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i @ Circuit Board Testing Update/No. 7 in a series from Hewlett-Packard.

SIGNATURE ANALYSIS: A NEW AND EFFECTIVE METHOD OF
TESTING MICROPROCESSOR-BASED BOARDS AT SPEED

If you’re producing microprocessor-
based products, you've probably
found that board level testing is no
trivial problem. That’s because the
complexity of the microprocessor
(MPU) has introduced a number of
new testing problems, especially
when the boards must be tested at
operating speeds.

What are the new

testing problems?

At-speed testing of dynamic devices
creates five major problems: 1}
Synchronizing most test systems with
the MPU’s fast on-board clock isn’t
possible; 2) The MPU’s bi-directional
bus makes fault isolation difficult; 3)
Existing test systems often aren’t fast
enough to test today’s dynamic
memory devices thoroughly; 4} Most
test systems cannot exercise the MPU’s
software — a must, and 5) Functional
test development costs are increasing
with device complexity. To solve these
problems, Hewlett-Packard created
new testing techniques.

How HP developed
Signature Analysis.
In 1977, as a means of reducing field
service costs, HP developed a new
method of testing dynamic devices.
Called Signature Analysis (S/A) it

is a data compression tech-
nique that reduces a complex _ 8
data stream to a :

series of unique four-digit hexa-
decimal signatures. Under test, the
signature of each circuit node is
compared to a stored value, making it
easy to locate faulty nodes.
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Solving the five major problems.
Signature Analysis has made MPU
board testing manageable by solving
the testing problems outlined above.
First, S/A can be synchronized with
the MPU’s on-board clock at rates up
to 10 MHz. Second, interacting with
the board under test, S/A can verify
the data stream from a specific device
on bi-directional buses. Third, the S/A
technique is fast. It can locate speed-
related faults in dynamic devices.
Fourth, with S/A, the board under
test is stimulated with a software test
routine executed by the on-board
MPU. With HP’s 3060A, the test
system can now supply this test
routine to the MPU. No longer must
S/ A be designed into the board —
unless you also plan to use S/A for
field service testing.

Finally, S/A’s stored go/

no-go response approach is

a cost-effective method for

the testing of LSI devices.

You can put this new tool to work
for you now.

Signature Analysis is part of the High
Speed Digital Functional Test option to
the proven HP 3060A Board Test
System. This option is priced at
$12,000° and can be added to
3060A’s currently in service. The
technique is complemented by the
3060A’s programmable drivers, in-
circuit program generator, and bed-of-
nails visibility for automatic backtracing.
Note, in the flow chart above, how the
3060A with this option provides flexi-
bility in the selection of dynamic
stimulus for board test applications.
For additional information.

To receive complete details on the HP
3060A Board Test System and the
High Speed Digital Functional Test
option, write: Hewlett-Packard,

1507 Page Mill Road, Palo Alto, CA
94304. Or call the HP regional office
nearest you: East (201) 264-5000,
West (213) 970-7500, Midwest (312)
255-9800, South (404) 955-1500,
Canada (416) 678-9430.

°*Domestic U.S.A. price only.
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HP Circuit Testers —
The Right Decision

See us at the ATE Exhibit
Booth 821, 823 - 826 and 828.
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SURPRISE!

HP's New 855 Link Makes
Fiber Opties a Real Snap.

Now you can afford to use fiber optics. For just $55.00* HP’s new Snap-In Fiber Optic Kit,
the HFBR-0500, gives you an LED transmitter module, an integrated TTL output receiver, 5 metres of connectored
plastic fiber cable, 2 spare connectors, polishing tool, and technical literature.
The cabled connectors simply snap-in to each of the modules. It’s that easy! No special tools or epoxy
are needed for installation.
If you're cost conscious, the HFBR-0500 kit is an affordable solution for your short distance applications.
Performance is guaranteed up to 10 Mbaud for cable lengths up to 5 metres. Longer distances are

possible at lower data rates.

For more information or immediate off-the-shelf delivery,
call your nearest HP components authorized distributor. In

the U.S., contact Hall-Mark, Hamilton/Avnet. Pioneer Standard, m H EWLET T

Schweber, Wilshire or the Wyle Distribution Group (Liberty/Elmar).
In Canada. call Hamilton/Avnet or Zentronics, Ltd. pAC KA R D

01007 *U.S. domestic price only.
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Quality, capability and performance in an
outstanding universal counter for only 425.

HP's experience in counter design,
manufacturing advances and tough
quality control bring you the Model 5314A

a counter that does a lot and does it
for a remarkably low price: $425*

You'll get the measurements and
performance you're likely to need where
a basic universal counter is called for:
frequency range is 100 MHz, time interval
resolution is 100 ns and it will measure
period down to 400) ns with 100 ps
resolution. 1t also measures frequency
ratio, ratio averaging and will totalize.
For longer times between calibrations

Circle 2 on reader service card

plus added accuracy, HP offers an
optional high stability time base {TCXO)
for $100* For field use, there's a low-cost
battery power option for $95*

Counters at this price usually have
single-channel time interval controls or
none at all. But the 5314A gives you
both input trigger level and slope controls
for two input channels. This allows you
to measure pulse widths or time between
pulses with stop and start commands

from either one or two input control lines.

We've adhered to HP’s high quality
standards in building the 5314A. A look

HEWLETT
PACKARD

()

inside will reveal carefully designed,
carefully crafted, gold plated circuit
boards throughout. A low parts count
and conservative design contribute
to excellent reliability, too.

Now, mare than ever before, it makes
sense to buy quality from the start.
Thai’s what you get with the remarkable
5314A. To get your 5314A, or more
details. call your nearest HP sales office
today or write, Hewlett-Packard,

1507 Page Mill Road, Palo Alto, CA 94304

*Domestic U.S. prices only.
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Highlights

Cover: ICs read and speak, 117

The speech capability of integrated circuits and their associated software is
growing to the extent that some of them are now vocalizing text. The first
two articles of an ongoing series on speech synthesis discuss two examples of
how that is accomplished. The first is a synthesizer chip that can speak any
English word or text typed on the keyboard of its accompanying development
system, with its software translating the keyed-in letters into basic word
sounds (p. 118). The second is also a synthesizer chip; it is backed up by a
library of 128 basic sounds and an algorithm for putting them together to
speak messages appearing on a personal computer’s display (p. 122).
The cover illustration is by Sean Daly.

Why some MOS memory makers are turning to epitaxy, 93

Are the benefits of building a dynamic random-access memory on an
epitaxial layer—low noise, less leakage current, and operation at higher
temperatures —worth the added cost of the layer? That is what is being
debated by semiconductor firms that make MOS memories, following Texas
Instruments’ announcement that it is using epitaxy for its 64-K dynamic
RAM. This Probing the News story considers the pros and cons.

Is Ada the last word in programming languages? 127

This special report presents a detailed portrait of Ada. Designed to meet the
needs of the U. S. Department of Defense for a reliable, readable, and easily
maintained high-level programming language, it may be so successfui in
meeting those goals that it will become, as its designer, Jean Ichbiah,
believes, the last computer language. The key concept is software compo-
nents, which would be standardized like hardware modules and joined by a
common **bus.”

Putting magnetic-bubble memories to work, 138

Bubble memories may be an appealing form of mass storage for computer
systems, but the necessary control circuitry has been anything but attractive.
So ways are emerging to help bubble devices realize their potential, and two
are the subjects of separate articles. One is a controller chip that manages
anything from a large memory system down to a single bubble device
(p. 138). The other is a driver program that presents a bubble memory to an
operating system —CP/M —in the guise of a disk, minimizing the application
software changes for any system that now uses disks (p. 143).

And in the nextissue . . .

The International Solid State Circuits Conference: a four-part arti-
cle . . . next-generation microprocessors . . . a 16-K clectrically erasable
programmable read-only memory made using metal-nitride-oxide-semicon-
ductor technology . . . applying signature analysis to a display terminal.
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90 POWER
SPLITTERS

Model Freq. Isola- Inser- Phase Amplitude | Price FROM $ 95
No. Range tion dB tion Unbalance | Unbalance -
MHz Loss dB* | Degrees dB $

) . { Ty [Min. | Typ. [Max.| Max. | Max. |Each Qty. 5-49 qty.
PSCQ-2-15 1417 | 2925 | oafo7 30 | 12 [12.95((5-49) i
PSCQ-2-34 13038 | 30025 | o4afo7 | 30 | 12 |iess|seag) * Over 20 models available
PSCQ-2-64 [58.70 | 30i25 | 0407 36 | 12 |1295(5-49) ¢ Compact PC. ..
PSCQ-2-7.5 [7.0-8.0 35l25 | oafoz | 30 |12 |i2.9s)s-a9) " o "oy "
PSCQ-2-10.5 |9.0-110 | 25 L:z_o J oafor | 36 12 ]12.95[5-49) _0'4, 0'? C.4"H
PSCQ-2-13 [ 12414 [ 20f25 | o04fo7 3a 12 |12.95((5-49) ¢ High isolation. . .
PSCQ-2-14 | 12-16 30025 0.3 |06 3¢ 1.8 ]16.95((5-49) better than 0.3dB
PSCO-2-214 | 20-23 | 30]25 | o407 3¢ | 12 [12.95]s-a9) A : :
PSCQ-2-50 | 25-50 30f20 | o3for 30 | 15 [19.95f5-49) Low insertion loss. . .
PsCa-2-70 | 4070 | 25|20 | 03]o7 | 30 12 |19.95((5-49 less than 0.3dB
rrcosi [oom | ssfin | osfc7| o | 1o |meles  2:%aY, 90°, pin or connector modes. . .
PSCO-2-180 [120-180 | ~23[15 | o03]o7 | 40 I 12 ]re.9s|is-ag) Mlnl-Clrct:llts offers a .WIde variety ot
PSCQ-2-250 1150-250 | 2318 | 04f08 | a0 | 15 |19s|isag) Power Spitters/Combiners to chose from-
PSCQ-2-400 1260400 | 22|16 | o04fo9 | 40 15 ]19.95((5-49) with immediate delivery. But there are
PSCQ-2-450 [350-450 | 22[16 | 04fo09 4.0 15 |19.95|(5-49) “ P “ .
zsca-2s0 | 2550 | 30fo0 | 0slor | a0 | 15 lsaedren alwa.ys .spet’.:lal needs for “special
zsCQ-2-90 | 55-0 | 3cJ20 | o03[o7 | a0 12 |39.95(4-24) applications”. . . We can supply them
25CQ-2-180 1120180 f 2315 | o0.3]o7 40 1 12 ]39.95)4-24) at your request. . . with rapid turnaround
ZMsca-250 | 25-50 | 3020 | o3lo7 ] 30 | 15 [a9.95/(a-24) . ael
Zmsca-290 | 5590 ' 30[20 | o03fo7 | 30 | 12 T[asss|iaza) time... and at standard catalog prices!
zmsca-2-180120-180 | 23[15 | o3| (07 | a0 [ 12 [asses|a-2q

‘Average of coupled outputs less 3dB Impedance 50 ohms ail models
World's largest manufacturer of Double-Balanced Mixers
2625 East 14th St. Brooklyn, NY 11235 (212) 769-0200 M — —~ C' 'ts
Domestic and International Telex 125460 in = "'cu |
International Telex 620156 MINI-CIRCUITS LABORATORY

A Division of cientiic Components Corp

49 Rev Orig.
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Here is the biggest, toughest,
ruggedest, solid state Class A linear
amplifier we make. It's designed

to stand up in hostile environments,
yet it's easy to field service
because all major subassemblies
are “plug in” replaceable.

Designed for use in HF transmitters,
RFI/EMI applications, linear
accelerators, and gas plasma
equipment, the ENI Model A-500

broadband power amplifier is

capable of delivering more than 500

watts of output over the frequency

range of 0.3 to 35 MHz.

And like all ENI power amplifiers,
the A-500 features unconditional
stability, instantaneous failsafe
provisions, and absolute protection
from overloads.

For more information, a demon-
stration, or a full line-catalog, please
contact us at ENI, 3000 Winton
Road South, Rochester, N.Y. 14623.
Call 716/473-6900 or
telex 97-8283 ENI ROC.

. The advanced
! design line of
\/ power amplifiers

6 Circle 6 on reader service card

Publisher’s letter

Speech synthesis, the subjcct of the

two articles featured on the cover,
has only just begun to appear in
consumer and industrial products.
Work goes on to extend the capabili-
ties of the various speech-producing
systems, as these articles underscore.

The first, from the Votrax division
of Federal Screw Works, Troy,
Mich., describes a phoneme-based
voice synthesizer chip that reads text
(p. 118). It also goes into the devel-
opment system that can be used to
program the chip easily and simply.
The second article, from Texas
Instruments’ Consumer group, Lub-
buck, Texas, deals with a text-to-
speech system that mixes linear pre-
dictive coding and phoneme-based
techniques (p. 122).

The authors represent the kinds of
people involved in speech synthesis.
From Votrax there are Kathryn
Fons, a speech scientist, and Tim
Gargagliano, a computer and electri-
cal engineer. At TI, Gene Frantz
specializes in communications theo-
ry, Kun-Shan Lin in digital signal
processing, and Kathy Goudie in lin-
guistics. As Gargagliano, senior en-
gineer in the research and develop-
ment department, points out speech
is a complex design problem requir-
ing a multidisciplinary approach.

For Gene Frantz, manager of
speech technology component de-
sign, TI’'s speech project, which
began with the popular Speak &
Spell, offered a chance to use his
specialty, communications theory. “I
started seven years ago designing
calculators, but when the opportuni-
ty opened up with this new project, |
grabbed it.”” Like the original speech
synthesis development program, the
work on the text-to-speech system
described in the article was funded

through TI's Ideas program, a plan
for supporting projects proposed by
employees.

he development of Ada goes back

some six years when the Depart-
ment of Defense recognized the need
for a computer programming lan-
guage that would serve all of its pro-
gramming purposes. Later, by call-
ing the language Ada instead of
DOD-1, the department was aiming
to set a standard for everyone.

Yet the DOD could not have fore-
seen Ada’s immediate acceptance by
industry. As the special report start-
ing on page 127 points out, Ada’s
time has come. Prepared by micro-
systems and software editor Colin
Johnson, the report describes the vir-
tues of this universal language.
“With Ada, the Defense Department
was trying to specify a language
more reliable, maintainable, and
readable than any current lan-
guage,” he observes. “It borrows the
best features from various lan-
guages, but mostly from Pascal.”

According to Jean Ichbiah, who
developed the language while at ClI-
Honeywell Bull in France, Ada will
be the last computer language. The
next step will have computers write
programs to meet individual needs
based on plain-language inputs.

“When that day comes,” remarks
Colin, “there will be no more pro-
grammers as we know them today.
Everyone will be a programmer.”

“,

York, N. Y. 10020.

Wanted: an EE who wants to be an editor

We have a challenging position available for an electronics engineer who can
combine writing ability and technical know-how into a rewarding career as an l
editor on Electronics magazine in New York. Candidates should have a BSEE
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
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Hite’s 5900 has twice the
‘power of any programmable

- Storage Registers give it the
quble-memory punch.

4 re entire procedures with
736¢ steps and recall them at
te. Using algorithms,

ngram can be stored with

: ; Sl ol progrem 6n the GFIB-com: -
offiset: pertes. Tethe, ity - et twe' incependent types of
eyele, burst count er eny comiings steraee cen effer. Cell tecey
tien. Tihe AufepregrammeYr Cen elee (G175 5E0-1660.

siere er relrieve Storgee [Reglisier

L i

NRIBaA - PITE

LRRESHA T (- [ ] 3

3
. I
- s ¥
) ) N g——
; 7

T et SIOMN-HITE
_‘;QLE— LSRR FPORA TION

Avon ‘ndustrial Park. Avon. MA 02322

{617) 58C-1660 TWX 710 345 0831

Rroka-Hite... 8encimark of Quality in Programinable Instruments

«Kronn-Hite Corporation 1981

GVERSEAS SALES GFFICE: ARAB REPUBLIC OF EGYPT, Cairo, E.PI. Co; ARGENTINA, Buenos Aires, COASIN S/A; AUSTRIA. Wien, UNIVERSAL ELECTRONIK {MPORT, AUSTRALIA, Chatswowd, South
Meibourne, Fortitude Vai.ey Q, Auburn, Kidiman Pari, Cloverdaie, WARBURTON FRANKI, LTD; BELGIUM, Brussels, C. N. ROOD s.a ; DENPMARK, Naerum, SC METRIC A,'S; ENGLAND, Reading Berks, CEJITHLEY
INSTRUMENTS, LTD: FINLAND, Hesinki, INTO/0Y, FRANCE Buc, M.B. ELECTRONIQUE GEREANY, Munich, KE!THLEY INSTRUMENTS. GMBH; HOLLAND, Rijswiik. C.M. ROOD, 5.v; ISRAEL Tel-Aviv.

ARITMORE ENGINEERING CO, LTD; ITALY, Milan, Rome, VIANELLO S.P.A ; JAPAN, Tokyo, CHISHO CORP.; NEW ZEALAND, Lower Hutt, V'ARBURTON FIANKI LTD; NORWAY Asxer. TELEINSTRUMENT AB
PORTUGAL, Lisbon. MAGNETROM; SINGAPORE, Singapore O'CONNOR'S (PTE), LTD; SOUTH AFRICA, Bramley. PROTEA PN.I. (PTY), LTD; SPAR!, Barcelona, C.R. MARES, S.A ; SWEDEN, Vallingby
TELEINSTRUMENT AB; SWITZERLAND, Urdorf Zurich, MEGEX ELECTRONIC AG.
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Data Images Inc. R
designs, develops and
manufactures high quality
Liquid Crystal Displays
and related products for
users in a broad rance of
industrial, electronic and
scientific applications.

With the advent of high
quality materials, Data
Images Inc. can now
provide the user with a
COLOR choice in Liquid
Crystal Displays. Of
course, the standard kigh
contrast blue-black font is
available, but colors, such -

AEESAEREAARERERREEe.
LA R E R R RS ERERRERERRRE.

RS EEEE RN SRR

To meet your most
stringent requirements,
special wide temperature
range, fast response
liquid crystal fluids, such
as —20°to 85° C, with a
total cycle time of less
than 100 ms at 6 Vrms are
also available.

Whether you require a
standard design, special
fluids, color, or a complete
custom design, we are
ready to fulfill your
needs.

JPATA

IMAGES™

1283 Algoma Rd.,Ottawa

Ontario, Canada K1B 3W7
Tel. (613) 744-3773
Telex 053 4885
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Readers’ comments

IEEE controversy: the full story

To the Editor: May | comment
frankly on the Jan. 13 editorial [p.
24] in which you so aptly quote
Juvenal’s famous question, Quis cus-
todiet ipsos custodes? The piece was
written without a great deal of
knowledge of what really goes on
during and before board meetings,
but that is not your fault. It is the
job of us here at the Institute of
Electrical and Electronics Engineers
to inform you properly, and appar-
ently we have failed. Let me try to
make up for this failure.

I was out of the country when an
announcement of the election results
went out from IEEE headquarters.
Upon my return 10 days later, | was
immediately drawn into the contro-
versy that had erupted around the
referendum outcome. The last meet-
ing of the 1980 board of directors
was only about two weeks away, and
one of the items on the prepared
agenda was the tellers committee
report. Before that board meeting I
was almost constantly on the phone
to the chairman of the tellers com-
mittee, to the general manager, to
legal counsel, and to other interested
parties, and | even insisted on a face-
to-face meeting between the tellers
committee and legal counsel in an
effort to reconcile the opposing
views. If we lacked legal sophistica-
tion, as you allege, it was not for
want of trying.

The tellers committee report is
usually noncontroversial, but antici-
pating a full-blown discussion, 1
made sure that all parties affected
by the dispute were represented at
the board meeting. In particular, the
chairman of the tellers committee
and the chairman of the credentials
committee, as well as IEEE legal
counsel, were invited and present
during the entire discussion.

The board listened carefully to
both sides and acted on legal advice.
It made a decision not on the merits
of the amendment but on the mean-
ing of the vote. You are absolutely
correct in stating that *“it is unlikely
that the IEEE board tried to slip its
amendment past the membership by
counting votes in a certain way.”
The board acted promptly and

mrEes

responsibly in this matter.

With 20-20 hindsight, I see two
culprits. One is that the relevant
bylaws, although approved by legal
counsel years ago, were deficient
with respect to this unusual situa-
tion; we are now working to clarify
them. The other culprit is a practice
that has been allowed to develop and
has remained unchecked over the
years, whereby the general manager
and not the chairman of the tellers
committee announces the election
results. This practice is normally
innocuous, but this year proved to be
not in the best interests of the IEEE.

So what next? A petition has gone
to the credentials committee, as
reported in the same issue of Elec-
tronics [p. 332]. It would be inappro-
priate for me to comment at this
time on what the credentials com-
mittee might recommend.

There are no villains in this dra-
ma. If there are any heroes, however,
they are surely the members of the
tellers committee who insisted on
their rights and reasserted that the
IEEE belongs to its members. The
answer to Juvenal’s question is Ipsi
custodes sunt.

Leo Young, 1980 president
1IEEE
Washington, D. C.

CML clarification

To the Editor: In response to your
newsletter item “Cli-Honeywell Bull
to drop cML” [Jan. 13, p. 67], we
would like to clarify our position on
current-mode logic. CML technology
is used in the new systems we will
start shipping in 1981 and will also
be used in systems that will be ship-
ped after 1981. We see no limit, at
this stage, to the use of this technolo-
gy in any future generations of our
products.
Michel Nico
Cil-Honeywell Bull
Paris, France

Correction

On page 125 of the World Markets
Forecast (Jan. 13), the source for the
chart should have been given as Kessler
Marketing Intelligence.
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The Mark Williams Company an-
nounces COHERENT™ a state of the art,
third generation operating system.
COHERENT is a totally independent de-
velopment of The Mark Williams Com-
pany. COHERENT contains a number of
software innovations not available else-
where, while maintaining compatibility
with UNIX*. The primary goal of
COHERENT is to provide a friendly en-
vironment for program development. The
intent is to provide the user with a wide
range of software building blocks from
which he canselect programs and utilities
tosolve his problems in the most straight-
forward manner.

COHERENT and all of its associated
software are written totally in the high-
level programming language C. Using C
as the primary implementation language
yields a high d=gree of reliability, port-
ability, and ease of modification with no
noticeable performance penalty.

COHERENT provides C language
source compatibility with programs writ-
ten to run under Seventh Edition UNIX,
enabling the large base of software
written to run under UNIX (from numer-
ous sources) to be available to the
COHERENT user. The system design is
based on a number of fundamental con-
cepts. Central to this design is the unified
structure of i/o with respect to ordinary
files, external devices, and interprocess
communication (pipes). At the same time,
a great deal of attention has been paid
to system performance so that the
machine’s resources are used in the most
efficient way. The major features of
COHERENT include:

e multiuser and multi-tasking facilities,

® running processes in foreground and

background,

compatible mechanisms for file, device,

and interprocess i/o facilit es,

the shellcommand interpreter—modifi-

able for particular applications,

distributed file system with tree-struc-

tured, hierarchical design,

® pipes and multiplexed cnannels for
interprocess communication,

e asynchronous software interrupts,

generalized segmentation (shared data,

writeable instruction spaces),

ability to lock processes in memory for

real-time applications,

o fast swapping with swap storage cache,

o minimal interrupt lockout time for real-

*UNIX is a trademark of Bell Labs
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time applications,

reliable power failure recovery

facilities,

fast disc accesses through disc buffer

cache,

® |oadable device drivers,

® process timing, profiling and debug-
ging trace features.

In addition to the standard commands
for manipulating processes, files, and the
like, in its initial release COHERENT will
include the following major software com-
ponents: SHELL, the command inter-
preter, STDIO, a portable, standard i/0
library plusrun-time supportroutines;
AS, an assembler for the host machine;
CROSS, a number of cross-assemblers
for other machines with compatibie
object format with ‘AS’ above; DB, a
symbolic debugger for C, Pascal, Fortran,
and assembler; ED, a context-oriented
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after‘ED’; GREP, a pattern
matching filter; AWK, a pattern scanning
and processing language; LEX, a lexical
analyzer generator; YACC, an advanced
parser generator language; NROFF, an
Nroff-compatible text formatter; LEARN,
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA,
a package of accounting programs to
control filespace and processor use; and
MAIL, an electronic personal message
system.

Of course, COHERENT will have an
ever-expanding number of programming
and language tools and basic commands
in future releases.

Language Support

The realm of language support is one of
the major strengths of COHERENT. The
following language processors will be
supported initially:

e C a portable compiler for the
tanguage C, including
stricter type enforcement
in the manner of LINT.

e FORTRAN portable compiler support-

ing the full ANS Fortran 77

standard

portable implementation of

the complete 1SO standard

Pascal.

¢ PASCAL

Interested in
higher performance
software?

¢ XYBASIC™ a state of the art Basiccom-
piler with the interactive
features of an interpreter.
The unified design philosophy underly-
ing the implementation of these lan-
guages has contributed significantly to
the easz of their portability. In particular,
the existence of a generalized code gen-
erator is such that with a minimal effort
(about one man-month) all of the above
language processors can be made to run
on a new machine. The net result is that
the compilersrunningunder COHERENT
produce extremely tight code very
closely rivaling that produced by an expe-
rienced assembler programmer. Finally,
the unified coder and conformable calling
sequences permit the intermixture of
these languages in a single program.

In part because of the language por-
tability discussed above, and in part be-
cause of a substantial effort in achieving
a greater degree of machine-indepen-
dence in the design and implementation
of the COHERENT operating system,
only a small effort need be invested to
port the whole system to a new machine.
Because of this, an investment in
COHERENT software is not tied to a
single processor. Applications can move
with the entire system to a new processor
with about two man months of effort

The initial version of COHERENT is
available for the Digital Equipment Cor-
poratiori PDP-11 computers with memory-
mappirg, such as the PDP 11/34
Machines which will be supported in the
coming months are the Intel 8086, Zilog
Z8000, and Motorola 68000. Machines
for which ports are being considered are
the DEC VAX 11/780 and the IBM 370
among others.

Because COHERENT has been devel-
oped incependently, the pricing is excep-
tionally attractive. Of course COHERENT
is completely supported by its devel-
oper. To get more information about
COHERENT contact us today.

Mark

Williams

Company
1430 W. Wrightwood Ave.. Chicago IL 60614
TEL: 312-472-6659 TWX: 910-221-1182
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Standard of Quality
ctrical AQLs on all
o%elating tempera-
OS RAMs & ROMs:
c & Interface:; 0.3%

ic & other memories.

We just changed the rules. We decided that what this business needed was a nice new

set of AQLs. And here they are, effective April 1st. Talk to us about all the parts you can get
with INT-STD-123 for free. We don't

make them like they used to. Ad'anced MiCI‘O D¢Vi€¢$ :l

901 Thompson Place, Sunnyvale, CA 94086 - (408) 732-2400




METAL OXIDE

VARISTORS fromVECO
Lower System Costs

Victory’s new metal oxide
varistors are designed to
are rated at only one pulse.
Veco metal oxide varistors exhibit improved response tlmes,

lower system costs and
increase product safety
increased current capability, low standby powe: consumption

through improved circuit
and system reliability. It
is very important to note
that the published energy
rating expressed in joules
is after the application of
2000 pulses, where as

package that’s UL recognized for “across-the-line” components.

and superior clamping characteristics in a compact, lightweight \

Victory Road, P.O. Box 559, Springfield, NJ 07081
(201) 379-5900 TWX: 710-983-4430
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News update

VICTORY ENGINEERING CORP.

DTMF-MODEMS

You are looking at the world’s most

SSL’s unparalleled performance in

reliability, precision Hex recw
and competitive pricing QQQ
have all come together
to bring you the
smallest and most
advanced DTMF
receivers
available

Selectable 1/16. .
D rece No additional
components

required.

Whenever your applications
include industrial control
PABX’s, KTU’s, or remote signal
& selective calling, the SL
DTMF’s will solve your problem now!

Prog. Sel. .
Call Modeﬁc

°°$ "

Call or write for a complete product specifications brochure.

SCIENTIFIC
[l sysTEMS
LABORATORIES
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2031 E. Cerritos, Suite J, Anaheim, CA 92806
(714) 776-5003

8 The 14-month-old international
reallocation of radio frequencies has
had little effect on communications
services—so far. Not one piece of
equipment has had to be shut down
because of the decisions made at the
1979 World Administrative Radio
Conference, say those who attended
the WARC issues and impact meeting
last month in New York.

For example, the regulations for
sharing the 2.5-to-2.65-gigahertz
band between fixed-service and di-
rect-broadcasting satellites have yet
to be put into effect—the band has
been reserved for the broadcasting
birds. Also, the rules that were
agreed upon have so many disclaim-
ers and exceptions that no country
has had to compromise any of its
communications plans.

The main problem faced by
WARC —the first held in 20 years—
was the ever-increasing demand for
a finite number of frequency alloca-
tions. The conferees avoided an
anticipated impasse by deferring
decisions on some critical bands
[Electronics, Dec. 20, 1979, p. 76].

Conflict, One of the problems
ahead concerns U.S. military com-
munications in Western Europe. De-
partment of Defense consultant
Capt. Jack Weatherford, USN (ret.),
explains that the transmission fre-
quencies of U. S. military communi-
cations equipment are tailored to the
allocations made within American
territory.

But in Europe, some of these fre-
quencies are assigned to civilian
uses, and the geographic and spec-
trum congestion there only adds to
the interference. Whenever possible,
European communications authori-
ties and U.S. forces there must
cooperate closely, he says.

Conferees also noted that prepara-
tions must begin soon for the round
of conferences on the deferred issues.
Among them is a 1983 Western
Hemisphere conference on the allo-
cation of the 11.7-to-12.7-GHz satel-
lite broadcast band. Also, 1984 and
1986 conferences are scheduled on
international allocations for future
satellites—the key issue that threat-
ened to derail the 1979 WARC in
Geneva. -Harvey J. Hindin
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The fastestfingers can’t outrun
herry’s new solid state keyboard

Word processing...phototvpesetting...key-to-disc...no
application exceeds the capability of this Cherry keyboard.
Scan time externally adjustable to as litfle as 1.1 milli-
seconds accumulated total (entire keyboard). Burst rate
speed is 1000 characters per second.

Capacitive design delivers error-free operation...long
life dependability.

No chance for false signals. A unique noise immunity
circuit tests continuously for valid key depressions. Elec-

CHERRY Y%

tronic hysteresis circuit eliminates “teasing.” Reliable con-
tactless design gives long. trouble-free service life.

Custom designs for your specific application, do-it-your-
self options and user assignable keys on standard models
add surprising versatility at affordable price.

Put solid state reliability to work in your data entry
operation.

Call or write Cherry today for your free copy of our 36
page keyboard catalog and the "How To” book of detailed
application data.
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o sounstare KEYBOARDS

CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue, Waukegan, IL 60085 ® 312/689-7612® TWX: 910/235-1572

Our worblwide affiliates and phone numbers: Cherry Semiconductor Corp., East Greenwich, R, USA, 401 463 6000  Cherry Mikroschalter GmbH, Auerbach, Germany, 09 BLBV 181 = Cherry Elextrical
Products Ltd., Harpenden (Herts) England, {65627} 63100 « Cherco Brasil Industria E. Comercio Ltda., Sao Paulo, Brazil, G11 246 4343 « Hirose Cherry Precsion Co., Ltd., Kawasaki, Japan, (44 933 3511




UNIQUE
NEW DOUBLE DUTY
DATA LINK

New TRW Optron bi-directional
design slashes costs of fiber optic
data links!

A unique new design allows TRW
Optron to offer the only bi-directional
fiber optic data link in the
marketplace. And, it's inexpensive
and immediately available!

A pair of transceivers and a
length of Crofon 1040 cable form a
fiber optic data link which through
multiplexing can receive and transmit
over a single fiber. This cost-saving
design eliminates the need for two
receivers, two transmitters and two
lengths of cable. You save money,
board space and assembly time.

Other cost reductions include the
use of crimp-on brass ferrules to
terminate the cable instead of
sophisticated connectors. The
housing is
designed for
snap-in mounting
to PC boards and
is flow solderable.

Each transceiver contains a
gallium arsenide phosphide LED and
a silicon PIN photodiode
concentrically mounted in a clear
plastic package. A raised ring
molded in the package ensures
proper alignment and firm seating of
the ferrule terminated cable.

The data link is intended for
distances to 10 meters and has a
bandwidth of 1.5 mHz. When the
LED is driven at 50 mA with a Vg =
12 V through 3 meters of cable,
photodiode output current is 200 nA
minimum.

Itis ideally suited for
automotive, and board-to-board
or chassis-to-chassis data
transmission applications.

Detailed technical information
and Application Note No. 106
relating to the OPB950 are available
on request. Contact your nearest
TRW Optron sales office or the
factory at 1201 Tappan Circle,
Carroliton, Texas 75006 USA. TWX
910-860-5958 + Tel 214/323-2200.

TRW/ orrroN @

A DIVISION OF TRW INC.
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People

Opdendyk sees opportunity
for Personal Software’s growth

No one abandons a high-level posi-
tion at Intel Corp. without a good
reason, and for Terry Opdendyk the
reason was simply: “I was made an
offer I couldn’t refuse.” The offer
that he accepted late last year was to
become president of Personal Soft-
ware Inc. of Sunnyvale, Calif., a
publisher of programming for per-
sonal computers.

“This is exactly the kind of oppor-
tunity that people had when they
started Intel and National,” he
asserts. It is the right time, and this
is the right company.”

If the projections hold up, Opden-
dyk, 33, may be a key figure in one
of the decade’s leading growth areas.
Personal Software itself has grown
over 200% yearly for the past two
years, and company chairman Daniel
Fylstra projects that the industry’s
current sales of about $90 million
will exceed $! billion per year by
mid-decade. Fylstra, the former edi-
tor of Byte magazine, a monthly for
users of small systems, chose Opden-
dyk because, "l needed someone
with experience in managing a rap-
idly growing organization.”

Opdendyk’s career has been spent
in high-growth areas. He joined Intel
in 1973 when it was a mere $20
million-a-year company and saw it
grow to close to $! billion last year.
After being manager of software for
the Santa Clara, Calif., semiconduc-
tor maker’s microcomputer opera-
tions, Opdendyk spent 1980 on the
corporate staff as the manager of
human resources.

Before joining Intel, he helped
develop the first timeshared mini-
computer at Hewlett-Packard Co. I
was on the tail end of the HP 2000
and the initial work on the HP
3000, he recalls.

Opdendyk plans to apply the les-
sons of Hewlett-Packard and Intel to
the organization he is building at
Personal Software. “At HP | learned
the value of quality,” he recalls,
“and at Intel | learned the art of
business management. All managers
from the middle level up at Intel

New challenge. Terry Opdendyk 'brings his
management skills to Personal Software.

have to be business managers.”

Managing a personal software
house should tax Opdendyk’s skills
fully: because the nature of its busi-
ness does not fit into any classic
mold. Instead of mounting large
research and development efforts in
house, the company relies on some
50 independent software-writing
companies, usually consisting of only
two or three persons each.

The market served by such Per-
sonal Software products as VisiCalc
also breaks the mold and is its reason
for such dymamic growth. “In Per-
sonal Software’s early days, the
company focused on games,” notes
Opdendyk. “Now we are headed
directly into the office automation
field, and we expect that our prod-
ucts will change the way the white-
collar workers do business.”

Laconti sees big 1980s market
for millimeter-waveguide gear

For Anthony Laconti, Thomson-
CSF’s attempt to penetrate the U. S.
millimeter-waveguide components
market is a golden opportunity. The
French firm expects to gain a foot-
hold in a business based on military
and government sales—an area that
will explode in the 1980s, according
to his market studies. The fact that it
is a long way from Paris to the U. S.
does not bother him a bit.

*“Only Hughes, Baytron, and TRG-
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DP-11 and LSI-1T
TAPE and DISK CONTROLLERS

AUTHORIZED EMULEX DISTRIBUTOR
First Computer Corporation, the
world’s leading DEC computer system
integrator now distributes the
complete spectrum of EMULEX Tape
and Disk controliers for the PDP-11
and LSI-11 family of computers.

HARDWARE / SOFTWARE
TRANSPARENCY

These microprogrammed, emulating
Tape and Disk Controllers are fuily
software transparent to both the
PDP-11 hardware and software. The
use of these controllers protects you
from the impact of future versions of
the operating system software. They
are so compatible you can plug them
into your system and be up and
running the standard DEC diagnostics
and operating systems in minutes.

ADDED FEATURES

These controllers provide you with
added features such as automatic self-
testing, onboard pack formatting, and
programmable bandwidth control at
no additional cost.

@® Registered trademark of Emulex Corporation
® Registered trademark of Digital EQugment Cerporation
T™ Trademark First Computer Corporatior:

CE3

SOUTHERN REGION
Houston, TX (713) 960-1050
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BROAD RANGE OF DEVICES SUPPORTED
It makes no difterence which of the
DEC PDP-11 or LSi-11 family you are
using or which type of storage device
is required for your application. We
can support 59 different drives from
13 different manufacturers.

HIGHEST QUALITY AND

SUPER RELIABILITY

You can be assured of the quality
and reliability of these Tape and Disk
controllers because First Computer
Corporation specializes in PDP-11
and LSI-11 computer systems,
components, and peripherials. Over
the years our reputation was built
on the quality and reliability of the
products we sell. We continue to
protect this reputation by selling
only the very best.

SUPER FAST SERVICE

Because we are the largest system
integrator specilizing in PDP-11

and LSI-11 systems, components,

and peripherials, First Computer
Corporation can satisfy most

of your Tape and Disk Controlier
requirements directly from our stock.

WESTERN REGION
California (To be announced)

GUARANTEED SATISFACTION

Your satisfaction is fully guaranteed
by First Computer Corporation.

We believe in every product we sell.
If for any reason these Tape and
Disk Controllers do not meet your
expectations, simply return them
freight prepaid and insured, within
10 days of receipt and we will
refund your money in full. First
Computer Corporation backs each
of these products with a full one
year warranty.

AUTHORIZED REPRESENTATIVES

AND DEALERS

Authorized EMULEX Sales
Representatives earn full commissions
for orders filled by First Computer
Corporation. Attractive Dealer
discounts are available to all
Authorized EMULEX Dealers.

PRICE AND PERFORMANCE

You pay no more for First Computer
Corporation service. Write or

call today for our free EMULEX
Buyer's Guide.

TWX NUMBER 910-651-1916

1 computer corporation

corporate square/825 north cass avenue / westmont, illinois 60559/(312) 920-1050

NORTH CENTRAL REGION
Chicago, IL (312) 920-1050
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Now RCA
CMOS bursts

Alpha are major factors in the stan-
dard waveguide market for millime-
ter technology,” he says. “Our tech-
nology is as good or better and is
based on years of sales in Europe.
But, more importantly, we intend to
beat them on price and delivery.”

To handle the delivery problem,
Laconti is setting up a distribution
point in Clifton, N. J., where Thom-
son’s Components division has its
U.S. home and where he is sales
manager for millimeter products and
electron tubes.

“Some of the delivery times for
millimeter-wave components from
the other suppliers are six months to
one year —a sure sign that there is a
lot of business out there,” Laconti
says. To tap it, he is already writing

into color.

New video interface Microboard has all
you need to design a custom terminal.

For the first time; a
CMOS Microboard with:
® up to 128 user-program-

e use it with any RCA Micro-
board computer
® use our optional program-

mable characters

ming design aid, the VIS

a supplement to a new 40-page bilin-

e 8 programmable colors, or interpreter (CDP 185835). gual catalog while also working on
e black and white display Plus, you get all the ad- data shcgtsbfoi carcinotrons (V,Ol't-
® audio output for tonesor  vantages of CMOS, making ?ogres-)t.ur'}‘ehcse e
white noise itideal for industrial controls. can operate at up to 400 gigahertz
e parallel input port for key- For more information on with power to 50 milliwatts.
board the CDP18S661, contact any In addition to the need for stan-
® graphics and motion RCA Solid State sales office dard line devices in the conventional
e NTSC and PAL versions.  or appointed distributor. Or (’)‘l‘g'éﬁ';z::’{c';ag’;g?:cl‘:&at*g“r’afi:l Year,
So you can: contact RCA SOIId State. the University of Co;lnecticut, pre-
® program graphs, charts, headquarters in Somerville, dicts a lot of action in the 94-GHz
messages N.J. Brussels, Belgium. Hong band. Millimeter-wave transmission
® get any combination of Kong. Sao Paulo, Brazil. at this frequency requires the least
sounds Or call Microsystems amount of power because of an
e add a keyboard forhuman Marketing toll-free atmospheric “window that mini-

interaction

NOW RCA

bur

(800) 526-3862.

mizes attenuation.

Military role. “For the military,
the resolution of millimeter waves is
unsurpassed,” Laconti says, because
millimeter-wave radars and range-
finders have better specifications
than anything at lower frequencies.
Laconti concedes that the technolo-
gy has been around for most of the
years he has been in engineering and
marketing and has never yet
achieved practical application. But
he insists that the military, who
alone can afford to work with the

ol
VELLOW CAUTION ff

A INFRHEAT NG

expensive devices, will make them a
reality in the 1980s. The reason, says
Lacontt, is that the improved genera-
tors, detectors, and components such
as directional couplers, attenuators,
and phase shifters now make the
expense worthwhile. But, most im-
portant, there is a need for them. [

o Programmed sound.

Special characters. Overlay.

Another reason to
switch to CMOS.
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Mepco/Electra
Low Cost Metal Film Resistors
add dollars to your
bottom line!

SFR 1% “Q\
Metal Film Resistor

SFR 2%
Metal Film Resistor

Mepco/Electra’s new SFR Resistors are
designed to put maximum performance into
your circuits while saving you as much as 50%
on resistor costs!

That’s the Mepeo/Electra commitment to our
customers. Through the most up-to-date
technology Mepco/Electra keeps the cost down
and passes the savings along to you. Our SFR
Series is available off-the-shelf in +1%, +2% and
+ 5% tolerances at /4 watt (70°C) power rating.

Designed for high volume manufacturing and
ease of automatic insertion. the SFR '5043FE
provides an ecanomic way to upgrade your
circuitry. The SFR offers the superior stability,
temperature coefficient, low noise and low
reactance inherent in well designed metal
film resistors.

The 1% tolerance SFR has a temperature
coefficient of + 100 PPM/ C and is designed for
high volume ' watt resistor applications

SFR 5%
Metal Film Resistor

requiring RN 55 performance. The 2% and 5%
tolerance SFR’s have a temperature coefficient
of +200 PPM/°C and are designed for

replacement of carbon composition (RC07), and
older design metal film resistors such as RLO7.

SFR Series! Better than Military Performance
(MIL-R-10509 RN 55). Compact construction
for down to .400 centers (.260 inches maximum
clean lead to clean lead). Color band marking
for ease of identification after mounting. And
tape and reel packaging for automatic insertion.

Add dollars to your bottom line . . . For the
lowest price and immediate delivery on your
SER Resistors rely on Mepco/Electra, your
resistor/capacitor company.

For all your SFR Resistor needs call Don
Freeman now at (817) 325-7871 or your local
Mepco/Electra distributor.

, MEPCO/ELECTRA,INC.

1 NORTH AMERICAN PHILIPS company

Your resistor/capacitor company with the technology of the 80’s edge.

P.O. Box 760, Mineral Wells. TX 76067 {817) 325-7871 TWX 910/890/5855

World Radio Hl)fOly

© 1980 Mepco/Electra, Inc.
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Set your sites on Intel’s new

Introducing Intel’s 2764 EPROM. The only 28-pin

JEDEC-approved EPROM in volume production today.

If you survey the field, you'll discover
it's been hard to find high density and
high speed in an EPROM. Until intel
introduced its new 2764 —the one
that has both. Plus Intel's complete
family of EPROMs—including the
2764 —allows you to get control of
tomorrow’s memory costs today.

The EPROM standard

of tomorrow

Like its predecessor, the 2732A,

our new 2764 is fabricated by Intel's
proven fourth-generation EPROM
technology, HMOS*E. This tech-
nology allows us to shrink 2764 die
sizes down dramatically, making this
the smallest 64K EPROM chip in

production. And HMOS-E makes
possible the 2764’s standard access
time of 250ns. Which means you
now have an alternative when you
need high speeds and high
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densities—in applications such

as controller systems for automated
milling machines, vector color
graphics displays, and over-the-
horizon terrain radar.

In addition to high performance,
the 2764 brings flexibility and cost
control to your system designs.
Like all of Intel's EPROMs, the
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EPROM. Now.

2764's pinout conforms to the 28-pin
JEDEC standard for Byte-Wide
memories from 16K to 256K bytes.
So when you design with 28-pin sites
now, you can choose the EPROM
that meets your needs today. Then
upgrade your memory performance
or density later — without any
jumpers or expensive engineering
changes.

Intel’s universal EPROM
solution

The 2764 represents the latest
addition to our complete EPROM
family—the only one that offers you
a universal EPROM solution that
begins with our industry standard
2716 and 2732 EPROMs.

With this solution, your EPROM .
cost-per-bit will continue to drop.

Byte-Wide memory pinout standard,
further increasing your design

~ choices.

That means that by mid-1982, high-
speed, high-density EPROMs will
cost no more per bit than the
EPROMs you presently buy. That
alsomeans that when it's right for
you to upgrade, you'll save valuable
board space and get increased
performance—at no cost penalty.

——] Getting all of the
EPROMSs you
need will be
easier, toa. We'll
more than triple
our production
capability by
the end of 1981.
Plus, more than
ten ROM and
EPROM manu-
facturers have

already committed to the JEDEC

Intel's EPROM
Production Ramp-up

World Radio History

Our Byte-Wide memory family

also includes the revolutionary 2816
E2PROM. It shares the identical
pinout and 2K-byte data capacity

= asour 2716 EPROM. But the 2816's
-~ E2technology is the starting point
for the next revolutionary step in

non-volatile memories: in-system
reprogrammability. Imagine the
possibilities. Reconfigurable aircraft
systems. Automatically adjusting
machine tool controllers. Self-
calibrating measurement equipment.
Until the 2816, these designs have
been impossible.

1983 1984

1980 1981 1982

. Cost-Per-Bit Decline for Intel EPROMSs

| Measuring the EPROM field

Only Intel offers you an EPROM
solution with the widest range of
speeds, densities, and performance.
We back up this choice with the

. proven reliability that comes from

HMQOS technology and ten years of
EPROM manufacturing experience.
Plus we offer field support and
technical documentation that leads
the industry all the way.

For further information about Intel's
EPROM family, including the new
2764 and 2816 E2PROM, contact
your local Intel distributor or sales
office. Ask for the “Intel EPROM
Applications Manual.” Or write directly
to Intel Corporation, Literature
Department, 3065 Bowers Avenue,
Santa Clara, CA 95051. Telephone
(408) 987-8080.

*HMOS is a patented Intel process.

Europe Intel International. Brussels, Belgium.

Japan. Intel Japan, Tokyo. United States and Canadian
distributors  Aliance, Aimac/Stroum, Arrow Electronics.
Avnet Electronics, Component Speciaities. Hamilton:Avnet,
Hamilton/Electro Sales. Harvey. Industrial Components,
Pioneer, L.A Varah, Wyle Distribution Group. Zentronics

= °
iIntalsiz.
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Fast, automatic in-circuit test
programming.

Now the TROUBLESHOOTER
800" gives you the industry’'s
most automatic program genera-
tion software—so fast and accu-
rate we call it THE PRODUCER.

In a matter of hours, THE PRO-
DUCER can create complex test
programs that might tie up other
testers for days, even weeks.

And all it needs is a little help
from a trained assembly

technician. Test engineers are
freed for more cost-effective,
high-level tasks.

Friendly and forgiving software.

Test programming is fast, easy
and frustration-free, with simple
step-by-step CRT prompting and
built-in error safeguards.

Input list preparation is a simple
process of entering component
identification, then probing the
device on the board with a DIP
clip or single-conductor probe.

THE PRODUCER automatically
learns the test node location for
each pin or lead, and generates
the shorts and continuities test
for the entire board immediately.

When the input list is complete,
THE PRODUCER does the rest:
checks syntax, automatically
computes proper guard points,
and selects the appropriate test
module for each analog and
digital component from its vast
internal library.

Free test programmer
in every box.

Meet THE PRODUCER,” Zehntel's new program generator.
It’s like adding a skilled programmer to your test staff.




Your completed test program is
recorded automatically on a disk-
ette and is ready for special fine-
tuning and production testing.

Free library updates.

THE PRODUCER's library cur-
rently contains test elements for
hundreds of popular analog and
digital components. Library
updates for new devices are sup-
plied regularly, free of charge.
Special or custom test templates

for your proprietary components
are easy to develop and store in
your library for future use.

Cut your overhead costs.

THE PRODUCER lets you
spend less time programming and
more time testing boards in
production. That means you get
your product to market faster and
within budget.

Find out more about the
industry’'s most production-minded

World Radio History

in-circuit tester—send for our

TROUBLESHOOTER 800 brochure.
Write or call PLANTRONICS/

Zehntel, 2625 Shadelands Drive,

Walnut Creek, CA 94598,

(415) 932-6900.

@) PLANTRONICS
Zehntel
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How HP-IB helped
AVCO/Lycoming
slash engine

test time 50%...

AVCO’s Lycoming Division, in Stratford, Connecticut, has
long been known for the production of tough, dependable
gas turbine engines for commercial aircraft and the military.
Given the nature of its prime customers, this reliability must
not only be designed in; it must be tested and proved at every
stage of development. Thus, real time test data acquisition and
analysis are critical to the company.

> Edward Twarog, Lycoming's
Manager of Electronics and Instru-
mentation, recommended the use of
an HP-IB (Hewlett-Packard Interface
Bus) system for developmental
testing, because “this system is twice
as fast as our previous data acquisi-
tion system, yet can be handled by
a single engineer and one technician
vs. the engineer and two technicians
previously required.
Just as important, the combination of HP 1000 computers and
HP-IB instruments not only gives us the performance data we
need; it gives it to us in engineering units that allow instant
reaction, and, therefore, real time decision-making.”

408 variables in 20 seconds.

Lycoming's HP-IB system is a closed-loop configuration. An
HP 1000E is used to start the engine under test and operate it
at various predetermined speeds. A total of 408 different
variables can be monitored by HP instruments, which then feed
this data back to the 1000 for data reduction and analysis. All
told, these 408 variables — including pneumatic pressure,
hydraulic pressure, temperature, speed, flow, position,
vibration and torque/thrust — are acquired in 20 seconds.

“This system,” Twarog reports, “not only gives us the accuracy
we need but improves measurement sensitivity, and provides
complete repeatability, since all engine and test parameters

can be stored on tape or disc. This system will even give us

an audible warning if something goes wrong with the test,

or the test will be automatically shut down before any

damage occurs.”

Serving many masters.

Twarog also reports that Lycoming’s HP-IB system must be
flexible enough to serve many engineers. In any given week,
engineers from Lycoming’s Design, Performance, Dynamics,
Stress and Heat Transfer Groups may all be using the system
working in any of AVCO's seven engine test cells on this
distributed system. “We like the fact that a test engineer can
perform his initialization on magnetic cassettes, load this data
to the host HP 1000E, then download it to a satellite 1000E
and suddenly, the system is doing exactly what he wants it to
do — with no starting from scratch each time. This provides
us with a very cost-effective solution to our needs.”

One-stop shopping.

Lycoming chose the HP 1000Es to drive this automatic data
acquisition system for two other important reasons. “We went
to HP,” Twarog explains, “because it's an instrumentation
house. We felt they understood our needs and objectives better
than any mainframe manufacturer. This also permitted us to
enjoy ‘one-stop shopping,’ with a single manufacturer supplying
both the computers and the test instruments.

“Second, in our case, we found the HP products just
connected and worked. In addition to the two HP Satellite
1000Es and 1000E Host and two HP 5 Megabyte hard discs,




with no sacrifice
in configuration
flexibility or
start-up time.

our data acquisition system also includes an HP 3455A Digital
Voltmeter, three 3495A Multiplex Scanners, and two HP
2240A Measurement and Control Processors. HP-IB makes
these instruments so easy to configure, we've just never had a

problem. DESIGNED FOR
What to look for in system design.

When you design and build instrument systems, make sure m
you get more than plug compatibility. HP, as a manufacturer of SYSTEMS
instruments and computers, offers you much more to help you _TRe :
achieve a working measurement solution in a minimum of HP-IB: Not JUSt a
time. That includes comprehensive documentation, traing standard, but a

courses, applications information, systems engineering
support, and on-site service.
Find out how an HP-IB
system might solve your test and
measurement needs. Simply
write for our free brochure,
“Do your own system design in
weeks, instead of months.”
Hewlett-Packard, 1507 Page
Mill Road, Palo Alto, CA
94304. Or call the HP regional
office nearest you:
East (201) 265-5000,
West (213) 970-7500,
Midwest (312) 255-9800,
South (404) 955-1500,
Canada (416) 678-9430.

decade of experience.

"ha HEWLETT
légj I PACKARD
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Editorial

Who’s ready to pay for quality?

No doubt about it, quality is occupying center
stage these days, especially in the semiconductor
industry. In part because Japanese competition
has raised the issue, U. S. companies are now
motivated to set the record straight. But in
reviewing quality-assurance programs, a couple
of points emerge that have not received enough
attention. For one, if quality has become a mat-
ter of direct concern to the top managers of
semiconductor makers, are these concerns also
granted the same high priority by the top man-
agement of their customers?

Yes, quality is akin to motherhood, but pur-
chasing managers, who are highly motivated to
cut prices, too often receive little or no backing
to push for quality. In short, if quality pays—as
the Japanese claim and most everyone else
agrees — who is willing to pay the price?

Underlying this touchy equation is good, old-
fashioned vendor-customer relations. Traditional
barriers between buyer and seller involving secre-
cy about product plans and critical specifications

often impede the open communication so impor-
tant in quality programs. Some users, in fact,
contribute to the U. S.’s quality problem in three
ways. First, they do not make it a top priority;
second, they fail to recognize that quality is a
performance specification worth paying for; and
third, they hinder smooth solutions to quality
problems.

The quality circles touted by the Japanese
have gained considerable notice and some back-
ing in the U.S. [Electronics, Dec. 4, p.95].
Important as this concept has become, however,
little has been said about the Japanese firms’
unique vendor-customer relationships. The fact
is that often both parties belong to larger, verti-
cally organized companies, and the spirit of
cooperation between buyer and seller within a
company spills over to outside dealings.

Semiconductor companies may well ask their
customers, to paraphrase a famous line of a
previous decade, “Are you part of the problem
or part of the solution?”

Those daring young men in their flying machines

In what seems to be a new entrepreneurial wave,
Silicon Valley is making 1981 the year of the
startup. At last count, 12 new semiconductor
makers have sprouted in the fertile soil south of
San Francisco, and there is no reason to believe
that we have seen the end of the wave. In fact,
now that the venture capital pipeline is once
again unclogged, what we are seeing is probably
just the beginning.

There is a basic difference, however, between
the new companies of the 1980s and those, now
the well-established chip manufacturers, that
mushroomed in the first great technology wave

24

some 15 years ago. Then they were broad-based
producers seemingly intent on becoming No. 1 in
every aspect of the industry. Now they are com-
panies that have set out to fill a special niche in
the semiconductor product spectrum. For exam-
ple, one is a manufacturer of arrays, another has
set itself up as a silicon foundry.

Still, a set of constants links the two genera-
tions of innovators. Companies that seek to
exploit new technologies are still one of the best
means of providing new jobs, keeping cash mov-
ing through the economy, and ensuring a steadi-
ly improving life for the population at large.

Electronics/February 10, 1981



Still using bipolar PROMs?
Catch on to the Fast Cat'ROM.
It purrs when it has to.

Keep your eye on this one — the
SY3316A Fast Cat™ ROM from
Synertek. Because we're adding
features to this cat that translate into
significant cost saving benefits for you.

The latest is automatic power
down. At 20mA standby, the SY3316A
puts the clamps on heat build-up. And
as system size grows, power con-
sumpt.on slows. Dramatically.

And it's fast — 80nsec. It all
combines to make the SY3316A the
perfect solution wherever high per-
formance, large bit storage and low
power are important design con-
siderations. Not to mention cost.

lec

100% DUTY CYCLE

25% DUTY CYCLE

L 1 ]
eK 4K 8K 16K
SYSTEM SIZE (WORDS)

AVERAGE DEVICE CURRENT

Now you can make a quick, cost-
effective move from bipolar PROM
prototyping right into volume produc-
tion — without costly PC board redesign.
The SY3316A can do it because it's
directly pin compatible with 16K bi-
polar PROMs.

There's even more. Like a single
+5V power supply. full input/output
TTL compatibility, fully static circuitry,
asynchronous operation, 2048x8
organization. two mask programmable
chip selects and three-state outputs
to facilitate system expansion.

Using 8K bipolar PROMs? Then
set your sights on the SY3308 8K
ROM. another fast number — at
70nsec — in the Fast Cat™ ROM
family. And it's fully compatible with
1Kx8 bipolar PROMs.

QOur family of Fast Cat™ ROMs is
getting bigger. And better. When you
consider the alternative — expensive
bipolar PROMs — the logical way to
go is with the SY3316 Fast Cat™ ROM.
From Synertek, the company that
ouilt its name in ROMs. Call your area
Synertek representative now

\
~ o l?ddio History

3 SYNERTEK

3001 Stender Way, PO. Box 552
Santa Clara, California 85052
(408) 988-5600

TWX: 810-338-0135




Have an

EMI/RFI
PROBLEM?

Let ERIE help
with an efficient,
cost effective
solution.

Filtered Connector Pins

=

Hermetically Sealed
Low Pass Filters

Miniature High
Frequency Filters

\

Muhiline
Custom Filters

=777
Filter Connectors /& = -4

~ Custom
| 4 Filter Networks

The world leader in EMI/RF! Filter
design and manufacturing offers you
complete filtering support. . . from initial
design consultation through final testing
of the completed filter product.

ERIE does it all! Application
assistance, custom design, prototype
and high volume production . . . all
available from one facility. With
our complete preformance and
environmental test capability, ERIE
is your best source for solving
EMI/RFI problems.

For 25 years and thousands of
designs, ERIE has developed cost
efficient solutions in the following
EMI/RFI| applications:

MILITARY ELECTRONIC SYSTEMS

HI-REL/JAEROSPACE APPLICATIONS

MEDICAL & TEST INSTRUMENTATION

INDUSTRIAL SYSTEMS
Write for our complete catalog . . .
EMI Filters. Or call 613-392-2581.

ERIE TECHNOLOGICAL PRODUCTS, LTD.
Trenton, Ontario, Canada
613-392-2581
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Meetings

Fourth Electromagnetic Compatibili-
ty Symposium and Technical Exhibi-
tion, Institute for Communications
Technology (Tomas Dvorak, The
Federal Institute of Technology,
CH-8092 Zurich, Switzerland), Fed-
eral Institute of Technology, March
10-12.

Semicon/Europa ’81 and Second
SEMI European Symposium on Mate-
rials and Processing, Semiconductor
Equipment and Materials Institute
Inc. (625 Ellis St., Suite 212, Moun-
tain View, Calif. 94043), Ziispa
Convention Center, Zurich, Switzer-
land, March 10-12.

Sixth Annual Spring Financial Con-
ference, American Electronics Asso-
ciation (2600 El Camino Real, Palo
Alto, Calif. 94306), Del Monte Hy-
att House, Monterey, Calif., March
11-13.

Monaco Financial Conference,
American Electronics Association
(2600 El Camino Real, Palo Alto,
Calif. 94306), Loews Monte-Carlo
Hotel, Monte Carlo, Monaco,
March 15-18.

Leipzig International Spring Fair,
Leipziger Messeamt (P.O. Box 720,
DDR-701 Leipzig, East Germany),
Leipzig Fairgrounds, March 15-21.

SCTE Spring Engineering Conference,
Society of Cable Television Engi-
neers Inc. (1900 L St. N. W., Suite
614, Washington, D.C. 20036),
Opryland Hotel, Nashville, Tenn.,
March 16-17.

LSI Technology Conference: Circuit
Design, Systems and Applications,
Verband Deutscher Elektrotechniker
(6000 Frankfurt 70, Stresemann-
allee, West Germany), Congress
Hall, Baden-Baden, West Germany,
March 16-18.

14th Annual Simulation Symposium,
IEEE, Association for Computing
Machinery, et al., Holiday Inn Re-
sort, Tampa, Fla., March 16-20.

Third Annual Microelectronics Mea-
surement Technology Seminar, Ben-

will Publishing Corp. (1050 Com-
monwealth Ave., Boston, Mass.
02215), San Jose Hyatt, San Jose,
Calif., March 17-18.

28th International Electronics, Nu-
clear, and Aerospace Exhibition with
conferences on computer communi-
cations and energy from space,
RIENA (9 Via Cresenzio, Rome, Ita-
ly), Palazzo dei Congressi, EUR,
Rome, March 20-29.

1981 Office Automation Conference,
American Federation of Information
Processing Societies (P. O. Box
9659, 1815 N. Lynn St., Arlington,
Va. 22209), Albert Thomas Conven-
tion Center, Houston, March 23-25.

Automatic Testing Conference and
Exhibition, Network GmbH (3050
Wunsdorf 2, Steinhunde, An der
Friedenseiche 10, West Germany),
Rhein-Main Hall, Wiesbaden, West
Germany, March 23-26.

Fifth International Conference on
Digital Satellite Communications,
IEEE, Intelsat, and Telespazio SpA,
Fairgrounds Conference Building,
Genoa, Italy, March 23-26.

Digital Communications Techniques
Seminar, 1EEE and Princeton Univer-
sity Department of Electrical Engi-
neering, Princeton University,
Princeton, N. J., March 24.

FOC 81 East—International Fiber
Optics and Communications Exposi-
tion, Information Gatekeepers Inc.
(167 Corey Rd., Suite 111, Brook-
line, Mass. 02146), Hyatt Regency,
Boston, March 24-26.

High-Temperature Electronics Con-
ference, 1EEE Solid State Circuits
Society, Department of Energy, and
University of Arizona, Ramada Inn,
Tucson, March 25-27.

Seminars

Manufacturing Management: The
Japanese Formula, American Elec-
tronics Association (2600 E! Camino
Real, Palo Alto, Calif. 94306), Hya-
tt Rickey’s Palo Alto, March 6.

Electronics/February 10, 1981



MK38P70

PROGRAMMABLE
MICROCOMPUTER

EPROM or

masked-ROM?
58% price cut adds
a new dimension
to your choice.

MOSTEK.

Now there is a practical alterna-
tive to a masked-ROM 8-bit
microcomputer for low and me-
dium volume applications: The
MK38P70 from Mostek. It fea-
tures a piggyback EPROM
socket capable of accommodat-
ing industry standard 1K, 2K, or
4K X 8 EPROMs. Though the
MK38P70 is an excellent proto-
typing tool, a recent, dramatic

Immediate

price reduction makes it highly
efficient for production use as
well. In fact, for low volume
levels, the MK38P70 is now more
economical than its masked-
ROM counterparts.

For medium, or even high-
volume levels, an EPROM-
backed 3870 may still be your
more efficient choice for produc-
tion. Especially if time and flex-
ibility are important. First, con-
sider time. Delivery for the
MK38P70 is off-the-shelf from
your local Mostek distributor.
And because it is an EPROM
microcomputer, you can put it
into production immediately.

Now consider flexibility. With
the MK38P70, flexibility before,
during or after system design is

1000

" Yes

only limited by your ability to
program it with a standard
EPROM programmer. You can
customize, refine or change
your program as the need arises.
Plus, flexible off-chip memory
address capability from 1K to 4K
bytes lets you customize your
product line with a smaller in-
ventory. And/or upgrade existing
products quickly and efficiently.
Lowered cost. Less develop-
ment time. More flexibility. To-
gether, they make up the added
dimension of choice that only an
MK38P70 EPROM microcompu-
ter can give you. To find out
more, contact Mostek, 1215 West
Crosby Road, Carrollton, Texas
75006. (214) 323-1000. In Europe,
contact Mostek Brussels 660.69.24.

13 weeks

5 weeks

Complicated

| Fixed
1 day

Simple

Variable

MOSTEK ® and MK38P70 are trademarks of Mostek Corporation

Even

© 1981 Mostek Comparation

~ Heavy Front End
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The New
Microprocessor-Based
Scalar Network
Analyzer System.

Running it is as simple
as A,B,C,D,E,F!




I¥’s a Wiltron.

You're going to make accurate auto-
mated microwave measurements far easier
with Wiltron's new Series 5600 Automated Scalar
Network Analyzer System over the 10 MHz to
40 GHz range. And you're going to make
them for less.

In truth, you're going to discover the
most accurate and easiest way ever offered to
measure retum loss, fransmission loss or gain
and power automatically. You're going to use a
powerful new system featuring distributed
microprocessor fechnology and state-of-the-art
microwave design.

Only Three Elements to the System

Each system consists of the Model 560
Scalar Network Analyzer, a 6600 Series Program-
mable Sweep Generator and the Model 85
Controller. Connect the SWR Autotester and
Detector supplied, plug-in the factory pre-
programmed cartridge and the system is ready
o go.

40 dB Directivity

Wiltron’s 5600 Series offers 40 dB
directivity over a 10 MHz to 18 GHz continuous
sweep range. Dynamic range is 66 dB with
—50 dBM senisitivity. The system offers 82 dB pro-
grammable atftenuation in 0.1 dB steps. ROM-
comrected frequencies are accurate to £10 MHz
from 10 MHz to 18 GHz. Six models span the
10 MHz to 40 GHz range.

MQOEL FREQUENCY RANGE

so09  foWAz-20]

5617 10MH2-86Hz |

5647 [ 10MHz- 18GHz_ ]

5637 [ 2-w86H ]

556

5640

[ 2 8 18 265 40
FREQUENCY {GH2)

A key part of the system is the new
Series 6600 Programmable Sweep Generator.
This sweeper uses fundamental oscillators to
avoid substantial emrors generated by the har-
monic products of multiplier type oscillators. The
result, broadband coverage with the lowest
hamonic content (—40 dBc, 2-18.6 GHz), low
residual FM and greater stability.

A pre-processor chip separately scans
front panel controls and interfaces directly with
the main processor. Response speed is never
a problem. All interfaces with the bus are intemal,
eliminating the need for an extemal interface box.
For user convenience, up to 99 test set-ups can
be stored in the control cartridge for future use.

On The Air Moments After You Get It.
Simply plug-in the preprogrammed
cartridge and enter a few simple inputs.

It's as Simple as A, B, C, D, E, F!

3600 AUTONATED SCAL SR
SETMURE WMALYZER AYRVER
2~

A. System Setup
Enter 1) Date.
2) Type of measurement to
be made.

2 e B. Frequency Selection
Enfer 1) Frequency range iimits.
2) Frequency step size or
number of test points.

C. calibration
Enter 1) DUT identification.
Select 1) Averaging of open/short
residuals.
2) Storing of normalized
residuals.

¥ D. crr display of DUT characteristics

1) Select marker frequencies
and amplitude limits.

2) If necessary, adjust DUT.

3) If not, continue.

Rt E. Measurement
1) Press key to start automatic
measurement sequence.

Select 1) Plotted curves.
2) Tabular data.

Make Your Own Comparison Soon

For a demonstration and/or our new
brochure, phone Walt Baxter, (415) 969-6500 or
write Wiltron, 825 E. Middlefield Road, Mountain
View, CA 94043.

WILTROINN
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Compare our data and time domain logic analyzer
with the industrys leading data-domain-only unit.

For complete analysis, the K100-D outperforms H-P’s 1610B!

Before you settle for the Hewlett-
Packard 1610B data domain ana-
lyzer, compare it with the general
purpose Biomation K100-D, our
fastest-selling logic analyzer ever.

Compare depth of information.

A data domain (software) analyzer
—even a unit as sophisticated as
the H-P 1610B—simply does not
give you all the information you
need for debugging your main-
frame, mini- and microprocessor-
based systems. During the critical
system-integration stage of a
development cycle, a problem that
looks like a software failure may
turn out to be a not-too-obvious
hardware malfunction. The
K100-D’s data/timing capability lets
you analyze software/hardware
relationships and find the problem,
wherever it originates. You can
display up to 16 channels of critical
timing information about race con-
ditions and phase relationships
between signals.

So vital is this timing information
to complete problem analysis that
industry trends indicate logic ana-
lyzers of the future wiil have both
data and timing analysis capabil-
ities—like the K100-D has today!

Hewlett-Packard 1610B
A sophisticated data-domain-only
logic analyzer

Compare data domain range.

The high-speed K100-D gives you
data domain capability to 70 MHz
—as compared with the 1610B's 10
MHz rate—for use with faster
multiplexed microprocessors, com-
puters, and ECL bit-slice proces-
sors. At 12 to 70 MHz, the K100-D
gives you 16 channels of data dis-
play, with 1024 words of memory.

Operating at 0 to 10 MHz, both
units give you 32 channels of data
domain information. But the
K100-D’'s memory is 8 times as
deep as the 1610B's—512 words
versus 64. The 1610B’s 7 levels of
triggering exceed the needs of
most users, and those who do
need this capability can generally
get it from their development

hands down.) To get your free
copy. just use the reader service
number or write Gould inc.,
Instrument Division, 4600 Old
Ironsides Drive, Santa Clara, CA
95050. For tfaster response, call
408-988-6800.
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You'll see things you're look-  You don't have to be a com- For more information on
ing for, and better yet, things you  puter operator to use them. how the Nicolet 2090 series can
never suspected, because never They’re convenient, yet versatile. help you get more out of your
before bas an oscilloscope bad They're also well proven. Thou-  research, simply circle the reader
such bigh resolution and sands are in effective use today, service card or call 608/271-3333.
AccuUracy. with new orders setting records Or write: Nicolet Instru-

Nicolet oscilloscopes have every month. ment Corporation, 5225 Verona

more than ten times the resolu- Road, Madison, Wisconsin 53711.

tion and accuracy of almost all

other digital scopes, lots more NICOLET
memory (including internal I(l:\losi;l"l}UM%h(l)TN
N D S OSCILLOSCOPE DIVISION

non-volatile records), and bet-
ter displays, both XY and YT.

Sales and Service Offices Worldwide

Nicolet Oscilloscopes
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Fluke readies
microsystem analyzer

Zilog to offer
Z8000-based
development unit

Production equipment
makers are warned
of economic jolt

32-bit supermini
calied most powerful

Electronics/February 10, 1981

Electronics newsletter

With company president John W. Zevenbergen saying he expects them to
be “our biggest dollar volume product ever,” John Fluke Manufacturing
Co. of Mountlake Terrace, Wash., has quietly been showing models in its
9000 series to several dozen favored customers. Dubbed the Microsystem
Troubleshooter, the service-oriented series performs signature analysis,
triggers scopes, determines logic states with a separate probe, and counts
transitions. Moreover, the initial, under-$4,000 instrument contains
sophisticated canned software routines with which it can learn the contents
of an undocumented printed-circuit board, including determining the
locations of random-access and read-only memories and input/output
ports. Although the family, which contains IEEE-488 interface and Philips
minicassette options, is not to be introduced until June, more than 80% of
the customers shown samples have said they will buy the unit.

Look for Zilog Inc. of Cupertino, Calif., to introduce a new development
system later this month. Based on the company’s Z8001 16-bit micropro-
cessor, the Z-Lab 8000 will accommodate up to 16 users. In keeping with
Zilog’s commitment to Bell Laboratories’ Unix operating system, the
Z-Lab 8000 will operate under Zeus, a superset of Unix version 7 that is
targeted to the Z8000 instruction set. It can contain up to 1.5 megabytes
of random-access memory in 256-K-byte increments, as well as up to four
8-in. Winchester disk drives handling 24 megabytes each, and a 17-
megabyte tape cassette drive. In addition to the C language in which Unix
is written, it will also support Zilog’s other languages, but the first units, to
be delivered in November, will add only Pascal.

There’s a 50% chance that the U. S. will experience a severe slump in the
first half of 1981, causing capital spending to lag and creating a ripple
effect in the semiconductor-manufacturing equipment market. For the
second year in a row, New York economist A. Gary Shilling has warned
members of the Semiconductor Equipment Manufacturers Institute
(SEMI), who were meeting in Newport Beach, Calif., last week, to prepare
for a slowdown. This one will be much worse than the one that stifled the
economy last year, he adds. Though operating in a high-technology
growth market will help the semiconductor-equipment producers weather
the worst effects, an overall decline in capital spending of 3% to 5% in
1981 will cut into growth rates and profits, according to Shilling.

What may be the most powerful 32-bit superminicomputer yet announced
is due this spring from Systems Engineering Laboratories Inc. of Fort
Lauderdale, Fla., a Gould Inc. subsidiary. Code-named Thunderbird dur-
ing development, the Concept 32/87 is termed a “third-generation super-
mini”’ by insiders. Oriented to real-time and science applications, the
multiple-bus multiprocessor uses 64-bit-wide data paths and is said to
perform more than 4 million operations per second. That puts it in a
league with IBM’s 3033 and makes it two to four times faster than any
supermini competitor. Built with emitter-coupled logic, the 32/87 cycles
in 75 ns and uses a four-stage, parallel-pipelined processor. Though about
three times faster than the company’s former best, the 32/7780, the new
computer’s software and peripheral equipment are compatible with exist-
ing products.
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Image processor A general-purpose, programmable wafer- and chip-inspection system

should emerge soon from Contrex Inc., Burlington, Mass. Based on

high-speed, digital image analysis, the automatic inspection and control

IC houses, users system aims at markets like incoming inspection—for example, at manu-
facturers of hybrid integrated circuits, especially those with automatic
assembly facilities—where the system would rapidly spot such defects as
chips and cracks in IC dice, physical contamination, damaged metalization,
and dice delivered face down in their waffle packs. Tailored systems
already are being built for two major semiconductor houses and delivery of
general-purpose versions may be as little as four months away. A typical
chip-inspection system would cost about $80,000 and pay for itself in less
than a year, Contrex says.

to help automate

Sharp gain In  Some 20 million in.? of silicon wafers —equivalent to 1 million wafer
5-in. wafer starts—will be produced worldwide in 5-in. form during 1981, according
* to market analyst Daniel Rose, head of Rose Associates, Los Altos, Calif.
starts predicted In 1980, he estimates, just 2 million in.2, or 100,000 5-in. wafer starts,
were made. Though 3-in. wafers are still way ahead, Rose sees production
leveling. In 1980, there were 142 million in.? produced, but he predicts a
decline to 126 million in.? this year and then a slight gain to 128 million

in.2in 1982.

Intel plans Now that support components are becoming available for 1-Mb magnetic
4-Mb bubbles bubble-memory devices, the manufacturers are starting to drop hints about
their 4-Mb chips. One of them, Intel Corp.’s Intel Magnetics Inc. of Santa
Clara, Calif., expects to have working 4-Mb memories and an accompany-
ing kit of components by the middle of next year. Though it once believed
that contiguous-disk technology would be ready for the 4-Mb level, the
firm is going to stick with conventional Permalloy processing and field
coils. The company says it can stuff 3 million bits more onto a chip about
the same size as its 4-cm? 1-Mb device [Electronics, April 26, 1979,
p. 105]. Its access time may also be close to the 1-Mb device’s, but the data
rate will be about four times higher, indicating that four 1-Mb chips may
be scaled down and combined onto one die. The 4-Mb chip’s package will

also keep the same number of pins, but possibly defined differently.
Meanwhile, later this year Intel Magnetics will offer a removable bubble
cartridge, and so will National Semiconductor Corp., also of Santa Clara.
National will disclose data about its 4-Mb bubble memory at the Intermag

conference, to be held this summer in Grenoble, France.

Burroughs text writer Taking on 1BM, Burroughs Corp. is coming out with a low-priced, stand-
alone word processor. The RIll system 315 text writer will compete with
iBM’s Displaywriter, as well as with Wang Laboratories’ Wangwriter and
Sony’s series 35 [Electronics, Jan. 13, p. 46]. The Burroughs machine,
available now with a 55-character/second printer at $8,395, including
software, will be available July 1 with a 35-c/s printer for $7,795. It is a
desktop model featuring a half-page display and a single floppy disk. The
315 is being marketed by Burroughs’ new Office Systems group, the first
step by the Detroit company to integrate recently acquired Systems
Development Corp. into the parent company.

challenges IBM machine
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UNTOUCHED BY HUMAN HANDS!

COME SEE OUR BRAND NEW
AUTOMATED ROM ASSEMBLY.

Fully automated assembly means high
quality, low price and fast, fast turnaround
for your ROMs. And that’s exactly what
we offer.

Our ultra-modern laminar-flow die-
preparation stations, automatic lead-
frame pre-form insertion, eutectic
die-attach stations, and our new
lead bonder system are all auto-
matic, and all located stateside in
Mountain View, California.

Don't take our word for
it. Call ROM Marketing at
(415) 964-4321 and arrange
for a tour. You're invited!

Or write us on your
letterhead for our new full-
color ROM Capabilities

Brochure, showing why we're
the premier 8K, 16K, 32K and 64K
ROM manufacturer in the industry.
Electronic Arrays, 550 East Middlefield Rd,,
Mounuin View, CA 94043. In Philadelphia call
(215) 272-8830; in Chicago (312) 858-8508.

EA's state-of-the-art
fully automatic bonding
systems use pattern recog-
nition technology to com-
pletely bond ROM chips 10
times faster than manual meth-
ods, withdramatically higher vields.

ELECTRONIC ARRAYS
THE HOUSE OF ROMs.
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While others pull out, Monolithic Memories
supports and advances Hi-Rel.

Every time you turn
around another
Hi-Rel supplier is
turning tail and
running for cover.
Not Monolithic Memories.
MMl is committed to the
military market for the duration. We will

continue to supply the bipolar PROMs and other

integrated circuits you need. as long as you need
them, made to military standards or your own
specifications.

And we will continue to support your sophis-
ticated applications with new high-performance
military-grade circuits, such as our fast FIFO,
high-speed signal processing Multipliers. and
Octal Interface. Watch for our new development
in leadless puckages.

PAL"™ is the Programmable Component
Solution™ for discontinued digital logic
and low-volume custom requirements.

When “‘phase-outs’” leave a hole in your design,
plug it with a military PAL (Programmable

Array Logicdevice). A
single PAL 20-pin
SKINNYDIP™ can re-
place from4 to 12 TTL
devices on your board.
The 15 devices in the
PAL family—including
two with arithmetic func-
tions—replace 90% of the
entire 54/74 S and LS series
logic. PALs save you money,
board space and availability headaches.”

Get the straight story. Ask for our free
Hi-Rel Handbook.

For your complimentary copy of the Hi-Rel
brochure and more information on our com-
plete military line, contact your local
Monolithic Memories stocking distributor or
sales representative. Monolithic Memories,
Inc, 1165 East Arques Avenue, Sunnyvale,
California 94086.

PAL. The Programmable Component Solution. and SKINNYDIP are
trademarks of Morulith ¢ Memories, Inc.
" National Semiconductor Corporation is a licensed alternate source tor PAL .

HOTLINE!
For express product information, call toll-free:
(800) 528-6050 Ext131. In Arizona: (800) 352-0458 Ext13]

Monolithic
Memories
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Significant developments in technology and business

Over a million devices
make up 32-bit CPU
and support chips

by Bruce LeBoss, Senior Editor

1.5-um n-MOS process,
two levels of tungsten,
build 5-chip set suited
for desktop computer

A glimmer of the achievements possi-
ble with very large-scale integration
can be seen at Hewlett-Packard
Co.’s Desktop Computer division,
where engineers are fabricating a
32-bit processor chip with a new
high-density, high-speed n-channel
MOS process. With 450,000 transis-
tors and an 18-megahertz clock rate,
the central processing unit is part of
a set of integrated circuits that is
likely to be the heart of an advanced
desktop computer.

To fabricate the CPU and support
ICs, the Fort Collins, Colo., division
has implemented a silicon-gate n-
MOS process with a minimum size of
1.5 micrometers for line widths and
1 um for spaces. The support chips
are an input/output processor, a
memory controller, a |28-K random-
access memory, and a 528-K read-
only memory with over 600,000
devices so that it can include parity
bits.

Fabrication. The eight-mask pro-
cess, called N-MOS 3, resembles oth-
er n-MOS structures for VLSI. Self-
alignment is used for ion implants
and for interconnections to save area
and to trim speed-limiting parasitic
capacitances. As the figure shows,
two levels of pure tungsten metaliza-
tion for signal and power busing also
contribute to a compact layout and
high speed.

To further increase packing densi-
ty, HP is able, through careful pro-
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cessing, to make contact with the
polysilicon gates by placing the first
layer of metal directly over transis-
tor channel regions. This is in con-
trast to other processes, where met-
al-to-polysilicon vias are placed
away from active regions so they do
not damage delicate areas such as
thin gate oxides.

HP engineers are laying down the
patterns with optical projection, us-
ing a GCA 4800 wafer-stepping
lithography system and dry-etching
technology in both tungsten layers.
They developed low-pressure chemi-
cal vapor deposition to produce the
second metal level, thereby providing
low-resistance interconnections.

Devices are constructed on a high-
resistivity substrate that minimizes
the substrate-bias effect on threshold
voltage. A field oxide fully recessed
into the substrate allows minimum

spacing between diffusions. This
recessing technique also improves
surface planarity.

The CPU contains 32-bit data
paths and 9,000 38-bit words of
microprogrammed control store that
implement an extensive 32-bit in-
struction set. It has a sequencing
stack with a set of 13-bit registers that
fetch the microinstructions.

PLA decoding. These instructions
are decoded by the chip’s program-
mable logic array, which drives the
appropriate control lines to perform
specified operations. Most of the
operations are executed in three
clock cycles.

Special logic on the cPU performs
a 32-by-32-bit multiplication in 1.8
microseconds and a 64-by-32-bit
division in 3.5 us. Much of the high
speed comes from pipelining instruc-
tions, overlapping three of them so

SECOND
LAYER

FIRST
LAYER

1

B TUNGSTEN
[ oxipe

SOURCE-
DRAIN
IMPLANT

72___

CHANNEL
IMPLANT

SUBSTRATE

Fast MOS. Double-level tungsten metalization and a fully recessed field oxide are among the
steps in HP's new n-channel MOS process for high-density, high-speed integrated circuits.
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that the net execution rate of
sequential microinstructions is one
per clock cycle (55 nanoseconds)
instead of per three clock cycles.

An HP spokesman says the N-MOS
3 technology looks promising but
disclaims any plans to use it or the

CPU chip. One possibility for the pro-
cess and the chip set, however, is
HP's planned Vision family of 32-bit
computers [Electronics, Oct. 23,
1980, p.35]. The division is to be
responsible for the low end members
of that line.

Test equipment

ATE makers mounting software push
to help users generate test programs

The automated test equipment in-
dustry is starting to make it easier
for its customers to generate test
programs. Macroinstructions written
in high-level languages, menu-driven
program-generation modules, and
programs that can handle analog test
procedures are among the software
options now becoming available
from ATE companies.

For example, the Majic test lan-
guage developed by Computer Auto-
mation Inc. for its board testers
includes a set of macroinstructions
for automatically generating low-
level code in a test program. Users
can also write new macroinstructions
and link the data base created by
their computer-aided design sys-
tem to that of the logic simulation
program and to the tester.

Macros. The language also is flex-
ible enough to let users write pro-
gram statements that resemble En-
glish sentences in their structure.
Thus the user statement “Ripple 1 to
the left on the data bus” is read by
the program as “Ripple data bus.”

The “ripple” is a macroinstruction
used to generate an entire sequence
of input vectors that will ripple a 1
or a 0 through a field of comple-
mentary data bus lines. Such macros
will in turn generate several lines of
lower-level object code that the pro-
grammer previously had to generate
one at a time.

“This can reduce the time in-
volved in working out a new test
program by a factor of 10,” says
Douglas Cutsforth, vice president
and general manager of Computer
Automation’s Industrial Products di-
vision in Irvine, Calif. Majic will run
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ATE aid. Computer Automation has de-
signed its Majic test lahguage to act as a
compiler, translating high-level-language in-
puts into test programs.

on the recently introduced Sprint
test system [Electronics, Jan. 13,
p- 276] and on the company’s Capa-
ble series of board testers.

Even more impressive are the
menu-driven programs developed by
Eaton Corp. and by Plantron-
ics/Zehntel Inc. for systems intro-
duced at the Philadelphia test con-
ference [Electronics, Nov. 6, p. 89].
Eaton calls the software for its inte-
grated-circuit tester the Interactive
On-line Program Generator. Its
board tester is served by the Interac-
tive Program Generator.

“The menus are much easier,”
asserts Ron Thomas, manager of
technical marketing for the IC tester
line at Eaton’s Semiconductor
Equipment operations in Woodland
Hills, Calif. “Before, an engineer
would pass a design to maybe four
people before he saw a working test
program. Now he can do it him-
self —or even have a secretary fill in
the information.”

The type of information requested

by the programs includes the num-
ber of pins, the size of the device,
and functions and labels for each
pin. In the dc portion, voltages and
clock states are requested, as well as
expected output values. In the ac
portion, the user specifies the timing
exercises required and voltage
groups in the patterns.

“We also allow the user to run
what he has at each step of the pro-
gram creation process,” Thomas
notes. “That way, he can see if he
likes what he is creating as he goes
along.” The Eaton program also lets
the user call up macros.

At Plantronics/Zehntel in Walnut
Creek, Calif., its Producer software
also uses a menu-driven approach.
Like the Eaton packages, the key
element is a binder module that links
the user-supplied information with
program modules.

The board-oriented software also
executes network analysis routines
on an element-by-element basis. In
automating important testing tasks,
the software performs the analog
calculations necessary to derive pa-
rameters for circuitry up to three
levels away from the point of test in
order to determine where ground
guards should be placed and which
paths will conduct stray current.

Each of these three systems uses
approaches that will become virtu-
ally mandatory on this decade’s test
systems. The link to simulation pro-
grams demonstrated by Computer
Automation, the menu-driven pro-
grams of the Eaton systems, and the
analog network calculations of the
Plantronics/Zehntel system all help
streamline the software for writing
test programs. -Martin Marshall

Memories

Game plan at Intel
includes multiplexing

In an ambitious effort to maintain its
role as pacesetter in solid-state mem-
ories, Intel Corp. is lifting the veil
part way on its blueprint for chips
organized into bytes and wider. The
Santa Clara, Calif., company plans a
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multiplexed 28-pin package to ac-
commodate at least 4-megabit densi-
ties and so will remain a viable
pinout for 20 years or more.

Redundancy bits and Intel’s
aborning high-performance comple-
mentary-MOS (C-H-MOS) process
also will play roles in static and
pseudostatic random-access memo-
ries and programmable read-only
memories, both ultraviolet-light and
electrically erasable. All will come in
two packages, with multiplexed or
nonmultiplexed buses.

Family trees. The master plan
involves introducing a myriad of dif-
ferent memory parts in both n-
channel MOS and C-MOS and in both
packages. In effect, there will be a
number of family trees like the one
shown below outlining the develop-
ment of pseudostatic RAMs over the
next few years. The company will
describe its first pseudostatic part, a
32-K multiplexed memory, at next
week’s International Solid State Cir-
cuits Conference in New York and
will introduce an 8-K-by-8-bit non-
multiplexed part by year’s end.

Intel’s nonmultiplexed 28-pin con-
figuration, intended primarily for
byte-wide data, has already been
accepted as a standard by the JC-42
subcommittee of the Joint Electron
Device Council. The multiplexed
package, however, is a new idea—
but it, too, has been presented to the
JC-42 committee and is supported

by a later proposal from memory
maker Mostek Corp. [Electronics,
Dec. 18, p. 36].

Existing multiplexed memories in-
clude Intel’s peripheral parts for its
8085 microprocessor and similar
chips from National Semiconductor
for its c-MOS NSCB800 8-bit micro-
processor. Motorola, too, recently
introduced a multiplexed C-MOS 16-
K ROM [Electronics, Sept. 25,
p. 127].

But Intel’s game plan for multi-
plexed chips extends to 9- and 16-
bit-wide organizations. Accommo-
dating 9-bit data will yield byte-wide
data with parity, and a bus 2 bytes
wide will give direct compatibility
with the latest microprocessors. The
multiplexed package will have 16
address and data lines, giving 256-K
locations that, together with a 16-
bit-wide bus, will permit a memory
capacity of 4 megabits.

All parts will be built with Intel’s
H-MOS, or high-performance n-MOS,
process with scale-downs for high
speed in the cards. For lower power
consumption, chips like the static
RAMs will also use C-H-MOS.

Redundancy is getting increasing
attention for high-density solid-state
memories because of the dramatic
improvements it promises for yield
[Electronics, Dec. 4, p.108]. Intel
was not the first memory maker to
embrace the idea, but it has done so
enthusiastically —““All of these

[planned] chips will have redundan-
cy,” says Kirk F. MacKenzie, strate-
gic marketing manager for Intel’s
Memory Components division in
Aloha, Ore. -John G. Posa

Communications

Add-on converts PBX
for data, voice net

A new voice- and data-handling pri-
vate branch exchange from Rolm
Corp. is a forerunner of PBX systems
that one day will handle electronic
mail, store-and-forward voice
switching, and other office-of-the-
future tasks. It is a simple solution to
the local-network question.

The voice- and data-handling ca-
pability is an add-on feature to the
12-year-old Santa Clara, Calif.,
company’s CBX line of private
branch exchanges that were original-
ly designed to handle voice traffic
within a user’s complex. To get both
voice and data on a local network,
the user has had to add hardware
and software to an existing system.

But when the data-communica-
tions feature is added to the all-
digital CBX system, both voice and
asynchronous data can be transmit-
ted over standard telephone twisted-
pair wiring. All that is needed, says
company vice president of engineer-

PSEUCOSTATIC RANOOM-ACCESS MEMORIES
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Many branches. Intel's plans for its new
pseudostatic random-access memories ex-
emplify the development it has in mind for all
its memory lines. Both multiplexed and non-
multiplexed variants are in the cards, and
scaled-down versions will play prominent
roles. An important development will be
parts organized as 9 bits wide (1 byte plus

parity) or as 2 bytes wide.
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Modemless. Rolm's data-communications
add-on to its digital private-branch exchange
uses an data terminal interface unit (shown),
a data-line interface at the controller, and a
TDM control card for modem-free, on-site
voice and data transmission.

ing James M. Kasson, are a data-
communications software package, a
special interface unit at each termi-
nal to be hooked into the system, and
interface cards plugged into the CBX
controller.

As automated systems with com-
puters, terminals, and word proces-
sors begin to fill offices and facto-
ries, the question of how to intercon-
nect them in local networks has
become increasingly important. Oth-
er ways of approaching that question
include AT&T’s much-discussed Ad-
vanced Communications Service,
which uses the in-place telephone
network; Xerox's coaxial-ca-
ble-based Ethernet; and IBM’s Sys-
tems Network Architecture.

Underneath. Rolm’s data terminal
interface (DTI) is a desktop module
shown in the photograph that sits
under a phone and transmits asyn-
chronous data at rates of from 110
to 19,200 bits/second. It can do this
chore at distances of up to 5,000 feet
from the CBX controller. Each DTI
has a standard RS-232-C interface
and may be used to originate or
answer a data call. According to
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Kasson, it may ‘“connect to almost
any asynchronous terminal, comput-
er port, modem, or multiplexer port”
by emulating a full duplex standard
Bell 1027212 line-signaling protocol
to the equipment connected.

A data-line interface is mounted
in the CBX controller cabinet. These
two printed-circuit boards support
up to 16 separate data channels,
with each operating at its own data
rate. They handle interface and con-
trol functions for full duplex data
communications to the controller’s
time-division-multiplex bus.

The TDM bus needs a third board,
called the time-division-multiplexing
control card. It prepares the system
for what the company refers to as
data submultiplexing; this scheme
allows data channels to be set up
using fundamental voice channels.
With the basic voice system, a voice
connection is assigned two time slots
for the duration of a call. Each of
these slots can carry up to 192,000
b/s, far more than a typical data
connection needs.

Rolm uses the new software and
hardware in the CBX communication
package to break up a pair of time
slots into parts that can accommo-
date as many as 40 data connections
at 2,400 b/s. Thus, either high-qual-
ity voice or data can be maintained
and used as network requirements
change. -Harvey J. Hindin

Business systems

Distributed system
takes on IBM's 8100

As if to emphasize its commitment
to office automation, the Electronics
Office Systems Group of Northern
Telecom Inc. is introducing a new
model for its family of distributed-
data-processing systems with twice
the power of the previous top-of-the-
line offering. The model 585 is one
of a series of business-oriented intro-
ductions slated for this year from the
group, the former Northern Telecom
Systems Corp.

The new DDP system competes
with 1BM Corp.’s 8100 series, though

it maintains compatibility with the
Minneapolis group’s smaller sys-
tems. Other competitors in this per-
formance range include the mid-
range systems from Datapoint Corp.,
the Hewlett-Packard Co.’s 3000
series, and Texas Instruments Inc.’s
990 series.

Stacking up. Though all these sys-
tems have similar capabilities, NTI
claims better price-performance fig-
ures, especially with configurations
of 7 to 11 terminals. A typical model
585 system with 11 megabytes of
disk storage, 15 megabytes of tape
storage, a 256-K main memory, four
terminals, and a letter-quality print-
er will cost $46,900 and will be
available by May.

The model 585 in its 7-to-11-
terminal configuration does offer
higher throughput at a lower price
than a similarly configured IBM
8130. At its maximum of 16 termi-
nals, however, the 585’s system per-
formance is about equal to that of
the 8130 and other similarly config-
ured competitive systems.

Based on an 8085 microprocessor,
NTI's new system is one of the first
of its type to offer mass storage on
an 8-inch Winchester-technology
disk drive with integrated backup on
tape cartridges. The company decid-
ed to build its own disk and tape
drives because no single source had
both available at the time it was
developing the 585—a situation it
feared might compromise reliability.

The group’s engineers chose the
8-in. format for its low cost per byte,
market acceptance, and expansion
capabilities. The disk drive comes
with 11- or 22-megabyte capacities,
and the tape cartridge drive can
store 15 megabytes.

The disk uses a microprocessor-
controlled embedded-servo posi-
tioner for the read/write head, with
the track-reference information for
the servo mechanism stored between
sectors of data on both surfaces of
the platter. This approach leaves
more room for data, since it elimi-
nates the need for an entire platter
surface for storing the positioning
information.

The 585 and related announce-
ments indicate that the group is back
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A few of our customers say
Abbott MIL Spec power supplies
are 99% perfect.

The others say only 98%. For almost fifteen years 100 VDC, current levels from 0.3 to 20 amps.

we have maintained a customer failure rate of Qur “C" family of 28V DC to DC converters and

2% for our “C" “S" and “W" MIL Spec power our “S” family of 28V to 400 Hz inverters come in

supplies. That's tried and true proof of reliability ... package sizes as small as 28" x 312" x 32"

in the field. and meet the requirements of eleven separate

QOur Model “W" family of 400 Hz to DC power MIL Specs.

supplies is a standard throughout the world for For reliability, call Abbott. For delivery, call

critical military and aerospace applications. Abbott. For additional information, write or

They're available with output voltages from 5 to call Abbott. See EEM or GGLD BOOK power supply sections
abbott transistorl
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magnetics
IS your
field,
it will pay
you to check
into the
F. W. Bell

line of
Gaussmeters.

28 different meters.
110 different standard probes.
We've got a meter and probe

for practically every magnetic
measurement need.

Bell Gaussmeters provide:
1 direct measurement of
absolute field density.

2 differential measurement
of absolute field density.

3 differential measurement of
field density difference at two
probe locations. 4 incremental
field measurements using an
expanded scale. 5 summation
measurements.

Accuracies from +0.1% FS.
Dynamic ranges from

0.1 Gauss FS (1075 tesla) to
100,000 Gauss FS (10 tesla).

For full technical information and
application assistance,
contact us today.

ELLine

Subsidiary,
Magnetics & Elsctromics, Inc

6120 Hanging Moss Rd. Orlando, FL 32807
Phone 305/678-6900 TWX:810-853-3115
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on the track of product development
needed to remain competitive.
Formed when Canadian-controlled
NTI bought the former Sycor and
Data 100 computer companies, the
group had difficulties integrating
these acquisitions.

But the assimilation appears to
have taken place. The group recently
announced word-processing software

and new printers for its systems
[Electronics, Dec. 18, p. 45], follow-
ing these with the 585.

Next will come software allowing
NTI's remote batch terminals to use
its DDP capabilities. Also planned
are hardware and software enhance-
ments to the DDP line and a system
integrating voice and data capabili-
ties in one terminal.  -Tom Manuel

Packaging

Multiwire’s maker eyes metal-backed board
for thermal match to leadless chip-carriers

Another investigation is under way
of metal-backed circuit boards to
which ceramic leadless chip-carriers
can be directly soldered — potentially
a convenient means of packaging
very large-scale integrated circuits.
Researchers at the PCK Technology
division of Kollmorgen Corp. are
developing a metal-backed board
that will use a variant of the firm’s
Multiwire discrete wiring technique.

Structurally, the Melville, N. Y.,
division’s board will resemble the
Lampac printed-circuit board under
development at Bell Laboratories in
Denver [Electronics, Jan. 13, p. 48].
The key to both is the metal support,
which matches the thermal coeffi-
cient of expansion of the chip-carri-
ers’ alumina much more closely than

does the epoxy glass of the typical
circuit board.

Charles L. Lassen, product man-
ager of advanced interconnection
technology at PCK Technology, re-
ports excellent test results for a
board that uses a 30-mil-thick nick-
el-iron support for an epoxy-glass
sandwich. Chip carriers of many siz-
es were reflow-soldered on top of the
sandwich, which had encapsulated
wiring as the filling between its two
5-mil-thick layers. The board sur-
vived 400 thermal shock cycles over
the military temperature range of
—65° to 125° without a single failure
to its 692 solder joints.

The test used six boards of four
substrate materials: the Alloy 42
nickel-iron material, steel, Kevlar

Partners. Solder joints between leadless chip carriers and a circuit board with a nickel-iron
support survived 400 thermal shock cycles over the — 65™-to- + 125°C temperature range.
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plastic, and standard epoxy glass.
All the boards used etched copper
interconnecting pads and identical
complements of reflow-soldered
chip-carrier packages (see photo-
graph). But they varied in structure.

The epoxy-glass and Kevlar
boards used typical printed-circuit
interconnections, and one sample
each of the steel and Alloy 42 metal
boards used a thin epoxy-glass over-
lay layer with typical pc intercon-
nects, much like Lampac. The other
two metal boards had adhesive-
encapsulated wiring (which PCK
Technology is calling Microwire)
sandwiched between epoxy-glass lay-
ers, with the top S-mil-thick layer
having copper footprints for the
leadless chip-carriers.

At the Nepcon West conference in
Anaheim, Calif., later this month,
Lassen will report that, as expected,
the joints on the epoxy-glass board
failed first and most often, with 300
open joints after 400 cycles. The
steel pc board, however, had 150
open joints, and the steel Microwire
board had only 50 open joints.

No failures. Lassen says no joints
failed on the two Alloy 42 boards or
on the Kevlar board. However, the
plastic costs $7.50 a square foot
(compared to $4.60 for Alloy 42,
$2.30 for epoxy glass, and 70¢ for
steel). It also has a thermal conduc-
tivity little better than cpoxy glass
and 67 times worse than Alloy 42.

Even though Alloy 42 costs twice
as much as epoxy glass, PCK Tech-
nology prefers it to the much cheap-
er steel because of the higher ther-
mal reliability of its solder bonds.
The Lampac board from Bell Labs
uses a steel support plane, but a cop-
per-clad nickel-iron alloy is under
consideration for high-performance
applications.

Bell Labs has done some testing
over a more limited temperature
range with small chip-carriers and
plans a 1,000-cycle test over the mil-
itary temperature range with all
sizes of packages. The bigger chip-
carriers have high pinout counts,
which makes them useful for VLSI
chips but also makes them more
prone to joint failure.

Both Microwire and Lampac are
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to design y\m own

automated non-contact
measurement and inspection
system with RETICON'S RS8500
Controller — reliably and
economically.

A powerful inspection
system can be created
by coupling the RS8500
Eye-Q Programmable
Controller with any ot
the RETICON cameras
and light sources. Even RS8500 Eye-Q

without any special programming experience or
skills, it can be programmed in a few minutes for
up to eight simultaneous video processing tasks.

® Compatible with Reticon e Pressfiex front panel push-
solid-state line scan and button controls
matrix cameras

® Keylock security
e Battery back-up RAM ® 16K digital video storage
(option)
® 20 character alphanumeric * RS232 parallel data and dual
display D/A i/0 (option)

The RS8500 Controller is one example ot of an accessory
package that makes the Reticon camera line the most
versatile equipment to meet your system needs. It includes
line scan cameras with up to 2048 and matrix cameras with
up to 10,000 etements, interfaces 1o micraprocessors, intel-
ligent support electronics, light sources, and a variety of
optical accessories.

CALL US TO DISCUSS YOUR APPLICATION.

S EGzG RETICON
345 POTREROC AVENUE

SUNNYVALE, CA 94086
TWX: 910-339-9343
For assistance call: Boston (617) 745-7400. Chicago (312) 640-7733,
San Francisco (408) 738-4266, Tokyo, Japan 03-343-4411,
Wokingham, Berks, England (0734) 790772
Munich, Germany (089} 918 061

Circle 45 on reader service card



High current

transistors in TO-3
From the SGS-ATES universe of power;

Veeo Veewatoe  Tranyn le/1g Veeo Veewsanto, Yanaym o Ic/ls
V) V) (ps) V) V) (ps)

125 08 01 70/7 125 07 0.15 20/2
200 09 024  50/5 200 06 0.24 12/15
250 07 0.2 40/4 250 05 0.23 10/1.25

125 : K 50/5
200 ; ; 25/3
250 ! £ 20/2.5

125 06 014 10/1
200 06 0.25 8/1

250 ; 0.2 6/0.75
125 : X 50/5

200 O : 25/5 80
250 O . 20/25

10/1

Word’s getting round about the > ;\ convenience and security of a
complete line of NPN and * i. single Power House source for all
PNP power transistors . ( //  their power needs.
manufactured by SGS-ATES. V .+ o5 WHYDONT YOU?

WHY? Because NN e "—m
SGS-ATES keep their 4 A . ‘.-\
complete range in stock ready L S
for delivery on demand. X ‘

WHY? Because SGS-ATES s (i\ 2
is a Power House with a . —
proven track record for ;Y ==
quality and reliability. ¢~ \§ .

As.word gets round J w

_, - The power
more and more people are
R semtconductorbouse
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PLACE YOUR ORDERS ON:

INTERNATIONAL
HEADQUARTERS: SGS-ATES
Componenti Elettronici SpA -
Via C. Olivetti 2 - 20041 Agrate
Brianza - Italy - Tel.: 039-65551 -
Telex: 330131-330141

e BENELUX: Winston Churchill
Avenue, 122-B180 Bruxelles -
Tel: 02-3432439 - Telex: 24149 B

e DENMARK 2730 Herlev - Herlev
Torv 4 - Tel.: 02-948533 -
Telex: 35411

o EASTERN EUROPE: SGS-ATES
Export Sales Office - Via C. Olivetti
2 - Agrate Brianza - Italy -

Tel: 039-655382 - Telex: 330131

o FINLAND: Kaantopiiri 2 -
02210 Esbo 21 - Tel.. 90-881395/6 -
Telex: 123643

e FRANCE: 17, Avenue de Choisy -
75643 Paris Cedex 13 -
Tel.. 5842730 - Telex: 042-250938

e GERMANY: Haidling 17 -
8018 Grafing bei Munchen -
Tel.. 08092-691 - Telex: 05-27378

o HONG KONG: Canton Road
Kowloon -1329 Ocean Centre - Tel.:
3-662625 - Telex: ESGIE HK 63906

e [TALY: Direzione Commerciale
[talia - Via Correggio 1/3 -

20149 Milano - Tel.: 02-4695651 -
Telex: 330131-330141

e NORWAY: Stensberg gata 29 -
Oslo1 - Tel.: 02-607222 -
Telex: 17472

© SINCAPORE: Lorong 4 & 6 -
Toa Payoh - Singapore 1231 - Tel.:
2531411 - Telex: ESGIES RS 21412

e SWEDEN: Box 3019501 Marsta -
Tel: 0760-40120 - Telex: 04210932

e UNITED KINGDOM: Planar House,
Walton Street - Aylesbury, Bucks -
Tel.. 0296-5977 - Telex: 041-83245

® USA: 240 Bear Hill Road -
Waltham, MA 02154 - Tel.: 617-
890-6688 - Telex: 923495 WHA.
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in the early developmental phases.
An important incentive is the
increased packaging density they
offer— Microwire’s planar intercon-
nections are the equivalent of four
layers of a multilayer board, and
Lampac’s two-sided interconnection
board is equivalent to eight layers.
Since leadless chip-carriers them-
selves greatly improve board densi-
ties [Electronics, July 3, 1980, p. 45],
combining them with metal-backed
boards may be the answer to packag-
ing complex VLSI chips as compactly
and simply as possible. -Jerry Lyman

Software

Financial model runs
on desktop units

Making sophisticated financial mod-
eling a routine task on desktop com-
puters is the goal of a fledgling Van
Nuys, Calif., software firm. C4P
Inc.’s Financial Planning Language
program requires only 64-K bytes of
memory in a microprocessor-based
computer, compared with the 80-K

'

bytes or more needed on mainframes
to run such programs as Capex
Corp.’s popular Autotab II.

Although FPL may not have all the
resources of the mainframe pro-
grams, its attractive price should
appeal broadly to new users. A sin-
gle-user license costs $695, whereas
Autotab Il is licensed for $21,000 or
leased for $950 a month. Also, most
buyers of the mainframe models use
a timesharing service for their com-
puting power.

Thus C4P and its marketing
house, Lifeboat Associates, New
York, think that financial analysts,
bankers and stockbrokers, corporate
planners, and the like, will welcome
FPL, especially if they already own
desktop computers that use the CP/M
operating system. With the modeling
language, they will be able to tackle
a wide range of jobs like profit-and-
loss forecasting, cash-flow manage-
ment, commercial loan evaluation,
acquisition and merger analysis,
product-line planning, material and
labor requirements, and real-estate
development analysis.

Like Autotab I, FPL is written in
Basic; in fact, it uses the same syn-

Money management. A variety of financial planning tasks are possible with the FPL
modeling software designed to run on desktop computers rather than on mainframes.
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Giga-Trim®capacitors are
tiny variables which provide
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microwave circuits. The new
improved design has a
temperature coefficient of
zero, increased Q of >3000
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dynamic tuning noise.
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of mounting styles, and
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Through
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News briefs

Sears plans computer stores

Sears, Roebuck & Co. has joined the growing list of companies hoping to
capitalize on the business machines market with freestanding retail specialty
stores. The giant Chicago-based retailer plans to open five test stores this fall
in three unspecified cities in the East, Midwest, and South that will sell
electronic equipment under Sears and other brand names. Computers,
typewriters, word processors, printers, copiers, calculators, and dictating
machines will be offered. Other firms that have opened similar retail outlets
include Xerox, IBM, Tandy, and Control Data.

Thin-film disk-drive heads in the spotlight at CDC

Control Data Corp., Minneapolis, entered the market for very large disk
drives late last month. The new CDC 38800 drives use thin-film heads to
store 2.52 billion bytes per unit at a transfer rate of 3 million bytes per
second—more than twice the speed of the CDC 33502. With the companion
disk controller, these drives are IBM-compatible and match the basic specifi-
cations of the IBM 3880. They are priced at $66,000 to $120,000, whereas
the IBM 3380 model A was announced with prices ranging from $97,650 to
$142,200 [Electronics, June 19, 1980, p. 35]. First deliveries of the 38800
are scheduled for the second quarter of 1982.

Also last month, CDC and Memorex Corp. of Santa Clara, Calif.
announced a technology-transfer agreement covering thin-film heads. The
pact includes an exchange of information of the two companies’ prototype
head-arm assemblies and some peripheral circuitry but not the disks. Both
firms are major IBM competitors in the disk-drive marketplace, but the
agreement may be as much directed against potential Japanese competition
as against IBM.

Southcon exhibitors call Atlanta show a success

Though its prospects as a first-time show were uncertain, last month’s
Southcon was generally considered a hit among the 284 exhibitors who
occupied 482 booths at Atlanta’s World Convention Center. Attendance
totaled aimost 12,000. Next year the show moves to Orlando, Fla., at the
Orange County Convention Center, Jan. 19-21.

Boom year behind, Tl sees troubles ahead

Sales crossed the $4 billion mark at Texas Instruments Inc. last year, but top
T officials warn that the industry may be in a steeper 1981 slump than
predicted earlier. Net sales in 1980 rose 26% for the Dallas firm—$4.07
billion, compared with $3.22 billion in 1979. The company lists 1980 net
income at $212.2 million, or $9.22 per share, up from $172.9 million, or
$7.58 per share. Despite Tl's performance, chairman Mark Shepherd Jr. and
president J. Fred Bucy see a difficult first half for 1981. The company quotes
them as saying: ‘‘Despite the fourth quarter 1980 growth in the U.S.
economy, continuation of the recovery is doubtful in view of the persistent
inflation and the monetary discipline necessary to curb it.”

RCA’s chief bows out

In a surprising move, Edgar H. Griffiths, resigned as chairman and chief
executive officer of RCA Corp. late last month. Thornton F. Bradshaw, 63,
president of Atlantic Richfield Co. and an RCA director, will assume the
chairmanship July 1, when the resignation becomes effective. Griffiths willl
continue as a consultant to RCA and a director, and will become the
chairman of the finance committee.

Corporation

400 Rockaway Valley Road
Boonton, New Jersey 07005
201-334-2676

TWX 710-987-8367

tax. Dennis Brown, C4P’s president ingon atimeshared basis.

and FPL’s author, boasts it has the For example, Capex cites Autotab
same capability as Autotab, a point II’s .unlimited matrix size, whereas
disputed by the houses offering FPL’s matrix has been limited to
mainframe-based financial model- 2,000 cells. But, Brown says, “I find
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National announces two
powerful new microcontrollers.

The new COP444L and COP445L
microcontrollers pack 2K x 8 ROM
and 128 x 4 RAM into the
family’s standard packages.

=

Two new high-end COPS™Family 475

microcontrollers, the COP444L and the
COP445L, offer twice the on-chip
memory as any other family member.

Both devices are compatible with
the rest of the family in all respects —
the architecture, instruction set, pack-
ages and options. But the COP444L
(27 1/0 lines; 28-pin DIP) and
COP445L (191/0 lines; 24-pin DIP)
eachcarry 2K x 8 ROM and 128 x 4 RAM
for the most advanced single-chip solu-
tions for large microcontroller applications.

Another clear advantage of the fwo
new COPS is their amazingly low power
requirements: 556mw at 5V operation. In
addition, they're available in two voltage
range options, 4.5V to 9.5V or 4.5V to 6.3V.

The distribution of intelligence. The
COPS Family represents a unique approach
to microcontroller applications.

Every COPS peripheral device has enough
infelligence designed into it fo execute
several instructions on ifs own. By distribut-
ing the processing workload to each device

device on the MICROWIRE™every COPS sys-
tem is optimized for efficiency.

And because the COPS instruction set
consists of simple task-oriented operations,
they not only fake up less memory space,
they also accomplish each fask in less time
than other single-chip microcontrollers.

The benefits of this family approach are
felt throughout the development phase as
well.The entire family is supported by a single
development system (the COP400-PDS).
Real-time emulation of the COP444L and
COP445L is performed by the COP-EO4L
board. The COP400-TO1 functional tester
is a development system option useful in
testing any COPS device.

Freedom of choice. So now the design
engineer can pick and choose from a wide
variety of key specs: CPU size, fabrication
technology (CMOS, low-power NMOS, high-
speed NMOS), the femperature range, the
voltage range, the speed, the 1/0 options and
the package size and type.

In short, the COPS Family offers the
freedom to choose from a broad range of
compatible microcontrollers and periph-
erals to closely match the requirements of
each design.

And now that the high-end COP444L
and COP445L are readily available, there’s
all the more reason to exercise that freedom.

For more information on these devices
and the entire COPS Family, check box num-
ber 044 on this issue’s National Archives
coupon. ps|

COPS ond MICROWIRE ore trodemarks of Notionol Semiconductor
Corporotion

Superior PCM filter gets digital
switching systems off hold.

National Semiconductor advances
digital telecom technolo'?g with their
new low power P2CMOS TP3040 filter.

Nationat is taking the leadership role in
telecom with the addition of their new TP3040
PCM filter.

Its unique monolithic design incorpor-
ates both transmit and receive filters for
8kHz PCM codec filtering applications.

™

The TP3040 offers clear performance
advantages over its pin-compatible counter-
parts, particularly in ferms of power con-
sumption.The TP3040 uses up to 85% less
power than the competition.

Other performance enhancements
include a lower noise level (1-2 dBrnCo),
reduced crosstalk (—80dB typical) and
better rejection of frequencies below 200Hz.

This kind of performance is a direct
resuit of NSC'sinnovative doubte-poly, silicon-
gate P2CMOS technology (see the article
at right).

The Practical Wizards are already turning
TP3040s out in high volume. And they'll be
second-sourced within six months.

S0 now felecom design engineers can
get their switching systems off hold with
a truly superior PCM filter from National
Semiconductor.

For complete details on the TP3040,
check box number 054 on this issue’s
National Archives coupon.

ks

P2CMOS yields
higher performance.

The Practical Wizards at National Semi
conductor have taken a major step toward
advancing digital switching technology.

Their new double-poly, silicon-gate
CMOS process, P2CMOS, dissipates much
less power than competitive technologies.
it also allows for more efficient op amp con-
figurations with lower noise and improved
power supply rejection rafio.

National brought together the most
advanced fabrication techniques to perfect
P2CMOS. lon implantation, dry ptasma pro-
cessing, selective field oxidation and non-
contact printing combine fo yield the low
power of CMOS plus the high speed of NMOS.

P2CMOS. A perfect example of what
Practical Wizardry is doing for telecom. 2
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Low pressure
absolute transducers.
High performance
inside and out.

lon Implantation
and new die sealing
technology combine to
yield six new
high-stability transducers.

National has just infro-
duced two all-new series
of low pressure absolute 1C
transducers in the LX1600
and the LX1800 Families.

By combining a state-of-
the-art lon Implantation pro-
cess with a new die-sealing
technology adapted especially for
transducers, the new low pressure
(10-20 psia to 0-30 psia) LX1600s
and LX1800s meet guaranteed offset
stability specs as low as 1.7%FS.

In addition, new cavity etching
and low temperature processes

assure high yield ICs. And that
means consistent volume availability
at very attractive prices.

The LX1601/02/03-A and LX1801/
02/03-A transducers are fully signal-
conditioned and feature built-in
temperature compensation and

full voltage regulation.

And both are available in the
industry’s widest variety of nylon,
zinc or compact ceramic
housings. As a result, these
versatile new devices are just as
/ much at home inrugged plumbing
7 ./ fixtures as they are in delicate
1% PC boards.
"‘-\ Low pressure absolute
transducers from Nationa!.
Proving once again that prac-
ticality comes in all kinds of packages.
For more information, check number

041 on this issue’s National Archives coupon. 2

It's about time -
new upP-
compatible clocks.

Two new low-power real-time clocks
keep track of everything from
tenths of seconds to leap years.

The Practical Wizards have developed
two new MICROBUS™ compatible CMOS/LS!
chips that perform all time- and date-
keeping functions for microprocessor and
microcomputer applications.

Both the 8-bit (24-pin) MM58167 and
the 4-bit (16-pin) MM58174 real-time clocks
are based on 32.768kHz crystal oscillators.
So these clocks keep a precise accounting of
time increments ranging alf the way from
thousandths of seconds to leap years.

They also feature a power-down mode
for extremely efficient operation.The
MM58167 takes voltages as low as 2.0V
and the MM58174 as little as 2.2V.

Their mask-programmable interrupt
timers can be set to provide a variety of infer-
rupt signals ranging from 0.1 sec fo 1
month.The MM58167 also includes alarm-
type latches and a standby interrupt
for uP wake-up during power-down mode.

Finally someone is offering multi-
functional yet practical clocks for uP-based
designs.

Check number 044 on the National
Archives coupon for complete information.

MICROBUS is o trodemork of Notionol Semiconductor Corporotion.

LED, LCD and VF drivers display family unity.

The Practical Wizards offeracomplete
family of software compatible
MOS/LSI dis?lay drivers that use
a simple serial interface to a P bus.

National Semiconductor presents the
industry’s only true family of LED, LCD and
VF display drivers.

Their broad line of compatible drivers
is designed to meet all typical display driving
needs in software controlled applications.
S0 whether the design calis for LED, LCD or
VF displays, the microprocessor, COPS™
Family or other microcontroller needs only
one software routine to make the interface
to any of the 40-pin drivers.

The practical approach.To make these
devices even more practical and easy to
use, they utilize a simple serial data input
channel. In addition, the LED and VF drivers
feature a continuous brightness control
pin that respectively requires a current or
voltage source.

As shown in the product summary table
below, the Practical Wizards are offering
four PMOS vacuum fluorescent display
drivers.These parts, the MM5445/46/47/48,

0 DuTPUT 34
P N

N 4 - —v—y _LOAD

respectively drive 32, 33, 34 and 35 seg-
ment displays.

The NMOS MM5450/51 LED drivers can
handle 34 and 35 segments, respectively.
The CMOS MM5452/63 LCD devices drive
32 and 33 segments, respectively.

The remaining two family members, the
MM5480/81, are lower cost LED drivers

designed for smaller scale application needs.

The 28-pin MM5480 drives 20 segments
and the 20-pin MM5481 drives 14 segments.
These parts are therefore not software com-
patible with the rest of the family.

J

The DATA ENABLE feature on the
MMb5445/46/52/81 allows these devices
to be cascaded.

Once again, National Semiconductor
comes through with a broad line of practical
and reliable components.

For more detailed information, check
boxes 044 and 053 on this issue’s National

Archives coupon. a
DISPLAY DRIVER SUMMARY TABLE
PART DISPLAY  SEGMENTS
NUMBER TYPE DRIVEN
MM5445 VF 32
MMb5446 VF 33
MMb447 VF 34
MM5448 VF 35
MM5450 LED 34
MM5451 LED 35
MMb452 LCD 32
MM5453 LCD 33
MM5480 LED 20
MM5481 LED 14

COPS is 0 trademork of Notional Semiconductor Corporation
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LOW POWER
SCHOTTKY ’L SCHOTTKY
INTERFACE
Buffers/Drivers CMOS
Transceivers

TRI-STATE octals in 28 varieties.

National Semiconductor carries
the industry’s broadest line of 20-pin
LS, Schottky, CMOS and
Interface octals.

National Semiconductor is doing more
for 8-bit designs than anyone else. In fact,
they're currently offering no less than 28 dif-
ferent TRI-STATE octal devices.

So now the designer can select his 8-bit
building blocks from the industry’s largest
assortment of 20-pin Low Power Schottky,
Schottky, CMOS and Interface products.
Everything from buffers/drivers, latches and
D flip-flops to I/Q registers and bidirectional
transcenvers.

National is currently offering no less than
seven different Interface octals, all in both
commercial and military versions. See the
product table below for specifics.

The Practical Wizards are doing more
for TRI-STATE octal designs than anyone in
the industry.

For more information, check box number
045 on the National Archives coupon. 2

INTERFACE OCTALS

Device Type PART NUMBER
Commercial Military

Buffers/Drivers DS3628 DS1628
DP8310* DP7310"
DP8311* pDP7311*

Transceivers DP8303 DP7303
DP8304B  DP7304B
DP8307 DP7307
DP8308 DP7308

TRI-STATE is o registered tradermark of National Sericanductar
Carporation
“These devices are apen callectars

Parity and Error Checking and
Correction make NSC’s BLC-8064
Family more reliable than conventional
microcomputer memories.

Until now, microcomputers had to make
do with conventional memory and the con-
sequences of undetected error.

But now, National Semiconductor pro-
vides Error Checking and Correction (ECC)
or parity for their BLC-8064 Family of board
level computer products: the BLC-8016

036 O Optoelectronic Handbook
(53.00)

037 O STARPLEX™and ISE™
Information

040 O Pressure Transducer
Handbook ($3.00)

041 O Pressure Transducer
Data Packet

Capyright 1980 National Semicanductor Carporatian

Now microcomputers know when
they're making a mistake.

A&B (16K RAM), the BLC-8032 A&B (32K
RAM), the BLC-8048 A&B (48K RAM),
and the BLC-8064 A&B (64K RAM).The A
versions feature parity and the B versions
feature ECC.

A logical approach to system design.
With ECC, all single-bit errors are detected
and corrected so efficiently that the pro-
Cessor never misses a beat. If a double-bit
error occurs, the board simply nofifies
the processor.

BLC-8064 Family boards with parity

044 [ 1980 MOS Data Book ($4.00)

045 O TRI-STATE Octal Data Packet

049 0O BLC-8064 Family Data Sheets

053 O MOS/LS! Display Driver Family
Data Sheets

054 O TP3040 Filter Data Packet

Enclose check or money order based upon appropriate currency. Make checks
payable to National Semiconductor. All prices shown are U.S. prices only. Allow
4-6 weeks for delivery.This coupon expires on April 30, 1981.

NAME TITLE _
COMPANY PHONE
ADDRESS

w CITY STATE ZIP

notify the processor when they defect any
odd number of bit errors.

ECC and parity open up vast new micro-
computer applications that were previously
too sensitive to fluctuation and error to frust
to conventional memory systems.

Leave it to the Practical Wizards to bring
this kind of reliability to microcomputer
applications.

For more information on the BLC-8064

Family, check box 049 on this issue's
National Archives coupon. 4

N N S N S S S N S S
What's new from the National Archives?

For desired information, mail coupon to:
National Semiconductor Corporation
2300 Semiconductor Drive

Mail Stop 16251

Santa Clara, CA 95051

In Europe, mail coupon fo:
National Semiconductor GmbH
Industriestrasse 10

D-8080 Fiirstenfeldbruck
West Germany

National
Semiconductor

The Practical Wizards
of Silicon Valley

NA 21
---_--------.

Natanol Anthem 15 a registered-tradgemarkatNetianalsSemicanductor Corporation

Printed in USA
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that this size is more than adequate
to handle about 80% of the tasks
users want to perform.”

In contrast to small modeling pro-
grams already available like Visi-
Cale, Brown says, FPL offers such
advantages as IF...THEN...ELSE
computing capability. It also docu-
ments the rules used to create data,
he says: “Instead of getting a+b =
¢ on a spread sheet, you get a
spelled-out explanation of each of
the elements being processed.”

At the other end of the scale are
financial modeling programs that
are vastly more complicated than
FPL. For example, Express, a model
offered by Tymshare, requires a
minimum system memory of from
512-K bytes to | megabyte, and FpPL
“is not in the same league,” says
Robert L. Schwartz, vice president
of the Information Services division
in Cupertino, Calif.

Upward mobility. He does agree,
however, with Russell E. Edwards,
senior vice president at Capex Corp.
in Phoenix, Ariz., that offerings like
FPL can attract users who will trade
up. “It will likely be a good tool, and
instead of taking away from our
market base, it ‘will open up more
markets,” says Edwards.

In recognition of these new mar-
kets, Capex has developed Autotab
300. *“It is a step down in size and
capacity from Autotab I1,” Edwards
says. The program uses about 60-K
bytes of the 256-K-byte virtual mem-
ory in a minimally configured Hew-
lett-Packard HP 300 business mini-
computer. -Ana Bishop

Industrial

Process controllers
get new competition

The steady advance of program-
mable controllers into minicomputer
process-control territory continues
with Allen-Bradley Co.’s new PLC-
3. It boasts a greatly expanded
instruction set with floating point
math and data storage for as much
as 96,000 16-bit words.
Microprocessors and associated
solid-state circuitry have been add-

Electronics /February 10, 1981

Published by Electronics magazine...

Books of special interest

Applying Microprocessors

Reprinted ficm Electronics. completes the EE's
transitior from the old methods of electronic
desigr tc microprocesscr engineering. Pub. 1977.
191 pp. Order #R-701, $3.95

Basics of Data Communications

This compilation of essentiat articles from Data
Commuricatiors magazine includes chapters on
terminals. acoustic couplers and modems, com-
munications brocessors. networking. channel per-
formance, data link contrals, network diagnostics.
interfaces, and regulations and policy. Pub. 1976,
303 pp.

Order #R-€C3. §12.95

Circuits for Electronics Engineers

Almos: 350 circuits arranged by 51 of the most
useful functicns for designers. Taken from the
popular * Designer's Casebook” of Electronics.
these circuits have beer designed by engineers
for the achievement of specific engineering objec-
tives. Pub. 1977, 396 pp

Order #R-711. 815.95

Design Techniques for
Electronics Engineers

Expert guidance at every pointin the development
of an engineering projed—making meas-
urements, interpreting data, making calculations.
choosing matesials. controlling environment, lay-
ing out and pur:hasing ccmponents, and inter-
connecting them swiftly and accurately. Nearly
300 aricles from Electranics’ "Engineers
Notebook.” Pub. 1977, 370 pp.

Order #R-725. $15.95

Microelectronics Interconnection
and Packaging

Up-to-date articles trom Electronics include sec-
tions on lithography and processing for integrated
circuits, thick- and thin-film hybrids. printed-
circuit-board technology, automatic wiring tech-
nolegy, IC packages and connectors. environ-
menta factors affecting :nterconnections and
packages, computer-aided design, and automatic
testing. Pub. 1980, 320 pp.

Order #R-927.812.95

FOrder today using this coupon!

Electronics Magazine Books W r"
P.O. Box 5669 c'.‘}o
Hightstown, NJ 08520 THill s
Tet. (609) 448-1700, ext. 5494

to our readers

Microclectronics o\
lﬁ(Crtom\edio;ll PRACTKAL APPLICATION .||
and OF QATA COMMUCATION by

Large Scale Integration

As published in Electronics. covers the entire
range of design applications in sections on bipolar
LSI. MOS LSI. new devices. system design.
computer-aided design, testing. and applications.
Pub. 1976. 208 pp. Order #R-602. $9.95

Memory Design:

Microcomputers to Mainframes

The technology. devices. and applications that link
memory components and system design. How to
apply the new technology to meet specific design
goals. Edited from the pages of Electronics. Pub
1978. 180 pp. Order #R-732. $12.95

Microprocessors

The basic book on microprocessor technology for
the design engineer. Published in 1975, articies
are drawn from Electronics. 150 pp.

Order #R-520. $8.95

Personal Computing:
Hardware and Software Basics

More than 50 articles from leading publications
give you up-to-date information on personal
computing hardware. software. theory. and appti-
cations. Pub. 1979, 266 pp.

Order #R-903. $11.95

Practical Applications of
Data Communications:
A User’s Guide

Articles from Data Communications magazine
cover architecture and protocols, data-link per-
formance. distributed data processing, software.
data security. testing and diagnostics, commu-
nications processors. and digitized-voice and
data-plus-voice. Pub. 1980, 424 pp.

Order #R-005. $13.95

Microprocessors and Microcomputers:
One-chip Controllers to High-end Systems
Practical orientation to second- and third-
generation 8-bit devices, the latest 16-bit devices,
one-chip microcomputers, and software for mi-
croprocessors in 95 articles from Electronics.
Pub. 1980, 482 pp. Order #R-011, $13.95

| Title l
Order # Qty. Price I
I R- [y Company - I
' R- s Street/P.O. address N |
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R. s orders under $25) I
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In EastKilbride
every successful company
makes the same thing.

Profit.

WNAFER F ABRICATION AT MOTOROL A

That's why companies large and
small are in business.

And that's exactly what large and
small companies who operate in East
Kilbride are geared to.

Profit, expansion, success.

Take Motorola for example, one of
the world’s leading semi-conductor
manufacturers.

Here’s what Wolf Loescher, the
Managing Director has to say. ...

“High productivity, low
absenteeism, an eleven year strike
free record and an excellent
communications network for our
markets in Europe and the Far East.
This is what East Kilbride has meant
tous.” ¢

MO E WO E R
MANAGING DIRECTOR
MOTOROLA

e\

OF SUCCESS IN SCOTLAND

KILBRID

But not every company finding
international success can be classed as
a giant.

lan Macfarlane of Contrology a
small Scottish electronics company
Says. ...

“We found the environment at
EastKilbride ideal for us. We
employ a small but highly skilled
workforce, many of them graduates,
all recruited locally. The speed and
expertise of the East Kilbride
Development Corporation was
invaluable in
setting up
and
establishing
our factory.”

IAN MACFARLANE
MANAGING DIRECTOR

CONTROLOGY

Two different view points, two
highly successful companies, both
sharing in the unique advantages of
being located in Scotland’s industrial
heartland. Locked into the pulse of
Europe’s marketplace.

The East Kilbride Development
Corporation with over 30 years
experience in developing a balanced
community and progressive business
climate, is itself highly profitable. Profits
which are reinvested to ensure
continuing growth in the future.

We offer you part of that future.
Whatever your size, it could be a giant
step forward for your company.

Contact George Grassie our
Director of Development at East Kilbride
Development Corporation,

Atholl House, East Kilbride,
Scotland. G74 1LU.
Telephone East Kilbride 41111
Telex 779141.

AS
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ing computer sophistication to pro-
grammable controllers for some time
[Electronics, Feb. 28, 1980, p 171].
But the increased processing power
and a data memory 12 times greater
than the firm’s PLC-2/20 will fur-
ther enhance speed and precision,
making possible use in process con-
trol. The new machine will also per-
form considerably more data pro-
cessing in generating reports, says
the Highland Heights, Ohio, Sys-
tems division.

Performance. Nominal execution
time is specified at | millisecond per
1,000 instructions, three to four
times faster than the PLC-2/20, says
Ronald J. Toke, programmable con-
troller product marketing manager.
The precision possible with the float-
ing-point math will be useful in pro-
cess-control applications where ana-
log inputs require multibit represen-
tations, he says.

Part of the power boost for Allen-
Bradley’s PLC-3 is the central pro-
cessing unit of four AMD2903-type
16-bit-slice bipolar microprocessors.
The unit also uses two 16-bit Z8002
microprocessors, each controlling up
to four channels addressing 1,024
input/output points each. The CPU
takes up two of the unit’s maximum
of six boards. Overall measurements
of the controller are 19 by 20 by 14.5
inches.

Users can choose from three types
of data memory. The comple-
mentary-MOS random-access memo-
ries are available in 8-, 16-, and 32-K
increments, and RAM boards can
include error-correction logic for sin-
gle-bit errors. Also available is core
memory in 16- or 32-K increments.

With availability scheduled for
the fourth quarter, systems might
cost from $30,000 to $60,000, a
healthy hike over the $4,500-to-
$12,000 range of the PLC-2/20.
However, the new model is not
intended as a replacement for the
PLC-2/20; rather it is a move
towards the level of process-control
computers.

The new unit’s 8,192 170 points,
compared with the PLC-2/20’s 512,
also permits increased control over a
process. Such an 1/0 capability is not
new to programmable controllers —it

Electronics /February 10, 1981



Traveling
Consultant.

763 IKSIR

Portable Bubble Memory Data Terminal

300 baud acoustic coupler

EIA RS-232-C ~
serial interface

5 % 7 dot matrix thermal printhead
(30 characters-per-second)

20K to 80K characters
of nonvolatile
bubble memory

Lightweight and compact, TI's Silent
700* Model 765 Portable Bubble
Memory Data Terminal is a reliable
informer. With its unique nonvolatile
bubble memory, the 765 can retain
data and programs even after the
power is turned off. The 765 also
offers an integral file management sys-
tem and can execute user-developed
programs to meet individual applica-
tion requirements. A Data Entry Vali-
dation option available on the 765 can
keep data accurate by providing field
and character verification, branching
and program flow control, and mathe-

editor (standard)

matical calculations, all off-line. In
remote applications, the 765 can keep
the information you need right at hand.

TTis dedicated to producing qual-
ity, innovative products like the Model
765 Portable Bubble Memory Data
Terminal. TT's hundreds of thousands
of data terminals shipped worldwide
are backed by the technology and reli-
ability that come from 50 years of
experience, and are supported by the
technical expertise of our worldwide
organization of factory-trained sales
and service representatives.

For more information on the 765

Intelligent data entry
validation (optional)

= table look-ups

» field validation

* +, —, X, +, functions
* branching

Full ASCII
typewriter-like keyboard

Extensive file manager,

terminal, contact the TI sales office
nearest you. In Europe, write Texas
Instruments, M/S 74, B.P.5, Ville-
neuve-Loubet, 06270, France, or
phone (93) 20 01 01. In Asia Pacific,
write Texas Instruments
Asia Ltd., 990 Ben-
deemer Rd., Singapore S
1233. Telex RS 21399, or
phone 2581122,

We put computing
within everyone’s reach.

*Trademark of Texas Instruments Copyright © 1981, Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
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Today’s
Smallest
Impact
Printer
Leads a
Double
Life...

Stand our DMPT-3 Miniature Alphanumeric Printer upright for “first
line down” data printing, or flip it for “first line up” text. Either way,
it not only packs double printing versatility, it comes with its own
controller. So you can put it's 120 cps, 20-column capability to work
alone as a basic OEM printer, or with its own microprocessor inter-
face and power supply as part of a system. And for more choice,
even use it with either parallel or serial ASCII input, at speeds as
fast as 1200 baud.

Whichever life the DMPT-3 leads, it keeps your costs down by
printing by impact on ordinary adding machine rolls. Saves time by
eliminating ribbons. Saves problems, with our unique print-head in
5x7 dot matrix design.See for yourself;call or write for details today.

PRACTICAL

AUTOMATION, INC.
Trap Falls Road, Shelton, Conn.06484/Tel:(203) 929-5381
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In Celebration of the 50t Anniversary
of Electronics Magazine. ..

The most exhilarating, comprehensible look

at pastand future developments |
in electronics that has
ever been published.

AN AGE OF j'=
INNOVATION § °

The World of Electronics
1930-2000

by the Editors of Electronics
300 illustrations, many in full color. 274 pages, $18.50

Order today!

Electronics Magazine Books [ K
P.O. Box 669 ‘fr
Hightstown, N) 08520 N .
Tel. (609) 448-1700, ext. 5494
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is a feature on the year-old model
584 from Gould Inc.’s Modicon divi-
sion, the other major competitor in
the market.

The two firms are in strong com-
petition, controlling between 60%
and 80% of the U.S. domestic pro-
grammable controller market, by
various estimates, with Modicon’s
share at least as large as Allen-
Bradley’s. The market is expected to
grow about 30% to some $270 mil-
lion this year.

Although the PLC-3 represents a
jump ahead of its competition in
computing capability, it will not be
alone for long. Modicon, for one,
plans enhancements for its 584.

Ladder logic. Despite the in-
creased computing sophistication of
their offering, the controller makers
are continuing efforts to make their
machines friendly to factory person-
nel, who are most comfortable work-
ing with languages that mimic the
traditional ladder diagrams used
with the relays that the program-
mable units replaced. “We’re going
in the direction of computer instruc-
tions, but they’re presented in the
format of ladder logic,” says Allen-
Bradley’s Toke.

Like the PLC-2/20, the PLC-3
can function in a distributed net-
work, sharing control with its coun-
terparts. Modicon’s 584 currently
requires a hierarchical network with
a central computer as controller, but
an enhancement later this year will
let a 584 act as a master controller,
says Thomas M. Duff, product mar-
keting manager at the Andover,
Mass., division headquarters.

With that enhancement, the com-
pany’s Modbus network will support
as many as 250 slaves, running at
19.2 kilobits per second, he says.
Allen-Bradley’s 57.6-K/s Data
Highway network will support up to
64 units, including programmable
controllers, terminals, and printers.

Modicon also plans to expand the
584’s RAM, from 32-K to 128-K 16-
bit words, by late in the third quar-
ter. Floating point instruction capa-
bilities for the controller are also
under development, but the company
is not ready to make an announce-
ment of them. -Wesley R. Iversen

Electronics /February 10, 1981



SCIENCE.SCOPE

A prototype of the system that will serve as radar and radio for NASA's Space
Shuttle has met its scheduled completion date and is undergoing tests. As a
radar, the system will allow astronauts to rendezvous with orbiting satellites
in order to repair or retrieve them. It also can track any payloads released
from the Shuttle. As a radio, the system will link with the Tracking and Data
Relay Satellite System to let astronauts communicate with stations on earth.
Hughes delivered the Ku-band integrated radar and communications system, as it
is called, to Rockwell International, builder of the Space Shuttle.

Laser designators, devices used by the military to pinpoint targets for laser-
homing weapons, can now be tested automatically by a new computerized system.
The laser is fired into a collimator to test laser enmergy output, beam diver-
gence, pulse width, and boresight. Video imagery taken through the eyepiece,
along with energy output data, is fed into a computer for analysis. The system,
called the Automatic Laser Inspection Measurement System (ALIMS), was designed
by the U.S. Army Missile Command to support production of Army laser designa-
tors. Hughes converted the design into a working system that is faster and more
accurate than performing laser quality tests manually.

A device that scans the sky with heat sensors to detect, track, and identify
aircraft and missiles is being developed by Hughes for the U.S. Air Force. The
device, an electro-optical threat sensor, could be used with ground, ship, or
airborne fire control systems. The sensor holds several advantages over conven-
tional radar. It emits no telltale radiation of its own, it is small, and it
can search a wide area rapidly. A signal processor extracts the target signal
from the background radiation and feeds this data to a computer, along with the
target's relative bearing. An interrogation unit then uses additional sensors
to classify targets further. The computer processes the information to classify
each target by type and lists them in order of priority.

Hughes pushes the frontier of 34 different electronic technologies, from devices
to systems, in its Industrial Electronics Group. We offer advantages and oppor-
tunities of a small company, but resources of a big one. The diversity includes
a choice of facilities in Carlsbad, Irvine, Newport Beach, and Torrance, Cali-
fornia. If your interests lie in semiconductors, fiber optics, microprocessors,
minicomputers, microwave communications, or lasers, send your resume to John G.
Wilhite, Hughes Industrial Electronics Group, Professional Employment, Dept. SE,
P.0. Box 2999, Torrance, CA 90505. Equal opportunity employer.

Smart weapons of tomorrow will rely on sophisticated algorithms to pick out
their own targets and aim for the most vulnerable spots. The new weapons, like
the Wasp anti-armor missile that Hughes is developing for the U.S. Air Force,
will incorporate densely packaged electronic components and new low-cost, com-
pact signal processors. The Wasp's automatic target selection will free pilots
from time-consuming target detection tasks, thereby increasing weapon delivery
rates. Also, the '"fire-and-forget" capability reduces the need for close
approaches to the target, thereby decreasing pilot exposure to enemy defenses.

Creating a new world with electronics
[ il bl A

. HUGHES |

HUGHES AIRCRAFT COMPANY
CULVER CITY ,CALIFORNIA 90230
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You like what you've heard
about the FAST family of

Seminar. Applications, com-
parisons, reliability, delivery,
ordering.information —every-
thing you need to know, at no

FAST Marketing Application
Team.

You get a FAST data book,
a workbook containing all of
the materials presented in the
seminar, samples and avail-
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And you get all the latest

speed than Schottky, with a

reduction in power of up to

75%! And up to 75% more
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The Fairchild FAST Appli-
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elivering up to 40% more Feb. 25, 1981 — March 17,1981 —

Fort Lauderdale, FL (305) 771-0320

And how:

Fill out and mail FAST to guarantee your reservation. Or call
the local number in your area.

|
|
|
most convenient for you, fill out Name |
the coupon and mailitin. We'll Title Phone( ) |
send you a confir- |
mation with the Company

seminar location, Address |
and a seating ¥, |
guarantee. 2 City |
FAST. 7 " rd) { State Zip |
4 F|94 Seminar Location |
= 7 |
£ F ' Mail to: Fairchild FAST Seminar |
7 74 3 | P.O. Box 7880LS! |

) ; { Mountain View, CA 94042
Z 2 ‘W b J

i

FAST made easy.
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Weapons too complex,
says GAO report . . .

. « « With electronics
linked to 9 of 21
‘undependable’ systems

Comsat General buys
second software firm

Electronics/February 10, 1981

Washington newsletter

Increasing weapons system spending will not improve U.S. readiness
unless the Defense Department and its design contractors place more
emphasis on quality assurance and field logistics support. What’s more,
while lowering the cost, schedule, and performance criteria now used, they
must take into account the relatively low-skilled servicemen who use and
maintain the weapons. That is the conclusion being drawn in a new report
to Congress from its investigative arm, the General Accounting Office.
Weapons systems are becoming too complex, incorporating too much
‘“unproven state-of-the-art technology in individual systems, and relying
on too much automatic test equipment, inadequate training, and reduced
numbers of personnel,” concludes a panel of industry and academic
experts consulted by the GAO. Issued at the end of January under the title
“Effectiveness of U. S. Forces Can Be Increased through Improved Weap-
ons System Design” (PSAD-81-17), the report was described as excellent
and well balanced by Walter B. LaBerge, principal deputy to the under
secretary of defense during the Carter Administration.

Nine of the GAO’s 21 examples of equipment reported by the services to be
“undependable and difficult to support and operate” involve electronics.
These include the Air Force F-15 fighter’s avionics automatic test equip-
ment, which has “low reliability [and] some software incompatibility” and
suffers from a lack of trained, experienced personnel. One Air Force source
confirmed that the plane’s avionics ATE system was down half the time
and was unable to identify problems 40% of the time when working.

High failure rates, low reliability when operating, replacement parts
shortages, and inadequately trained technicians were also cited as problems
on such Navy surface ship radars as the AN/SPG-55B for guided-missile
control and the AN/SPS-40 for air search and on the BQQ-5 sonar for
SSN-688-class attack submarines. The Navy’s S-3A antisubmarine war-
fare plane suffers from poor operational availability because of the “low
reliability of many key electronic components.” The “significantly large
number of random failures among the 40,000-plus parts” of the Navy’s
surface ship MK-86 gun fire-control systems was cited as an example of
overcomplex designs. Two Army antitank missiles regularly miss targets:
the Dragon system’s, because of component failure plus the shock it
delivers to the user on firing, and the TOW system’s, because unreliable
batteries make firings unreliable or cause loss of guidance in flight.

Comsat General Corp., the domestic satellite subsidiary of Communica-
tions Satellite Corp., has acquired another developer of computer software
for integrated-circuit simulation and testing to strengthen its new organi-
zation for computer-aided design, manufacturing, and testing [ Electron-
ics, Nov. 6, p. 55]. The latest takeover by Comsat General Integrated
Systems Inc. —the CAD-CAM-CAT subsidiary formed last fall in Palo Alto,
Calif., with the acquisition of Compact Engineering—is Comprehensive
Computing Systems and Services Inc. of Austin, Texas. The firm, whose
cc-Texas software is used to simulate and test complex digital 1Cs, will be
operated as the CGIS Digital division by its founder, Stephen A. Szygenda,
who becomes a senior vice president.
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Washington commentary

Telecommunications issues for the 1980s

With most analysts in the capital apparently
agreed that the issue of competition between
communications giant American Telephone &
Telegraph Co. and everyone else will be resolved
this year, the dominant new telecommunications
issues of the 1980s fall into two technical cate-
gories: spectrum management and standards for
new services.

By March 4, Federal Judge Harold H.
Greene will receive the proposed settlement
between the Justice Department and AT&T of
the Government’s six-year-old antitrust suit.
And it will be some months later before the
court decides to accept or reject the settlement,
as the law now requires affected outside parties
to be given an opportunity to study and com-
ment on the plan.

Nevertheless, five leading telecommunica-
tions experts in Washington were unanimous in
their opinion that the AT&T suit will soon be
settled and that the telephone company will
emerge relatively unscathed to move strongly
into new, deregulated markets. In agreement
were Robert R. Bruce, general counsel for the
Federal Communications Commission; Herbert
N. Jasper, executive vice president of the Ad
Hoc Committee for Competitive Telecommuni-
cations; Ward H. White, minority counsel for
the Senate communications subcommittee; Ber-
nard J. Wunder, House communications sub-
committee chief counsel; and Thomas R. Phil-
lips, an AT&T assistant vice president. Their
opinions came in response to a question from
former FCC chairman Richard E. Wiley, now a
Washington lawyer, at the conclusion of a panel
he moderated during the Infotel conference held
at the end of January in Washington.

The question then is where the U. S. telecom-
munications industry goes from here. Like the
data-processing industry dominated by IBM
Corp., telecommunications seems assured of
continued expansion and growth despite the
continued domination by AT&T in wired systems
and, probably to a lesser extent, in microwave
and satellite technologies.

Spectrum and standards

With that market scenario apparently set,
U.S. telecommunications equipment makers
and their designers will move on in the coming
decade to the two critical issues of spectrum
allocation and technical standards. Richard
Neustadt, associate director of the White House
Domestic Policy staff under Jimmy Carter, put
it best with his observation that “if competition
was the central issue of the 1970s, spectrum

management will dominate in the 1980s.”

To avoid future congestion, the FCC must
continue its recent demonstrations of flexibility
in both spectrum allocation (deciding how to use
each band of frequencies) and assignments (de-
ciding who gets an individual frequency within
each band), Neustadt points out. If the FCC
continues to permit several services to share a
spectrum block and then to let the marketplace
determine which services need larger assign-
ment, the former White House staff member
believes that the old problem of assigning nar-
row portions of spectrum to narrowly defined
services can be left behind.

The teletext dilemma

Technical standards for new services presents
a much trickier issue, however. “When the FCC
picked a system for color television in the early
1950s,” Neustadt recalls, “it had to switch
horses after three years. The commission may
be in the midst of a similar experience with its
a-m stereo standard. In contrast, unregulated
battles over video cassette and video disk for-
mats—while messy—are not stifling develop-
ment but are spurring innovation in directions
consumers like.”

In the broadcast marketplace, though, “stan-
dard setting is a chicken-and-egg dilemma,” he
points out, noting that setting them too early in
technology development can retard innovation
and wreck a new market. But without standards,
software development can be slowed as produc-
ers wait to see which product consumers choose.
“Hardware and software interests dance a sub-
tle tango,” Neustadt believes, while consumers
either hold back or take a chance on an incom-
patible system.

Developing an American standard for teletext
is a case in point. Whereas France has con-
ducted tests on its Antiope system for some five
years, the U. S. industry is still divided on the
issue. Whether or not the FCC can resolve it by
acting on the recent move by CBS to get Antiope
adopted as teletext standard in this country is
still an open question. Yet, if the FCC is to
continue down the deregulation path and get
Government off the nation’s back, as President
Reagan has so often promised, then the issue of
standards for teletext and a host of other new
and promising growth markets will require the
same kinds of realism and creativity from the
FCC that it is beginning to show in spectrum
management. Otherwise, the U.S. may find it
has fallen behind in the world competition for a
major new market. -Ray Connolly
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Now . ..more capacity for capacitance!

Sq. Ft.x uF-

Fast Delivery

WE'RE NOW SHIPPING
LARGE-GASE 'LYTICS IN 6 WEEKS

We have enlarged the square footage of our domestic electrolytic
capacitor facilities, and are now able to turn out high CV product ‘lytics
on short cycle ... now and in the months ahead. Here are some
capacitor types which can be shipped in O.E.M. quantities in as little as
6 weeks ARO.

CAPACITOR | Case Size Range | Operating Temp. WVDC ‘ Capacnance Engineering
D. x L., inches) Range Range Range (uF) Bulletin No.
ox T . ; 80
36 1375x2.12510 | fo
| POWERLYTIC® | 3000x 8625 | —40°Cto+-85°C | 1010450 390,000 ‘ Sl
36DF | 1.375x2.125t0 | , o 90 to 3431D
| POWERLYTIC® | 3000x8.625 | —40°Cto+85°C l DUIEE 660,000 Supplement |
32D 1.375x2.125t0 | 5 410 to
| COMPULYTIC® L 3000x8.625 | —40°Cto+85°C | 7.510100 | 310,000 34nE
320X 1.375x 2.125 to . 18010
| COMPULYTIC® | 3.000 % 8.625 — C to+85°C | 1010200 | 330,000 e
602DX 1.375x2.12510 | 150 t0
| EXTRALYTIC® | 3.000x5.625 | —99°C1o+85°C | = 510250 270,000 AU
622D 1.375x 2.125 to Crom e Ao 2,800 to
| EXTRALYTIC® | 1375x5625 | —99°Clo+85°C | 51055 67,000 s |
6230 1.375x2.125 to ‘ 17010
EXTRALYTIC® | 3.000x 5625 | —55°C1to485°C | 200to250 4700 | 9461

4SE-Q149

SPRAGUE

THE MARK OF RELIABILITY

Call your nearest Sprague district sales office or
sales representative for complete information.

Sprague Electric Company, North Adams, Mass. 01247. Tel. 413/664-4411

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS !
a subsidiary of GK Technologies

Incorporated
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Lowest power
EPROM—now in
volume production.

It's an Intersil exclusive: the one
and only 4K CMOS EPROM — the
IM6653/54 (available in 1024 x 4
or 512 x 8).

In power consumption per bit, our

EPROM is the lowest in the industry:

Lower than the smaller CMOS
EPROMs. Lower than the larger
NMOS EPROMs. Lower than all
other EPROMs. Period.

Now we're dramatically expanding
our EPROM production. Which is
allowing us to lower our prices
dramatically. And we're going to
keep on lowering them over the
coming months —as the graph indi-
cates. That’s an Intersil guarantee.

Guaranteed

deliveries.

With capacities up and prices down,
we're very well equipped to handle
volume EPROM orders. And to back
that up: Intersil hereby guarantees
the on-time delivery of every
factory-scheduled CMOS EPROM
order placed in 198I.

Rock-bottom

standby current.

The IM6653/54 needs only 140uA
in standby — guaranteed maximum.
That’s 20 to 100 times less current
per bit than the popular NMOS
EPROMs. Which means 20 to 100
times longer battery life in low-
power applications. Which means
lower system cost and less replace-
ment inconvenience.

EPROMS AT
LOW PRICES.

Get speed

in the bargain.
IM6653/54 provides a 550ns access
time. And if you need NMOS EPROM
speeds, we've still got you covered:
Our “-1” and “A” versions give you
IMHz-compatible access times

of 450ns and 300ns, respectively.

The advantages
of CMOS.

Whether you're prototyping a
system or in production, CMOS
means energy savings, increased
reliability and lower system cost.
For harsh environments, it means a
wider operating range — all the way
up to full Mil on “M” versions. And
a choice in single-supply operating
voltage, anywhere from 5V to I0V.

Easy to program.

You can use our 6920 CMOS
EPROM programmer. Or any of
the other standard EPROM program-
mers. Either way, it's utterly simple.

Availability:

right now.

The price is right, and the availability
is immediate. So don’t waste time.
Call or write for the IM6653/54 data
sheet. From Intersil, the low-power
innovators.

International offices:
Northern and European
headquarters: Intersil Datel (UK)
Ltd., 9th Floor, Snamprogetti House,
Basing View, Basingstoke, Hants,
RG2I 2YS, England. Tel: (0256) 5736I.
TLX: 85804| INTRSL G.

Central European
headquarters: Intersil GmbH,

8000 Munchen 2, Bavariaring 8,
West Germany. Tel: 89/539271.
TLX: 5215736 INSL D.

Southern European
headquarters: Intersil, Inc.,
Bureau de Liaison, 217, Bureaux de
la Colline, Batiment D (2E Etage),
92213 Saint- Cloud Cedex, France.
Tel: (1) 602.58.98.

TLX: DATELEM 204280 F

Far East representative:
Intersil, Inc., c/o S.S.I. Far East, Ltd.,
Suite 201, Austin Centre, 2| Austin
Avenue, Tsimshatsui Kowloon,
Hong Kong. Tel: 3-672 112-3.

Japan representative: Internix,
Inc., Ohta Bldg. No. 2 (7th floor),
7-4-7 Nishi Shinjuku, Shinjuku-Ku,
Tokyo 160, Japan. Tel: (03) 369-110L.
TLX: INTERNIX J26733.

INTERSIL

Intersil Datel (UK) Ltd., 9th Floor,
Snamprogetti House, Basing View,
Basingstoke, Hants, RG2I 2YS, England.
Tel: (0256) 57361. TLX: 858041 INTRSL G.

Dear Intersil,

_____ Please rush me data sheets on your ultra-
low-power IM6653/54 EPROM, My annual
EPROM usage is approx, — units. My
EPROM application:

Please send along your new product guide
covering all Intersil lines.

Name _ R
Company_

! Address.__
City/5tate/Zip

Phone. E—
£21081



TAPEABILITY

..WE HAVE IT

Whatever your requirements in instrumentation Our listof users, reads like a ‘Who’s—Who' in

tape recording, no-one provides more options high technology. Join them and you have SE
than SE. From 4 to42 track, lab or field, midband tapeability working with you — high performance
or wideband, HDDR, ac or dc, we have the and reliability, plus support services that are the

answer in a reliable upgradeable product. envy of the industry.

SE 7000
Intermediate Band
Field-portable, IRIG compatible,
recorders with modular signal
processing electronics. ¥z inch .u.H lullllllmnull
and 1 inch tape, field iy lln "
convertible. 7to 42 channels " "' y
FM, direct, and HDDR. Direct y”” A i,
bandwidth to 600 kHz, FM to
80 kHz and HDDR to 1
megabit/sec. Eight
speeds, from 15/16to

DR I |l1|\

iy "I

ml],“',,f

[t
|

m.-,ﬂﬂ“j
nuI:" E"”“luul

SE 7000M — Multiband
Laboratory performanceina 99lb., 7 or 14
.W» ; channel, field-portable recorder. Up to 2 MHz
W direct, 500 kHz FM, and 4 megabit/sec HDDR.

Eight speeds. Yz inch or 1 inch tape. Built-in
calibrator-monitor provides complete system
checkout in seconds.

“l Qo

SE8-4 SE 3000 Series Portable
Ultra-Lightweight ) -y IRIG compatible,
Only 25Ib for 4 track on Y4 inch — 8 Al |||g\|§) 3 55Ib recorders. Eight

speeds, 15/32 to 60 ips. Direct
bandwidth to 300 kHz, FM to
40 kHz, HDDR t0 0.5
Mbit/sec. 4 to 8 channels

tape, 30Ib for 8 track on A \,“m; \\\\“
2 inch tape. 60 kHz direct, Ol |

10kHz FM, in any channel i ‘\\\\\\\“
mix, plus voice interrupt.

i

3 selectable speeds \ on Ya inch tape; 7,8 or 14
between 15/16 and 30 F \I'“ channels on ¥z inch
ips. Built-in calibrator. ! ‘N'W""y Il””]p Ill' j tape. Y inch units are
ac, battery, i ”’ Il field convertible to
orextemal Il I

12/24Vdc
Integral calibration

and monitoring
facilities.

= Y2 inch; ac ordc
R IH..,, “”mf"""‘ # p2c>wersupplies.

I
. 18
For technical data and application bulletins please contact:— SE mm

Data Recording Div., SE Labs (EMI) Ltd., Spur Road, Feltham, Middliesex TW14 0TD, England. Telephone: 01-890 1477 Telex: 23995.

m AMember of the THORN EMI Group.
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International newsletter

ers. Industry sources believe the main customer will be Sears, Roebuck,
though until now Sears has only handled Beta-format VCRs.

Meanwhile, Nv Philips Gloeilampenfabrieken had a pleasant surprise for
the West European consumer electronics community, under heavy pres-
sure from Japan. In its drive to capture half the West European vcr
market, the Dutch firm has picked up enough momentum that it plans to
add a new supply center to the one in Vienna by converting a black and
white TV plant in Krefeld, West Germany, to VCR production.

French packet-switching The new generation of switches for France’s public packet-switching
network, Transpac, will be furnished by SEsA, the systems and software
net to switch to house responsible for the existing switc})lles. But in contrast to that expen-
Z80-based switches sive and bulky minicomputer-controlled hardware [ Electronics, April 12,
1979, p. 70], the new Transpac switches will be built with modules
controlled by Z80 microprocessors. SESA (Société d’Etudes des Systémes
d’Automation), based in the Paris suburb of Puteaux, has already sold its
new packet-switching system, the DPS 25, to the International Railways
Association for its Hermes network and to the European Space Agency

for its rocket-launch tracking network.

NEC to market The DP-200 speaker-dependent speech-recognition system from Nippon

Electric Co. is half the price and one tenth the size of NEC’s present

DP-100 system [Electronics, April 13, 1978, p. 69]. Priced at $24,000 in

speech-recognition unit Japan, the new system is expected to sell much better, being intended for
computer-input and other data-processing applications, whereas the DP-
100 is used mainly in routing and classifying parcels in transportation
firms and warehouses. The basic DP-200 can recognize up to 50 words
linked in phrases of up to 5 words, a figure that can be expanded to 150
similarly linked words or 500 discrete words. Deliveries will start in J apan
in May, exports several months later.

smaller, lower-cost

Stop-start system saves Volkswagenwerk AG of West Germany is equipping its new Passat E
passenger car with an electronic system that helps save up to 15% of fuel in
fuel in new VW city dr%ving. Called the stop-start system, it shuts down the engine when
the driver is waiting at a red light or is stuck in traffic jam. The driver
triggers it with a push of a button mounted on the windshield wiper lever,
thus blocking the fuel supply. Then by stepping on the gas pedal (with the
clutch disengaged), he or she starts the engine up again. This stop-start
operation, during which electrical loads such as the headlights, radio, and
air blowers remain on, is possible only when the engine is warm and the
car is going at less than 2 km/h (about 1.2 mph).

Addenda Targeting a total world market for semicustom circuits of $100 million in
1981, Marconi Electronic Devices Ltd., General Electric Co. Ltd.’s newly
reorganized semiconductor activity, is teaming its three-year-old Cellmos
automatic cell placement and routing software with the high-density,
low-power Iso-C-MOS process it recently licensed from Mitel of Canada.

. . . Sharp Corp. of Japan says that it will start shipping 4-K or 16-K
samples or both of its amorphous silicon electrically erasable memories in
April or May and begin full-scale production before the end of the year,

68 Electronics/February 10, 1981



Meet the HP Series 80:

Hewlett-Packard’s newone-on-one
computing systems for professionals.

Together, you can
analyze technical
problems and evaluate
solutions.

Rapidly and accurately.

HP Series 80 personal computing
systems provide the technical solutions
you require. Quickly! Easily! Inexpen-
sively! Analysis techniques that were
formerly difficult and often impossible,
become part of your everyday work
routine. You can evaluate functional
behavior, select variable alternatives,
perform cost analysis...and more...all
with greater accuracy and using more
variables than you thought possible.

SERIES 80, VISICALC™
PLUS AND YOU

HP’s VisiCalc™ PLUS is a major new
software tool. It's an electronic worksheet
that instantly recalculates results as you
change the variables. You ask the what-if
questions and immediately see their
effects on your solution. No program-
ming is necessary...you can become
proficient with VisiCalc™ PLUS in a few
hours...and then watch your horizons
broaden. VisiCalc™ PLUS features many
powerful functions including statistical
analysis tools and the entire HP Series 80
BASIC math set. Plus graphics! Create
professional presentations with curve-fitting
plots, stacked or clustered bar-graphs,
exploded pie-charts and line graphs, all in
up to four colors, on paper or transparencies.

ONLY FROM
HEWLETT-PACKARD

HP Series 80 personal computing
systems are part of a forty-year tradition
of electronic products built to uncompro-
mising standards of excellence. Addi-
tionally, HP Series 80 products are serviced
by HP technicians and on-site service
contracts are now available. We urge you
to judge for yourself with a hands-on,
one-on-one demonstration at your HP
dealer. For locations, call TOLL-FREE
800-547-3400, Dept. 283A, except
Alaska/Hawaii. In Oregon call 758-1010.
Or write Hewlett-Packard, Corvallis,
Oregon 97330, Dept. 283A.

611/04

HP Series 80 Personal Computers for Professionals: HP-85 ($83250*) and HP-83 ($2250*) specifications:
16K RAM expands to 32K, 32K ROM expands to 80K; CRT with integrated graphics; (HP-85 only; built-in

thermal printer, cassette tape unit); Software includes VisiCalc™ PLUS, Information Management, Graphics
Presentations, Surveying, Data Communications (Spring '81), Statistics, Regression Analysis, Math, Linear
Programming, Waveform & Circuit Analysis, BASIC Training. HP peripherals include floppy discs, printers P

HEWLETT
PACKARD
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and plotters. VisiCalc is a trademark of Personal Software, Inc.
=Suggested retail price excluding applicable state and local taxes —Continental U.S.A., Alaska & Hawaii.




Throughput
unieashed.

Introducing the Series

Go ahead.

Design your most
complex analog
device. Be sure to in-
clude lots of different
waveforms, voltages,
currents and frequen-
cies. And throw in
some digital circuitry
for good measure.

Then stand back.

Because the incredible new
Series 80 will test it six ways from
Sunday before you can say
Fairchild.

We're not just talking about
a few smpile tests. We're talking
about every measurement you
could want for engineering
development, device characteri-
zation, production testing and
incoming inspection.

We're talking throughput.

Real simultaneous parametric
measurement of up to 14 charac-
teristics. So you end up measur-
ing a hundred parameters in the
time it used to take to test twenty.

Now you can perform com-
prehensive testing of a broad
range of analog and mixed-
signal devices with speed,
accuracy, economy and a mini-
mum of hardware changes. All
in a modular system that lets you
add capabilities as you need
them.

What about test program
development?

What about it?

Series 80 offers a unique
hardware-oriented, high-level
language that makes program-
ming simple. And when it comes
to debugging, you can use this
same easy-to-use language to
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80 Analog Test System.
| 1 -

communicate directly
with the hardware.
(Now it won't take you
longer to develop a
test program than it
did to develop the de-
vice you want tested.)
On top of all that, you get the
kind of service and support only
Fairchild can provide.

Call or write today for more
information on the system that's
making throughput history in
analog testing.

Fairchild Test Systems
Group, 1725 Technology Drive,
San Jose, California 95110.
Telephone: (408) 998-0123.

FAIRCHILD

A Schlumberger Company

P

Electronics /February 10, 1981

LD Y







Now you can design an integrated circuit.
Let Exar show you how Semi-Custom works.

: Berqunsew

T
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Exars Semi-Custom program lets you create custom
integrated circuits for your products. At a fraction of the cost
of full custom. In just a few short weeks.

Bipolar, I’L and CMOS Master-Chips ™

Our partially-fabricated linear or digital Master-Chips have

the components you need already in place, but uncommitted.

You design the final interconnections to fit your requirements.
We supply a Design Kit, a comprehensive Design

Manual, layout worksheets for the interconnection mask,

and the people to show you how easy it is—even if you’ve

never designed an integrated circuit.

Working from your layout, we etch the Master-Chips
final layers and fabricate your semi-custom ICs in any
volume you need.

Your ICs are produced in-house under our stringent
quality controls. Each one is 100% tested.

Cut your product costs.

Replacing discrete components with semi-custom ICs reduces
your board size, your component inventory, and your labor
costs. And you design a proprietary product your competitors
can’t copy.

Go to full custom later.

As your product matures and volume increases, we can
convert your semi-custom chip to a full-custom IC, reducing
chip size, saving money, and often providing added
performance.

Add our design talent to yours.

Our IC expertise is yours for the asking. Let us help you get
to market faster with the most competitive product possibie.

We have representatives in all major U.S. cities to assist you.
Call us today.

Learn more about
Semi-Custom.

(] Please send me your
40-page data book,
“Semi-Custom IC
Design Programs’’

Name
Company -
Street -
City/State/Zip. S

Phone -
My application is: _ _

Exar, 750 Palomar Ave., Suhn;\'ale, CA 94086
| (408) 732-7970 ELX2/10/81

Master-Chip is a trademark of Exar Integrated Systems, Inc.

For semi-custom, custom or standard integrated circuits . .. Exar has the answey.
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NEC NEWSCOPE

THE WORLD'S TARGEST

AND FASTEST COMPUTER*

EC recently unveiled an ultra-
Nlarge general purpose compu-

ter called the systTem1000. At
present, it is the largest commercially
available computer in the world. The
sysTEM1000 was developed to meet
increasing needs for large-scale pro-
cessing in on-line data base systems,
engineering calculations and com-

* As of December 24, 1980

74

munications networks.

NEC systeM1000 has a 64MB main
memory, and a 128KB cache memory.
No other commercial computer can
match these figures for main memory,
cache memory and processing speed.

To develop the systeM1000, NEC
made full use of its advanced LSI
technology. The system1000 incor-

porates high-speed logic LSIs, 64-
kilobit/chip high-density MOS LSI
memories, and LSI high-density pack-
ages with up to 60 chips mounted
directly on a multilayered substrate.
A special feature of the sysTem1 000
is a very large data array address
function which gives direct access
to a volume of data as large as 1
gigabytes by using a virtual memory.
The execution processing unit incor-
porates an integrated array processor
which can work out large-scale vector
and matrix calculations very quickly.
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NUMBER 115

SWEDEN TESTS

with Telecommunications up 9 percent,
Electronic Data Processing and In-

RECORD INCOME

140MB DIGITAL

dustrial Electronic Systems up 19 per-
cent, Electron Devices up 35 percent

AND SALES IN

MICROWAVE SYSTEM

and Consumer Electronics up 26
percent. Sales from international

FISCAL 1980

he Swedish Telecommunications
I Administration is conducting
field tests on an NEC-supplied
two-hop 6.8GHz 8-phase 140MB
digital microwave system. NEC is
currently the world's only supplier
of this type of system which features
the highest bit rate recommended
by the CCIR.

The system transmits CEPT hierar-
chy 140Mbps digital signals, using
an 8-phase PSK modulation system,
over the radio frequency band rang-
ing from 6,430MHz to 7,110MHz.

The digital capacity is equivalent
to 1,920 PCM telephone channels.

The transmitter-receiver may also
be used in analogue service with a
capacity equivalent to 2,700 FDM
telephone channels.

The system will be put into com-
mercial use in the publi¢ telephone
network next year after testing is
completed.

NEC has also received orders
for the system from Denmark and
Switzerland. Many other European
countries are taking great interest
in the 6.8GHz 8-PSK 140Mbps
digital system.

operations increased by 24

percent, despite a generally

adverse international

business environ-
ment.

To strength-
en its interna-
tional operations,
NEC set up a new
company in Brazil
for the production of
electronic switching
systems, and a plant in the
U.S. for assembly of domes-
tic satellite communications
earth station systems. In addition,
marketing networks were expanded
in both the U.X. and the U.S.

(In thrs article, ¥218=US$1.)

EC celebrated its 80th an-
niversary by setting
new records for both

income and sales in the
fiscal year ended March
31, 1980. On a conso-
lidated basis, sales
and other income
for 1980 rose to
¥879.31 billion
($4.03 billion),
a gain of 9 percent
over the previous year.
Net income climbed to
Y14.62 billion ($67.1 million), an
increase of 85 percent

All four of NEC's major product lines
recorded impressive growth in sales,

NEW FAMILY OF
MINI ICs

o meet the need for smaller, ded are 4.4 x 5.0mm for the 8-pin de-
more highly-integrated package vices, and 4.4 x 10.0mm for the 14-pin
ICs, NEC has begun marketing

products Both types are a mere 1.5mm
a new mini IC thick; pin pitch is
which is only 1/8

1.27mm, just half
the size of standard that of standard

package products. products.

The new package The new ICs
IC family is called will be used in
the "Mini Flat communications

equipment, house-
hold appliances
and consumer products. They will act
as general purpose operational amp-
lifiers or circuit modules in hybrid ICs.

NEC

Nippon Electric Co, Ltd.
PO, Box 1.Takanawa,Tokyo, Japan

Package Linear
Series”. It is offered o
in two types—one with 8 pins, the other
with 14 pins.

Dimensions with the pins not inclu-
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Significant developments in technology and business

Industrial wattmeter
uses same principle as
new national standard

by Kevin Smith, London bureau manager

Prototype replaces logic

with dual-ramp converter pair
to measure and multiply
voltage and current values

A high-precision digital wattmeter
for measuring alternating current
power may serve as both a national
standard for the UK and—with
some modifications—as a low-cost
industrial instrument. The meter was
developed at Britain’s National
Physical Laboratory, the equivalent
of the U.S. National Bureau of
Standards.

The Teddington, Middlesex—based
group first built a general-purpose
computer-driven instrument to
which the calibration of all watt and
energy meters in the country will
ultimately be traceable. From that it
has developed a prototype industrial
version employing the same mea-
surement principle —simultaneous
sampling of the voltage and current
waveforms.

The prototype fits into an adapted
digital voltmeter case just 20 centi-
meters wide, has a five-digit liquid-
crystal display, and uses standard
large-scale integrated circuits to cut
the component count. Several British
companies are interested in its man-
ufacture, though the market is rela-
tively specialized.

Ten times better. The new calibra-
tion standard is the outcome of a
five-year investigation into electronic
techniques of measuring ac power.
Although a final assessment of its
accuracy has yet to be completed,
the NPL team hopes it will in the
longer term improve at least an
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order of magnitude on the present
standard, reaching perhaps 1 part in
10%. More significantly, the system,
incorporating a Digital Equipment
Corp. LSI 11, two floppy-disk drives
and cathode-ray display, will be far
easier to use. '

The multiplication of voltage and
current variables to determine power
is done mechanically in the electro-
static or electrodynamic instruments
used by the National Bureau of Stan-
dards, for instance. To achieve a
similar or improved accuracy elec-
tronically, the British researchers
settled on a digital multiplication
principle. In their technique, voltage
and current waveforms are simulta-
neously sampled at regular intervals
over an exact number of cycles at a
rate that will accurately represent
the highest harmonic present.

The resulting values are digitized
and multiplied together to yield the
instantaneous power. Subsequently,
blocks of samples are averaged and
scaled by frequency division to give
the average power. The sample tim-
ing is controlled by a phase-locked
loop, running at

microprocessor from National Semi-
conductor Corp., which itself was
teamed with an 8-bit single-chip
multiplier from GEC Semiconductors
Ltd. This has since been superseded
by the LSI 1l-based system with
16-bit converters in a system built
for the laboratory by Micro Consul-
tants Ltd. and programmed in a
high-level language.

Paired. A dedicated digital imple-
mentation of this technique, even
when a microprocessor is used,
requires a large chunk of electronic
logic and so would be too expensive
for industrial use. But by replacing
the digital multiplier with an analog
multiplier, the component count and
hence the cost can be greatly
reduced. The technique involves
pairing two standard dual-ramp con-
verter chips to perform the multipli-
cation.

In a prototype five-digit instru-
ment, for example, the British
researchers use two Intersil 8052
analog-signal conditioners and two
7101 digital processors. In operation,
the sample-and-hold circuits acquire

a large multiple
of the input fre- A
quency whose
output is divided
down to a suit-
able sampling
rate. In a first
implementation,
NPL researcher
John R. Stock-

VOLTAGE OR
CURRENT AMPLITUDE

T
T

= Ty Vin/Vrer
= Ty Vinlin/Vrer Irer

(XN

ton used indus-
try-standard 15-
bit converters to

]

\]

feed 30 bits of
data in 4 bytes
to a SC/MP 1

V times l. An inexpensive yet highly precise wattmeter applies
dual-slope integration separately to simultaneously sampled current
and voltage waveforms. Multiplying the results yields power.

77
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signals proportional to the instanta-
neous voltage and current wave-
forms. The acquired voltage is sent
to one of the two dual-slope analog
circuits and integrated for a fixed
number of fast clock cycles. Then it
is replaced by a reference value of
opposite sign that is integrated down
to zero again.

Countdown. The clock count dur-
ing this interval normally determines
the input voltage, but in the NpL
technique, this countdown period is
used to start integrating the acquired
current value in the second converter
chip. This in effect multiplies cur-
rent and voltage variables, so that
the clock count of the current con-
verter chip, once ramped down to
zero, represents the instantaneous
power. The average power is deter-
mined by accumulating a block of
samples in the output register. Addi-
tional circuitry takes the sign of the
two variables into account.

The resulting instrument has a
resolution of 0.01% and an accuracy
of 0.03% at lower power frequencies,
deteriorating to about 0.1% at 5 kilo-
hertz. Even so, it represents strong
competition for established digital
power instruments using pulse-
width—height multipliers, of the kind
developed by Yokogawa Electric

Works. It matches them in accuracy,
yet its potential price is far lower.
Impetus for the work at the
National Physical Laboratory came
originally from the need to develop a
new ac-power—-measuring standard
more in tune with the electronic age.
The present standard is a master-
piece of the 19th century instrument
makers’ art, an electrostatic watt-

meter in which the attractive force
acting on a fiber-suspended vane is
detected by the movement of a light
beam over a 6-meter scale sited on
the far side of the room from the
galvanometer. But, according to
Brian R. Knight, a principal scien-
tific officer at the NpPL, the techni-
cians who built and maintain these
instruments are no longer available.

Japan

Frequency analysis of speech
shrinks speech synthesizer by 40%

A new method of speech synthesis
achieves the same speech quality as
today’s parcor approach at 60% the
data rate—2,400 bits per second as
against 4,000 b/s. So only 60% as
much read-only memory is needed
for the same vocabulary, say its
developers at the Musashino Electri-
cal Communication Laboratory of
the Nippon Telegraph & Telephone
Public Corp.

The method is based on a new way
of analyzing speech, in terms of line-
spectrum pairs (LSP). With a sam-
pling frequency of 6.4 kilohertz, an
experimental LSP system yields a

0ATA IN
CONTROL REGISTER REE‘I‘QSR
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BSUFFCER L
TACK
{6 BY 8 BITS) ) 1
& I e
PARAMETER GENERATOR/
g 70 e T
: 0SCILLATO
AEAEONS POLATOR
PITCH
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PULSE-TRAIN
GENERATOR [
LINE-SPECTRUM-PAIR OIGITAL-
|°_o_]_. SPEECH-SYNTHESIS || 70-aNALDG VOICE
° DIGITAL FILTER CONVERTER out
whiTENoisE | §
GENERATOR

Laconic. A speech synthesizer using line-spectrum pair instead of parcor analysis needs
fewer bits to define parameters and less refreshing because of better interpolation.
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maximum speech frequency of 3
kHz—about the same as on intercon-
tinental telephone circuits.

The group that evolved the Lsp
method was led by Fumitada Itaku-
ra, who in 1969 developed the partial
autocorrelation coefficient (parcor)
theory. (It is theoretically the same
as Texas Instrument’s linear predic-
tive coding.) In his new approach,
Itakura views the vocal tract as a
resonant cavity with two extremes of
resonant frequency—one when the
glottis is open and a second when the
glottis is closed. These two frequen-
cies as a pair express the transfer
function of the vocal tract.

Resonances. If the extreme fre-
quencies are known, the resonances
for other conditions can be repro-
duced by analysis. Since the LspP
parameters are frequency parame-
ters, coding is performed by frequen-
cy. In contrast, parcor constants are
in the time domain.

In one current Japanese imple-
mentation, 10 parcor constants are
used for synthesizing voice: 7 bits are
required for the first constant, 6 for
the second, 5 for the third, 4 for the
fourth through sixth, and 3 for the
seventh through tenth. For LSP only
8 parameters are usually needed,
and 4 bits are sufficient for each.
Furthermore, LSP has better interpo-
lation characteristics, so that the
refresh rate can be slower. Thus in a
typical implementation the data for
each LSP sample is only 32 bits, com-
pared with 42 for parcor. Also, the
refresh rate for LSP is only three
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quarters that for parcor. This gives
34 divided by 42 times 0.75, or an
LSP data rate only 0.6 that of parcor.

The experimental LSP synthesizer
fabricated by Fujitsu Ltd. for the
laboratory uses polysilicon-gate
complementary-MOS technology
with a 3.6-micrometer gate length. It
holds about 25,000 transistors for
logic and 1,500 bits of internal ROM.

Choices. Being experimental, the
device includes many options. Its
digital output is 16 bits, but depend-
ing on the speech quality desired, the
internal 8-bit digital-to-analog con-
verter may be replaced by an exter-
nal 12-bit converter. The supply
voltage is 3 to 6 volts, and typical
current is as low as 3 milliamperes at
3 v for operation at less than 10
milliwatts. However, the internal d-a
converter can provide a drive of up
to 50 mA when moderate power out-
put is sufficient. Also, for ease in
interfacing with a microprocessor, a

parallel 8-bit data bus is provided,
although a serial bus would be suffi-
cient in many dedicated applications.

The computer-aided chip design
was not hand-optimized, making for
a rather large 315-by-315-mil (8-by-
8-millimeter) die. The chip is housed
in a rectangular 64-pin package,
because it is readily available and
has a large enough cavity. Even with
the parallel bus, only 33 pins are
required —although additional pins
are used for testing.

Few parts. When the chip is used
with an 8-bit microprocessor, the
only other components needed are a
2732 programmable ROM for data
storage and a color TV subcarrier
burst crystal if the microprocessor
clock is not the correct frequency. A
minimum configuration requires a
quartz crystal for a clock, a 2732
programmable ROM for data stor-
age, and a counter and a 4017 con-
troller. -Charles Cohen

West Germany

Code accompanying TV program turns on
video cassette recorder in proposed scheme

A television program triggers a video
cassette recorder to record it in a
new technique developed by West
Germany’s Blaupunkt-Werke
GmbH. Such a system will be simpler
to build and to operate than one that
must be preprogrammed with the
date and hour of day of a broadcast,
says the Hildesheim-based member
of the Robert Bosch group.

More than just consumer appeal is
at stake here, however. “In the face
of growing Japanese competition, we
must come up with new ideas™ to
help the country’s ailing entertain-
ment electronics industry, declares
Hans-Eckhard Kriiger, head of the
company’s communication systems
predevelopment. West Germany’s
Ministry for Research and Technol-
ogy supports the storage TV project
financially, and Blaupunkt must
make the results available to all the
country’s TV set producers.

A two-year $0.5 million develop-
ment phase has by now produced a
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demonstrable zpS digital identifica-
tion system, also called the Storage
Television System. It could be in
practical use within two years,
Kriiger says, if broadcasters decide
to favor it and agree to code the
individual programs.

To implement the concept, a
decoder in the TV set and of course a
video recorder are required. A con-
ventional Tv set could be equipped
with an external decoder, whose cost
of around $100 would be offset by
the reduced cost of the recorder.

Identification. Crucial to the tech-
nique is a digital code that will be
transmitted together with each pro-
gram and identify it as, say, a news-
cast, commentary, western, or cul-
tural show. At the receiver, a decod-
er will separate the code from the
video signal and compare it with the
contents of a memory in which the
viewer has previously entered the
codes for the desired programs.
When the two match, a video re-

corder will automatically turn on.

Because the program itself trig-
gers the recorder in the Blaupunkt
ZPS system, there is no problem over
a delayed or altered schedule. Even
unscheduled broadcasts can be
taped: viewers could be alerted to or
kept up to date on emergencies like
forest fires or floods, provided they
had previously stored the special
code attached to such warnings in
the TV set’s memory.

Program-triggered recording also
relieves the viewer of the rather com-
plicated job of operating the record-
er. What’s more, because it needs no
radio-frequency portion or timing
circuits - and fewer controls, the
recorder can be simpler and there-
fore less expensive. :

The code. In practice, the zPS
code is part of the videotex code,
which is now in limited use by West
German TV stations and accompa-
nies programs in a till now unused
line in the vertical field-blanking
interval. Made up of 16 bytes of
data, the code denotes the date a
broadcast takes place, its country
and station of origin, and the type of
program. The last named is identi-
fied by three digits, of which the first
stands for the general class (say, a
sports show) and the latter two nar-
rows that down (for instance, the
kind of sports involved).

Picked up at the TV receiver and
fed 'to its zPS decoder, the code is
separated from the video signal,
undergoes the serial-to-parallel con-
version and the comparison pro-
cesses, and turns on the recorder if
the code is the same as that stored in
the memory. The 256-byte random-
access memory is part of the Intel
8035 microcomputer that monitors
the program codes. Its 1-K-byte
read-only memory contains the oper-
ating control programs for the
receiver and recorder setup.

The decoder ignores spurious sig-
nals. The recorder turns on only
when the decoder has recognized a
code three times in a row. It turns
off when the code is absent from
eight consecutive blanking intervals.

In a typical application, the viewer
would pick his daily Tv fare from a
Tv guide in which each program is
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identified by its code. He or she
would then enter the code on a key-
board of the kind found on infrared
remote-control units. Code entry
could be done well in advance—
theoretically up to a year—of the
program’s broadcasting time,
Kriiger says.

Light pen. For simpler code entry,
Kriiger envisions Tv guides that
would give the code in the form of a
bar code similar to that used in
marking merchandise in retail
stores. With the aid of a light pen
the viewer would simply scan the bar
code, feeding the data into the
remote-control unit. The latter, in

turn, would feed the data to the
memory of the microcomputer in the
ZPS decoder. After that, the decoder
would take over to watch for the
proper code and to initiate recording.

The line in the vertical field-
blanking interval has enough rcom
for an additional 29 bytes of infor-
mation. These, Blaupunkt says,
could be used for clear-text informa-
tion—for example, to give the actual
title or name of a Tv show. A minia-
ture printer hooked to the receiver
could then be made to print up a
label that the viewer could use for
marking the video tapes in the cas-
sette library. -John Gosch

Belgium

Small fax unit switches between digital
and analog modes as defined by CCITT

A desktop facsimile machine from
MBLE SA of Brussels can send or
receive one page every 3 minutes in
CCITT’s Group 2 analog mode or
every minute in the Group 3 digital
mode. It is probably the first and
certainly the smallest facsimile unit
to do both, say engineers at the Bel-
gian affiliate of the Netherlands’
Philips group.

Together with a Group 2 and a
Group 3 machine, it is the start of
the microprocessor-based P-FAX
2000 desktop series with which Phil-
ips has just entered the facsimile
market [Electronics, Jan. 27, p. 67].
All three units meet the internation-
al standards established late last
year by the International Consulta-
tive Committee for Telegraphy and
Telephony.

High hopes. MBLE is aiming at the
market held by Japanese and other
producers in bulkier, stand-alone
$30,000 machines. The P-FAX units
will sell for $9,000 to $12,000 in
small orders and for much less in the
large orders that the company hopes
will be placed by the Belgian and
other national postal and telecom-
munications authorities.

Outside Europe, the machines
have been demonstrated in Taiwan
and South Korea, where oriental ide-

ograms and characters limit the use-
fulness of typewriters and make fac-
simile machines very attractive.

The MBLE machine that can
switch between Group 2 and Group
3 roles does so through an elabora-
tion of its microprocessor’s software.
It should have a special appeal in the
next few years, as the newer, digital
mode gradually replaces the older,
analog approach, says Marc. De
Block, division manager for telecom-
munications.

Handshake. When the interface
with another facsimile machine be-
gins, the unit will first attempt to
establish a connection in the Group 3
mode. If the other unit does not
respond to the questions in this first
program, the machine will begin
asking a second set of questions in
order to establish a connection under
the Group 2 mode. All of this takes 6
or 7 seconds.

Group 2 analog transmission, un-
der CCITT standards [Electronics,
Nov. 8, 1979, p. 85], énables the fac-
simile machine to read six lines a
second. Group 3 digital transmission
enables either 2,400 or 4,800 bits to
be read a second. The digital inter-
face, or handshake, is carried out by
the units at a rate of 300 b/s.

The Group 2 mode uses duobinary

Electronics/February 10, 1981
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specialized, our professional team will custom
design to your specifications.

Either way, you’ll have the
Triad advantage.

m TRIAD-UTRAD

Litton Distributor Services

305 North Briant Street
1| Huntington, Indiana 46750
(. 219-356-6500

TWX 801-331-1532

Circle 84 on reader service card

Keeping you ahead of the pack...

You (and we) are in a quick-moving business
News breaks frequently Change is the name ot
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 :he changing world of
electronics technology.

Keep ahead of the pack. Send in one of the
subscription cards in this issue.

L)
$5i

O
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Electronics international

transmission, coding two input signal
levels (say, 0 and 1) into three (-1,
0, and +1, for example) to halve
bandwidth. But Group 3 is fully digi-
tal, generally using a microprocessor
to control all synchronous modula-
tion, demodulation, and equaliza-
tion. The modem interfaces both
with the facsimile machine’s micro-
processor when transmitting and
with the analog-line access unit
when receiving. ’

The 4,800- or 2,400-b/s modula-
tion is based on phase modulation of
a 1,800-hertz carrier. At 4,800 b/s,
the data stream is divided into
groups of 3 consccutive bijts repre-
senting eight possible phase changes.
At 2,400 b/s, groups of 2 bits repre-
sent four possible phase jumps.
Whether the document is transmit-
ted at 4,800 or 2,400 b/s depends on
the quality of the telephone line,
which is determined by the two com-
municating facsimile machines dur-
ing the handshake.

The MBLE units print electrostati-
cally on dielectrically coated paper.
For the time being, they will scan
documents using an integrated cir-
cuit with 1,728 photodiodes. The
output signal from each scan of the
1,728 elements is a continuum of
1,728 charged pulses.

Switch to fiber. But in two years,
when MBLE officials hope to be
receiving 10,000 orders a year, a
scanning system based on optical
fibers will be adopted. The method
employs a linear array of optical
fibers at the full width of the paper.
Unlike the current technique, it will
not need bulky mirrors and lenses to
reduce the page’s image and will
enable MBLE to reduce the size of
the machines somewhat as ‘well.
They are currently 48 by 57 by 21
centimeters and weigh 28 kilograms.

An unusual feature of the Philips
facsimile units are their ability to
send or receive photographs, but
only to each other, since other fac-
simile machines lack a compatible
photo mode. By modulating the
number of square dots it produces
per square millimeter, the machine is
capable of producing a pseudo gray
scale. -Douglas Glucroft,

McGraw-Hill World News
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Testing transceivers
in service and productlon
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Press the PTT button of the trans-
ceiver and that’s enough, the
SMFS/SMFP does the rest

— it automatically measures all
the basic parameters in transmit
and receive modes and shows
the results really clearly.

SMFS/SMFP — the compact
testers for mobile and stationary
use, for manual or computer-
aided operation.

Rohde & Schwarz GmbH & Co. KG
Postfach 80 14 69

D-8000 Miinchen 80

Federal Republic of Germany

Telex 523 703 (rus d)

Phone internat., +(4989) 4129-1
Independent concem
(established 1933)

represented in 80 countries
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Mobile tester SMFS (left)
0.4 to 520 (1000) MHz

B Portable tester for indoor/outdoor
servicing, production and lab use

B Simple, uP-aided operation with
automatic switching between com-
plete transmit/receive tests:
measurement of distortion, S/N,
SINAD; search routines (e.g. for
sensitivity) at the push of a button

B Much shorter testing times, no more
operator errors

B Compact, and can be battery-
powered in mobile use

@ Options:foradjacent-channel power
measurement and extension to 1 GHz

ROHDE&SCHWAR

WP AT METER
tmv 0V

MADE 1N GERMANY
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Mobile tester SMFP (right)
same as SMFS, plus:

All measurements computer-
controlled (e.g. with our process
controller PPC)

Easy-as-can-be programming with
optimized Basic routines

Flexible program generation for
servicing, production and quality
assurance — also with hardcopy
printout of test results

Complete control of the test item
with built-in relay switches and TTL
control lines

Ask for the data sheet
Transceiver testers SMFS/SMFP

Electronic measurements - Broadcasting
Radio communications and monitoring
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PLASM

A DISPLAY

The Separable V12V Plasma Display Unit
Take It All or Take A Part
It’s Your GChoice

Three new features in Fujitsu’s character plasma display units will save you SHARACTER UNITS (For units weth character generator controt}

. . 12 - _

| Character Character Power

money and streamline your operations o Mode! | No.of Characters il MLk e
® direct power compatibility as the world’s first 5V/12V character plasma 1 {
display unit, __FPC1GO1NRCA“ | 16 (1B chars. x 1 row} B }__8.0 x 10.2_
e cost-saving flexibility which lets you select the entire assembly: panef and | FPC320INRCK | 32 (32 chars. x 1 row] | 40x 58]

FPC4002NRCK | 80 (4D chars. x 2 rows) 1 3.1x 44

panel drive — control — 5V/12V power source — or any one of the indivi- |

TT1T

dual parts, | FPC3208NRCK | 256 (32 chars. x 8 ers)_( 7 30x 42|y . -+5v

e all 5 x 7 dot matrices which present a clear, criso gisplay while reducing FPC4012NRCK | 480 (40 chars. x 12rows) | dot matrix | 3.0x 4.2 | vgg=+12V |
your costs rFPCBOO‘INRCK 1 80 (80 chars.ﬂmw) N 3.0x 4.2_f

In addition, Fujitsus character and graphic display units are smaller and | FPCBOOZNRCK | 160 (8D chars. x 2 raws) | UL

thi ith the same ize, because Fjitsu has redesigned the cir - —0x 22
inner. Wi § Sarme scresn 5126, beCause | g | FPCBO12NRCK | 960 (8D chars. x 12 raws) 3.0x 4.2

cuits to reduce the size of the units. There's aisa a new look on the screen. * Also includss Vegg = -5V
Clear, highly visible characters and graphics against a darker background GRAPHIC UNITS (For units with graphic generator controf) !

give you a more distinct image which is easier tc read both straight on and T Ettective Display | No. of Effective . - s
well off to the side. Model | Area Lines _ D‘:‘ "")Ch' s"°'~e' l
0Of course AC drive and inherent memory are still features of the full lineup. , Dlmm) | Wimm) D I w e ouree N
And you can choose from a wide variety of designs to suit any application, | recozornruc | 78 | 78 | 128 | 128 | o6 :’,gcég\‘,’“”ov
ncluding measuring instruments, computer peripheral and terminal equip- FPGOBOSNRUA | 18.61| 153 | 32 | 256 | 06 ‘ijw=ﬂ40v~+169v
\ 1 i i | Veg=+5v

ment, and'graphnc design units. The result is the most advanced plasma FPGOSOSHFUA | 217 a0l en len | o chc+85VN+105V
display unit available today. Contact the Fujitsu distributor nearest you VW =-55V ~-75Y

i L | | L — AWESSOMES/OVE
for full details. Character and graphic color: neon orange

European Distributors

AUSTRIA FRANCE ITALY NETHERLANDS SWITZERLAND UNITED KINGDOM WEST GERMANY
BODAMER INTER-

ELBATEX GMBH ERN C.S.E. NATIONAL B.V. ELBATEX AG TEMPATRON LTD. COMTEC GMBH
Endresstralle 54 Rue de Fourny, 20146 Milany, Havenstraat BA, (45430 Wettingen, 6 Partman Road Siel. Autfahrisaliee St
prone (0222 S prone 1150 e B eaaton e R e 8 1 ||||||E|||||||||||u||||||||||||||||u|!||||||||||||||||"||"||!
Phone (0222) 88 56 *1 B.P.ND. 4 Phone 4150992/ 1500 AG 1 aandam 23 Rezding RG3 1JQ Phune (089} 17 n
Telex 13 3128 78530 Buc 4159260 Phene 07 351521 Puone 056-265641 Te ex:0528435 U |

Phone 954-00-11 Telex: 311520 Telex 19(%9 Telex 55239 {0734: 5961€1

Telex BOEB27 F Tel> 847732 F UJITSU

Head Office (Component Marketing Division): 18 Mori Bldg., 3-13, Toranomon 2-chome, M:nato-ku, Tokyo 1085, Japan """“ m" ||""“""|"""|"l"I"""l"""""m ""
Phone: 03-502-0161 Telex: 2224361 FJ TOR J
Paris Office: Porte No. 207, 1 Voie, Felix, Eboue 94021 Creteil Cedex, France Phone: 01-377-0355 Telex: 212544 Fuptsu Limited - Tokyo. Japan
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Who keeps you inthe
data stream mainstreant?

—
PM 3500 logic analyzer 100 MHz

BAMPLL N TERVAL
a3 TRIGGEL R DRLAY DERSRAY THSR
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| PM 3500 PHILIPS L

pHiLips| Test & Measuring pH I LI p
Instruments
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Signal generator SMS
high-speed, IEC-bus-compatible

For the same price you now get
the SMS with IEC interface and
overload protection.

Frequency ranges
SMS 22: 400 kHz to 520/1040 MHz
SMS 24: 100 kHz to 520/1040 MHz

Rohde & Schwarz GmbH & Co. KG
Postfach 80 14 69

D-8000 Miinchen 80

Federal Republic of Germany

Telex 523 703 (rus d)

Phone internat. +(4989) 4129-1
Independent concern
(established 1933)

represented in 80 countries

4E Circle 238 on reader service card

Speed

It handles a frequency setting accu-
rate to within = 100 Hz in just 40 ms;
that's a speed of 25 settings a second.

Spectral purity

The SMS offers you 120 dB/Hz at

20 kHz from the carrier and 145 dB/Hz
at 1 MHz, so it’s suitable for intermodu-
lation and blocking measurements in
line with CEPT.

ROHDE&SCHWAR

Synthesizer features

The SMS gives you all you want in a
generai-purpose unit, e.g. high level
accuracy, 125 kHz deviation over the
entire frequency range and only 4 Hz
spurious, plus resolution of 100 Hz.

Find out more - ask for the new SMS
data sheet now.

Electronic measurements - Broadcasting
Radio communications and monitoring
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New products international

Motor-control
chip cuts times
for power switching

by Kenneth Dreyfack, Paris bureau

Circuit monitors charge on

power device's collector to
prevent hard saturation and
apply timely reverse current

The Semiconductor division of
Thomson-CSF is offering driving les-
sons for electric motorists. The com-
pany’s bipolar switched-mode motor-
control circuit, designed to control
large appliance-sized motors like
those in washing machines and
machine tools, includes a self-opti-
mizing driver to ensure efficient use
of the power transistor.

Until now, driver circuits for
switching-mode transistors and Dar-
lingtons in the 100-w-to-100-kw

range have been optimized for each
application, explains Klaus Risch-
mueller, director of the Semiconduc-
tor division’s power applications lab-
oratory in Aix-en-Provence, France.
What this means in practice is that
for a given power transistor, say one
rated at 400 v and 10 A, perform-
ance can range anywhere from 6 to
22 kw, depending on the efficiency
of the driver circuit. Even with an
efficient driver, switching time is
rarely brought below about 0.8 us.
The switching time is the key factor
for accurate control of the power
transistor.

Thanks to the self-regulating, self-
adjusting driver in the UAA 4004,
designers no longer need worry
about optimizing the driver for their
particular application. Switching

time can be cut by a factor of 10—in
the example above, to 80 ns. “Yes,”
grins Rischmueller, “that is the
switching time of a power MOS field-
effect transistor.”

Sensing saturation. The key to the
circuit’s adaptive operation is a sys-
tem for monitoring the charge and
thus the level of saturation of the
driven power transistor’s collector.
The storage and fall times—the time
it takes to drain the collector charge
at turn-off so it can react to changes
in the base current—largely deter-
mine switching speed.

The collector charge is monitored
via a fast-recovery diode (see dia-
gram). The base current can then be
regulated by the 4004 so that the
collector remains in a state of quasi-
saturation; hard saturation, which

ee ee (~8V) +  MOTOR
L CO} POWER
) SUPPLY
- S MOTOR
UAA 4004 POSITIVE
SUPPLY
Vce MONITOR, CHECK CIRCUIT
+lg REGULATOR 7
MOTOR BURST PULSE-WIOTH >
CONTROL > MOOULATOR
: op HIGH-SPEEQ POWER
AMP SAFETY TRANSISTOR
PROCESSOR
MINIMAL >
CONOUCTION
TIME CIRCUIT ‘—>
i OLTAG UISE o FAST CJRRENT
VOLTAGE PULSE-WIOTH
OSCILLATOR COMPARATOR CIRCUIT COMPARATOR

—Vee (~5V)

i

Fast driver. The UAA 4004 motor-control integrated circuit senses the collector charge and current drop of the power transistor it drives and
thus is able to provide bias current to the base and timed reverse current that improve the power device's switching speed.
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New products international

results in a relatively long storage
time, is prevented.

But avoiding hard saturation is
only half of Thomson’s driving les-
son. In order to ensure quick switch-
ing, relatively high reverse current —
up to 3 A, depending on the power
transistor being used —is applied to
the collector. But it must not be
applied until the collector saturation
charge has already begun to decline,
lest a minority-carrier charge extend
the fall time.

Timed Igev. To ensure that the
reverse current is applied at just the
right time, the driver circuit moni-
tors the current drop between the
power transistor’s emitter and collec-
tor. Because of collector charge
resistance, the collector-emitter volt-
age (Vi) rises as the collector cur-
rent decreases.

For example, the collector-emitter
voltage might read about 0.7 v
before turn-off but would immedi-
ately start to rise at the turn-off
moment. When the voltage increases
to 4 v, the collector saturation level
is low enough to permit applying the
reverse current without a minority
carrier charge. The result is a dra-
matic drop in storage time— typi-
cally from 3 down to 1.5 us.

The 4004 includes circuit ele-
ments normally found in chopper
circuits for switching-mode motor
control. An oscillator, programmed
by an outboard RC circuit, can oper-
ate at from 100 Hz up to 50 kHz. A
pulse-width modulator is also includ-
ed, as is an operational amplifier.
Normally supplying open-loop gain,
the on-chip op amp can also be used
as a voltage follower with unity gain.

Minimal-conduction-time and
maximum-pulse-width circuits en-
sure complete discharge of all induc-
tance in the motor drive circuit after
each switching operation. A fast cur-
rent comparator responds in less
than 1 us to ensure protection
against base-current overloads.

The UAA 4004, in a 16-pin dual
in-line package, is available through-
out Europe in sample quantities. The
price is about $5 in lots of 100.
Thomson-CSF, Semiconductor Division, 50
Rue Jean-Pierre Timbaud, B.P. 5, 92403
Courbevoie, France [441]

6E

Compared with its predecessors, the ZKB
choke for control circuits and switched-
mode power suppiies is 50% lighter. It is only
3.2 by 3.2 cm, with current ratings of from 4
to 16 A and inductance values of 1,000 to 60
uH. VAC GmbH, 6450 Hanau, P.O. Box
2253, West Germany [442]

il

v

The Gould 2200S direct-writing recorder's
chart paper is driven by a line-frequency-in-
dependent stepper motor system that incre-
ments by,approximately 80.2 steps per mm.
Gould Instruments Division, Roebuck Road,
Hainault, Essex 1G6 3UE, England [443]

- \

The LGR 7632 lzser tube is only 209 mm
long and 19 mm w de and is thus suitable for
portable, battery-operated equipment. With
an output of 1.5 mW and an operating cur-
rent of 3.5 mA, only a small power supply
unit is required. Siemens AG, 8000 Munich 1,
P. O. Box 103, West Germany [444]

CP1600 and 1700 potentiometers can han-
dle a large wiper current thanks to a special-
ly designed element and wiper that combine
to reduce the risk of damage during field
service and testing. Their resistance range is
1 to 10 kQ. Colvern Ltd., Spring Gardens,
Romford, Essex RM7 9LP, England [445]

Model 8A41 is a miniature servo recorder
that uses a single thermal pen to write on a
black-trace, heat-sensitive recording paper
that is driven by a quartz-controlled stepping
motor mechanism. San-Ei Instruments Co.,
1-12-1 Okubo, Shinjuku-ku, Tokyo 160,
Japan [446]

The PM 2528 multimeter measures dc and
true root-mean-square ac voltages, dc and
ac currents, two- and four-wire resistance,
and temperature. NV Philips Gloeilampenfa-
brieken, Science and Industry Division, P. O.
Box 523, 5600 AM Eindhoven, The Nether-
lands [447]
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Modulation

Analyzer FAM

AM + FM

FSK

STEREO

Rohde & Schwarz GmbH & Co. KG
Postfach 80 14 69

D-8000 Miinchen 80

Federal Republic of Germany

Telex 523 703 (rus d)

Phone intemmat. +(4989) 4129-1
Independent concem
(established 1933)

represented in 80 countries

IEC625Bus )+ P

All-round modulation analysis, manually or automatically, in the
carrier-frequency range 55 kHz to 1.36 GHz

Special features:

Residual FM < 1 Hz (CCITT weighted)
Residual AM < 0.01 % (CCITT
weighted)

— thus superior for spurious-modu-
lation measurements

Excellent amplitude and phase linearity
with stereo crosstalk attenuation of
> 50 dB, distortion < 0.1 %

IEC-bus interface for use in automatic
test systems

Compact design (12 kg) and low power
needs

Easy to operate, ergonomic styling

&

ROHDE&SCHWAR

The FAM is five instruments in one:
B modulation meter

B RF counter

H AF counter

M distortion meter

B psophometer

Versatile AF evaluation facilities:

Bl AF-level measurement

B weighting filters CCIRand CCITT
B distortion measurement

Indication of measured results by:
B three digital displays, one quasi-
analog display

Ask fore more information
Modulation analyzer FAM

Electronic measurements - Broadcasting
Radio communications and monitoring
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NOW, THE BOOK

The editorial edition of
Electronics’ 50th Anniversary
issue of April 17, 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, compre-
hensible look at past and future
developments in electronics
that has ever been published.

Painstakingly researched and
written, AN AGE OF INNOVA-
TION gives you an unforgettable
overview of electronics. Every-
thing 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!
[ ttectronics Magazine Books X y |

ectronics Magazine Books 1/
P.O. Box 669 C‘
Hithstown, NJ 08520

| Tel. (609) 448-1700, ext. 5494

—_____ copies of AN AGE
OF INNOVATION @ $18.50

I Please send me
I

I Name

| Address

| City/ state/ zip

I McGraw-Hill pays regular shipping and
handling on pre-paid orders. Ten-day
money-back guarantee on all books. ELT

e o —J

I
|
I
I
| Company ) |
I
|
l
I

New products international

The TE 820 is a microprocessor-based simu-
lation and analysis test set for frame-struc-
tured pulse-code-modulated serial data at
2,048 kb/s. It can be controlled remotely via
an |IEEE-488 bus. Tekelec-Airtronic SA, Cité
des Bruyéres, Rue Carle Vernet, B. P. N 2,
92310 Sevres, France [448]

Philips’ PM 3264 is a portable four-channel
100-MHz oscilloscope designed to cut digital
measuring times. It features a dual time
base, a 17-kV display tube, an 8-by-10-cm
screen, and state-of-the-art circuitry. Pye
Unicam Ltd., York Street, Cambridge CB1
2PX, England [449]

Model H402A Hotmarker, for tube and wire
identification, has an input voltage of 100 V,
100 W maximum. On the front panel are a
marking timer, a temperature controller, a
digital counter, and a foot-pedal connector.
Chuo Tsusho Kaisha Ltd., 1-6 Kanda lzumi-
cho, Chiyoda-ku, Tokyo 101, Japan [451]

S X o
The Bioenergy series of capacitors have
been designed for power electronic equip-

ment. They are intended for use at high
frequencies and high peak currents. Industria

Condensatori Applicazioni Elettroelettron-
iche SpA, Via Felice Casati, 44 20124 Milan,
Italy [450]

A family of 12-V very high-frequency and
ultrahigh-frequency wideband ampilifiers in-
cludes the OM345 single-stage amplifier and
the OM370 three-stage amplifier. NV Philips
Gloeilampenfabrieken, Elcoma Division,
P. O. Box 523, 5600 AM Eindhoven, The
Netherlands [454]

The Greenpar 35246BN irsulated connector,
designed for use in the computing, video,
and office machinery fields, features an inte-
grally molded mounting thread and a flame-
retardant molding material. Greenpar Con-
nectors Ltd., P.O. Box 15, Station Works,
Harlow, Essex CM20 2ER, England [453]
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XR-30
4 speeds 7 channels plus
one memo-announce channel

anoaonaoga—-.‘,.\,m?

Two new data recorders using
1/2-inch videocassettes, the XR-30
and the XR-50, combine 7- and
14-track recording capability and
open reel performance with the con-
venience of a cassette recorder.

_ ek s B They're light, compact and ideal for
P field work—both have DC operated

_ T aor power supplies. The XR-50 provides

- 14 channels of recording flexibility,

ssan while the XR-30 provides 7 channels

plus one memo-announce channel.
Four switchable speeds range from
7-1/2 ips to 15/16 ips, and wide-
band FM recording is standard,
permitting high frequency data re-
cording. Any channel can be

modified for direct recording by
simply popping in an optional DR
amplifier board.

Tape position is indicated by
a highly accurate digital linear coun-
ter, and such parameters as time-
base error, jitter and dynamic skew
can be further improved by switch-
ing in the Tape Servo mode.

An optional AC power supply is
available for lab use, so whether your
applications are in the field or in the
lab, if you'd like cassette conveni-
ence, open reel performance and
multitrack capability, you really
shoulc take a closer look at TEAC'’s
XR-30 and XR-50.

An important new data recorder
development from TEAC

The convenience of a cassette recorder
with the performance of open reel machines is now a reality.

I/ 50 —==

XR-50
4-speeds
14 channels
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TEAC.

TEAG CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111

e USA B Wolle Enterprise Inc. Te (213) 877-5518 @ Canada RH. Nichols Co., Ltd.. Tel: {416) 661-3190 @ Hongkong Dah Chong Hong Ltd . Tel 5-261111. 5-226258
® Australia Jacoby Mitchell Pty, Ltd. Tel- 6307400 @ South Africa Mayfair Sales (Pty) Ltd. Tel 011-834-2131 @ Belgium & Luxemburg Simac Electronics SPRL . @ Denmark
Danbit, Tel (03) 141515 @ France Tekelec Airtronic S A . Tel" (524) 7535 e United Kingdom International Recorders Ltd, Tel: 04427 5353 e Holland Simac Electronics B v
Tel: #140-533725 @ Italy AESSE SRL . Tel 5464741-2-3 @ Spain Ataio Ingenieros S.A,, Tel: (733) 3700 ® Sweden telenstrument ab, Tel 08-380 3 ® West Germany &
Austria nbn Electronik Starnberg. Tel (08'51) 13036
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The NEW
Electronics Buyers’Guide
IS now available!

The 1980 EBG is only a postage stamp away! Completely new listings of

catalogs, new phone numbers, new addresses, new manufacturers, sales reps,
and distributors! The total market in a book—four directories in one!

1.

Directory of products. Over
4,000 products, over 5,000
manufacturers.

2.

Directory of catalogs.
Includes six post-paid catalog
inquiry cards for 10-second
ordering.

The onlybook of its
kindin thefield.

If you haven't gotit,
you're notin the market.

Toinsure prompt delivery
enclose your check with the
Coupon Now.

10E

3.

| Directory of manufacturers.

distributors, with phone
numbers. Number of em-

volume, name of company
contact.

4.

uct by its trade name only.

——— ——— e e e ——

Yes, please send me copies of 1980 EBG.

O I've enclosed $30 per copy delivered in USA or Canada.
Address: EBG, 1221 Avenue of the Americas, New York,
N.Y. 10020.

O I've enclosed $52 for air delivery elsewhere, Address: EBG,
Shoppenhangers Road, Maidenhead, Berkshire S16,
2Q1 England.

Name

~ Directory of trade names of
products and their manufac-
turers. You cantrace a prod-

Company

Street

Zip Country

Local sales offices, reps, and

ployees and engineers, dollar

|
|
]
|
|
|
|
I
|
|
|
|
|
|
-
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The new
1981 IC Master.

One book. Two volumes.
Five Updates.

The newly revised
1981 IC Master is bigger
and better than ever.
Now expanded to
two full volumes,

it includes all of the
latest information
on over 50,000 ICs
and microcomputer
boards from 150
different manufac-
turers, worldwide.

Survey the entire
industry —at a
glance. There’s no
need to spend hours
or days searching
through dozens of
separate manufac-
turer’s catalogs

and data sheets

for the most current
information.

feom—oaDIZR
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All you need is the
IC Master.

IC Master solves
problems in seconds.

Need to know who makes a
16K Dynamic RAM with an
access time of 300ns or faster? Or, a
D/A converter with 12 bits resolution,
2=+ LBS linearity error and 24 mW power dissipation?
Or, quad comparators with .8 offset voltage, 100 nA bias
current and 25 nA offset current?

You'll find the answers in the 1981 IC Master.

IC Master’s easy-to-use functional index system is divided
into eight time-saving Master Selection Guides— Digital,
Interface, Linear, Memory, Microprocessor, Micro-
computer Board—and two brand new sections on
Custom ICs and Microprocessor Development Systems.

The Master Selection Guides enable you to quickly find
the products which are most appropriate to fulfill your
major requirements—and then provides data for them.

Within each category, products are classified by type and

key parameters. Locating exactly what you need is a snap.

Need an alternate source?

To make your job even easier, the IC Master includes
the industry’s most comprehensive Alternate Source
Directory listing over 40,000 direct replacement parts
—plus a Part Number Index, Part Number Guide,
Application Note Directory, Military Parts Directory
and more.

Five free Updates keep you current
throughout the year.

As complete as the 1981 IC Master is, we publish
the IC Update magazine to help keep it that way.

Five times in 1981, you’ll receive a copy of IC Update
listing all new products, application notes, and
alternate sources that have been introduced since

the publication of the current IC Master. Each issue
is cumulative. And there’s even an index on
discontinued parts.

Order your 1981 IC Master today.

The new 1981 IC Master is
ready now. To order,
simply contact
your local inter-
national distributor
listed below. Or return
the coupon.

R LR S

[J Sounds great! But first I need more information.
[] It’s just what I need. Send me an order form.

Name (Please Print)
{4 o eh 30 Y% 26

Company —
Address e e
City/State/Zip—

Country__ s e <

=
l Telephone

The 1981 IC Master is available throughout the world from
major electronic component distributors and technical book
dealers.

Mail to: United Technical Publications, Inc., ATT: D. Renoud,
645 Stewart Avenue, Garden City, NY 115 30.

4 N BN BN BN B B = B

IC Master/IC Updates, UTP,

A subsidiary of Hearst Business Communications, Inc.
1333 Lawrence Expressway, Suite 101

Santa Clara, CA 95051 (408) 248-8044/TWX: 910-338-0272

LI F R NTIR

AUSTRALIA A J Distributors PTY LTD, Tel. 269 1244, AUSTRIA LBG GMBH (0222) 92 46 74. BELGIUM Rampe Gauloise ia, Tel. 02 478 4847. CANADA Future Electronics,
tnc., Tel. (514) 731-7441.  DENMARK Advanced Electronik, Tel. 01 194433. ENGLAND Paterson/Steadman & Partner, Ltd., Tel. 0799 22612 or J. B. Tratsart Ltd., Tel. 02514-3334.
FRANCE Alphatronic (1) 791-44-44. HOLLAND Manudax-Nederland B.V.,, Tel. 04139 1252, HONG KONG CONMOS Products Ltd., Tel. 3-697241-5. INDIA Radio & Craft
Publication, Tel. 277147, ISRAEL Sharon Industrial Agencies, Tel. 03-481667. ITALY Jackson italiana Editrice SRL. Tel. {02) 680054. JAPAN Asahi Glass Company, Lid..

Tel. (03) 287-2821-7 or Overseas Data Service Co.. Ltd , Tel. {03) 400-7090 or Tokyo (nformation Communication Corp., Tel. 379-2561. KOREA Leewood International, Inc.,

Tel. 778-5831

NORWAY Ingenioertorlaggt A/S, Tel. (02) 11-51-70. SOUTH AFRICA Desatron (PTY) Ltd., Tel. (011) 836-3851. SPAIN Sagitron. Tel. 275 4824

SWEDEN Naxab, Tel. 08/985140. SWITZERLAND W. Stolz AG, Tel 056840151. UNITED STATES United Technical Publications, Inc., Tel. (408) 248-8044

WEST GERMANY Astronic GMBH, Tel. (089) 30 4011.
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THE UTMOST IN PERFORMANCE

After 500 pcs sold, now comes the upgraded version 71 OO D.
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AT WHAT A PRICE ? @ Built-in AF generator : 10 Hz - 100 kHz '
ASK US § oo et pity g oo i e m carer
YOU’LL BE § lifeirecsais i fu i oo o oo
SURPRISED ¢ Aiiicions iy i£62 288 programmable

adrEt ADAET ELECTRONIQUE 12, Av. Viadimir Komarov @ BP 33 78192 Tr; Cedex @ France @ Tél : (3) 051.29.72 @ Télex ADREL 697821 F
Foreign representatives : W. GERMANY : Rohde und Schwarz, Cologne @ UK : Racal Instruments Windsor @ ITALY : Elettronucleonica,
Milano @ SPAIN : Telco, Madrid ® THE NETHERLANDS : Rood,Sijswijk ® BELGIUM : Sait, Brussels ® SWITZERLAND : Roschi Tel, Bern
® SWEDEN : TeleinstrumenitVallingby ® NORWAY : Morgenstieme, Oslo ® DENMARK : Tage Olsen, Ballerup @ FINLAND : Orbis Oy,
electronigue Helsinki ® GREECE : Scientific Enterprises, Athens ® EASTERN COUNTRIES : RST, Vienna, Austria @

THE MOST VERSATILE (though affordable)
DC STANDARD you’ve been looking for :

ADRET 103 :
VOLTAGE AND CURRENT,

ADRET 104
VOLTAGE ONLY

DC Volts : 1 uWto 110V

DC currents : 1 nA to 110 mA (103 only)
Accuracy class : 1.107°

Selectable polarity

Guarded output

High compliance Volt/vs current :

up to 110 volts (103 only)

Output inhibit

Short circuit protection

20 memorable complete configuration
settings (103 only)

Very low internal resistance : <1.107° ohms
Digital sweep between set limits

Step by step increment/decrement

Fullg/ IEEE 488 programmable

(103 : Std - 104 : option)

® BCD programmabie {104 only)

adrEt ADRET ELECTRDNIQUE 12, Av. Viadimir Komarov @ BP 33 78192 Tr. Cedex @ France @ Tél : (3) 051.29.72 @ Télex ADREL 697821 F
Foreign representatives : W. GERMANY : Rohde und Schwarz, Cologne ® UK. Racal Instruments Windsor @ ITALY : Elettronucleonica,
Milano @ SPAIN : Telco, Madrid ® THE NETHERLANDS : Rood,Rijswijk ® BELGIUM : Sait, Brussels ® SWITZERLAND : Roschi Tel, Bern
® SWEDEN : TeleinstrumentVailingby @ NORWAY : Morgenstierne, slo @ DENMARK : Tage Olsen, Ballerup @ FINLAND : Orbis Oy,
electrenique Helsinki ® GREECE : Scientific Enterprises, Athens @ EASTERN COUNTRIES : RST, Vienna, Austria @
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We've Always Offered More Graphics Solutions.

Now CalComp adds the full line of
Talos digitizing tablets to what is
already the most extensive line of
computer graphics solutions available
from any manufacturer.

Talos gives you a wide choice of
digitizers in sizes from 11" x 11" to 44"

x 60", with the option to back-light and
rear-project images. And that’s the
kind of selection you need for your
varied applications. including pipeline
layouts, printed circuit boards and
data reduction. Plus, they can
accommodate conductive materials for
digitizing seismographic and well-
head logs.

Our newest products, the 800 Series
and the Wedge, both feature
electromagnetic technology to allow you
to digitize from conductive materials,
and to give more precise data input and
greater data stability.

The flexible 800 Series with
MULTIBUS® module lets yon use dual
tablets, dual cursors, and multiple
interfacing for greatly expanded system
capabilities.

The Wedge. designed especially for
applications using small systems, offers
end users and OEMs an affordable yet
highly dependable alternative to
traditional CRT control devices. And to
aid operation ease and efficiency, the
Wedge offers a unique five-degree
sloped surface.

The 600 Series, using electrostatic
technology and incorporating the
“active inch™ principle, is also
available in a wide range of sizes and
surface options.

e

With
Talos Digitizers,
We Offer Them
All.

 ————————

Graphics Sales Offices: Tempe. AZ: (602) 894-9468: Orange, CA: (7141 978-7111: Santa Clara, CA: (408) 727-0936: Englewood, CO: (303) 770-1950: Norcross, GA: (404) +48-4522; Sehanmberg.
1L: (312) 884.0300: Shawnee Mission, KS: (913) 362-0707: Metairie. LA: (504) 833-5155: Waltham. MA: (617) 896-0834: Southfield, MI: (313) 569-3123: Bloomington. MN: (612) 854-3448: St. Louis,
MO: (3H) 863-2711: Woodbridge, NJ: (201) 636-6500: Fairport. NY: (716) 223-3820: Cleveland. OH: (216) 362-7280. Dayton. OH: (513) 276-5247: Tulsa. OK: (918) 663-7392: Portland. OR:

(503) 241-0974: Pittshargh, PA: (412) 922-3430: Wayne, PA: (215) 688-34G5: Dallas, TX: (214) 661-2326: Houston, TX: (713) 776-3276: Mclean, VA: (703) 412-8404: Bellevue., WA: (206) 641-1925

—

To further expand accuracy and high
speed performance, we offer SMART
software paekages for the 600 and 800
Series. SMART provides local
processing of digitized data to let you
combine functions and calculations,
and much more depending on your
working requirements.

CalComp for all the alternatives
in computer graphics.

CalComp offers full lines of drum,
flatbed and beltbed plotters;
controllers; computer output microfilin
(COM) units, and electrostatic plotter/
printers. And, new from CalComp, the
Graphic 7 display system.

Plus CalComp support. All CalComp
products —including Talos digitizers —
are backed by the largest professional
team of sales, systems and service
people in the industry — direct from
CalComp. And our worldwide service
organization means we can give you fast
assistance wherever you’re located.

We have all the solutions to your
graphics needs. Call today to see how
we can find the right one for vou.

CALCOMP

A Sanders Graghics Company

California Computer Products, Inc.
2411 West La Palma Avenue
Anaheim. California 92801

Telephone (714) 821-2011
TWX 910-591-1154
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The Tektronix 4054

Desktop Computer

(Below) Using the 4054's
Dynamic Graphics cption,
desigr. symbols can be
selected from a menu,
dragged irto position in re-
fresh. mode, then trans-
ferred tc storage mode at
the push of a button.
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| Copyright © 1980 Tektronix, Inc. All rights reserved. GEM quotations available on request.

(Above) The 4054 screer's
13 million addressable
points let designers work
with whole circuit board
layouts without sacrificing

clarity of detail.
Id Radio Hist




High speed. Dynamic
graphics. Precise curve forms.

We’re helping designers cut
corners with confidence.

Design productivity
reaches its peak on
the 4054:

It gives you straight
answers fast, without
burdening your host
computer. It gives you
real graphic curve
forms instead of stair-
step approximations.

Nothing else even
comes close to the
combined computing
power and exacting,
interactive graphics of
the Tektronix 4054.

Fast graphic
computing frees you
from delays and
uncertainties and
keeps the work
flowing productively.
Even complex engineer-
ing designs can be
completed in minutes.
Your design tools
include 36 distinct
dot-dash patterns and
four stroke-generated
character sizes for
labels, text and titles.

Its computational
capabilities are some
of the fastest and
most powerful you'll
find on a desktop.

Special matrix func-
tions are built-in. Strings
and transcendental
functions execute with
desktop speeds unique
to Tektronix.

Dynamic graphics
option lets you move
symbols and text
around the screen
under built-in
thumbwheel control.
Complex graphics ob-
jects can be quickly and
easily assembled, then
stored in place with the
push of a button. With
easy BASIC, you focus
on the project, not
protocol.

Choose from a
family of supporting
products. Like data
communications op-
tion for tapping into
central data bases.
Or arange of special
function ROM packs,
advanced peripherals
and powerful applica-
tions software. Whatever
you design, we'll help
you trade in the hard
work for higher produc-
tivity! For more infor-
mation call, toll-free,
1-800-547-1512
(in Oregon, 644-9051
collect).

Tektronix, Inc.
Information Display
Division

PO. Box 1700
Beaverton, OR 97075
Tektronix
International, Inc.
European Marketing
Centre

Post Box 827

1180 AV Amstelveen
The Netherlands

THE GRAPHICS
STANDARD
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Tektronix

COMMITTED TO EXCELLENCE
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SUPR I1IB bu

heat on high

Signetics’ Upgraded Product Reliability cuts
the cost of board reworks and field repairs.
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n=in pufs the
board cosis.

The difference between a faulty I1C and a good
one is more than just the cost of the part. Board
reworks, field failures, and inventory floats
make up the hidden penalty OEMs often paysfor
unproven devices.

Signetics changes all that with SUPR IIB.
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 IIB is available to you with a wide
variety of Signetics products in addition to our
standard quality assurance test methods.

STANDARD

SUPRIIA SUPR 118

INVENTORY
REPLACEMENT )

INCOMING )
TEST

As a leading supplier to the Military/Aero-
space 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 FEast Arques
Avenue, P.O. Box 409, Sunnyvale, CA 94086.

(408) 739-7700.
Sinetics

a subsidiary of U.S. Philips Corporation

Multiple Technologies from 8 Divisions:
Analog, Bipoiar Memory, Bipolar LS|,
MOS Memory, MOS Microprocessor,
Logic, Military, Automotive/Telecom

To: Signetics Information Services, 811 E. Arques Ave.,
P.O. Box 409, Sunnyvale CA 94086

[J Yes, please rushmy copy of your new 8-page SUPR I1

brochure.
Name Title
Company Division
Address MS
City State Zip

[J My need is urgent. Please call me at £210
() ext.




A good OEM computer canbe
easily tailored to your needs.

The same goes for OEM service.

4

\
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\
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Basic Service Agreement ’ )

Worldwide Service o

Module Mailer Co
OEM Service Agreement «»

Self Maintenance

Software Consulting

Remote Diagnosis

Terminals Agreement

Educational Services

World Radio History




That’s why we offer you so many
different ways tobuy it. Or offer it to your
customers. Everything from our most
comprehensive DECservice™ agreement
that can provide service people on site 24
hours a day seven days a week, to training
schools for your staff if you want to do all
the maintenance yourself.

And this capability is supported
worldwide by over 8,000 specialists and a
field inventory of over $250 million in
spares.

You can take advantage of Remote
Diagnosis if you're a large system user.
Seventeen worldwide product repair
centers. Module Mailers if you're into
self-maintenance. We even have software
specialists to help you with applications
software development. And advice on the
right product/service combinations for
your market.

At Digital, our approach has always
been to give OEMs more than just great
product. Just as important are the extra
quality features, the extra testing that can
make your design and marketing job
easier. The software compatibility that
can take you from micros to 32-bit large-
scale computers, from one generation
to the next.

You probably already know a lot
about Digital performance. To find out the
rest, send for our new brochure, “The
Thinking Behind the Industry’s Largest
Selling Line of OEM Computers.”

Digital Equipment Corporation,
Technical OEM Group, 129 Parker St.
(PK3/M-86), Maynard, MA 01754. (617)
493-5997. In Europe: 12 av. des Morgines,
1213 Petit-Lancy/Geneva. Tel. 9333 11. In
Canada: Digital Equipment of Canada, Ltd.

We build a lot more than performance
into an OEM computer.
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SURPRISE!

Power MOS FET'S
are now available from HP

Look to HP for high quality, high performance and reliable Power MOS FET's. These FET's are ideal for
off-line switching power supplies, inverter and converter circuits, motor drives and general industrial
applications. HP MOS FET's are available now and feature: high breakdown voltage (Vpss), 450V minimum;
low on resistance [Rion;], 0.85Q maximum; and fast switching speed, 50 nanoseconds typical.
HP Power MOS FET's operate at high frequencies { 200 kHz or more), with simple drive
circuits. Switching losses are low and smaller components can be used, lowering system size and weight.
They're in stock right now at your local HP authorized

distributor. In the U.S. contact Hall-Mark, Hamilton/Avnet,
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution é H EW LE T T
Group (Liberty/Elmar). In Canada, call Hamilton/Avnet P p A C K A n D

or Zentronics, Ltd.

05006B
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Probing the news

Analysis of technology and business developments

Is epitaxy right for MOS?

Tl thinks epitaxial layer for 64-K dynamic RAM is worth added cost;
Bell Labs agrees, and other manufacturers eye the move

Most MOS devices are built on single-
crystal silicon substrates, but now
Texas Instruments Inc. is taking the
lead in using an epitaxial layer for its
64-K random-access memory. This
decision is controversial because epi-
taxy inflates the cost of each die
somewhat, and it is becoming pain-
fully obvious that the 64-K RAM is
the most cost-sensitive solid-state
device yet produced.

Nevertheless, Western Electric
also is building a 64-K RAM,
designed by Bell Laboratories, on
epitaxial material, and Mitsubishi
has published papers intimating that
it may build future RAMs the same
way. Other makers of MOS chips are
weighing the switch. Indeed, a tech-
nology manager at Intel Corp. pre-
dicts that “‘one day all MOS circuits
will be built on epi” and TI's MOS
memory development manager,
Richard Gossen, calls the move *“‘the
most important departure in the evo-
lution of the dynamic RAM since the
1-T [single-transistor] cell.”

Why would high-volume memory
manufacturers switch to a more
expensive process? The answer: bet-
ter-quality parts with less noise.
With a high-resistance epitaxial lay-
er, the substrate can be heavily
doped and hence made highly con-
ductive; the heavy concentration of
acceptor ions limits the lifetime of
the minority carriers—electrons, in
this case, in both the starting materi-
al and the epi layer are p-type—
dramatically reducing leakage cur-
rents to and from memory circuits.

In other words, superfluous elec-
trons, which can be created by
input-signal spikes, alpha particles,
and other mechanisms, are not
allowed to travel far to flip storage

Electronics /February 10, 1981

by John G. Posa, Solid State Editor

nodes or upset bit lines and foul up
sensing. The resulting part is less
sensitive to input test patterns and
alpha particles and better able to
meet long refreshing requirements.
Producers of complementary-MOS
memories are also investigating the
use of epitaxial silicon as a cure for
latch-up.

All 16-K RAMs exhibit some prob-
lems due to long minority-carrier
lifetime in the substrate, with symp-
toms that become acute when the
column-address strobe, CAS, is al-
lowed to fall about 40 nanoseconds
after the row-address strobe, or RAS,
was lowered. Although the timing is
within specification, it is during this
period that sense amplifiers in the
chip are latching data. So, when the
addresses are strobed in, the pads on
the die capacitatively bump the sub-
strate, creating noise spikes that can
unbalance bit lines. This effect,
sometimes called address-pad bump-
ing, can cause a memory to fail,
especially at low supply voltages.

As for a more robust refresh, an
epi layer “‘reduces substrate leakage,
which is the key ingredient of hold-
ing-time degradation,” according to
Bruce Darnall, director of Bell
Laboratories’ MOS Technology and
Memory lab in Allentown, Pa. Ti’s
64-K RAM, for instance, features a
4-millisecond refreshing require-
ment, which is twice as long as that
for most other 64-K chips. More
impressive, some of the Dallas com-
pany’s parts will store data as long as
128 ms before leakage takes its toll.

More leakage. All commercial 64-
K dynamic RAMs have on-chip nega-
tive-bias-voltage generators that pull
the substrate down to about -2 to
—3 volts. The biasing keeps the
junctions between diffused n-type
regions and the substrate in a stable,
reverse-biased state, even with nega-
tive overshoots on input pins, be-
cause forward biasing will inject
minority carriers. However, the in-
creased overall voltage differential
also widens the depletion regions

ADDRESS PAD

N

p~ EPITAXIAL LAYER 16—

p* SUBSTRATE

R/N

DIFFUSED

/ BIT LINES \

Noise sink. The highly conductive substrate allowed by a lightly doped epitaxial layer serves
to dampen input noise spikes. The resistivity difference, N, is greater than 100.
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Probing the news

sandwiching the junctions, thereby
uncovering more generation-recom-
bination centers—or G-R centers, as
they are called —which contribute to
leakage.

Some concern. Before TI an-
nounced its use of an epi layer, it
disclosed that the substrates in its
64-K RAMs are grounded —that is,
they are at zero potential. Ground-
ing raises several concerns, to say the
least, about the part’s ability to cope
with minority-carrier injection.
Gossen admits that the epitaxial lay-
er was added a full year after the
device was introduced way back in
the fall of 1978 [Electronics, Sept.
28,1978, p. 109].

TI's initial 64-K RAM simulations
assumed a stable threshold voltage,
but fabricated chips proved that
assumption unfortunate. As de-
manding as epitaxy is, “we con-
cluded that going to a substrate sup-
ply generator is a difficult and tricky
thing to do,” Gossen says. Adds
G. R. Mohan Rao, TI's manager for
dynamic RAMs, “By September of
1979 we saw a clear distinction in
favor of epi.” Now the officials
believe that the rest of the pack will
be drawn to epitaxy with higher-
density chips like the 256-K RAM.

A cross section of TI’s 64-K RAM is
shown in the figure on page 93.
Although nowadays bipolar wafers
invariably include epitaxial layers,
substrate and epitaxial polarities do
not usually match; that is, an n-type
layer might be put on a p substrate.
As mentioned, at least for n-channel
MOS chips, the epitaxial layer has
the same polarity as the substrate,
but resistivity changes significantly
from the bottom to the top of the
wafer. In TI's wafers, resistivity
changes by several orders of magni-
tude, from a highly conductive sub-
strate to an epi-layer value near that
for single-crystal material.

Some pioneers. Actually, TI and
others like Bell Labs are not the first
to suggest such layers for MOS.
When Cogar Corp. was in business
in the late 1960s, it brought out a
line of MOS memories built with epi,
but it soon ran into significant yield
problems. Fairchild Camera & In-
strument Corp. also experimented

94

with such layers to protect MOS
devices against electrostatic charge.
More recent was American Micro-
systems Inc.’s V-groove MOS, which
employed an intrinsic epitaxial layer
as part of a vertical channel. But
that technology, too, fell by the way-
side for memory applications be-
cause of production problems indi-
rectly related to the layer [Electron-
ics, Dec. 20, 1979, p. 40].

TI is sure its epitaxial process will
succeed where others have failed.
Besides being of the same polarity as
the substrate, the layer is relatively
thick—about 10 micrometers—and
does not determine any critical
device parameters like gain. In con-
trast, AMI’s layer was only 2 to 3 um
thick, which left it more prone to
shorting spikes. In addition, TI does
a lot of bipolar processing, so that it
is familiar with epitaxial growth.
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Alpha barrier? An epitaxial layer may help
to prevent alpha radiation, but probably not
when it arrives on a slight angle.

“Most of TI's bipolar lines have
the epi reactor right at the front
end,” says Gossen. Although the
particulars of its 64-K RAM’s epi pro-
cess are still proprietary, Gossen
hints that *it could be done in a
standard reactor.”

But, as mentioned, the bottom line
is cost. Although epitaxy has added
nearly $40 per wafer for bipolar
slices in the past, TI feels that it can
drop the per-wafer cost of epi pro-
cessing for its 64-K RAM to well
below $10. So the per-die increment,
as usual, depends on yield. As Bell
Labs’ Darnall puts it, *If it costs $10
per wafer and you’re only getting 10
chips per wafer, you're incurring a
considerable expense.”

But TI must be doing better than
that, since Gossen avers that “We're
at a cost advantage right now. We
will compete in 1981.” He points out
that the epitaxy adds nothing to the
firm’s already very small, 33,000-
square-mil die and that the cost of
the epi processing translates into an
effective die area “in the mid-40s”
for a chip with comparable perform-
ance and reliability but without the
layer.

Besides, the dynamic RAM compe-
tition is buying immunity to external
noise in other ways—for example,
with larger, more forgiving cells and
dice. Other companies are adding a
mask step or ion implants to the
storage capacitor to bolster its abili-
ty to keep charge. Finally, practical-
ly all producers have had to coat
their chips with polyimide liquid or
tapes to help fight off alpha radia-
tion.

Handy. In addition to resisting
external noise, the layer helps out in
other ways. Heavy metal ions get
snagged in the distorted lattice that
surrounds the epi-to-substrate inter-
face. These kinds of impurities tend
to degrade high-temperature opera-
tion. But TI’s layer, relatively free of
such particles, supports proper mem-
ory operation at well past 70°C.
Also, the now highly conductive sub-
strate makes a much better ohmic
contact when it is mounted.

The claim that the epitaxial layer
reduces the sensitivity to alpha radi-
ation is itself controversial. Mitsubi-
shi Electric Corp. states that soft
error rates with epi material can be
10 to 100 times smaller than with
uniformly doped substrates exhib-
iting resistivities of 3 to 20 Q-cm (see
diagram). However, if the alpha par-
ticles come in on a slight angle—
which is usually the case —instead of
straight down, the epi-to-substrate
interface may actually be a detri-
ment, reflecting generated carriers
back at the storage nodes.

“I wouldn’t argue that it’s a pana-
cea to alpha sensitivity,” says Bell
Labs’ Darnall. In fact, ““l wouldn’t
conclude that they [the epitaxial lay-
ers] will become pervasive in the
industry,” he surmises, because so
many are concerned about the added
cost. “It depends on your sensitivity
to reliability. It’s not expensive, and
it’s money well spent.”
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Behind Every PIC...
A Complete Support System.

When you design with PIC micro-
computers, we back you up with
total, thorough support. Because
we want you to stay with PIC, the 8-
bit microcomputer with a powerful,
efficient 12-bit instruction word that
lets it do more for less.

Along with a complete library of
applications literature, our PICES
In-Circuit Emulation System
provides all the hardware and
software you need to develop your
product quickly and easily. PICES
can interface with any computer

Electronics /February 10, 1981

from a main frame to a micro-
processor development system.

Available for off- the- shelf delivery,
PICES comes complete with our
macroassembler, PICAL. Best of all,
PICES carries an attractive $2500
price tag, much less than other
systems.

Whatever microcomputer con-
trolled equipment you're designing
...appliances, automotive,
telecommunications, industrial, cr

with PIC. The high quality, low cost
alternative. And that's why

we deliver more microcomputers,
because our microcomputers
deliver more to our customers.

For more information on the PIC
Series, write to: General Instrument
Microelectronics Ltd., Regency
House, 104 Warwick Street,
London WIR 5WB, England,

or call 01-439-1891.

business systems...you'll design We help you
faster, easier and more efficiently compete.®
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lntroducing the 3210 DTMF tone receiver.
The newest member of an old established family.

First came the ITT 3201, a fully integrated DTMF
receiver that combined both digital and analog functions
on a single CMOS/LSI chip.

Now ITT adds the 3210 which allows you to select from
a broad range of tone receiver designs. The ITT 3210
combines the latest advancements in [.S] technology with
the stability, reliability and accuracy inherent in thick film
hybrid technology to produce a combination of quality

and versatility in a DTMF tone receiver that is unmatched.

The ITT 3210 features smali size (0.8” by 1.3")
excellent dial tone rejection, adjustable sensitivity, and a
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wide dynamic range. Either binary coded two of eight or
binary outputs can be selected.

With our name behind every ITT 3201 and 3210, you
can be assured of highest quality, packaged with reliability
to meet your most stringent demands. Specify them for
your next Central Office, PABX, Key System, Mobile
Paging System or End-to-End Signaling application.

For complete specifications, contact: ITT North
Microsystems Division, 700 Hillsboro Plaza, Deerfield
Beach, FL. 33441. Phone: (305) 421-8450, Telex: 512329

TWX: 510 953 7523.

ITT North Microsystems Division




Probing the news

Information processing

Small Winchesters rolling in volume

Mass-storage systems, in 8- and 5.25-inch versions,

prepare to fulfill promise after year’s delay

Finally, by mest accounts many
months late, significant numbers of
perhaps the most heavily promoted
computer peripheral device yet are
starting to come down the produc-
tion pike. It is the small Winchester
fixed-medium (hard) disk drive,
mostly in the 8-inch-diameter but
also in a 5.25-in. version, issuing
from a list of both established and
newly formed suppliers that seems to
grow each week.

Taking an early lead last year,
when sources say only about 24,000
small Winchester drives were
shipped to the noncaptive market for
these mass-storage systems, were
volume leader Shugart Associates (a
Xerox Corp. subsidiary), with some
15,000 units, and International
Memories Inc., both of Sunnyvale,
Calif. (1M1, in fact, announced the
first 8-in. Winchester drive in 1978
after 1BM Corp. pioneered with its
model 2230 in 1973. But the Sunny-
vale firm could not even deliver sam-
ples until a year later.)

Benefits, In the meantime, how-
ever, the interest of eager suppliers
as well as original-equipment manu-
facturers kept growing due to the
marked advantages of the small
drives. Overall, they fit well into
small-computer systems: they are
the same size as floppy disks, their
capacity is from 5 to the recently
announced 136 megabytes, and they
cost as little as $1,000 or less for
low-performance models.

Such high mutual interest caused
users to clamor for quick deliveries
and manufacturers to strain to keep
to promised schedules—a situation
that began in late 1979 and then
stretched into late 1980. But ticklish
design, vendor, and production prob-
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by Larry Waller, Los Angeles bureau manager

lems combined to cause frustrating
delays and mounting costs, so much
so that some supporters began to
examine alternatives. But just in
time, midway in the year many of
the bottlenecks were apparently re-
moved —with crash programs in
many cases, major- participants indi-
cate—and prospects are again high.

A typical experience is reported
by Micropolis Corp. of Chatsworth,
Calif., whose founder and president
Stuart P. Mabon enjoys an industry
reputation for candor. “All of us had
the same troubles,” says Mabon. He
points out that these were made all
the worse because they came along
when development programs were
several years old and supposedly
nearly complete.

The basic difficulty in squeezing
traditional 14-in. Winchester tech-
nology down to an 8-in. diameter is
that tolerances have to be much
tighter to get the dramatic increases

CATEGORIES OF SMALL WINCHESTER DRIVES

in bit density. One example is
read/write heads that must track the
disk surface more closely, at a height
of about 19 microinches, less than
the height of most contaminants.
Also, head load pressure is reduced
to only about 10 grams from 350 g in
traditional drives.

Squeaky clean. Not only were
environmentally sealed enclosures to
prevent contamination required, but
superstringent clean-room assembly,
something new to most disk manu-
facturers, was also needed. And most
firms underestimated the difficulty
and time needed to get vendors up to
speed in supplying more advanced
components, including heads, posi-
tioning systems, and even improved
disk media themselves.

Add to this startup costs. These
are estimated at a minimum $2 mil-
lion to $3 million to design and pro-
duce the drive in an existing clean-
room facility and upwards of $5 mil-

8-inch . . :
very-high 8‘;2- high- 8';"- low- 5.25 in.
performance performance performance

Typical capacities 40 and up 12—-40 5—20 3-12

(megabytes)

Positioning systems closed loop closed loop open loop open loop
(binary (servo) (stepper - (stepper -
actuation) driven) driven)

== _ (it i )

Interface storage storage- floppy floppy
module — module — disk disk
driven; bus- driven; bus-
oriented; oriented;

ANSI* ANSI*

Approximate $3,000 $2,000 $1,000 to $1,000

price (in large and up $2,000 and less

volume)

Available in volume late 1981 early 1981 jate 1980 late 1980

*Proposed ANSI X379.3/143 Rev. 5 interface standard
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Probing the news

lion for an entirely fresh start. Lay-
ing out those sums, among others,
are Priam, San Jose, Calif., which is
adding an 8-in. model 3450 35-
megabyte drive to its Winchester
line, and Quantum Corp., in the
same city, which is adding a 40-
megabyte member to its smaller ver-
sions introduced in November. In
the Midwest, Irwin International
Inc. of Ann Arbor, Mich., came up
with $2 million when it decided a
year ago to add a 5.25-in. version.
But Mabon and others downplay
the technology problems themselves.
“What took us, the industry, by sur-
prise was something else: it is a man-
agement—not an engineering —
problem.” Mabon explains that the
usual approach is to assign a design
engineer and enough support people
to a development project to push it
successfully through, but by early
1980 this was not working. “It’s a
tough problem; that is, a complex of
technologies that needs a multidisci-
plinary approach,” says Mabon.
Several roads. Once management
orientation was changed to attack
development in multidiscipline fash-
ion, the barriers fell rapidly. How-
ever, though many of Mabon’s disk
drive counterparts agree generally
with his analysis, some point out that

firms addressing the small-Winches-
ter business with a 14-in. Winchester
background generally had a smooth-
er ride than floppy-disk companies
jumping into drives for the first time.

Control Data Corp., for one, con-
sidered by some the major supplier
of rigid disk drives, says production
of its new Lark CDC9455, a com-
bined fixed-and-removable disk unit,
is only a few months behind schedule
and has encountered no unseen prob-
lems. A spokesman at Fujitsu Amer-
ica Inc., Santa Clara, Calif.,, also
points out that many delays in early
production of Winchester drives
were experienced by companies that
entered the market as startups.
Fujitsu has been making drives for
15 years.

In any event, makers of small
Winchesters look for clear sailing
through 1981. Already much clearer
now are the niches being filled by
Winchester disks, with the lines
increasingly well-defined between
high-performance models, as re-
placements for 14-in. drives, and
low-end models, displacing floppy
disks. The low side is where competi-
tion likely will heat up first, as 5.25-
in. drives make inroads into the 8-in.
drive market.

Industry consultant Dataquest
Inc. predicts sales of 146,800 units
for North America in 1981. This
includes both those made by inde-

Streaming-tape drives also run into problems

Much like the Winchester disk drives they are designed to back up, stream-
ing-tape drives were loudly trumpeted but mostly failed to materialize during
1980. Volume shipments are planned for 1981, but the impact on systems is
not expected until 1982. Typical are two San Diego firms, Data Electronics
Inc. and Cipher Data Products Inc., that now offer evaluation units. They and
most companies with announced products expect to reach the 1,000-
drive-per-month level this year. Problems that delayed the drives vary, as
with most startups, ranging from head design to interface decisions.

Once production starts, the importance of streamers will not be realized
until problems of integration into systems are overcome. A typical difficulty is
that to fully utilize the top speeds of 90 to 100 inches per second offered by
most of them, a buffer must be added to avoid starting and stopping.
Furthermore, a lack of streamers last year forced original-equipment manu-
facturers to use floppy disks and start/stop drives, creating inroads into the
backup market that will remain for some time, according to Sam Thompson,
marketing vice president for Data Electronics.

Also, looming competition between half-inch and cartridge drives may
create yet another backup question. Most cartridge units have focused on
capacities below 30 megabytes, with half-inch devices taking the higher end.
But 3M’s 67-megabyte cartridge and a 25-megabyte half-inch drive with a
relatively slow speed of 30 inches per second, recently introduced by Data
General Corp., portend infighting. -Terry Costiow
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Bull’'s-eye

The Winchester nickname for rig-
id drives comes, as does much of
the technology, from the trail-
blazing International Business
Machines Corp., which in 1973
brought out its model 3340. |t
was a dual drive with planned
twin storage capacity of 30
megabytes each. The 30-30 con-
figuration reminded some of the
famous rifle; though IBM soon
upped the capacity to 35 and
then to 70 megabytes, the name
stuck. -L.W.

pendents and by captive heavy-
weights like 1BM and Control Data
for their own systems. The compara-
ble figure for 1980 was about
61,500, with captives taking some
38,000, says James Moore, manager
of disk market research for the
Cupertino, Calif., firm.

Micropolis already has grabbed
off what might be the biggest Win-
chester drive contract yet, a three-
year deal worth $20 million with
Britain’s International Computers
Ltd. for deliveries of about 100 units
per month of the Microdisk, with up
to a 35-megabyte capacity, until
spring, when the rate is slated to
jump. And Seagate Technology Inc.
of Scotts Valley, Calif., has just
licensed Texas Instruments Inc. in
the U. S. and cii-Honeywell Bull in
the rest of the world to make and
market its micro-Winchester drive.

A likely early tipoff to the compet-
itive scuffling ahead for small Win-
chester drives is the model 510 5.25-
in. micro-Winchester disk an-
nounced in September by Irwin
International. It is loaded with a
number of features so far found only
on high-performance 8-in. units:
voice coil actuation and a closed-
loop servo system for head posi-
tioning instead of stepper motors and
a 25-millisecond average access
time. Furthermore, it has an inte-
grated 0.5-in. cartridge tape for
backup and 10-megabyte single-plat-
ter formatted capacity, all for $1,500
in OEM quantities. Volume ship-
ments are planned for later in the
year, but the firm admits it has not
yet actually manufactured in large
quantities. O
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Three new reasons why Racal-Dana
is ahead in GPIB-based instrumentation.

1. Series 1200 Universal Switch

The newly-introduced Series 1200 is creating quite
a sensation. And no wonder. With your own off-the-
shelftest equipment and a suitable IEEE
programmable controller, it can meet your wide
ranging testing requirements for switching
practically any signal —d.c. to microwave. Quickly.
Simply. Amazingly cheaply.

The world's first truly universal GPIB switching
system.

2. Series 1500 Delay Pulse Generators
Another newcomer from Racal-Dana, the
Series 1500 not only solves all the analogue and

RACAL-DANA

High performance measurement
and test instrumentation

RACAL]

U.S.A.: Racal-Dana Instrumerts Inc., 18912 Von Karman Avenue, lrvine,
California92715. Tel: (714) 833-1234 Telex: 67.8341

England: Racal-Dana Instruments Limited, Duke Street, Windsor,
Berkshire SL4 1SB. Tel: Windsor (07535) 69811 Telex: 347013
France: Racal-Dana Instruments S.A,, 91 route des Gardes,
92190 Meudon-Bellevue, Paris. Tel: (1) 5634-7575 Telex: 200207

Germany: Racal-Dana Instruments Limited Deutschland, Hermannstrasse 29,
D.6078 Neu Isenburg. Tel: (C6102) 2861-2 Telex: 412896
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software timing problems of GPIB-based systems,
but can also be used independently wherever an
accurately delayed pulse, or a burst of pulses, of
precisely variable width is required.

3. Series 15000 Digital Multimeters

Arange of low-cost, 4}5/5%-digit, multi-function
instruments designed for both GPIB and stand-
alone use. The new Series 15000 combines a
powerful measurement capability and ease of
operation/programming with unmatched
price/performance.

For the full story on these exciting innovations
return the coupon today.

l-To:RacaI-Da na Instruments Limited, €1 10/ 1
| Duke Street, Windsor, Berks SL4 1SB, England |

| Please U send me your brochure on: |
| O arrange a demonstration of: |
| (J Series 1200 [ Series u5000 [ Series 1500 |
l Name - l
Position____ , .
| Company - - |
| Address |
_ Tel: I

e e e e
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Computer-aided design

CHAS seeks title of global CAD system

Originally meant for very large-scale integrated circuits,
it also handles data bases and enfolds other computer-aided design tools

A possible prototype for the globai
computer-aided design systems of
the 1980s has emerged, not from the
semiconductor industry or academe,
but from an end user. The new sys-
tem, labeled the Chip Assembler,
comes from Digital Equipment
Corp.’s Hudson, Mass., semiconduc-
tor facility; its eventual role will be
to speed the design of very large-
scale integrated circuits for DEC’s
future products.

Called CHAS by its developers in
DEC’s VLSI Advanced Development
group, the system is variously
described as an approach to struc-
tured very large-scale integration
design; as an umbrellalike, multiuser
design aid that enfolds other CAD
tools; and sometimes simply as a
large, interactive data-base manage-
ment system. All of
these definitions
are correct, but not
even all threc tell
the whole story, ac-
cording to J. Craig
Mudge, who was
manager and tech-
nical director of the
group. He has since
returned to his na-
tive Australia to
head the nation’s
vLsl effort.

CHAS is as much
philosophy as hard-
and soft-ware;
Mudge and his as-
sociates believe in a
rigorous design ap-
proach and CHAS
helps fulfill this.
And unlike most
other approaches, it
tends toward syn-
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by James B. Brinton, Boston bureau manager

thesis, drawing on a wide variety of
CAD tools. Indeed, it is capable of
using almost any digitized input.

Mudge says that, to a degree, the
philosophy behind CHAS draws on
and extends the approach developed
by Carver Mcad of Xerox Corp. of
the California Institute of Technol-
ogy the bristle-blocks approach of
David Johannson, also of Caltech;
and Caltech’s silicon structures pro-
gram. It also takes a page from the
Massachusetts Institute of Technolo-
gy’s CAD effort.

CHAS umbrella. According to Car-
ol Peters, DEC’s principal software
engineer and CHAS project leader, a
partial list of the CAD tools now in
the prototype Chip Assembler would
include: MIT’s Mossim logic simula-
tor; the subscriber line interface cir-

Pretty picture. J. Craig Mudge, technical director, and Carol Peters, principal
software engineer of CHAS design group, check mask of floating-point processor.

cuit simulator; a design-rule checker;
a pattern generator; translational
routines for getting data into and out
of Calma equipment; a program-
mable logic array generator; the
Smash mask-generation aid; and a
large number of home-grown tools.

A variant of the Caltech Interme-
diate Form, or CIF, machine-read-
able language is used as CHAS’s
internal data format, simplifying the
addition of new CAD tools. Such
additions have been stumbling
blocks to earlier attempts at inte-
grated CAD systems, according to
academic sources.

But using the CIF variant, says
Peters, it took only about a week to
add Mossim and a commercially
available design-rule checker. “Ad-
ditions can take place rapidly,” says
Peters, “if the data
formats of CHAS
and the new tool
are compatible.” In
fact, Peters terms
the task of adding
new capabilities al-
most trivial under
the right condi-
tions; ‘‘all that’s
needed, basically, is
a translational
mechanism for the
data, and a mecha-
nism allowing the
user, through
CHAS, to invoke the
new tool—a little
input language.
And since it in-
cludes ASCII text-
editing capabilities,
% generation of the
input language is
simplified too” —but
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It gets tougher all the time.
Trying to match budget dollars
with instrument performance can
be a real problem. Unless the
instrument is our Model 1062
Sweeper.

At only $890 the Model 1062 is a
full-performance laboratory
sweeper with a 1-400 MHz
frequency range. You can sweep
any portion of that range at
variable rates, and have triggering
capability to boot. You'll also find

10 mW RF output, 2% sweep
linearity, and +0.25 dB flatness—
performance characteristics usually
seen only on much more expensive
instruments.

The Model 1062 also includes
provision for an optional crystal-
controlled birdy bypass marker
system. Up to six plug-in marker
modules may be added. The
markers can be at single discrete
frequencies or they can be
harmonically related. Front-panel

controls vary marker amplitude
and bandwidth.

(Get the sweeper that solves
budget and performance problems
all at once. Get the Model 1062—
still only $890*

Wavetek Indiana, PO. Box 190,
66 North First Ave., Beech Grove,
IN 46107. Toll free 800-428-4424;
in Indiana (317) 783-3221.

TWX (810) 341-3226

WAVETEK:

“US. price only Circle #206 for demonstration
Circle #101 for literature

Get rid of sweeper
budget problems.

model 1062

et our budget sweeper.



ah Program Switch

FOR ACCESS or FUNCTION CONTROL

THE FIRST KEY-CODED PROGRAM SWITCH. The potential
of this product is limited only by the imagination of the Design
Engineer. Actuation is achieved by inserting an appropriate
double-bitted metal key into the switch until it snaps into posi-
tion. This opens and closes appropriate contacts to complete a
specific BCD output. As many as 31 code keys
may be used with each switch depending on
your needs. Virtually pick-proof because

of its unique design. Gold contacts as-

sure reliability at logic level. Choice
of two termination types, either PC
on 0.1”” multiples or turret type for
hand wiring. An electrical ground
terminal is provided to eliminate
BY any static discharge build-up
problems. The case is die
cast with keyed 15-32"
threaded bushing, Each
switch is supplied with

one key, but a full or

y partial compliment

is available,

AUGAT" FILI:IJS

ALCO ELECTRONIC PRODUCTS INC.
1551 Osgood St.. N. Andover Ma. 01845 US.A.
Tel; (617) 6854371 TWX; 710 342-0552

Europe: Augat France SA (Z.1. Sofilic) B.P. 440-CEDEX 94263 Fresnes, France
Canada: Kaytronics, 375 Norman St. Ville St. Pierre, Que. H8R 1A3
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&S
A standard you can rely upon. You expect
it from pressure transducers by

CEC/Bell & Howell. All our transducers —
and there's one to match almost any price
or performance requirement you're ever
likely to prospect for.

Don't miss this golden opportunity to
mine the riches of CEC's transducer
literature. For immediate information, call
or write

CEC DIVISION

360 Sierra Madre Villa, Pasadena, Caldorna 91109 (213) 796-9381

BELLe HOWELL

i Magre, €

Circle 207 on reader service card

Probing the news

Peters would be the last one to sug-
gest that CHAS is a complete produc-
tion too. “It will require several
major additions before we can call it
that,” she says. But she does consid-
er it a more than adequate proof of
principle behind the approach.

The system speeds the design pro-
cess itself by offering whatever CAD
tools engineers need and dividing the
design task among an arbitrary num-
ber of engineers at interactive work
stations, thus cutting design time. It
imposes controls on the design pro-
cess so that the work of the various
engineers can be evaluated in the
context of the whole design; and it
acts as prompter, information clear-
inghouse, data-base manager, and
communications channel between
designers. Regardless of the CAD
tools used in the design trenches, all
results from individual design exer-
cises, refinements, iterations, and
interconnections are under CHAS
supervision.

The design system yields up about
a dozen programmable logic arrays
per second, with or without micro-
code—each of which can be custom-
ized by the engineer. It also estab-
lishes and monitors interfacing
ground rules, performs consistency
checks and geometrical editing, and
carries out truth table verification.
Some of this checking is done in a
background mode with CHAS inter-
vening in the process to correct engi-
neers’ errors by prompting at every
level, says Mudge.

As implemented at DEC, the sys-
tem is supported by two DECsystem
2020 mainframe computers with 180
megabytes of disk storage. About 5
megabytes are required for the float-
ing-point-processor design. Other
data, like design software, takes fur-
ther disk space, but there is still
enough space left for several parallel
chip-design efforts.

Good ratio. CHAS encourages reg-
ularity of design, highly desirable in
VLSI devices, according to Mudge.
“Regularity,” a term coined by Wil-
liam Lattin of Intel Corp., is the
ratio of transistors in a VLSI design
to the number individually designed.
A high regularity factor means a
healthy dose of CAD and thus faster
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“Designing our own LSI circuits

makes a lot of sense.But findinga
flexible manufacturer is driving us crazy.

And we'll give you components at any stage
of manufacturing: wafers, dies, untested assemblies
or completely tested units.

What'’s more, our own in-house capability is
large and diverse enough to handle all phases of
your job without subcontracting.

WERE JUST THE RIGHT SIZE.

AMLl is big enough to provide everything
you require, including our own local specialists in
Swindon, England. But you'll find us small enough
to be responsive to your special needs. In fact, we
have the industry’s only group organized exclusively
b | to handle customer designed projects. One of these
highly trained specialists will be directly accountable
to you for the quality of the service you receive in
development and production. And for making sure
all your circuits—no matter how many or what
kind —go through quickly and efficiently.

Which means if you have questions, you
know exactly who to go to for quick answers.

WE'VE GOT THE EXPERIENCE.

AMI has been manufacturing customer
designed circuits since 1974, with over 750 jobs
under our belt. That’s more than anybody else in
the business.

And these circuits will continue to be a big
part of what we do in the future. Because, unlike
most other manufacturers, we are fully committed
to manufacturing LSI circuits for companies that
design their own.

There are lots of other reasons to choose
AMI as your semiconductor expert. If you'd like

Iy B ! to hear them, send in the coupon and one of our
Unlike most other MOS companies, AMI product marketing engineers will get in touch with
has the flexibility to work the way that's best for ‘ you rlgh,t away. . .
you—and your circuit design. It's the easiest way for you to find out just

For starters, we can offer you 14 variations how flexible a MOS manufacturer can be.
of the three major process technologies: the very Fr-— - ————— -
mature [-channel, state-of-the-art N-channel and £2-10
CMOS. So when the time comes for you to choose | Name - Titlee o
a process, we don't have to play favorites. Instead,
we can help make sure you get the one that best fits |
your application. | Address . -

Our flexibility also makes it easy for you to
interface with us. We'll take on your job at any stage,
of development and we can work from pattern Phorne
generator tapes, data base tapes or working plates. !¢ . . Microsystems, Ltd.

If you want, you can develop your own test vectors c/o David Rayner

’ : P.O. Box 4 « Westbury-On-Trym
or complete test programs. Or we'll do it for you. Bristol, England BS9 3D5 ALy m i

Company S _

| Country

(J

l
|
l
|



NOW AVAILABLE:

HY-4580
CRYSTAL

CLOCK

OSCILLATOR.

* DRIVES Z80A
28000
MK 3880-4

» STANDARD FREQUENCY: 4 MHZ
FREQUENCY RANGE AVAIL: 3.5-8 MHZ
PACKAGED IN HERMETIC D.I.P
DIRECT REPLACEMENT FOR K1160-A

* DELIVERY: STOCK TO 10 WEEKS ARQ.

hyte

16780 LARK AVENUE, LOS GATOS, CALIFORNIA 95030
TWX 910-597-5393

PHONE (408) 358-1991

microsystems
incorporated
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] LARGEST RADAR INVENTORY IN THE WORLD

SYSTEMS &
SPARES

AN/ALT-6-7-8
AN-APG-33
AN/APG-51
AN/APN-69
AN/APN-102
AN/APN-169
AN/APQ-50
AN/APQ-55
AN/APS-20
AN/APS-31A
AN/APS-42-45
AN/APS-64
AN/ASB-4/9
AN/CPS-6B
AN/CPS-9
AN/DPN-32
AN/FPS-6-8
AN/FPS-14-18
AN/FPS-20-75
AN/FRC-39 ,
AN/FRT-15
AN/GPA-30
AN/GPA-126
AN/MPQ-4A-10
AN/MPQ-29
AN/MPS-19
AN/MPX-7
AN/MSQ-1A
AN/SPA-4A
AN/SPA-8
AN/SPN-5
AN/SPS-5B
AN/SPS-6C
AN/SRW-4C
AN/TPN-12/17
AN/TPS-1D,E
AN/TPS-10D
AN/TPS-28
AN/TPS-34B
AN/TPS-37
AN/TPX-21
AN/UPA.25-35
AN/UPX-4-6
AN/UPX-14
HIPAR

MK-25

Nike Ajax

Nike Hercules
SCR-584

AUTOTRACK ANTENNA SCR-584
RADAR SYSTEM

360 deg AZ 210 deg EL. 1 mil. accu-
racy. Missile vel. accel, and slew rates.
Amplidyne control. Handle up to 20 ft.
dish. Compl. control chassis. ALSO in
stock 10 cm, van mounted rad. system.
Conical scan. PPI. 6 ft. dish. 300 pg.
instr. bk. on radar, $50.

RF SOURCES

17-27 KHz 200 W CW
125-450 KHz 4 KW CW
2-30 MHz 3 KW CW
4-21 MHz 40 KW CW
24.350 MHz 100 W CW
80-240 MHz 500 W 2-5 uS
175-225 MHz 300 KW 1, 20 uS
200-2000 MHz 40 W CW
210-225 MHz 1 MW 5 uS
385-575 MHz 1.5 KW CW
400-700 MHz 1 KW .03 DC
950-1500 MHz 1 KW .06 DC
900-1040 MHz 5-10 KW .006 DC
1. 2-1 35 GHz 500 KW 2 uS
.0 GHz 150 W CW

GHz 10 KW . 0%2 oc

-‘ﬂ-om

;l&'z‘ﬂ. e .

1 GHz 200 W CW
GHz 40 KW .5-1-2 uS
9.6 GHz 250 KW .0013 DC
5, 5-17 5 GHz 135 KW .33-1-3 uS
24 GHz 40 KW .15 uS
35 GHz 50 KW .1 uS

MODULATORS —
25 KW 5.5 KV 4.5 A; .0025 DC
144 KW 12 KV 12 A; .001 DC
250 KW 16 KV 16 A; .002 DC
405 KW 20 KV 20 A; .1 DC
500 KW 22 KV 28 A; .001 DC
1 MW 25 KV 40 A; .002 DC
3 MW 50 KV 60 A; 30 uS
10 MW 76 KV 135 A; .001 DC
66 MW 160 KV 400 A; .00

~
own

mumunahq

-
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TRACKING SYSTEMS
K BAND MONOPULSE 40 KW E-34
X BAND NIKE AJAX/HERCULES
X BAND HI-RES MONOPULSE MOD IV
X BAND GCA PAR Il
X BAND FIRE CONTROL 250 KW M-33
X BAND MOBILE 40 KW AN MPQ-29
X BAND BEACON 100 W AN/DPN-62
S BAND 10’ DISH 500 KW AN/MPQ-18
S BAND 250 KW AN/MPQ-10A
S BAND 250 KW AN/MPS-9
X BAND HAWK MPQ-34
X BAND HAWK MPQ-33
C BAND 1.5 MW MPS-19(C)
S BAND 14’ DISH PRELORT

SEARCH SYSTEMS
KU BAND AIRBORNE 135 KW B-58
X BAND WEATHER 250 KW AN/CPS-9
X BAND WEATHER 40 KW AN/SPN-5
X BAND 7 KW AN/TPS-21
X BAND CW DOPPLER AN/PPS-9/12
C BAND HGT FDR 1 MW TPS-37
C BAND 285 KW AN/SPS-5B/D
S BAND HGT FINDER 5 MW AN/FPS-6
S BAND COHERENT 1 MW AN/FPS-18
S BAND 1 MW NIKE AJAX/HERC
L BAND 40’ ANT 500 KW AN/FPS-75
L BAND 500 KW AN/TPS-1D/GSS-1
UHF 1 MW HELIHUT TPS-28
C BAND TRACKER

Pwr: 1.5 MW Range: 250 miles
Recv: paramp Display 5” ““A’" scopes.
10’ dish w/linear or circ, polarization,

NIKE HERCULES
SPARES/MAINTENANCE
Over 10,000 major components in stock
w/repairs and overhaul facilities incl:
SHOP 1 & 2 MAINTENANCE VANS.

SEND FOR FREE 24 PAGE CATALOG

TR Radio

«+—+ Research
A/ R| Instrument
Co., Inc.

2 Lake Avenue Ext., Danbury, CT 06810
(203) 792-6666 + Telex 962444

Probing the news

design times for the circuit.

Regularity factors are relatively
low today, reaching about 5, accord-
ing to Mudge. For example, the
8080 has a published regularity of
about 1. The 8085’s is about 3.5 and
that of the 8086 about 4.4. With
CHAS, Mudge’s group hoped for a
regularity factor of 50 to 75 in the
first, proof-of-principle design—a
highly complex floating-point pro-
cessor chip. They topped 74, a ten-
fold improvement over today’s best
commercial designs.

As the high regularity factor
hints, the design effort was swift,
taking, at most, eight calendar
months. And since the average num-
ber of engineers in the design group
was only seven or eight, total design
time was minimal by today’s stan-
dards—and a good part of that time
was also spent wringing out CHAS.

Data-base plan. With CHAS, evolu-
tion of a design corresponds to
growth of a data base. All paramet-
ric data on a chip design is entered in
memory, from the first crude “floor
plan™ to the final check plot and
simulated performance figures.
Thus, notes Mudge, it is possible to
keep a one-to-one correspondence
between successive layers in a
design, “from the schematic to the
silicon,” he says.

Engineers enter data using what-
ever is available or convenient. At
DEC, the medium is usually a Calma
work station or custom, interactive
work stations developed by the group
as part of the CHAS effort and mod-
eled on work stations designed at
Caltech.

The CHAS prototype station is
built around a 19-inch color display
driven by a PDP-11/04 computer
with 128-K bytes of frame storage.
Direct input is via either a Talos
Systems X-Y tablet or the keyboard
of a DECscope alphanumeric display
terminal. A Hewlett-Packard 7221
color plotter provides hard copy.

The whole station was assembled
for less than $25,000, a price low
enough, in Mudge’s estimation, to
make it attractive to VLSI design
firms. “The trick is to make it possi-
ble for them to be able to buy a fair
number of them,” he says. O
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Fluke Portable Test Instruments

WE...

Whatif we added calculating and programming capabilities
to aversatile new 5':-digit multimeter?

Our product designers are proud powerful. For benchtop use, the specific applications.
of the new Fluke 8860A, and rightly 8860A combines the analog Programmable power
so. This excellent new DMM measuring precision of a 5%-digit goes to work for you.
can be both a fully-programmable DMM with an optional calculating Use the 8860A’s math and
stand-alone system or an inexpensive  controller similar to a programmable  programming talents to perform
AP instrument. calculator. This allows you to statistical analyses. Convert and
The concept is as practical as it is develop software for your directly display the output of

transducers measuring
temperature, pressure, power,
and other physical events. The
calculating controller can both
configure and command the
DMM, so the 8860A can make
measurements, execute
mathematical operations and
branch on conditionals.

al calcula img " When you need the
( hat transforms it g S8 | measurement power of the
inton ity oot 5o | SR [ A BE e,
stand-alone measure ‘ .t. = e option for full function/range
/N, programming.
“Tell me more!”
Either way you configure
your new 8860A DMM,

you’ll have the power you
need today with the
flexibility you’ll want

for tomorrow. For more

information, call toll free

800-426-0361; use the
coupon below; or contact
your Fluke sales office or
representative.

®

' smm=w=Fast-Response Coupon ceeeea-.
IN THE U.S. AND NON-

EUROPEAN COUNTRIES: IN EUROPE: E1-281

John Fluke Mfg. Co., Inc. Fluke (Holland) B.V.

P.O. Box 43210 MS #2B P.O. Box 5053,

Mountlake Terrace, WA 98043 5004 EB Tilburg,

(206) 774-2481 ‘The Netherlan

Telex: 152662 (013) 673 973 Tlx: 52237

[ Please send me complete 8860A specifications
and applications literature.
[ I have to see this computing multimeter for

Excellent value myself. Please have a salesman call.

as stand-alone Name
Calculating  Five-function Interchange- Exclusive or systems in-
controller op- DMM with able non- Portable Test  strument. U.S. Title Mail Stop
tion uses RPN  0.0I% basicac-  volatile Instrument Dprice for basic o
logic for fast, curacy features  memory Packaging lets DMM $1395; o
easy program- auloranging cartridges for you stack-and- calculating con- Address
ming. and four ad- convenient pro- latch the 8860A  troller $550; ex- - B — )
vanced math gram storage. with other PTI  tra memory City : State =~ Zip
Sunctions - off- Instruments cartridges $50 Telephone () Ext.
set, peak-to-peak, Sfrom Fluke. each; IEEE in- E— - —

limits, and zero. terface $295. For technical data circle no. 105



Probing the news

Information processing

Europeans tighten data flow

Move is hailed as safeguarding human right to privacy,
but Americans criticize agreement as protectionist

Watchdogs over the rights of individ-
ual citizens in Europe are quietly
rejoicing about efforts to control
transborder data flows; but some
U.S. businessmen are concerned
that European governments will use
those controls as a smoke screen for
protectionism.

The issue is hardly academic: sev-
en countries agreed on Jan. 28 to
abide by the Council of Europe’s
data-protection convention. The con-
vention, a binding treatylike docu-
ment designed to restrict the traffic
in personal information across na-
tional borders, should be ratified and
operating within the next 18 months.
The seven are Sweden, West Germa-
ny, Austria, Denmark, Luxembourg,
France, and Turkey. Another, Nor-

by Kenneth Dreyfack, Paris bureau

way, is expected to sign soon.

The conflict is sometimes stated,
in rather simplistic terms, as one
between European concern over pro-
tecting individuals from abuse aris-
ing from dissemination of confiden-
tial data and U. S. insistence on the
free flow of information as a basic
right. “American multinationals are
wired to the hilt, and any impedi-
ment hurts the transparency, speed,
and cost benefit of their data com-
munications,” says G. Russell Pipe,
former consultant to the Organiza-
tion for Economic Cooperation and
Development and president of
Transnational Data Reporting Ser-
vice in Amsterdam.

Power grab seen. Further compli-
cating the situation, Pipe and other

Making it official. Swedish Foreign Minister Ola Ulisten signs data-protection convention as
officials of the Council of Europe look on. Sweden was the first of seven original signatories.

106

U.S. observers believe European
governments are using the data-pro-
tection issue to ensure themselves a
firm economic grip over new digital
communications techniques. “What
is really going on is competition
between European PTTs [national
postal and telecommunications au-
thorities] and the American telecom-
munications industry—and the
whole issue is clouded by the trans-
border data-flow issue,” says Willis
H. Ware, head of the Computer
Sciences department of the Rand
Corp., Santa Monica, Calif.,, and
chairman of the National Security
Agency’s scientific advisory board.

In any case, European telecommu-
nications authorities have no inten-
tion of letting data communications
fall into private hands. Private net-
works such as Tymnet and Telenet
are unknown in Europe, and a pri-
vately owned satellite service like
that of Satellite Business Systems is
unthinkable. Without competition
from the private sector, the Eu-
ropeans are under little pressure to
lower their rates. So for Americans
accustomed to cheap, unregulated
data communications, the European
scene is a headache.

“These laws are not intended as a
method of economic protection,”
insists Hans Peter Bull, West Ger-
man federal commissioner for data
protection. “Other methods of pro-
tecting industry would be much
more efficient.” The Europeans also
insist that they favor a free flow of
information despite their concern
with keeping it out of the wrong
hands—and that U.S. and Eu-
ropean interests in protecting priva-
cy are similar.

“We passed the convention in the
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Fluke introduces two
new synthesized signal generators that
you can specify with confidence.

The 6070A covers the range
from 200 kHz to 520 MHz; the
6071A range extends to 1040 MHz.
Yet both feature noise performance
that equals or exceeds the best cavity-
tuned generators on the market, with
precision resolution and settability.

Versatile modulation control of
AM, FM and M - internal or
external, simultaneous or separate
— increases the applications flexibility

gap, offering users the highest
performance value of any RF
instruments available.
Innovative design makes these
most-wanted features affordable.
New, cost-effective synthesis
techniques have been developed to
deliver a high degree of spectral
purity without sacrificing frequency
range. And both the 6070A and
6071A are controlled by powerful

With 20 years experience
in RF instrumentation,
we're driving down the
cost of advanced technology.
Until now there has been a
critical gap in the signal generator
market — the gap between $10,000
synthesizers with limited capabilities
and more accurate and sophisticated
units priced over $25,000.
The Fluke 6070A and 6071A

have been designed to bridge this MiCrOProcessors. of the 6070A and 6071A. And because
the internal modulation signal can
also function as an independent
audio source, the user gets two
instruments for the price of one.
Digital frequency Additional benefits of advan-
Opticagg[ L;aodz;g”leg,d o sweep {ohr"t‘?tingm ced Fluke technology include
. e naryow 5 pinpoint frequency tuning with
i s owt;',d;bandmf'%sﬁm G the optically coupled spin knob,
simplified keyboard data entry,

digital frequency sweep, a learn
mode memory, self-diagnostics
and error code flagging. Both
instruments are fully program-
mable for use in IEEE-488
systems. And a relative units
feature lets you define any
center of interest as a zero point.

For more information on
these new signal generators

from Fluke, call toll free
800-426-0361, use the
coupon below or
contact your
nearest Fluke
sales office.

®

=Fast-Response Coupon===-
IN THE US, AND NON. el
EUROPEAN COUNTRIES: IN EUROPE:

John Fluke Mfg. Co., Inc. Fluke (Holland) B.V.
P.O. Box 43210 MS #2B P.O. Box 5053,
Mountlake Terrace, WA 98043 5004 EB Tilburg,

(206) 774-2481 The Netherlands

Telex: 152662 (013) 673 973 Tlx: 52237

[ Please send complete 6070A specifications.
[ Send information on other IEEE products.
[J Have a Sales Engineer contact me for a

demonstration.

Name
Built-in easy-to- Output level adjustable in (.1 Noise performance Title Mail Stop
program IEEE488 dB steps from + 19 dBm (13 dBm exceeds cavity-tuned Company
interface ties the above 520 MHz) to -140 dBm — generators: SSB phase
signal generator displayed in dbm or wlts and in noise - 138 dBc/ Hz Wadies
capability of the relative or absolute units. at 20 kHz offset from : -
instruments to the carrier al 500 MHz City State Zip

power of automated
Ssystem control.

broadband noise floor
-150 dBc/Hz.

World Radio History

) Ext.
For technical data circle no. 107



Probing the news

interest of the free flow of informa-
tion, because without international
legal action national laws were put-
ting heavy restrictions on transbord-
er data flows,” explains Fredrik
Hondius, the international jurist who
as head of the public law division in
the 21-member Council of Europe
was the driving force behind the

group’s data-protection convention.
Hondius and others who have
been working toward data-protection
measures emphasize that the prime
motivation behind national laws in
Europe is to protect citizens’ right to
privacy—especially from govern-
ment abuse. Officials in countries
occupied by Nazi Germany during

Promac 16

can program 2 kinds of patterns,
8 pcs each at one time!

Needless to say, it can also program 1 pattemn,

16 pcs at one time.

EPROM MULTI-PROGRAMMER

Promac 16 is very useful and
powerful for programming EPROMs
in volume.

It greatly speeds up programming
time compared to the conventional
programmers.

High Performance and Super
Reliability!

Compact and Economical!

B FEATURES

@ Very easy to operate

® Can designate an EPROM by a switch

@ Various test, check and protection
functions for correct programming

® RS232C interface equipped

® Electronic micro-buzzer equipped

@ Low power machine

B PROGRAMMABLE U.V. EPROMs

16K bit
32K bit

For free catalog and more information, contact JMC. Inquiries for distribution are welcome!

J. MC Japan Macnics Corp.

HEAD OFFICE: 3-1, Kosugi-cho, Nakahara-ku, Kawasaki-City, Kanagawa-ken, 211 Japan
TEL.: 044 (711)0022 TLX: 3842145

8K bit 2758 2708
2516 2716

25632 2732 2732A

108

Circle 108 on reader service card

World War II shudder at the idea of
what would have happened if the
Nazis had had access to computer-
ized personal data files.

Some Europeans find the U.S.
use of “free flow of information” a
meaningless catch phrase. “We are
exercising [information] control
every day, with an overwhelming
support from public opinion in dem-
ocratic societies,” says Knut S.
Selmer, professor of law at the Uni-
versity of Oslo and chairman of the
Norwegian Research Center for
Computers and Law. As examples,
he cites laws on slander, libel, and
pornography, which prohibit the
communication of information that
threatens the interests of others or
the common good. Military informa-
tion is another area where restric-
tions are tight and penalties severe.

U. S. invited. Though both public
and private officials in the U.S.
have so far shown little sympathy for
the European approach, the Council
of Europe has invited the U. S. Gov-
ernment to adopt some provisions of
its convention if it is not interested in
the complete document. And Hon-
dius is optimistic about U. S. adop-
tion of a Council of Europe measure,
developed as an adjunct to the con-
vention, to control personal medical
records. Hondius also feels
cooperation in the area of credit
information is likely.

With data-protection laws already
on the books in seven European
countries, and with most others now
heading the same way, it is safe to
predict that virtually all Western
European countries, and perhaps
Canada and Australia, should sign
the Council of Europe convention
over the coming five years. Within
that time, they should be able to
resolve a key outstanding legal prob-
lem —that of place or jurisdiction.

The growing popularity of distrib-
uted data-processing systems com-
plicates the problem. Imagine a per-
sonal data bank in West Germany
listing credit information on Bel-
gians, accessed from a terminal in
Italy, and transmitted via France’s
packet-switching network. If there is

a suspected data-law violation,
where should the trial be held? [
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Fluke Simplifies System Control

Fluke Obsoletes Cassette Memories
in Instrument Controllers

Building efficient systems
to control instrumentation places
heavy demands on systems builders.
There is a multitude of IEEE-488
and RS-232 instrumentation avail-
able. And instrumentation control
has typically been left to calculator-

the demands of programming and

operating today’s systems.

Two better choices for

Instrument Controller Memory
Fluke has made cassette tape

memories obsolete for instrumen-

tation systems. A standard floppy

speed, versatility and reliability
than calculator-type controllers.
Floppy beats the cassette in
more ways than speed

With the floppy, you don’t have
to rewind tapes or copy files to add
or remove data. Because all data is

type controllers. Unfortunately, the
cassettetape memories used in these
controllers are slow. Too slow for

stored in random access files, you
shorten the data search time from
seconds to milliseconds. And with
our File Utility Programs and
IEEE BASIC, data manipulation
is both fast and easy.
E-Disk™—The Ultimate
in Reliability
While cassettes can wear
out or break, the E-Disk has no
moving parts. It combines the
best qualities of a floppy disk
and advanced semiconductor
technology.
For faster programming and
versatile memory operations,
both the floppy disk and the
E-Disk™ let you implement
our virtual arrays and program
chaining features.
For your next instrumen-
tation system, call your local
Fluke representative to see the
new 1720A. Or call 1-800-426-0361
for more information.

disk and our own unique E-Disk™
{ Electronic Disk) memory give the
1720A Instrument Controller more

®

For Technical Data circle No. 109
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IN THE U.S. AND NON-
EUROPEAN COUNTRIES:
John Fluke Mfg. Co., Inc.
PO. Box 43210 MS #2B

Mountlake Terrace, WA 98043
(206) 774-2481, Telex: 152662

IN EUROPE: ET 2/81
Fluke (Holland) B.V.

P.O. Box 5053, 5004 EB
Tilburg, The Netherlands
(013) 673-973, Telex: 52237

[J Send 1720A Literature.

[] Please have a salesman call.

[] Send info on other Fluke IEEE products.
[0 Send information on seminars.

Name

Title Mail Stop o
Company B .
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ot you dont.

Our TULIP contact
will have it.

Even after 40 years.

Aging tests on T&B/Ansley BLUE
MACS®insulation displacing con-
nectors showed that after forty years,
our exclusive TULIP® contact will
retain at least 92% of its initial con-
tact energy, even with conductor
creepage or deformation. Your benefit
is long-lasting contact integrity even
after forty years.

Impressive. How did we make it so
durable? With the unique, patented
shape of our beryllium copper TULIP®
contact. The two contact slots have
been designed to provide high con-
tact pressure and maintain mechan-
ical stability. They also provide up to
four scparate points of contact on
cach conductor.

The TULIP® design accommaodates
solid, stranded, and flat conductors.
It's reliable and versatile.

Every single BLUE MACS® mass

assembled flat cable-connector system
incorporates the TULIP® contact.

Call or write for our free report, “The
Design Characteristics and Benefits

of the T&B/Ansley TULIP® Contact”’

If it's vital for you to have long term
mechanical and electrical connection
reliability, rest assured.

We have it.

T=EB/Ansley

The mass termination company.

T&B/Ansley Corporation

Subsidiary of Thomas & Betts Corporation
3208 Humboldt St.

Los Angeles, CA 90031

TEL. (213) 223.2331

TELEX 686109
TWX 910-321-3938

Stocked and sold through

authorized T&B/Ansley distributors.
FRANCE, Rungis, (1) 687-2385 HOLLAND, WE ST GERMANY. Dreieich, {6103) 8-:20211TALY.Cinisello Balsamo (M.1.), (2) 6120451 . .
SWITZER_ANO, WEST GERMANY. Dreie ch, (6103) 8-2021 WEST GERMANY. Dreieich. (6103) 8-2021 Circle 111 on reader service card




Technological leadership.

M6805 Family. Only
MCUs do so much, for

Motorola’s inexpensive new M6805 Family
single-chip microcomputers use HMOS technology
to provide you with a level of performance and
combination of features never before available in this
price class.

The growing M6805 Family of HMOS and CMOS
MCUs is designed to provide maximum cost-
effectiveness for high-volume control applications:
industrial controllers, appliances, automobiles,
consumer products and a variety of others. Volume
shipment for these applications is routine.

M6805 Family MCUs all have at least 64 bytes of
RAM. plus clock, timer and bidirectional 1/0 on-board
with the MPU. The 28-pin HMOS MC6805P2 has 1100
bytes of user ROM on-chip, and the 40-pin MC6805U2
has 2048 bytes of ROM and 32 1/0 lines. The 40-pin
MC6805R2 also adds a 4-channel, 8-bit A/D converter.
The MC68705P3, with 112 bytes of RAM, has 1804
bytes of user EPROM in place of ROM, and the CMOS
MC146805E2 is a ROMless version available for
low-power requirements.

Facts say it's a better MCU family.

Most inexpensive MCUs have no interrupts.” Each
M6805 Family MCU has a minimum of three: external,
timer, and software.

Most MCUs are locked into a single configuration.

M6805 Family MCUs are designed for versatility, for
use in varied configurations, in either HMOS or CMOS.

Some day most MCUs will be able to "test
themselves”. Only the M6805 Family has on-chip
self-check capability today. This means simpler and
less expensive testing for users, resulting in lower
overall costs.

And there’s more. 1/0 lines are organized into three
flexible ports, with one able to drive the widely-used
cornmon-cathode LEDs. The 8-bit timer is software
programmable with a mask-programmed prescaler.

The MC68705 EPROM MCU contains a bootstrap
program in ROM to simplify user-programming of
the EPROM.

Programming is easiest.

Mnemonically meaningful instructions and clean
computer-type architecture, Motorola traditions begun
with the MC6800, are continued and expanded in the
M6805 Family. The power of true bit-manipulation
instructions, plus the best programming features of
the MC6800 have produced the most versatile MCU
yet introduced.

M6805 Family MCUs have ten addressing modes,
more than any other in their class, and byte-efficient,
enhanced indexed addressing is included.

M6800 users find it an easy transition to
programming M6805 Family MCUs, and the switch

112
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these single-chip 8-bit
so many, for so little.
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from M6805 Family to M6800 processors is equally
simple. Most programmers will agree: M6805 Family
MCUs are programmed more easily and quickly, and at
lower cost, than competing MCUs.

Complete development support.

Hardware and software (assembler) development
support is provided for the MC6805P2 by the MEX6805
system. A simple adapter is available for converting this
system to support of the other M6805 Family MCUs.

Each of these systems is fully compatible with both
MC6800- and MC6809-based EXORciser® and
EXORterm™ development systems. Each also provides a
complete memory map, selectable via software, using
RAM, EPROM, ROM or external memory.

Real-time emulation capability is a major MEX6805
feature. Debugging features include trace, display of
registers and memory, single-step capability, plus halt
on address and break points.

Evaluation units are available now.

An HMOS evaluation unit, the MC6805P2L1, is
available with a terminal-interface program. It contains
sample routines, demonstrates the “self-check” feature
and performs standard monitor functions.

The MC6805R2L1 provides the same functions plus
a stand-alone program mode for evaluating the A/D
converter. The MC6805U2P2 has a 64-key keyboard
encoder with parallel ASCII output in place of the A/D
converter evaluation function.

Contact your Motorola sales office or authorized
distributor. Or, for information, use the coupon or
write to Motorola Semiconductor Products Inc.,

P.O. Box 20912, Phoenix, AZ 85036. Discover more
about the ways Motorola helps you develop

Innovative systems
through silicon.

@ MOTOROLA INC.

-----------------1
TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.

B Please send me information on M6805 Family. :

| Name I
frige TN
Company :
aAddress .
| I |
city . — 1
State __ _ ZIP
" YTEY TR R B 0 B B B |
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Amphenol 285

Series Modular

Telephone Jacks.

Mount on PC boards

without adapters. 8-

position keyed or non-

keyed, or 6-position (4 or

6 contacts). Ring or spade lugs.

PC tails or stripped ends. Circle
Reader Service Number 137

Amphenol FCP-type BNC

Plugs and Jacks.

Assemble faster, easier than stan-

dard BNC's. Only three parts (not
six) to assemble. No special
tools. Trim coax, solder center
contacts, and slide parts to-
gether. For RG-58/59U and 62U
cable. Circle Reader Service

Number 138

Amphenol 223 Series
Tiny Tim” Connectors.
For potted-in or surface-mounted
circuits, or for microminiature rack-
and-panel, cable-to-cable, or
cable-to-panel. Five to 33 con-
tacts, polycarbonate or nyion
bodies. Circle Reader Service
Number 139

Amphenol 57 Series Micro

Ribbon® Connectors.

For telephony and EDP High-
contact density (14 to 64).
Protective polarized shell.
Circle Reader Service
Number 141

Amphenol
157 Series
Micro-Pierce"
Connectors.
Fast, solderiess termi-
nation in factory or field.
Portable, easy-to-use ter-
mination tools. Intermateable
with currently used connectors in
telephony or EDP Circle Reader
Service Number 142



Amph B
Fiber Optic
Connectors.

Up to 8 individual
channels. Low insertion loss.
Environmentally sealed. Speedy rear inser-
tion/rear removal. Adaptable to muiti-fiber

bundles. Optional strain-relief mechanism. Circle

Reader Service Number 143

BUNKER
RAMO

Service Number 144

For more information, technical data, dimensions and prices, contact
your nearest Amphenol North America sales office or distributor.

AMPHENOL NORTH AMERIC

Amphenol 225 Series
Printed Circuit Connectors.
Low contact resistance. Slotted
bellows or folded-ribbon solder-
type contacts. Low-friction mating for
repeated insertion and withdrawalis.
Rugged, one-piece bodies. Wide range of
contact positions and terminations. Circle Reader

A Division of Bunker Ramo Corporation

Amphenol North America Division Headquarters: Oak Brook illinots 60521

Sales Offices: Atlanta (404) 394-6298 - Boston {617) 475-7055 « Chicago (312) 986-2330 « Dallas (214) 343-8420 + Dayton (513) 294-0461
Denver (303) 934-2355 «» Greensboro (919) 292-9273 » Houston (713) 444-4096 * Indianapolis {317 ) 842.3245 » Kansas City (816) 7:37-3937
Knoxville (615) 690-6765 « Los Angeles (213) 649-5015 » Minneapol.s (612) 835-4595 » New York {516) 364-2270 » Orlando (305) 647-5504
Phitadelphia (215) 732-1427 « Phoenix (602) 265-3227 + St Louwss (314) 569-2277 » San Diego (714) 272-5451 » San Francisco (408) 732-8980
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The big parade to switching regulators is on!
And we've got the capacitors you need.

Everybody’s standing up and
cheering for the energy efficiency of
switching regulator power supplies.

When you switch to switchers,
see Mallory for filter capacitors.
We can give you a broad selection
from which to choose, and the elec-
trical, environmental and reliability
performance you need.

o High capacity types up to 320,000
mfd at 3 VDC and 8000 mfd at
100 VDG, for unit chassis power
supplies

Circle 116 on reader service card

® Smaller lead-mounted types for e High frequency types with low
PC boards inductance at 20 KHZ

e Capacitors specifically designed
for input sections and output
sections, including the new
CGO output capacitor with sym-
metrical ESR and high frequency
characteristics

e All of them tested out to excep-
tionally low ESR values and high
ripple current ratings

For complete technical bulletins,
contact your nearest Mallory sales
e Medium temperature (85°C)and  office. Or write or call Mallory

high temperature (105°C) ratings ~ Capacitor Company, a division of
Mallory Components Group, P.O.
Box 1284, Indianapolis, IN 46206.

IVI A I.I.O RY (317) 636-5353.
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GIVING VOICE TO TEXT

The science of translating the printed word into synthetic
speech is not new. But recent breakthraughs in integrated
circuit technology have made texi-to-speech techniques and
speech-synthesizing circuits themselves so much less expen-
sive that they can now be applied more readily, especially in
the consumer marker. The following rwo articles describe
different approaches 1o designing systems for converting
typed-in text into speech.

The first system, from Votrax, a division of Federal Screw
Works in Troy, Mich., builds a vocabulary using a keyboard
terminal that resembles a microprocessor development sys-
tem. The data developed ar the terminal is then fed to
another Votrax innovation—the most comprehensive chip so

Electronics /February 10, 1981

Jar for developing synthetic speech, which features a low
data rate and the capacity for unlimited vocabulary.

Texas Instruments Inc. in Dallas has developed its text-
1o0-speech capability as an adjunct to its 99/4 home comput-
er. Like the Votrax terminal, T1's computer relies on propri-
etary text-analyzing software. The resultant data is fed 10 a
voice synthesizer similar to that used in its Speak & Spell
learning aid for children.

Votrax will market its speech chip and development aids
as widely as possible. Ti intends iis system to be used
initially 1o speak aloud information sent by videotex infor-
mation utilities. New applications for the system and for the
synihesizer chip will undoubiedly develop. -Gil Bassak

117



A B
Text translator
builds vocabulary

for speech chip

Voice synthesis chip

and development system
ease design of speech
into consumer products

by Tim A. Gargagliano and Kathryn Fons

Votrax Division, Federal Screw Works, Troy, Mich.

O Computer manufacturers planning to use speech syn-
thesis devices in new products can now develop their own
vocabulary in house, without the usual vendor assistance.
Votrax has introduced a chip-level voice synthesizer and
a companion development system, which employs text-
to-speech software to help the user arrive at a repertoire
of words for synthesis.

The speech synthesis process typically begins with
recording a human voice and analyzing it to extract
important frequency and amplitude data. This data is
then stored in memory and accessed by the synthesizer
chip to re-create speech.

However, with the Votrax CDS II text-to-speech
development system and SC-01 speech chip, the words to
be synthesized are simply typed on a keyboard. No
human voice is involved.

The CDS 11 development system (Fig. 1) generates
data used by the SC-01 speech chip. The development
system is based on a 6808 Motorola microprocessor. A
text-to-speech algorithm plus the CDS operating system
is stored in 24-K bytes of read-only memory and a work
space in 2-K bytes of random-access memory.

Data from the development system programs a memo-
ry, usually an erasable programmable ROM that stores
data for the chip. In order to program the PROM, the
development system uses an RS-232 interface to transfer
the data serially to a host computer, a paper-tape punch,
or some other mechanism for eventually burning in a
PROM.

Since the development system has a Centronics 730
printer, the speech data can also be printed out in
hexadecimal code and then entered manually into a
PROM programmer. Whatever the programming mecha-
nism, once memory: is loaded with words a user wants,
speech is produced by the SC-01 chip when it accesses
the data from it.

Those preferring not to spend $15,000 for the develop-
ment system may opt for a versatile speech module (Fig.
2) that has no text-to-speech capability. Instead, the
VSM, a single-board device that requires a video terminal
and must be plugged into an external power supply,
stores 1,300 words and 25 suffixes and prefixes in a
memory. There are also 12 instructions for generating
sound effects.

The vsMm sells for about $1,200 and is intended to
assist those with limited resources in developing a word
vocabulary for the SC-01 speech chip. Like the CDS II
development system, it is also based on a 6808 micropro-
cessor. It contains the SC-01 chip plus an operating
system in 2-K bytes of ROM, a word table in 8-K bytes of
E-PROM, and 1-K byte of RAM work space.

The operating system has exit and entry points for
passing control of the module to an external system. This
allows an external processor or host computer to control
the module, easing the development task. For example,

L o Kane Uvm L L1 P o e Yo

p— —— =
Jo - W

1. Well-developed. With this CDS-I! development system, a designer types a word or phrase into a keyboard and gets back a phonetic
breakdown of the text. Each phoneme, or component sound, is assigned a hexadecimal code, which a synthesizer chip converts into speech.
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With new consumer markets in sight, companies in the
U. S. and abroad have now introduced —or soon will intro-
duce—their versions of a talking chip.

These chips differ in speech quality, bit rates, memory
requirements, interfacing schemes, and the level of sup-
port needed to develop a vocabulary. But they all draw on
two fundamental speech synthesis approaches.

The first reconstructs a digitized time-domain signal
using a digital-to-analog converter. This straightforward
method varies widely according to the digitization and
encoding scheme used. It is closest to human speech, but
at the cost of very high bit rates and large memory storage
requirements since each word to be spoken must be
stored separately.

The more common approach is to synthesize, or recon-
struct, the time-varying spectral parameters of speech—
that is, the frequency and energy content of a speech
signal. Lower bit rates are achieved because of the rela-
tively slow change of the spectral parameters in speech
and hence the low rate at which they need to be updated.

Several methods are used to extract and encode spec-
tral parameters. The bands of frequencies that these
parameters define are called formants, which are the

Some ways of synthesizing speech

major resonant frequencies of speech. In electronic
speech synthesis, formants are produced by either analog
or digital filters. The excitation signals driving these filters
are both periodic and random waveforms that emulate
vocal pitch and the sounds of turbulant air generated
during speech.

Formant synthesis requires a moderate bit rate and
offers good reproduction of speech characteristics. The
ultimate in low-bit-rate speech synthesis is a formant
approach called phoneme synthesis, in which the spectral
parameters are derived from basic word sounds. A key
element in phoneme synthesis is a phoneme code-to-
parameter translator. This translator makes it unnecessary
to analyze speech to derive the parameters. Votrax’s
SC-01 speech chip, which uses phoneme synthesis, per-
forms phoneme-to-parameter translation in its phoneme
controller circuit.

Speech can also be synthesized directly from text,
without first translating it into phonemes, by storing whole
words or phrases. But the resulting bit rate is no lower
than with phonemes, and since a phoneme synthesizer
generates its own parametric data instead of having it
done on a separate computer, it has unlimited vocabulary.

an engineer might use any text-editing program in the
host computer to ease the process of programming.

With the vSM, the user may generate words not stored
in the word table and adjust the pitch and the transitions
between words with a terminal or a host computer, to
improve the synthesized speech. With the vSM the user
can fully exercise the speech chip and develop a set of
data matched for his or her application. It is also possible
to use the vSM as a self-contained speech module in an
end product. The on-board processor can be pro-
grammed to control the module’s operation and its
interface with the outside world.

Expanding applications

The synthesizer chip itself, which costs about $12 in
large quantities, is aimed at consumer products, comput-
er and information systems, timesharing systems, train-
ing simulators, and other electronic speech applications.
It works with an external memory, not shown in the
chip’s block diagram in Fig. 3. The memory size depends
on how large a vocabulary of words is needed for a given
application. The memory stores a sequence of 6-bit
codes, each of them representing a basic word sound, or
phoneme.

The SC-01 is in two functional parts. The first part
translates the digital code taken from memory and gen-
erates an array of spectral parameters for adjusting the
second part of the chip, which is an electronic model of
the human vocal tract.

The vocal tract model itself, shown inside the dashed
area of Fig. 3, has three main parts. First is a pair of
signal sources—a variable-frequency oscillator for simu-
lating the vocal chords and a pseudorandom-signal gen-
erator that simulates the sound of rushing air that is
common in speech.

The outputs of these sources are shaped by the second

Electronics/February 10, 1981
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2. Bare bones. Based on a 6808 microprocessor and with a speech
synthesizer on board, the Votrax VSM (versatile speech module) is a
low-cost alternative for developing speech data for the SC-01 synthe-
sizer. It has a 2-K-byte operating system and a table of 1,300 words.

main part of the vocal tract model—a bank of four
analog bandpass filters that simulate the vocal cavities.
Finally, the output of the filters is fed to the audio
preamplifier, which in turn drives an external amplifier.
The external amplifier, supplied by the user, can be a
class A type. However, to reduce overall power consump-
tion, the synthesizer chip has a current sink for imple-
menting a class B amplifier. In either case the external
amplifier in turn drives a speaker in the last stage of the
speech synthesis process.

Sound spectrum

The heart of the SC-01 is the proprietary phoneme
controller, which translates the phoneme code into a
matrix of spectral parameters, which in turn adjust the
vocal tract model to synthesize the phonemes.

Sixty-four possible speech sounds or phonemes, from
which all English words are formed, are processed by the
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controller. The controller not only translates phoneme
codes into parametric data but also adjusts their inflec-
tion by introducing subtle variations in pitch. Pitch
variation prevents the synthesized voice from sounding
monotonous or robotlike.

A clock circuit on the chip drives the synthesizer. Its
frequency is adjusted by changing the time constant of
an external resistor-capacitor network. Two pitch control
lines labeled 1 and 2 produce gross changes in the
frequency of the signal source so the chip can emulate
more than one voice if the state of either line is changed.

A phoneme is generated by latching a 6-bit phoneme
code from data lines P, through Ps into register Q, using
the strobe input line. The phoneme is processed by the
phoneme controller, which tailors the vocal tract model
to generate the phoneme sound. Finally the speech-
output signal is available at the audio output pin, A,.

Each phoneme is internally timed, with a duration of
between 50 and 250 milliseconds, depending on the
phoneme. When the phoneme is complete, the acknowl-
edge/request line goes high to request the next phoneme
and then goes low when the next phoneme is strobed in.

The chip is a complementary-MOS device in a 22-pin
dual in-line package. It draws only 7 milliamperes over a
7- to 14-volt dc supply range. The filter network used to
model the vocal tract is designed using switched-capaci-
tance networks. These allow the low-frequency bandpass
filters to be integrated without using space-consuming
resistors [Electronics, Feb. 15, 1979, p. 105], resulting in
a comparatively small chip.

The phoneme data processed by the SC-01 is devel-
oped by the text-to-speech algorithm executed in the
development system. The proprietary text-to-speech soft-
ware analyzes the character string stored in memory.

The string represents the text typed in using the system
keyboard or downloaded from a host computer. The text
words are broken down into phonemes by the software
according to a stored set of rules regarding English
pronunciation.

The program scans the words, searching for the most
appropriate rules for replacing each word with a phon-
eme equivalent—that is, a string of component sounds
making up the word.

The text-to-speech algorithm, based on a set of rules
developed by Votrax’s research and development labora-
tory, includes a list of two- and three-letter acronyms
whose letters are spelled out by the software (that is, IBM
is not pronounced as “ibm” but given instead as “eye-
bee-em”). It also looks for nonsense words—character
strings that are excessively long or contain no vowels. A
sample output from the development system is shown in
Fig. 4, where the typed-in phrase at the top is processed
by the algorithm and the phonemes and their hexadeci-
mal representations appear below the phrase. A partial
list of phonemes, with their hexadecimal codes and pro-
nunciation guides, is given in the table.

Stress determines duration

Several of the phonetic symbols use a number as a
part of the code. These numbers indicate that the sound
has a shorter duration than the core sound, which has no
number. For example, the core sound /EH/ has three
components of shorter duration, /EH3/ being shortest. In
actual time, as listed in the table, /EH3/ is only 59
milliseconds. This is 126 ms shorter than /EH/ at 185 ms.

How the words are pronounced dictates the phonemes
necessary for a sequence, but the stress pattern deter-
mines the duration of the phoneme to use in that
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3. C-MOS synthesizer. Phonetic codes are latched and used by the phonetic controller, which generates signals used by the vocal tract
model (shown inside dashed lines). The model, which is made up of a filter bank and signal sources, emulates the sounds of human speech.
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»» THE SC01 IS THE WORLDS FIRST F
CHIF
ve 38 32 23 .. 02 01 1F 1F 3C 21
oo THY UHL UH3 ... EH1 EHZ S S E1 AY
32 31 0D .. 3E .. 0B 09 12 .. 38
UHL UH2 N oy PAY ..o 1 I3 Z ... TW
eo 1D 3N 2B LF 24 ++ 3E .. 1D 35
e F ER R S T ... PAlL ... F 0O
39 02 00 12 1% 00 29 12 34 .. 15
TH EH1 EH3 Z AHl EH3 Y Z ER ... AHl
09 14 1C 23 18 «. 3E .+ 24 10 0Ok
I3 N6 6 U3 L +s PAL oo T CH I1
x77 Fhonemeg— - - - S N

HONEME SYNTHESIZER ON A SINGLE
29 +. 12 21 0B 28 35 37 2D He
Y w I A 1 R 01 U W Votrax
34 23 +. 2D 36 2B 18 1E 12 Hesx
UHl UH3 ... W ER R& L D 2 Votrax
37 0D 3¢ 29 0oC .. 1F o0& 0D He:
Ui N El Y ¥ .. § 11 N Votrax
23 0D .. 06 21 29 .. 1F 0E Hes
U3 N v Al AY Y ... § I Votrax
09 2% He
I3 P Votrax

4. Component sounds. The sentence above is shown in terms of its phonetic components, and their hexadecimal codes, as determined by
rules in the development system. The designer modifies the code so that the resulting sounds very closely mimic the human voice.

sequence. The table lists several words with the phonetic
sequences for correct pronunciation and demonstrates
the relationship between stress and duration.

For example, in pronouncing the words “warning” and
“system” from the list, the first syllable in each word is
the accented syllable, shown in the translation of the
phonetic symbol sequences for each word. “Warning”
requires a medium- and a short-duration 70/ phoneme to
achieve the appropriate stress (duration) for pronuncia-
tion. Likewise, “system” requires two shorter /i/ phon-
emes to achieve the appropriate stress. In both cases, the
final syllables are unaccented and utilize that component
of the basic phoneme with the shortest duration.

Phonetic programming—resolving words into pho-
nemes—is not difficult once the user becomes familiar
with the phonetic symbols. Doing it manually can be
time-consuming but is cost-effective if only a few words
must be synthesized.

A powerful feature of phoneme synthesis is that
vocabulary development can be done by users at their
own facilities with the aid of a system like the CDSII.
There are no turnaround delays as there are for those
who depend on outside programmers. Vocabulary
changes are easily accommodated right up to the time of
final assembly of the product.

Also advantageous is the very small storage vocabu-
lary requirement. Each phoneme needs only 6 bits of
memory, and trial vocabularies can be quickly assembled
without special memory chips. For instance, a 16-K
programmable read-only memory such as a 2716 can
store as many as 300 words.

A third feature of phoneme synthesis is that product
security is maintained throughout the development pro-
cedure since no outside development support is neces-
sary. An RS-232 port is provided on the development
system to connect it to a host computer. In this way,
speech data can be dumped into the host, or the host can
take control of the development system to facilitate a

Electronics /February 10, 1981

PARTIAL LIST OF PHONETIC SYMBOLS

Phoneme ;

nevadzmol | Phonerme | Dyston | Eximpl
00 | EH3 59 jacket
01 | EH2 7 enlist
02 | EH1 121 ‘ heavy
03 PAO 47 no sound
04 ! DT 47 ' butter
05 | A2 71 ‘ made
06 | Al 103 ~ made
07 [ ZH 90 [ azure
08 AH2 Al honest
09 I 13 55 ‘ inhibit
0A | 12 80 \ inhibit
08B | 1 \ 121 | inhibit
ocC [ M 103 mat
oD ' N l 80 1 sun

Examples:
Hello H-—-EH1—UH3-L-UH3-01-U1
Good-bye G-—-001-001-D—PAO-—-B—AH1-EH3-Y
Warning W-01-02—-R—N-13—NG
System S—11-13—-S—T—EH3—M

high-speed translation of words into phonemes.

Votrax has been developing and selling its line of
commercial speech products for about 10 years. It has
been known for its highly successful vS line of rack-
mounted voice synthesizers as well as its multi-lingual
ML line of synthesizers, both of which produce very
authentic sounding speech but at much higher costs than
the chip. It has also sold board-level synthesizers, that
are smaller and use less power than the vS and ML series,
to a wide customer base, including personal computer
manufacturers offering the system as an option for
experimenting with electronic speech synthesis. (|
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Software rules give
personal computer
real word power

Speech IC and algorithm
for pronunciation let
computer ‘read’ aloud
words on its own display

by Kun-Shan Lin, Gene A. Frantz, and Kathy Goudie

Texas Instruments Inc., Dallas, Texas
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[J The field of electronic speech synthesis is widening. A
new text-to-speech translator from Texas Instruments
can “read” aloud messages typed into a computer termi-
nal. The system’s software analyzes the text into ele-
ments that are pronounced by a TMS 5200 speech
synthesizer chip.

The translator will be first used in the TI 99/4 person-
al computer, where it will read aloud information dis-
played on the computer screen. Such data might include
news or weather information received from a videotex or
electronic mail service.

Unlike the company’s Speak & Spell learning aid, the
text-to-speech system does not use “canned” words and
phrases stored in a read-only memory. Instead, it gener-
ates words from a stored library of 128 sounds, called
allophones, which it concatenates, or connects to form
speech. Text-to-allophone software chooses the allo-
phones and determines their stressing and intonation. It
then transfers this information to the speech-generating
hardware, which translates it into speech sounds using a
linear predictive coding technique.

At the core of this hardware is the TMS 5200 speech
synthesizer and a central processing unit that delivers
the data to the synthesizer in an orderly way—keeping
track, for example, of times when the synthesizer buffer
is almost empty. The CPU then takes fresh data and
loads the synthesizer’s internal buffer. The synthesizer,
in turn, takes the data and produces the time-varying
speech signals that are amplified to drive a speaker.

In addition, a TMS 6100 128-K read-only memory
chip can store common words or sounds the designer
may wish to include in the system.

The speech synthesizer can work with any standard
8-bit microprocessor, since it has been designed with a
first-in, first-out buffer on board to store chunks of data,
freeing the cPU for other tasks.

A typical text-to-speech system (Fig. 1) generates

-speech in two major steps—speech construction and

speech synthesis. Speech construction is done in two
stages. The first is the translation of the letters of the
text into a digital representation of component sounds.
The second is the concatenation, or stringing together, of
these digitally coded sounds. These component sounds
can be complete words or phrases or simply the elements
of words (see “Speech construction tradeoffs™, p. 123).
Speech synthesis then converts the digital data into
audible, synthetic speech. TI's approach constructs
speech for later synthesis out of elemental component
sounds.

.

A little linguistics

Deciding which components to use requires a closer
look at speech sounds. When speech is pronounced, there
may be hundreds of minor variations between sounds
that are roughly categorized as the same. For example,
the /P/ sound in pin is aspirated (followed by a puff of
air), whereas the /P/ in spin is not. Sounds that are
slightly different but generally perceived as the same in a
language are called phonemes of that language. Subsets
of phonemes that change slightly depending on the con-
text or environment in which they appear are called
allophones. Thus the unaspirated /P/ sound of spin and
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In speech construction, a written sentence or phrase is
analyzed to identify logically connected groups of sounds.
Such groups may be speech components that are smaller
than words, or they may be words themselves or groups of
words such as phrases.

Speech construction is a subtle and complex proce-
dure, since similar words have different stressing and
intonation in different contexts. How well the task is
accomplished depends not only on how well the rules of
pronunciation can be modeled in software, but also on
such factors as the amounts of memory available in the
system and the size of a vocabulary it needs.

The three speech construction methods are phrase,
word, and component-sound concatenation. Each tech-
nique has tradeoffs between speech quality, vocabulary
size, and memory required. The larger the vocabulary
allowed by a given construction technique, for example,
the less the memory cost but the less natural-sounding the
speech. Better-quality sound demands more memory and
cuts into the vocabulary size.

In phrase concatenation, complete phrases are stored
in memory and played back through a synthesizer. This
method is sometimes referred to as analysis synthesis,
since entire spoken phrases are analyzed to produce
synthetic speech. The speech sounds natural since whole
phrases at a time are recorded and the prosody—or

Some speech-construction tradeoffs

speech, almost any English word or phrase can be gener-

rhythm —and subtle variations in pitch and loudness are
preserved throughout the passage. However, storage and
fiexibility are problems because the phrases must be
stored together and kept intact. Since only a finite number
of phrases can be stored in a reasonable amount of
memory, the vocabulary is limited.

Word concatenation offers more flexibility than phrase
concatenation but at the expense of prosody and other
qualities. As these are lost, the words tend to sound
artificial when strung together as phrases. But the range of
phrases that may be formed is greater for a given memory
space, since words may be accessed and connected in
any order.

Tl chose a third technique called component-sound
concatenation because it is the most versatile of all in
generating words and sentences. Here a library of funda-
mental speech sounds, giving the virtually unlimited
vocabulary needed for translating any typed passage into
speech, is used. Because the sounds stored are basic to

ated by concatenating the appropriate sound units from
the library. The memory cost of creating a library and
accessing it to create a word or phrase is almost insignifi-
cant. But a major difficulty lies in developing a method for
connecting the components of speech sounds without
sacrificing variations in rhythm, pitch, and loudness.

the aspirated /P/ sound of pin are different allophones of
the same phoneme, /pP/, and represent the sound more
accurately than the phoneme. For this reason, the text-
to-speech system here uses allophone stringing to form
words and phrases.

In this system, an allophone varies from 50 to 250
milliseconds in duration and is coded according to the
parameters needed for a speech synthesizer that uses
linear predictive coding. There are 128 allophones in the
library, including long and short pauses, which are coded
for energy and filter coefficients, the parameters for
setting the filter characteristics in the LPC synthesizer.
The entire library takes up 3 kilobytes of storage.

Once the allophone library is established, a set of rules
is needed for translating the ASCII text into an allophone
string. TI used a set of rules based on one developed by
the Naval Research Laboratory in Washington, D. C.

However, the NRL rules deal with phonemes only and
have been altered in several ways to give the allophonic
version of a phoneme in a particular environment. For
instance, rules have been added specifying that certain
allophones be used only at the ends of words.

In addition, rules have been included for better pro-
nunciation of words often mispronounced with the NRL
rules, like *“‘create,” “‘increase,” “lost,” and “human.”
The resulting set of about 650 rules chooses 97% of the
phonemes correctly and 92% of the allophones correctly
for a typical benchmark test. These rules use 7 kilobytes
of storage.

The speech construction program strings the allo-
phones and smooths the transitions between them. Ener-
gy levels between allophones are matched to obtain a
smooth contour, and filter coefficients are smoothed to
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make transitions from sound to sound less abrupt.

Once the allophones are concatenated, the quality of
the speech depends on the stress and intonation patterns
applied to the string. Since randomly stressed English
sounds unnatural, both stress and intonation must be
precisely applied. The pitch assignment is made by a
speech-construction algorithm with only the stressed syl-
lables being indicated by the user, who adds the needed
pitch pattern to particular points in the sentence.

The control of inflection is based on gradient pitch
control of the stressed syllables—that is, stressed sylla-
bles of a sentence can be thought of as lying along a line
of pitch values tangent to the line of pitch values of the
unstressed syllables. In a neutral intonation, the
unstressed syllables would lie on a mid-level line of pitch
while the stressed syllables would lie on a downward
slanting line somewhat higher in pitch than the base line.
The slope is constructed in software and the user need
only mark the stressed syllables.

Delivering the speech

The speech construction data is used with one of
several speech synthesis techniques that generate actual
voice sounds. There are two speech synthesis approaches,
waveform encoding and parameter encoding (See “Syn-
thesis: another way to go,” p. 124)

One of the parameter-encoding—or frequency-
based —speech synthesis techniques is the channel
vocoder method, which divides a speech signal into nar-
row frequency bands using a bank of bandpass filters
and then stores the amplitude at each center frequency.
These amplitudes, along with a variable-frequency
source, control a bank of narrowband frequency resona-
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1. Spoken aloud. There are two major steps in turning written text into speech—speech construction and speech synthesis.
Construction, done in software, resolves the text input into electrical signals that the hardware-based synthesizer converts into “‘speech.”

Waveform encoding attempts to reproduce the amplitude-
varying signal of natural speech by generating a similar
waveform, in contrast to parameter encoding, which rep-
resents a speech signal in terms of frequency, or the
spectral components of natural speech rather than its
amplitude characteristics. Several such techniques are
pulse-code modulation, delta modulation, and an amal-
gam of technigues called Forest Mozer's technique, after
its inventor at the University of California at Berkeley.

The simplest waveform-encoding technique is uncom-
pressed digital data recording, referred to as pulse-code
modulation. Here the analog speech waveform is sampled
and converted into digital information by an analog-to-
digital converter. Once in a digital format, the speech
signal is stored in memory and played back through a
digital-to-analog converter and a low-pass filter. The prob-
lem with using PCM alone is that memory requirements
quickly become excessive. The average data rate is
96,000 bits for 1 second of speech.

An alternative to PCM, delta modulation, compresses
the amount of data needed to record speech digitally. As
in PCM, the analog speech waveform is sampled, but this
time only the changes in amplitude between samples are
stored in memory. Since these changes are usually smaller
than the absolute values of amplitude, the overall data
rate is less than that of PCM. Thus delta modulation

Synthesis: another way to go

reduces the amount of memory required to store a library
of words or phrases.

A simple deita modulation system uses a fixed step of
change, or delta, in tracking the original speech wave-
form —the delta from the previous analog value is always
some multiple of a fixed step size. The drawback is that for
small changes in amplitude, errors in the form of quantiz-
ing noise are introduced.

Delta modulation synthesis is improved by making the
step size variable and proportional to the difference
between the successive samples. Thus, smaller successive
changes in amplitude are accurately tracked, using smali-
er quantizing -steps when necessary and so reducing
quantizing error or noise. This technique, dubbed continu-
ously variable slope-delta modulation, produces data
rates of 16,000 to 32,000 bits per second.

Finally, Forest Mozer's technique uses waveform com-
pression extensively, and its data rate is about 2,400 b/s.
The approach combines several techniques, taking advan-
tage of two speech-perception characteristics. First,
voiced speech is periodic, containing redundant informa-
tion, and, secondly, listeners are insensitive to both phase
and low-amplitude information. Thus the designer can
strip all redundant information from the speech waveform
[ Electronics, April 10, 1980, p. 113], leaving only the most
fundamental data for storage in memory.

tors corresponding to the vocoder’s own bandpass filters.
The data rate of a channel vocoder is typically 2,400 b/s.

Formant synthesis, the second parameter-encoding
scheme, emulates the frequency response of voiced
speech by generating sharp energy peaks at specific
frequencies called formants. The amplitudes and band-
widths of these formants are recorded and used as inputs
to excite a formant-based synthesizer. Formant synthesis
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typically has a data rate of approximately 500 b/s.

A third technique, linear predictive coding [Electron-
ics, Aug. 31, 1978, p. 109], was chosen for this text-
to-speech system. LPC is essentially a mathematical mod-
el of the human vocal tract, implemented as a filter
network. The coefficients of the linear equations of the
filter used in the model are calculated in the analysis of
the original speech and used in the model to control the
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2. Enhanced. Control circuits around the synthesizer simplify its interface with an 8-bit microprocessor. The synthesizer exchanges data and
commands with the microprocessor along an 8-bit bus and four control lines. External 128-K ROM can also store word data.

“shape” of the vocal tract in speech reproduction. The
parameters stored are the filter coefficients, the filter
gain, and the frequency of the excitation source used to
drive the filter. Good-quality speech is achieved using
LPC at data rates from 1,200 to 2,400 b/s.

The 28-pin p-channel MOS TMS 5200, the main hard-
ware component of the text-to-speech system, is a sec-
ond-generation version of the TMS 5100 speech synthe-
sizer. Several features (Fig. 2) have been added, includ-
ing a 16-by-8-bit first-in, first-out buffer, to increase its
flexibility when it is used with the system central pro-
cessing unit.

The cpuU interface shown in the figure consists of an
8-bit bidirectional data bus (Do-D-), read and write
select line (RS and WS), a ready line for synchronization
(READY), and an interrupt line (TNT).

Activity on the memory data bus is controlled by the
read and write select lines. When data is stable on the
memory data bus, the ready line will go low to indicate
that the CPU may complete a data transfer to or from the
synthesizer.

What causes interruptions

The interrupt line indicates a change in the TMS 5200
status that may require the attention of the cpu. For
example, the interrupt line, which is normally high, goes
low to indicate either the end of speech or that the FIFO
buffer is low.

The cPU interface consists of two input-holding regis-
ters (the command register and FIFO buffer) and two
output-holding registers (the data and status registers).

The command register receives an instruction from
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the CPU and holds it for the TMS 5200 to interpret and
execute. The 128-bit FIFO buffer, organized in a 16-byte
parallel-in, serial-out format, holds the speech data used
when executing the speak-external command. The buffer
is low (BL status) when the FIFO is more than half
empty, and the BE status means it is completely empty.
When the BE is set, speech is terminated to prevent the
synthesizer from processing invalid data.

The data register is an 8-bit serial-in, parallel-out
holding register. It is used when speech data is trans-
ferred from an external ROM, such as TI’s TMS 6100, to
the CpU.

The 3 bits of the status register send information
about the synthesizer to the CPU to indicate talk, BL, and
BE conditions. They can be queried any time except
during a memory read command. The CPU passes com-
mands to the TMS 5200 by way of the memory data bus.

For the text-to-speech application, the only significant
command is SPEAK EXTERNAL, which lets the CPU, rath-
er than an external ROM, supply speech data to the
synthesizer. Upon receipt of this command, the TMS
5200 loads the FIFO buffer with data from the cpu. The
synthesizer remains idle until BL becomes false, at which
time speech begins and the talk status is set. Data will
continue to be taken from the FIFO until a stop code is
encountered or the buffer becomes empty. During the
execution of a SPEAK EXTERNAL command, no other
commands are recognized by the TMS 5200.

The audio output of the TMS 5200 8-bit digital-
to-analog converter delivers up to 1.5 milliamperes with
a 1.8-kilohm resistor to ground. This signal can then be
filtered and amplified to drive a speaker. O
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The RCA challenge: you name the
application, we’ll provide the emitters.

When it comes to solid state
emitters, RCA can offer you every-
thing from low-cost emitters to state-
of-the-art lasers. Our line includes:

GaAs IR emitters for continuous
DC or pulsed operation at 940 nm,
with power outputs from 2t0 7 mW.

Plus a new low-cost plastic device
producing 6 mW minimum, 9 mw
typical.

Pulsed lasers featuring 904 nm
wavelength, power outputs from 1 to
20W, with operating temperatures
from -55° 1o 70°C. These devices

proved themselves in military appli-

cations where reliability is critical.
CW semiconductor lasers

(GaAlAs) delivering power outputs

‘of 5mW minimum, 10 mW typical.

Threshold currents are under 100
mA, with extremely small emitting re-
gions. Integral optical feedback is
available.

Fiber-optic components and
systems, including high-speed edge
emitters operating beyond 150 MHz,
CW lasers designed for efficient
coupling to fiber-optic cables, and

pre-packaged data-link modules.

Plus technical support. Whether
you need product information or de-
sign help, you can always call us.

For more information contact
your local RCA distributor or RCA
Solid State Emitters Marketing, New
Holland Ave., Lancaster, PA 17604.
Telephone: (717) 397-7661. Or RCA,
Buenos Aires, Argentina. Brussels,
Belgium. Sao Paulo, Brazil. Sunbury-
on-Thames, Middlesex, England.
Paris, France. Stuttgart, W. Germany.
Mexico 16 D.F., Mexico.

(A) IR emitters for smoke detectors, control systems, optical switches and intrusion alarms. (B) Pulsed laser for proximity fuses
and weapons simulation. (C) CW lasers for electronic surveying equipment, fiber-optics, non-impact printers and optical information
systems (D) Optical communications modules and components for telecommunications, computer interface and CATV.
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Special report: Ada,
the ultimate language?

Software components, so portable that they would be bought
like hardware modules, can customize Ada for any task

by R. Colin Johnson, Microsystems & Software Editor

(0 Augusta Ada Byron, Countess of Lovelace (1816-1852) and the
daughter of the poet Lord George Byron, is credited with being the
first programmer because of her work on Charles Babbage’s Difference
Engine. The forefather of the computer, the machine was designed to
calculate entries in logarithm tables. It is a special tribute that the
high-level language Ada was named for the first programmer, since its
principal designer, Jean Ichbiah, sees Ada as the last computer
language. In fact, he holds that Ada will “become the predominant
language of the 1980s” and will maintain that position until it is
replaced by ‘“‘automatic program generators by the year 2000.”

The concept that guided Ichbiah in, achieving Ada’s design goals as
laid down by the United States Department of Defense is that of the
software component [Electronics, Dec. 18, 1980, p. 39]. Analogous to
hardware components, the software components envisioned by Ichbiah
would be selected from a catalog and joined in any combination by
virtue of their compatibility with a common bus. Actually, the bus is
realized by an Ada compiler itself, which allows the various software
components to be “plugged” into it. The place they are plugged into is
the program library; any program becomes the bus controller and
hence may use the facilities that an installed component provides —just
as any module plugged into a hardware bus is available for use by any
bus controller.

Ichbiah picked up the concept of software components from M.
Douglas Mcllroy, head of the Computing Techniques Research depart-
ment of Bell Laboratories’ Computing Research Center in Murray
Hill, N. J. He is fond of quoting Macllroy’s statement: *I would like to
sée components become a dignified branch of software engineering. 1
would like to see standard catalogs of routines classified by precision,
robustness, time-space requirements, and binding time of parameters.”

Meeting the goal

The design goal laid out by the Department of Defense was to
produce a language that not only could be used in all programming
environments — business, scientific, and so forth—but that also would
set new standards in reliability, maintainability, and readability [Elec-
tronics, Sept. 25, 1980, p. 56]. What has emerged from this charter is a
language that contains the best features of Pascal, Algol, and PL/1
while adding real-time multitasking—all under the guiding influence
of the software component.

Software components enable Ada to be customized for a specific
application without making the extended version incompatible —exten-
sibility without incompatibility was, in fact, a key goal. Most other
languages are quite different. Pascal, for instance, exists in many
different versions that include unique, incompatible extensions. Ada’s
designers have taken great pains to maximize Ada’s extensibility
without sacrificing portability—the ability to run on many different
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Eponym. The programming language Ada is named
after the first programmer, Augusta Ada Byron (1816
—1852), who worked with Charles Babbage.
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LIBRARY PACKAGES CATALOG: PAGE 201
i Overloaded
Name Sﬂ:.t:;al operators Other pa%kages Oetails
types 1= calle
Vectors vector, math_for _physics
direction, V|V |V || matnx_operations
velocity
Matrix n_tuple, multidimensions """ stands f(z
operations || index vivIv inversion
Weather temperature vectors
wind_velocity |v | v statistics
humidity
Business_ || dollars, gen__ledger, helps manager
manager cents, /v inventory, as keep track 0
ternitory, accts_payable, salesmen’s com
salesman accts_recewvable whereabouts
Statistics || variance, recursive _functions | basic stat
mean, V|V |V |V | matrix_operations | or multive
std__dev
Calendar || time, temporal_math supersedes
data, by adding r
week, 412
day,
month L

1. Hypothetical software catalog. Library components, called
packages, extend the capabilities of Ada. Special data types, like
vectors, and the valid operations on those types, like vector addition,
can be overloaded into the normal operators (+, —,*,/).

machines. The software component permits the exten-
sions themselves to be moved easily to new machines.
Thus software components could very well revolutionize
the industry, bringing the art of computer programming
one step closer to a science.

Ada is also the first computer language to be fully
standardized before commercial compilers were written
for it. Most languages were designed for a specific
purpose, like scientific calculations, where standardiza-
tion was not an issue. Ada, however, was designed to be
universal and standardized from the very beginning. In
fact, the standardization committees of both the Ameri-
can National Standards Institute and Europe’s Interna-
tional Standards Organization are now reviewing Ada’s

final specification document (see “The DOD moves for
standardization’’), which became available in July 1980.
What’s more, the Defense Department intends to
enforce standardization by vigorously defending the use
of the Ada name only for compilers that have passed its
rigorous validation procedure. Thus, as with the qualifi-
cation of a hardware part, each Ada compiler will be
tested for correctness, as well as for complete compati-
bility with the original specification; if it does not pass,
the DOD will not allow use of the name Ada.

With a validated compiler, users of different comput-
ers will be able to run the very same programs—not just
similar, but identical. And as noted earlier, this ideal
portability does not limit the language, since extensions
may be added to any of those same programs—without
introducing incompatibility—by plugging software com-
ponents into the Ada bus.

The language

Ada has inherited much of its structured design from
Pascal but with the addition of many constructs that
expand its applications domain. It has the basic control
statements and strong typing of Pascal, the block struc-
ture of Algol, and the exception handling of PL/1, to
which it adds extensive real-time control facilities, as
well as the concept of a software component.

An integral part of the Ada language is the program
library that acts as the repository of those software
components. The usefulness of the program library is
that it allows programmers to concentrate on writing the
main programs rather than on debugging their internal
subroutines—thereby promising increased productivity
for programmers. Placing components in the program
library connects them to the software bus—that is, an
Ada compiler.

Ada is customized for the application at hand by
including in the library those software components that
define the data types and valid operations that are
needed to solve a specific problem. On any given system,
these components will be cataloged in the program
library, which resides in a mass-storage device. The
components consist of separately compiled modules that
can be used by any authorized program to perform

Ada’s adoption as a U. S. and international standard is at
least two and probably three or more years away. That is
the consensus of officials at the American National Stan-
dards Institute (ANSI) and the International Standards
Organization (ISO), both of which are still awaiting the
Department of Defense to submit the list of computer
language users it will canvas for comments on the new,
inch-thick reference manual for Ada. After obtaining com-
ments and developing responses to each, the DOD must
formally submit these and its standardization proposal to
both ANSI and the ISO, each of which will go through the
process once again before a final vote.

“All told, it could mean that Ada’s evolution will have
taken a decade,’” says one DOD official, harking back to
the beginnings of the high-order language program in

The DOD moves for standardization

1975. That is when the military saw that it desperately
needed a single, portable, easy-to-read language for mul-
tiple applications if software costs were to be kept under
control. “‘Without exaggeration, the savings should run to
several hundreds of millions of dollars annually,” says one
program specialist, ‘‘perhaps more with the reduced train-
ing and maintenance that Ada will make possible.”’

But what about the blessings of ANSI and the ISO? ““We
want them, of course, and will need them both if Ada is to
find the widespread use that we would like to see among
computer users generally,”’ he says. “Yet we cannot for-
get that Ada was developed for military users first, and it
will be implemented. Interest thus far has been so strong
that it could well become a de facto standard regardless
of what other actions are taken.” -Ray Connolly
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2. Separate but not independent. Components called by a user's program are linked to it at compilation time, and any updates to the library
are done then. Most Ada compilers use an intermediate psuedocode that can be translated into the object code of any computer,

operations that would otherwise require separate subrou-
tines. They are more than just subroutines, however,
since they extend the capabilities of the language into
specific application areas (Fig. 1). For instance, a vector
package would define a one-dimensional-array data type
that enables the normal plus and minus signs to add and
subtract vectors.

In the library

The library is a collection of compiled units that are
separate and largely independent of each other. The
library file is submitted each time a program is compiled
(Figs. 2 and 3); it is consulted and possibly updated by
the compiler. Components that are called in by a pro-
gram are linked to it at this time; also, new components
or alterations to old ones are added to the library. Some
library units will need periodic updating, like the system
calendar that gives users access to the time and date.
Most compiler projects are opting for compilation into a
pseudocode that can be predefined for some imaginary
machine. It is then a relatively simple step to translate
this code into the native tongue of the target computer.

The library modules may be linked to a program by
use of the “with” clause. For instance:

with VECTORS;

allows the program to use the vector data types and
functions that are defined in that module. The program-
mer is free to use any of the modules that have been
contributed to the library, and with a validated compiler
users can acquire additional units from outside software
houses, several of which are already gearing up to offer
components. The vision of a software catalog for the Ada
language that is continuously being expanded raises the
hope that the science of software has truly come of age.

Inside the packages

Within the primary software component, called the
package, resides Ada’s universality. Subroutines, called
procedures, as well as several other program fragments,
may be stored in the library as well, but the advantages
of the package will cause it to become the basic type of
component. A package encapsulates a group of related
subroutines and data types into an isolated environment
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and thus can extend the capabilities of the language
while maintaining tight control over its proper use. To
that end, a separate interface portion of the package
(Fig. 4) includes a specification of all the subprograms,
functions, and variables that are accessible to the user.

The implementation, called the body, which contains
the algorithms that perform the actual operation, can be
hidden from the user of the package. Hiding is accom-
plished with the “body separate” clause, a feature that
will enable software houses to supply the implementation
portion in object-code form only, so as to protect their
products. The hidden portion may use its own private
data types and need not be the same from installation to
installation so long as the interface portion is identical.
This variability allows easy updating of software compo-
nents without making past investments obsolete, since
both the original and the updated version will perform
properly. Presumably, however, the new package will
execute the program faster, use less memory, or be opti-
mized in some other way —perhaps by taking advantage
of new hardware that has recently been added to the
system. In this way, software components can be created
by software houses and sold with the same kind of
reliability assurances as hardware products. With a vali-
dated compiler serving as the system bus, the interface
specifying its proper use, and the implementation hid-
den, software packages will likely be offered with guar-
antees of correctness—a most welcome advance in soft-
ware engineering.

Overloading operators

Ada is unique in that a single operation can be
expanded, or overloaded, so that it takes on different
meanings depending on its context. For instance, the
multiplication operator can be overloaded by adding a
definition for vector multiplication. Then, whenever it is
placed between two variables that are vectors, the com-
piler will ascertain from the context that vector multipli-
cation is desired and will perform it. This process can be
extended to subroutines as well, allowing several differ-
ent procedures to have the same name. Each procedure
is then invoked whenever the name is called with argu-
ments of that procedure’s respective type.

With generic procedures, on the other hand, variables
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3. Software bus. Ada acts as a software bus into which both the user's programs and the software components contained in the library are
plugged. Application programs that use “with”" statements inherit new data types and operations during compilation.

of different types can make use of the same subpro-
grams. These procedures may be stored in the library
with their attendant variables left untyped. Then, at
compilation time the variables that will access the proce-
dure are specified and the generic procedure is appro-
priately recompiled.

Subprograms themselves can be either functions (that
is, those returning one value only) or procedures. For
procedures, the separate declaration part specifies the
variables to be passed, designating them as inputs to the
procedure, outputs from it, or both (Fig. 5). Further-
more, Ada also contains the statements that have
become the familiar hallmarks of structured program-
ming: BEGIN . .. END, IF . .. THEN . . . ELSE,
LOOP, and CASE.

Real-time capabilities

A significant amount of the Ada compiler is devoted
to the real-time concurrent programming environment.
Task units are defined separately for each asynchronous
process that is to be controlled, but execution is concur-
rent. Several mechanisms are provided by which tasks
may communicate as well as keep track of external-
world events like time.

Like packages, a task uses an interface portion that is
separate from its implementation, or body. The interface
portion of a task enumerates the entry declarations
indicating how the task is activated. The task body
includes the sequence of statements that perform the
task at hand.

A rendezvous mechanism allows tasks to communicate
with each other; one task acts as the server by containing
an entry statement, and the other acts as the caller by
using the name of the task’s entry point. For instance, a
task to write a line to a printer might contain in its
interface the declaration:

entry PUT;

This declaration indicates that using PUT causes entry to
this routine and is then followed by a task body that
contains the statement:

accept PUT (L : in LINE);

This statement says that the code following it will put a
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line on the printer after accepting and storing it in local
variable L of type LINE. The calling task will have a
corresponding line like:

PUT (*HI THERE")

which will transfer the character string “HI THERE” to
the task at the point where the accept statement occurs.

When execution reaches the accept statement, the
server waits till the calling task reaches its PUT state-
ment. Conversely, if the caller reaches its PUT statement
before the server reaches its accept, then the caller will
wait. In this way, a rendezvous is accomplished, either
server or caller waiting for the other until both reach
their respective lines referring to PUT.

Since many tasks may be operating in parallel and
many of them may contain identical PUT statements,
each entry declaration has a corresponding queue that
stores the order in which the respective routines called
the server task. They are processed first in, first out so
that no callers will be locked out. The statement;

N := PUT'COUNT

will assign the number of waiting callers on the PUT task
to the variable N, enabling a caller to determine what its
position is in the queue.

Data types

Ada’s strong typing is inherited from Pascal as a
means of increasing the reliability of programs. At both
compilation and execution times, extensive checking of
types is done to ensure that no invalid assignments are
made. For instance, the variables HEIGHT and WIDTH
can be declared to be of type INCHES, whereas variable
AREA is declared to be of type SQUARE INCHES. Then:

function “*”’(HEIGHT : INCHES; WIDTH : INCHES)
return SQUARE INCHES;

requires that all multiplication of inches times inches
Aave results in square inches, and the compiler will check
to make sure that this rule is adhered to. This is in strong
contrast to most languages, which do not allow user-
defined data types, so that no such checking is even
possible. All variables that are used in a program must
have their types declared, along with any operations on
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package CALENDAR is
type TIME is
define a data type called TIME
record
YEAR : INTEGER range 1901.. 2099;
MONTH : MONTHS _NAMES;
DAY : INTEGER range 1..31;
SECOND : DURATION;
end record;
--define an enumeration data type called MONTHS_ NAMES
type MONTHS _NAMES is (JAN, FEB, MAR, APR, MAY,
JUN, JUL, AUG, SEP, OCT, NOV, DEC);
function CLOCK return TIME;
--overload the “+" and ""—"' operators
function '+ (A : TIME; B : DURATION) return TIME;
function =" (A : DURATION; B : TIME) return TIME;
function =" (A : TIME; B : TIME) return DURATION;
end CALENDAR;
-end of interface portion
package body CALENDAR is separate;

4. A predefined package. One package that will be supplied with all
validated compilers is a calendar that works with a real-time clock.
The plus and minus signs must be redefined for temporal calculations
so that, for instance, a time minus a time yields a duration.

them that do not result in the same type (like inches
times inches yielding square inches).

A type, then, is not only a set of values, but also a set
of valid operations on those values. If a violation of these
rules occurs, it will always be detected: incorrect type
assignments at compilation time, and incorrect value
assignments at execution time. It should be noted, too,
that types are not the same just because their values can
be; for two variables to be of the same type they must be
explicitly declared as such.

Several types are predefined: integer, real, floating-
point, character, boolean, array, string, enumeration,
record, and access. Others may be defined explicitly by
the user or may be built up from the predefined ones.

With the enumeration type, the specific values of a
variable can be listed — for example:

type DAYS_OF_WEEK is
(SUN,MON,TUE,WED,THU,FRI,SAT);

This enumeration restricts variables of the type
DAYS_OF_WEEK to the seven strings specified. A subtype
may be derived from this one by limiting its range —for
instance, by:

type WEEK_DAY is DAYS_OF_WEEK
range (MON .. FRI)

which restricts WEEK_ DAY data types to the normal
weekday range.

Record types allow different but related values to be
grouped together and called by a common name. For
example:

type DATE is
record MONTH : MONTH_NAME
DAY : INTEGER range 1 .. 31
YEAR : INTEGER range 0 . . 2000
end record;
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procedure QUADRATIC_EQUATION (A, B, C, : in REAL;
ROOT_1, ROOT_2: out REAL);
—enter the equation’s coefficients and return its roots
RADICAL : REAL
now find the equation’s roots
begin
RADICAL : = {B**2) — (4.0*A=C);
ROOT _1: = (—B+SQRT(D}}/(2.0*A);
ROOT_2: = (—B — SQRT(D)}/(2.0=A);
end QUADRATIC _EQUATION;

5. Typical subroutine. The procedure subroutine lets any number of
arguments pass between it and the calling program. The quadratic
equation solver shown requires three coefficients (Ax2+Bx+C) as
inputs and two outputs corresponding to the roots.

permits variables of type DATE to be assigned values like
WWII := (SEP, 1, 1939). If any attempt is made to assign
values outside the specified range (like the thirty-second
day of the month) a constraint error will be raised at
execution time. In addition, elements of a record type
can be accessed by dot notation, so that, say,
WWILMONTH picks out SEP as the month in which
World War II started. :

Imposing restrictions

A type may have its proper values and operations
restricted in any way defined by the user by including
what are called discriminants. These impose certain con-
ditions to be checked by the compiler at both compila-
tion and execution time. The example:

type SQUARE_MATRIX(I: INTEGER) is
array (1,I) of REAL;

restricts the values of type SQUARE_MATRIX variables to
ones that are really square by using the single discrimi-
nant I for both its dimensions. Even more complex data
structures, called composition types, can be built up as
well. For example, two square matrixes can be combined
in a single record if they are assigned thus:

type DUAL_SQ_MATRIX (I:INTEGER) is
record
LEFT : SQUARE(I);
RIGHT : SQUARE(I);
end record;

That defines a DUAL_SQ_MATRIX to consist of a left and
right portion, each of which is a square matrix as previ-
ously defined.

Once a type has been defined, objects (variables) may
be declared using the notation:

MAT_2 : SQUARE_MATRIX

which now restricts the values that variable MAT_2 can
take on to be square matrixes.

Exception handling

Ada has the ability to recover from execution time
errors in a manner similar to PL/1. Whenever an error is
encountered, an exception is raised, several of which are
predefined, like CONSTRAINT_ERROR and NUMERIC_ER-
ROR. To prevent execution from stopping when the
exception is raised, a handler may be added by the user.
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task DISK_HANDLER is
-define two entry points for data to and from the disk
entry READ_DISK {A : out TRACK);
entry WRITE_ DISK (B : in TRACKY};
end;
-end of interface portion
task body DISK_HANDLER is
begin
loop
select
--either read or write
accept READ DISK (A : out TRACK) do
GET_FROM_DISK (A);
end;
-external subroutines perform the reads and writes
or
accept WRITE (B : in TRACK)
SEND_TO_DISK (B);
end;
eise null;
-if no reads or writes are waiting,then continue
end select;
end loop;
--repeat
end;

6. Multitasking. The disk handler lets any program write or read a
track of the disk, but not both simuitaneously. ‘‘Select’ and ‘“or"
statements allow only one alternative at a time. The ‘“else null”
clause causes exit from the select segment.

For example, to prevent a numerical error from being
raised when a division by zero is performed, the follow-
ing function may be used:

function “+” (U,v: REAL) return REAL is
begin
return U/Vv;
exception
when NUMERIC_ERROR = >
return REAL'LARGEST
end;

Now, whenever two real numbers are divided with an
out-of-bounds result, rather than causing the program to
crash, the exception handler returns the largest value
representable on the machine.

Current projects

Already, the race to produce Ada compilers is on.
Many universities have experimental versions, but they
are not intended for industrial users. At a conference
held by the Association for Computing Machinery in
Boston in December 1980, many companies said that
they have programs in Ada ready to go as soon as
compilers become available. General Electric, for
instance, has Ada programs in hand that control one of
its microwave ovens. Many are also working to ready test
and validation programs for these compilers.

The first commercial compilers to appear will be for
microprocessors. TeleSoftware Inc., a new company in
San Diego, Calif., headed by Ken Bowles, the creator of
uCSD Pascal, is working on a first quarter 1981 release
of a compiler for a subset of Ada that runs on the
Microengine from Western Digital Corp., Newport
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Beach, Calif. [Electronics, Jan. 13, 1981, p. 39]. It also
plans to be the first clearinghouse for software compo-
nents and undertook the compiler project to get started.
In fact, Western Digital, part owner of TeleSoftware, is
producing an Ada Microengine employing special micro-
code optimized for Ada. This compiler will also work
with systems based on the S-100 bus now that the wD
chip set is available for the bus [Electronics, Jan. 13,
1981, p. 290]. Others are reportedly working on imple-
mentations for the 68000 and the Z8000 microproces-
sors, though these are certainly a good way off.

Intel Corp., Santa Clara, Calif., will be offering an
Ada-based microprocessor chip set in the near future,
called the iAPX-432, that mirrors the structure of the
language in its hardware. The iAPX-432 has been
designed from the ground up with Ada in mind. In fact,
Ada is its system implementation language, and the first
validated compiler may well be from Intel, which
appears to have a head start here, too.

The first Department of Defense contract for a com-
piler was granted by the Army to SofTech Inc. The
Waltham, Mass., company has been asked to produce a full
Ada compiler for Digital Equipment Corp’s VAX-
11/780. Preliminary versions of the compiler should be
ready in 1981, though the validation process will proba-
bly hold up final delivery till 1982.

The other major DOD effort comes from the Air Force,
which has granted three preliminary contracts to Texas
Instruments, Intermetrics Inc., and Computer Science
Corp. It will choose one of these companies to develop a
full Ada compiler for IBM computers next year.

The designer of the language, Jean Ichbiah has
formed his own company, named ALSYS, in Paris, which
is currently working on a front-end compiler for cIi-
Honeywell Bull’s and Siemen’s computers.

Many implementations will compile Ada source state-
ments into an intermediate code that can then be trans-
lated into the machine code of the target computer.
Several manufacturers will be looking at these compilers
as possible front ends for their own implementations.
Joseph Rowe, vice president of research and develop-
ment at the Harris Semiconductor Group’s Minicomput-
er division, believes that “Ada will replace Fortran,” and
consequently the Melbourne, Fla., company is one of
those already working on test programs to help evaluate
compilers as they become available. Another minicom-
puter effort, for Data General’s machines, is being
undertaken by Application Software of Johannesburg,
South Africa. And Westinghouse Electric Corp.’s
Defense and Electronic Systems Center in Baltimore is
working on an Ada-to-Fortran-77 translator for Sperry
Univac, Burroughs, 18M, Honeywell, DEC, and Control
Data computers.

However, most of the major minicomputer and main-
frame manufacturers appear to be holding back from
full-fledged compiler projects. Those with major defense
contracts are training programmers, but they are not
committing the funds necessary to write a full Ada
compiler and validate it. Says Mary Van Duesen, editor
of the Ada Implementor’s Newsletter, ““All of them will
eventually go to Ada, it’s just a matter of whether they
take the first or second wave of customers.” O
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A UNIQUE CHOICE OF
DATA ACQUISITION SYSTEMS
FOR THE LSI-11/2 AND 11/23.
NOW FROM ADAC.

When it comes to data acquisition transmitters and strip chart recorders to
systems, there is nothing quite like the name a few. Discrete cards communicate
ADAC Systems 1000 and the new ADAC  with switch contacts, relays, thumb
System 2000. wheel switches, pumps, motors and

Both systems can operate as low cost  other devices. All cards can be pur-
peripheral expanders to any UNIBUS chased as separate items.
computer. When incorporating a DEC A single System 1000 can be supplied
LSI-11/2 or 11/23 microcomputer the with up to 700 high fevel analog input
systems operate as stand alone control channels, or 128 analog low level input
systems or as remote intelligent channels, or 700 digital I/O functions.
terminals. A typical ADAC System 2000 contains a CPU,

The compact ADAC System 2000 is 64 kilobytes of memory, floppy disc con-
built to hold 13 half quad cards. If you troller, 16 channel A/D, 4 channel D/A,
need greater capacity, slave unitscanbe 32 TTLI/O lines, two serial I/0 ports
utilized or you can go io the larger Sys- plus room for another six cards of
tem 1000 which accommodates any com-  your choice.
bination of 11 quad size cards or 22 halif Another nice thing about both sys-
quad size cards. Both systems can be tems is their prices. Contact ADAC for full
bench top or rack mounted and have a details so you can choose the combination
uriversal power supply that can support  of price and capability that's just right for
up to 256 kilobytes of memory. your application.

The real heart of both System 1000
and ADAC System 2000 is their incredi-
ble number of analog, digital, serial 1/0,
clock, bus and CPU/memory
cards. Functional analog cards
communicate directly with ther-
mocouples, load cells, strain
gauges, isolation amplifiers,

S8 svsrem 1000
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Designer’s casebook

On-chip transistors add
versatility to op amp

by Jim Williams
National Semiconductor Corp., Santa Clara, Calil.

Low-cost audio-amplifier chips containing uncommitted
transistor arrays are widely applicable, as discussed in
part 1 of this article [Electronics, Jan. 27, 1981, p. 118].
Besides uses in nonaudio applications such as dc-dc
converters, touch switches, and stabilized frequency
standards, array amplifiers like National’s LM 389 are
especially suited for general service in portable oscillo-
scope calibrators, low-distortion oscillators, and logarith-
mic amplifiers.

For example, the circuit in Fig. 1 allows a quick check
of an oscilloscope’s time base and vertical calibration. It
can be built into a small hand-held enclosure and may be
powered by a 12.5-volt battery.

When suitably trimmed, the amplifier will oscillate at
1 kilohertz * 5 hertz. Transistor Q, serves as a switch to
provide fast, sharp edges to Q.’s base. This transistor
drives Qs;, which functions as a zener diode so that a
relatively constant 10-v square wave is applied across
the resistive divider at the output. Q’s breakdown poten-
tial is scaled by the 2-kilohm potentiometer to provide a

5-, a 1-, and a 0.1-v square wave at the appropriate
output taps. Loading of the circuit by a 1-megohm
oscilloscope impedance will not introduce any apprecia-
ble error.

In Fig. 2, the LM389 is called on to provide a low-
distortion sine”wave and a synchronous in-phase square
wave. The circuit’s 0.25-watt output capability enables it
to drive such loads as a transducer bridge. In such an
application, the in-phase square-wave output can be used
to drive a set of synchronous demodulation switches.

The oscillator’s low distortion (0.2%) is directly trace-
able to the use of a light bulb that provides smooth
amplitude-limiting for the Wien-bridge network of the
amplifier. The oscillation frequency is 1 kHz. The in-
phase square-wave output is ensured by Q,—Qs; and the
potentiometer R, with Q, and Q; speeding up the wave-
form’s edges. Calibration for synchronism is simply per-
formed by adjusting R, so that the edges of the square
wave line up precisely with the zero-crossings of the
sine-wave output.

As shown in Fig. 3, the LM389 is used in an unortho-
dox fashion to build a logarithmic amplifier that elimi-
nates the complex and expensive means by which tem-
perature compensation is usually achieved. Thus, the
cost of the log amp is reduced by some 90% compared
with that of conventional approaches.

Q,—Q; operate in a heat-generating and -sensing feed-
back network, with Q, serving as the heater and Q; the
temperature sensor. This combination keeps the temper-
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1. Calibration. The LM 389 array audio amplifier supplies 1-kHz markers at 0.1, 1, and 5 V
for an oscilloscope. Loading caused by connecting scope. is minimal. The unit can be

comfortably powered by a 12-V battery for field applications.
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3. Holding heat. The LM389's servo loop, Q.~Qs, performs low-cost temperature compensation for the LF353 op amp, which is configured as
a logarithmic ampilifier. The chip temperature, initially determined by current through Q, is set with the 1-kQ-to-10-k2 resistive divider.

ature virtually constant, so that the LF353 op amp’s
transfer function, as determined solely by logging tran-
sistor Q, and the 1N4148 diode, will be independent of
any variation in temperature.

When power is first applied, Q.’s emitter voltage rises
to about 3.3 v and a current of 120 milliamperes flows.
This current forces Q, to dissipate about 1.5 w, which
raises the chip to operating temperature very rapidly
because of its small size. At this time, the thermal servo
Q,—Q; takes over, because the LM389 senses the depen-
dence of Qj’s base-to-emitter voltage drop on tempera-
ture and drives Q; to a temperature (50°C) correspond-
ing to the setting of the 10-kQ-to-1-kQ divider string.
Since the LM340 never has a voltage of more than 3 v
across it, the power dissipation never exceeds 0.3 Ww.
Note that the zener diode at the base of Q, will prevent
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servo lock-up when the circuit is initialized.

To calibrate the temperature servo, the base of Q,
must first be grounded. The collector potential of Q,
must then be measured at a known room temperature.
Calculate what Q;’s potential should be at 50°C, assum-
ing a temperature coefficient of —2.2 millivolts/°C.
Next, trim the 1-kQ resistor in the resistive divider so
that the voltage at the LM389’s inverting port approxi-
mates the calculated potential. Finally, unground Q,’s
base. The Q,—Qj; servo loop should then be functional. As
a check, note Qj’s collector voltage stability (within 100
mvV) and temperature change (0.05°C maximum) as cool
air is applied to the LM389. a

Designer's casebook is a regular feature in Electronics. We invite readers 10 submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughty
the circuit’s operating principle and purpose. We'll pay $75 for each item published.

135



Published by Electronics magazine...

Books of special interest
to our readers

Applying Microprocessors
Reprinted from Electronics, com-
pletes the EE's transition from the
old methods of electronic design to
microprocessor engineering. Pub.
1977,191 pp. Order #R-701, $9.95

Basics of Data
Communications

This compilation of essential arti-
cles from Data Communications
magazine includes chapters on
terminals, acoustic couplers and
modems, communications pro-
cessors, networking, channel per-
formance, data link controls, net-
work diagnostics, interfaces, and
regulations and policy. Pub. 1976,
303 pp. Order #R-603, $12.95

Circuits for Electronics
Engineers

Almost 35Q circuits arranged by 51
of the most useful functions for
designers. Taken from the popular
“Designer's Casebook” of Elec-
tronics, these circuits have been
designed by engineers for the
achievement of specific engineer-
ing objectives. Pub. 1977, 396 pp.
Order #R-711, $15.95

Design Techniques for
Electronics Engineers

Expert guidance at every point in
the development of an engineering
project—making measurements,
interpreting data, making calcula-
tions, choosing materials, control-
ling environment, laying out and
purchasing components, and in-
terconnecting them swiftly and
accurately. Nearly 300 articles
from Electronics’ "Engineer’s
Notebook.” Pub. 1977, 370 pp.
Order #R-726, $15.95

Microelectronics
Interconnection and Packaging
Up-to-date articles from Elec-
tronics include sections on
lithography and processing for
integrated circuits, thick- and
thin-fitm hybrids, printed-circuit-
board technology, automatic wiring
technology, IC packages and con-
nectors, environmental factors af-
fecting interconnections and pack-
ages, computer-aided design, and
automatic testing. Pub. 1980,

320 pp. Order #R-927, $12.95

== FREE

Brochure describes Electronics’
editorial reprints, services, books. For
free copy, check the coupon in thisad or
circle #275onthe reader service card.

136

APPLYING
MCROPROCESSORS
TYY

Y

Microprocessors and
Microcomputers:

One-chip Controllers to
High-end Systems

Practiczal orientation to second-
and third-generation 8-bit devices,
the latest 16-bit devices, one-chip
microcompuiers, and software for
microprocessors in 95 articles from
Electronics. Pub. 1980, 482 pp.
Order #R-011, $13.95

Order today using this coupon!

—
Electranics Magazine Books

[
P.O. Box 669 c;‘J.
| Fightstown. N 08520 CHil !
| Tel (609) 44B-1700, ext. 5494
| Order # Qty. Price
l R- $
| R $
| R- s
|
| R- $
ll A s
L Total $

\-J’L't: u\ [

J‘i M@\A “

Name

Title
Company
S;reJP.Q addréssi

City/state/ zip

Large Scale Integration

As published in Electronics, covers
the entire range of design applica-
tions in sections on bipolar LS!,
MOS LSI, new devices, system
design, computer-aided design,
testing, and applications. Pub.
1976, 208 pp.Order #R-602, $9.95

Memory Design:
Microcomputers to
Mainframes

The technology, devices, and ap-
plications that link memory com-
ponents and system design. How
to apply the new technology to
meet specific design goals. Edited
from the pages of Electronics. Pub.
1978, 180 pp.Order #R-732, $12.95

Microprocessors

The basic book on microprocessor
technology for the design engineer.
Published in 1975, articles are
drawn from Electronics. 150 pp.
Order #R-520, $8.95

Personal Computing:
Hardware and Software Basics

More than 50 articles from leading
publications give you up-to-datein-
formation on personal computing
hardware, software, theory, and
applications. Pub. 1979, 266 pp.
Order #R-903, $11.95

Practical Applications of
Data Communications:
A User’s Guide

Articles from Data Communica-
tions magazine cover architecture
and protocols, data-link perform-
ance, distributed data processing,
software, data security, testing and
diagnostics, communications pro-
cessors, and digitized-voice and
data-plus-voice. Pub. 1980,

424 pp.Order #R-005, $13.95

Payment enclosed (payment must accompany orders under $25)

Bill my company (or attach company Purchase Order) QO Bill me

Send a free copy of the Electronics Editorial Reprints brochure.
Ten-day money-back guarantee applies on all books. EL

Electronics/February 10, 1981



Serial-data interface eases
remote use of terminal keyboard

by Robert Nixon
Nixon Engineering Co., San Jose, Calif.

A keyboard that can be detached and operated at a
distance from its terminal is often desirable in a comput-
er-based system, but the job of developing the proper
cable and connector can be hard and time-consuming.
The interconnecting wire count can be reduced to just
two leads, however. The trick is to choose a keyboard
that generates a serial output for each keystroke and use
it with the current-modulating interface shown. A minor
modification will adapt the circuit to the RS-232 bus.

Here, the microprocessor-based keyboard is the Micro
Switch 103SD24-2, which delivers the serial ASCII data
at 110 bits per second. Power to the keyboard, which
requires only 5 volts, is provided by the nA7812 voltage
regulator. This device also serves as a current limiter,
protecting the interface against damage caused by shorts
in the connecting cable. A second regulator, the uA7805,
smoothes out the small variations in voltage generated
by the current modulator.

During the mark states of the data stream, transistor
Q. is held off because the keyboard output is active—the
total current through R, and the keyboard is 360 milli-
amperes, which represents the difference between the
supply voltage and the keyboard’s optocoupler output
stage. During the space interval of the serial data
stream, the keyboard output is inactive, and Q. is turned
on. The total supply current then becomes 610 mA.
Diodes D, and D, allow for the small voltage drop
between the Darlington-coupled output of the keyboard,
ensuring that Q, is switched properly. Capacitors C, and
C, aid in stabilizing the uA7805 regulator during modu-
lation.

The two-state current variation is detected on the
receiver side by Q,, and associated resistors R;—Rs.
During the mark state, the drop across R; is about 550
millivolts, which is not enough to turn on the transistor.
During the space state, however, the additional current
produced will switch on Q. and generate a positive
voltage level at the output. Note that R, and R prevent
the transistor from being damaged by a short circuit.

For TTL compatibility, the output signal should be
introduced to a Schmitt trigger to eliminate hash and
ill-defined switching levels. To interface with the RS-232
bus, it is only necessary to increase R,’s value to 3
kilohms and connect its lower end to —12 Vv instead of
ground. O
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Interim link. Two-wire serial interface makes it simple to remove keyboard from computer terminal for remote use. ASCll output from
keyboard is current-modulated by Q. Two-state output is recovered by Q.. Minor modification makes board compatible with RS-232 bus.

Electronics/February 10, 1981

137



BUBBLE MEMQRY SYSTEMS
Control chip and driver program
unlock magnetic-bubble potential

Controller runs 5-chip systems
as well as disk replacements

by Ravi Luthra and George Reyling Jr.
National Semiconductor Corp., Santa Clara, Calil.

Magnetic-bubble memories must interface easily with bus-
level signals if they are to win wide acceptance among
designers. The first of these two articles describes a control-
ler chip that does just that: links the bubble chip to the
system bus in hand-held and large systems alike.

Perhaps more significant, however, is the second article,
which tells how a software-assisted bubble memory can be
made to look just like floppy-disk mass storage to a host
microcomputer system. Eventually the garnet-based devices
will go head to head against disks for high-density nonvola-
tile storage and turn up, surrounded by control circuits, in
cartridge form. -Raymond P. Capece

00 Though readily available, magnetic-bubble memories
have met with a cool reception. The circuitry needed to
control them is very complex —anywhere from 40 to 100
standard integrated circuits may be needed to manipu-
late a 256-K or 1-megabit bubble device.

That component count is reduced by an order of
magnitude by a set of special-purpose support circuits
that make it easier to exploit the technology’s unique
combination of nonvolatility, solid-state reliability, and
high density. A well-designed controller IC is the key
element. National Semiconductor Corp.’s INS82851/3,
for instance, is powerful enough to run large, high-
performance memory systems yet versatile enough to
drive a single bubble memory with as few as five chips.

The problem with a bubble memory chip is that
addresses are not inherent in its structure and the exis-
tence of redundant loops of magnetic bubbles has to be
taken into account. In many respects it resembles a
head-per-track disk or drum memory with serial input
and output. The bubble chip’s contents must be shifted
during initialization until the synchronizing pattern is
found that marks the starting address. Also required is a
redundancy map, which must be read out to determine
the usable data loops: every read or write operation
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sequences the bubble memory contents through several
hundred or more clock cycles, using the map to avoid
redundant loops.

In addition to those tasks, the control subsystem must
take charge of the interface with the host system bus and
must buffer parallel data on the way into the bubble
memory and serial data on the way out. It should also
detect and correct errors, sequence power-up and power-
down operations, and time the various signals.

Finally, all these functions should be partitioned
among the controller and other support chips in such a
way as to create a versatile subsystem, capable of use in
applications as diverse as a hand-held order-entry sys-
tem, an industrial data logger, or a high-performance
disk replacement in a large computer system.

The controller

In partitioning the control functions, a good starting
point is to note that drive and sense circuits must accom-
pany each bubble memory device, whereas the controller
can be shared among many bubble devices. If all the
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Packed. The power of the large-scale integrated controller chip (at
left) is evidenced by the smallness of this minimum-configuration
magnetic-bubble memory subsystem. Though it is only 9 square
inches in area, the board can store either 256 K or 1 megabit.
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complex logic needed for a minimum control system is
put into a single n-channel MOS large-scale IC, then the
drive and sense chips can be designed to be simple and
therefore low-cost.

This approach produces the support circuitry shown in
Fig. 1. The design of such a minimum configuration uses
the least number of components consistent with keeping
their individual cost low.

The controller, for instance, stores maps of redundant
loops for one magnetic-bubble memory module but does
not go to the expense of doing so for the eight modules of
a full system. It is much more cost-effective to use a
standard random-access-memory package and counter in
large systems, where the extra packages have little
impact on circuit-board size.

Also economical is a microprogrammed architecture
that provides the INS82851 with the logic needed to run
a 256-K bubble memory and the INS82853 with the
logic for a 1-Mb memory. Microcoding at the time of
manufacture characterizes the controller. A hardwired
approach providing both would have been more costly
and more complex and would in addition have produced
a die larger than the 82851/3’s 40,000 square mils.

Controller functions

Figure 2 is a block diagram of the 82851/3. The
Microbus control circuitry and the input/output buffers
employ address, data, and control signals at the user
interface that are compatible with most microprocessors’
requirements. The source and destination registers are
accessible by the user, who writes into them or reads
from them to operate the controller. First-in, first-out
memory is a 16-byte buffer for data flowing between the
user and the magnetic-bubble memory; the FIFO com-
pensates for the difference in the data rates between the
controller’s interface with the user and its interface with
the bubble memory. Then, during writing, the parallel-

to-serial register converts the user’s byte-parallel data
into a serial bit stream. Conversely, during reading, the
serial-to-parallel register converts the serial stream of
bubble data into bytes for the user.

The circuitry for detecting and correcting errors
employs a 12-bit Fire code. This code can correct single
bits or pairs of adjacent bits it has found to be in error. It
is also capable of detecting up to three random errors or
a burst error up to 12 bits long.

Redundant loops

National’s NBM2256 256-K bubble memory contains
282 data loops of which 20 may be redundant. The
NBM2011 [-Mb bubble contains 584 data loops of
which 60 may be redundant. Each loop contains 1,000
bits. When writing, the output-mapper circuitry in the
controller stores user data only in known-good loops;
then when reading, the input mapper automatically
ignores the data coming from redundant loops. The
mask-programmable timing generator supplies all the
signals necessary to operate the support circuitry. The
microcoded control section contains the microcode for
executing the user commands.

The user operates the controller by writing into or
reading from the registers shown in Table 1. The user
issues a command to the controller by writing into the
command register (CMDR). The status of the controller
is determined by reading the status register (STR), whose
bits indicate if it is busy and reveal its data-transfer
status as well as a variety of error conditions.

Various options can be written into the residual con-
trol register (RCR). They include:

B Write protection, which inhibits all write operations.

B Sector addressing, which keeps the sector size constant
regardless of the number of bubble memories.

® [nterrupt enabling, for requesting data when the FIFO
is half full or has 1 byte empty, for stopping when the
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1. Six chips only. The design of the
INS82851 bubble-memory controller keeps
costs low for minimum systems, since only it
and four linear integrated circuits are needed
to provide bubble-to-microprocessor-bus
interfacing. Also, the controller supports
either 256-K or 1-Mb bubble chips.
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2. High density. The chores of the controller, which accepts user programming, oversees error detection and correction, and has bus
interfacing as well as bubble timing functions, are so complex that the 40,00G-mil? chip is denser than many microprocessors.

command is complete, or for stopping when an error is
detected.

®m Read-FIFO enabling, which gives access to the FIFO
when a command is not being executed.

The control system is configured by loading the sys-
tem features register (SFR). This specifies the number of
bubble memories and whether a programmable read-
only memory for mapping redundant loops is to be used.
It also includes a fast-access bit to indicate that data
should be held in the bubble memory’s output track for
immediate access.

Next, the sector-address register (SAR) holds the logi-
cal address of the sector or page being accessed. Finally,
when the user wants to read or write more than one
sector (or page) of data at a time, the contents of the
multiple-sector register (MSR) specify the number of
sectors (pages) to be read or written.

Versatile commands

The 82851/3 controller provides a comprehensive set
of user-oriented commands with options that further
increase their power. Table 2 contains the format of the
command code and a summary of the status register’s
formats for each of the commands.

The commands to read sector(s) allow the user to read
one or more sectors. The user may either read all the
data from the bubble memory or skip the data in the
redundant loops. Alternatively, the controller may read
data from the bubble memory using the redundancy map
information but not send it to the user—that is, the
data-request line (DRQ) is not raised. In this way, the
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integrity of the data may be verified without using the
system bus, since the controller corrects erroneous data
whether or not it is sent to the user.

The user may write data into one or more sectors by
using write-sector(s) commands, through which he can
write data either into all the loops in the sector(s) or into
all except the redundant ones. Further, data present in
the FIFO may be written repeatedly until the specified
number of sectors have been written. A data error
detected during the execution of a command to read
sector(s) may be corrected by issuing a read-corrected
command.

The position command aligns the bubble memory’s
output track with the controller’s counter in preparation
for reading or its input track with the counter in order to
write. It can thus reduce latency to zero.

The command to read the map acquires the redundan-
cy map information (RMPI) ffom the bubble memory.
This gives the user an option to examine the map-loop
data in its entirety and to make a hard copy of it. In
addition, he can check the integrity of the RMPI by
comparing it with the information in the map RAM. The
user may also write his own RMPI into the bubble memo-
ry, using the command to write the map and storing it in
either the odd or even map loop. (The 2256 and 2011
include a redundant map loop to further increase their
yield and reliability.) Alternatively, the RMPI read from
the bubble memory’s redundancy map may be loaded
into the map RAM.

Issuing a command to terminate halts the command
currently being executed by the controller. The user may
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TABLE 1: USER REGISTERS OF THE INS82851
BUBBLE-MEMORY CONTROLLER

Name of register Symbol Afd::essAo dseggi;c:t::)rn
Command register CMDR 0| O 0 D
Status register {read only) STR 1 1 0 S
Residual control register RCR 1 0| O S/D
System features register SFR | 1 0 1 S/D
First-in, first-out memory FIFO 1 1 1 S/D
Sector address register, bits 0-7 SAR 0-7 0 1 0 S/D
Sector address register, bits 8:15 | SAR8-15 | 0 | 1 1 S/D
Multiple sector register l MSR o0 S/D

specify whether the command currently being executed
should be terminated immediately or at the end of the
current page.

All the bubble memories in a bank are initialized on
power-up, and the controller also contains a command
that lets the user initialize them under program control.
All the memories in a currently active bank are rotated
simultaneously so that the controller’s internal counters
can be synchronized with each of their page Os.

The smallest system

The controller and other support circuits may easily be
configured for hand-held or portable applications.
Though packed on a board of only 9 square inches, the
subsystem (shown in the opening photograph) stores
either 256 K or 1 Mb, can detect and correct errors, has a
FIFO buffer, and uses an 8-bit-wide parallel data inter-
face with all the control signals required to transfer data
under program, interrupt-driven, or direct-memory-
access control. The subsystem requires +5-vand +12-v
supplies and dissipates approximately 4 watts when oper-
ating and 1.5 w during standby.

When used as a removable cassette, the board has a
standard bus interface, which plugs into a variety of host
systems regardless of the electrical characteristics of the
particular bubble memory being used. That is a simpler
approach to system design than one that uses only the
bubble memory as a removable cassette. Because the

- K
& MAGNETIC- MAGNETIC
= BUBBLE BUBBLE
= MEMORY MEMORY
= NO. 1 NO-N
HOST- 3 {4 CHIPS) (4 CHIPS)
SYSTEM 8
INTER- \
FACE
ENABLE ENABLE
NO. 1 ND. N
1-DF-N DECODER
HIGH ENABLE '
ADDRESS =
ADDRES!
-l DECODER > LOG,N-BIT LATCH
LOW ADDRESS OR DATA

TABLE 2: COMMAND AND STATUS REGISTER SUMMARY
C:

3. System expansion. With a multiplexing approach, one controller
may handle as many bubbles as signal-loading limitations allow it to.
Multiplexing saves power, since the bubble and support circuits
dissipate only one fifth of the power they consume when active.

256-K and 1-Mb systems are pin-for-pin—compatible with
each other, cassettes of either capacity can be used
interchangeably, provided that system software reads the
size information from the bubble memory.

To expand such a system, extra bubble memories may
be multiplexed or linked in parallel to each other with
the controller.

In the multiplexed approach (Fig. 3), each bubble
memory and its four drive/sense circuits are individually
enabled by a decoder from a few bits of latched data,
which may be sent over either the address or the data
bus. The host system selects a particular bubble module
and the controller executes an initialize command before
transferring data. It typically takes about 10 millisec-

Command ommand register Status register
T
name B/| Bs| Bs| Ba [ By ] le By [ Bo B, Bg Bs By B3 B, | B By
f .
Read sector (s) 0| 0| D |MS|RDM [ s8Dj 0 | O 0 0 out of 0 error data | data controller
! } range detected | overrun | request not busy
Write sector (s) 0 1] 0| ms|wem[san| 0 | o 0 write out of 0 0 data data controller
[ | [ protect range | overrun request not busy
Position olw/ 1|/ol1|o]o]o 0 0 0 0 0 0 0 controller
1 | B B - - not busy |
Initialize 1 1 1 1 |tM|{1]0|D 0 0 initial- 0 map data 0 0 controller
‘ 1zation error not busy
- ! | - Lgrror [ L i |
Terminate 0|00 0 |1 I same as the status of the terminated command
Read map 1 ojojOof|C|O|O|O 0 0 map 0 map data | data | data controller
‘ compare error overrun | request not busy
L 1 | | N | ecror | - = | =
Write map 1 1 0|0 | M ‘ 0 ‘ 0|0 0 write 0 0 0 data data controlter
[ | ‘ protect overrun # request not busy
Read corrected 0|0 ‘ 0,0 |1 1 0|0 soft 0 0 error not additional | data data controller
| errors correctable | error | overrun | request not busy
! ‘ present detected |
L | i
Note: MS = multiple sector; RDM = read with masking; SSD = skip sending data; SAD = skip requesting datz; WRM = write with masking,
W = position for a write operation; LM = load map into RAM; C = compare with map RAM; M = write into odd map; I = terminate immediately.
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onds to initialize a new bubble module, so that the
worst-case access time, for a system in which an inactive
module is accessed, increases by 10 ms. However, the
average access time increases very little, since most
accesses will be to the currently active module.

The multiplexed approach has the advantage of lowest
power dissipation, since inactive modules and
drive/sense circuits need about 80% less power when
inactive than when active. It also allows an arbitrary
number (within signal-loading limitations) of bubble
modules to be controlled by a single controller.

In paraliel

The second way of expanding a system is to operate
two, four, or eight bubble memories in parallel (Fig. 4).
This is done by using a pair of 8-bit shift registers to
convert the serial data from the controller into parallel
inputs for the parallel bubble modules. Redundancy is
easily handled by the controller, since the redundancy
map storage can be expanded off chip onto a 1-K or 4-K
RAM by means of three 4-bit counters. This scheme has
only minor impact on total chip count, board area, and
cost of a multimodule system; in fact, overall compo-
nents cost is less than if the features had been provided
directly in the controller.

Package counts for various system sizes using the
parallel approach for 256-k and 1-Mb bubble modules
are given in Table 3. The 1-megabyte system has a
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SHIFT REGISTER
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4. Parallel view. Bubble systems can also be expanded in parallel to
boost data rates. Then all bubble and support circuits are continu-
ously active during data transfers. Shift registers produce paraliel
data and external memory stores the redundancy map.
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typical bit density of 151 K per package, including all
overhead packages—a vast improvement on 16-K or even
64-K dynamic RAMs. A complete 1-megabyte system fits
on a standard Series 80 6.75-by-12-in. microcomputer
card. Its typical active power dissipation is less than 4
microwatts per bit, or 30 w overall (dropping to 10 w
during standby).

The number of components in the eight-module sys-
tem could be reduced by using discrete, high-current
drivers to run all eight modules from the one controller.
However, such an approach is questionable because it
complicates signal routing, generates a lot of noise, and
creates heat-sinking problems. Furthermore, the stan-
dard drivers have built-in power-up and -down sequenc-
ing to keep data safe when power is lost. Supplying
discrete drivers with these functions may increase com-
ponent count to the point where not much is saved.

Systems using eight modules, each operating at 100
kilohertz, have a peak data rate of 100 kilobytes per
second. That rate would keep the host processor busy all
the time. As a result, it will be desirable in most systems
to add a DMA controller for the data transfer. Therefore,
signals to interface with an LSI DMA controller have been
provided on the bubble-memory controller (the DMA
part is included in the package count given for the
eight-module system).

The two methods of expansion may also be combined
for systems where multiplexed banks of eight parallel
bubble modules are used with a single controller, yield-
ing multimegabyte capacity.

The big time

In larger systems the 100 K-byte/s of an eight-module
system is not adequate. A bubble memory that replaces a
head-per-track disk must handle data rates of 1 to 4
megabytes/s. Such an application will be best served by
the 4-Mb bubbles currently in design [Electronics, Aug. 2,
1979, p. 99]. But the required performance can, in fact,
be achieved with 256-K and 1-Mb parts if more than one
controller is used. Therefore, control signals allow paral-
lel operation of controllers to be synchronized over 16-,
24-, 32-bit and wider buses. In operation, the same
commands are sent simultaneously to all controllers and
data-request signals are used in a wired-AND mode while
interrupt requests are used in a wired-OR mode. The
FIFO buffer’s temporary storage compensates for the
differences in data rates due to the unique redundancy
map patterns in each controller’s map RAM (these maps
should, however, be balanced to minimize the depth of
FIFO storage for this purpose).

In addition, the data rate for each group of eight lines
on the data bus can be increased from 100 kilobytes/s to
1 megabyte/s by time-multiplexing 10 controllers to the
same set of lines (Fig. 5). Here, a microprocessor or
specialized 1/0 processor interfaces the 10 controllers
with the host system bus or 170 channel and adds consid-
erable intelligence to the subsystem.

For a data rate of 2 megabytes/s, 20 controllers each
running eight bubble modules in parallel would be
required. For 256-K bubbles, each data block must be at
least 20 times 256 or 5-K bytes, and the system must
hold at least 5 megabytes. Average access time is 7 ms
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(12 ms maximum). For the 1-megabyte bubble the
respective figures are 10-K bytes, 20 megabytes, and 11
ms (21 ms maximum).

In a system as large as this, the use of the controller’s
error-correcting feature becomes very important. In the
smaller systems, it is usually enough just to detect errors
and reread the data affected by soft (transient) errors.
Assuming 10-° soft errors per bit read and 10~"" hard
errors (stored data loss) per coil cycle, then a single-
module system running at a 5% duty cycle will produce
only about one error a year requiring correction and one
every few days requiring reread. With a frequency as low
as this, the correction capabilities need not be very
extensive. Indeed in noncritical applications, a simple
detect-and-reread cycle to correct the most frequent soft
errors would suffice.

Significant errors

On the other hand, the large system serving as fast-
access mass storage has 160 bubble modules running in
parallel, giving a correspondingly higher hard-error
rate—and in this application, data integrity is very
important. To address this need effectively, a 12-bit
modified Fire code in the controller checks the data in
the bubble memory a sector at a time, or every 512 bits.
As noted, this code is capable of detecting up to three
random errors or any burst error up to 12 bits long with
100% accuracy. Other error patterns have a high proba-
bility of detection.

As for error correction, the most frequent hard
error—by several orders of magnitude—is a single-bit
error; the next most frequent is a pair of adjacent bit
errors, and both these can be corrected by the code.
Other error patterns will in most cases be indicated as
impossible to correct by the error-not-correctable status
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5. Disk replacement. Bubble data rates can be boosted to 4
megabytes/second with parallel and multiplexed expansion, where
controllers, each handling parallel bubbles, are time-muitiplexed. Ten
controllers, for example, increase the 100-kb/s rate tenfold.

bit. Since this capability is itself imperfect, it seems best
always to correct soft errors by rereading the data to
avoid the chance of an erroneous correction. The pres-
ence of soft errors is indicated by a status bit at the end
of the read-corrected command, which can be used to
determine whether a reread should be performed. An
additional-error-detected bit indicates when more than
one 512-bit data block is in error in systems having more
than 512 bits per page of bubble memory data. |

Software driver lets CP/M
address bubbles as a disk

by Chris E, Le Tocq
National Semiconductor Corp., Santa Clara, Calif.

0 Magnetic-bubble memory boards need not be hard to
use for high-performance mass storage. With minor soft-
ware changes, any system that currently relies on disks
may replace them with bubbles. A storage driver pro-
gram can make the bubble device look like a disk, so that
the superior performance of bubbles can be exploited in
compilers, word processors, data-logging packages, and
so on, without changing the application programs.

To see just how easy it would be to use a bubble device
as if it were a disk drive, it was decided to interface the
National Semiconductor 32-k-byte BLC9250 bubble
memory board with a microcomputer running the widely
used CP/M operating system (CP/M is a trademark of
Digital Research Corp.).

The interrelationships of the CP/M-based system are
shown in Fig. 1. The only important interface to consider
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here is the software one between the input/output device
handlers and the operating system. For existing applica-
tion programs to use the bubble board, National supplies
a software 1,0 driver that makes the bubble storage look
like a disk device to cP/M. The interface between the
operating system and the application program is unaf-
fected by the addition of the bubble memory.

Figure 2 diagrams a microcomputer system using a
bubble memory in place of a floppy disk. In addition to
the BLC9250 bubble board, the system consists of a
BLC80/20-4 microcomputer board with external 1,0, a
common memory, a Multibus-compatible system bus,
and an optional floppy-disk drive and controller.

The BLC9250 (Fig. 3) has a 256-k NBM2256 chip,
an Intel 8039 single-chip microcomputer, control cir-
cuits, and a system bus interface. Up to eight BLC9101
expansion boards, each containing 128-k bytes of stor-
age, can be added to the system, bringing memory
capacity to slightly over 1 megabyte.

In the simplest terms, a bubble device is a magnetic
chip manufactured by processes similar to those used to
make semiconductor devices. The magnetic bubbles
themselves are small magnetic domains formed when an
external magnetic field is applied perpendicularly to the
surface of the device. In the presence of a magnetic field
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1. Isolation. The 170 device handier can make a magnetic-bubble
device look like a disk so that neither the operating system nor the
user's programs have to be changed. The software accepts other
hardware, which also is isolated from the user’s programs.

gradient, these domains become mobile and their direc-
tion of motion can be controlled. Permalloy patterns
deposited on the chip define the path along which the
bubbles will travel.

Data bubbles stored in the device are arranged in
loops of predetermined length, usually with two access
points—one for reading and one for writing. The con-
trols for generating bubble bits and governing their
movement are implemented in metal layers on the chip.

Swapping bits

The 256-K chip has 282 loops of 1,024 bits. Less are
needed, but redundant loops have been built into the
design to increase manufacturing yields. A pattern con-
tained on two map loops enables the controller to select
262 good loops out of the 282. From each of these loops,
1 bit at a time can be swapped or replicated for write or
read operations, respectively (see “Inside a magnetic-
bubble storage device,” p. 146).

Data on the bubble is handled in blocks of 128 bytes
because that is the standard disk-sector size for the CP/M
operating system. In actual bubble configuration, 1 bit
from each of the 262 loops—256 bits of data plus 6 bits
for error correction—is called a page. A page is 32 bytes,
and four successive pages is equivalent to a 128-byte disk
sector. A track is defined as containing 32 sectors, or 4-K
bytes. (This logical track is not to be confused with the
physical input and output tracks on the device itself.)
Eight tracks can be defined on the NBM2256 chip for a
total storage capacity of 32-K bytes.

The operating system expects to be addressing a disk
device. A disk address consists of two numbers—the
track number and the sector number. In contrast, bubble
data is addressed by a sequential string of page numbers.
Thus, the bubble handler software translates a track and
sector address from CP/M into the bubble page address
for the first page of each four-page sector.

For example, track zero, sector zero, becomes page
zero; track zero, sector one, is translated into page eight;
and track four, sector zero (the logical middle of the
device), starts at page four. The bubble address is large
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2. Bubble microcomputer. Block diagram shows how a typical
microcomputer system can use magnetic-bubble memory for mass
storage. A floppy disk may still be used as an optional feature for
memory backup or data and program loading.

enough to handle data on expansion modules. If the page
address is for a nonexistent module, an error is returned
to the operating system.

The CP/M operating system is stored on the first two
tracks (the first 256 pages). The file directory for the
data on the 2256 device itself, and on any expansion
board, is stored in the first kilobyte of the third track
(the next 32 pages). That leaves 23-K bytes of user space
(the remaining 736 pages). It is possible to store CP/M on
a read-only memory, freeing another 8-k bytes of user
space, but the directory has to remain on the device to be
updated as the file structure changes.

With the BLC9250 bubble storage board, neither the
user nor the user’s application program has to know the
data configuration on the bubble chip. The design of the
software handler makes the device look exactly like a
disk. As with a disk memory, CP/M knows about the
bubble storage in terms of track and sector numbers.
The program running under CP/M gains access to data
on a disk or the bubble storage by the name of the file in
which that data is stored and the number of the record
within that file.

Handler design

The flow chart of the bubble-storage handler logic is
shown in Fig. 4. Its job is to convert the disk address into
a bubble address (the third block), issue the appropriate
bubble commands with the right timing, and check for
errors. As the handler returns to the user program, the
controller on the memory board positions the bubble
storage at the next sector in anticipation that the same
command will be repeated for the sector —which is what
happens in most file-storage access operations.

The basic 170 handler can also drive a floppy-disk
drive with a National BLC8222 double- or single-density
diskette controller. Files may be transferred freely
between standard floppy disks and the bubble storage,
and the disk can be disconnected from the system when
it is no longer needed.
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3. Details. The components of the BLC9250 32-K-byte magnetic-bubble memory storage board are shown in this layout. A single-chip
microcomputer without read-only memory, the 8039, takes care of all the complex control functions of the bubble device.

The remaining logic in the handler determines wheth-
er control passes to the bubble handler or to the floppy
controller. All the bubble handler needs to know is the
location of the three fields—track, sector, and DMAAD,
the direct-memory-access address in system memory—
with which the transfer is to take place.

How fast?

The two commonest ways of measuring the perform-
ance of storage devices are average access time and
data-transfer rate. Bubbles have much faster access
times than disks but slower transfer rates.

Access to data on bubble storage is fast because of two
basic physical advantages. First, the data does not need
formatting as on disk storage —usable data does not have
to be surrounded with an unusable block of identifying
data. Secondly, though bubbles are in essence a rotating
storage device—the data rotates within the medium, but
the medium does not move—the data does not continu-
ously rotate and has no inertia.

A bubble device thus can be started and stopped
instantly and can be rotated quickly to the right position.
This eliminates the need for positioning algorithms that
calculate when the next item of data will be needed and
place this data where it can be retrieved quickly.

The access time of the magnetic-bubble storage device
is the time it takes to move the bubbles of a desired page
to the position in the loop opposite either the swap gates
for writing or the replicate gates for reading. The aver-
age access time will be half the length of the data loop,
or 512 cycles. The current version of the 2256 bubble
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device is driven by a 100-kilohertz clock, which moves
each bubble one memory space in 10 microseconds.

After a sector has been accessed, the next logical
sector is 198 cycles forward around the loop because of
logical positioning. The time to position the device to the
next sector is therefore 2 milliseconds.

The data rate is determined by the number of cycles it
takes to transfer a four-page sector. It takes a total of
463 cycles to read out one page—282 cycles to move all
the bits from the data loops plus 181 cycles to clear the
last bit through the detector (see again the diagram in
“Inside a magnetic-bubble storage device,” p. 146).

When reading pages in succession, it is not necessary
to wait until all the bits have cleared the detector before
the next page is replicated. An additional 14 cycles are
added to the basic 282 cycles to allow for the 14 bits of
the leader on the input track that keeps the pages
synchronized for writing. Another 41 cycles are needed
by the 8039 processor to perform its control functions
between each page, bringing the page transfer interval to
337 cycles.

Reading a full four-page sector then takes 337 cycles
times three for the first three pages, plus 463 cycles for
the last page, for a total of 1,474 cycles. This works out
to a data rate of 70 kilobits per second—128 bytes (a
sector) in 14.74 ms. That figure compares with a typical
formatted data rate of an 8-inch floppy disk like Shugart
Associates’ SA800-1 of 160 kb/s (see Table 1).

Though the data rate for unformatted media is the
standard method of quoting the transfer rate for disk
drives, it is not valid for comparing disks with magnetic-
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Inside a magnetic-bubble storage device

Magnetic-bubble memories store data on moving magnet-
ic domains that travel along paths determined by metal
patterns deposited on the chip.

On the NBM2256 256-K magnetic-bubble storage
device, magnetic bubbles each representing 1 bit are
stored on 282 data loops, each 1,024 bits long. The
device consists of 1,024 physical pages, where a page
consists of 1 bit from each loop. There are 282 bits per
page, of which 262 are guaranteed to be from good loops.
The redundant loops are incorporated to increase chip
yields and thus reduce cost.

Information about which loops are good and which are
not is contained in two map loops. Of the 262 bits from
good loops, 6 bits are used for error checking and the
remaining 256 bits are passed to the user program. Thus,
each page contains 32 bytes of data.

For every 10-microsecond cycle of the rotating magnet-
ic field applied to the memory chips, the data loops move
one position forward. At the same time, the map loops,
the input track, and the output track are each rotated one
position forward. The redundancy map loops also contain
a synchronization pattern, used for initialization. The data
is rotated until this pattern is detected, and then the page
opposite the output track is defined as page zero.

Each page is assigned a physical address, starting with
zero, in a sequential, ascending order. By the time 282
bits have been shifted (to yield 256 bits of good data), the
page that is aligned with respect to the output track is
displaced by 282 physical positions from the page that
has just been used.

In order to improve the data-transfer rate, the controller
superimposes a logical page address on the physical

address structure. The logical pages in the 2256 chip on
the BLC9250 board are displaced from the physical ones
by 337—that is, each logical page is separated by 337
bits on each loop. The 55 extra pages over 282 derive
from the 410 us (41 cycles) that the 8039 processor
needs to perform its control function and the distance
along the input track (140 us, or 14 magnetic cycles) from
the generator to the first data loop.

if the program needs more than one consecutive logical
page at a time, then it is important to specify that to the
controller so that the next page can be replicated when it
is in position opposite the output track. If a single page is
read, then by the time the controller has finished reading,
the next logical page will have passed the output track
because of the 181 cycles required to move the last
replicated bit through the detector. Almost a complete
rotation of the storage will be required ta.reach it.

To read a page, it is necessary to:
O Rotate the data loops until the appropriate page is
aligned with respect to the output track.
O Replicate the bits from the loops into the output track.
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