX: 910-499 •2674
DALLAS: ILC Data Device Corporation Dept. K-7,415 East Airport Freeway, Suite 490, Irving.TX 75062, (214) 252-7624,TWX: 910-860-5902
LONDON: DDC United Kingdom Ltd., Dept. K-7, 128 High Street, Hungertord, Berkshire, RG17 ODL. England 04886-2141/2142. TLX: 851-848826
PARIS: DDC Electronique. Dept. K-7,4 Rue de lAbreuvoir. 92400 Courbevoie. France. (1) 333-5888.TU(: 842-630609
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NOW, THE BOOK
The editorial edition of
Electronics' 50th Anniversary
issue of April 1Z 1980

AN AGE OF
INNOVATION
The World of Electronics
1930-2000
by the Editors of Electronics
Beautifully casebound and
jacketed for your permanent
pleasure.
300 illustrations, many in full
color. 274 pages, $18.50
The most exhilarating, comprehensible look at past and future
developments in electronics
that has ever been published.
Painstakingly researched and
written, AN AGE OF INNOVATION gives you an unforgettable
overview of electronics. Everything from the individuals
whose foresight and daring led
to the great advances ... to the
origin of specific technological
breakthroughs you use in your
own work and home ...to the
challenges and discoveries we
will face tomorrow.
Order today!

I
—
Electronics

Magazine Books
P.O. Box 669
Hightstown, NJ 08520
Ter. (609) 448-1700, ext. 5494

P'àkg— I
â
•a
II 4 11 I

Please send me
copies of AN AGE
OF INNOVATION @ $18.50

Name
Company
Address
City/state/zip
McGraw-Hill pays regular shipping and
handling on pre-paid orders. Ten-day
money-back guarantee on all books.
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New products

mos circuitry. The meter can operate continuously for several months
on a single set of four AA alkaline
batteries. The DM-LX3 has a narrow profile, being only 0.56 in. deep,
so it can be mounted in control panels or instruments with little available space.
The meter displays the 31
/ digits
2
(± 1.999 y dc. nominal input range)
with an accuracy of ± 1least significant digit. It requires an external
+ 5-v power supply, but the — 5 v
that is required to run the meter's
input circuitry is generated by its
own dc-dc converter. The instrument
sells for $57.50 in single quantities
but substantial discounts are available to original-equipment manufacturers. Delivery is from stock to
three weeks.
Date)

Intersil,

11

Cabot

Blvd.,

Mansfield,

Mass. 02048. Phone (617) 339-9341 [353]

Data logger lets user set
own engineering units
Any physical parameter that can be
represented by a proportional voltage or current may be measured by
the Fluke model 2240C data logger,

for it has 30 mx+b functions with
which the user can convert transducer input scales into their proper engineering units. Moreover, the twocolor printer can provide awide variety of engineering-unit notations.
The user has a choice of 11 thermocouple or resistance-temperaturedetector linearizations, and a highperformance analog-to-digital converter ensures long-term accuracy.
The control panel clearly differentiates the programming area from the
operational area, and, once programmed, all front-panel functions
can be locked out to prevent unauthorized alterations.
The instrument can scan up to 15
channels per second with a0.1 ° resolution. It is remotely programmable
via RS-232-C or IEEE-488 interfaces. Prices start at $5,790 for a
typical system.
John Fluke Manufacturing Co.,

P. O.

Box

43210, Mountlake Terrace, Wash. 98043.
Phone (206) 774-2211 [354]

Fm radio test set for
vhf/uhf range weighs 26 lb
Although one of the lightest portable
fm radio test sets, the CE -3 IA contains all the test instruments needed
to check the operation of an fm radio
transmitter or receiver in the very
and ultrahigh-frequency range of 25
to 999.9999 MHz. The radio-frequency signal generator section can
check receiver sensitivity from 0.1
of to 10 mv. The frequency-modulation measurement section can
check a transmitter output frequency for accuracy and determine the
output modulation's deviation or
phase angle. The unit has ademodulated signal output that can be used
to drive an oscilloscope and thus to
visually check modulation waveforms for distortion and accuracy.
The 26-lb instrument sells for
$4,995. Available options include a
subaudible tone generator to open
receiver squelch circuits and the
capability of using an internal battery and external +12-v dc power.
Cushman Electronics Inc., 2450 N. First St.,
San Jose, Calif. 95131. [356]

ELT
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Introducing aBreakthrough in CMOS Tecluudogy.

rHUGHES
er4UGHES

AIRCRAFT

COMPANY

Solid State Products
500 Superior Avenue
Newport Beach, CA 92663
(800) 854-3515 or
(714) 759-2942

In Europe
Hughes Microelectronics Ltd.
Clive House
12-18 Queens Road
Weybridge. Surrey KT 139XD
England
telephone 932-47262

The HNVM 3008 EEPROM Offers the
Advantages of:
Li Non-Volatile Data Retention (10 years
without power)
E; High Number of Reprogramming Cycles
(100,000 times)

tion for a multitude of new applications.
Also available now is the HNVM 3004. a4.096
bit EEPROM (512x8) for those requiring smaller
devices. These exciting new products are part of
a planned family of high technology non-volatile
devices.

Fast Electrical Programming
. Low Power CMOS Performance

For the HNVM 3008 or HNVM 3004 Data Sheets
call or write: Hughes Solid State Products.

The HNVM 3008 is an 8,192 bit Electrically
Erasable and Electrically Programmable Read
Only Memory (EEPROM) organized in a 1024 x8
configuration. It has the unique combination of
low power good access time, multiple erase and
reprogram cycles and long retention time.

Size:
Type:
Voltages

In addition, it operates in a wide temperature
range and erases electrically in a very short time
(no waiting for factory mask turnaround or ultraviolet light erasure).
The HNVM 3008 operates as a regular ROM with
the power supply at 5V. Erasing and programming
is accomplished in or out of the circuit when the
input supply voltage is 17 volts. This characteristic
allows the EEPROM to replace ROM or EPROM
and provides non-volatile data updating and reten-

Power Dissipation
Operating Range:
Access Time:
Endurance (No of
Erase. Reprogram Cycles)
Data Retention:
Data Erase Time:
Entire ROM Program Time

8.192 Bits
ELECTRICALLY
ERASABLE Electrically
Programmable
Read
5V only
Erase, Program
17V
only
5mW Operating 05 W
Standby
55 C to '125 C
500 nsec
100,000
10 years at 100 C
100 µsec
0.1 sec
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Gordos industrial controls
the way they are applied
Gordos experience
in industrial controls:
I/O Systems, SSRs

If one of our industrial
controls products can pass
the tests we put it through
before it leaves the plant, you
can count on it to perform in
the field. In fact, across our
entire SSR line, the average
field return rate is less
than 0.5% -- well below the
industry average. Here's why.

and Reed Relays
Gordos I/O Systems provide
the mechanical and electrical
interface to minimize your
efforts in assembling an
efficient, workable control
system. With acompany-wide
emphasis on industrial
controls, Gordos product
development engineers
know precisely where
problems arise in actual field
use. We've learned how to
design in safeguards and
what to test for.
Two of the toughest
tests in the industry
We were one of the first
manufacturers to offer 100°o
testing for immunity to
electromagnetic

interference (EMI), aproblem
frequently encountered in
electromechanical
environments. This test
insures products which are
highly immune to false
triggering by EMI.
Perhaps the toughest test in
field use comes when arelay
is required to switch ahighly
inductive load. To meet this

Other tests
Depending on your
application, you may decide
that additional testing is
advisable on a 100% or
partial basis. High
temperature leakage tests,
thermal shock tests, full
environmental simulation,
and life test data are all
available.
Unbiased
applications assistance

challenge, each Gordos relay
is individually tested to insure
maximum field reliability.

Gordos manufactures both
reed and optically coupled
industrial controls devices.
Since we supply afull line,
our primary interest is to
provide you with the right
product — on time and at the
right price. For instance, if
EMI presents aproblem in
your application, areed
coupled device may be the

products are tested in-house
Ii the field.
best solution. If switching
speed is of the essence,
optical coupling may
be required.

high reliability and
cost/performance
advantages of thick film
hybrid construction. In
industrial environments, thick
film affords superior thermal
properties, noise immunity,
and superior resistance to
shock and vibration.

VDE compliance
To assist you in building and
marketing industrial controls
systems for Europe, Gordos
was the first manufacturer to
produce SSRs and I/0 s
which conform to VDE
specifications.

Thick film
construction for
harsh environments
Gordos was the first
SSR manufacturer to offer
certain models with the

Distributor network
When one of our standard
models will suffice, take
advantage of immediate
availability from your nearby
Gordos Distributor.

rNAME

TITLE

COMPANY
ADDRESS
CITY/STATE/ZIP
PHONE (
MY APPLICATION IS
CHECK FOR BROCHURES DESIRED AMI MAL TO APPIRDPRIATE ADDRESS:
REED RELAYS
[) DRY AND WET SWITCHES
250 GLEN WOOD AVENUE
BLOOMFIELD, NJ 07003 USA
TWX 710 994-4787

L_
Quick-Response
Coupon and
Toll-Free Hotlines
Fill out the coupon, or simply
attach your letterhead or
business card and mail to the
appropriate address. Or use
our Toll-Free Hotlines for
applications and ordering
assistance.

El REED COUPLED
AND ALL SOLID STATE SSRs
ri I/0 SYSTEMS VDE SPEC SSRs
1000 N SECOND STREET
ROGERS, AR 72756 USA
TWX 910 720-7998

H

CALL TOLL-FREE
Reed Relays
Dry and Wet Switches:

1-800-526-1392
In New Jersey 201 743-6800
SSRs and I/O Systems:

1-800-643-3500

In Arkansas 501 636-5000
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Signetics' Upgraded Product Reliability cuts
the cost of board reworks and field repairs.

-4eftc71::es..
•11,

•

Eprin puts the
board costs.
The difference between afaulty IC and agood
one is more than just the cost of the part. Board
reworks, field failures, and inventory floats
make up the hidden penalty OEMs often pay for
unproven devices.
Signetics changes all that with SUPR JIB.
It's our exclusive burn-in/test process. And we
do it right on our manufacturing line. By
pushing ICs to their limits, we accelerate
failures without degrading device quality.
Your reward is tighter AQLs. Fewer incoming
tests—and infrequent service calls. So you'll
save money and enhance your reputation for
reliable systems. The bottom line is more profits
for you.
SUPR JIB is available to you with a wide
variety of Signetics products in addition to our
standard quality assurance test methods.
STANDARD

SUPR IIA

As a leading supplier to the Military/Aerospace market, we're well acquainted with the
importance of tight specs and high reliability.
Even our off-the-shelf logic ICs pack lower
AQLs than the industry standard.
Count on fast delivery, too. Since SUPR IIB
is part of the process flow, we beat independent
test lab turnaround. Handily. To top it off, we
don't charge for those ICs that fail burn-in. You
pay only for the winners.
Get the full story today in our new, free SUPR
II brochure. Write us. Or contact your nearby
Signetics sales office or distributor.
Signetics Corporation, 811 East Argues
Avenue, P.O. Box 409, Sunnyvale, CA 94086.
(408) 739-7700.

signuties

SUPR IIB

COST

asubsidiary of U.S. Philips Corporation

SAVINGS

Multiple Technologies from 8Divisions:
Analog, Bipolar Memory, Bipolar LSI,
MOS Memory, MOS Microprocessor,
Logic, Military, AutomotiyerTelecom

COST
SAVINGS

INVENTORY
REPLACEMENT -)
INCOMING
TEST

-4

To: Signetics Information Services, 811 E. Argues Ave.,
P.O. Box 409, Sunnyvale CA 94086
0 Yes, please rush my copy of your new 8-page SUPR II
brochure.
Name

Title

Company

Division

Address

MS

City

State

Zip

Ell My need is urgent. Please call me at
I

I
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GENRAD ANNOUNI
This is the VLSI test system designers and test engineers have
been anxiously awaiting. The VLSI
test system that makes every
other product on the market today
look antiquated by comparison.
The VLSI test system that's going
to change forever the way VLSI
testing is done.
This is the GenRad GR16.
A VLSI device tester that
will define the state-of-the-art
for years to come.
The GR16 starts out where other
testers leave off. It can test VLSI
micropro4
Fin
cessors,
FUTURE
360
Pule
micro-com3C
p.
puters and
support chips.
IR
VLSI RAM's,
P
ROM's,
12E
PROM's and
60
EPROM's.
20100,
30
—
Even VLSI
- GonRod Sn oystoms
devices with
1:=1 maw dorolopoolof by eh."
Inclicatos Wool of current oyotoms
level sensitive scan. And awide variety of
custom devices.
It's as productive in production tests as it is in engineering
characterization. And, here's the
amazing news: the GR16 can
routinely take on devices up to 144
pins at test rates of up to 40 MHz.
With alevel resolution of 14 bits
and timing accuracy of less than a
nanosecond.
The GR16 has parallel test
capability. It has honest-to-goodness auto cal. It uses PASCAL.
And there's host computer
networking capability, too.
.,

i•

A company that's been aleader
in testing for
65 years.
Before we go
any further,
though, you
may be interested to know
First signal generator.
the character of the company
behind this new machine. This is
228

GenRad we're
talking about.
The people
who pioneered
the first standard signal
generator. The
first megohm
bridge. The
first electronic
stroboscope. The
first commercial
computer-based
logic board
test system.
A world-wide
company with
sales of over $150
million and with
more levels of
support (even
regional centers)
than anyone else in
the industry. A company
that is the acknowledged
technology leader in printed
circuit board testing with more
functional test systems installed
than any other company.
An elite design group.
Who designed the GR16? An elite
group of ATE experts with acarte
blanche to explore the very limits
of VLSI testing. A team that is,
today, the very best in VLSI testing and, who are, according to the
degree of your interest and
your ability to buy, available to you for advanced
planning and analysis of
your VLSI device testing
requirements as they apply
to automatic test systems.
Perhaps you should make a
note to call them.
A "start-from-scratch"
attitude yields atotally
new design.
"The design," you're saying.
"Get to the design."
O.K. The GR16 is atotally
new design based on dual bus
architecture. The advantages?

The GR16.
A product so
new it's years
ahead of its time.

There are several. Like atest rate
of 40 MHz, which, combined with
a2MHz instruction rate, means
incredibly high throughput. Plus
field-expandable pin count to help
make sure the GR16 meets your
needs for the future.
As you might expect, with all
these features the GR16 has an

extraordinary capacity for speeding up your time to market and
cutting your cost to test VLSI
devices.
Electronics/February 24, 1981

TESTING.
A measure of our
produces asummary
acceptance.
report of calibration
We should also menvalues and limits. Any
tion in passing that
time you want. It also
the response to our
has abuilt-in transfer
first VLSI test system
standard for voltage/
has been fantastic. It
current calibration.
even
surprised us.
A word about
Some
very large
software seems apcompanies, here and
propriate here. The
abroad, have been
software is based on
inquiring about our
industry standards,
product (despite the
so it's proven and easy
fact we've tried to
to use. The operating
keep it as quiet as
system is unmodified
possible). And we're
RSX-11M from DEC
pleased to say we've
er
including
already sold our very
file manGR16 's four main hardware segments.
first system.
agement,
memory management
A chance for you to see for
and utilities. There's auser
yourself.
interface operating system.
By now you're probably wishing
And our test language is
you could see the revolutionary
PASCAL; highly-structured, GR16 in action. You can. We've
A brief look at some test
self-documenting
created aspecial videofeatures our competition
and becomtape presentation
won't have for years.
ing auniverof the GR16 to
The GR16 is atwo-head system
sal test lanshow to prime
with parallel test capability. That
guage. The user
prospects. If
means you can run aparametric
interface is menu
you'd like your
test on head #1 and, simultanedriven so you get direcown private
ously, run either aparametric or
tion and guidance all
screening, just
functional test on head #2. As you
along the way.
ask.
can imagine, dual heads operating
And, for people
After all,
in parallel can increase throughput
who want networking,
isn't that just the
by up to 100%.
there's GRnet:" which
kind of advanced idea
The timing control unit has
uses very high speed data
you'd expect from the com16 phase generators, each of which
links to GenRad's host computers,
pany that's the best in test?
has 16 values, selectable in real
to distribute the computing tasks
time. 125 Ps resolution, high stabiland maximize throughput.
ity, and autocalibration provide
THE BEST IN TEST
sub-nanosecond timing precision.
And the GR16 allows you to switch,
If you're really eager for ascreening or more information, give us a
on-the-fly, between algorithmic
call at (408) 946-6960. Ask for Jim Healy. Or send this coupon to:
and functional test patterns and all
GenRad STI, 510 Cottonwood Drive, Milpitas, CA 95035.
input, output pin states. In addiCI I'd like a"private screening" of your videotape.
tion, all pins are truly universal
D Send me more information.
with complete access to timing
Send asales representative.
and test pattern resources which
lets you test the most complex
Name
Title_
VLSI components.
Company
Telephone_
And the GR16 has true auto
Address
cal. With aprogram that automatiZip
LC
.ity
State
cally calibrates the system and

GenRad
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New products
anteed to have no missing codes over
the entire range, it is rated at ± 1
2
/
LSB maximum linearity error at
25°C. Its maximum unadjusted absolute accuracy error of ±0.3% of
full scale makes it one of the most
accurate 12-bit units for the military
temperature range. Maximum offset
12-bit a-d converter holds
drift is a mere ± 5 ppmfC, and
maximum gain drift is 20 ppm/°C.
linearity error to ± 1LSB
Housed in a 32-pin hermetically
from — 55 ° to + 125 °C
sealed case with dual in-line dimensions (pin rows are 0.9 in. apart), it
Of the many 12-bit hybrid analog- is pin-compatible with the industryto-digital converters specified as mil- standard ADC85 a-d converter. It
itary grade, few if any are in fact has a 10-gs maximum conversion
specified to operate over the entire time and an internal clock and is
military operating-temperature available with serial and parallel
range of — 55 to +125°C. For those outputs. Its five user-selectable input
that do operate over the full range, ranges (0 to 5, 0 to 10, ± 2.5, ±5,
maximum linearity error may not be and ± 10 NO make it truly versatile.
Other specifications at 25°C inclearly specified for that full range,
and external adjustments may be clude maximum unipolar and biporequired to maintain rated linearity lar zero offset error of ±0.5% of full
error levels at widely different tem- scale and maximum gain error of
±0.1%. Power consumption during
peratures.
The MNADC87-H successive - operation from ± 15 and +5-v supapproximation hybrid a-d converter plies is 1,400 milliwatts.
Available with a short-cycle pin
is specified to operate with a ± 1
and
optional high-impedance-input
least-significant-bit maximum linearity error from — 55° to +125 °C, buffer and offset and gain adjustments, the a-d converter can be purwith no external adjustment. Guar-

Data acquisition

Hybrid is linear

over temperature

The DT5722 module grew out of a
requirement of an array-processor
firm, Floating Point Systems Inc.,
whose systems could handle large
amounts of data rapidly, but which
had found too few data-acquisition
Data acquisition module has
systems capable of supplying enough
input to keep them busy.
overlapped functions to keep
The block diagram of the 5722 is
multiplexed operation fast
standard enough. At its input is a
multiplexer. This is followed by an
instrumentation amplifier (with proHigh-speed simulation and industrial-control applications often run up grammable gain an option), a highagainst the limits of their data- speed sample-and-hold network, a
fast 12-bit analog-to-digital convertacquisition systems, especially when
the number of parameters being er, logic for timing and control, and
monitored is large. The DT5722 three-state buffers at the module's
high-speed data-acquisition module output.
Data Translation engineers assemcan access up to 8differential or 16
single-ended inputs, performing 12- bled the blocks so as to achieve maximum speed and designed the control
bit analog-to-digital conversion at an
logic so that the operation of the
accuracy within ±0.03% at throughsuccessive blocks in the 5722 could
puts of up to 250 kHz in its multichannel mode and as rapidly as 300 overlap in time—in other words, be
pipelined.
kHz when locked to asingle channel.

System module

pipelines chores

230

chased fully screened to MI L-STD883 method 5008. An industrial
grade model MNADC87 is also
available to operate over the — 25° to
+85°C temperature range. The rricompatible converter features complementary straight binary unipolar
and complementary offset binary
and 2's complement bipolar output
codings. Input impedance levels are
1, 2, and 4 k9 for the 5-, 10-, and
20-v full-scale ranges.
In lots of 100 units, the
MNADC87-H is priced at $187.
The industrial-grade MNADC87 is
priced at $99. Both are available
from stock.
Micro Networks, adivision of Unitrode Corp.,
324 Clark St.,

Worcester,

Mass.

01606.

(617) 852-54001381]

The multiplexer needs 2.5 µS to
acquire a channel (4 is in the programmed-gain version), and this is
the gating specification affecting
throughput. Pipelining allows the
output buffers to dump data onto a
computer bus while the converter is
digitizing a sample and while the
sample-and-hold net is acquiring
more data for the next round. Thus,
while the unit's single-channel
throughput is 300 kHz, it drops only
to 250 kHz in multiplexed operation.
Adding digitally programmable gain
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Long the recognized leader in quality open-frame linears,
Power-One is now setting the pace in switching power supplies.
Our fast growing line of efficient high-performance switchers
offer acombination of features not found in others at these low
prices. Features such as fully regulated outputs, 115/230 VAC
input capabilities, superior hold-up time, and totally enclosed
packaging for enhanced safety. Additionally, these models
incorporate many other innovative ideas that set our switchers
apart... while reflecting the same simplicity
of design that has kept our open-frame lin ears the most cost-effective in the industry.

Power-One facilities, and under tough Power-One quality
control standards. Adding up to total dependability at typical
Power-One low prices.
So check us out. See why we're leading the way again. This
time in switchers.
Send for our new '81 Catalog. Better yet, contact your local
Powe--One representative for immediate action.
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Best of all, Power-One switchers are 100%
American built by Power-One personnel, at

VOLTS
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*4

MODEL

5V

40A

SK5-40

12V

16.8A

SK12-16.8

5V, 12V,

3.5A

15V, or 24V.
USER
SELECTABLE

15V

13.4A

SK15-13.4

SIZE: 2"1-1 X 4.88"W X 14"L

24V

8.4A

SK24-8.4

28V

7.2A

SK28-7 2

MAX OUTPUT POWER: 150 WATTS
CONTINUOUS, SUM OF ALL OUTPUTS

SIZE: 2"H X 4.88" W X 13"L

150 WATTS -4 OUTPUTS
THE UNIVERSAL SHQ-150W
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MODEL

VOLTS

AMPS

5V

10A

SD5-10

5V

20A

SF5-20

12V

4.2A

SD12-4.2

12V

8.4A

SF12-8.4

MODEL

15V

3.4A

SD15-3.4

15V

6.7A

SF15-6.7

24V

2.1A

SD24-2.1

24V

4.2A

SF24-4.2

28V

1.8A

SD28-1.8

28V

3.6A

SF28-3.6

SIZE 2"H X 4.88"W X 6.25"L

SIZE: 2"H X 4.88"W X 10"L
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FREE! NEW 1981 CATALOG AND POWER-ONE TOUR GUIDE
SEE EEM OR GOLDBOOK FOR OUR COMPLETE PRODUCT LISTING
AND LOCATION OF YOUR NEAREST POWER-ONE REPRESENTATIVE.

Power-one se Power

SUPPLIES

POWER-ONE INC. • POWER ONE DRIVE • CAMARILLO, CA 93010
PHONE: (805) 484-2806 • (805) 987-3891 •TVJX: 910-336-1297
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New products
also costs some time, but again, relatively little, with throughput falling
only to 200 kHz.
The access time of the sampleand-hold net is 1e and its aperture
delay only 20 ns; analog-to-digital
conversion time is 2.5 µs, and the
three-state buffers are said to be fast
enough to use almost the full datacarrying capacity of Q-bus— itself
capable of handling about 500 kilowords per second.
The 5722 is intended for highlevel inputs: 0 to + 10, ± 10, or ± 5
V. Differential linearity and quantization error both are ± 1
/ least sig2
nificant bit. Channel-to-channel input voltage error is ± 100 µv. Input
bias current is amaximum of 20 mA.
Sample-and-hold feedthrough, interchannel crosstalk, and commonmode rejection ratio all are rated at
—80 dB. Linearity changes with
temperature at only ± 3ppm/°C.
The mechanical and electrical
requirements of the 5722 closely
parallel those of earlier Data Translation modules. Its external dimensions, metal-shielded packaging, and
pinout configuration are exactly the
same as in earlier modules. Length
and width are 4.6 and 3.0 in., and
thickness is 0.375 in. maximum.
The DT5722 requires positive and
negative 15-v supplies at a maximum of 140 mA and a + 5-v supply
at 300 mA, all ± 5%. Input impedance of the device is 100 WI shunted
by 10 pF in the off mode and by 50
pF in the on mode.
Expander. Company spokesmen
expect the DT5722's most popular
option to be amultiplexing expander
module that would bring the total
number of channels accessed to 32
differential or 64 single-ended inputs. No price or model number has
been designated for this option, but
the firm says it is coming soon.
Though introduced as a module,
the 5722 will probably find its way
into the company's line of boardlevel products soon. The module systems must be ordered with the
desired type of input specified (single-ended or differential), in contrast
with some other Data Translation
systems for which such features are
user controllable.
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scale range in 500 ns (700 ns maximum). Called a track-and-hold amplifier by the manufacturer because
it stays in the sample mode almost
continuously until made to hold, the
device has a sample-to-hold settling time of I
50 ns to ±0.005% of
the full-scale range. A maximum
Data Translation Inc., 100 Locke Dr., Marlaperture uncertainty of 100 ps
boro, Mass. 01752. Phone (617) 481-3700
allows signals as fast as 190 kHz to
[382]
be accurately captured to the 13-bit
level, and the unit's low, 5-mv/ms
maximum droop rate allows these
8-bit d-a converter with 285-V
signals to be accurately held for over
120 µs.
amp has 500-ns settling time
The MN375's linearity error is
guaranteed
to be better than
An 8-bit digital-to-analog converter
±0.005% of full scale over its entire
mounted in front of asmall modular
— 25° to +85°C ambient operating
amplifier, the model ZDA 1200, features outputs to + 285 v with a temperature range. Gain accuracy is
guaranteed to within better than
settling time of 500 ns and a slew
±0.05% over the same range. Offset
rate of 800 vie. A second version,
the ZDA 1201, offers an output of error is alow ± 1mv (±3mv maximum).
—285 V. Both converters are deCommercial versions of the
signed for applications that require
MN375 are priced at $120 each for
high-voltage conversion. Current
100 units. Units screened to the
limiting on the devices provides
short-circuit protection. Digital bias requirements of MIL-STD-883 are
control can reduce idling power by priced at $149 apiece in 100s. The
MN375 is packaged in a standard,
50%, with a 10-e turn-on time, says
24-pin, ceramic dual in-line package.
the manufacturer.
The units have Tn.-level inputs, Delivery is from stock.
and their linearity error falls within Micro Networks Co.. 324 Clark St., Worces/ a least significant bit. The ZDA ter. Mass. 01606. Phone (617) 852-5400
2
1
1200 requires a +300-v external [385]
reference to supply a typical output
current of 5 mA; the 1201 requires
—300 V. Each also requires a stan- 40- and 100-MHz 8-bit d-a
dard ± 15-v dual analog supply.
The module is enclosed in a converters settle in 7.5 ns
2-by-4-by-0.88-in. housing. Its ambient operating temperature range is The VDAC-8308 series of 8-bit digi15 ° to 45°C. Each module sells for tal-to-analog video signal converters
$170 in quantities of 100 pieces. offers settling times of 7.5 ns for a
Delivery is from stock but may take full-scale transition. The rni.. version
of the converters features a 40-MHz
up to eight weeks.
updating rate, and the emitter-couZeltex Inc., 940 Detroit Ave., Concord, Calif.
pled-logic version has a 100-MHz
94518. Phone (415) 686-6660 [383]
update rate. The series is pin-for-pin
compatible with the Analogic MP8308 devices.
13-bit sample-and-hold amp
In small quantities, the VDAC8308
'rri d-a converter is priced at
has 700-ns acquisition time
$125 and the VDAC-8308 ECL verFor high-speed 13- and I
4-bit appli- sion is priced at $119. Units are
cations, the MN375 13-bit sample- available from stock but may take
and-hold amplifier acquires a full- up to eight weeks for delivery.
Intech Inc., 282 Brokaw Rd., Santa Clara,
scale signal to ±0.005% in 700 ns (1
µs maximum) or to ±0.01% of full- Calif. 95050. Phone (408) 727-0500 [384]

The DT5722 costs $1,495 in quantities of I to 9. Programmable
gain—gains of 1, 2, 4, or 8 are
offered—adds $175 to this price.
Original-equipment manufacturer
discounts are available; delivery
takes five days.
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New: RCA 6-bit
CMOS RASH ADC.
Video speed at CMOS low power.

•11 MHz sampling rate: P=35 mW, VDD .5V.
•15 MHz sampling rate: P.180 mW, VDD ,8V.
•6-bit output with overflow bit.
•Latched 3-state output with 2chip-enables.
•Fully microprocessor compatible.
•Type:CA3300; price $38, each,1000+ quantity.

For more information, contact your local
RCA Solid State Distributor.
Or contact RCA Solid State headquarters
in Somerville, New Jersey. Brussels, Belgium.
Sao Paulo, Brazil. Hong Kong. ci rcle 233 on
* Optional distributor resale, U.S. only.

reader service card

lbp financial incentives.
First-rate, skilled labour.
Excellent communications
within Europe.
Advanced technological
know-how and support.
Self-sufficiency-in energy.
Plant availability. Experience
and professional advice.
Apart from that,
Scotland has nothing to offer.

ere

_
Scottish Development Agency, 9West 57th Street, New York NY 10014/ ieieph1f78671066.

n11th Floor, 465 Cadolnia

Scotland is one of the last great unspoiled
natural areas in Europe.
And one of the most profitable bases for
re-location in the world.
It boasts the largest readily- available skilled
workforce of any European development area. The
highest educational standards in the U.K. And a
wealth of advanced engineering and technological
experience.
American companies have been settling in
Scotland for years.
Multinationals like I.B.M., McDermott,
Polaroid, Digital and Playtex, plus an army of
medium-sized and smaller businesses.
As well as European and Japanese giants like
Roche and Mitsubishi.
Using Scotland's unique combination of
assets, they trade on ahighly profitable, tariff- free
basis into the E.E.C., reaching amarket of over 260
million people.
Scotland is acountry of immense variation;
comprising nine different physical and business
regions-each offering its own, individual advantages.
The government- backed S
Scottish Development Agency

acts as the `gateway' to them all. The focal point for
every aspect of the country's business development.
We can provide absolutely everything you need.
From help with start-up costs, grant and loan
packages to premises and rents. There are 100%
capital allowances and the average corporation tax is
just 16%.
Abundant energy, excellent transport and
communications, abeautiful environment and a
language that's in common with yours.
What are you waiting for? Contact the
S.D.A. today.
There's nothing to it.
For further information, clip this coupon and mail to
SDA, 9West 57th Street, New York, NY 10019 or 11th
Floor, 465 California Street, San Francisco, CA 94104.
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cotland. Come and grow.

Thn matertal is publoheil by the Sisetosh Deselopinent Agency. 9West 57th Street. New York. NY 10019 which n regostered under the ForeIgn Agents Registration Act, as an agent tithe Scottish Development Agency. Glasgow
Scotland This material n filed »nth the Department of Insure where the required registrat Ion statement Is available fvr public inspection Registration does not indicate approval of this meter.' by the United States (
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!
2ranwo—dalle4.'relephone41.5 393 7703/4.0120 Bothwell Street, Glasgow G2 7IP Telephone 041- 248 2700. Telex 777600.
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New products
Industrial

Units control
heaters, coolers
Digital temperature controllers
use solid-state relays
to switch heat-pump power

other; some other options are hysteresis of 2°, 4°, or 8° for use where
slower cycling is desired. The controllers include apower cord and one
integrated-circuit temperature sensor. Additional sensors are available
at acost of $20 each. The line from
the sensor plugs into the back of the
controller.
The $265 price is for single units.
Delivery is from stock.
Borg-Warner Thermoelectrics,

3570

N.

Avondale Ave., Chicago, III. 60618. Phone

A digital temperature controller may
cycle so fast that if it is using relays,
it can run through their expected
lifetime number of operations very
rapidly. Solid-state relays not only
add to reliability, but also let the
device cycle faster, shortening the
time between detection of the set
temperature and the moment the
power is switched.
The TC-106 and -107 from BorgWarner use solid-state relays to control the solid-state coolers and heat
pumps made by the firm. A thumbwheel switch sets and displays the
desired temperature, and light-emitting diodes show the actual temperature as read by an external sensor,
making the $265 controllers easy to
use. The power line of the cooler or
heater to be controlled is plugged
into the controller, which is plugged
in turn into a 110-v ac power outlet.
The TC-106 is intended to control a
cooler; the TC-I07 is for heating.
The standard TC- I
06 has a temperature range of — 39.9° to
+ 39.9°C, a resolution of 0.1°C, and
0.1 ° hysteresis. The TC- 107 has a
— 50 °-to- + 150 °C range and the
same resolution and hysteresis specifications. The temperature range of
each is offered as an option on the
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(312) 588-5120 [391]

Programmable controller for
small machines costs $400
Costing less to install than control
panels that require four relays and a
timer, the Model 510 programmable
controller, a member of the 500 PC
family, measures 12 by 13 by 3in. It
has been designed for small, singlepurpose equipment such as punch
and brake presses, drilling machines,
small conveyors, and packaging
equipment that are controlled by as
few as four to six relays. It can also
control 20 or more relays. The controller has 12 inputs to detect 120-v
at 60-Hz or 24-v de and 8 triac
outputs rated at 2 A root mean
square, 120 V ac. Inputs and outputs
are contained on asingle board that
can be disconnected from the unit
for maintenance. By using a handheld read/write programmer, sequencing logic can be entered into
the controller. Programming is via
conventional relay ladder logic.
Complex control logic can be entered via a sequence matrix chart
that appears on the programmer's
display. The Model 510 has 256
words of memory and 64 control
relays and uses acombination of 16
timers that operate from 0.1 seconds
to 30 minutes and/or counters with a
maximum of 32,000 counts, as well
as four drum timers with 16 steps
each.
The Model 510 sells for under
$400 in original-equipment-manufacturer volume. The typical electromechanical drum timers cost $600
each; the hand-held programmer

sells for less than $300.
Texas Instruments Inc., Materials and Electrical Products Group,
Johnson City.

P. O.

Drawer

1255,

Tenn. 37601 [393]

Microcomputer gives timer
high immunity to noise
The Series 365 Long-Ranger industrial timer has atransformer, power
supply, full-wave bridges, buffered
logic, and a built-in microcomputer
capable of discriminating between
the presence of noise and signals.
According to the company, this latter feature provides the timer with a
high immunity to noise not yet
offered by any other industrial
timer.
The microcomputer digitally
clocks the timer making its reset
time consistently the same duration
regardless of line voltage, power supply, or time cycle. The Series 365
can be adjusted between 0.01 seconds and 999 hours in nine switchselected ranges of 0to 9.99, 99.9, or
999 seconds, minutes, or hours and
can be easily programmed to time up
to or down from the set point.
Repeat accuracy is to within ± 10
ms at all settings. After the time
runs out, it will either stop or go. A
built-in diagnostic program lets the
user check whether the timer is operating properly without test instruments. Instructions for this program
are printed on a flip card contained
in the unit to help determine whether
there is aproblem in the timer or in
external circuits or relays.
In a 72-mm dual in-line housing,
the timer occupies 40% less space
than conventional timers. Its electronic components have no moving
parts and are assembled from computer-tested circuit boards. It is gasketed and 0-ring sealed to prevent
water and dust from entering. The
Series 365 Long-Ranger is priced at
$95 with display —$15.00 less without. There are additional costs for
different voltage and frequency and
extra features.
Automatic Timing & Controls Co., King of
Prussia, Pa. 19406. Phone (215) 265-0200
[394]
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WITH OUR MODEL 101,TAPE MANAGEMENT
AND CALIBRATION ARE FASTAND EASY, TOO.

Here's the instrumentation portable so selfcontained, it even has its own ,uP And all the
calibration equipment you'll ever need, built
right in.
And at the touch of abutton, the Model
101 automatically checks itself and tells you
what, if anything, needs adjustment.
Honeywell's ,uP-controlled Model 101
boasts such automatic tape management and
data handling features as programmable
selective track recording, shuttle, transport
sequencing, and preamble.
Remote control? Get any of three popular

Calibrate in half the time
with only a screwdriver or
tweaking tool.

computer-compatible interfaces: the RS-232C,
the RS-449, or the IEEE 488.
The Model 101 comes with long-life solid
ferrite heads, shock-isolated deck, eight tape
speeds—I rom 15/16 to 120 ips—and large reel
capacity for up to 32 hours of recording. Up to
32 data channels—wideband or intermediate
band.
Compare the Model 101 with your present
tape system and see what adifference the ,uP
maKes.Want more? Contact Darrell Petersen,
Honeywell Test Instruments Division, Box 5227,
Denver, Colorado 80217 Phone 303/771-4700.

WE'LL SHOW YOU ABETTER WAY.

Honeywell
Honeywell sales and service of tices located in most major cities throughout Europe.

Circle 237 on reader service card

THE EVOLUTION
The assignment: design a multi-circuit, gangable
pushbutton switch for use in cramped spaces.
The result: ITT Schadow's "MP" series.
At ITT Schadow, we specialize in designing switches
that can be adapted to your
electrical and front panel
asthetic requirements. Our
"MP" series is an example.
"MP" switches are among
the smallest multi-circuit
gangable pushbutton
switches on the market today These switches come in
2- to 8-pole double-throw
modules and in momentary
push-push, or interlock
modes with single- or
double-bank configuration.
Plunger spacing can be as
little as 8mm. center-tocenter. Front panel options
include mechanical status
indicators, LED-illuminated

buttons, piano keys, and
other buttons in a variety of
styles, colors, and graphics to
suit your preferences.
Over the past two decades
we've made millions of
switches for some of America's largest OEM's. Your ITT
Schadow manufacturer's representative or distributor can
tell you more. Or contact ITT
Schadow Inc., a subsidiary
of International Telegraph
and Telephone Corporation,
8081 Wallace Road,
Eden Prairie, MN 55344.
Phone 612/934-4400

ITT Schadow

Circle 238 on reader service card

BUILD YOUR COMPUTER BREADBOARDS
a. INTERFACES FASTER AND EASIER
WITH NEW VECTOR PLUGBORDS
4610 series — for STD-BUSsolderable and
unpatterned models.
4608 series — for Intel/
National SBC/BLC 80-WW
soldeirable, or unpatterned.
8804 series — for S-1CO.
Five models available.
4607 — for DEC LS -11/
PDP8-11, Heath-11.
4609 — for Apple 11, SuperKim, Pet Commodore with
Expandamery.
4350 —for TI 980
Computer.
4611 series — for Motorola
Exorciser, TM Rockwell
AIM65 expansion.

New RACK MOUNTING CAGES & ENCLOSURES AVAILABLE.
Everything in this ad is available through distributors
or factory direct, from stock, if not available locally.

Send for FREE brochurei

eingteclerniceonexing
MCOR.ORATED

12460 Gladstone Ave., Sylmar, CA 91342; (213) 365-9661, TWX (910) 496-1539
748010

Circle 144 on reader service card

Seven types.
Thirty-nine variations.
One company.
The company is General
Instrument. And if you use
optoisolators, you'll probablyfind what you need here.
Every kind of device is
included in our line: phototransistor, both single and
dual, photo-darlington and
split darlington, photo-SCR
and bi-directional SCR and
open collector logic gate.
Together, they are atotal
capability spanning data
transmission, AC line monitoring and simple switching.
And these are just our
current off-the-shelf capabilities. Selected optoisolators are not aproblem at
General Instrument. Our
application assistance team
will work with you to specify
the parameters your design
requires.
More than 110 distributor
locations carry the General
Instrument line of optoisolators.
For more information or
application assistance,
contact your local General
Instrument representative.
Or write to General Instrument, Dept. MCD-3, 3400
Hillview Ave., Palo Alto, CA
94304

The light
heavyweight

GENERAL
INSMUMENT
Electronics/ February 24, 1981
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...in the Big Town
New York... the

nation's number one market for electronics ... and almost everything
else ... hosts Electro/81 on April 7, 8 and 9. It will be the East's biggest high-technology
exhibition and convention, featuring:
• 800-plus exhibit booths displaying state-of-the-art products, systems, and techniques.
• 150 Professional Program presentations on leading-edge electronics.
Make your plans now to attend this memorable event at the New York Coliseum (exhibition) and
Sheraton Centre Hotel (Professional Program). To take advantage of a pre-registration discount
of $10 (half the door price of $20), complete and mail the coupon below with your check before
March 20. It will also save you time and avoid a long wait in line.
CIRCLE APPLICABLE
A

f¡Electrotefi

Clip and mail
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for $10 to:
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This is a 100-Watt Switching Power Supply
designed with bipolar transistors.
FROM IC
CONTROL

FILTER
CHOKE

RESERVOIR
CAPACITOR

100W
REGULATED
DC OUTPUT

SMOOTHING
CAPAC1OR

SNUBBER

Designed with a power MOSFET it would be this
simple, this much smaller, and perform far better.
AB5 /0 MALE É OUTPUT TRANSFORMER without êclamping winding because the HEXFETs orderof-magnitude increase in operating
frequency re
netic energy.
A 50'!/0 SMAL
CAPACITOR. High frequency
HEXFET circuits can maintain
output voltage regulation over a
wide dynamic range of input voltage. reducing capacitive energy
storage requirements.

E MOSFET VS. THREE BIPOLARS
ecause HEXFETs require less
drive current
NO NEGATIVE DRIVE SUPPLY CIRCUIT. HEXFETs. have no storage
time
POWER
MOSFET
POWER
SUPPLY

BASE DRIVE CIRCUIT NOT NEEDED
because of HEXFETs high gain.

65% SMALLER FILTER CHOKE because of incr eased operating
frequency
50% SMALLER SMOOTHING CAPACITOR because higher operating
frequency reduces ripple current.
NO TRANSISTOR SNUBBER CIRCUIT
because of HEXFETs .wide SOA.

'S TIME TO THINK
HEXFET is our trademar
oda
Most
advanced affordable and available power MOSFETs. At
comparable ratings, they have yet to be equalled by any
other manufacturer in terms of low on resistance, switching speed and ruggedness.
Simplified circuitry made possible by HEXFETs i
shown above. Reduced component count, size and cos
plus assembly labor savings could offset today's pric
difference between MOSFETs and bipolars to give you a
better, smaller switcher for about the same cost.
Don't worry about delivery. In 1981 our production
capacity will exceed total worldwide needs. As for price,

we offe
owes! et)
e industry.
Send for our line list and HEXFET Application Notes.
Then there will be nothing to hold you back from designing your "Switcher for the 80's" now. With HEXFETs(

OWER MOSFET

WORLD HEADQUARTERS: 233 KANSAS ST EL SEGUNDO. CA 90245 : U.S.A. (213) 772-2000, TWX .910-348-6291, TELEX: 66-446
EUROPEAN :-SEADOUARTERS: HURS1 GREEN. OXTED, SURREY RI-48 988. ENGLAND. TELEPHONE' (088 33) 3215/4321. TELEX 9521
Manufacturing Subsidiaries, Sales Office, Representatives Agents and Distributors Throughout the Wonl
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New products
Winchester disk and cartridge tape
drives. Later Zilog will offer an
intelligent serial uo controller.
The system's CPU can address up
to 16 megabytes in I
28-K-byte segments (64-K bytes of data and 64-K
bytes of instructions), and it uses up
to six random-access memory cards
Development system handles
in the CPU cage. Dynamic memory
allocation is provided for: when a but not write into it; and an exclusive
16 users working with C;
user's program takes up its allocated mode allows only one user to open a
Pascal will be supported
space, the system automatically given file at one time.
Two other extensions written into
finds more for it in another portion
Zeus
make system reconfiguration
of
memory.
Each
card
has
a
256Like the Z-Lab 80 announced last
year, the Z-Lab 8000 uses the K-byte capacity using I6-K RAMs easier. One program, Sysgen, autoZ-scan module for hardware debug- and has error-checking and -correc- matically reconfigures the software
ging chores such as in-circuit emula- tion circuitry. Seven extra RAMS on to accommodate the addition of disk
tion, and it services Zilog's existing each card provide 7error-correction and tape drives to the controller.
microcomputer products. There the bits, giving the system the ability to Another program, Patch, permits the
similarity ends. The combination of correct single-bit errors and to flag distribution of operating system and
a 16-bit Z8001 microprocessor used multiple-bit errors. Because its 32- utility patches either on cartridge
as acentral processing unit and the bit Z-bus has an 8-megabyte/second tape or over the phone.
Zilog will support the C programadoption of Western Electric Co.'s bandwidth, the system can grow into
Zilog's forthcoming series of high- ming language on the Z-Lab 8000,
Unix version 7 operating system
makes the Z-Lab 8000 a far more speed 32-bit processors [Electronics, as well as PLiZ SYS and PLiZ ASM.
Zilog says it will also support Pascal
Jan. 13, p. 97].
powerful software development tool.
Software punch. The real advances by the third quarter of this year.
The Z-Lab 8000 extends the user
community to as many as 16 termi- of the Z-Lab 8000, however, are in Added utilities include ascreen edinals. It has approximately the power the software. In addition to targeting tor, containing numerous word-proof aPDP-11/44 from Digital Equip- the Unix operating system for use cessing functions, and a spellingwith the Z8000 instruction set, Zilog error—detection program.
ment Corp., to service so many users.
Single-unit pricing for the Z-Lab
It offers achoice of either one or two has enhanced it to include accessprivilege refinements. In standard 8000, without terminals or printers,
8-in. Winchester disk drives, as well
as a tape drive. The Winchesters Unix there is nothing to keep two is $27,000 for the model 20 (with
each have 24-megabyte capacities, users, both of whom may have one Winchester drive) and $33,950
read/write access to any file, from for model 30 (with two drives). Softand when the deliveries begin in
November, a 40-megabyte drive simultaneously modifying a file, one ware costs $2,000 for a single-user
should also be available. The tape user invalidating the other's changes. version and $4,250 for a four-user
Zilog's enhancement, called Zeus, version. Deliveries will be on allocadrive is a nonstreaming type with
•17-megabyte capacity. The system provides three access-control modes: tion in 1981, with quantity producalso has three peripheral controllers, one is the same as the standard Unix tion in the first quarter of 1982.
including a serial input/output con- control mode; a read-only mode Zilog Inc., 10411 Bubb Rd., Cupertino, Calif.,
troller and intelligent ones for the allows other users to read from afile 95014. Phone (408) 446-4666 [410]
Microcomputers & systems

Z8000 runs under
Unix superset

Master, slave
develop systems
Development system
gives user 60-K-byte space,
is faster than its predecessor
A new microcomputer development
system from National Semiconductor Corp. exploits the power of two
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microprocessors in a master-slave
configuration and new high-level
language support. Designated Starplex II, the system is primarily
aimed at microcomputer systems
designers using high-level languages,
as well as those requiring support for
future 16-bit processors.
Unlike its predecessor, Starplex,
which had one central processing
unit, the Starplex II is based on two
Z80A processors. "The operating
system and user programs are segregated into their respective proces-

sors, giving Starplex II a system
integrity not offered in other development systems," claims Gary Mullinix, product marketing manager
for development systems at National's Microcomputer Systems Group.
The master Z80A CPU in Starplex
II is dedicated to the operating system and has 64-K bytes of randomaccess memory. The slave processor,
asecond Z80A, has 60-K of its own
64-K bytes of on-board RAM dedicated to user programs, compared
with 34.5-K bytes of RAM in the
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Unique Software Bus
For Quick and Easy
System Programming
The 1065 goes one step further
than simply offering hardware bus
compatibility It provides asoftware bus capability too. The software
bus is aunique series of program
packages that provides simple "callup" instructions for programming
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Introducing the Model 1065...a
remarkable new DVM that combines
outstanding hardware features with
aunique and totally new software
bus concept for systems operation.
A premium 51
/ digit instrument,
2
the Model 1065 features sophisticated noise rejection, unmatched
long term stability, multifunction
measurement capability, asuperfast
read mode, and excellent accuracy
It also includes Datron's exclusive
error read-out, complete autocalibration from the front panel (or
on the bus) and self-test. And, it's
fully IEEE-488 bus compatible.
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the 1065. Simple and easy to follow
it actually walks you through the
programming routine in plain
English. As aresult, programs can
be written in amatter of minutes
or hours rather than the days or
weeks it would take to perform
the sanie chore in machine language.
Software bus packages are available for HP, TEK, Commodore and
other popular controllers. Each package includes complete DVM and
system control instructions plus a
wide range of data acquisition and
data processing functions. These
functions include math, statistics,
ratio, linearization, conversion,
dB, scaling and offsetting, all performed quickly and efficiently by
the controller under the direction
of the Datron Software Bus Control Package.
Add to this unique software capability the five trigger modes, five

SRQ modes, parallel and serial polling, binary program dump and the
ability to operate every front and
rear panel facility on the bus and
you can see why we call the 1065
aremarkable systems machine.
Best For Bench Use, Too
One of the basic design concepts
of the 1065 was simplicity A quick
look at the front panel confirms how
effectively that has been achieved.
No confusing multi-colors or arrows.
All keys grouped logically. A clear,
bright display with full annunciation.
Simple to operate plus a"timeguard" feature that eliminates fat finger errors. A remarkable bench
instrument, too.
For additional information on
this bus or bench instrument write:
Datron Instruments, Inc., Laguna
Hills Business Park, 23011 Moulton
Parkway Laguna Hills, CA 92653.
(714) 830-8860.

ctatron
INSTRUMENTS, INC
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New products
earlier Starplex system.
In contrast to the initial Starplex
system, where abug in the user program "could cause the entire operating system to die by overwriting or
jumping into the middle of asystem
routine," notes Robert W. Freund,
engineering manager, the Starplex II
user "cannot accidentally destroy
the operating system."
Optional high-level support for
Starplex II includes PL/M and Pascal. Code generators for the
8080/8085 and Z80/NSC800 8-bit
processors are available for the PL/M
and Pascal compilers. Also available
is the CP/M interface option offered
on Starplex. With this high-level
language support and the additional
RAM. Mullinix notes, "Starplex II
offers a performance increase of up
to three times that of Starplex."
An input/output-spooled printer
capability lets the Starplex II user
print at the same time he is editing,
compiling, assembling, or doing any
other development-system work.
"This makes better use of engineering resources," Mullinix says. "Other microprocessor development systems become very expensive printers" when used in aprint-only mode.
A programmed-function keyboard
with eight upper- and lower-case
keys accesses a total of 16 userdefinable programs. When the system is in the command mode and
prompts the user to do so, these software function keys can be used to
load and execute any 16 programs
previously entered. When an application program is running, these 8
keys will be passed to that program

Chassis holds
32 megabytes
One board in cage has all
control circuitry; array
cards carry 288 64-K RAMs
Motorola's first general-purpose
memory system uses array cards
mounting 288 64-K dynamic ran-
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and can be used for any function.
Starplex II also has a resident
debugging utility. The program does
not occupy any user memory space
and can be called up by a simple
keystroke at any time during program execution. Previously, the debugger in Starplex had to be specified prior to program execution, and
used the top 4-K bytes of memory.
With the new development system, the user can also open six files
besides the keyboard and cathoderay-tube display, for atotal of eight.
Other enhancements in Starplex II
are its two RS-232-C serial inputoutput ports and its dual floppy-disk
subsystem with double-density, single-sided (1-megabyte) or doublesided (2-megabyte) drives.
The universal programmer personality module for programmable
read-only memories that was optional on Starplex is standard on Starplex II, and it "is being extended to
support programmable array logic
devices and, eventually, most, if not
all, other programmable devices
from National," Mullinix says.
A typical Starplex II configuration consists of: two Z80A-based

CPUs; I28-K bytes of RAM; 1 megabyte of floppy-disk storage (two
drives); video monitor and keyboard;
disk-based operating system; debugger, text editor, assembler, linker, Fortran, Basic, utilities, and diagnostics; and the universal programmed interface and software for
PROMs and PALS. Designated SPX90/51, this configuration costs
$15,950. The 2-megabyte floppydisk configuration, SPX-90/61,
costs $18,600. The Pascal and PL/M
code generators are $2,000 each. All
can be delivered in 30 days.
Current users of Starplex will be
able to upgrade their system's performance to Starplex II capability
by purchasing a special upgrading
kit, the AEE-A6 1
, that will cost
$2,000 during the first 90 days of
availability and $3,000 thereafter.
The kit will consist of the two Z80A
CPU boards, a new keyboard, and
new operating system software. During the first three months, any two
high-level—language code generators
bought with the kit cost $1,000.

dom-access memory chips and can
accommodate up to 32 megabytes of
memory at $8,800 per megabyte (in
larger configurations).
The first members of the Systems
3000 family will be the 3268, compatible with the EXORmacs development system for the 68000, and the
3200, offered to customers with custom applications. With a single 2megabyte array card, the basic 3200
and 3268 systems cost $30,700 and
$32,500, respectively.
Included in the standard packages

are: card cage, power-supply module, motherboard, two terminator
boards, address-control card, errorcorrection card, cables, interface
card, and one card of 64-K RAMS.
The standard 3268 unit also includes
interface features for compatibility
with EXORmacs products.
With the basic 3200 system (one
array card), a user has an average
memory cost of $15,300 per megabyte. But additional 2-megabyte
cards cost $16,800 each, so adding
cards causes the cost per megabyte

National Semiconductor Corp., 2900 Semiconductor Dr., Santa Clara, Calif. 95051.
Phone (408) 737-5000 1411]
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FOUR CHANNEL GRAPHIC RECORDER
wr rim sr a

The Dash IV is a highly advanced Recorder
with position feedback galvanometers for
recording data from DC to well over 100 Hz
inklessly. It has four 50 mm wide analog
channels along with automatic time and date
prnting. Time is continuously displayed on
front panel LED along with hard copy printing of time and date right on the cnart as you
record!
Telephone, telex, cr write for complete details.

Ai

All of these special features are Standard!
Automatic Digital Prirting of Time & Date.
Pathfinder" Position Feedback
Galvanometers.
Mu ti-Speed Chart Drive with 8 speeds
from 5 mmimin to 100 mm/sec.
Cartridge Chart Load System — low cost
thermal paper via easy-load cartridge.
Compact & Complete — lightweight &
rugged for lab or field (115 or 230 VAC,
60-50 or 400 Hz).

ASTRO-MEO DIVISION

£ndualreL umumunorge,OHC,
Atlan-tol industrial Park/West Warwick, R. 1.02893
(401)828-4000/ TWX No. 710-382-6409
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New products

to drop quickly. The chassis has
room for 16 array cards and three
user slots. Motorola has condensed
timing control to a single card,
which enabled designers to put the
maximum amount of RAM on the
add-on cards.
Blocking the array circuitry this
way makes the system easier to test
and debug, the firm says, and it provides acost advantage when the unit
exceeds 4 megabytes. Users will not
have to pay for the additional control
circuitry as more array cards are
added.
Big words. Depending upon the
user's requirements, the system can
operate on words up to 72 bits
wide-64 bits for data and the rest
for check bits. An optional error logger can be located on the front panel
of the 12.5-by-17.5-by-21.2-in.-deep
chassis.
Data-transfer rates depend on other user hardware. "Byte reads are
multiplexed on the user interface
card to give an effective data rate of
16 megabytes per second," Motorola
explains. "Through the use of parallel read, with sequential addressing,
an effective transfer rate of 64
megabytes per second can be established."
At the memory bus level, the system can have an access time of 350
ns with error correction, or 275 ns
without. It can also operate on an
average cycle time of 500 ns with
ECC, or 400 ns without.
Interfacing with the system is simplified by the use of a large (11.4by-18-in.) user card. Applications
include additions to main memory,
disk replacement, and disk cache.
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An intelligent controller on the user
card enables the system to handle
any type of custom requirement, the
company says. In addition to the
standard 64-K RAM cards, Motorola
indicates the product could be
loaded with 32-K RAMS.
Motorola says it is delivering prototypes of the system, and availability of production units is set for June.
The company, which until now has
offered only custom-made memory
systems, is also planning to introduce
a mini-chassis made for the 3000
series that will be available in the
third quarter. The same cards can be
used in either chassis.

designed for those who do not own a
development system and priced at
$1,485.50.
Oki Semiconductor,

1333

Lawrence Ex-

pressway, Santa Clara, Calif. 95051. Phone
(408) 948-4842 [413]

All-C-MOS microcomputer
requires only 5V to run

What may be the industry's first
completely complementary-mOs microcomputer system, the model PPS12, requires only 5 v for operation,
and most system configurations will
require less than half awatt of powMotorola Inc., Memory Systems, 3501 Ed
er. The compact system, designed to
Bluestein Blvd., Austin, Texas 78721. Phone
fit into any standard Multibus card
(512) 928-6776 or (800) 531-5118 [412]
cage, employs a I
2-bit I
M6100 cmoS microprocessor and has been
specifically designed for data acqui4-bit C-MOS microcomputer
sition and control in remote locations
where only battery or solar power is
chip connects to 8-bit system
available.
The central processing module
OK! Semiconductor is entering the
U. S. microcomputer market by includes three parallel input/output
introducing its series 40 comple- ports, one optically isolated 20-mA
mentary-mos single-chip 4-bit de- and one RS-232 serial vo port, a
vices—five microcomputers, plus a programmable real-time clock, 4-K
full set of program development words of c-mos random-access and
tools. Three of the five circuits, the erasable programmable read-only
MSM5840, the MSM5842, and the memory, a memory-expansion conMSM5845, are available now. Two troller, and an on-board transparent
more, the MSM5842 1 and the monitor and debugger. The PPS-12
MSM58423, will be available by the is also supported by adozen systemexpansion modules.
second quarter of this year.
Software development can be carThe 5840 is aperipheral unit containing a 2-K-by-8-bit read-only ried out on any PDP-8 or VT-78
DECstation minicomputer because
memory, a 128-by-4-bit randomaccess memory, a programmable the 6100 microprocessor used in the
timer-counter, and 30 input/output PPS-12 employs abinary instruction
lines. Featuring an 8-bit parallel iio set identical to that of these two
port and 4-bit-wide data paths, the machines. The company's Omega
5840 can easily connect to an 8-bit microcomputer is also available in a
system. The 2-K-by-8-bit ROM can configuration that is fully integrated
be externally expanded with amulti- with the PPS-12 to facilitate development. Furthermore, the firm's
plexed bus structure.
model 660 C-MOS.E-PROM programPrices for the series 40 devices in
quantities of 100,000 or more are mer is also available for programming the 6653 C-MOS E-PROMs us
ed
$6.00 each for the 5840 and $2.85
in the system. Single-quantity price
each for the 5842. Program-developfor the PPS-1201 CPU module is
ment packages offered include the
$990. Delivery takes 30 days after
MPSP-I, based on Intel's Isis software and priced at $1,942.50; the receipt of order.
Pacific Ciber/Metrix Inc., 6800 Sierra Court,
MPSP-C, based on Digital Research's
Dublin, Calif. 94566. Phone (415) 829-8700
CP/M operating software and also
priced at $1,942.50; and the MPSP-S, [415]
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Models 15 & 16 Dials/Model 534 Pot
Two of the industry's most popular turns-counting dials
are Spectrol's Model 15 digital and Model 16 concentric. And you will
often find these "ubiquitous" dials backed-up behind the panel by Spectrol's
Model 534 "universal" pot. It's a winning combination worth looking into-easy
reading dials that look good on everybody's panel, plus a versatile,
wirewound, precision potentiometer available in so many
standard and special variations it will fit almost
everybody's application. Call or
send for data sheets.

(àpectric
SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation

UNITED KINGDOM
ITALY
GERMANY

Spectrol Reliance

SP Elettronica SpA

Spectrol Electronics GmbH

P.O. Box 1220, City of Industry, Calif. 91745,

Ltd.

u.S.A.

•(213)686-1280 •Twx (910) 584-1314

Drakes Way, Swindon, Wiltshire, England •Swindon 21351 •TELEX: 44692

Via Carlo Piscane 7, 20016 Pero (Milan) Italy •35 30 241 •TELEX: 330091
0Oerauerstrasse 15, 8000 Munich 70 West Germany •(089) 7145096 •TELEX: 05-213014
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New products
International. The PDP-1 1versions
run slowly, however, because the
machine's limited address space
forces continual use of the disks.
In the second quarter, IBM systems running under vm/cms will be
added to Mainsail's repertoire, and
in the third quarter a Motorola
A commercialization of SAIL,
6800-based system running under
VERSA-DOS will also appear.
Mainsail is independent of
Task-easing features. What makes
machine and operating system Mainsail adesirable language, compared with other languages like PasBorn in the artificial intelligence cal and C, is an impressive list of
programmer-oriented features, only
community, the Mainsail language is
a few of which are included in the
an attempt to realize the programother two languages. Mainsail feamer's dream of obtaining maximum
flexibility, simplicity, and power tures include variable string lengths,
manipulation at the bit level, dynamwhile retaining absolute portability.
ic array allocation, a "garbage colMinsail was designed to be machine—and operating-system—inde- lection" routine that methodically
recycles unused program space, compendent. Its character set is restrictpile-time libraries, position-indepened to maintain portability, its data
typing is portable, and it has acom- dent code, dynamic linking and loading, random file accessing, condimon strategy for all of its code gentional compilations, embedded aserators. Much of Mainsail's development was funded by its pre- sembly language, recursive proceannouncement customers, and Intel dures, low-level memory access, and
Corp. has already used it to write a few other twists that make a prosoftware for its in-house computer- grammer's life easier.
Mainsail does not include a linkaided design systems.
age editor, because intermodule linkMainsail is an extension, formalization, and commercialization of the age is specified within the language
Stanford Artificial Intelligence Lan- definition. Its compile-time features,
including macros and conditional
guage (SAIL) developed by the
Sumex computer project at Stanford compilation, make it easier for
University. It was developed primar- groups of programmers to work
together on large portable programs
ily by Clark R. Wilcox, who is now
president of Xidak Inc., a company consisting of hundreds of modules.
formed to market the language to Cross-compilation of code between
systems is a useful by-product of
commercial users.
Mainsail's structure.
Although one of Mainsail's goals
To the features of the language's
was to achieve complete portability,
the approximately 300-K bytes of development-system package, which
includes acompiler and comes in the
memory needed for the run-time
form of tape and hard copy docuprogram requires at least apowerful
mentation, Xidak has added a symminicomputer to implement the language. To date, Xidak has developed
bolic debugger that is now at the
working versions of Mainsail for beta test-site stage. The symbolic
Digital Equipment Corp.'s PDP-11, debugger places source text on
PDP-10, PDP-20, and VAX comput- screen and indicates the position and
nature of an error. Deliveries of the
er families.
DEC-oriented versions of Mainsail
On the PDP-11, it will run under
RI-11 and RSX- I1 operating sys- are in 30 days, with pricing depentems. On the PDP-10, it will run dent upon the power of the target
under TOPS 10, TOPS 20, and Ten- processor. The one-time licensing fee
for a VAX-780 development-system
ex, whereas on the VAX it will run
package,
for example, is $8,000. The
under vms, Unix, and a Unix emusymbolic debugger will be priced
lator called Eunice developed by SRI

Software

Portable language

separately at under $4,000.
Xidak Inc., 885 N. San Antonio Rd.. Los
Altos, Calif. 94022. Phone (415) 948-4387
[371]

is full-featured
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C language is available for
Z80-A--based S-100 systems
The C programming language, originally developed and implemented on
the Unix operating system, is available for use on Cromemco Z80A—based, S-100—bus microcomputer
systems. It combines the features
provided by assembly languages with
the structured programming techniques available in higher-level languages. This version operates under
Cromemco's multiuser, multitasking
Cromix operating system, producing
relocatable code that can be linked
with Fortran, Cobol, and assembly
language or can be called from
Basic. The language is available on
5-in. diskettes (model CCC-S) or 8in. diskettes (model CCC-L), including extensive documentation, for
$595.
Cromemco Inc., 280 Bernardo Ave., Mountain View, Calif. 94043 [373]

C compiler generates object
code for Motorola 68000
The C68 compiler system generates
object code for the Motorola 68000,
executing on any PDP-11 processor
that runs the Unix operating system.
The compiler system consists of a
preprocessor, a compiler, a relocatable assembler, alinking loader, support library, and utilities. Programs
generated by the system will execute
alone or under operating-system control on the 68000.
The compiler in the system produces assembly language, which is
then assembled into relocatable object code by the assembler. The linking loader then combines the relocatable object files with the referenced
library functions to produce an executable object file that includes a
symbol table. A utility program
transmits the executable object code
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THE CALLAN INTEGRATED
WORK STATION IS THE PERFECT PACKAGE
FOR OEM USERS OF MULTIBUS'OR
COMPATIBLE CARDS.
RS232 SERIAL
INTERFACE
Connects CPU and
terminal. Option switches
select: 115/230V, baud
rate, 7/8 data bits, parity,
auto wrap, auto LF,
local/self test/on line,
other modes.

INTELLIGENT
TERMINAL
12-inch CRT display,
non-glare glass, 7by 9
character, 5character
attributes, powerful edit
commands, split screen,
separate scroll region,
smooth scrolling. High
strength structural
foam case.

6

DUAL 51
4 INCH
/
MINI FLOPPIES
(OPTIONAL)

Or one mini floppy and
one Winchester rigid disk.
Disk controller (user
selected) is located in rear
card cage.

2

5

200 WATT
SWITCHING
POWER SUPPLY
Enough power to handle
virtually any system configuration. Fan cooling.
Rear cover removable for
CPU access. Will operate
with cover removed.

FRONT PANEL
SWITCHES &
LEDs
CPU reset and interrupt
switches (Multibus).
CPU halt/enable and LTC
switches (LSI-11). 8CPU
LEDs addressable through
RS232 commands.

3

DETACHABLE
KEYBOARD
82 keys including
keypad, auto repeat
function keys, applications
modes, typewriter pairing.
LED indicators show On
Line/ Local, KB locked,
keypad in application
mode (3 LEDs are user
accessible through
RS232 commands).

011•11111111111111111111.111,rm -

'""•1111111111111111111.111

BUILT-IN CPU A
CARD CAGE
Holds up to 6Multibus a le
cards or 7quad/14 double height
LSI-11 modules so user can configure
system using these card families,
including microprocessor, memory,
peripherals, input/output,
communications...

At last, the perfect packaging
solution for OEMs and large volume
end-users who are using Multibus or
LSI-11 compatible cards.
It's the Callan CD100 — a
compact, desk top Integrated Work
Station, which combines aversatile
intelligent terminal with advanced
video features, an integral card
cage which holds up to 6Multibus
or 7quad/14 double height LSI-11
modules, ahigh capacity switching
power supply, and, as an option, two
51
/ inch mini floppies, or one floppy
4
and one mini Winchester rigid disk.

Now you can design your
complete system into this single
low cost package, rather than interconnecting 3or 4separate boxes,
or investing $500,000 or more
to develop your own integrated
work station.
The Callan CD100 makes the
"Make or Buy" decision easy, since
unit prices are as low as $3195 with
substantial OEM discounts available.
The CD100 is fully compatible
with all Multibus and LSI-11 family
cards, and software as well, including
DEC's RI-11 and RSX-11, CP/M and

CP/M86 from Digital Research, and
Intel's RMX-80 and 86.
For the whole story, phone or
write Callan Data Systems today.

DATA SYSTEMS
2637 Townsgate Road
Westlake Village, CA 91361
Telephone: (805) 497-6837

DEC. RI-11. RSX-11 and LS!-11 are trademarks and/or products of Digital Equipment Corporation •Multibus, RMX-80, Rffl-86 and Intel are trademarks and/or products of
Intel Corporation •CP/M and CP/M86 are trademarks of Digital Research •°M IS is atrademark of Callan Data Systems.
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The NEW
Electronics
Buyers' Guide
is now available!
Completely new listings of catalogs, new
phone numbers, new addresses, new manufacturers. sales reps, and distributors!
The total market in abook—four directories
in one!

The only book of its
kind in the field.
If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
the coupon now.

Yes, please send me
1980 EBG.

copies of

D

I've enclosed $30 per copy delivered in
USA or Canada. Address: EBG. 1221 Avenue
ol the Americas. New York, N.Y. 10020.

DI've enclosed

$52 for air delivery
elsewhere. Address: EBG. Shoppenhangers
Road. Maidenhead, Berkshire S16.
201 England.

Name
Company
Street
City
State
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New products
for the Intel 8086 and 8088 family
over aserial communication channel
improve on the features offered by
in aformat acceptable to the loader.
Price for a binary license for a Intel's MCS-86 assembler by ensingle central processing unit is hancing the instruction mnemonics,
$950. The distribution medium is a assembler directives, macroinstrucnine-track magnetic tape.
tion implementation, conditional assembly, and relocatable output capaAlcyon Corp., 8474 Commerce Ave., San
bilities. It includes a macro assemDiego, Calif. 92121. Phone (714) 578-0860
bler, a linking loader, and a format[3741
ter and downloader to transmit the
program to aMicroSystem Designer
for execution and debugging.
Interactive proofreading is
The cross assembler will run on
Digital Equipment PDP-11 and LSIavailable for microcomputers
11 minicomputers under either RT11 or RSX- I1; Data General Nova
Thanks to afast interactive program
1200 or Eclipse minicomputers uncalled MicroSpell, a microcomputer
can proofread as well as alarge com- der either RDOS or AOS; HP 1000 or
HP 3000 machines; or the TI 99/10.
puter. The software package includes a dictionary of about 20,000 The cross assembler costs $1,500
common English words to which and is available in 30 days.
Millennium Systems Inc., 19050 Pruneridge
14,000 more may be added.
MicroSpell looks up each word of Ave., Cupertino, Calif. 95014. [375]
the text file in its dictionary, searching for potential misspellings, guessing at the correct spelling, and then RDS Pascal is ready for
allowing the user to replace the mispelled word with one of the guesses two DG operating systems
pulled from its dictionary. It is also
possible to just probe the dictionary The RDS Pascal language is availfor the correct spelling of words able for use with Data General's
latest operating systems: the MP/OS
without atext.
To the program can be added an for the microNova and Nova/4 comauxiliary dictionary of specialized or puters and the AOS/VS for the 32-bit
MV-8000. It was already available
technical terminology and aspellingcorrection dictionary that looks for for the company's other disk-based
common misspellings and automati- operating systems: AOS, RDOS, and
cally replaces them with the correct DOS. All the compilers of RDS Pascal
spelling, expanding to include every generate pseudo-code, which can be
new pair of misspelled and corrected used across the Data General prodwords in its listing.
uct line yet still permit the features
On a system with a 2-MHz clock of each system, such as a floatingand a double-density floppy, Micro- point processor, to be used.
RDS Pascal is closer to the proSpell takes about 12 min. to check
and fully correct apage of text. The posed International Standards Orgaprogram plus complete documenta- nization's standard for Pascal than
tion is $249; documentation alone is any other implementation available
for Data General systems, says the
$20.
creator of the language. The license
Lifeboat Associates, 1651 Third Ave., New
York, N. Y. 10028. Phone (212) 860-0300
fees (plus a one-year update) are
$2,500 for RDS Pascal for the MP/OS
[377]
operating system and $3,500 for the
language for the AOS/VS. Update
renewal is $300 and $400, respec8086, 8088 cross assemblers
tively. For $50, a user can get a
offer enhancements
programmer's manual and a 60-day
license for the software.
The Millennium 8086/8088 cross Rational Data Systems. 245 W. 55th St.,
assemblers for generating programs New York, N. Y. 10019 [376]

Country
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Actual Size

Stanley now for all low-current-drive display applications
calling for a super-bright and colorful face.
Super bright LED Seven Segment Displays
Stanley quality is here now—Stanley is twice as bright
as ordinary displays. So the readout is easier to see, the
equipment that much more applicable to the use it is
designed for. Color adds the final touch— red, yellow,
green and amber —while various combinations of digit
witn plus figure, 1-digit or 2-digit configurations mean
wide-ranging uses for measuring equipment, testing and
audio equipment, computer, digital clock, office equipment
and other applications.

S
UMO.

STANLEY

ELECTRIC CO., LTD.
LED Sales Sec.:
2-9-13, Nakameguro. Meguro-ku, Tokyo 153, Japan
Tel. Tokyo 03-710-2531 Telex. 2466623

ED Agents Overseas • USA A C. INTERFACE, INC. Tel. (714) fl9-9830 Telex. 655328 • ENGLAND ITT
MERIDIAN Tel: 0279-35351 Telex: 817202/104-1U1S LAMPS LTC Tel: (0675)65195-62270 Telex: 336187
• FRANCE A JAHNICHEN B. CIE T.I 3/3". --59-09 Telex 297014 • HOLLAND LOHUIS LAMPEN El V
Tel 01606-2080. 01506-2319 Telex: 54145 • SWITZERLAND °EWALD AG Tel 01-451300 Telex. 52012
• WEST GERMANY ELITE ELEKTRONIK UND LICHT GMBH E CO KG Tel- 08094-1011 Telex- 527318
• SWEDEN AB ESTOMA Tel 08-82028C Telex: 19389 • DENMARK DITZ SCHWEITZER A-S Tel
(02) 453044 Telex :15057

Circle 253 on reader service card

g,i,
Itee
rd p BUY ONE

of these
°reefs great professional books when
viANDspoil
cyde
you join McGraw-Hill's
Electronics and Control
Engineers' Book Club
F C°"ellbe

ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS EXAMINATIONS. By C. R. Hater. 336
pp., more than 200 illus. Actually
two books in one—a quick preparation manual to help you pass your
RE. exams on the first try and a
rich source of practical electronics
engineering information and
know-how
254/303 Pub Pr. $19.50 Club Pr.. 915.50
ELECTRONICS ENGINEER'S HANDBOOK. Editor-in-Chief, D. G. Fink.
2.104 pp.. 2,026 illus. Huge in
every sense, this instant-reference
volume gives ycu every latest essential in the field. 2.100 formulas
and equations, a 2,500-item bibliography, and every illustration you
need to clarify all of modern electronics!
209/804 Pub Pr S57 50 Club Pr $42 50
ELECTRONIC DISPLAYS. By E. G.
Bylander. Texas Instruments Incorporated. 172 pp.. illus. The
book describes current electronic
displays by family types. discussing their operation, application.
and circuit •equirements. You
cover photometry and contrast enhancement, together with such
critical components as mourts and
drives, interface requirements.
and other necessary engineering
informal ion.
095/108 Pub. Pr, $24.50 Club Pr.. $18.50

and

GET ONE FREE
(values up to $62.50)

Choose any one of these books at
the special Club discount, and
select any other as your gift
free-of-charge when you enroll!

HANDBOOK OF ELECTRONICS
CALCULATIONS FOR ENGINEERS
AND TECHNICIANS. Edited by M.
Kauf mar and A. H. Seidman 653
pp., 725 ti/us. This first comprehensive tool of its kind includes
hundreds of worked-out problems
in analog and digital circuits. Includes more than 700 diagrams,
curves, tables, and graphs.
333/920 Pub. Pr.. 927.50 Club Pr.. $21 00
MICROCOMPUTER -BASED DE SIGN. By J. B. Peatman. Expanded
4th printing. 604 pp., over 400
photos and other illustrations. Do
all your best day-to-day designs. as
well as your supercreative and special designs, around the new microcomputers and the specific
"how to" help you get here!
491/380 Pub Pr., 929.95 Club Pr.. $22.50
MICROPROCESSORS/MICROCOMPUTERS/SYSTEM DESIGN. By
Texas Instruments Learning Center
and the Engineering Staff of Texas
Instruments Inc. 634 pp., illus.,
outsized 71
/ x 10 1/
4
4 format. This
practical, authoritative guide details the versatile, proved-in-action
methods and technical features of
the 9900 minicomputer architecture that can be employed to create
outstanding products and systems.
637/588 Pub. Pr.. 824.50 Club Pr.. 819.50
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HANDBOOK OF OPERATIONAL
AMPLIFIER CIRCUIT DESIGN. By D.
F. Stout: edited by M. Kaufman.
434 pp., 223 illus. Compact, concise. highly concentrated, and containing a storehouse of information. this one-stop volume will help
you quickly solve any op amp circuit
problem!
617/978 Pub. Pr.. 831.50 Club Pr.. $23.50
PRINTED CIRCUITS HANDBOOK,
2/e. By C. F. Coombs. Jr. 256 pp.,
327 illus. Blueprints every important phase of printed circuitry.
Provides the information you need
to establish a production facility
and control the processes. Avirtual
encyclopedia in the field, five
major sections cover engineering.
fabrication, assembly, soldering.
and testing.
126/089 Pub. Pr.. 935.00 Club Pr., 926.50

ELECTRONIC FILTER DESIGN
HANDBOOK. By A. B. Williams. 576
pp., 408 illus. The book is organized so that you can start from
practically any set of requirements
and follow a sequence of clearly
outlined steps and design filters
ranging from simple networks to
very complex configurations. Each
design technique is illustrated with
step-by-step examples and is accompanied by awealth of applicable schematics, graphs, and tables
of normalized numerical values.
704/309 Pub. Pr., 932.50 Club Pr., 925.50

INTRODUCTION TO RADAR SYSTEMS. 2/e. By M. I. Skolnik. 698
pp., 244 illus. This new edition of a
widely used text on radar from the
systems engineer's point of view
brings you full discussions of the
many major changes that have occurred in the field recently.
579/091 Pub Pr. 534 95 Club Pr., 927.95
MICROELECTRONICS •Digital and
Analog Circuits and Systems. By
J. Millman. 881 pp., 700 illus. This
giant book takes you step by step
from a qualitative knowledge of a
semiconductor, to an understanding of the operation of devices, and
finally, to an appreciation of how
these are combined to form microelectronic chips.
423/278
Pub. Pr., $29.85 Club Pr., $23.50
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BIT-SLICE MICROPROCESSOR DESIGN. By J. Mick and J. Brick. 320
pp., 230 illus. All in one place-the
crucial information you've been
needing about the 29130 family of
bit-slice microprocessor components! A remarkable "first." this
book designs right before your eyes
not just one but two complete
16-bit machines!
417/814 Pub. Pr., $18.50 Club Pr., $14.50
DIGITAL HARDWARE DESIGN By J.
B. Peatman. 428 pp., over 400 illus. Taking you beyond the microcomputer, this guide re-examines
traditional techniques and focuses
maintainability as akey goal, on the
design of circuitry too fast for the
microcomputer alone, and on designing for usefulness. It covers everything from algorithmic state
machines to separately clocked
circuits-with scores of examples.
491/321 Pub. Pr., $26.95 Club Pr., $20.00
ELECTRONICS DESIGNERS' HANDBOOK, 2/e. Edited by L. J. Giacoletto. 2,344 pp., 1.686 illus. Now
doubled in size and with 90% of its
material new, this famous classic
(first edition by Landee. Davis. Albrecht) has been thoroughly revised and updated to give you not
only the how and the why of all your
design work but also the how much
of every design step you take!
231/494 Pub. Pr., $62.50 Club Pr., $47.50

INTRODUCTION TO THE THEORY
AND DESIGN OF ACTIVE FILTERS.
By L. P. Huelsman and P. E. Allen.
430 pp., illus. Once you add active
filter design to your repertory of
specialties, you'll possess a skill
that's in great demand today.
Here's one of the best texts we
know on the theory, design, application. and evaluation of modern
active filters and the various techniques used today.
308/543 Pub. Pr.. $28.50 Club Pr.. $21.50

ELECTRONIC COMMUNICATION,
4/e. By R. L. Shrader. 801 pp., 870
illus. This thoroughly updated edition offers all the theory and fundamentals you need to prepare
yourself for the FCC commercial
and amateur grade license examinations-and pass them the first
time!
571/503 Pub. Pr., $21.95 Club Pr.. $16.95

PHASELOCK TECHNIQUES, 2/e, By
F. M. Gardner. 285 pp., illus. This
edition of the standard working
reference shows you not only better
methods of analysis and better
procedures for deciding on loop parameters, but also the circuits and
the results.
582029-3 Pub. Pr.. $21.50 Club Pr., $18.95

DESIGN OF SOLID-STATE POWER
SUPPLIES, 2/e, By E. R. Hnatek.
640 pp., illus. A total revision and
expansion of an essential, readyto-use sourcebook on the design of
power supplies, particularly of the
switching variety. Incorporates the
latest developments in the field
while emphasizing the how-to help
designers want.
582054-4 Pub. Pr.. $27.50 Club Pr.. $21.80

MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL. By J. Markus. 1,264 pp., 3,666 circuit diagrams. This 103-chapter guide
means you can speed up the production of new electronic devices
with ease and thereby lower your
production costs. Complete with
values of components and suggestions for revisions, plus the original
source of each circuit in case you
want additional performance or
construction details.
404/441 Pub. Pr., $44.50 Club Pr., $34.50

STANDARD HANDBOOK FOR
ELECTRICAL ENGINEERS, 11/e. By
D. G. Fink and H. Beaty. 2,448 pp.,
1,414 illus. Today's most widely
used source of electrical engineering information and data serves
you as no other single work when
you need detailed, timely, and reliable facts and how-to on the generation, transmission, distribution,
control, conversion, and application of electric power.
209/743 Pub. Pr., $54.50 Club Pr., 641.95

ELECTRONICS
ENGINEERING
LJOR F SSI ONAL

EERS
INATIONS

ES'HAFER

Why YOU should join now!
• BES'I' BOOKS IN VOL
FIELD -Books are selected from awide range of
publishers by expert editors and consultants to give you continuing
access to the latest books in your field.
• BIG SAVINGS- Build your library and save money too! We guarantee
savings of at least 15% off ¡told ishers' list prices on every book. Usually 20%.
or
higher!
If( )\L S HOOKS --You will immediately begin to participate in
our lirnms Book Plan that allows vou savings between 70-80% off
the publisher's price of many bbuks.

Nei

Be sure to
consider these
important
titles as well!
DIGITAL FILTERS. By A. Antomou.
021/171
Pub. Pr.. $29.95 Club Pr.. $21.95
TRANSISTOR CIRCUIT APPROXIMATIONS, 3/e. By A. P. Malvmo
398/78X
Pub. Pr. 517.25
Club Pr.. 512.95
MICROCOMPUTER INTERFACING.
By B ArtwIck
789/436
Pub Pr. $21 95 Club Pr.. $16 95
SEMICONDUCTOR DEVICES AND
INTEGRATED ELECTRONICS. By A.
Milnes
189/481 Pub. Pr. $26.50 Club Pr. $20.95
ENGINEERING MATHEMATICS
HANDBOOK, 2/e. By J. J. Tuma.
654/298 Pub. Pr.. $24.95 Club Pr.. $19.95
RADIO HANDBOOK, 21/e. By W. Orr.
712/630 Pub. Pr.. $21.50 Club Pr., $16.60
TRANSFORMER AND INDUCTOR
DESIGN HANDBOOK. By W. T.
Mc Lyman.
786/155 Pub. Pr.. $35.00 Club Pr.. $26.50
CRYSTAL OSCILLATOR DESIGN AND
TEMPERATURE COMPENSATION.
By M. E. Frerking.
784/973 Pub. Pr., $1 0.95 Club Pr.. $14.95
NATIONAL ELECTRICAL CODE
HANDBOOK, 16/e. By J. F. McPartland.
456/909 Pub. Pr., $21.50 Club Pr.. $16.50
ELECTRONICS DICTIONARY, 4/e. By
J. Markus.
404/313 Pub. Pr., $24.50 Club Pr., $1150

MAIL THIS COUPON TO13,11*

McGraw-Hill Book Clubs
Electronics and Control Engineers'
Book Club
P.O. Box 582, High tstown ,New Jersey 08520
Please enroll me as amember and send me the two
books indicated, billing me for my first selection only
at the discounted member's price, plus local tax,
postage and handling. If not satisfied, Imay return
the books within 10 days and my membership will be
canceled. Iagree to purchase ti minimum of 3additional books during the next 2years as outlined under
the club plan described in this ad. Membership in the
club is continuous but cancellable by me anytime
after the four book purchase requirement has been
Fulfilled.
Mite Code Éfr of
selection here

FREE

Write Code 0/ of
FIRST selection here

from outside the U.S. must be prepaid with
international money orders in U.S. dollars.

Orders

signature
Name
Address

• CONVENIENCE-14 times a year you receive the Club Bulletin FREE.
fully describing the Main Selection and alternate selections, together with
a dated reply card. If you want the Main Selection, you simply do
nothing-it will be shipped automatically. If you want an alternate selection -or no book at all -you simply indicate it on the regular reply card
and return it by the date .s.pecified. You will have at least 10 days to decide.
If, because of late mail delivery of the Bulletin You should receive a book
you do not want, just return à at the Club's expense.

city
Stlte

Zip

This order subject to acceptance by McGraw-Hill. All
prices subject to change without notice. Offer good

only to new members. Apostage and handling charge
is added to all shipments.
E33492

As a Club member, you agree only to the purchase of four books
including your first selection, over a two-year period.
Electronics/February 24, 1981

257

ASCII encoded keyboards: as low as $46,

New lighter touch for

New literature

RCA VP-600 series ASCII keyboards are available in two formats. You can
choose either a58-key typewriter format. Or a74-key version which includes
an additional 16-key calculator-type keypad. Both can be ordered with
parallel or serial output.
These keyboards, redesigned for lighter key activation and improved
typing capability, feature modern flexible membrane key switches with
contact life rated at greater than 5milion operations. Plus two key rollover
circuitry. A finger positioning overlay. And an on-board tone generator that
gives aural key press feedback.
The unitized keyboard surface is spillproof and dustproof. This plus high
noise immunity CMOS circuitry makes these boards particularly suited for
use in hostile environments.
Parallel output keyboards have 7-bit buffered,TTL compatible output.
Serial output keyboards have RS 232C compatible, 20mA current ;oop and TTL
compatible asynchronous outputs with 6selectable baud rates. All operate
from 5V DC, excluding implementation of RS 232C.
For more information contact RCA Customer
Service, New Holland Avenue, Lancaster, PA 17604

Or call our toll-free number: 800-233-0094.
'OEM price Also available less case

RCA

Circle 258 on reader service card

IMPROVE YOUR PRODUCT'S
ENERGY EFFICIENCY

Model 4612 microprocessorcontrolled analyzer tells you what you have to know if

your product is to meet the energy-efficiency demands
of today's marketplace. It tests the power consumption
of virtually any electrical appliance or device, and its
integrating capability lets you measure average usage
over any desired period of time. It gives simultaneous
readouts of true RMS amps, volts, watts,
sal our Cllt11.0g
with typical accuracy better than .5
percent. Many other advanced feaa call u. toll ran It
tures. Request detailed brochure
000-82S-7844
1...p, NI.« York St.al
today.
i

IVIAGTROL, INC.
GARDEN VILLE PARKWAY WEST
BUFFALO, NEW YORK 14224
716-668-5555

70
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Optoelectronic devices. "The 1980
Product Selection Guide" contains
detailed information on a line of
light-emitting-diode lamps, displays,
and optoisolators. The 20-page brochure lists device identification numbers, suggests applications, and discusses color options for the products,
including green, orange, red, and
high-efficiency red. It lists specifications on the MAN series of LED displays and shows their actual digit
size. Information on brightness or
luminous intensity, types of pin connectors, and 13 different display
package styles with complete sizes
and configurations are provided. For
the MV series of LED lamps, actual
package size is also shown and specifications such as luminous intensity
at forward current, maximum power, and typical viewing angle are
given along with diagrams for package styles. Data for the optoisolator
line covers actual size, output configurations, emitter voltage, the minimum output voltage of the detector,
and so on. Three package styles for
this line of transistors, Darlingtons,
silicon controlled rectifiers, logic
gates, and ac-line monitors arc
included. For a copy, contact the
Marketing Communications Department, Optoelectronics Division, General Instrument Corp., 3400 Hillview Ave., Palo Alto, Calif. 94304.
Circle reader service number 421.
Reed switches. An eight-page catalog describes acomplete line of reed
switches and gives specifications and
dimensional drawings on dry reed
switches in miniature (forms A and
C) and standard size and on mercury-wetted reed switches in miniature
forms A and C. The technical data
in the guide simplifies the selection
of reed switches requiring breakdown voltages to 15,000 v dc and
switching characteristics of dry circuits to 100 W. A cross reference and
applications guide and a stocking
range chart not found in previous
catalogs are featured. For a copy of
Catalog 00001A, write to Walter
Bruenger, Customer Service Manager, Hamlin Inc., Lake and Grove
Streets, Lake Mills, Wis. 53551.
[422]
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ANNOUNCING SPECTRUM

SERIES I

A GIANT STEP FORWARD IN BENCHTOP IC TESTERS
DON'T LET THE SMALL SIZE
FOOL YOU — SPECTRUM CAN
CARRY AN INCREDIBLE
TESTING LOAD!
Spectrum gives you AC and DC
parametric/functional test capabilities
in alow cost/high volume benchtop
IC test system. It is the only
benchtop that gives you the power
to test static and dynamic devices.
And that's not all:
• Tests all popular device families
and fabrication technologies
from 8to 96 pins.
• Modular hardware and software
lets you tailor the system to
your needs and allows the
system to grow to meet your
changing test requirements.
• An optional IEEE-488 Bus
allows Spectrum to operate
with ahost computer for
multiple test station applications.
• The same highly trained field
service and programming
personnel that maintain
Datatron's large test systems
all over the world back-up
Spectrum.

SPECTRUM
SERIES I

IT DOESN'T HAVE TO BE BIG
TO BE POWERFUL ..........

The power to test microprocessors and dynamic memories
under real world conditions doesn't have to carry abig
pricetag. Spectrum provides the same test capabilities as
the big $100K+ systems do in incoming inspection
epplications — at half the cost.
The Big News in
Small Testers is

naggemimim
SPECTRUM

cJotatron, in, .

TEST SYSTEMS
DIVISION

P.O. Box 11427, Santa Ana, CA. 92711* (714) 544-9970 •TWX 910-595-1589

INNOVATORS IN ATE TECHNOLOGY

—

—

—

—

—

—

—

I For further information and afree brochure

on Spectrum, call or mail coupon to:
Datatron, Inc./Test Systems Division
P.O. Box 11427, Santa Ana, CA. 92711
(714) 544-9970 • TWX 910-595-1589
NAME
COMPANY
ADDRESS
CITY

STATE

ZIP

TELEPHONF
Circle 259 on reader service card

E

HOW FAST DO YOU
WANT TO HIT THE STREET
WITH YOUR
MICRO SYSTEM?
During these last two
years, thousands of companies have
gone into business with the sole
purpose of developing microbased products.
And in an environment
as explosive as that, you are
either very quick. Or very dead.
So, although building your micro-based system from scratch could be a
glorious experience, we would advise you
to buy one of our single board computers.
Or even better, our prepackaged systems.
If you call your local Data General industrial electronics stocking distributor* to
order your development system this morning, you'll be able to start working on your
software this afternoon.
And while your competition is pounding out assembly code, you'll be working
with big computer languages. An MP/
FORTRAN with multi-tasking. An MP/
PASCAL that executes at assembly language speeds. An MP/BASIC that lets
you write enormously complex programs
that take up very little space. And MP/OS.
A micro sub-set of AOS, the operating
system anyone who knows operating systems
IF

will tell you is the
most sophisticated in the world.
With system tools as powerful as these,
you could be out selling your micro-based
product while other guys are still trying to
figure out how to use the wimpy tools that
the semiconductor companies are offering.
And as you get bigger, and get into
bigger systems, everything you've done will
grow right along with you. Because Data
General micros are compatible with every
other Data General computer.
If you are still unconvinced, let us tell
you astory.
A certain system house we know assigned two teams the same micro project using two different computer companies. The
team using Data General finished in four
months. The team not using Data General
took nearly seven months.
Would you care to guess whose
micros they are using now?

Data General

We take care of our own.
*SCHWEBER, HALL-MARK, KIERULLF, ALMAC/STROUM, R.A.E. in Canada.
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rItit IC
Burst-multiplexer
ch
annel helps
Eclipse speed up

J-FET—Input
d
ual op amp is
ready for military

153 versions of
dc-dc converters
are 72% efficient

Features abound
I
n thermocouple
transmitter

V-f converters
retain performance
at lower cost

Electronics/ February 24, 1981

Newsletter

Operating at its highest transfer rate — 20 Mb/s—a Data General Corp.
16-bit Eclipse S/140 computer equipped w ith a burs t- mu l
tipl exer ch
anne l
(Bmc) can outdo any competing computer, claims the Westboro, Mass.
firm. The emc multiplexes data between disk and main memory on the
bus linking the central processing unit and the main memory, achieving
data-transfer rates of 3.3 to 20 Mb/s. It supports up to four disk stores or
device controllers, and each controller can manage up to four disk drives
itself—all of which makes for very large data bases that can be manipulated at much greater speeds than before. Priced at $2,500 and offered as
an option on the S/1 40's error-detection and -correction board, the BMC
takes no additional internal space and is deliverable in 90 days.

The OP-215 precision dual operational amplifier with junction fieldeffect-transistor input introduced last sp ri
ng by Prec i
si
on M ono li thi cs I
nc.,
Santa Clara, Calif., is now also available in three military grades. Similar
to the commercial part (E suffix), the top military device (A suffix) has an
input offset voltage of 1my at room temperature (25°C), but is rated for
2 my at full temperature (125°C), compared with 1.5 my for the
commercial unit at full temperature (70°C). In contrast, the more relaxed
military grades (B and C suffixes) have offset voltages of 2 and 4 mv,
respectively, at 25°C and 3 and 6 mv, respectively, at 125°C. In TO-99
packages, the A, B, and C versions are priced at $30, $21, and $10 each, in
100-piece lots. They also are available with MIL-STD-883 class B processing for a20% premium and in an eight-pin mini-Cerdip for 20% less.

The DCS series of dc-to-dc power converters from Intronics Inc. comes in
153 different flavors. Available in 30-, 50-, and 100-w versions, the
converters accept input ranges of 9to 18 ydc, 18 to 36 ydc, or 36 to 72
dc and deliver 17 possible single-, dual-, or triple-voltage outputs. The
line's high-efficiency rating of 72% varies less than 3% over the full input
range, says the Newton, Mass.—based company. Input-to-output isolation
is 1,500 y dc, and operating temperature is —25° to + 70°C. Prices start
at $219 each in lots of one to nine, and delivery takes four to six weeks.

There's athermocouple-transmitter module coming from Analog Devices
Inc. that combines isolation (to 1,500 v) and co ld-j unc ti on compensat i
on
in asingle package. The Norwood, Mass., firm's 2B50 is said to have no
competition in its combination of features—and there is a laundry list of
them: 0.01% nonlinearity, filtering, transient-voltage protection, 160-dB
common-mode rejection, 70-dB normal-mode rejection, 1-µv offset, and
an adjustable input span of ± 5to ± 200 mv. Analog Devices expects to
announce the module almost immediately.

The 3800-series line of hybrid voltage-to-frequency converters due soon
from Dynamic Measurements Corp. have output frequencies ranging from
2to 10 mu. Having reviewed the market—mostly analytical instruments
and industrial control equipment —the Winchester, Mass., company found
that by relaxing some input and power-supply requirements, it could cut
the going price for such performance about in half without sacrificing
either linearity or performance over temperature.
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POSITIONS VACANT

Electronic Engineers—Sunbelt/
Southwest. Opportunities in Design
Software. Digital/Analog, Micro.
processing. Personalized representation. Employer fee paid. J. Gifford
Inc.. 5310 East 31st Street, #225
Tulsa, Oklahoma 74135. (918) 6652626.
Engineers. All disciplines. EE/
CS. Entry to executive. Locations
throughout U.S. All fee company paid. Send Resume to:
F-O-R-T-U-N-E Personnel, 3005 S.
Michigan. South Bend, IN 46614.
219-291-7161.
Murkett Associates Qualified
Reputable Management placement
with national affiliates—fee paid
Box 527 Montgomery, Al 36101.
Instrument Engineer — South
— To 36K. Major pulp mill undergoing multi-million dollar expansion. Murkett. Inc.. Box 527,
Montgomery, AL 36101.
Investment Analyst — To work In
small, but highly sophisticated
Midwest large in-house pension
fund. Excellent opportunity to
learn total investment operaton.
Requires high academic record
with a recent M.B.A. from top
quality school. Prefer engineering
or science undergraduate major.
Prior investment experience not
required.
Reply
to:
P-3850
Electronics.
FACULTY POSITIONS
VACANT
Assistant/ Associate Professor of
Electronic
Engineering
Technology. Full-time tenure track position. Salary range $15.230 to
$26.733,
depending
upon
qualifications. Assignment will involve teaching Electronic Engineering Technology courses including digital electronics, computers (hardware and software).
graphics, some design courses.
and possibly some industrial
engineering technology courses.
Additional responsibilities will include curriculum matters and
student advisement. Masters degree
in
Electrical/Electronic
Engineering, current background
in digital electronics and computers. teaching or industrial
experience required (teaching
and
industrial
experience
preferred). Doctorate, professional engineering registration.
and prior engineering technology
teaching experience preferred.
The doctorate may be in fields
other than engineering as long as
the applicant has a Masters Degree
in
Electrical/Electronic
Engineering. Appointment date:
September 1981. Applications
should be sent by April 1. 1981,
to: Mr. James Haefer, Chairperson.
Engineering
Technolgoy
Department. Southwest State
University, Marshall, MN 56258.
SSU is an Equal Opportunity/Affirmative Action Employer.

Career outlook
Professional group aids women
• With engineering and technical
manpower shortages reaching critical proportions, companies are tapping nontraditional pools of talent
within their firms. Among those
being beckoned along these unfamiliar career paths are women, many of
whom are technically ill-prepared
and have few places to turn to for
technical training.
Women in Electronics is aprofessional association and information
center now being organized at the
local level on the West Coast in
Orange County and the San Fernando Valley, in Denver, Boston, Florida, and New Jersey, and on Long
Island. It hopes to provide ameeting
ground and source of career and
technical information for these women and their current or prospective
employers.
"One of our objectives is to share
problems and information. Men
seem to have this type of network
going informally, and if something
happens in the industry, they seem to
know about it," notes Phoebe M.
Blinder, president of the Long Island
chapter. "Many women must hold
down two jobs—career and family—
and many are also going to school.
They just don't have the time or
opportunity to meet with their peers
in this technical industry." She notes
that up to 60 women have come to
each meeting so far.
Blinder, who is vice president of
QPL Components Inc. and president
of Phoebe Electronics Inc., both distributors of high-reliability compo-

nents in Ronkonkoma, N. Y., wants
to help women increase their professionalism through technical education. To that end, the Long Island
chapter is sponsoring a two-day
technical seminar entitled "From
Ohm's Law to Microprocessors" on
April 13 and 14. The Long Island
group is also planning to be quite
visible at this year's Electro activities
in New York. It will be cosponsoring
the preceding Purchasing Day seminar and will have atable in the main
lobby of the Coliseum throughout
Electro to answer questions and disseminate literature.
"We're looking at a potential
audience we haven't tapped before,"
confirms Harry Fallon, chairman of
the Purchasing Day committee. His
company, Federated Purchaser Inc.
of Springfield, N. J., employs 40
people, most of them women. "Finding enough competent people in this
industry is difficult. It's like a blood
transfusion— you don't care where
the blood comes from if you need it,"
he notes.
"The whole concept of our professional people meeting other professionals and sharing ideas can only
aid our company," observes Joseph
Friedman, group director of human
resources at General Instrument
Corp.'s Hicksville, N. Y.-based Microelectronics division. GI is supporting its professional women in their
Women in Electronics memberships
because, as Friedman points out,
"we're in an industry that needs its
people resources and whatever we
can do to enhance these resources we
will."
-Pamela Hamilton

CALL IN
YOUR
CLASSIFIED ADS
212/997-2556
262
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Software Engineers

How did you
spend your
weekend?

If you were apart of GTE in Phoenix,
you could have...
sailed in a weekend regatta or enjoyed the quiet scenic beauty of
one of the major lakes within an 80 mile radius from downtown
Phoenix. These lakes cover 31,130 acres and Arizona ranks .1
notionally per capita in boat ownerhsip. All this .. and GTE too!
If you're a software specialist interested in upgrading your career
and your lifestyle, GTE Automatic Electric Labs has a position for
you. We offer he newest telecommunications technology plus the
chance of becoming a contributing member of our team., where
professional advancement is limited only by your own initiative.
Positions are available in the following areas if you have a degree
and experience in Computer Science, Electrical Engineering or
Computer Engineering

GTE Automatic Electric Laboratories

CM

Research and
Development
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Operating System Software
On-Une Recovery and Diagnostic Software
Development Support Software
Call Processing & Administrative Software
Test Utility Software
System Test & Control
Data Base Development
GTE provides competive salaries, a complete benefits package
including relocation assistance and a chance to change the
quality of your lifestyle!
Please send your resume or letter of interest to. GTE Automatic
Electric Laboratories, Manager of Manpower, Dept. EM0224,
11226 N. 23rd Avenue, Phoenix, AZ 85029.
An Equal Opportunity Employer M/F/H
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MANAGER VLSI DESIGN
Microelectronics center of very prestigious office products systems Fortune 200
corporation active in VLSI-NMOS second and third generation technologies, seeking
individual to supervise definition and development of new technologies in circuit design Will supervise very effective, stable team responding to current needs and anticipating future technologies Will also manage CAD developments and equipment to
facilitate VLSI design Applications include microprocessors memories l'a functions etc
Very attractive location salary , fringe benefits and career growth potential
send resume including current compensation package in confidence to

Please

NOTICE
TO
EMPLOYERS:

BOX P-3190, Electronics, P.O. Box 900, NY, NY 10020

S.W. &SUNBELT

Your I'Icimatc Chuicc
ELECTRONIC DESIGN
NUCLEAR MEASUREMENT
Salary area $35,000
An oilfield wireline services firm
is seeking aB.S. nuclear engineer
or
B.S./E.E.
with
nuclear
measurement background to do
electronic design in the area of
nuclear measurement at their
Houston facility. Work in an R&D
Environment with one of the
fastest growing Texas companies. Outstanding benefits package includes stock option.
For further information contact
Glenn
Bixler
at
(713)
943-2860.
ALL FEES ASSUMED BY CLIENT
COMPANIES
NEVER A CONTRACT TO SIGN
Please submit salary history with
your current resume.

435
Houston
Natural
Building
1200 Travis
(713) 943-2860
Houston, Texas 77002

Gas

• Systern EE s
• Design EE s
• Product EE s

• Software
• Design ME 5
•Communications

S20,000 to $50,000
100% Fee Paid
Specializing in placing technical people
with data acquisition and peripheral
equipment manufacturers located
across southern U.S. Send complete
resume, salary history and geographic
preferences to.

J. robot Itiompson companies. Inc.
911

Management & Employment Consultantà
2200 West Loop South. Surte 800
Houston. Texas 77027
713/627-1940

EMPLOYMENT SERVICES
Electronic engineering growth positions with clients located nationally.
Our service is enhanced by the fact
that Iam an EE with 20 years in industry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi, Director, J. Anthony &
Associates, PO Drawer AD, Lynchburg, OH 45142. 513/364-2305.

RESUMES
Resumes—Complete instructions
and examples: $4, Consultants, Box
567—J. Bergenfield, N.J. 07621.

STILL LOOKING
FOR YOUR DREAM JOB?
Then be sure to check out the employment opportunities
contained in ELECTRONICS Classified Section.
Or, why not consider placing a Position Wanted ad?
The cost is low (only $1.98 per line) and the results are
often rewarding. For more information call or write:

ELECTRONICS
Post Office Box 900
New York, N.Y. 10020
Phone 212/997-2556
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Why
we can recommend
our readers
for the top jobs
The subscribers to this magazine have
qualified professionally to receive it. They
are also paid subscribers —interested
enough in the technological content to have
paid aminimum of $19 for asubscription.
As subscribers to ELECTRONICS, our
readers have told you several things about
themselves. They are ambitious. They are
interested in expanding their knowledge in
specific areas of the technology. And they
are sophisticated in their need for and use
of business and technology information.
Our readers are now in senior engineering or engineering management, or they are
on the road toward those levels. In either
case, they are prime applicants for the top
jobs in almost any area.
If you are interested in recruiting the
best people in electronics, these pages are
open to you for your recruitment advertising.
Our readers are not "job-hoppers". To
interest them you will have to combine
present reward with challenge and opportunity for future career advancement.
The cost of recruitment advertising on
these pages is $87 per advertising inch. For information call or write:

Electronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556
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COMMUNICATIONS
ENO 1
:
EERS
More job challenge, more vacation and
up to 40 percent more pay. Aramco offers them all
to the highly motivated, self-starting communications professionals
we need now for major projects in Saudi Arabia.
Aramco needs outstanding people
on the energy frontier in Saudi
Arabia. We're offering outstanding
incentives to get them: up to 40
percent pay premium, 40 days'
vacation every year, and achance
to work on vast and challenging
projects with the world's largest
oil-producing company.
Among our major projects is an
enormous communications system
which interlinks our vast network
of operations in Saudi Arabia.
You'd have to look hard to find
asystem quite like it anywhere.
If you have the qualifications,
we have the following openings
in which you could expand your
communications career.
Radio Engineers
Your areas of responsibility will
include system engineering, design,
operational support for all our HF,
VHF, UHF radio systems. You'll
work on ateam responsible for
major additions to our HF radio,
mobile radio, paging, radiotelephone, marine and IMTS
systems.
Requirements: a BSEE, plus at
least 10 years' experience in radio
communications engineering.
Radio/Microwave Engineers
You will oversee engineering studies,
design and development phases

of projects and facilities; implement modifications on existing
systems and facilities.
Requirements: a BSEE or equivalent, 7years in some or all of the
following: microwave, telephone,
mobile radio, analogue-digital,
communications and control
systems.

tion, comfortable housing, abundant recreation, and an excellent
American-style school system for
the children.

Senior Projects Engineer—
Radio/Microwave
You will supervise design and material procurement; provide work
direction for engineers and direct
design and project management
contractors. Also responsible for
engineering aspects of new systems
design, system additions, and
modifications.
Requirements: a BSEE or equivalent. Minimum 12 years in systems
engineering, with planning on major communications projects.

Extra overseas bonus and ne»
voluntary "bachelor" status
for married employees
Newly hired employees for Saudi
Arabia also receive aone-time,
lump-sum, fully tax-protected
Overseas Employment Bonus of
up to $5,000.
And now all of the attractive
compensation and benefits are
available for married employees
who may want to work overseas
on atemporary "bachelor" status
for the first year. This program
includes three free repatriation
trips by air during this one-year
period, and the option to request
family status at three conversion
dates during that same year.

Unsurpassed compensation
and benefits
The Aramco salary is competitive
and acost-of-living differential
increases it even further. Aramco
people in Saudi Arabia receive a
tax-protected premium for overseas
employment which can amount to
up to 40 percent of the base salary.
Money aside, Aramco offers
an outstanding combination of
benefits, including the long vaca-

Interested? Call our 24-hour line
any day: (713) 750-6965. If you
wish, call toll-free: (800) 231-7577,
ext. 6965 between 7A.M. and 5
P.M., Monday-Friday, Central
Time.
If you prefer, send your résumé
in full confidence, or write for
more information to: Aramco Services Company, Dept. ELT0224NBO4A, 1100 Milam Bldg., Houston, Texas 77002.

CHALLENGE BY CHOICE

ARAMCO
SERVICES COMPANY
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Tv.nce as large as Irte

Known in all the best circuits
The dedication to reliability makes Tansitor the first or
only choice for those applications where tough
environmental or electrical conditions exist.

The ranges includb dipped, chip, subminiature, solid,
all tantalum, wet tantalum and foil types and extends
from 0.001 to 3500 mfd ;2to 450 volt. Write or 'phone
for further data.

Tansitor tantalum capacitors

Tansitor Electronics, Inc.

West Road, P.O. Box 230, Bennington,
Vermont 05201 Phone: (802) 442-5473
TWX :(710) 360-1782
Tansitor — reliable in so many ways

Circle 268 on reader service card

NOW AVAILABLE:

MAXI-STEPPERS
PM and VR steppers —
responsive and precise —
with slewing rates to
20,000 steps/sec.
and higher. We
offer an unlimited range of
step angles,
frame sizes
and configurations.
And high
torque/size
ratios.
Options include: dampers, heat sinks,
encoders, pulse
sources, drivers,
preset indexers,
gearheads, and
more.
Standards and
specials — the best
of both.

.

• DIRECT REPLACEMENT FOR NATIONALS
LH0002C/LH0021
• DEVICES ARE IN HERMETICALLY
SEALED PACKAGES
• MIL SPEC SCREENING AVAILABLE
• COMPETIVELY PRICED

we"

le

Send for literature.

Eastern Air Devices
1Progress Drive, Dover, New Hampshire 03820
Tel (603) 742-3330 •TWX (510) 297-4454
LAD. Holtzer-Cabot and Janette motors

268

HY-0002C
HY-0021
CURRENT
AMPLIFIERS.

Circle 146 on reader service card

• DELIVERY: STOCK
TO 10 WEEKS
HY

hytek mie

rosystt-nls
incorporated

16780 LARK AVENUE. LOS GATOS, CALIFORNIA 95030
PHONE (408) 358-1991
TWX 910-597-5393

Circle 147 on reader service card

Electronics

Complete entire card.
Circle the number on the Reader
Service postcard that corresponds
to the number at the bottom of the
advertisement, new product item, or
new literature in which you are
interested.

Reader Service
For additional information
on products advertised,
new products or new literature,

aiaa

EIS 3/32

LIEZ

Subscriptions & Renewals

To aid the manufacturer in filling your
request, please answer the three
questions.

use these business reply cards.

r

All inquiries from outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manufacturer. The
manufacturer assumes all responsibilities for responding to inquiries.

Please print or type.

CM MI MC MD

Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

CIEB MCI MI OM ME NM M.
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358
359
360
361
362

373
374
375
376
377

433
434
435
436
437

463
464
465
466
467

493
494
495
496
497

106
107
108
109
110

121
122
123
124
125

136
137
138
139
140

151
152
153
154
155

166
167
168
169
170

181
182
183
184
185

111
112
113
114
115

126
127
128
129
130

141
142
143
144
145

156
157
158
159
160

171
172
173
174
175

186 201
187 202
188 203
189 204
190 205

6
7
8
9
10

21 36 51
22 37 52
23 38 53
24 39 54
25 40 55

66
67
68
69
70

11
12
13
14
15

26
27
28
29
30

71 86
72 87
73 88
74 89
75 90

41 56
42 57
43 58
44 59
45 60

1. D under 20

61 76 91
62 77 92
63 78 93
64 79 94
65 80 95
81 96
82 97
83 98
84 99
85 100
101
102
103
104
105

116 131 146 161 176 191
117 132 147 162 177 192
118 133 148 163 178 193
119 134 149 164 179 194
120 135 150 165 180 195

206
207
208
209
210

211
212
213
214
215

226
227
228
229
230

236
237
238
239
240

241
242
243
244
245

251
252
253
254
255

266
267
268
269
270

378
379
380
381
382

388
389
390
391
392

393
394
395
396
397

403
404
405
406
407

408
409
410
411
412

418
419
420
421
422

423
424
425
426
427

438
439
440
441
442

448
449
450
451
452

453
454
455
456
457

468
469
470
471
472

478
479
480
481
482

483
484
485
486
487

498
499
500
501
502

508
509
510
701
702

703 718
704 719
705 720
706 900
707 901

713
714
715
716
717

956
957
958
959
960

If the cards below have already been used,

Electronics

you may obtain the needed information

Reader Service

or by sending your name and address,

by writing directly to the manufacturer,
plus the Reader Service number and issue date,
to Electronics Reader Service Department,
P.O. Box No. 2530, Clinton, Iowa 52734.
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P.O. Box No. 2530
Clinton, Iowa 52735
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Clinton, Iowa 52735
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SSIRs

In Stock —At All Times—The Lowest
Profile and Smallest Footprint
Industry Standard SSRs
120 and 240 Volt Models
2, 3and 4AMD Ratings
UL Recognized and OSA Certified
Designed, Built and Tested for
Reliability
Isn't this what you expect from
Opto 22?
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Depth:
.375 Inches

P120 D4

Solid State Relay
4-16 VDC Control
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Model MP 120 D2
Solid State Relay

Depth:
4 Inches

Control
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15461 Springdale St.
Huntington Beach, CA 92649
(714) 891-5861
Telex: 692386
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Circle 901 on reader service card

PHOTOTRANSISTORS &.
PHOTODARLINGTONS
•Clear Epoxy Packages •Less than 50 cents

The CLT 4000 series of
phototransistors and the CLR
4180 photodarlingtons utilize
lead frame construction for
direct soldering into circuit
boards or socket mounting and
are molded in clear epoxy
packages ... and the price is less
than 50 cents each in pnxluction

quantities.
This design includes a
molded lens over the transistor
to control angular response. AU
units have eaaranteed light
sensitivity ad are spectrally
compatible with the Clairex
CLED 400111 Emitter. The CLR
4180 offers particularly high

sensitivity at low irradiance
levels of 0.1 mw/cm 2and
1.0 mw/cm 2.
For specific details call 914664-6602 or write Clairex
Electronics, 560 South Third
Avenue, Mount Vernon,
New York 10550.

CLAIREX
ELECTRONICS
A f)ivision of CI:tires Corporal ion
Circle 902 oi reader service card

