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A NEW WAY TO SOLVE THE TEST PROBLEM IN DISK DRIVES/35
IS TOM ANGELUCCP'S BIG GAMBLE FINALLY PAYING OFF?/38
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The only thing
small about it is
its size!

The RTP-650A is the only portable data recorder that

gives you bigger performance than a reel-to-reel.

*DC to 40kHz frequency response on 14 (or 21) chan-
nels — at a 76.2cm/sec (30 ips) on Beta fcrmat video
cassette tape. Covers twice the IRIG WBG1 band-
width on any of the other six tape speeds. WBG1 is
selectable for an even better SN ratio.

*Superior vibration resistance (tested in conformity
with MIL-STD-810C) plus a compact and lightweight
design cive you a wholly new latitude of applications.

*FM, DR and PCM recording — three modes in all
A first for a desktop data recorder.

*Optionally available GP-IB port lets ycu easily con-
figure a computer-contro'led data acquisition and pro-
cessing system.

And it’s easier to use than any other data recorder.....
*Bright easy-to-read menu style EL display provides
the window for easy access to the multi-

microprocessor intelligence.
*Programmable settings for simpler operation
Even ar unskilled opzrator can use it on site.

Learn more about = ‘ro“r

the RTP-650A and its K A
. X KYOWA ELECTRONIC INSTRUMENTS CO.. LTO.

many other exciting _ o'y S ae grvome

features. Write or 15 L o ohane T .

call; Cable: KYOWASTRAINGAGE TOKYO
Telex: 222-3854 KYOWAT J

DATA RECORDER
LY

.Y QWA

VIDEO CASSETTE DATA RECORDER
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BASICALLY

With Infotek’s new compiler, Hewlett-Packard BASIC
(for Series 200/300 computers) runs dramatically faster.

SoftwareLibrary

Increase productivity and
throughput! Now, you can
make your 4.0 version of HP
BASIC run most programs
3-5 times faster without alter-
ing or compromising any of
the program attributes. It’s
done with the BC 204 com-

software package which
increases the speed of MAT
operations from 1.5-3 times.
So make your 111’ system
BASICally fast. Call Infotek
Systems today for informa-
tion on BC 204 and our other
enhancement products for

piler from Infotek, the com-
pany that specializes in making
your HP computer even better.
The new Infotek BC 204 compiler
is 100 percent compatible with all
Series 200/300 computers. All
BASIC statements and extensions
are supported. Once a program is
compiled, the execution is identical
to standard interpreted BASIC.
Typical performance improvement
factors with floating point support
are 10-40 for integer statements,
5-10 for real statements, 2-10 for

string statements, and 1.5-3 for
CRT DRAW statements. The 3C
204 supports all floating point hard-
ware configurations including Info-
tek’s floating point processors, H’’s
math card and the MC 68881 micro-
processor (internal to Model 320).
Infotek also manufactures compil-
ers for the BASIC 2.0-and 3.0 oper-
ating systems.

And you can make your 11P hetter
yet with another innovative Infotek
product, the Matrix Binary (MB 203)

the H I’ 9000 Series 200/300
computers. Infotek Systems, 14100
North Baxter Street, Anaheim,
California 92806-1201. (711) 956-
9300, (800) 227-0218, in California
(800) 523-1682, TIELIEX 182283,

INFOTEK
X) SYSTEMS

f IO OF ALY CORPORATION
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SILICON SYSTEMS’ NEW
READ DATA PROCESSOR CHIP BREAKS
THE PRICE/PERFORMANCE BARRIER

IMEM and RLL Capability af Data Rates
up to 15 Mbits/sec

Now Silicon Systems intreduces the SSI
541—the industry’s most advanced Read
Data Processor chip for high performance
disk drive applications. lts high level integra-
tion altows it to perform both amplitude and
time pulse qualification for MFM and RLL
encoded systems—and do it all at datarates
up to 15 megabits per second.

Complete integration of High Perform-
ance Functions

Packed inside of the 541 are all these high
performance functions: a wide dynamic
range AGC amplifier, a dual rate AGC
charge pump, an active differentiator, an
adjustable hysteresis comparator, a feeg-

forward hysteresis control circuit, and a
gating circuit with output width control. By
utilizing amplitude and time puise qualifica-
fion, the 541 s able to gate out shouldering
induced noise errors in a high resolution
disk drive system.

Caosts Less to Buy, Less to Apply— Re-
ducing the User’s Part-Count and Size

The 541's complete integration of the read
data processor functions cuts down on the
users part- count and manufacturing costs,
while boasting reliability and saving real
estate. Even with its high performance and
cost-saving benefits, the 541 costs less wnen
you buy it and far tess when you apply it.

The SS! 541is designed for application in
high performance MFM and RLL encoded

disk drives, disk drives that utilize plated
media or thin film heads, and disk drives
that offer advanced interface standards.

Price and Availability

Silicon Systems also offers a very low
cost sister chip fo the 541. it is the SS! 540
with a time domain filter that makes it an
optimum solution for low cost, low resoltution
systems. Both devices are available in pro-
duction volumes now. In OEM production
quantities, the SSI 541is priced under $10,
and the SS1 540 is priced under $5.

For complete product information, calt us
now, or send for more information.

Silicon Systems, 14351 Myford Road, Tustin,
CA 92680. (714) 731-7110, Ext. 575.

INNOVATORS IN JINTEGRATION

Circle 2 for Product Information Circle 35 for Careers Information
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NEWS

Newsletters

Technology, 9

» Now it’s Fairchild that’s
joining the BiCMOS camp

= Pixel count of solid-state
CCD sensor approaches that
of tubes

= Intel's Bitbus standard
gets a boost from makers
of factory-automation gear

Electronics, 11

= Sony and AMD may be
swapping devices soon
= Chip bookings surpass
shipments for first time
since 1984

s The slide in Japan has
stopped, IBM says

ICs, 14

s Fujitsu pushes HEMT
devices into LSI-level logic
= Two new ways to increase
chip utilization

s Behind the density push:
solid work on mundane
matters

Computers, 15

NEC’s latest CPU keeps
Honeywell’s mainframe line
going

Telecom, 16

s Will AT&T deal help
French industry?

s Forging a network of
European alliances helps
AT&T rebuild its base

= The FCC enhanced-services
proposal stirs debate

Fabrication, 18

Laser may simplify thin-
film growth

Medical, 19

Speeding up NMR imaging
to watch a kidney work
Microsystems, 20
Backup keeps
microprocessor-based
equipment working
Networking, 21
Power-line LAN comes
without rfi problems
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Solving the test problem in SCSI disk drives, 35

Flexstar’s tester correlates information from a disk drive’s
data path, thereby overcoming a major problem with the Small
Computer System Interface protocol: difficult access to eritical
test points

Is Tom Angelucci’s big gamble finally paying off? 38
Chips with 100 leads or more need tape automated bonding as
an assembly and interconnection method—good news for Tom
Angelucei, who has been pushing TAB for 15 years

PROBING THE NEWS

Are EEPROMs finally ready to take off? 40

Greater availability, higher densities, and steadily dropping
prices may mean that the market for EEPROMs will start its
long-predicted climb

Automated meter reading starts to make sense, 42
The advent of inexpensive technology and the phone
companies’ search for new income mean that utilities may be
able to realize their dream of reading meters over phone lines

COVER
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NEW PRODUCTS

Newsletter, 13

= Apollo launches a volley
of new products

= Ferranti to provide 18-v
CMOS gate arrays

s Aida’s work station aims
at design analysis and
testing

Communications, 53
Here comes a one-chip
modem that Silicon Systems
claims it is set to ship
Instruments, 54
Tektronix’ portable scope can
show events as short as 1 ns
CAD, 54

Now IBM PCs can simulate
or model over Cadnetix’
Ethernet CAE system
Memories, 56

AMD’s 256-K DRAM can be
accessed in three ways
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Special report Superchips steal solid-state show, 23
This week’s International Solid State Circuits Conference will
be the debut for some spectacular superchips that push the
upper limits of density and speed. This special report provides
first details of these important developments, including:

[0 Mainframe ICs that shrink big systems

(i DSPs that handle images, run motors

[0 4-Mb dynamic RAMs

[C RAMs that push toward picosecond speeds

[0 Logic arrays enhanced by mixed processes

[JSophisticated new analog chips

Cover by Art Divector Fred Sklenar

DEPARTMENTS

Publisher’s letter, 5
Letters, 8

Companies, 44

s General Computer girds
for another battle

= How Japan’s Ascii is
dealing with the loss of
Microsoft

Bottom lines, 46

TI plans $225 million stock
offering

Electronics index, 49
People, 50

s An aggressive risk-taker
follows Oshman at Rolm
= Moore takes his knack to
Kontron Electronics

s Textronix cofounder
Vollum dies at 72

= People on the move
New literature, 60
Meetings, 62
Electronics week, 64
= National Semiconductor
and Xerox set joint deal

= Computervision names
new president
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Sometimes it’s hard

go back for a scope!

60-MHz full-function
field-service Attache Case

Osc t
el s oo oo Yght and

everywhere, every time.

LBO-325 packs all the power and
performance of a cumbersome,
backbreaking, 60-MHz workbench
oscilloscope into an easy-to-carry, uitra-
compact, featherweight unit. Although its
3%z-inch CRT is as big and clear as
screens on large field-service scopes—
LBO-325 weighs only 9 Ibs. So it won't
weigh field-technicians down, no matter
how far afield they go! LBO-325 is so
small it fits inside a 3-inch deep attache
case with room to spare for a multimeter,

service manuals and some tools. The ideal

full-function scope for a cramped
work area or crowded bench.

Reduces the cost of
service

Time is money. A scope
left in the vehicle takes
time to retrieve. One kept
in the shop causes repeat
service calls. The LBO-325

Circle 4 on reader service card
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Attache Case Oscilloscope is so
easy to carry and use, techs will
take it everywhere, every time.

ALY

JALEE

And the time saved translates into
extra profits for years to come.

Outperforms all other
portables:

* 60 MHz « Dual channel « ALT TIME
BASE simultaneously displays main
waveform and any expanded portion

* ALT TRIG for stable display of.

2 asynchronous signals * Bright,

sharp 12-kV trace * Large 3%z-inch

PDA CRT « illuminated graticule

« Comprehensive triggering « TV-V and

TV-H sync separators * Variable trigger
hold-oft « Delay line shows sharp leading
edges * CH-1 output drives
low-sensitivity instruments
*Measures only 3 x 9 x 11%

inches « Weighs 9 Ibs.

Two-year warranty.
Built tough to provide long
use, LBO-325 is backed by
Leader's 30- -year reputatlon
for reliability and by
factory service depots
on both coasts.

LBO-325 CRT is shown actuafsize.

Call toll-free

(800) 645-5104
In NY State
(516) 231-6900
Request an evaluation sample, our
latest Test instrument Catalog with over
100 outstanding products, the name and

address of your nearest “Select” Leader
Distributor, or additional information.

For professionals

mid | FADFR

1§ g (= Instruments  orporation
difference.

380 Oser Avenue
Hauppauge, New York 11788
Regional Oftices: Chicago, Dallas
Los Angeles, Boston, Atlanta
In Canada call Omnitronix Ltd.
(514) 337-9500
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COvering a meeting as important as
the International Solid State Circuits
Conference calls for extraordinary edito-
rial teamwork involving editors on both
U. S. coasts as well as overseas, That, in

PUBLISHER’S LETTER |

the ones submitted late. Bernie says he
agrees with Grebene's observation: “It
seems that the number of papers from
Japan is increasing, both in number and
in the ratio of those accepted to those

a nutshell, is the story be-
hind our ISSCC Special Re-
port that starts on p.23 of
this issue.

But that bare outline
doesn’t do justice to the
hours of toil involved. The
effort was coordinated by
Sam Weber, our technical
executive editor, and in-
volved much hard work by
solid-state editor Bernie
Cole in Palo Alto and Tokyo

submitted. They seem to do
their job better than the
Americans and adhere to
the rules about previous
publication more scrupu-
lously. On the other hand,
they are late more often
with their papers than the
Americans are with theirs.”

The Inside Technology on
p. 38, about how Tom
Angelucei invested his ener-

bureau manager Charlie
Cohen in Japan.

December at the Interna-

HARVESTER. Cole's job is
The action started last to gather ISSCC papers.

gy and his company in a 15
year crusade to get tape
automated bonding a place

tional Electron Device Meeting in
Washington, where Bernie met with
ISSCC chairman Alan Grebene and or-
ganizer Louis Winner to go over the
program and get early indications of
the important developments to be fea-
tured at the conference. The prelimi-
nary result of that was a Probing the
News feature discussing the technical
trends that would emerge at the ISSCC
[Electronics, Dec. 23, 1985, p. 50]. Then
came the job of tracking down the au-
thors and persuading them to give us
a peek at what they were going to tell
the conference. It became the job of
Sam, Bernie, and Charlie to follow up
to get copies of the papers.

Once the two editors reported on
those papers, they had to catch up with

high on the technology
map, does more than show how strong
belief in oneself can be rewarded. It also
illustrates that there is no substitute for
knowledge and experience in an editor.

The editor in this case is Jerry Ly-
man, who covers packaging and produc-
tion and has done so for a decade and a
half—about the same period that Ange-
lucci has been doing his missionary
work for TAB. Jerry followed the story
with interest, writing about the technol-
ogy, until finally his instincts, based on
those years of journalistic involvement,
told him that the time that Angelucci
has been working toward is finally near.

That's an example of the experience
coupled with deep knowledge that Elec-
tronics has been known for throughout
its 56-year history.
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“Like Nationals 32-bit
microprocessor family?”

T kenew we'd close that sale . _
Did you see their faces?”

S
e,

oY

“Looks like we made all the
right decisions at the right
times”

“You can’ build a system out

of data sheets and promises.
National had it, they delivered it,
and they got us here first”

While you're still
dreaming about success,
Sequent is delivering it.
With National’s
Series 32000 tfamily.

On January 17, 1983, eighteen
people started a new company
called Sequent Computer
Systems. They had no product,
no plan, no backing. Only
adream.

Two years later, that dream
came true. They delivered their
first system—a sophisticated
parallel processing computer.
Afull year ahead of their
competitors.

How'd they do it? Hard work.
Calculated risks. Belief. And a
critical decision. They chose the
Series 32000™ microprocessor
family.

It offered them a complete
32-bit microprocessor family,
including demand paged virtual
Memory Management, Floating
Point,and other peripherals

with full UNIX™support.

But the Series 32000
wasn't just the right engineering
decision, it was the right
business decision. It helped
Sequent get their system to
market fast. First.

Sequent hit their window of
opportunity. And that window
is still open—for now. So find
out how the Series 32000 can
help you build your own
success story. Contact National
Semiconductor today.

National's Series 32000, MS 23-200
P.0. Box 58090
Santa Clara, CA 95052-8090

National

Semiconductor

We're doing it.
Fv
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SAVE BIG ON HEWLETT-PACKARD
L

ower Prices on 4 Hewlett-Packard
“Best Seller” Calculators

ELE s 43

* HP15C 75
* HP41CV 134
* HP41CX 189

SLIMLINE Shirtpocket Styled
Power Packed Programmable
LCO PROBLEM SOLVERS

HP-11C Scientific........... $43
HP-15C Scientific............ 75
HP-12C Financial . ........... 90

HP-16C Programmer

SPEC\AL

Hewlett-Packard
QUAD MEMORY MODULE

$25 Mftr. Sugg. Ret. $75

Upgrades the HP41C to the

HP-41CV
HP-41CX ............
Optical Wand .. .. ... .. 5
Card Reader ... ...... 145
Printer
Quad R.A.M.(for HP41C) 60
Ext. Memory Module . . .60
Ext. Function Modcle . .60
Time Module

HEWLETT-PACKARD
HP-71B COMPUTER

HP-82400A Series 70 card reader . . 125
HP-82401A HP-IL interface
HP-82402A 4K memory module . .. .60
HP-82700A 8K memory module. . . . 150

HP-82441A Assembly/Forth ... .... 120
HP-82480A HP-71 mathpac . .. ..... 75
HP-82482A HP-71 finance pac. . .. .. 60
HP-82483A ServeyingPac . ....... 120
HP-82484A Curve Fitting. . ........ 75
HP-82485A Text Editor. .. ......... 60
HP-82488A Data Com. Pac........ 120
Mfr Sugg Elek-Tek
HP-IL Loop Module 125 95
Digital Cassette Drive 450 400
Printer/Plotter(HP-IL) 450 335
HP-22258 ThinkJet Printer 350

HP-9114A Disk Drive 600

CALL TOLL FREE 800-621-1269
EXCEPT Ilfinois. Alaska

CANADIAN TOLL FREE 800-458-9133

Corp. Accts. Invited. Min. Ord. $15.00. Visa or MasterCard by Mall or
Phone. Mail Cashler's Check, Mon. Ord., Personat Check (2 wks o clear)
Add $4.00 1stitem. (AK, HI, P.R., Caneda »dd $10.00 first item) $1.00 ea.
add’l shpg. & handl. Shipments to IL address add 7% tax. Prices subj. to
change. WRITE for free catalog. RETURN POLICY: Defectives Only:
Most products replaced within 30 days of purchase with identical mer.

chandlsa only. Computer and large peripherals replaced only when
defective on arrival (within 3 work days of delivery). Other problems
coversd by mtr, warranty. ALL ELEK-TEK MERCHANDISE IS BRAND

NEW, FIRST QUALITY AND COMPLETE. Delivery subject 1o availability.
DUNS #09-718-0517

ELEK-TEK . inc.

6557 N. LUncoin Ave., Chux, iL 60645
{312) 631.7800 (312) 677-7660
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| LETTERS
Equal time for CBS

To the editor: I would like to express my
dismay upon reading “The drive to
sharpen NTSC TV picture begins” [Elec-
tronics, Dec. 23, 1985, p. 59].

In the first reference to CBS, the au-
thor states, “To date, 19 U.S. satellite
programmers plan to use 525-line
BNTSC, and Home Box Office and CBS
Inc. are using it now.” This statement is
both erroneous and misleading. Some of
the satellite transmissions of the CBS
Television Network are encrypted using
the M/A-COM VideoCipher I encryption
system. However, these transmissions
do, in fact, utilize an aural subcarrier
and do not place digital audio in the
horizontal blanking interval. Thus, CBS
is not using the BNTSC system.

In the second reference to CBS, the
article states, “To display BNTSC in the
5:3 aspect ratio used by HDTV, an aug-
mentation channel, which combines the
bandwidths of two adjacent NTSC chan-
nels, is necessary to carry the additional
sections of the horizontal lines. CBS
Labs [sic] is promoting this approach—
especially for wide-bandwidth C-band
and K,-band satellite transmission. ...”

This seems to refer to an experimen-
tal high-definition TV transmission sys-
tem developed by the CBS Technology
Center. However, the description is erro-
neous in that:

1. The signal format proposed by CBS
utilizes a form of multiplexed analog
components. The signal format is not,
however, either B-MAC or BNTSC.

2. There are no current proposals that
I am aware of to provide a 5:3 aspect
ratio using a BNTSC signal. I doubt that
M/A-COM intended to represent that
they will provide a TV system with a
5:3 aspect ratio.

3.The system developed by CBS pro-
posed the use of two 24-MHz satellite
channels to transmit HDTV. The term
“NTSC channels” is both incorrect and
undefined.

4. The HDTV system currently under
study by the International Radio Con-
sultative Committee (CCIR) uses an as-
pect ratio of 16:9.

As regards the statements concerning
HDTV, I believe a monumental interna-
tional effort to establish a production
standard has been misrepresented.
Broadcasters and manufacturers world-
wide are trying to achieve something
never before accomplished—the estab-
lishment of a worldwide electronic stu-
dio production standard. A transmission
format for HDTV will be the subject of
study in the next four-year CCIR cycle.

Finally, three statements in the article
would leave the uninitiated confused as
Lto what equipment would be necessary

—

to receive BNTSC signals if transmitted
to the home. To clarify the facts, only
M-NTSC signals (M specifying the pre-
cise characteristics of the radiated sig-
nal per CCIR report 624) can be received
by existing TV receivers. Any modifica-
tion of the transmitted signal, such as
the elimination of the horizontal syn-
chronizing pulse or the aural subcarrier,
would necessitate the use of some spe-
cial receiver or decoding device.
Howell W. Mette
Manager, Information Services
CBS Engineering & Development
Department
New York

O M/A-COM maintains that BNTSC is
indeed capable of a 5:3 aspect ratio,
and it should be noted that 16:9 ap-
proximates 5:3. The article clearly
states that BNTSC and B-MAC both
require decoders.

CMOS bipolar since 1971

To the editor: In your excellent “CAD,
CMOS, and VLSI are changing analog
world” [Electronics, Dec. 23, 1985,
p- 35}, you discuss mixed bipolar and
CMOS processes.

AWA Microelectronics is the Microelec-
tronics Division of Amalgamated Wire-
less Ltd. As well as standard CMOS and
bipolar TTL processes, the division has
offered a CMOS bipolar-compatible pro-
cess since 1971. The process features dif-
fused junction-isolated bipolar transistors
on a double epitaxial (n on n* on p) sub-
strate with metal-gate CMOS, allowing
vertical npn transistors and pnp transis-
tors as well as junction FETs and p- and
n-MOS transistors. First described in
1971, the process has been revised many
times. The process has been used for
several designs, including combined ana-
log comparators with multiplexers for
military applications.

The AWA facility is qualified to four
fabrication standards: commercial, pro-
fessional, military, and high-reliability.
The military standard is equivalent to
MIL-STD-883C; the facility is approved
to AS1821 (equivalent to MIL-STD-
Q9858A). The hi-rel standard is a higher
standard for implantable prosthetics.

Graham B. Darley
Amalgamated Wireless Ltd.
North Ryde, Australia

Correction

“Florida startup beats ITT to market with
parallel-processor board” [Electronics,
Dec. 23, 1985, p. 15] contained an incorrect
specification for Neube Corp.’s parallel-pro-
cessor board for IBM Corp.’s Personal
Computer. The board performs 2.8 billion
floating-point operations/s.
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NOW IT’S FAIRCHILD THAT’S JOINING THE BiCMOS CAMP

he number of companies in the mixed bipolar-CMOS digital and memory

circuit camp continues to increase. Now Fairchild Semiconductor Corp. is
hinting it will enter the market with a mixed process it has had under develop-
ment for two years. It is virtually certain that its first products using a propri-
etary BICMOS process will be in the memory area, although it could be used
in at least two other product lines, which the company won't specify. When
the BICMOS program is up and running, the company plans to use it in at
least two manufacturing facilities. Hitachi and Motorola have made major
commitments in BICMOS, and Texas Instruments has indicated it will enter the
fray also. O

SOLID-STATE CCD SENSOR DOUBLES RESOLUTION OF PREDECESSORS

EC Corp. says its newly developed charge-coupled-device image sensor

demonstrates that silicon sensors can have the high definition needed to
replace camera tubes in all applications. The device has a vertical overflow
drain that forms an antiblooming structure beneath the pixels so as not to
preempt valuable surface area, as many antiblooming methods do. The CCD
sensor has a resolution of 1,280 pixels horizontally and 980 vertically, twice
that of earlier models. It is suited for use in a 2: 1 interlaced high-definition
system with 1,049 scanning lines and a 4:3 aspect ratio. It could also be
used for more rapid pickup of letter-size documents—vaiuable for optical-disk
file systems—than is possible with line sensors at a resolution of 4 lines/mm.
The pixel resolution achieves the Nyquist limit of 960 lines vertically and
horizontally. The device has a photosensitive area of 12.7 mm horizontally by
9.5 mm vertically—equivalent to a 1-in. tube—on a 14.5-by-12.0-mm chip. OJ

BITBUS STANDARD GETS BOOST FROM FACTORY-AUTOMATION OEMs

itbus looks as if it's becoming a de facto standard for the lowest level of

factory automation. Seven original-equipment manufacturers will an-
nounce this week that they intend to work Intel Corp.'s standard into products
requiring distributed data acquisition and control. The seven OEMs are Analog
Devices, Digital Equipment, GMF Robotics, Honeywell, Toshiba, Varian
Associates, and Westinghouse Electric. Because Bitbus is designed to func-
tion at the lowest level of factory automation—sensors, transducers, and
manipulators—it can accept and control data at a level not addressed by the
Manufacturing Automation Protocol or other multilayered local-area networks.
Bitbus can, however, support such LANS. O

LASER AND PHOTODIODE OPERATE IN FIBER’S LOW-LOSS 1.55-MICRON BAND

igh-speed fiber-optical communications at the low-loss window located at

1.55 um can begin whenever dispersion-shifted glass-fiber cable be-
comes available; NEC Corp. has developed the laser and photodiode needed
at the two ends of the link. Distance between repeaters should be more than
100 km—about twice that possible in the widely used 1.3-um band. The
indium-gallium arsenide phosphide double-heterostructure laser diode features
the relatively low threshold current of 40 mA typical and the high output power
of 5 mW typical. Selected units can be operated at peak pulse output power
of 30 mW for instrumentation and other noncommunications applications. The
InGaAs avalanche photodiodes are fabricated in a single vapor-phase epitaxi-
al process that is better suited to production than is the more common liquid
epitaxial process. External quantum efficiency is 80%, a marked improvement
over germanium photodiodes, and dark current is only 1/10th as large. Gain
bandwidth product of the avalanche photodiodes is 30 GHz. O
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Electronics is back—with the industry’s best
reporting on technology. In the first half of
1985 alone, Electronics featured hundreds of
important articles with news and analysis
that leaders in the field can’t afford to be
without:

« Full coverage of computer technology, with
86 articles on computer systems, 50 on
software, 33 on boards and peripherals,
and 28 on CAD/CAM

« 140 articles on international technology
« 30 articles on military technology

« 27 articles on the latest developments in
test and measurement equipment

- Over 100 articles on communications
technology

The industry’s leading coverage
of technology news.

In Electronics.

« 40 articles on components technology

« More than 100 articles on worldwide events
in semi-conductor technology.

Readers depend on us for this full scope of
technology coverage worldwide. Shouldn’t
your selling message be in Electronics’
environment of pivotal technology reporting
and analysis?

Put your advertising where the electronics
attention is. Call Electronics today, at
212/512-3140 (U.S.), to reserve your ad
space. Outside the U.S. contact your sales
representative.

Electronics is back. Shouldn’t you be back as well?

[ /K
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AMD AND SONY MAY BE SWAPPING DEVICES SOON

he deal was billed as a joint technology-development agreement in a letter

of intent signed last week, but Advanced Micro Devices Inc. and Sony
Corp. may be swapping devices well before their strategic alliance results in
new chips. AMD, bottled up in a slumping market, gets an opening into a new
market—consumer electronics—through the deal as well as a toehold in
Japan, where it is embroiled in a trade dispute over erasable programmable
read-only memories [Electronics, Oct. 7, 1985, p. 14]. Sony, a leading Japa-
nese captive supplier on a mission to enter the merchant market, will have
access to part of the AMD product line. The two will jointly develop and
market next-generation very large-scale integrated circuits, but an AMD repre-
sentative added that some existing chips of the Santa Clara, Calif., firm may
be adapted for the consumer market, where it does not now compete. Sony,
in the second year of a push into merchant ICs, last year grew by nearly 50%
and became one of the top-10 IC producers in Japan—or very close 1o it. In
another deal with a U. S. producer, Sony will produce 64-K dynamic random-
access memories designed by Vitelic Inc. of San Jose. O

CHIP BOOKINGS SURPASS SHIPMENTS FOR THE FIRST TIME SINCE 1984

he much-watched book-to-bill ratio of the worldwide semiconductor indus-

try exceeded parity in January for the first time in 17 months. Recording
its fifth monthly increase in a row, the ratio hit 1.04 : 1. But the rise came for
the wrong reason: shipments in January declined 12.5%—to $546.2 million—
from December, says the Semiconductor Industry Association. Still, average
monthly shipments for the three-month period ended Jan. 31 totaled $610.6
million, up 5.1% over December. James L. Barlage, who follows the chip
industry for Smith Barney Harris Upham & Co., New York, says the ratio was
“very much on target,” and industry shipments should improve this month.
“It's no longer an issue of whether the industry has turned around,” Barlage
says, but whether the industry can sustain the increase. O

IBM SAYS IT HAS STOPPED SLIPPING IN JAPAN

An IBM Corp. executive says Big Blue has stopped its slide in the Japa-
nese computer market and asserts that the computer giant will continue
its global fight to protect “intellectual property rights,” primarily in software.
George H. Conrades, group executive and head of IBM’s Asia-Pacific Group,
contends that 1985 sales increases for IBM in Japan will be at least as large
as those of its Japanese competitors—estimated at between 20% and 25%—
when the figures are released in March. IBM had fallen from first to third place
in Japan's large-computer market. In its drive to protect its patents, Conrades
says that IBM was forced to take Fujitsu Ltd. to arbitration after what he
describes as ‘“‘significant disagreements” over the use of software. O

JAPANESE WANT TO CASH IN ON EXPECTED BOOM IN ‘SMART CARDS’

our Japanese chip makers are either entering or getting ready to enter the

market for electrically erasable programmable read-only memories. They'li
try to capitalize on what some analysts see as an impending boom in “‘smart
cards"” (credit or bank cards with built-in memory) and point-of-sale equip-
ment designed to verify credit records. Fujitsu Ltd. already is delivering
samples of a 64-K EEPROM for use in smart cards; Toshiba Corp. says it has
both 64-K and 256-K versions ready for sample deliveries; and NEC Corp.
and Mitsubishi Electric Corp. are developing 64-K EEPROMs for the same
market. Hitachi Ltd. and Oki Electric Industry Co. were the first two Japanese
makers to market EEPROMs (see related story, p. 40). O
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What a performance! Seven

new data acquisition and control
boards for your IBM PC.”

Encore! Encore!

Data Translation has done it again. Our
first two analog and digital I/O boards for IBM
personal computers received rave reviews.

So we extended our product line to seven
...starting at $295 for quantity purchasers.

While most of the personal computer world
focused on home and office applications, we lifted
the curtain on two other key areas. Laboratory data
acquisition and industrial control.

Now, no matter what you need for your IBM PC,
we have it. Each board is a complete data acquisition
and control system. With A/D, D/A, digital /O, and a
programmable clock. You simply choose the board offer-
ing the speed and resolution you need most. Just plug it
into your PC’s backplane and it's showtime.

With on-board intelligence, all seven are software
compatible and supported by Data Translation’s PCLAB

software package.
x L
o 1esE |
6

t‘/a_‘.:

-
&
N

295 (OEM) | Low Cost | Dr2808 1

495

995 General Purpose | D72801 12

1095 High Speed D72801-A

1970 High Resolution | DT2801/5716 | 16 (
1085 Low Level 072805 12 137
2070 Low Level, 072805/5716 | 16 J. 25

High Resolution |

1695 lSimuItaneousS/HIDTZﬂlﬂ 120 4 |215] 1|

NOTES: 1.PCLAB software supports all models. 2.Programmable gain 1s standard for ali 072801 and DT2805 models
3.Screw terminal and signal conditioning panels available for connection of all /0 signals.

Data Translation is playing the leading role in personal
computer data acquisition and control. Find out how we
can help your performance today.
VISA and MasterCard accepted.
Call (617) 481-3700

See our new

Dy I"El?y 646 pg. catalog/

handbook or see P o
us in Gold Book v A

1986.Or call for your = \ o .

personal copy today. 2 : - i

|
DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617} 481-3700 Tix 951 646. R
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tlx- 851849862 ( #D)
In Canada: (416) 625-1907. IBM PC is a registered trademark of IBM
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PRODUCTS NEWSLETTER

APOLLO LAUNCHES VOLLEY OF NEW PRODUCTS

nder heavy competitive fire in the work-station market it pioneered, Apollo

Computer Inc. will respond later this week by announcing new products
across the price spectrum. The Chelmsford, Mass., company’s new low-end
computer will offer compatibility with {BM Corp.’s Personal Computer AT and
computing performance comparable to Apollo’'s DN 660, previously the
company's most powerful work station. In the midrange, Apollo will boost its
graphics capability and claim the industry’s fastest three-dimensional real-time
performance. Topping off the company’s new line will be a parallel-processing
server compatible with Apollo’s Domain architecture, but which was devel-
oped by a third party. O

FERRANTI TO PROVIDE 18-V CMOS GATE ARRAYS

ook for Ferranti Interdesign to address a market sector that has been

largely overlooked by other gate-array makers: high-voltage silicon-gate
CMOS. The MH series of arrays from the Scotts Valley, Calif., company
targets applications that require up to 18-V capability rather than conventional
5-V operation. These include industrial and automotive control. In the latter
case, the arrays can operate directly from 12-V car batteries. Ferranti uses an
enhanced oxide-isolated polysilicon-gate high-voltage CMOS process to fabri-
cate the chips. The HL series consists of eight arrays, ranging in complexity
from 70 to 1,600 equivalent two-input gates and from 18 to 84 bond pads.
Engineering charges will start at $5,000, with prototypes ready in 6 to 16
weeks. O

AIDA’S WORK STATION AIMED AT DESIGN ANALYSIS AND TESTING

Aida Corp.’s new high-performance computer-aided-design work station is
especially suited for design analysis and testing. Aimed at designers of
medium- to very-large-scale ICs, the Aida Design System is built around an
Apollo Computer Inc. work station and uses hardware coprocessors. It in-
cludes more software for testing than other CAD systems do. Design analysis
software includes a logic design-rule checker, automatic test-pattern genera-
tor, and simulation accelerator. A typical system will cost $140,000 when
available from the Santa Clara, Calif., company in April. O

NOW POWER MOS FETs COST LESS THAN COMPARABLE BIPOLAR DEVICES

rice cuts announced by International Rectifier Corp. on its power Hexfet il

line of MOS FETs make them less expensive than comparable workhorse
bipolar power transistors the El Segundo, Calif., company aims to replace. For
example, the 50-V IRFZ22 drops to 49¢ each in lots of 10,000. This 39%
reduction makes the IRFZ22 cheaper than a comparably rated bipolar chip,
the industry-standard D44H5. Higher volumes and yields made the price cuts
possible on the eight-member family. O

PROTOTYPING CARD SIMPLIFIES DESIGN OF PRODUCTS FOR IBM PC AT

The pad-per-hole layout pattern on Vector Electronic Co.’s prototyping
card makes it easier to design specialized circuitry and high component
densities into board-level products for the IBM Corp. Personal Computer AT.
Pads and buses are made of 2-0z copper with reflowed solder plating, and
card-edge connector contacts are gold over nickel plate. The mode! 4617-3
has 0.042-in. plated through-holes, which accept any width DIP or Vector's
wire-wrapping terminal, on 0.1-in. centers. The board sells for $43.53 each.
Delivery is from the Sylmar, Calif., company’s stock. O
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FUJITSU PUSHES HEMT DEVICES
INTO LSI-LEVEL LOGIC

HIGH-ELECTRON-MOBILITY TRANSISTORS BUILD 1,500-GATE ARRAY

ANAHEIM, CALIF.

o sooner have manufacturers in the

U.S. and Japan entered production
with high-electron-mobility transistors in
discrete form than researchers have
leapfrogged their efforts by genera-
tions—jumping straight to the large-
scale-integration level.

At this week’s International Solid
State Circuits Conference in Anaheim,
researchers from Fujitsu Ltd., Atsugi,
Japan, will announce they’ve fabricat-
ed the largest HEMT-based logic cir-
cuit—a 1,500-gate, 6,650-transistor ar-
ray using enhancement/depletion-type
direct-coupled FET logic (DCFL). Creat-
ed as part of Japan’s National Re-
search and Development Seientific
Computing System Program, this im-
pressive LSI HEMT circuit culminates a
Fujitsu effort that also produced 1-
and 4-K static random-access memories

using the same technology.

Fujitsu is not developing the gate ar-
ray as a produet, but HEMT technology
mostly likely will be used in critical por-
tions of its national-project supercom-
puters, savs a senior research official.
Fujitsu is working under a timetable
that calls for demonstration of 3,000-
gate arrays and 16-K memories—tasks
of equivalent difficulty, although the
RAMs have more transistors—by the
end of March, to show the feasibility of
using such devices in a computer.

Fabricated using 1.2-pm  design
rules, the 1,500-gate array features an
average delay time of 85 ps for a
three-input NOR gate at 300 K (room
temperature). Using this LSI HEMT
gate array, Fujitsu has implemented
an  &by-8-bit parallel multiplier that
finishes a multiplication in 4.9 ns. The
total chip power consumption of this

implementation is 5.8 W at room
temperature.

But it is at lower temperatures that
the technology shines. At 77 K, the tem-
perature at which many [uture super-
computer systems may operate, multipli-
cation time is improved by almost 40%,
to 3.1 ns, with a total chip power con-
sumption of 3.2 W and a supply of about
1 V, instead of the 2.2 V used at 300 K.

The first reported successful LSI-level
HEMT logic does not immediately shake
competitive technologies in terms of
speed and power consumption. In a
roughly comparable gallium arsenide de-
vice. the 1.000-gate DCIL array that To-
shiba Corp., Kawasaki, Japan, described
at last vear’s ISSCC, three-input NOR
gates have delay times that range from
42 to 255 ps. And Toshiba’s GaAs array
dissipates less power, about 400 mW per
chip. Silicon technology has been pushed

TWO NEW WAYS TO INCREASE CHIP UTILIZATION

As popular as it has now be-
come, the ‘“sea-of-gates” ap-
proach for improving chip
utilization in gate arrays and
standard-cell designs is still
not good enough for some
circuit designers.

The sea-of-gates approach
typically improves chip utili-
zation from 50% to 75% by
eliminating the space wasted
by underutilized dedicated in-
terconnections and running
lines over or through the in-
dividual gates.

Still dissatisfied, two re-
search groups at Mitsubishi
Electric Corp., Itami, Japan,
have developed alternatives
that are even more effi-
cient—one for bipolar master
slices and the other for
CMOS arrays. Both tech-
niques will be described this
week at the International Sol-
id State Circuits Conference
in Anaheim, Calif.

In the bipolar master-slice
gate array, the designers
used what they call a vari-

able-size-cell approach to
eliminate the wasted space
that often exists in under-
utilized cells in an array. In
this approach, the array is
constructed from basic cell
units containing three tran-
sistors and four polysilicon
resistors.

By changing the number
of transistors and resistors,
the size of the cell units can
be varied to suit their task.
The value of every polysili-
con resistor for each logic
function is determined, and
the unused resistors are con-
verted to intracell wiring by
running a platinum-silicide in-
terconnection line over them.

In the bipolar master slice
fabricated using this tech-
nique, about 40,000 transis-
tors and 53,000 resistors are
grouped into 13,312 basic cell
units. The master slice is fab-
ricated using the company’s
silicide-buse contact technol-
ogy and four layers of
metallization.

The first metal layer
formed on the unused polysil-
icon resistors is Pt-Si, and the
remaining layers are fabri-
cated using aluminum-silicon
and aluminum-silicon-copper
silicide alloys.

In the CMOS array, the de-
signers have developed a ba-
sic-cell-buffer approach that
accommodates the 20% of
any semicustom design dedi-
cated to input/output. This is
done by implementing the 1/
O circuitry using the same
basic cells in the periphery as
in the internal array. In a 1.2-
pm double-metal CMOS ar-
ray, almost 440,000 transis-
tors are arranged in 126 rows
of basic cell chains.

The CMOS chip has surge-
protection circuitry built with
parasitic  lateral  diodes
formed between the source
or drain region and the p or
n well. Resistors are formed
from the polysilicon gates
contained in each basic-cell
transistor pair. -B.C. C

to comparable speeds: in a
2,500-gate bipolar macrocell
array from NTT Corp., the
average equivalent three-in-
put NOR gate delay is about
75 to 80 ps.

Fujitsu has put 72 input/
output cells and 1,520 basic
cells on its 5.5Dby-5.6-mm
HEMT chip. Each three-input
NOR cell incorporates one de-
pletion-mode and three en-
hancement-mode HEMTs.
Each 170 cell includes three
D-HEMTs and live S-HEMTSs,
configurable by a metal
mask as either an input or an
output buffer. The basic ar-
ray is arranged as 20 col-
umns of 76 cells each, with
15 interconnection lines be-
tween columns.

The HEMT array was fab-
ricated  using  molecular-
beam-epitaxial processing
techniques. Oxygen-ion im-
plantation was used for de-
vice isolation, while self-ter-
minating selective drv etch-
ing was used for the alumi-
num-gallium  arsenide and
GaAs layers that control
HEMT performance. For the

14
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metal was used on the first laver. The
second laver is a titanium-platinum-gold
silicide on a silicon oxynitride insulating
film.

In tests ol several tvpes of ring oscil-
lators fabricated on the array, the basic
gate delay has been pegged at 85 ps at
room temperature and 53 ps at 77 K.
With a fan-out of three and 2-pm inter-
connection lines, tvpical internal delay
time between gates is 158 ps at 77 K
and per-gate power use is 2.6 mW.

Fujitsu HEMT logic work will push on
to the 3,000-gate level, and then the
team will turn to refining the devices of
that complexity. Fabrication of 3,000
gate arrays is expected in the next few
months. After that, designers of the up-
coming national-project supercomputer
will spend nearly two years deciding
where to use the HEMT parts.

Designing  HEMT logic circuits is
harder than building memory devices,
and the fabrication-process control is
more difticult, oo, Fujitsu researchers
believe. The DCFL circuit, which they
consider the best for HEMTS, consists of
normally-off switches and normally-on
load devices. Both E- and D-HEMTs are
needed, and their thresholds are con-

[ interconnection lines, aluminum-gate | coMPUTERS

NEC’s LATEST CPU KEEPS

'HONEYWELL LINE GOING

BI1G ONE. NEC’s high-end mainframe will be the basis for a product in Honeywell’s DPS line.

PHOENIX, ARIZ.

apan’'s NEC Corp. has never been
known for modesty. True to form, it

trolled by the thickness of silicon-doped
epilayers. Thicker layers increase the
electron supply in the channel and turn
it on, and the critical thickness margins

~Bernard C. Cole
and Charles L. Cohen

BEHIND THE DENSITY PUSH: SOLID WORK ON MUNDANE MATTERS

are small.

bills

its new 36-bit general-purpose
mainframe as the world’s
says the ACOS 2000 executes up to 170
million instructions/s. Though NEC will |
not market the computer in the U.S,
Honevwell Ine. now says it will use the

2000°'s central processing unit as the
core of its new top-of-the-line DPS.
“Honeywell will integrate elements of
this new technology family with GCOS ¥
operating-system software and Honey-
well peripherals, eommuniecations, and
services,”
president and general manager of Hon-
evwell’s Large Computer Products Divi-

fastest: it

says James R. Bloom, vice

While eyes are glued on the
giddy push to higher densi-
ties and speeds at this year’s
International Solid State Cir-
cuits Conference in Anaheim,
a number of presentations
address the more mundane
issues such as alpha-particle
immunity. system-level com-
patibility, and low-power op-
eration. These efforts may
have greater impact than de-
vice shrinks and the like on
the industry’s ability to pro-
ceed to higher densities and
speeds, believes Alan Gre-
bene, president of Micro Lin-
ear Corp., San Jose, Calif,,
and chairman of the meeting.

“Pushing the [density and
speed] limits of the technol-
ogy is fine,” Grebene said.
“But it must go hand in hand
with attention to these other
issues.”

Designed with the need for
alpha-particle immunity and
power savings in mind is a 1-
Mb CMOS dynamic random-
access memory from Toshiba

Corp., Kawasaki, Japan. The
chip can operate as either a
1-Mb-by-1-bit or a 256-K-by-4-
bit array. It has an n-diffused
structure for the bit line and
memory cell that has been
combined with a deep-channel
boron implant to improve al-
pha-particle immunity by
50%, compared with the stan-
dard n' approach.

The part’s standby power
has been reduced to no more
than 250 uW, and active pow-
er use held at 175 mW,
through the use of a novel
dual-stage voltage-generator
design, which consists of a
bias stage and a driver stage.
The key is the suppression of
the current through the bias
stage by increasing series
resistance.

The DRAM’s 56-ns access
time is achieved without a
power penalty through the
use of a new sense-amplifier
design. In this amp, a pair of
barrier transistors with fixed
gate voltages is inserted be-

tween n- and p-channel flip-
flop pairs, reducing capaci-
tance and thus delay times.

Aiming at improving sys-
tem-level performance, engi-
neers at Mitsubishi Electric
Corp. have developed a 47-ns
256-K DRAM with relaxed
timing requirements. In gen-
eral it is not possible to de-
sign a memory system that
can take full advantage of a
DRAM’s cycle time, no mat-
ter how short it is, because
conventional DRAMs require
wider timing margins for
critical edges of input signals
to absorb the clock skew and
noise of the system.

In Mitsubishi’s design, erit-
ical timing edges are reduced
and timing requirements re-
laxed by keeping the internal
row-address-strobe clock ac-
tive until completion of the
internal operation, even if the
external RAS clock has since
become inactive.

Static RAMs, as they move
toward longer-word organiza-

tions, tend to eat up more
power. Toshiba has designed
an 8K-by-9-bit n-MOS SRAM
that can access data in 18 ns
while drawing only 500 mW,
and can stand by on 50 mW.

These figures roughly
equal the power used by a
64-K-by-1-bit.  chip. Using
present techniques, power
dissipation would have been
at least nine times greater,
say the designers. To build
such a fast byte-wide SRAM
with acceptable power dissi-
pation, Toshiba has devel-
oped a new shared-word-line
technique in which the 72-K
cell array is divided into 18
blocks of 4-K each, with a
row decoder circuit located
in the center.

Each block is divided into
two sets of eight columns,
and each set is linked by a
polysilicon wiring line that
makes it possible to select
only one fourth of the memo-
ry cells at once, reducing cell
current by 75%. -B.C C
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sion in Phoenix. In so doing, Honevwell
acquires a system that provides an up-
ward migration path for its customers,
enabling the U.8. company to stay in
the mainframe business.

The pace of Honeyvwell's mainframe
development has slackened at the high
end, spokesmen admit, while its technol-

7 competing with IBM Corp. in the U.S.
| than either Hitachi or Fujitsu have. On
the other hand, changing vendors is
rare among large mainframe customers,
so the potential market is largely limited
to Honeywell and Bull customer bases.
One potential user is General Electric
Information Systems Co. (Geisco), Rock-

ogy partner, NEC, hus
rushed ahead. The pre-
decessors of the ACOS
2000’s architecture and
operating system were
licensed to NEC by Hon-
evwell, which in turn ac-
quired them from General Electric Co.
in 1970 when it took over GE’s troubled
computer business.

NEC has since then developed ma-
chines with upwardly compatible ver-
sions of the architecture. The operating
system has evolved somewhat different-
lv in the two countries, which is why
Honeywell must put in an extra effort
to support its software base.

Through a pact initiated in 1962, Hon-
eywell at first provided technical assis-
tance to NEC. The Japanese company
decided not to extend the agreement in
1980 because it no longer felt Honeywell
had much to offer. Now Honeywell de-
pends on NEC for mainframes.

NEC makes two incompatible lines of
mainframes—a 32-bit family, whose top
of the line is the ACOS 1500, and the 36-
bit GE-derived line. The fastest 36-bit
machine in NEC’s line before the 2000
was the 1000, with about one third the
performance. First Japanese deliveries
of the 2000 will be made in June of next
year [Electronics, Feb. 10, 1986, p. 9].

NEC has had some success in the
U.S. mainframe market by supporting
an architecture with limited appeal. An
NEC spokesman says the company has
shipped 30 ACOS 1000 mainframes to
Honeywell, with more to follow before
the ACOS 2000 hits the market. He be-
lieves that this strategv has allowed
NEC to achieve a better position for

NEC licensed the
architecture
from Honeywell

ville, Md.,, which has
used Honeywell main-
frames because they are
a continuation of the GE
line. To date, Geisco has
stuck with the same ar-
chitecture, regardless of
who makes the hardware.

Geisco now has 11 Honeywell DPS
90s installed and plans to add another,
savs Ravmond Marshall, senior vice
president for technology operations. The
DPS 90, Honeywell’s first mainframe
based on NE(’s computer technology,
gives Geisco sufficient running and

backup capacity at this time, says Mar-
shall, so there are no immediate plans to
change over to versions of the 2000.
“We are very happy with the NEC-Hon-
evwell relationship,” he adds.

Four svstems, each with standard ar-
ray-processor equipment, make up the
ACOS 2000 series. The 2010 has one pro-
cessor and supports up to 96 1/0 chan-
nels, for a maximum aggregate 170 rate
of 196 megabytes/s, and 256 megabytes
of main memory. The 2020, 2030, and
2040 have two, three, and four proces-
sors, respectively. All three multiproces-
sor systems support up to 192 170 chan-
nels and up to 512 megabytes of main
memory. Like NEC's supercomputers,
all use liquid cooling.

The 2000 owes its performance in part
to high-speed gate-array chips and 16-K
bipolar random-access memories with 3-
ns access times. ~Chavrles L. Cohen

and George Leopold

TELECOMMUNICATIONS

WILL FRENCH-AT&T DEAL
'HELP FRENCH INDUSTRY?

| PARIS
The French Socialist government is

risking political fallout from opposi-
tion parties and European neighbors to
buy public telephone switches from
AT&T Co. The government is balancing
that risk against two main benefits: The
deal will give its flagship telecommuni-
cations-exchange manufacturer, Aleatel,
a running start in the U. S, market with
AT&T help. And it presents an opportu-
nity for the government to restructure
its No. 2 telecommunications-gear manu-
facturer, CGCT.

For AT&T, the setup marks the first
real breakthrough in the European pub-
lie-switching market since the U. S, com-
pany established a joint venture, AT&T

and Philips Telecommunications BV | Iy avenue for expanding the internation-

e
AT&T FORGES A NETWORK OF ALLIANCES TO BUILD ITS EUROPEAN BASE

(ATP), with Dutch multinational Philips.
The accord puts an end to similar,
though more recent, negotiations which
France held in parallel with two poten-
tional European partners: West Germa-
ny’s Siemens AG and Sweden’s LM
Eriesson. What makes the accord politi-
cally volatile is that the French govern-
ment is one of the most vocal support-
ers of European marketing cooperation
and technology exchange, but it went
for an American partner in this deal.
Despite the complex parallel negotia-
tions and leaks to the press that the ac-
cord with AT&T was in serious jeopardy
[Electronics, Jan. 6, 1986, p. 96], French
government sources admit that from the
beginning this was considered the prima-

When AT&T Co. was forced
by the U.S. government to
divest itself of the Bell oper-
ating companies and open
up the U. 8. telecommunica-
tions market to competition,
the giant equipment manu-
facturer started paying a lot
more attention to overseas
markets.

Its strategy to gain a foot-
hold in the difficult European
market was clear from the
very beginning: to establish
an international presence as
quickly as possible by forg-
ing complementary coopera-

tive arrangements with na-
tive companies. The first was
in its bread-and-butter public-
switching business when it
teamed up with Dutch multi-
national electronics producer
Philips to create the joint-
venture company that will
supply switches to the
French market.

The U. S. company then as-
serted itself in office automa-
tion and data processing by
taking a 25% interest in Ing.
C. Olivetti & C. The basis for
that deal was a trade of tech-
nology much needed by the

Italian company for the high-
powered and Europe-wide
marketing expertise AT&T
lacked.

AT&T's first European in-
cursion into the components
business was another joint
venture formed with Telef6n-
ica SA, the Spanish national
telephone company, for the
construction of a MOS inte-
grated-circuit production fa-
cility near Madrid. The Span-
lards will thus receive des-
perately needed semiconduc-
tor technology as AT&T sets
itself up as a components

manufacturer within the Eu-
ropean Communities.

The most recent alliance
was announced just last
week, when the American
company signed an accord
with Italy’s SGS Microelet-
tronica SpA. The Italian
company will market world-
wide, with exclusive rights
in Europe, bipolar chips pro-
duced in AT&T's facility
near Reading, Pa. The
agreement will cover some
35 circuits based on AT&T's
exclusive complementary-bi-
polar technology. -R T G
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al presence of Alcatel and its parent, the
Compagnie Générale d’Electricité.

Government sources say that, in a
couple of weeks, the government, the
CGE, the Compagnie Générale des Con-
structions Téléphoniques (CGCT), AT&T,
and ATP will sign a memo of under-
standing that will serve as the basis for
future contracts.

AT&T initially will fill 16% of the
French public-switching market with its
5ESS PRX switch. This will be in place
of equipment that CGCT normally would
supply—switches it makes under license
from Alcatel. AT&T will then help Alca-
tel adapt its switch to the U.S. market

AT&T and the CGE reached the original
accord toward the end of last year. CGE
president Georges Pebereau then lob-
bied the French government to accept it.
Signing will take place when technical
details and pricing are completely ironed
out, say government sources.
Government sources also see the
agreement with AT&T as part of a
larger plan to restructure CGCT, the
now-nationalized ITT Corp. subsidiary
which has been the sole blemish on the
Socialist government’s performance re-
cord in the electronics sector. France
nationalized its major electronics com-
panies soon after the 1981 election and

and help the French
company sell it. In the
long term, however,
AT&T and Alcatel would
be competitors both in
France and in the U.S.
In a side deal for mi-
crowave equipment, AT&T will become
a major customer of Alcatel, with which
Philips plans to merge its French micro-
wave manufacturing activity,
CRIES OF SELLOUT. With a general elec-
tion due March 16, opposition parties
are sure to criticize CGE’s cooperation
with the U.S. giant. In a televised de-
bate held several months ago, one of the
opposition leaders, Jacques Chirac, ac-
cused Prime Minister Laurent Fabius of
planning to “sell the CGCT to AT&T.”
Nonetheless, it is widely believed in
French government and industry that
the only way to have a world-class
switch manufacturer is to establish a
significant presence in the U. S. market,

AT&T in

which mandates a team-up with AT&T. | interest in Matra. -Robert T. Gallagher

Deal will be
breakthrough for

the improvement in
those companies since
then is one of the gov-
ernment’s principal
electoral assets: Thom-
son SA and Bull are
back in the black after
a long series of net losses, and CGE
has improved its profitability. CGCT,
on the other hand, showed a net loss
of $25 million in 1985.

The restructuring plan calls for CGCT
to split into two companies. One will be
devoted to public switching, and the oth-
er will handle private telecommunica-
tions equipment. AT&T will take a mi-
nority interest in the public-switching
company, with the French government
retaining control. Matra SA is close to
concluding an accord for taking a con-
trolling interest in the private-telecom-
munications company, says an advisor
to President Francois Mitterrand. The
government maintains a controlling 51%

Europe

'FCC’S ENHANCED-SERVICES
PROPOSAL STIRS DEBATE

ARLINGTON, VA,

Adebate is heating up over the best
’ way to encourage competition in en-
hanced telecommunications services.
And its outcome could go a long way
toward shaping the increasingly deregu-
lated telecommunications industry pro-
posed by the Federal Communications
Commission in its current Third Com-
puter Inquiry.

Arguing on one side are the FCC and
the Justice Department. They espouse a
murky concept called “comparably effi-
cient interconnection” (CEI), which they
say will neutralize the advantage that
ownership of the switching facilities
gives the phone companies over third-
party providers of enhanced services.
But critics counter that CEI is vaguely
defined and should supplement, not re-
place, the structural-separation require-
ments that require phone companies to

establish arms-length subsidiaries for
their enhanced services business.

The FCC imposed those requirements
in its 1980 Computer II decision when it
cut the seven regional Bell operating

services [Electronics, Jan. 20, 1986,
p- 48]. The FCC says that CEI would re-
quire a BOC to engineer an open net-
work that gives third parties access to
central-office equipment comparable to
their own access. Then the commission
would allow the regionals to offer en-
hanced services on a competitive basis.
Such services are bounded by the imagi-
nations of the vendors; they could in-
clude anything from electronic phone
books to computer dating.

CEI “has very broad support,” says

Herbert Marks, a Washington telecom-
munications lawyer representing inde-
pendent equipment manufacturers in
the inquiry, better known as Computer
I1I, where CEI was first proposed. The
problem is there are as many definitions
of CEI as there are interested parties,
he adds.
EQUAL ACCESS. Marks and others shun
the term “comparably efficient intercon-
nection” in favor of a more traditional
phrase—equal access. “Equal access
should clearly be the objective,” agrees
Dennis W. (’Shea, a telecommunica-
tions consultant with IBM Corp. “If the
goal isn’t equality, then we won’t
achieve anything like CEL”

For instance, many potential vendors
consider co-location crucial to assuring
third parties the same delay-free connec-
tions available to a BOC whose equip-
ment sits in a room next to the switch-
es. Though the FCC advocates co-loca-
tion, BOCs may have other plans.

Thus far, regionals U.S. West Inc.
and American Information Technologies
Corp. (Ameritech) have come up with
CEI plans. U.S. West’s open-network ar-
chitecture would make the necessary
carrier switching and transport services
available to users and vendors. It al-
ready has been endorsed by the Justice
Department’s Antitrust Division, which
oversees AT&T’s divestiture. Chicago-
based Ameritech’s scheme would give
access to its enhanced-service host com-
puters through nodes owned by the
third-party vendors.

During an Electronic Industries Asso-
ciation session on CEI in Arlington early

companies (BOCs) from s
the newly open-market f
AT&T Co. Now it pro-
poses to replace the re-
quirements with a com-
bination of CEI, co-loca-
tion of third-party equip-
ment in central-office
switching facilities, and
accounting safeguards
to guard against BOC’s
subsidizing  enhanced

HALPRIN: The FCC will
commit “mammoth re-
sources” to solve open-ar-
chitecture issues.

this month, U.S. West’s
Larry Kapple told 100
telecommunications  in-
dustry executives the
Denver-based BOC s
surveying customer
needs and local exchange
capabilities before imple-
menting its open-archi-
tecture plan. Once the
appropriate  interfaces
exist, U.S. West would
implement its plan, said
Kapple, the BOC’s vice
president for technical
strategy development.

It is just this absencej

lectronics/ February 17, 1986

17



of concrete details in the two BOCs’
plans for open architecture that leaves
many observers wondering when CEI
will become a reality. “What CEI means
in technical terms is still not clear,” said
John W. Hinkle, president of Centel
Business Systems’ Fisk Division in Hous-
ton. In any event, Hinkle told the EIA
session, CEI will not offset the advan-
tages of enhanced services technology
residing in the BOCs’ central offices.
Nor, in his opinion, will CEI prevent
cross-subsidization of AT&T, whose

equipment might already be co-located
with the BOCs’. So the structural-separa-
tion requirements of Computer 11 should
be retained, he argues.

Undeterred, FCC officials continue
to explore the role co-location might
play in providing equivalent intercon-
nection and the extent to which the
FCC will have to define CEI's specifica-
tions. Albert Halprin, chief of the
FCC’s Common Carrier Bureau, told
the EIA session that the commission
will commit “mammoth resources” to

solve the technical issues.

The Department of Justice wants
the commission to force the CEI issue
while providing the flexibility to find
technical solutions. And it acknowl-
edges that the technical issues are
murky. “You've got to keep some flex-
ibility in this process, because right
now no one can say what the technical
solution is,” warns Kevin Sullivan, as-
sistant chief of the Justice Depart-
ment’s communications and finance
section. -George Leopold

FABRICATION

LASER MAY SIMPLIFY THIN-FILM GROWTH

CHAMPAIGN, ILL.
Growing thin metal films on chip sub-
strates soon may be easier and
cheaper to do if an experimental laser-
based deposition process works as
planned. The next six months will tell
whether the system can select one par-
ticular metal from a mixed gas contain-
ing a variety of metals. Such a system
would radically simplify the task of
growing the complex thin films neces-

get substrate to be at high tempera-
tures, as do conventional methods such
as metal-organic chemical-vapor deposi-
tion (MOCVD). Growing thin films at
room temperature may eliminate a key
source of impurities: thermal breakdown
of gaseous molecules near the hot sub-
strate surface.

The Illinois method would eliminate
the need for complex gas-flow systems
found in other laser-based techniques

from a low-intensity ultraviolet-laser
beam is used to dissociate the metal
atom from other compounds in a gas-
eous molecule near the target substrate.
If the gas being used is an alkyl, such
as trimethylaluminum, the bonds be-
tween the aluminum and the three hy-
drocarbon ligands or radicals in each al-
kyl are broken by a single UV-laser pho-
ton absorbed by the alkyl, Eden ex-
plains. The resulting freed neutral

sary for the next generation of
integrated circuits.

The technique, developed by
University of Illinois researchers,
relies on a process known as mul-
tiphoton ionization. It has already
successfully grown films of alu-
minum and gallium, although
growth was much slower than ex-
pected. Chief researcher J. Gary
Eden, an Illinois professor of elec-
trical and computer engineering,
says he plans to work on faster
growth rates and on selective de-
position out of a mixed gas.

“The selective deposition is a
simple thing—we plan to do that
within the next six months,” he
says. Scientists familiar with the
work think that Eden and his
group have a good chance of suc-
ceeding. Eden believes the pro-
cess could easily be ready for
commercial use in semiconductor

ION CURRENT ———»

aluminum atoms migrate to the
surface of the substrate, thanks

—— TRIMETHYLGALLIUM
———= TRIMETHYLALUMINUM

to random thermal energy, form-
ing an aluminum thin film.

The multiphoton ionization ap-
proach used at the University of
Illinois also relies on photodissoci-
ation to separate the aluminum
atom from the alkyl ligands. Be-
cause lllinois researchers use a
blue-light laser of much higher in-
tensity, more photons are deliv-
ered to the alkyl. They could be
used to target a specific metal in
| a gas mixture.

Because the alkyls absorb the
photons at resonances that vary
from metal to metal, says Eden,
the process holds the potential for

440 |
ALKYLS. Interlaced peaks in the multiphoton ionization spec-
tra of Gaand Al alkyls show why a tuned laser can pick a metal.
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selectively depositing a target
metal from a mixed gas contain-
ing a variety of metal alkyls sim-
ply by changing the wavelength
of the laser.

manufacturing within five years.

Varying the wavelength of the laser
would determine which metal is deposit-
ed from a gaseous mixture containing a
variety of metal alkyls. “You could mix
all these alkyls together in one big pot,
and with a laser just go in and get the
atom you want,” Eden says. “And an-
other beauty of this thing is that you're
ionizing only the metal atoms. So the
junk—the things that you don’t want,
like the carbon-bearing radicals—just
goes floating off.”

Like other experimental laser-based
methods, such as photodissociation, the
Illinois method does not require the tar-

and in today’s MOCVD reactors. Such
systems require a gas that contains only
the type of metal atom to be deposited;
when another metal is desired, the gas
must be changed.

The University of Illinois work is
funded primarily by the U.S. Air Force
Office of Scientific Research at Bolling
Air Force Base in Washington. “We're
chartered to look at novel ways of grow-
ing films photochemically, so that’s why
we’re not just looking at photodissocia-
tion,” says Eden.

In photodissociation, being studied in
a number of other laboratories, energy

In experiments performed at
the University of Illinois, graduate stu-
dent Charles C. Abele used a Quanta-
Ray DCR-2A yttrium-aluminum-garnet
laser to pump a lLambda-Physik 2002
dye laser containing coumarin 450 dye,
producing 5-ns pulses of up to 4 mJ at
10 Hz. Pulse energy was maintained
within 80% of the peak over the 442- to
460-nm wavelength region. Two 2.5-¢cm-
diameter lenses with 5-¢cm focal lengths
were used to focus this beam at intensi-
ties up to 2 GW/em? into a cell contain-
ing either trimethylaluminum or tri-
methylgallium. Eden compares this with
much lower intensities—on the order of

18
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MW/em?—possible with UV laser light.

At the high-intensity blue-light levels,
five photons are delivered to each alkyl,
says Eden. The energy from two of
these photons goes toward breaking the
bond between the metal atom and the
ligands, while the other three convert
the freed neutral ground-state metal
atom into a positive ion. Then the target
substrate is negatively biased to attract
the ions to the surface. In the Illinois
experiments, a gallium arsenide sub-
strate was bonded to a cathode, which
was separated from the anode by about
1 em; and the applied voltage can be
varied between 0 and 2 kV.

Because the Illinois system uses an
electric field to propel positively charged
ions to the substrate, rather than de-
pending on thermal energy to deposit
neutral metal atoms as do UV-laser sys-
tems, the ions can be made to strike the

substrate surface at much higher ener-
gy levels than can the atoms. The en-
hanced surface mobilities and energy
levels of the ions may produce higher-
quality films, notes Howard Schloss-
berg, physical science administrator at
the Air Force Office of Scientific Re-
search, who is overseeing the University
of Illinois contract.

Eden’s group is the only one now de-
veloping multiphoton ionization tech-
niques for growing thin films, according
to Schlossberg. And though other re-
searchers are cautious in their assess-
ment, some agree that the idea makes
sense. “You may be able to reduce im-
purity formation with this technique,
since you’re attracting only the material
you want,” says Bruce Vojak, a staff
research engineer who works at Amoco
Corp.’s Amoco Research Center in Na-
perville, I1L. ~Wesley R. Iversen

MEDICAL

SPEEDING UP NMR IMAGING
TO WATCH A KIDNEY WORK

GOTTINGEN, WEST GERMANY
Nuclear magnetic-resonance imaging,
a medical diagnostic tool in use
since the late 1970s, has made a quan-
tum leap: cross-sectional images of
parts of the body can now be taken in
seconds instead of minutes. Researchers
at the Max Planck Institute for Biophys-
ical Chemistry have achieved this feat
by reducing the strength of the radio-
frequency excitation pulses used in
NMR imaging.

The 50- to 100-fold reduction in imag-
ing time “opens new possibilities in clini-
cal diagnosis,” says Jens Frahm, head
of the Gottingen research team. Now,
he says, NMR methods can be used to
record dynamic processes in the body.
That means it is possible to image such
physiological processes as the secretion
of the kidneys and the movements of
the heart. The fast imaging technique is
safer than computerized axial tomogra-
phy, which subjects the patient to X
rays. It also shortens the time needed to
make the multiple “slice” images used
to build three-dimensional pictures—to
about the time conventional NMR ma-
chines take to produce a 2-d image.

Frahm’s group has been involved in
fast-imaging NMR methods only since
the spring of 1984. But already, manu-
facturers of medical electronics equip-
ment—among them, General Electric in
the U.S., Philips in the Netherlands,
and Siemens in West Germany—are im-
plementing the Géttingen technique in
NMR imagers. Frahm says first ver-
sions of fast-imaging tools may come
out before the end of this year.

In NMR imaging, atomic nuclei, when
placed in a magnetic field and excited by
an rf pulse, emit measurable radio sig-
nals. This phenomenon is characteristic
of all stable atomic nuclei that contain
an odd number of protons, neutrons, or
both. These particles have two vital
properties: a spin and a magnetic mo-
ment, properties similar to those of a
spinning magnetic gyroscope.

Hydrogen nuclei generally are used
for medical NMR imaging. Hydrogen at-
oms, the most abundant elements in the
body, have protons that are highly sen-
sitive to magnetic forces and, when ex-
cited, emit well-defined radio, or NMR,

MAGNETIC FIELD. Team leader Jens Frahm demonstrate the
strength of the NMR equipment’s magnetic field.

signals. A receiver detects these signals
and feeds them to a computer, which, in
turn, converts the signals into pixels to
form an NMR image on a monitor.

By choosing suitable values for fre-
quency, amplitude, and duration of the
exciting rf pulses, an imager operator
can record a specific cross-section of
parts of the body. Depending on the res-
olution chosen, a recorded image con-
sists of either 128 or 256 lines, with each
line containing 128 or 256 pixels, respec-
tively. The slice thickness ranges from 5
to 10 mm.

A strong excitation pulse must be
used to get meaningful NMR signals
from the protons, however. This pulse
tilts the proton’s spin axis, and hence its
magnetization vector, by 90°. After the
rf pulse is applied, it takes about one
second for the proton to return to its
equilibrium position and to reach its
original magnetization. Only then is a
new rf pulse applied.

Because of this 1-s relaxation time, it
takes 256 s, or a little more than four
minutes, to produce a 256-line image, for
example. And because each pixel is re-
corded twice to improve the picture
quality, it takes more than eight min-
utes to produce an image.

For that reason, clinical NMR diagnos-
tic methods have been limited mainly to
imaging immobile parts such as the
head or spine, Frahm explains. Images
of internal organs are blurred by the
movements of, say, the heart, intestines,
and lungs. Therefore, doctors had to
rely on the much faster, but risky, CAT
methods to image such organs.
WEAKER BUT FASTER. The Gottingen
team has overcome this limitation by
slashing the imaging time. “We figured
that, instead of the strong rf excitation
pulses needed for a 90° tilt of a proton’s

spin axis, it must be possible to use

weaker, but more rapidly
occurring pulses to get an
| image,” Frahm says. The
team uses pulses that de-
flect the spin axis by only
| 15° or so. That makes for
| a 75% weaker NMR sig-
i nal, but the original mag-
netization is almost entire-
ly retained. This means rf
pulses can be applied and
data for an image line ob-
b tained every 10 to 20 ms
instead of every second.

i This fast-imaging, or
§ Flash (fast low-angle
shot), technique cuts the
recording time for a 128
line image from the two
minutes or so needed with
conventional methods to
about two seconds; for a
256-line image, the reduc-
tion is from more than
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four minutes to five or six seconds.
Frahm says this is a significant advance
in medical diagnostics.

Images that coincide with the phases
of the heart cycle can also be taken by
letting the heart currents (which may be
derived from an electrocardiograph) con-
trol the NMR equipment. This way, if it
takes, say, 20 ms to produce an image,
the heart’s movements and functions
can be registered in 50 steps per second.
Also observable is the flow of blood to
and from the heart, because blood con-
tains water, hence, protons that are ba-
sic to the imaging process.

Another application is producing a se-
ries of kidney images. Here, “paramag-
netic” substances are used as a contrast
medium, Frahm explains. The medium’s
passage through a kidney and its ducts
can be traced over longer periods of
time by means of a sequence of images.

In its NMR work, the Gottingen
team is using a magnet whose super-
conducting, liquid-helium-filled main
coil, cooled to —270°C, generates a mag-
netic field of 2.3 tesla. That is equiva-
lent to 50,000 times the earth’s mag-
netic field. The magnet’s bore—the
tube into which an animal body or,

say, a part of the human body is
placed—is 40 cm in diameter. The exci-
tation pulses come from a nearby rf
transmitter, which generates pulses of
from 2 to 10 ms. The resonant frequen-
cy of the protons is about 100 MHz.
Aside from the advantages of the
Flash technique, NMR furnishes sharp
soft-tissue contrast—hence, more data
than an X-ray image—and the NMR
image can be arbitrarily oriented,
which facilitates the search for partic-
ular details. CAT, by contrast, always
shows an image perpendicular to the
body’s long axis. ~John Gosch

MICROSYSTEMS

BACKUP KEEPS MICROSYSTEMS WORKING

DALLAS

Dallas Semiconductor Corp. is borrow-
ing an idea from big mainframes to

satisfy the need for a crash-proof back-

up system to support microprocessor-

based equipment.

The two-year-old company’s Integrat-
ed Battery Backup set is in essence a
scaled-down version of the uninterrupti-
ble power-supply systems long used in
data-processing centers to guard the
work of mainframes. Dallas Semicon-
ductor says the three-piece set, which
will be introduced later this month, has
both the power and the intelligence to
keep microsystems—ranging from per-

to 16 memory chips to the protective
lithium-cell backup.

“We are offering a way to orches-
trate an orderly shutdown and then a
graceful automatic restart of micro-
processor-based systems in the event
that system power is disturbed,” says
marketing vice president Michael Bolan,
who cofounded the spinoff with other
former employees of nearby Mostek
Corp. Once the power monitor measures
a return of acceptable system power,
the components work in concert to re-
turn the host processor and its pro-
grams exactly where they left off prior
to the power shutdown, says Bolan.

The automatic restart and the ability
to continue work flow without human
intervention are “extremely critical for
industrial applications,” adds Bolan, who
also expects the battery-chip set to be
used in office personal-computer de-
signs. “One of the things that has held
back electronics in the industrial area is
power glitches and the fact that semi-
conductors are volatile. We think this
will help solve that problem.”

Many systems have been designed to
deal with power losses, but they use
discrete components, and not all of the
implementations work properly under
all conditions, notes Bolan, whose com-

sonal computers to engineering
work stations to factory equip-
ment—from crashing and losing
their data.

The key to this set is the
DS1260 SmartBattery, which em-
ploys a twist on the concept of
battery backup. For about a year,
Dallas Semiconductor has been
selling random-access memories
in dual in-line packages that con-
tain lithium batteries for nonvola-
tility. The SmartBattery is a sort
of reversal of that idea: a lithium
battery pack that contains an inte-
grated circuit for voltage sensing
and power switching.

SmartBattery can protect data
in standard static RAMs for more
than 10 years without system
power. Packaged for a low Y%-in.
profile, the battery is connected to
printed-circuit boards by 16 pins
arranged in the footprint of a con-
ventional DIP.

The crash-protection set also
has a power monitor and nonvola-
tile controller-decoder, both made
in CMOS. The monitor gives host
microprocessors early warning of
impending power failures. The

pany has added a number of on-
chip features to make its ICs and
SmartBattery systems applicable
to a wide variety of systems.

One such feature is the power-
monitor chip’s ability to adjust the
amount of warning time it gives
microprocessors. This  means
there is no need to program it for
the warning time needed for a
specific system or to have the
part customized.

The DS1231 contains two on-
chip comparators to monitor pow-
er in two different locations—on
the low-voltage system bus and
on the upstream of the regulator
near or at the power supplies. The
upstream higher-voltage tap pro-
vides early warning that ac power
is beginning to fail. This condition
causes the power-monitoring IC to
send an alarm, or interrupt signal,
to the host processor, which then
begins a subroutine to organize
and safely store data in battery-
protected RAMs.

When the second comparator
detects that power has fallen be-
low Ve specifications, the moni-
tor IC sends a reset signal to the

nonvolatile controller-decoder IC

MICRO POWER. Dallas Semiconductor’s Bolan expects his
protects RAM data and switches 4 firm's battery-chip set to be used in offices and factories.

microprocessor for an uncondi-
tional shutdown. The shutdown
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prevents the host from changing data
when it is operating out of specification.

The monitor IC reverses the shutdown
procedures when a system is reactivat-
ed. Tracking the upstream and down-
stream voltage points, the monitor chip
lets the host processor work only when
system power is stabilized.

lithium power from the SmartBattery
component. The controller also keeps
the host processor from writing to the
memories whenever V¢ falls out of an
acceptable range. The SmartBattery
unit is then activated by its embedded
IC, which senses the level of system
power, switches the lithium energy cell

The two-point monitor-
ing concept can be used

amount of time between
incoming power failures
and the loss of proper bus voltage can
vary from 2 to 40 ms. The DS1231 moni-
tor can also be programmed by system
designers to enable the system-shut-
down reset signal when V. falls below
5% or 10% of the threshold value.
After the data and processor are pre-
pared for shutdown, the nonvolatile con-
troller-decoder switches the SRAMs to

The set protects

for 10 years

on and off, and prevents
accidental discharge of

with a variety of linear ) the  battery  during
and switching power SlaliC RAM data handling.
supplies, where the Components of the set

will be sold separately,
and prices are set for
1,000-piece quantities. Versions of
SmartBattery providing backup of 250,
500, or 1,000 pA-h at 3 V will sell for
$6.25, $8.75, or $11.25 each, respectively.
The 8-pin power monitor goes for $3.30
each. The DS1212 controller for 16
RAMs sells for $6.70 each, and the
DS1221 controller for four RAMs will
cost $5.40. —J. Robert Lineback

NETWORKING

POWER-LINE LAN SOLVES
ERROR PROBLEMS

DANBURY, CONN.
Afledgling local-area-network sup-
plier claims it has succeeded where
others have failed in achieving reliable,
error-free data transmission by using a
building’s power wiring as the medium.
By eliminating the cost of installing new
LAN cables, GridComm Inc. says it ecan
halve the cost of system implementa-
tion. The company solved the problem
by achieving a very low error rate with
a new modulation scheme called GCM,
for GridComm Modulation.

GCM lets the 23-kb/s full-duplex
networking system detect and correct
single-bit errors on the fly, says the
company. A patent has been allowed on
GCM, but not yet awarded. The modula-
tion scheme overcomes the carrier-drop-
out and error problems that have haunt-
ed others who tried to use a building’s
power lines to broadcast LAN data, says
Kenneth Lewis, GCM inventor and Grid-
Comm’s cofounder and president.

The allure of the power line as a data-
transmission path is simple: installing
dedicated lines for data is expensive.
The cost of new cabling is often equal
to about 75% of the value of the micro-
computers and peripherals the network
will serve, says Lewis. In contrast, the
cost of a GCM network is about 20% of
the value of the network’s processors
and peripherals, he maintains.

The system’s line drivers transmit a
burst-type signal of 8 V peak to peak,
which propagates to all points on a
building’s wiring up to the first voltage-

L SR

stepping transformer it encounters. The
net uses 16 digitally synthesized carrier
frequencies between 100 and 490 kHz
and loads the powerline as a waveguide.
The faect that one side of a powerline
pair is a ground means that the pair
does not radiate as an antenna does,
points out Lewis.

GridComm also has developed ex-
tremely sensitive double-superhetero-
dyne receivers for the system. The re-
ceivers’ dynamic range makes it practi-
cal to use very low radio-frequency pow-
er levels at the line drivers.

Also figuring into the design are ana-
log signal switches, extensive channel-
filtering circuitry, and a large (180 mils
on a side) custom chip carrying both an-

alog and digital components. The compa-
ny is now having the components of
GridNet—its first product since mncorpo-
ration in May 1983—tested for compli-
ance with emissions regulations by the
Federal Communications Commission.

Last fall, Apex Communications Ltd.,
a British competitor, introduced a half-
duplex network system that enables
communications over installed power
lines. But that system—the Nectar
Ring, which operates at only 4,800 b/s—
is not nearly as fast as GridNet.

Another company hawking a similar
product was Mollard Systems Design
Inc., San Jose, Calif, launched in July
1983 by Roy Mollard, a former Apple
Computer Inc. executive. The system
was plagued by bugs and repeatedly de-
layed, however, and late last year the
company filed for protection from credi-
tors under Chapter 11 bankruptey laws.
EIGHT USERS AT ONCE. The GridNet,
which thwarts eavesdroppers with data
encryption, operates in areas up to
30,000 ft? using standard single-phase
power wiring or three-phase 240-V lines,
provided the correct coupling is used.
The LAN can support up to 60 address-
able nodes but only eight users at a
time, so the company says a 32-node
network is optimal. Future plans, Lewis
says, call for an expanded bandwidth,
perhaps as high as 1 MHz, that will per-
mit the system to support twice as
many users.

Each address, whether computer or
peripheral, must be outfitted with two
boxes that together make up what Lew-
is calls a communicator. Gridcomm has
communicators for personal computers
(the GC-1400, list price $549), for peri-
pherals (the GC-1100, $449), and a third
for interfacing the network with a tele-
phone line for long-distance eommunica-
tion (the GC-Zero, $799).

Each communicator consists of both a
wall-mounted unit that holds a power
supply and the line drivers, and a desk-
top box that contains a Z8 8bit micro-

POWER LAN. A building’s power lines provide the transmis- lel
sion medium for GridComm’s 23-kb/s local-area network.

controller, a modem, up to
48-K bytes of internal memo-
ry, a real-time clock/calendar
for electronic mail, and, in
the case of the GC-1400, a
small liquid-crystal display
for status reports.

The network supports IBM
Corp. Personal Computers,
PC ATs, and their compati-
bles, as well as computers
from Apple (including the
Macintosh), AT&T, Digital
Equipment, Hewlett-Packard,
NCR, Tandy, and Wang. In
addition, the network will
support most printers and
plotters with serial and paral-
interfaces, says Grid-
Comm. -Tobias Naegele
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TheAi‘n‘dustry’s leading coverage
of international technology:.

In Electronics.

Electronics is back—with the industry’s top reporting on international electronic technology. In the first
half of 1985 alone, Electronics—with its worldwide bureau of correspondents—published more than

140 articles on-international technology. Important articles with news and analysis that leaders in the
field can’t afford to be without, such as:

January

Philips Uses MBE for Lasers

Siemens Readies Commercial ISDN
Japanese Chemical Firm Moves from Soap
to Floppies

Italian Firm Seeks Allies to Crack U.S.
Japan Pursues Role in Space

Bellman Switches on Italtel for Expansion
Robots get Smart in Japan

ITT Invests in European Units Crack U.S.

February
Europe’s Esprit Finally Sets Sail

LSI Logic Counts on Sandfort to make its
Mark in Europe

Upstart Vendor Makes Waves in Japan's
Robot Market

NEC Fashions New Fab Process

Olivetti’s Viti Directs ET Designs that Marry
Bus & Art

German Startup’s Success Surprises
Europeans

Britons Seek Tolerant Chips
0BI Rains on IBM's Parade

Mega'’s Friedrich Aims to Cut Asian Lead in
Memories

And that’s only in six months!

March

British GaAs Chips Go to Market

NEC's CPU Leapfrogs IBM

Hitachi CPU Challenges |BM

France's Lansat Rival Set for Fall Launch
Olivetti Stakes Claim in Video Typewriters
Italian VLS| Chip has the Right Accent
Koreans Try for VCR Replay

Germans Push X-ray Exposure

There's Life in Resistors, German Company
Finds

UK Beats a Path for Europe's Race

April

German System Meets New ICAO Standard
West Germans Squabble Over Choice of IFF
Britain Promotes Open Architecture

US Makes Progress in Japan Telecom Talks

Japan's Lead in Optical Disks: It's Part of
the System

Daisenberger Guides US Firms through Red
Tape

Asia: It's No Longer Just Japan That
Threatens US Markets

Malaysia: Top Shipper of Discretes
Indonesia: Domestic Sales are the Lure

May

Thomson's VCR System Clears Up Doubts
ICL Banks on Networks and Japanese Chips
Min Blazes Bright Path for Korea's Gold Star

Asia: The Four Dragons Rush to Play Catch-
up Game

Singapore Casts Lot with Software
Philips’ Eurom Chip Finally Debuts
Sagging Prices Sting Japanese Producers

British Telecom Spreads Its Wings with
Mitel

South Korean IC Maker Seeks Worid
Markets

June

Plessey Switches Off Flash ADC, Saves
Power

Sony Campaigns Hard for BMM
Camcorders

Japanese Quit on 1BM Software, Turn to
UNIX

Apple Tries Again to Blast Off in Japan

Has the End Come for European Chip
Makers?

SIA Protest May Not Stem Trade Tide
Now It's Korea's Turn in the Robot Market

Readers depend on us for this full scope of technology coverage worldwide. Shouldn’t your selling
message be in Electronics’ environment of pivotal technology reporting and analysis?

Put your advertising where the electronics attention is. Call Electronics today, at 212/512-3140, to
reserve your ad space. Outside the U.S. contact your sales representative.

Electronics is back. Shouldn’t you be back as well?

/K
¥
Hill'
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ELECTRONICS SPECIAL REPORT

INSIDE TECHNOLOGY

SUPERCHIPS STEAL
SOLID-STATE SHOW

PREMIERING: SINGLE-CHIP MAINFRAMES, 4-MB DRAMS, SIGNAL PROCESSORS

by Bernard Conrad Cole

nyone looking for a blueprint
laying out future trends in
semiconductor products will
certainly find it at this week’s
International Solid State Cir-
cuits Conference. Partly obscured by the
torrent of technical details being presented
at the Anaheim, Calif, meeting to the
worldwide semiconductor community will
be a host of significant new products that
are to be introduced shortly in the market-
place and are expected to appear in the

next generation of equipment designs.
Leading the pack will be some surprising
and spectacular superchips—very large-
scale-integration memory and digital designs
that push the upper limits of density and
speed. These include single-chip mainframe
central processing units, digital signal-pro-
cessing CPUs of comparable sophistication, 4-
Mb dynamic random-access memories, 1-Mb
and 256-K DRAMs pushing down toward 50-ns
access times, static RAMs moving aggressive-
ly down into the 1- to 30-ns range, and gate
arrays that are demonstrating access times in

the hundreds of picoseconds.

The digital world will share the spotlight with
an impressive array of analog superchips, includ-
ing a variety of modem front-end chips for tele-

communications and an assortment of data convert-
ers that break new ground in speed and resolution.
The six stories that make up this special report
are the first look at some of the most exciting and
significant developments to be unveiled at this week’s
premiere semiconductor event. They include:
O Mainframe microprocessors such as IBM Corp.’s 32-
bit Micro-370, a single chip that implements or supports
emulation of the entire instruction set of the System
370 mainframe, and Sperry Corp.’s six-chip set that imple-
ments the Sperry C-series architecture.
0 32-bit digital signal processors such as National Semicon-
ductor Corp.’s de-motor controller and Toshiba Corp’s
170,000-transistor image processor.
[ Entries from Texas Instruments, NEC, and Toshiba in the
still sparsely populated 4-Mb dynamic RAM race.

O Blazingly fast static RAMs that push CMOS, Bi-CMOS, and

emitter-coupled-logic processes below 10 ns.
O Application-specific chips, derived from mixed processes or galli-
um arsenide, that set new levels of performance.
[ Complex telecommunications and data-communications chips, includ-
ing a powerful trio from AT&T Co.—a 1-pm 2-Gb/s laser driver IC and 50-
Mb/s optical data-link driver and receiver circuits.
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[ MICROPROCESSORS

MAINFRAME ICs TO SHRINK BIG SYSTEMS

Of all the designs presented at this year’s
ISSCC, the general-purpose CPU designs are
unequaled in their sophistication and complexity.
These mainframe-derived CPU chips can truly be
called superchips.

A good example is the Micro-370, a 32-bit single-
chip microprocessor from IBM Corp.’s Thomas J. Watson Re-
search Center, Yorktown Heights, N.Y. (Fig. 1). This micro-
processor not only directly implements 102 instructions of the
System 370 mainframe, but also supports emulation of the
entire instruction set. Fabricated in a 2-um, silicon-gate n-MOS
process using single-level-polysilicon and double-level-metal in-
terconnections, the Micro-370 incorporates the equivalent of
200,000 transistors onto a 10-by-10-mm chip that features a 3-
W power dissipation and a 200-ns cycle time at 10 MHz.

Designed using standard-cell methodologies and automatic
placement and routing, the Micro-370 incorporates a three-
stage pipeline and a microprogrammed structure that consists
of a bus controller, a sequencer, a control unit, an execution
unit, a clock generator, a special-function unit, an instruction
decoder, and control-store logic. It uses full 32-bit internal
data and address paths, which link with 32-bit asynchronous,
nonmultiplexed, external data and address buses.

The execution unit contains a 32-bit arithmetic logic unit, a
64-bit shifter, nine special-purpose registers, a 32-bit adder,
and two 16-piece sets of 32-bit general-purpose registers, with
two 32-bit dual-rail buses running across the entire execution
unit. The standard-cell-based sequencer determines the next
address for the control store and provides the processor com-
mand to the bus controller. The special-function unit contains
three instruction prefetch registers and special-function regis-
ters connected by a sense-amplifier bus.

Under microword control, the instruction prefetch registers
drive the instruction-decode logic and the control unit. The
control store consists of two mask-programmable read-only
memories with a total storage capacity of 94-K. One ROM
provides an 18bit word to the sequencer for selecting the

1. SUPERCHIP. Containing 200,000 transistors, IBM's 32-bit Micro-

370 directly implements 102 instructions of the IBM 370 mainframe
CPU instruction set and emulates the entire instruction set.

data path. The decode and control chip (Fig. 3) contains the
instruetion-decode ROM, miscellaneous control sequencing,
and instruction-decode and -interrupt logic. The cache and
interface unit incorporates on-chip memory for controlling a 4-
K-word cache block, a 64-word content-addressable memory
for memory page-address translation, and interface logic for
an external parity-checking 36-bit bus.

Containing its own microengine and control store, an option-
al extended-instruction-set chip implements bit, byte, decimal,

next address and generating processor
commands. The other provides a TI-bit

word for generating control signals. The
clock generator uses a four-phase eight-
output configuration to provide clocking
phases for the microprocessor from an

AND CONTROL

MULTIPLY
AND DIVIDE
CHIP

DECDDE ADDRESS
GENERATDR

UNIT

EXTENDED
INSTRUCTIDN
SET CHIP

CHIP

external TTL-level clock reference.

From Sperry Corp.’s Micro Products
Development Group, Eagan, Minn., comes
a six-chip set that implements the full
Sperry Computer Systems C-series archi-
tecture and executes all 504 of the series
1100 mainframe’s 36-bit instructions (Fig.
2). Four of the chips—the ALU, the ad-
dress-generator unit, the decode and con-
trol chip, and the cache and interface

L L oowa J 1

CACHE AND
INTERFACE
(MASTER)

P-BUS

CACHE AND
INTERFACE
(SLAVE)

unit—implement the basic series 1000
mainframe architecture.

The ALU chip contains a full 72-bit data
path with a 72-bit ALU, a 72-bit shifter, a
128-word general register stack, and a
hardware-assisted microengine with on-
chip control storage. The address-genera-
tor unit incorporates a hardware sequenc-
er to accelerate the basic instructions, a
microengine with on-chip control storage
and a 144-bit microcode word, three inde-
pendent RAM arrays, and a full-width

_
2. SIX PACK. A six-chip set from Sperry Corp. plus two external RAM arrays implement the full
C-series mainframe architecture and execute all the series 1100 mainframe’s instructions.

EXTERNAL BUS

TO ItD PRDCESSDRS,
MAIN MEMDRY.
DTHER PERIPHERALS

24

Electronics/February 17, 1986



HAEX WS MuAARATAARARASR &
TP TR ST S

3. cONTROL The decode and control chlp decodes instructions and sequences control for
Sperry’s six-chip set. It contains ROM, control sequencing, and decode and interrupt logic.

s cache-interface chips and RAM arrays in
4-K increments.

{ Fabricated with a 1.2-um double-level-
i metal CMOS process, a typical seven-chip
# configuration with an 8-K-word cache us-
g ing a four-phase clock has a cycle time of
H 80 to 108 ns. The chip set boasts through-
€ put rates ranging from 0.4 million to 1.5
million instructions per second. This per-
formance rating is comparable to the
Sperry 1100/71 mainframe and is 80%
that of the 1100/81 mainframe.

Joining the many general-purpose 32-bit
microprocessor designs now on the mar-
ket is the long-awaited V60 from NEC
{4 Corp.’s Microcomputer Products Division.
¥ Fabricated using a 1.5-um double-level-
| metal CMOS process, this 375,000-transis-
1 tor design incorporates a 32-hit execution

unit; a 4-Gb demand-paged virtual-memo-
H ry-management unit; a 191-K micropro-
i gram ROM; and a 32-bit floating-point
€l multiplier implemented using the IEEE-
i 754 standard.

Running at a 16-MHz clock rate, the
NEC microprocessor executes 3.5 million
M instructions per second and consumes 1.5
&l W. The 273-instruction processor incorpo-
WY rates six functional blocks—the prefetch

% unit, the instruction-decode unit, the ef-
B fective-address generator, the memory-
§ management unit, the bus-control unit,
and the execution unit—into a pipeline
structure.

The on-chip memory-management unit

and string instructions, and it incorporates a triple-word 10&
bit-wide decimal data path and a separate 36-bit binary data
path. The sixth chip is the integer-multiply and -divide chip,
designed to accelerate floating-point and integer-multiplication
and -division operations. It can perform a floating-point multi-
plication in one clock cyele, or a double-precision multiplication
with 72 operands in two clock cycles. In addition, external
RAM can be used to store cache data, and the cache is ex-
pandable from 4-K wards to 16-K words by adding more

has a l6-entry full-associative transla-
tion loek-aside buffer that translates the virtual address
into real addresses in 36 ns, worst case. The execution unit
is a microprogrammed data-path generator with thirty-two
32-bit general-purpose registers, sixteen 32-bit scratchpad
registers, a 64-bit barrel shifter, a 32-bit ALU, and a number
of control registers. The ALU implements a second-order
Booth algorithm for 16-clock multiplication on 32-bit data.
Typical instruction-execution time is 62.5 ns, and power dis-
sipation is 1.5 W.

DIGITAL SIGNAL PROCESSORS

CHIPS HANDLE IMAGES, RUN MOTORS

High densities and sophisticated designs are
marking the emergence of digital signal pro-
cessing into the mainstream of circuit design. Some
of the circuits described at this year’s ISSCC ap-
proach the complexity of their general-purpase 32-
bit CPU counterparts.

For example, from National Semiconductor Corp. and SDA
Systems Inc., both of Santa Clara, Calif., comes the first in a
family of 32-bit, algorithm-specific, single-chip DSPs based on
a reduced-instruction-set-computer architecture. The first chip
in the family is the LM628, a special-purpose RISC digital
signal processor that contains all the functions required for de
motor control in such applications as servo systems, automat-
ed manufacturing, and robotics.

Fabricated using a relatively conservative 3-um, single-level
polysilicon, single-level-metal n-MOS process, the 50-instrue-
tion LM628 operates at a respectable 8-MHz clock rate, with
typical instruction-execution cycle times ranging from 500 ns
to 1.5 us. Containing the equivalent of 25,000 transistors, the

30,200-mm? DSP dissipates only 250 mW. Included on the chip
is a 32-bit ALU, ALU control logic, support circuitry that
enables the ALU to perform 16-by-16 2's complement multipli-
cation, 32 by 32 bits of data RAM, and 1-K by 16 bits of
instruction ROM, as well as the core sequencer programmable
logic array, which contains the algorithm-specific instructions
that support motor control.

This core processor block (Fig. 4) is linked by an internal
16-bit bus to on-board peripheral blocks dedicated to particular
applications. In the case of the motor-control-specific LM628,
these on-board peripherals include a motor-position decoder
that converts encoded quadrature signals from an external
incremental position encoder to track motor position; an 8bit
pulse-width modulator that supplies analog control voltage to
the motor or, when reconfigured, provides 8-bit parallel data
for an off-chip digital-to-analog converter; and an input/out-
put control block for servicing requests and data transfers to
and from a host CPU. With a special-purpose orthogonal in-
struction set tailored to tasks common to motor-control appli-
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such functions as trajectory generation,
loop filtering, and system control.

Another special-purpose algorithm- 32-bit processors.

cations, the LM628 is designed to perform 4.RISC-TYPE DSP. Intended for motor-con-
trol applications, National Semiconductor
Corp.’s LM628 DSP is the first in a family of
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specific DSP, from Toshiba Ltd., Kawa-
saki, Japan, is aimed at high-perfor-
malce image-processing applications
such as medical diagnosis and remote

sensing. This image processor contains RAM and ROM.

5.32-BIT CPU. A single-chip digital signal
processor from NEC Corp. contains a 55-bit
ALU, a 32-bit floating-point unit, and on-chip

Y OO T O Y Y Yy

¥

LU AL

4

FES M g s e W b RE S e ke

R e —

170,000 transistors and incorporates a
32-bit ALU, a 64-bit barrel shifter, a 32-by-32-bit modified
Booth algorithm multiplier, a 64-by-16-bit ROM for storage
of sequence-control programs, a 16-by-99-bit RAM for micro-
code storage, four 16-bit loop counters, and a 32-bit data
multiplexer. Fabricated using a 1.2-um n-well CMOS process
with two levels of aluminum interconnection, this image-
processing DSP chip typically processes a 1,024-point com-
plex fast Fourier transform in 1 ms—about 10 to 100 times
faster than present single-chip DSPs, according to the de-
signers. Operating off a 20-MHz clock, it dissipates 150 mA
at 5 V.

A more general-purpose single-chip DSP comes from NEC
IC Microcomputer Systems Ltd., Kawasaki. Fabricated using
a 1.5-um, double-metal-layer CMOS process, it performs 32-bit
floating-point arithmetic operations with an on-board 32-by-32-
bit floating-point parallel multiplier and a 55-bit floating-point
ALU (Fig. 5). In addition, the chip contains a 64-K program
ROM, a 32K data ROM, and two 16-K data RAMs. This 15.4-

by-8.4-mm chip, which has the equivalent of 870,000 transis-
tors, operates with a 13-MHz clock and dissipates 1.5 W.

The on-chip 32-bit floating-point multiplier contains a 24-bit
fixed-point parallel multiplier for mantissa caleulations, and it
can multiply either 32-bit floating-point data or 2{-bit fixed-
point data. The floating-point ALU consists of an &bit expo-
nent arithmetic unit, a 47-bit bidirectional barrel shifter. and a
47-bit ALU associated with eight 55-bit working registers and
two flag registers. It contains both a serial and a parallel 1/0
interface. The serial interface is used to link with codecs,
DACs, and analog-to-digital converters, as well as for cascad-
ing multiple processors. The parallel interface supports the
chip when operating as either a master CPU or an intelligent
peripheral, or slave, processor. The chip executes « transver-
sal filter function at 150 ns per tap, or node, and a 512-point
complex fast Fourier transform within 4.5 ns, about 15 times
faster than similar functions done on current single-chip
DSPs, according to the designers.

DRAMs ADVANCE TO

BIG MEMORIES
e e———————— e

4-Mb LEVEL

Though this year’s ISSCC cannot compete with
last year’s cornucopia of advanced memory de-
signs, it is every bit as rich in quality and imagina-
tion. At the top of the list are two DRAM designs
from Texas Instruments Inc., one a mask-program-
mable 1-Mb DRAM design and the other a 4-Mb
circuit incorporating the company’s new cross-point trench
transistor cell.

Key to both designs is the company’s advanced 1-um
twin-well CMOS process, which features clad moats and sec-
ond-level gate polysilicon. The 1-Mb design has one level of
aluminum interconnection, and the 4-Mb design has two.
Lightly doped drains are used to suppress injection of hot
electrons into the gate oxides, and simultaneous deposition
of silicide on the moats and gate polysilicon provides low

resistance and higher signal strength.

Using this process as the starting point, design manager
Joseph Neal and his team at TI's advanced memory develop-
ment group in Houston have developed a mask-programma-
ble 1-Mb circuit that incorporates an imaginative combination
of techniques aimed at achieving low cost, high reliability and
testability, and high performance in a single design. The array
in this 1-Mb design uses the company’s contactless field plate
cell that employs depletion-mode trenched capacitors and bur-
ied n* bit lines with the top plate tied to ground for improved
slew margins. Typical column-address access time is 20 ns.
Read access time is 70 ns. Active power is 45 mA and standby
is 0.8 mA.

At the circuit level, this design incorporates two techniques
to improve reliability. One is a variation on the standard
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approach. which incorporates redundancy circuits. The other is
incorporation of severa] design-for-test modes.

Similar to other redundancy approaches, the TI technique
uses laser-programmed fuses. In this design, however, the
fuses are eliminated from the densely packed array section
and located only in the periphery, where the extra spacing
keeps damage to the silicon away from all critical nodes.

To implement the design-for-test methodology, each quad-
rant of the array is logically divided in half, resulting in eight
miniarrays. Ten design-for-test modes can be initiated after
the appropriate request from the tester: 8-bit parallel read, &
bit parallel write, static refresh disturb, static and dynamic
field leakage, external sense amp timing, redundancy roll call,
sense amp margins. reset to memory mode, external oscillator
to substrate voltage pump, and overvoltage detection.

To allow easy implementation of un 8bit parallel read and

access time is 150 ns, and access time is 30 ns in the static
column-decode mode and 60 ns in the page mode.

To complement the trenched transistor, Shah and his co-
workers have implemented a unique double-ended adaptive
folded bit line that allows «a cell 1o be placed at every intersec-
tion of the word line and the segmented bit lines, a departure
from the conventional segmented scheme. As a result, a word
line selects two cells for every pair of global bit lines, one on
each of the adjacent segmented bit lines, says Shah. These
adjacent bit lines are connected to global bit lines through a
special set of four segment-select transistor switches. When a
word line is selected, the corresponding segment-select tran-
sistors are turned on and off. thus breaking euach of the global
bit-line pairs into two shorter bit lines. Each of these shorter
bit lines is connected to sense amplifiers at each end. The
selected segment-select transistors connect the segmented bit

write in the design-for-test
mode. each miniarray com-
municates with the external
170 lines through an inter-
nal data 1/0 line. The 8 bits
accessed on any cycle are
separated by 256 columns,
minimizing the interaction
between selected cells. In
the parallel read mode, the
eight internal bits are com-
pared against the expected
data, which the tester en-
ters through the duata-in
pin. If all bits agree, the ex-
pected data appears at the
output. If there is disagree-
ment, its complement ap-
pears. In the parallel write
mode, all 8 bits are written
simultaneously, with no re-
strictions on the data pat-
tern that is applied during
the parallel test.

The second aspect of this
design is that Neal and his
designers have incorporated
a metal-mask option that a)-
lows the companv to cus-
tomize the memory to par-
ticular applications, instead
of having to fabricate dif-
ferent cireuits. In addition
to configuring the array as
either a 1-Mb-by-1-bit or
256-K-by-4-bit array, the

6. FOURMEGABITS. Texas Instruments’ Crosspoint RAM celi places a single
transistor atop a capacitor in a trench to achieve 4-Mb density.

lines to the global bit lines
such that each of the select-
ed cell pairs is routed to
one of the two sense ampli-
fiers. The result is a density
comparable to the open bit
line but with all the advan-
tages of a folded-bit-line ay-
chitecture, says Shah.

The TI memory cireuit is
divided into four blocks of 1
Mb each, with odd and even
row decoders located in the
center. The sense amplifiers
are divided into five rows,
with three located between
the array blocks and one
each outside the top and
bottom blocks.

The row decoders select
word lines simultaneously
in alternate blocks. This
was done so that the inner
sense amplifiers could be
multiplexed, according to
Shah. By contrast, the col-
umn decoders are embed-
ded in the sense amplifiers
and data line-driver circuits.
This allows all 4 bits to be
accessed from the same ar-
ray of sense amplifiers and
data-line drivers, reducing
peak currents and power
dissipation. To reduce the
peak current surge even

functional options also in-
clude page, static-column-decode, or seriy] modes. In addition,
the I-Mb-by-1-bit configuration has two additiona] options that
allow it to operate in the nibble or byte modes.
Representing what the company believes to be the wave of
the future in both memory and logic design is a 4-Mb DRAM
(Fig. 6), a novel trenched-transistor and folded-bit-line design
[Electronics. Dec. 2, 1985, p. 50] that for the first time allows
a4 true crosspoint memory array, according to Ashwin H.
Shah, manager of TI's VLS] Design Lab Memory Concepts
Group in Dallas. Using the same basic CMOS process with the
addition of another aluminum interconnection level, the 4-Mb
DRAM achieves its high density through the use of trenched
transistor cell in which the charge is stored on the polysilicon
plug inside the trench, and the pass transistor js formed
around the collar of the trench, with the substrate forming
the supply plate for the capacitor. The resulting cell size is
only 89 um? and the die size is 99.96 mm*. Row-address

further, the bit-line recoy-
ery during a read cycle has been staggered among the four
blocks.

A more aggressive approach comes from NEC Corp., Kawa-
saki, Japan: a 4-Mb DRAM designed using a double-polycide n-
MOS process with 0.8-um geometries, double-level polycide,
and a single level of aluminum interconnection on p/p' "
epitaxial substrate.

ONE-TRANSISTOR STRUCTURE

A key element in this design is the use of a new one-
transistor, one-capucitor, buried-storage—e]ectrode cell strue-
ture in which a storage capacitor is formed in o H-um deep
trench measuring 0.8 by 1.2 wm. A dielectric is then lnid down
on the inside wall of the trench, which is refilled with polysili-
con. The polysilicon is then connected directly to the transfer
transistor, which is fabricated in a L5-pm-thick p-type epitaxi-
al laver on a p* - substrate,
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Such a design has its drawbacks. One is that it is difficult
to control the high-voltage driving bit line that causes degra-
dation of the gate cell transistors. Another is the voltage
bounce of the cell capacitor electrode substrate, which results
from the basic structure of the buried-structure-electrode
transistor. Such problems are partially resolved by the way
Masahide Takada and his co-workers at NEC have partitioned
the internal memory into sixteen 256-K blocks, half of which
are selectively activated during each access cycle, leaving the
other blocks in the standby mode. This not only reduces pow-
er consumption but also suppresses the substrate voltage
bounce to some extent. The design also incorporates internal
voltage-converter circuitry that allows the limiter voltage to
be preset at a relatively low voltage, about 3 V, which enables
constant voltage generation over a wider supply range with-
out causing gate-cell degradation.

The results of such aggressive efforts have been mixed.
On the one hand, typical access time—95 ns—is faster, and
power consumption—425 mW active and 15 mW standby—is
lower. But the die area—99.2 mm*—is not much smaller
than TI's 4-Mb design, and the cell area—10.58 um*—is
about 20%¢ larger.

Another entry in the still sparsely populated 4-Mb DRAM
race is an experimental design from Toshiba’s Semiconduc-
tor Device Engineering Laboratory and VLSI Research Cen-
ter, Kawasaki. Fabricated using a 1-um twin-tub CMOS pro-
cess with two levels of polysilicon, one level of molybde-
num, and one level of aluminum, the array is divided into
eight 512-K blocks and consists of trenched, n-channel deple-
tion-type cells in a p-channel well. Using 8-um-deep trench-
es, storage capacitance is 40 fF for a 17.4-um? cell. At the

center of each 512-K block are column decoders and sense
amplifiers, allowing row-access times as low as 80 ns and
column-access times in the 10-ns range. In the cell array,
molybdenum polyveide is used for the bit lines, and the word
lines are made of aluminum and the second-level polysilicon.
The first level of polysilicon is used for making the cell
plate on the trenched capacitor cell. Power consumption is
300 mW active, and 2.5 mW standby.

Also from Toshiba is one of the more imaginative designs: a
128-K-word-by-8-bit virtually static RAM, or VSRAM, that fea-
tures typical address-access times of 62 ns with refresh, and
48 ns without refresh. Similar to “pseudo-static RAMs,” this 1-
Mb design incorporates all refresh circuitry on-chip. But un-
like such designs, in which refresh operation is performed
serially, the VSRAM is configured to allow the refresh opera-
tion to occur in parallel with either address decoding or output
driving, when the word and bit lines are not occupied by
normal access operation. Because the refresh operations are
transparent to the user, the VSRAM frees users from thinking
about refresh timing and the loss of time caused by refresh,
according to its designers.

In this design, the on-chip refresh timer signals when a
refresh operation is needed and generates a refresh-request
signal intermittently. If the memory-cell array of the RAM is
busy with a normal access, the refresh waits until the cell
data is handed to a buffer register, which drives the output
circuits. Similarly, a normal access request waits until the
refresh operation ends.

Fabricated using a 1-um twin-well CMOS process with dou-
ble layers of polysilicon and aluminum, the VSRAM has an
active power dissipation of 105 mW, 2 mW standby.

FAST MEMORIES

— ]

RAMs PUSH TOWARD PICOSECOND SPEED

A-ride from the few high-density exceptions,
most efforts in the design of both static and
dynamic RAMs described at this year’s ISSCC have
focused on ever-higher speeds.

In the DRAM area, for example, designers have
been pushing speeds toward 50 ns and below to
eliminate the wait states between the slower memory and the
inherently faster CPU access times. Two 1-Mb designs de-
scribed at this conference have come close to this goal. One is
a 65ns CMOS design from Intel Corp., Hillsboro, Ore., that
uses a 28.8-pum? transistor cell with self-uligned contacts
where the array has been placed in an n-well to achieve access
times of 65 ns. The other, from Toshiba Semiconductor, Kawa-
saki, Japan, uses a triple-polysilicon-layer n-well CMOS pro-
cess to achieve an access time of 56 ns. And by eliminating
the positive-going row-access signal edge from the internal

viously implemented, this approach has not found popularity
because of low density. However, the NEC designers have
found that high densities are possible by using trench isola-
tion—to allow closer spacing of the transistors—and two-lay-
ered polyerystalline silicon for interconnections and resistors.
The result is a memory-cell size of only 700 um?, about half
that of conventional resistor Schottky barrier diode-type cells
and comparable to the size of typical bipolar memory cells
with pnp-transistor loads.

A similar 16-K design from Hitachi Ltd.'s Central Research
Laboratory, Tokyo, features 3.5-ns access times, but at the
cost of higher power dissipation—about 2 W. The key to this
design is a 1-um U-groove isolation process and a new memo-
ry cell fabricated with tantalum oxide film. The result is a cell
of about 495 pm? 30% smaller than that of a conventional

timing, designers at Mitsubishi Electric
Corp., Itami, Japan, have developed a 256-
K CMOS DRAM with access times ap-
proaching 45 ns.

With SRAMSs, the results have been
even more impressive, especially at the
16-K level. From NEC Corp., Kanagawa,
Japan, comes a 4-K-by-4-bit SRAM that
features 4-ns access times and a power

Tay0g
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SCHOTTKY
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dissipation of 1.6 W. The memory uses
1.25-pm-polysilicon  self-aligned process
techniques in order to fabricate very shal-
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low junction transistors with low collec-
tor-base capacitances, low base resistors,
and a cutoff frequency of 9 GHz. The key
element in the design is resistor loads
formed from paralleled Schottky barrier

7.BiCMOS ECL. Hitachi combines a BICMOS process with emitter-coupled logic to achieve
13-ns speed with an active power of about 500 mW in its 64-K static RAM.
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8. SPEEDY CMOS. Motorola combine
times are achieved with an active power of only 100 mW at 40 MHz.

o

s traditional CMOS with new array architecture for its version of a 13-n

s 16-K-by-4-bit SRAM. The access

Schottky barrier diode capacitor cell.

At the 64-K level, SRAM designers are using a variety of
processes—CMOS, Bi-CMOS, and ECL—to push access times
down to 10 to 15 ns. From IBM’s Research Center in York-
town Heights, N. Y., and the company’s General Technology
Division in Essex Junction, Vt., comes a 4-K-by-16-bit SRAM
with an access time of 15 ns. It uses an advanced 1.35-um
CMOS process with silicide and single-level metal, thin p/p*
epitaxial layers, and a shallow retrograde n-well. The key to
the circuit’s performance, however, is a new row and column
decader with two stages of decoding. The first stage is a NOR
decader with the higher-order address bits as inputs, and the
second state is a two-input NAND decoder with the output of
the NOR decoder as one input and either the true or comple-
ment of the least significant bit as the other. Nominal delay
times through the two-stage decoder, from the rising of the
higher-order address bits to the word line rising, is 2.6 ns.

tions. The local op amps are n-channel devices with p-loads,
while the second-stage amplifiers use p-channel devices with
n-loads. And because the two circuits are p/n compiements of
each other, there is optimum matching of common-mode 1/0
Jevels. The entire data path, from cell to output, consists of an
optimized geometric progression of drive-to-load ratios. Bit
lines are in the first-level metal, the resistors in second-level
polysilicon, and twa second metal lines cross the memory cell.
One second metal line straps the first polysilicon word line
periodically, and the other line provides the master-row-enable
select signal.

At the 256-K level, researchers in the semiconduetor group
at Sony Corp., Kanagawa, have achieved access times as low
as 30 ns in a full-CMOS design, combining 1-um design rules,
a retrograded p-well structure, and nchannel transistors with
lightly doped drains. The effective channel length of the tran-
sistors is 0.8 wm with a gate-oxide thickness of 200 A.

Using a combination of ECL and Bi
CMOS, researchers from Hitachi Ltd.s
Device Development Center, Tokyo, have
produced a 64-K SRAM that features a 13-
ns access time, with an active power of
about 500 mW—about half that of a con-
ventional 64-K bipolar ECL RAM (Fig. 7).
Standby power is 350 mW. In the memory array, each cell has
four n-MOS transistors with twa high-resistance polysilicon
loads. The word-driver circuit used to drive a word line with a
high load capacitance, however, is fabricated with a combina-
tion gate consisting of buried twin-well CMOS transistors and
bipolar transistors with a 4-GHz cutoff frequency. To mini-
mize delay time in the data line, a special control circuit
reduces the signal-voltage swing level of the common data
lines to no more than 30 mV. This small signal is propagated
directly to a full bipolar ECL output circuit through a bipolar
differential sense amplifier.

However, comparable speeds have been obtained in two 64-
K SRAMs from Motorola Inc.’s MOS Memory Group in Phoe-
nix, Ariz. (Fig. 8). Moreover, the 13-ns access times are
achieved with an active power of only 100 mW at 40 MHz.
Fabricated using a double-polysilicon, double-metal, 1.5-pm p-
well CMOS process with graded drains, these devices gain
their speed improvement through a new SRAM architecture
that allows the use of extremely short bit lines with only 64
cells per line. A vital element in this architecture is the use of
low-capacitance bit lines, decoded onto 16 local operational
amplifiers that drive four global data lines. These global data
lines are fed into second-stage analog amplifiers that have the

especially

The speed of the
16-K SRAM is

Utilizing a divided-word-line scheme, in
which the memory array is divided into 16
sections, only one section is activated at a
time; the others remain in a standby
state. The result is an active power dissi-

Imp ressive pation of 85 mW at 10 MHz and only 500
nW on standby. The key to the design is a
unique readout scheme in which a single-stage sense amplifi-

er, consisting of a current mirror differential amplifier and a
CMOS inverter, is placed at every four columns in each sec-
tion. Because one sense amplifier is connected to only four
pairs of bit lines, the data-line capacitance is very small, en-
abling rapid sensing of information on the selected bit lines
within each section.

Designers from NEC Corp. have gone one step further
with a 25-ns 256-K-by-1-bit SRAM, based on a high-perfor-
mance, short-channel, double-aluminum-interconnection-lev-
el CMOS process employing n- and p-channel transistors
with channel lengths of 1.3 and 1.7 pm, respectively. To
squeeze as much speed as possible out of the process, the
SRAM uses a unique array layout: 256 rows and 1,024 col-
umns. In this design, two bit-line circuits share 256 memory
cells, while a main word line, made of the top aluminum
interconnect layer, distributes word-select signals to 32
short block word lines, made of polycide, each of which
controls 32 memory cells. This configuration reduces the
word-line delay to about half that required in conventignal
512-by-512-bit SRAMs, and the bit-line delay is reduced by
30%. In addition, power dissipation is reduced to 350 mW
active and 10 mW standby, 1/32 the amount of conventianal
designs.

Lcapability of either 64-K-by-1-bit or 16-K-by-4-bit configura-
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| SEMICUSTOM ARRAYS

PUSHING LIMITS WITH MIXED PROCESSES

Unlike many of this year’s memory and analog
designs, which focus on evolutionary improve-
ments in circuit design and processing, a few re-
configurable gate arrays and semicustom logic ar-
rays represent efforts to push toward the limits in
optimum power/speed tradeoffs.

Representative of the first trend is an offering from Na-
tional Semiconductor Corp., Santa Clara, Calif., that uses both
bipolar and CMOS techniques to fabricate a 16-input, 8-output,
64-product-term, field-programmable logic array circuit (Fig.
9). In this approach, a standard junction-isolated bipolar pro-
cess is merged with a standard local-oxidation CMOS process
to form partially isolated bipolar transistors, p-channel CMOS
structures isolated in an n-type epitaxial layer, and n-channel
devices in p-isolation regions (Fig. 10).

A mixed process was chosen to take advantage of the
company’s tungsten-fuse technology for the field-programma-
ble elements. Bipolar npn transistors are used in a combined
bipolar-CMOS sense amplifier and in an internal data latch
that holds the state of the AND/OR terms when the part goes
into the standby mode. Typical propagation delay through the
array is 24 ns, with an active power dissipation of 6256 mw,
and 5 mW standby.

Altera Corp. has developed a family of CMOS electrically
programmable logic devices with the equivalent of 2,000
gates. Using Intel Corp.’s CHMOS-IIE erasable programmable
read-only memory technology, the Santa Clara company plans
to introduce the devices as the EP1800 family. The line incor-
porates some novel circuits to provide zero standby power and
optimum speed, including an input transition detector to pow-
er up bit lines, sense amplifiers, and data latches; an unbal-
anced latch that captures the programmed state of the archi-
tecture EPROM bit during power up but consumes no dc
power; and amplifers that combine sensing and NOR func-
tions to reduce layout area and increase speed.

At the other end of the spectrum are efforts to push
semicustom arrays toward their speed limits through the
use of such materials as gallium arsenide. From NEC Corp.,
Kawasaki, Japan, comes the prototype design of a current-
mode-logic-compatible GaAs array with a 3,000-gate density,
gate delays in the 50- to 200-ps range and data rates up to
1.32 Gb/s (Fig. 11).

Such density and performance has been achieved through
the use of the company’s sidewall-assisted self-alignment
technology, in which tungsten silicide gates are used in
combination with the GaAs FET structures in order to sup-

press the short-channel effect and decrease the gate capaci-
tance. Active layers for the FETs, diodes, and electrodes
were formed using selective Si*. In the internal array, two
buffered FET logic gates using depletion-type FETS are
combined with level shift diodes to form the basic four-
input NOR-gate circuit. Each cell in the array contains 14

9. BiMOS PLA. In a new family of programmable logic, National Semi-
conductor Corp_combines a bipolar logic array with CMOS circuitry to
fabricate a 16-input, 64-product-term, 8-output field PLA.
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10. MERGED PROCESS. National Semiconductor’s BiIMOS programmable logic arrays combine local-oxide CMOS and partially oxide-isolated
bipolar structures. A mixed process was chosen to take advantage of National’s tungsten-fuse technology.
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11.GaAs ARRAY. Using its sidewall-assisted self-align-
ment process, NEC achieves 3,000-gate density and gate
delays in the 50 to 200-ps range in a gallium arsenide array.

FETs, two diodes, and 14 wire channels.
Designed using 2.2-pm line widths, the gate ar-
ray contains 1,500 basic cells (3,000 buffered-FET-
logic, four-input NOR gates), 48 input buffers, and
48 1/0 buffers—the equivalent of about 23,000 FET
structures. Using 2-pm line lengths and fan-outs of
3, the propagation delay time per gate is 134 ps
with a power dissipation of 4.6 mW per gate.
From TI's Central Research Laboratory in Dallas
comes a 4,000-gate bipolar GaAs array. Using a
critical feature size of 5 pm, the gate array is
fabricated on an n* GaAs substrate with an alumi-
num gallium arsenide emitter and GaAs base and
collector, all grown with molecular-beam epitaxy. |5
Instead of using all grown junctions, the necessary <

p-type base and extended p* base contacts were
achieved using a beryllium ion implant.

The basic gate cell was implemented using a variation of
the heterojunction inverted transistor integrated-logic tech-
nique TI has had under development since 1980. Researchers
were able to quadruple the equivalent gate density from 1,000
to 4,000, separating the switching transistors in the basic cell

from the output Schottky diodes with two isciated moats,
which allowed the gates to be moved closer together. In addi-
tion, a second level of interconnection has heen added, and the
Schottky diodes have been stacked on top of the collector. At
0.2 mW per gate, propagation delay per gafe with a fan-out of
4 was 1.25 ns. At 1 mW per gate, propagation delay is im-
proved threefold—down to 400 ps per gate.

ANALOG

T e S — =
ICs SHOW OFF A NEW SOPHISTICATION

Dominating almost every other category at this
year’s ISSCC in terms of total number of pa-
pers—22 out of 86—and number of sessions— |
four—are the analog circuit designs. The voice-
band telecommunications ICs described at the
meeting come closest to the digital and memory
superchips in terms of complexity and sophistication.

From Oki Electric Industry Co., Tokyo, comes a single-chip
analog front end for 1,200- and 2,400-b/s modems that con-
tains analog-to-digital and digital-to-analog converters, micro-
processor interface logic, 50-pole filters and equalization cir-
cuitry, tone generators, and a call-progress detection filter in
a 6.5-by-6.37-mm? area. Fabricated using a 5-um polysilicon-
gate CMOS process, the circuit has 80 amplifiers and 1,100 |
logic gates, and it dissipates 100 mW.

Télécommunications Radioélectriques & Téléphoniques, Le

Aiming at a different set of applications is an 80-MHz 8-bit
DAC from Mitsubishi Electric Corp., Hyogo, Japan, a current-
switching design fabricated using a 2-um CMOS process. In
the analog-to-digital area, Hewlett-Packard Co., Palo Alto, is
offering an 8bit ADC, fabricated with a 5-GHz oxide-isolated
bipolar process, that features a full power bandwidth rating
of 125 MHz and a power dissipation of 12 W.

A 3.5um CMOS slope-adaptive delta-modulation ADC con-
figuration from the Massachusetts Institute of Technology,
Cambridge, features a dynamic range of 90 dB in the audio
band. 15 bits of resolution, and total harmonic distortion of
only 0.17% at 1 MHz. Featuring 11-bit linearity and resolution
is a 120-kHz sigma/delta ADC from Siemens AG of Munich,
with a 15-MHz clock rate. And Harris Semiconductor offers an
ADC design that incorporates a unique digital error-correction
scheme to increase the speed of successive-approximation op-

Plessis Robinson, France, is offering a
three-chip full-duplex analog front-end chip
set for split-band and echo-cancelling mo-
dems, fabricated using 4-pm CMOS. The
chip set performs both ADC and DAC
functions, analog subtraction of replicated
echo signals, filtering, automatic gain con-
trol, and analog carrier detection for split-band modems up to
2,400 baud and for echo-cancelling modems up to 16,800 baud.

Equally impressive is the monolithic data-access and line-
interface 1C for modems and private-branch-exchange trunk
lines from Harris Semiconductor Corp., Melbourne, Fla. Fabri-
cated using a 200-V bipolar process, the circuit incorporates
on-chip radio-frequency modulation to isolate capacitively up
to 1,500 V on the line and uses electrothermal techniques to
transfer supervisory information.

Data-conversion circuitry is also still very much alive at this
year’s meeting. From Digital Equipment Corp., Maynard,
Mass., comes a triple 4-bit video DAC with on-chip video shift
registers, palette memory, and cursor logic. Fabricated using
a 2-pm CMOS process, it can drive 75-Q cables directly at pixel
rates up to 106 MHz with a full settling time of only 4 ns.

1-micron, 2-Gb laser
driver approaches
superchip status

———————— {0 AT&T Bell Laboratories in Holmdel,

erations from 12 to 7 ps.

Finally, optical data commurications is
coming into its own this year. In an entire
session devoted to this subject, three de-
signs from AT&T Co. promise to attract
attention: a 2-Gb/s n-MOS laser-driver I1C

N.J.: a 50-Mb/s CMOS light-emitting-diode driver circuit from
Bell Labs in Allentown, Pa.; and a 50-Mb/s CMOS optical data-
link receiver eircuit from Bell Labs in Reading, Pa.

Of the three, the design that most closely approaches super-
chip status is the 2-Gb laser driver, a l-um n-MOS device
fabricated using ultraviolet lithographic techniques. The cir-
cuit consists of three differential amplifiers and two pairs of
source-follower buffers in which two diode-connected MOS |
FETs set the voltage gain of the input stage and properly bias
the succeeding dec-coupled, nansaturating gain stages. Deple-
tion-mode MOS FETs are wired in parallel with the diode-
connected MOS FETs to increase the drain current of input
drivers, thus increasing overall gain. When driving a 25-Q
load, rise and fall time of the circuit is about 320 ps, which
can be impraved by almost 40%, to 200 ps. [}
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® Intelligent 1/O Channel supports
local CPUs

15106
(inside PA)

B950 Kaufheuren
K (FB8341) 40422

INTELLIGENT
MASS STORAGE CONVERTER
CONTROLLER

== =] Modular Computers®
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VMEBUS/HIOC 40 PROGRAMMABLE
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One Choice of two Options
Option 1:

Complete VME development system
with 0S-9/68000

Option 2:

Complete VME development system
with VERSAdos

Either option 1 or 2 includes:
Screen editor. 68000 macro assem-
bler linker, symbolic debugger.

C compiler, driver software for
standard PEP modules. VME de-
bugging monitor firmware with line
assembler/disassembler full docu-
mentation

Also recommended but not included:
PASCAL compiler®

EPROM programmer®

CRT2000 terminal®

ST2000 tape drive *
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Our new AD7572 12-bit, 5us
CMOS A/D Converter.

Analog’s new

12-bit ADC

dissipates a
mere 135 milli-
watts. Low
L enough, in
fact, to allow us to fit the AD7572into a
narrow 0.3" 24-pin DIF, or an even
smaller 28-pin LCC. So, you have a mini-
package that saves board space. With no
worries about the heat buildup associ-
ated with 1100 milliwatt hybrid ADCs.

The "plistering speed” of the AD7572

also means very fast 90 ns bus access
time. So you can forget the hardware or
software fixes normailly required to com-
pensate for slow (or non-existent) ADC
bus interface logic. At last, you have a pP
compatible converter that is truly P
compatible.

A
P
“ s’

Also, for ease of design-in, consider the
AD7572s flexible logic interface. It allows
data to be taken as a full 12-bit parallel
word, or in two bytes (8 bits + 4 bits).

There's more. The AD7572 features a
stable on-chip buried Zener reference that
eliminates the hassle of adding external
components. All this at a price that settles
the “make or buy’* argument once and for
all. In quantities of 1,000, 5us versions from
$39.10 and 12.5ps versions from $29.75.

Getting all this speed without the
blistering heat into our A/D Converter is
our main business. Ordering the easy to
design-in AD7572 is good for your
business. Do it with blistering speed.

Contact us for more information by
calling Applications Engineering (617]
329-4700 Ext. 3596 or 3597
or write Analog Devices,
P.O. Box 280, Norwood,
MA 02062

ANALOG
DEVICES

Sesuson

Videolod

"~ Blistering speed
without blistering heat.

Analog Devices. inc . Two Technology Way. Norwood. MA 02062-0280; Headquarters: {617) 329-4700; Caiifornia: [714) 641-9391. {619) 268-4621, (408) 947-0633; Colorado: (303) 590-8906;
lhnots: {312) 653-5000: Maryland' {301} 992-1994: New York: {716) 425-4101. {315) 437-5277; Ohio: (614} 764-8795; Pennsylvania: (215) 643-7790; Texas: [214) 231-5094. {713) 664-6704:
Washingion- {206} 251-9550: 8elgium: (3} 237 48 03: Denmark. (2) 845800: France: (1) 687-34-11; Holland: (1620} 81500; israel: {052) 28995: taly: (2) 6883831, (2) 6883832. {2} 6883833:

Japan: (3) 263-6826; Sweden: (8) 282740, Switzedand: {22) 31 57 60; United Kingdom: {01] 9410466 West Germany: {89) 570050
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TECHNOLOGY TO WATCH ]

SOLVING THE TEST PROBLEM
IN SCSI DISK DRIVES

A NEW TESTER CHECKS ANALOG AND DIGITAL SIGNALS SIMULTANEOUSLY

he Small Computer System Interface (SCSI) protocol

may have given computer makers an easier way to

add a disk drive to their products, but it also created

a whole new set of testing problems. It is no longer

enough for a tester to test a system’s peripherals

piecemeal. A tester now has to gain access to the test points

inside the drive, between the on-board controller and the intel-

ligent interface, to check its operation and to test the phase

margin of signals from the head and disk assembly, read/

write channel, phase-locked loop, and signal decoder. Equally

important is a thorough test of the data flow through the
interface with the computer.

Such testing requires breaking into the data path at the

interface of the analog and digital signals, which is difficult

because both signal types must be tested simultaneously. The
problem is compounded if the test points are buried inside a
custom large-scale-integration chip. To test complete systems
and provide access to the necessary test points, Flexstar Corp.
has designed a product that correlates information from vari-
ous points in the data path to give a coherent measurement of
the system’s parameters.

The FS6000 tester from the Milpitas, Calif., company has a

TECHNOLOGY TO WATCH s a regular feature of Electron-
ics that provides readers with exclusive, in-depth reports on
important technical innovations from companies around
the world. It covers significant technology, processes, and
developments incorporated in major new products.

DRIVE UNDER TEST SIGNAL-PICKUP CARD

(CUSTOMIZED TO DRIVE MODEL)

DATA-MARGINING CARD
(STANDARD TO MOST
APPLICATIONS)

PULSE DETECT ==

AMPLITUDE-MARGINING
CIRCUITRY

PHASE
LOCKED
Loop

PHASE-MARGINING
CIRCUITRY

DECODER

I_I SR

REMARGINING
DRIVE
CIRCUITRY

DRIVE INTERFACE

1. SYSTEM TESTER. Flexstar's FS6000 tests signals from different points along the data path within the Winchester disk drive to evaluate the
entire system. The data-margining card is the system’s actual test element.
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CPU I/0 BUS

TESTER CONTROL CARD
(MATCHES DRIVEANTERFACE TYPE)

ERROR DETECTOR, tossen TIMERS,
READ/WRITE/SEEK CONTROL.
(MICROPROCESSOR FOR SOME §Y.

INTERFACE TD
HOST CPU

Electronics/ February 17, 1986

35



DRIVE TESTER
CLOCK OUT
CLOCK IN
EARLY
DATA OUT PROGRAMMABLE
DELAY
LATE :
PROGRAMMABLE |
o DELAY
DATA IN ) i R

2. BINDING ARBITRATION. An arbiter on the data-margining card chooses between the

evaluation of early or late delay and checks the phase margin.

pickup card breaks the loop between the
PLL and the decoder and routes the sig-
nal through the data-margining card. The
signal is then returned to the loop be-
tween the PLL and the decoder.

Breaking into the PLL and decoder loop
reroutes the data from the disk read/
write head through the data-margining
card, where it can be interpreted. So that
the margin of the drive’s data path can be
analyzed, a phase shift is created between
the two signals. This shift, roughly equal
to 75% of the decode period, is applied to
the clock signal—which is then fed into
the decoder.

If the data is delayed by a period equal
to the clock’s fixed delay, the clock main-
tains the normal phase relationship be-
tween the two signals and the amount of
the applied phase margin equals zero. If
data is delayed by a period less than the
clock’s delay, however, then the phase
margin is applied early in the cycle. Simi-
larly, if data is delayed by a period great-
er than the clock’s delay, the phase mar-

signal-pickup card, data-margining card, and tester control
card (Fig. 1). The signal-pickup card is customized to match
the physical layout and logic levels of the drive model that is
to be tested. It typically mates directly to a test connector on
the drive and contains only signal buffers.

The data-margining card is the actual test element. It con-
tains an arbiter circuit, fixed clock-delay circuit, and two pro-
grammable data-delay circuits—all of which check the drive’s
phase margin. Additional circuitry calibrates the programma-
ble delays and checks the amplitude margin (Fig. 2).

Using the drive interface, the tester control card issues
such commands as seek, write, and read. It also controls such
test functions as margin testing with the data-margining card,
data-error detector, logger, and various timing measurements.

In disk-drive subsystems, analog data from the disk read/
write head goes through a zero-crossing differentiator, or
pulse detector, and is digitized. The digitized signal then trav-
els to the PLL, where a clock signal is generated. The decoder
uses the clock signal to extract the data. The FS6000’s signal-

gin is applied late in the cycle.

“We are not only testing the read/write channel but also
the head and disk assembly, the PLL, and decoder in total,”
says George Robinson, Flexstar’s president. “Let’s assume
that the read/write channel is perfect but there is a problem
with the PLL. The PLL is part of the data path and it can
have its own errors, like not locking directly to the center of
the ideal bit position. If this occurs, the phase-locked loop
decreases the margin.”

TESTING ALL THE ﬁARGINS

Another complication is that the signal coming from the
head and disk assembly has its own margin; a variety of
problems—peak shift of read data, noise, bit write-over—can
cause the data to shift randomly. The margins of the head
and disk electronics and those of the controller’s PLL and
decoder must be tested together to form a margin that repre-
sents the true performance of the total data path, from where
it is recovered off the disk all the way to the interface.

The phase-margin characteristics of the drive’s head and

cLock ouT

DATA OUT

alln,
3

CLOCK IN

EARLY '
/ nﬂm/l I
|

!

DATA IN
(NO PHASE MARGINING)

disk assembly are not readily available
for testing with the usual equipment,
which does not automatically choose be-
tween the testing of early and late pulses.
Flexstar’s system tests both early and
late phase margins simultaneously with
its separate programmable delay circuits,
using an arbiter circuit that directs each
data pulse through the proper delay cir-
cuit (Fig. 3).

The arbiter compares the phase rela-
tionship between incoming data and the
clock—determining which data pulses
have instantaneous early- and late-phase

PROPAGATION
DELAYS

N

PHASE MARGINING
o

DATA IN
(EARLY AND LATE
PHASE MARGINING)

I

error. The arbiter circuit steers the early

they are effectively shifted earlier in the
decode period. Each incoming data pulse
is shifted in the direction that adds to its

3. PHASE MARGINING. The system splits a data pulse into ascending and descending

segments and sends them through the proper delay circuit.

i
i
. data pulses into the early delay path, and
|
|
|

phase error, thereby applying proper
phase margin to each pulse.

In the Flexstar system, the connector
also brings out analog signals from the
pulse detector to the data-margining card
so that analog testing can be completed.
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Other testing includes missing pulse detection and extra pulse
detection for media defect mapping.

But to test a whole system, it is necessary to measure the
timing of events on the bus and making sure that they fall
inside the limits of the SCSI specification. It also means check-
ing all the SCSI commands to ensure they function properly.

“One difficulty with SCSI is testing its bus arbitration capa-
bility,” says John Hoeppner, vice president of operations.
“The tester is trying to emulate both sides of the SCSI bus. In
one instance, it's emulating a host interface or the initiator
funetion, but it must also emulate the target function on the
SCSI bus in certain test modes.”

To the system, the tester is just another device on the bus.

own diagnostic purposes or for different devices.

The common command set is intended mainly for Winches-
ter disk drives. Flexstar will support the set on its tester; it
also plans to provide the user with an editor to establish his
own set of commands. The common-command-set test is
stored in read-only memory; the customer stores special com-
mands in electrically erasable programmable ROM.

Flexstar’s experience with the Extended Storage Device
interface, which has the same margin-testing requirements
and problems as the SCSI, “is that 60% to 70% of the drives on
the market allow our kind of testing,” says Susan Brousseau,
marketing vice president. SCSI drives are still in development,
so few have been shipped in quantity.

But this device tests the ability of the
other devices on the bus to arbitrate. The
SCSI bus can support up to eight devices,
and all can try to arbitrate at the same
time. If contention arises, the tester must
determine which device is not arbitrating

To the system, the
tester is just another
device on the bus

The company also plans to accommo-
date systems in which test points are bur-
ied in silicon. In that approach, the tester
is inserted between the head and disk as-
sembly and the controller. To check the
head and disk assembly, the tester simu-

correctly. In checking the bus, the tester n—————————— ates the controller function. To check the

transmits a set of commands and receives status messages
that indicate whether the bus is operating correctly.

Other bus testing includes measuring the timing of certain
signals. The tester selects the timing events to be measured,
creates the appropriate conditions, and records the results.
The tester also checks for opens and shorts on the bus.

Ultimately, the bus testing is to check compliance with the
SCSI protocol. At present, however, the peripherals manufac-
turer will not be testing for a full implementation of the SCSI,
says Robinson. “The current generation of disk drives will not
support full bus arbitration. Even though there are variations
of the SCSI, most disk drive manufacturers are agreeing to
support what is called the common command set of the SCSI
on their individual products.” There will be implementations
outside the common command set, either for the company’s

controller, the tester simulates the drive.

Another method of checking buried test points involves
inducing a phase shift in the analog data signal coming off
the disk read/write channel—although it is not precisely
known how the zero-crossing detector will react to the phase-
shifted signal. Flexstar's designers rejected this method be-
cause it may not be sufficiently accurate for resolution in the
100-ps range.

Yet another way to test intelligent interface drives without
actually probing in the data path is to perform a margin test
on the raw data using an external PLL. Hoeppner says this
method does provide a test of the head and disk interface, but
it does not perform a functional test of the drive in total. For
example, propagation delays inside the decoder and other pa-
rameters inside the controller are not tested. O

WHEN THEY COULDN‘T FIND THE RIGHT TESTER, THEY BUILT ONE

Testing disk drives is something Flexstar
Corp. founders, George Robinson and
John Hoeppner, have been doing for a
long time. Robinson headed the world-
wide service and maintenance opera-
tions at Shugart Corp., where Hoeppner
was responsible for controller and test-
equipment development. In 1982, when
Shugart’s glory days were waning, the
two founded Flexstar to repair floppy-
disk drives They were joined by Susan
Brousseau, who had been the Western
region sales engineer for Shugart re-
sponsible for sales of Winchester and

ent test systems,” Hoeppner says. The
company came up with a self-calibrating
tester for ST-506 disk drives, which
checks its accuracy against a precision
crystal and factors out the error before
each measurement.

Now the company has developed the
FS6000 for testing intelligent disk drives
and is pushing the drive manufacturers
to make the necessary test points avail-
able for such checks. “A manufacturer
cannot test these new disk drives at the
intelligent interface to see if all the com-
mands and signal lines work,” Hoeppner

floppy-disk drives.

The three soon realized that flop-
py disks were quickly becoming
commodity products, so they broad-
ened their service to include repair
of Winchester disk drives as well.
“In repairing disk drives, we real-
ized that there was no commercial- |
ly available test equipment that |
could provide both analog and digi-
tal testing together,” Robinson
says. Moreover, they found that
they needed an accurate tester.
They decided to develop their own.

“We knew we had to build a test
system that produced consistent re-
sults that could be accurately corre-
lated over time and between differ-

CRUSADERS. Robinson

explains. “Many drives with marginal
operating characteristics would pass [a
less thorough] test easily, only to fail
six months later in the customer’s
system.”

To be sure the drive can be expected
to operate reliably over the long term,
the manufacturer has to probe inside
the drive and determine the margins of
components in the critical read/write
channel inside the head/disk assembly
and in the sensitive phase-locked loop.
“These components make or break a

, Brousseau, and Hoeppner (from
left) are out to change the nature of disk-drive testers.

drive,” Robinson says.

The growth of the test equip-
ment division has financed much of
the privately held company’s
growth. Early on, the founders had
looked for outside investors. “We
went out looking for funding for
the company during a time when
there was plenty of venture money
available, and we had no takers,”
Brousseau says. Disk-drive testers
must not have had the glamour of
thin-film media or startup disk
drive companies. However, she
adds, once the disk-drive tester
started to sell, “venture money
came looking for us. By that time,
we found we could finance the com-
pany ourselves.”
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| INSIDE TECHNOLOGY ]

IS TOM ANGELUCCI’S BIG GAMBLE
FINALLY PAYING OFF?

SUCCESS SEEMS NEAR FOR HIS 15-YEAR BET ON TAPE AUTOMATED BONDING

by Jerry Lyman

t long last, U. S. makers of in-

tegrated circuits are embrac-

ing tape automated bonding

as an assembly and intercon-

nection method. And for
Thomas L. Angelucei, who has struggled
for 15 vears to get it off the ground in |
the U. S, TAB’s rising popularity is sweet
victory.

The main reason for TAB's flowering is
the appearance of high-speed very large-
scale ICs with upward of 100 leads. With-
out TAB to bond bare ICs to spidery cop-
per patterns on sprocketed frames of po-
lyimide film, these advanced chips simply
cannot be assembled and tested; nor can
they work to their maximum capability.

Angelucei stands to reap big benefits.
The TAB pioneer is president and chief
executive officer of International Micro
Industries, Cherry Hill, N.J. The 50-em-
plovee company is perhaps the only fully
vertically integrated TAB company in ex-

etched tape, inner- and outer-lead mass ——
bonders, and plating machines for bumping wafers—and can
even do contract TAB assembly. Other companies, such as 3M,
Microbond, and Mesa, supply tape only. Another, Jade Corp.
of Huntingdon Vallev, Pa., concentrates on inner- and outer-
lead TAB bonders.

Ever bullish on TAB, Angelucci predicts that in five years,
30% to 50% of all chip interconnections will use the technol-
ogy. In fact, IMI has compiled a data base of TAB applications
worldwide that contains 300 applications, and Angelucei ex-
pects to add more this vear.

International Micro Industries is very much a family affair,
involving Tom, his cousin, Joseph L., executive vice president,
and his brother, Nicholas K., vice president of sales. Tom and
Joe, both longtime emplovees of equipment maker Kulicke &
Soffa Industries Ine. in Horsham, Pa., had extensive experi-
ence in mechanical engineering and design, and they thought
enough of TAB to start their own ecompany in October 1971.
Their first product was an inner-lead bonder for bonding chips
to tape.

The machine was shown to Fairchild, General Electrie, Hon-
eywell, Motorola, National Semiconductor, and Texas Instru-
ments, the only companies interested in TAB at that time. But
as Tom recalls, “We very quickly found that nobody was
making tape for our machine. We were in the position of
making a great gun with no source of bullets.”

So IMI went looking for ammunition. Tom and Joe ap-
proached Eastman Kodak Co. and E.I. du Pant de Nemours
& Co. to try to sell them on the idea of producing s} rocketed
polyimide film for the infant technique. Kodak turned t-umbs
down because it feared that polyimide films might contami-
nate its entire photogmphlc film oper dtlon

38

istence. It can supply the whole spectrum AFAMILY AFFAIR. Tom Angelucci, flanked by cousin Joe (lefz) and brother Nick, has kept tape
of equlpmem and supplies—bare and automated bonding alive through good and bad times a: International Niicro industries.

But it ehanced th i du Iont was deciding to get out of the
photo-film business, and it sold IMI 15 machines for perforat-
ing films. IMI adapted them to its own necds for slitting and
sprocketing and within a vear was in the tape business, pur-
chasing its polvimide raw materials from du Pont.

[MI managed to hold its own in whatever TAI bnsiness was
available through 1975. The action consisted predominantly of
TAB assembly of low-power Schottky devices fitted onto TAB
film before being put into 14-pin plastic dual in-line packages.
Schottky parts were in heavy demand at the tine, and an
automated process such as TAB could handle high volumes.
The introduction of the first fasi, fully automatic wire bond-
ers from Kulicke & Soffa, however, took some of the wind out
of TARB'’s sails. The winel)onuilg machines were more cost-
effective than TAB in “jelly bean” types of assembly work—
that is, turning out hundle(lb of thousands of devices.
JAPAN TAKES NOTICE

By that time, the Japanese had begun to take a strong
interest in TAB. “We began being contacted by Japanese
firms” around 1972, says Tom Angelucei. First was Sharp,
quickly followed by Hitachi, Mitsubishi, Toshiba, and Seiko.
The next step was predictable: in the next few years, those
companies made TAB a foree in Japan, particularly in such
consumer produets as calculators and wutches, where tiny
TAB packages contributed to their miniaturization. Through it
all, TAB languished in the U.S., as big companies such us
Amp Inc. and Rogers Corp. got in and out of the business.

Iven though IMI did sell several TAB machines to Japanese
companies at the time, Tom did so reluctantly, sensing that
the\ snnply served to set up competitors. In fact, to this day

— S S |
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he believes “there is no lasting business in Japan unless you
make something they can’t produce or make.” So IMI does
very little business in Japan.

In the U.S., meanwhile, ICs were moving toward very
large-scale integration, and by the early 1980s, these VLSI
chips began to proliferate. A big assist came from the De-
fense Department’s Very High Speed Integrated Circuits pro-
gram. The new chips bristled with 100 to 300 leads and operat-
ed at data rates ranging from 25 to 50 MHz. Suddenly, a host
of new forces began to awaken the TAB business in the U. S,
as it appeared to be the only way to work with those multi-
leaded chips.

Angelucei says that the sheer number of leads in VHSIC
chips makes wire bonding impractical. For example, wire
bonding typically produces a 98% yield of good bonds. So in a
50-pad chip requiring 100 bonds, two could be bad, and as the
lead count goes even higher, so does the number of bad
bonds. The only satisfactory alternative is TAB, where leads
are mass bonded with a thermode tool that results in 100%
yield.

Another force driving TAB to the fore is testability. With
TAB, chips can be tested and even burned-in on tape before
final assembly on substrates. Also, tape-bonded chips can be
tested by probing their tape leads rather than with a probe
wire, which risks scratching a high-priced chip.

Even bond pads are becoming a factor. In the early 1970s,
14 pads measuring 4 by 4 mils on 4-mil spaces posed no
problem because plenty of surface area was available for

by circuit density than by the excessive amount of chip sur-
face used for hundreds of wire-bond pads. With TAB, it is
possible to go to 2-by-2-mil bumped pads.

Also favoring TAB is its potential for high-speed perfor-
mance. Above 50 MHz, a round wire, typical of wire bonding,
has too much lead inductance. At such frequencies the pre-
ferred beam shape is rectangular, which is inherent with TAB.

Finally, an often overlooked advantage of TAB is its in-
creased chip hermeticity due to bumped input/output pads.
The bump’s added metallization layers prevent intermetallic
corrosion, which is responsible for 60% of all field failures in
plastic-packaged ICs, according to a study by RCA Corp.

NEW DIRECTIONS

IMI has parlayed these benefits into a strong position in the
industry while coming up with innovations such as three-layer
testable tape and, more recently, a bumping process that can
be used for either TAB or flip-chip bonding. But the compa-
ny’s latest development, multichip TAB, could have a signifi-
cant effect on high-speed, high-density packaging in general.

In this system, which is to be used on a VHSIC package by
Texas Instruments Inc., an advanced tape structure with mul-
ticonductive layers, called Multitab, linearly joins two or more
TAB tapes in synchronous sprocket-hole alignment. All con-
ductive layers are interconnected by a deflected conductive
lead. The novel structure eliminates expensive thick-film mul-
tilayer hybrids, plated through-holes, and crossovers. In addi-
tion, it allows individual test or programming of each chip
because the lines between chips are open until the deflected
leads are connected.

IMI is currently producing a state-of-the-art three-laver tape
with 2-mil lines and spaces etched from 1-mil copper. This is a
considerable advance in printed-circuit-board imaging and lith-
ography, says Angelucci, because today’s rigid and flexible
production-variety pe boards are about at the 5-mil line and
space plateau.

And tape is getting wider. Though most types are still in 35-
mm formats, the dual drivers of VHSIC and multilayer TAB
are pushing 70-mm tape to the fore because 35-mm types can’t
accommodate the latest generation of chips with more than
200 leads. For example, IMI has demonstrated a 224-lead TARB

circuitry. But nowadays, chip size actually can be limited less |

frame in that width. Perhaps two vears away are 105 and l
140-mm tapes, to be used for even larger ICs and perhaps as
tape motherboards for multilayer TAB applications. Still an-
other development that could lead to lower-cost tape is the
possible use of 4-mil-thick epoxy film instead of polyimide.
This film, still in development, could cut tape prices in half.
Still to be decided, as chip lead counts gradually grow past
the 300-lead barrier, is whether TAB interconnections will be
peripheral (that is, with leads along the periphery) or area
(where a multilaver tape provides an interconnection between
the grid of solder bumps of a VLSI chip and the bonding pads
of a ceramic package). Angelucci favors the peripheral tyvpe.
IMI's experts believe area TAB interconnection will be re-
jected by the military—a major customer—because the bonds
cannot be inspected visually to check conformance to military
standards. Aligning, bonding, viewing, examining, and con-
firming a bond connection through a distorted polyimide film
is nearly impossible. Also, with area TAB, leads can cause
bonding problems because the polymer film above and around
the copper leads can overheat, expand, and delaminate them.
Angelucci still has not run out of ideas or nerve. For exam-
ple, he is convinced that the largest single TAB application
five vears from now will be in smart cards, the plastic credit
cards with embedded memory or microprocessor chips, a mar-
ket that has not vet taken off in the U.S. The upshot is that
his company is backing a new operation he started up in
1983—Smart Card Systems Inc. With the aid of IMI's multi-
layer TAB—Dbetter suited than peripheral or area TAB for
multichip jobs, such as smart cards—it has successfully dem-
onstrated smart-card assemblies carrying both an &-bit micro-
processor and a 64-K electrically erasable programmable read-
only memory. Whatever the payoff, Angelucci hopes that it
won't take another 15 years. O

TABBED The popular Intel 8086 mlcroprocessor chip bonded to an
IMI tape The lead attachments are gold to gold.

AREA TAPE

m

CHIPWITH SULDER BUMPS

CERAMIC
PACKAGE

DENSER TAB. Area TAB combines the flip-chip and tape automated
bonding technologies for an extremely dense interconnection
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PROBING THE NEWS

ARE EEPROMS FINALLY
READY TO TAKE OFF?

A BIG DISAPPOINTMENT SO FAR, THE NONVOLATILE MEMORY GETS DENSER

by J. Robert Lineback

DALLAS
One of the biggest disappointments

of late in the semiconductor busi-
ness is the electrically erasable pro-
grammable read-only memory. It turns
out that the EEPROM market did not
take off as most forecasters originally
had predicted because there were not
enough products and what was being
turned out came from too few makers.
Not only that, but EEPROM prices
didn't come down fast enough.

Makers were also far too optimistic.
“People in the EEPROM market
brought some ol the doubts upon them-
selves by projecting back in 1981 and
1982 that this business would reach $1
billion annually by 1985 and 1986, says
James Oliphant. marketing manager for
Nicor Ine., the Milpitas, Calif., EEPROM
manufacturer.

Now, a growing number of manufac-
turers and market researchers believe
the EEPROM is finally about to take off
with the same pizazz they had originally
expected. As late as two vears ago, Da-
taquest Inc,, like many of the manufac-
turers, was still predicting a booming
EEPROM market. The San Jose, Calif,,
market researcher expected global sales
to reach $373 million in 1985 and $583
million this vear. Now it is being more
conservative. Dataquest estimates that
worldwide shipments of EEPROMs last
vear hit only $158 million, and will grow
in 1986 to just $185 million (chart). “The
mdustry has been a little overoptimistic
and things have had to be adjusted
down a bit,” acknowledges Susan Sci-
betta, a Dataquest researcher.

“EEPROMs have also turned out to
be the kind of part that cannot be used
just to replace an existing technology,
namely the ultraviolet-light-erasable
PROMs,” she savs. Makers are now hot-
lv pursuing new designs such as the
flash EEPROM as one means of making
this product live up to its unfulfilled
promise as a replicement part to UV-
EPROMs. Notes Dan MeCranie, market-
ing vice president of Seeq Technology
Inc.. San Jose, Calif.: “In 1981 and 1982,

when Seeq and Xicor were going heavily
L , _

into EEPROMs, it was our impression
that we would eventually make them at
the same price us EPROMs, and once we
did, there would be a cannibalization of
the very large EPROM. Obviously, that
did not occur and that is what kept EE-
PROMs from being the billion-dollar
market.” .

But McCranie, Dataquest, and a
growing number of manufacturers be-
lieve that EEPROMs are finally going to
take off now as they had originally ex-
pected. True, some EEPROM veterans
are even rethinking their stake in this
business. But new plavers keep moving
into the field. Most of them are aiming
at higher-density parts, and all agree
that EEPROM’s market potential has
barely been scratched. “There are more
companies getting into the market and a
wider acceptance by major customers,”
Scibetta savs. Also expected to help
matters are the new 256-K EEPROMs
and ultimately the new low-cost designs.
SAFE HAVEN? The less than dazzling
start has taken a toll as recession-
plagued chip makers divvy up engineer-
ing and manufacturing resources.
Though more chip producers are view-

ing EEPROMs as a safe haven from the
price wars of commodity markets, some
early entrants are having second
thoughts. Inmos Corp. put its 64-K EE-
PROM, the IMS 3630, “on the back
burner,” says product marketing man-
ager Douglas M. Mitchell. The Colorado
Springs company believes lithium bat-
teries packaged with CMOS static ran-
dom-access memories offer a more at-
tractive solution for nonvolatile storage.
In Austin, Texas, Motorola Inc. won-
ders il EEPROMs are the one exception
to the bigger-is-better memory rule,
says John Barnes, director of memory
design. With small blocks of EEPROM
storage—especially onboard monolithic
microcomputers—systems can automati-
cally reconfigure software and the work
they perform. System reconfiguration
typically requires smaller blocks of stoi-
age than applications aimed at replacing
volatile RAMs or EPROMs, he notes.
Motorola has halted production of its
32-K EEPROM and this year began
handing out samples of its new 64-K
chip, the MCM2864, to see if the com-
mercial marketplace is ready. “The
search is still on as far as I'm con-
cerned,” Barnes adds. He says

I EARLY EEPROM OPTIMISM FADES

the major hurdles still facing
EEPROMs are high prices com-

pared to EPROMs. slow erase-
rewrite speeds, lagging transi-
tions from n-MOS to CMOS, and
perhaps most important, reli-

ability limitations on the num-
ber of write cyvcles to the
array.

Conventional thin oxide wears
away after repeated write cy-
cles, eventually causing some
bad cells in the array. Typically,
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only a few cells become unreli-
able. Thicker oxides and cell-
swapping redundancy schemes
are being used to ensure longer
lifetimes in some high-density
EEPROMs. But Barnes believes
these schemes make it more dif-
ficult to lower the cost of full-
featured EEPROMs that can
compete directly with EPROMs.
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Still, Motorola is more than
willing to step up its EEPROM
production if greater commercial
sales surface this year. In addi-
tion to the 2-um n-MOS 2864,
Motorola has in the wings a sec-
ond 64-K chip using a redundant
array of 128-K memory locations
for greater write cycles.

Whether EEPROM volumes fi-
nally take off, 1986 is destined
to be the year for 256-K intro-
ductions. Two major competitors
are already in the arena, taking
early shots at high-density appli-
cations. Last month, Xicor an-
nounced it had begun sending
out samples of one of the indus-
try’s first 256-K EEPROMSs, the
X28256. Volume production of
the 2-um n-MOS chip is expected
to begin this summer. Seeq says
it will also make available sam-
ples of its CMOS 256-K EE-
PROM this winter.

AMD, Exel, General Instru-
ment, and NEC are all planning
to introduce full-feature 256-K
EEPROMs later this year. Ad-
vanced Micro Devices Inc., Sun-
nyvale, Calif., plans to introduce

board timing features were
emerging and that new suppli-
ers would keep the EEPROM
pipeline flowing, started design-
ing the chips into systems to aid
field servicing or manufactur-
ing, says Oliphant. “EPROMSs
came into the market during the
1970s as an aid to designers, en-
abling them to change their pro-
grams in the early prototyping
stages. EEPROMSs, with the abil-
ity to do in-circuit changes to
software and reconfiguring sys-
tems, have enormous implica-
tions in manufacturing, service-
ability, and end-user benefits.”

The maturing 64-K generation
is just beginning to open new ap-
plications for nonvolatile system-
code storage, says Bruce McCor-
mick, product marketing manag-
i er for Intel Corp’s EEPROM op-
erations. The greater chip
densities, pinout standards, and
common chip features among dif-
ferent vendors now have large
equipment houses comfortable
with the technology.

“Large EEPROMSs still require
some education in commercial

the 28C256 in the second half.
The CMOS chip will have a con-
ventional thin-oxide tunneling

TESTING THE MARKET. Motorola Inc.. which has stopped making
its 32-K EEPROM, is using the 64-K MCM2864 to check demand.

structure, providing ecritical radiation
hardness for the large military market.

This spring, Exel Microelectronics Inc.
will debut the LX29C512, a 512-K chip
that features a die-saving single-transis-
tor storage cell, intended as a cost-com-
petitive alternative to UV-EPROMs. Fu-
jitsu, Intel, National Semiconductor, and
NCR are preparing CMOS and other
nonvolatile product entries during the
year. The new round of optimism has
other chip giants, including Hitachi Ltd.
and Texas Instruments Inc., studying
possible products.

For TI, the major attraction is the 256-
K generation, although it has started a
64-K design. “We are toying with the
decision of making a 64-K entry into the
EEPROM business,” states Ramesh Gid-
wani, semiconductor vice president in
TI's U.S. Memory Product Center in
Houston. What TI likes about the 256-K
generation is that a variety of configu-
rations is likely to find niche applica-
tions. “We are looking very strongly at
the so-called flash EEPROMs,” adds
Gidwani, referring to a low-cost design
pioneered by Japan’s Toshiba Corp.

Toshiba’s 256-K flash EEPROM, dis-
closed a year ago, reduces cell size by a
third by using three levels of polysilicon
instead of two. The first layer makes an
electrically erasable Fowler-Nordheim
tunneling gate similar to those of con-

floating gate to write a bit in the cell,

ventional EEPROMs. The second has a |

markets,” says Bharat Gutte,
AMD’s product marketing man-
ager. “I don’t think the mdustry

much like a conventional UV-EPROM, ' is fully exploiting EEPROM features.”

using avalanche-injection programming.
The third layer operates the word-select
line for programming and reading.

Toshiba has had difficulty in getting a
working chip and declines to discuss the
status of the 256-K flash EEPROYM; it
says only that it has no current product.

The flash design is important in EE-
PROM’s battle to replace EPROM be-
cause reducing size is the primary way
to cut costs. And the difference in both
between EPROMs and EEPROMs is
shrinking. Seeq engineers, for example,
have reduced the company’s EEPROM
cells from 425 pm? to less than 60 um?
in three years. EPROMs, however, still
measure about 23 pm? But more than
the remaining size differences, price
wars between Japanese and U.S.
EPROM makers are stalling a jump in
EEPROM sales resulting from the small-
er die sizes, notes McCranie.

Others are discounting significant vol-
ume potentials resulting from the re-
placement of UV-EPROMs. “It has tak-
en some time to understand how to use
the device where it fits most effective-
ly,” says Xicor's Oliphant. “About a
year and a half ago, we began position-
ing the byte-wide EEPROMs to be used
not as a replacement but in conjunction
with UV-EPROMs. We then began to
see something change.”

Large corporations, confident that de

Teday, low-density EEPROMs are
likely to be used in more innovative
ways than the larger chips, says Anna
M. Appleby, National Semiconductor
Corp.’s EEPROM product marketing
manager. “Smaller chips are generally
used for data storage, higher densities
for program storage—a more traditional
use for memory,” she says.

NATIONAL cMOS. National sees such a
large business potential in low-power
low-density EEPROMs that it is plan-
ning to introduce by year end a new
CMOS family of small memories in sur-
face-mountable small-outline packages.
At the same time, the Santa Clara,
Calif., chip maker is also readying high-
er-density parts, including a CMOS 64-K
EEPROM slated for the second half of
the vear and a follow-on 256-K part.
High-density EEPROMs are now the
fastest-growing segment of the chip in-
dustry, claims Bernhard J. Rohrbacher,
vice president and general manager of
General Instrument Corp.’s Microelec-
tronics Division. “If I had to put a stake
in the ground, it would be at least 30%
compound growth per year,” he esti-
mates. The Palo Alto company is offer-
ing samples of a 1.5-um CMOS 64-K EE-
PROM and plans to introduce a 256-K
chip around the third quarter. O

Charles L. Cohen provided reporting

facto standards for pinouts and on- ‘ Sfrom Japan.
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[ PROBING THE NEWS

AUTOMATED METER READING
BEGINS TO MAKE SENSE

by Tobias Naegele

AFTER DECADES OF TRYING, UTILITIES GET BOOST FROM LOWER COSTS T

HARRINGTON PARK, N. J.
or wvears, utility companies
have looked forward to the
day when computers, instead
of people, would automatically
read their meters. Many
schemes have been tried, but the high
cost of the technology, coupled with a
regulated AT&T that had little interest
in the business that automatic meter
reading had to offer, kept that dream
from coming true.

But with the development of very
large-scale integrated circuits cutting
the cost of electronics, and the breakup
of the Bell system leaving the regional
operating companies hungry for new
sources of income, automatic meter
reading is getting renewed attention.

The Hackensack Water Co., which
serves 164,000 customers in subuihan
Bergen County, N.J., could be the first
to install such a system universally. The
company will decide by May if it should
go ahead with an $18 million project to
end manual reading in Hackensack in
favor of a system that can be accessed
by a computer using existing telephone
lines. Don Schlenger, director of re-
search and development for the Hacken-
sack project, has studied the idea since
1978 and says installation could begin
early next vear; it would take 30 months
to complete,

Although the technology for automat-
ic meter reading has been around al-
most as long as utility meters—the first

| such system was patented in 1899— I

none of the many experiments made
over the years ever lived up to expecta-
tions. Typical of such early attempts
was the 1969 experiment by San Diego
Gas and Electrie, which read meters
over dedicated phone lines. San Diego
abandoned the study in 1971 because it
could not make it cost-effective.
However, a number of utilities are
now working in tandem with local tele-
phone companies in a new wave of
tests, and they're being courted by a
handful of electronics firms hoping to
edge their way into a new market.

First system may
soon get go-ahead
in New Jersey

Among those exploring automated me-
ters are Brooklyn Union Gas and New
York Telephone in Brooklyn, and ITT
and Southern New England Telephone
in Stratford, Conn. Tests in Colorado
and Texas are also under way.
“Automatic meter reading will either
be a home run or a scratch hit,” says
Brian  Yurkiw, marketing and sales
manager for Base Ten Telecom Ine.,
Trenton, N.J., which is vving for the
Hackensack contracts. “There won't be
a two- or three-bagger there.” The com-
pany, a wholly owned subsidiary of
Base Ten Systems Inc., was formed last

. [3Ut  there are many other,

HOW YOUR WATER METER WILL TALK BACK

vear to design and build hardware 1'01‘—1
meter automation. Base Ten is among a
small group of companies jockeving for
position in what Schlenger savs repre-
sents a $10 billion business opportunity
if automatic meter reading really
catches on. In the Hackeusack project,
Base Ten’s main competitor is Neptune
Water Meter Co., Tallassee. Ala.
Typically, water meters measure con-
sumption using one of several mechani-
cal solutions, such as rotating disks or
oscillating pistons that move proportion-
ately to the water flowing through their
chamber. Through a magnetic coupling,
the meter is connected to a register sim-
ilar to the odometer in an automobile.
In 1965 Neptune began offering an |
electronic encoder on all its meters, re- |
placing the mechanical wheels in the
odometer with wheels that feature elec-
trical contacts, thus creating a switch.
The system was improved in 1972 when
a custom synchronous CMOS integrated
cireuit was added that, when activated
by a clock pulse, “reads” the switches
on the odometer and outputs the read-
ing in a serial data stream (sec “How
vour water meter will talk back™).
SUDDENLY POPULAR. A\ number of fac-
tors have come together to intensify
this new interest in automated meter
reading. Perhaps the biggest is the de-
velopment of very large-scale integrated
circuitry, which offers the possibility of
overcoming inherent technological road-
blocks at a cost the utilities can afford.

more mundane, elements at
playv here.

To communicate with a meter

interface unit, each meter
used in an automated meter-
reading system must be fit-
ted with an encoder. This de-
vice converts the meter’s
data into a serial data stream
to be sent over communica-
tions channels. Most water
meters made today come
equipped with such an encod-
er, and many such units have
already been installed in cus-
tomers’ homes, thanks to the
foresight of Allied Signal’s
Neptune Water Co., Tallas-

see, Ala. A leading meter
) S—
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manufacturer, Neptune has
offered its encoders on all its
meters since 1965.

Accessing the meters in a
cost-effective manner is the
real challenge. Different
methods can be used, with
the fastest method employing
a scanning system that ac-
cesses all customers on exist-
ing phone lines in a preset
order, skipping over numbers
that are in use and returning
to them later. Such a system
has several drawbacks, how-
ever, among them the inabil-

ter inquiries. To make such
inquiries, a different ap-
proach must be used: a
switched-access system that
basically dials each customer
location individually.

The Hackensack Water Co.
in New Jersey chose the dial-
up method because of the
features it allows. If the com-
pany elects to go with auto-
mation, its system will be
able to check customer com-
plaints, issue final bills with-
out delay, and help monitor
service theft and unexplained

ity to perform on-demand me-

losses. -T.N.

Searching for new sources
of income, telephone compa-
nies are recognizing the hid-
den value of their installed
base of telephone lines.
which service nearly every
American home and lie dor-
mant almost 80% of the time,
according to officials at
Southern New England Tele-
phone, Using those lines for
meter reading may be a
prime way of capitalizing on
existing equipment. \

For the utilities, mean-
while, the appeal lies in
avoiding some common head-

Electronics/February 17, 1986



aches of their business—in-
cluding estimated bills and
high labor costs. More than
70% of all meters in the
Northeast are shielded from
the cold either inside or un-
derground, according to Joel
Ash, director of telemetry
systems at ITT's Advanced
Technology Center in Shel-
ton, Conn., meaning meter
readers must enter homes to
‘record usage data.

Remote meter access thus
seems the simple answer.
But the problems involved
are tremendous, hence the
snail-like pace at which the
automated-meter players are
proceeding. “It's such a big
job, the utilities can’t afford
to be wrong,” says Yurkiw,
of Base Ten Telecom. “They
could bury themselves in just
one step.” Yurkiw says the
sales cycle for an automated
meter-reading system, from
contact to contract, is likely
to be five years.

At the Hackensack water
company, Schlenger’s list of
requirements for an automat-
ed reader is a long one.
Among his concerns are po-
larity-protection, so that
wires can be switched with-

ON THE VERGE. Don Schienger pushed the decision to make Hacken-
sack Water Co. a pioneer in automatic meter reading.

out the threat of damage to system

and Yurkiw say later projects may cost

lation,

costs

PSE&G would have to pay
Hackensack a fee to access
the water company’s meter
interface unit.

There are already indica-
tions that costs will be drop-
ping. Just two years ago,
Yurkiw says, the meter-inter-
face units alone cost about
$400. Today, VISI circuits
such as single-chip modems
and microprocessors have cut
the unit cost of a meter inter-
face unit to about $40.

However, the heart of the
system is the meter access
circuit, the interface between
the telephone company and
the utility. The access cireuit,

—

which connects to the tele- |

phone company’s test trunk,
accepts requests for readings
from the utility over a nor-
mal telephone connection and
then dials customer locations
over the test trunk, accessing
the meter without ringing
the customer’s telephone. It
takes less than 5 s to retrieve
the data and forward it to
the utility's computer sys-
tem. Base Ten's Meter Read-
ing Access Circuit, which is
currently under consideration
by New Jersey Bell for
Hackensack’s pending instal-
between $15,000 and

components; power-surge protection for
all equipment to guard against lightning
damage; and the ability to run off the
power on a standard telephone line.
And that's not all. Yurkiw points out
a number of other requirements, such
as the need for the utility to read its
meters even if telephone service has
been discontinued. Other “special loop”
conditions that must be dealt with in-
clude the ability to provide service over
private branch exchanges and multipar-
ty lines. In addition, the system must be

less, as the telephone companies and
equipment suppliers learn the technol-
ogy and as the demand from utilities
increases.

Once Hackensack Water has installed
its system, for example, the road will be
open for Public Service Electric and Gas
Co., Newark, N.d., which supplies elec-
tricity and gas to the region, to experi-
ment with the system. If PSE&G even-
tually decides to tie into the system.
customers could possibly benefit from
reduced costs based on volume; also,

U 20,800 with software, serves up to

[

10,000 telephone lines, and can be ex- |
panded to handle 100,000 lines, accord-
ing w John McShane, director of corpo-
rate development at Base Ten.

McShane is optimistic. He says large-
scale installation of automated systems
is just around the corner. “The technol- |
ogy has been there for a long time, but |
the cost was too high, and the telephone
companies didn’t have the wotivation.
The difference today is the phone com- |
panies really want to do something.” [

compatible in the long term
with integrated services digi-
tal networks.

But the bottom line, says
Yurkiw, will be cost. Auto-
mated meter reading will
take off only when utilities
can use it to offer customers
improved service at an equal
or better price. If the sys-
tems remain too expensive,
Yurkiw says, automated me-
ter reading will be relegated
to a select number of out-of-
the-way customer locations
for which manual readings
are simply not cost-effective.
The Hackensack project, if
implemented, will cost about
$105 per customer. Schlenger
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GAS AND ELECTRIC ARE ON SLOWER TRACK

Gas and electric utilities are
nat likely to automate their
meters as quickly as water
companies.

Gas companies have a safe-
ty issue to keep in mind and
50 are likely to want to keep
closer tabs than other utili-
ties on their on-premises
equipment. Electric compa-
nies, on the other hand, enjoy
lower reading costs than wa-
ter companies simply beeause
there are usually more elec-
tricity meters in a given loca-
tion than water meters. [n an
apartment complex, for ex-

ample, there may be only one
water meter for the landlord,
but there can be hundreds of
electricity meters for the in-
dividual tenanfs. That density
lowers the reading cost per
meter for the electric compa-
nies, removing the finaneial
impetus to convert.
Furthermore, encoder-
equipped electric and gas me-
ters are not cammercially
available. Gas meters can be
retrofitted with an electronic
encoder similar fo the one
Neptune International Carp.
builds into its water mefers.

But electricity meters cannot,
since they do not measure
the physical flow of a com-
modity like their gas and wa-
ter counterparts. And since
electricity meters cannot sup-
port a power load, they must
be fitted with some sort of
optical encoder that can
“read” the meter’s four dials.

But in three or four years,
says John McShane of Base
Ten, conventional electricity
meters will be replaced by
solid-state meters that have

I

serial outputs for remote
reading. ~T. N.
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[ COMPANIES

GENERAL COMPUTER GIRDS
FOR ANOTHER BATTLE

OPEN MACINTOSH ARCHITECTURE MEANS VIDEO-GAME SURVIVOR
WILL GET COMPETITION IN PERIPHERAL MARKET IT HAD TO ITSELF

CAMBRIDGE, MASS.
General Computer Corp. has already
survived the market collapse in vid-
eo games. But now the five-year-old
company faces an even bigger chal-
lenge: Can it survive a surge of new
competition in a market—peripherals for
Apple Computer Inc’s Macintosh per-
sonal computer—that until now it has
had virtually to itself?

The Cambridge company emerged
from the video game business’s down-
turn by introducing Hyperdrive, the
only available internal hard-disk drive
for the Macintosh. Now, General Com-
puter again finds itself in a precarious
market position. Apple has committed to
an open architecture for the Macintosh.
Small Computer System Interface ports
on Apple’s new Macintosh Plus open the
door to other peripherals vendors. Gen-
eral Computer has responded by exploit-
ing its technical prowess as a vendor of
high-performance products and is mov-
ing to turn itself into “a full-featured
computer company,” says Kevin Curran,
its 26-year-old president and cofounder.

Last month, General Computer
brought out the $3,195 Hyperdrive 2000,
which couples a 20-megabyte internal
disk to a high-performance coprocessor
board. The option is said to double the
Macintosh’s processing speed, position-
ing it for use as a low-end work station.
The company also unveiled Hypernet, a
file-server software package that lets up
to 32 Macintoshes share hard disks and
files. It sells for $295 per host.
BRINGING IN VETERANS. And there is
more to come. General Computer plans
to triple its engineering staff of 20 by
the end of the year. To position itself
for smooth growth in the future, the
company has recruited industry veter-
ans for key slots. Gary Boone, a veteran
of Texas Instruments Ine. and Ford Mo-
tor Co., is the company’s new vice presi-
dent of engineering. Thomas O'Donnell,
vice president of marketing, was for-
merly a vice president with IBM Corp. in
charge of personal computer develop-
ment. General Computer has been prof-
itable since its founding in 1981, with
1985 revenue of about $20 million.

Curran began his association with co-
founder Doug Macrae—who is chairman
and vice president of new-product devel-

COMPETITION. Apple opened Macintosh’s
architecture after Hyperdrive's success.

opment—by installing and operating
pinball machines on the Massachusetts
Institute of Technology campus. “We
quickly learned it would be more fun to
design than operate the machines,” says
Macrae, who is 27.

By March 1981, the two, along with
cofounder and vice president John
Tylko, 27, had begun designing enhance-
ment kits for video games. “We looked
for weaknesses and sought to enhance
them, much like what we would do with
the Macintosh,” says Macrae.

But early in 1983, the founders saw
that growth in the video game business
had reached a plateau and reassessed
their plan. General Computer thought
its best move would be into the personal
computer market and dropped out of
video games altogether.

“In many ways, we
were designing a person-
al  computer every
month in the video game
business,” points out
Curran. “Power sup-
plies, digital logic boards
with 68000s, direct-mem-
ory-access channels to
video controllers. ... The
hardware and software
are every bit as com-
plex—or easy—as in a
personal computer.”

TO COME. Curran sees a
high-end computer in Gen-
eral Computer’s future.

General Computer decided the Macin-
tosh was the best horse to ride into the
market, because it was a well-designed
machine and because its closed architec-
ture would limit competition. General
Computer went on to introduce the first
internal drive for the machine. Hyper-
drive, at $1,695, got high technical
marks from industry watchers.

“They just quietly did [the internal

drive] while everyone said you couldn’t
do it,” says Meg Lewis, a vice president
at Future Computing Inc., a Dallas mar-
ket research company. The company did
a good job of integrating its own file-
management software with Apple’s in
Hyperdrive, says Stewart Alsop, editor
of the Insider’s Guide to the Personal
Computer Industry.
EXCEPTION. The product proved so suc-
cessful that Apple made an exception
for Hyperdrive to its policy of voiding
Macintosh’s warranty if the cabinet was
opened. “They were providing a product
that our users were telling us they
wanted,” says an Apple representative.
Apple says it wants to maintain its re-
lationship with General Computer even
as it moves to open up its Macintosh
architecture.

Curran says that
opening up the Macin-
tosh’s architecture cre-
ates opportunities that
more than offset any
loss of market position
for his company. “Our
company will do high-
performance  products
that are complementary
with SCSI ports, prod-
ucts that complement
our existing products,”
he says, adding that the
company will move be-
yond Apple.

“You can look for our
company to ship a high-
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performance product not related to the
Mac within two years,” according to
Curran. “We have no desire to crash
and burn, but at some point you could
imagine us introducing a high-end
computer.”

Though observers question the wis-
dom of offering a personal computer,
they give high grades to General Com-
puter’s technical capabilities. Alsop says
that few peripherals developers have
General Computer’s ability to work with
software and read-only memory. Noting

that its new coprocessor board bypasses

the Macintosh’s built-in processor, Alsop
says, “For them to redirect all those
system calls and put the Mac processor
to sleep is tricky.”

But Alsop also says the company has
had some problems with product reliabil-
ity and customer service. And although
General Computer sees the need for ex-
perienced managers in building a larger
company, Alsop wonders if that need
has been met. The biggest pitfalls for
firms such as General Computer, he
warns, are to become arrogant “and ex-
pand too quickly.” -Craig D. Rose

HOW ASCII IS DEALING
WITH LOSS OF MICROSOFT

BOTTOM LINES

TI PLANS $225 MILLION
STOCK OFFERING

Texas Instruments Inc. plans to raise
$225 miilion through an offering of pre-
ferred stock. The Dallas electronics gi-
ant filed a registration statement with
the Securities and Exchange Commis-
sion outlining the offering. It says that
proceeds will be used to redeem $200
million in debentures.

UNISOFT BUYS PART
OF JAPAN DISTRIBUTOR

UniSoft Systems, the Berkeley, Calif.,
supplier of Unix System V software-de-
velopment services, has acquired what it
describes as a “substantial equity inter-

TOKYO

Dropping all other business activities
in order to calm the fears of ner-

vous customers is an unaccustomed ac-

tion for senior executives at Ascii Corp.,

a nine-year-old software developer and

computer magazines, continues develop-
ing new software products for the Japa-
nese market and also represents compa-
nies other than Microsoft. Thus it is in-
evitable that as applications programs
from Microsoft proliferate, some are go-

magazine publisher that
developed into a $65 mil-
lion company in fiscal
1985. But that was ex-
actly what managers at
the Japanese company
had to do after they
found themselves in the
unenviable position of
losing one of their larg-
est and best-known busi-
ness segments: Micro-
soft Corp. decided to re-
place Ascii as its sole
representative in Japan
with a wholly owned |
subsidiary [Electronics, |
Feb. 10, 1986, p. 11].
Ascii executives are
busily assuring custom-

=

HOPEFUL. Ascii head Guniji looks
to the MSX market for new growth.

ing to compete with ei-
ther Ascii’s products or
those from other manu-
facturers it represents.
One thing that Gunji
hopes to salvage from
the rupture is the MSX
computer standard it de-
veloped with Microsoft.
Instrumental in develop-

Kazuhiko (Kay) Nishi,
30, a cofounder and vice
president of Ascii, who
also played a major role
in bringing the two com-
panies together. During
this period, he also
served as an unpaid vice
president at Microsoft.

ers that their company
will continue to support products from
the Bellevue, Wash., software developer
during the transition period. They also
must establish the Tokyo company’s re-
liability as a supplier, because users of
Microsoft products may be customers
for Ascii’s own products and because
the market looks askance at vendors
who abandon customers. These fac-
tors—and the status that Ascii derived
as sales agent for Microsoft—mean that
severing the relationship between the
two companies will weigh more heavily
than simply losing the 15% of revenue
that Microsoft products represented.

NO SURPRISE. Ascii president Akio Gunji
admits that the breakup was bound to
happen sometime, because of a differ-
ence in styles between the two compa-
nies and Ascii’s growth in other busi-
nesses. Gunji notes that his company,

which started in 1977 as a publisher of

MSX home computers
have become Japan’s best-selling 8-bit
machines, and Gunji expects even better
performance for MSX2, an enhanced
system brought out last year [Electron-
ics, July 1, 1985, p.19].

“The original MSX is a fine low-end
computer,” Gunji says, but he believes
that the MSX2 has even greater market
potential. An adapter and modem turn
the new model into a videotext terminal
and, with other peripherals, it can be
either a word processor, telecommunica-
tions terminal, music synthesizer, or
home control terminal.

To date, 1.1 million MSX computers
have been sold in Japan and sales are
now increasing at a rate of about 80,000
units per month. \ccording to Masahiro
Morimoto of Tokyo’s Digital Research
Inc.,, this makes the MSX system the
most successful home computer on the
Japanese market. -Charles L. Cohen

ing the standard was

est” in Nippon UniSoft, Tokyo. Nippon
UniSoft is a joint venture set up by
three Japanese companies—Digital Com-
puters, Microboards, and Ricoh—to dis-
tribute UniSoft Systems’ produets in Ja-
pan. Terms of the deal were not dis-
closed. Nippon UniSoft is working on a
Kanji implementation of AT&T Bell Lab-
oratories’ Unix operating system for Ri-
coh Co., UniSoft said. This will be simi-
lar to an implementation that Nippon
UniSoft and UniSoft Systems completed
last year for AT&T. UniSoft also plans
to open a West German subsidiary, Uni-
Soft GmbH, in March.

UNGERMANN-BASS TO
TAKE OVER LINKWARE

Local-area-network supplier Unger-
mann-Bass Inc., Santa Clara, Calif., has
agreed to buy Linkware Corp., a pri-
vately held supplier of advanced net-
work application software. Ungermann-
Bass already owns 22% of the Waltham,
Mass., company. It will buy the remain-
ing stock in exchange for an undisclosed
amount of Ungermann-Bass stock and
cash. After the acquisition, Ungermann-
Bass says, Linkware will operate as a
wholly owned subsidiary. Linkware mar-
kets software products with which users
can transfer information among a vari-
ety of mainframe, minicomputer, and
personal computer systems over multi-
ple network topologies.

MEGATEK ACQUIRES
GRAPHICS COMPANY

Graphics-system manufacturer Megatek
Corp., a San Diego subsidiary of United
Telecommunications Inc., Westwood,
Kan., has acquired the assets of Per-
spective Technologies Inc., a Columbia,
Md., developer of a high-performance
three-dimensional  graphics  system.
Terms of the acquisition were not dis-
closed.
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“For 40 Howmedica distributors
worldwide,Shannon is the centre
of the universe”

Dermot Whelan

Managing Director, Howmedica International Inc. Ireland.
Division of Pfizer Chemical Corp.
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Name:

[[] Please call me, I want
more details immediately.
(] Please give me more facts and
figures about Shannon’s unique advantages asa European distribution centre,

l n 1971, Howmedica International Inc.

centralised all ex-US distribution of its

range of orthopaedic implants and instruments at

Shannon International Airport, Ireland. From

Shannon, Howmedica profitably and effectively

supports its distributors, not only in Europe, but in

the Far East, Japan and Australia.

The decision to locate at Shannon was brought
about by the unique incentives it offers ...
® Direct access to Shannon International Airport

and priority customs attention.

® Duty-free access for goods in transit—which
minimises documentation procedures and helps
cash flow.

@ Europe’s lowest corporate tax rate—Shannon/
Ireland is the most profitable location in Europe
for American investors.

® Anunrivalled package of non-repayable capital,
R&D and training grants.

® Low operating costs.

To find out how your company can benefit by
distributing through Shannon, mail the coupon or call
Eugene Brennan at1.D.A. Ireland, 2 Grand Central
Tower, 140-148 E. 45th St., New York, NY 10017.

Tel: 212-972-1000.

Position:

Company:

Address:

SHANNON, IRELAND

Mail to: Eugene Brennan, IDA Ireland, 2 Grand Central Tower,
140-148 E. 45th St., NY 10017, New York.
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The Contrast Tells the Story.

Brand New LCD From Sharp
With contrast up to 7.0 and viewing
angle from —10° to +45°, it’s twice
as easy to see why LCD readability
can now be twice as good for /
your portable computers and
OA equipment. The demand
for this LCD is expanding
rapidly — due to Sharp's

success in improving LCD
performance in direct response
to market demand.

IBM PC® Compatible
LCD Monitor

This new LCD monitor comes with
an RGB video signal interface cable, com-
pletely eliminating the cost and time
needed to design and develop an inter-
face to IBM PC@?or PC clones. This mo-
nitor enables you to instantly display
your PC software on our 640X200 LCD
by just plugging the RGB interface cable
into an IBM PC™ or PC clone.

o

W
N\

\

[ TypeNo. | LM64014W |  LM64016W —_l
Dot pitch ratio 114 ‘
Type | Reflective Type | Reflective Type |
" Gonwast | 7otve) | r0uve)
Viewing angle__| ~10~+45'(Co -2TYP)| —10~+45"(Co - 2TVP)
U"";’v“:ﬂ;‘:)';:‘n"ra;m"s 256X 128X 13.3 * 256X 164X13.3
| Display format{w XH) 640X200 j;’ 640X200

% Compared with earlier Sharp models.

SUPER TWIST
HIGH C

NOW
AVAILABLE >

[ 4

o

# LMBA014W \
| -

b
_.'

LMB4016W

®|BM PCis a trademark of international Business Machines Corporation.
# Screen image printed with permission of Mictopro Inlernational Corporation

SHARP

SHARP CORPORATION, JAPAN
SHARP CORPORATION International Sales Dept. Electronic Camponents Group.
22-22, Nagaike-cho, Abeno-ku, Osaka 545, JAPAN Tel: (06)621-1221 Cable: LABOMET OSAKA Telex: J63428 Atn: OSKPA(LABOMET A-B)
U_S.A.:SHARP ELECTRONICS CORPORATION Electronic Components Division.
Sharp Plaza, Mahwah, New Jersey 07430 Tel: 201-529-8200 Telex. 426903(SHARPAM PARA)
EUROPE:SHARP ELECTRONICS(EUROPE)GMBH Electronic Components Dept.
Sonninstrasse 3,2000 Hamburg 1, F.R. Germany Tel: (040)23775-0 Telex 2161867(HEEG D) Circle 48 on reader service card
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THISWEEK = 129.1
\L(’éigv‘/’é%’( = gg"; The Electronics Index, a seasonally adjusted measure of the U.S.
1982 = 100.0 electronics industry's health, is a weighted average of various
indicators. Different indicators will appear from week to week.

U.S. ELECTRONICS SHIPMENTS

Shipments ($ billions)

December 1985 November 1985 December 1984

Communications equipment 5.951 5.621 5.528
Radio and TV receiving equipment 1.030 1.003 0.935
Electronic and electrical instruments 4.967 4.789 4.523 ]
Components 3.254 3.220 3.892 -

The statistics continue to improve for the U. S. electronics
industry. Following last week’s report of a 2.3% increase in
equipment production in November comes news that ship-
ments of U.S.-made electronics products jumped 3.9% in
December, according to the government’s latest information,
Shipments for communications gear, radio and TV equip-
ment, and components have set the pace. As a result, the
Electronics Index again moves up.

December's boost in shipments comes after a 4.9%
boom in November, keeping alive hopes that the long-await-
ed recovery in domestic electronics markets could be under
way. Itis off to a slow start, however: shipments of electron-
ics goods in December were only 2% ahead of December
1984’s level. Nonetheless, it was the first month since last
February that gains in shipments were spread so evenly
throughout the domestic industry—every sector showed
some increase.

For the second month in a row, manufacturers of commu-
nications equipment shipped products at an increased clip.
Sales in that industry were up nearly 6% in December, after
a 7% gain in November. And suppliers of communications
equipment not only turned in the most vigorous sales perfor-
mance of the U.S. electronics industry in 1985 but also
managed to match the brisk pace set in 1984. In both years,

T

shipments increased by greater than 13%.

Helped by the continuing free-spending habits of U. S.
consumers, shipments of radios and TVs by U. S. manufac- |
turers rose 2.7% in December. This monthly performance
brought shipments for all 1985 to a level 7.3% higher than
they were in 1984, thus representing the electronics indus-
try’s second most vigorous growth rate last year. Still, this
latest annual growth rate pales in comparison with 1984's
21% shipment surge.

December marks the third consecutive month that compo-
nent shipments edged higher from the preceding month,
even though production in the U. S. has fallen every month
for the past year from levels a year earlier and total 1985
component shipments were down 13%. Up 1.1% in Decem-
ber, semiconductor shipments were ahead nearly 5% from
September 1985. As customer inventories continue to sink
and as book-to-bill ratios rise, production of components
could soon embark on the same growth track that ship-
ments have been on.

For all 1985, shipments of U. S.-manufactured electronics
products were 3.4% ahead of the preceding year. This in-
crease is far behind the 16.8% surge in 1984. But the end- |
of-the-year strength in so many sectors could be a sign that

the industry upturn has begun.

Electronics/ February 17, 1986
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PEOPLE

AGGRESSIVE RISK-TAKER
FOLLOWS OSHMAN AT ROLM

SANTA CLARA, CALIF.
Dennis D. Paboojian says it was not
his 13 years of management experi-
ence at Rolm Corp. that got him the job
of president at the big supplier of digi-
tal business communications systems.
He was selected, he says, because of
“the kind of individual I am and the
aggressiveness, the risk-taking that ['ve
succeeded with.”

He will certainly need those skills.
“I'm replacing Ken Oshman and he had
a fairly big shadow,” Paboojian ex-
plains. “That makes the job very diffi-
cult and challenging.” In his new post,
he will concentrate largely on integrat-
ing Rolm with IBM Corp., which bought
the company in November 1984.

His work is cut out for him, Paboojian
says. He points out that his company’s
two biggest opportunities with IBM are
to capitalize on IBM’s marketing force
and to jointly develop complementary
products. The marketing direction has
been defined, he says, “but a lot of
work needs to be done to make it real
and effective.”

Paboojian, 42, came to Rolm in 1972,
just three years after its founding. A
Stanford University graduate, he
worked at Hewlett-Packard Co., then
was responsible for engineering and
purchasing at Arcata Communications,
a Bay Area interconnection vendor. At
Rolm, he worked his way up through
various positions, including general

DENNIS D. PABOOJIAN: Finds replacing Ken
Oshman as Rolm president a big order.

manager of the Mil-Spec Computer Divi-
sion, now a separate operation. There,
his early conviction that Ada would be-
come important led to a risk that paid
off—Rolm came up with the first work
station to run the Defense Department’s
language.

Most recently, he was general manag-
er of the Systems Development Group,
which encompasses telecommunications
products. During that time he took Osh-

man as a role model: a man who was
willing to stick his neck out. “He made
some tough decisions as president, and
he made the right ones,” Paboojian re-
calls. As president, he plans to continue
a close working relationship with Osh-
man, who will remain as a consultant to
Rolm.

Product development has progressed
with Rolm introducing communications
products linked to the IBM Personal
Computer family and to 3270 devices.
For example, in October Rolm intro-
duced the Juniper II, a digital phone,
software, and hardware package that
connects to the PC for electronic mail,
text messaging, and other applications.
CONNECTIVITY IS CENTRAL. “Linking the
desktop to other information resources
is a problem that continues to plague
our customers,” says Paboojian. The
keys to solving these issues are open
architectures and “a reliance and focus
on standards such as ISDN,” he says.

“One would hope there would be an
international standard” for the integrat-
ed services digital network, he says. “To
the extent that ISDN is not an interna-
tional standard, then its usefulness di-
minishes greatly.”

Paboojian is now more involved with
these industrywide issues, he says, be-
cause “I'm more exposed to the market-
ing programs and more involved with
keeping the vision on point.” For this
year, he predicts that “we will grow
faster than the industry and grow fast-
er in 1986 than we did in 1985.” Data-
quest Inc., the San Jose market re-
searcher, says Rolm is No. 3 in the PBX
market, behind AT&T Co. and Northern
Telecom Inc., with about a 15% to 16%
share. -Eve Bennett

PEOPLE ON THE MOVE

Croxon’s respansibilities at

commercial manager of Phi-

years, interrupted by an

SUGIICHIRO WATARI

[ After building a solid repu-
tation for efficient manage-
ment in his 38 years with To-
shiba Corp., Sugiichiro Wa-
tari will become the compa-
ny’s president and chief
executive officer on April 1.
Watari, who will be 61 years
old next month, is moving
up from executive vice presi-
dent to succeed Shoichi Saba.
Saba will become chairman
of the board after having
served as the Kawasaki, Ja-
pan, company’s president and
CEO since 1980.

the Natick, Mass., company
will include the development
and marketing of work sta-
tions and the ceoordination of
Prime’s efforts in artificial-in-
telligence applications. He
had been president of New-
port Systems Ltd., Hampton,
N.H. Earlier, he spent 10
years at Digital Equipment
Corp. in a variety of roles,
including group manager of
engineering for the VAX line.

lips’s Professional Products
Division. He says he expects
continued expansion of the
group’s marketing base out-
side Europe, including Aus-
tralia, Canada, China, Hong
Kong, and India.

BRIAN F. CROXON

[JPrime Computer Inc. has
named Brian F. Croxon to
the position of vice president
of work-station programs.

WILLIAM A. WHITWARD

[dThe Philips Industrial &
Electroacoustic Division,
Eindhoven, the Netherlands,
has appointed William A.
Whitward as general manag-
er of its Test and Measuring
Group. Whitward moved to
the Netherlands in 1978 from
South Africa, where he was

MALCOM R. CURRIE

[ The task of overseeing the
transfer of Hughes Aircraft
Co. electronics technology
and systems expertise into
General Motors Corp. prod-
ucts and plants will fall to
Malcom R. Currie. The 58-
year-old Hughes executive

vice president has been
named president of GM
Hughes Electronics Corp.

The GM subsidiary owns
Hughes Aircraft and Delco
Electronics Corp. Currie’s ca-
reer at Hughes spans 23

eight-year stint starting in
1969, when he served in a re-
search and development posi-
tion at Beckman Instruments
Inc. and later as under secre-
tary of defense for research
and engineering. Currie will
continue in his current posi-
tion with Hughes Aircraft.

PETER C. SKERLOS

[The new vice president of
engineering for consumer
products at Zenith Electron-
ics Corp. is Peter C. Skerlos.
Skerlos, who holds 21 pat-
ents, many in the TV tuning
field, joined Zenith in 1969,
where he held a variety of
engineering and engineering
management positions before
being named an executive di-
rector at the Glenview, Ill.,
company in 1984.
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MOORE TAKES HIS KNACK
TO KONTRON ELECTRONICS

MOORE: He was attracted by the excitement
of ““this jungle of CAE."

MOUNTAIN VIEW, CALIF.
lvet E. Moore has a knack for com-
bining various elements to produce
better whole. “I'm pretty good at han-
dling complex products,” he says. “A lot
of work that's interrelated needs a
boundary put around it—then it can be
done.” As the new president of Kontron
Electronics Inc., he will need that talent
as the Mountain View company strug-
gles to integrate its logic analyzers and
microprocessor-levelopment systems.
The goal is to produce development
systems that will integrate all engineer-
ing phases {rom software and hardware
design through testing—something that
could bring Kontron a greater presence
in the rapidly expanding realm of com-
puter-aided design, engineering, and
manufacturing. The U.S. subsidiary of
Kontron Elektronik GmbH, Munich,
needs to develop such a niche—its sules
have stayed between $10 million and $15
million annually for the past five years.
IN THE JUNGLE. Moore comes to Kon-
tron from John Fluke Mfg. Co., the Ev-
erett, Wash., components and equipment
manufacturer, where he was a division
manager of the Components Manufac-
turing and Support Division. He goes
from managing 700 emplovees at Fluke
to 85 at Kontron, but he says of his new
task, “I was attracted by this jungle of
CAE. The excitement level is greater.”
Under Moore’s direction, there will be
more interaction between Kontron in
the U.S. and its West German parent,
which holds 2 dominant position in the

Electronlcs/February 17, 1986

Emopedn microprocessor- (levelopmenﬂ
market. “They’re looking for this group
to provide input for the next product
developments,” says Moore.

Though the U.S. arm will look into
technological developments here, its
main charter for the near term is to
bolster the software that connects the
German-developed hardware. “The chal-
lenge here is to put together a lot of
very good picces that will sell in the
U.S. But we have some more software
work to do to tie the pieces together—
networking-type software,” adds Moore.

“The engineer's design task should
not end at his bench—it should tie into
manufacturing,” he goes on. ‘“Also,
more and more inspection technology
will be used.” Moore believes Kontron
has a step up in that department be-
cause of Kontron GmbH's heavy invest-
ment and developments in medical-imag-
ing technology. He says the core of this
technology could be worked into real-
time inspection systems. “That’s where
the future is going to be in all CAE.”

Moore, 54. understands the design en-
gineer’s point of view because he was a
pioneer in the development of the first
CMOS integrated circuits at RCA Corp.’s
Solid State Division. He left there for
Fairchild Camera & Instrument Corp. in
1965, eventually becoming operations
manager of its Microprocessor Division
before he left for Fluke in 1977.

But he says, “I'm glad to get back to
Silicon Valley. T prefer to live in a
warmer climate.” —FEve Bennelt

TEKTRONIX COFOUNDER I

VOLLUM DIES AT 72

Howard Vollum, who parlayed develop-
ment of a rudimentary oscilloscope into
giant Tektronix Inc., died on Feb. 3
from a stroke. After serving in the U.S.
Army Signal Corps, where he was in-
volved with the development of high-res-
olution radar, Vollum founded Tektronix
with M. J. (Jack) Murdock in 1946 to pro- |
duce oscilloscopes. It quickly took over
the scope market from such leaders as
RCA Corp. and Dumont Electronics. The
Portland, Ore., native was company
president from 1946 until 1971. When
Murdock died in a seaplane accident
that year, Vollum became Tektronix’
chairman, a post he held until 1984,
when he became vice chairman. Tek-
tronix has grown to a $1.4 billion compa-
ny selling a wide range of test and mea-
surement, information display, and com-
puter-aided engineering gear.
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RESEARCH
TOOLS

“OFF THE SHELF"’
STOCK DELIVERY

HIGH POWER MODULATORS
HIGH POWER RF SOURCES
HIGH VOLTAGE POWER SUPPLIES

60 FT. SPACE
PROBE ANTENNA

SEARCH RADARS
TRACKING RADARS
H.V. COMPONENTS
HIGH POWER ELECTRON TUBES
THREAT EMITTERS

SEND FOR FREE 24 PAGE
CATALOG ON YOUR LETTERHEAD

RADIO RESEARCH
INSTRUMENT CO., INC.
2 Lake Ave., Ext., Danbury, CT 06811
{203) 792-6666 - TELEX 962444

A guide to
semiconductor
strategies

in the 80’s!

CUSTOM & SEMICUSTOM VLSI:
Survival Strategies For The New Era
asks the question: Are you equip-
ped to meet the challenges of an
ever-changing industry?

Radical change in industry can
mean radical growth if you under-
stand these changes.

Order this book today for an inside
line on the challenges of change in
the semiconductor market.

Send $150 or your company purchase
order to: R360

Electronics Books :A'l’
L]

P.O. Box 541 o
Hightstown, NJ 08520 CHiIlL
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POSITIONS VACANT

POSITIONS WANTED

South? Technical/Professional Placement
Network-Fee paid. Murkett Associates, Box
527. Montgomery, AL 36101.

Electronic Expert For Hire. | do Micro-
processor hardware /software, assembly
language. Analog, digital design in my N.Y.
lab or worldwide. Project rates. Mr. Barry
Masel (718)476-1516.

COMPUTER

SOFTWARE

FREE DEMO DISK

SCHEMA is a complete, integrated schematic
drawing software package for IBM Personal Com«
puters. Use SCHEMA with your PC to draw sche-
matics and automatically generate design docu-
mentation such as Wire and Net Lists, Bills of
Materials, Design Rule Checks, etc. SCHEMA is
$495 and supports most common PC hardware
configurations. Call or write today for a free demo
disk and brochure.

OMATION, INC.
1701 N. Greenville Ave., Suite 809
Richardson, TX 75081
(214) 231-5167
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8086 Software Development Tools

That Don’t Pin You Down

MicroSET™ Tools

« Compilers for Pascal, C, FORTRAN, and PL/M

* Support for MTOS™. VRTX™_ {RMX™

* Assemblers

* Linkers. Locaters, Libranians

* MicroSCOPE™ - A UNIQUE HIGH LEVEL LANGUAGE
CROSS DEBUGGER

« Downloaders and Communications

Targets
« 80B6/80186/8088/80188/8087
« 80B0/B085/280/NSCB00

Hosts

« DEC VAX/VMS™

« DG MV/Family

« HP 9000/500 HP-UX

For advanced tools that get your job done faster and
reduce your costs. call (213) 546-5581 today.
First Systems 865 Manhattan Beach Blvd

Manhattan Beach, CA 90266.

Corporation Telex (RCA) 298086.

T Fun Sysiems Cop McroSE T Mo0SCOPE Ot EWiprent Civp DEC VAX VWS
Lrte & FReady VATX ndans Programmng MTOS We AMX F et Sysierm Coporaton

SPICE  upyour PC

Z/SPICE professional circuit simulation
Full version $245 Student version $79

ZTEC box 737, college place, wa 99362

(509)-529-7025

WIRE WRAPPING SOFTWARE
RUNS ON IBM PC

Conversion from schematic, either CAE or
hand drawn, for wiring by wrapping or other
termination on AAC wiring machine. Opti-
mizes wire paths and provides full documen-
tation. For prototyping or production

ddC .

10946 W. 74 Terrace
Shawnee, KS 66203
(913) 631-2940

HOT LINE

To place your
Computer Software
Ad

in

Electronics

call llene Fader
at
212/512-2984
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SR. PRODUCT ENGINEER

Dynamic 40 yr established con-
nector mir w/exceptional
growth & pleasant Long Island
location seeks experienced en-
gineer to concentrate on new
product design & marketing in-
terface for sub/minlature coax-
ial connector used in hitech sys-
tem. Reporting directly to VP En-
gineering. Person's abllities will
be stretched within challenging
environment. Minimum Bache-
lor's Degree in Engineering. Ex-
cellent benefit package with fu-
ture managerial prospect.

Send resume
Att. Personnel Dept.
AUTOMATIC CONNECTOR
400 Moreland Rd. Commack, NY 11725

Equal Opportunity Employer

POSITIONS VACANT

Robotics/Automated Systems — Instruc-
tor.  Established Robotics/Automated
Systems program seeks applicants for an in-
structional opening. Individuals must have a
minimum of two years post-secondary tech-
nical training with an engineering degree
preferred. Minimum of two years of applic-
able experience in Robotics field. Applicant
must demonstrate abilities in the trouble-
shooting, maintenance, and programming
of industrial robots. Experience in sensing
devices, application planning and design,
system design, and automated manufactur-
ing is also helpful. Successful applicant will
be on an ll-month contract with salary
commensurate with academic training and
occupational experience. Fringe benefit
package also included. Call or write Bruce
Nelsen, Staples Technical Institute, Airport
Road, Staples, MN 56479, 218-894-1051.

Electrical Design Engineer to conduct, re-
search and development activities con-
cerned with the design and manufacture of
telecommunications products related to
terminal equipment market with appro-
priate hardware and software for integrated
service digital networks; design electronic
equipment utilizing knowledge of telephony,
microprocessors, digital voice synthesizers
and related analog and RF circuitry. Will
supervise the activities of 3 computer or
telecommunication engineers. Master of
Science in Electrical Engineering required.
Must have conducted academic research in
the design of instrumentation amplifiers,
remote potential analysis using RF devices
and telephone as transmission media, ap-
propriate computer interface as well as the
design of analog and digital circuitry. 40 hrs.
M/F, 9:00 to 6:00, $30,700.00/yr. Send re-
sumes and social security numbers to: Hlin-
ois Job Service, 910 South Michigan Av.,
Chicago, IL 60605, Attn: Minaflor Y. Jas-
kowiak, Ref. 5146-J, An Employer Paid Ad.

Electronics Mechanic — Repairs electronic
equipment such as computers & high tech-
nology Motorola Communications Systems,
following blueprints & manufacturer’s
specifications; and using handtools & testin-
struments: Tests faulty equipment & applies
knowledge of functional operation of
electronic units & systems to diagnose
cause of malfunction. Tests electronic
components & circuits to locate defects. Re-
places defective components & wiring & ad-
just mechanical parts, using handtools & sol-
dering iron. Aligns, adjusts & calibrates
equipment according to specifications. 40
hrs., Mon.-Fri. Wkly. $13.50 per hour, 2 yrs.
exp. req. Resume to: Ref #61385, 7310
Woodward Ave., Rm. 415, Detroit, MI
48202.
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NEW PRODUCTS

HERE COMES A ONE-CHIP MODEM
THE MAKER CLAIMS IS SET TO SHIP

SILICON SYSTEMS SAYS VOLUME QUANTITIES WILL BE READY IN MARCH

Speak softly but carry a big stick was
Silicon Systems’ motto in developing
the full-function single-chip modem it is
about to deliver in quantity. Instead of
announcing a product before it could de-
liver one, the company began low-key
sample deliveries of its K212 modem to
100 potential customers in late 1985,

The company chose not to discuss the
single-chip modem publicly until manu-
facturing was well under way. “We es-
pecially didn’t want to get out there too
emotionally with a piece of paper, when
we can’t follow up with the silicon,”
says Rick Goerner, senior vice president
of marketing and sales. Even though
the company waited, it is not late. Sili-
con Systems will have production quan-
tities ready by next month, right on
schedule with competitors such as Sier-
ra Semiconductor Corp., which promises
to go into production later this month
[Electronics, Nov. 4, 1985, p. 46].

The first member of a modem family
to be brought out during the next year,
the K212 suits either free-standing prod-
ucts or systems and either synchronous
or asynchronous communications over
the two-wire switched telephone net-
work. The family will cover the entire

Bell and International Telegraph and
Telephone  Consultative  Cominittee
(CCITT) range of full-duplex standards
for 300- to 2,400-b/s communications,
says Gary Kelson, senior vice president
and general manager of the company’s
Telecommunications Division.

The K212 operates at 300 and 1,200
b/s and performs basic phase-shift- and
frequency-shift-keying functions. It re-
quires only the addition of a phone-line
interface, control microprocessor, and
RS-232-C level converters to build a
complete Bell 212A standard full-duplex
modem, the company says.

ADVANCED CMOS. The chip uses an ad-
vanced CMOS process that integrates
analog, digital, and switched-capacitor
arrays. “As many functions as deemed
economically feasible were included in
order to simplify implementation into
typical modem designs,” says Goerner.

All modem chips in the family will be
hardware and software compatible, “al-
lowing designers to plug in upcoming
SSI modems in the same sockets to up-
grade performance,” Kelson notes. In
the fall, Silicon Systems plans to intro-
duce the single-chip model K224, which

will handle 300-, 1,200-, and 2,400-b/s

transmission rates and support not only
Bell 103 and 212A but also CCITT V.22
bis, V.22, and V.21 protocols. And the
company will follow that with the model
K222, a 300-, 600-, and 1,200-b/s modem
that supports CCITT V.22 and V.21 com-
munications protocol standards.
Designed to appear as a microproces-
sor peripheral to the systems designer,
the K212 interfaces with such standard
microcontrollers as the Intel Corp. 8048
and 80C51. Control of modem operation
takes place through an 8bit multiplexed
address and data bus or through an op-
tional serial-command bus. An address-
latch-enable control line simplifies ad-
dress demultiplexing, the company says,
and data communications occur only
through a separate serial port. Test
modes are provided for diagnostics.
Another feature is a dual-tone multi-
frequency tone generator that allows
the modem to dial its own calls. A call-
progress detection feature further ex-
pands this capability, the company says,
because the modem can detect dial
tones, busy signals, or ringback, and
change its calling action in reponse to
these detected signals. Also, a Direct
Access Arrangement interface approved

OUAL-TONE:
MULTIFREQUENCY |—
- GENERATDR
3
« 8051 8-8IT
= MICRO- MICRD- FREQUENCY-
& PROCESSOR PROCESSOR SHIFT-KEYING TRANSMIT DIRECT
2 FOR BUS MODEM FILTER ACCESS
9 [ COMMAND | FOR L ARRANGE:-
= DECODE CONTROL MENT
i AND AND DIGITAL [—*] PHASESHIFT- [— RECEIVE PHONE-LINE
b CONTROL STATUS PROCESSING f«— KEYING MODEM FILTER INTERFACE
&
=
= - SMART DIALING
FUNCTIDNS:
L CARRIER
DETECTION,

SERIAL |— TEST CALL-PROGRESS

PORT PATTERNS DETECTION,

FOR DATA ANSWER TONE

EASY INTERFACE. Silicon Systems’ K212 modem appears to the designer as a peripheral and easily interfaces with popular microprocessors.
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by the Federal Communications Com-
mission provides the connection to the
dial-up phone line.

CMOS technology keeps power con-
sumption to a low 120 mW, and a low-
power idle mode drops that to less than
10 mW. A single +12-V supply is re-
quired. The K212 is available in 22- and
28-pin DIPs and in quad packages.

The K212 currently costs about $40 in

hundreds, but Silicon Systems predicts
that will quickly fall to $30 with quanti-
ty production. By year end, the price
could hit $20, which the company says is
the level needed to fully exploit the mo-
dem market. ~Larry Waller

Silicon Systems Inc., 14351 Myford Rd.,
Tustin, Calif. 92680. Phone (714) 731-7110
[Circle reader service number 338]

PORTABLE SCOPE SHOWS
EVENTS AS SHORT AS 1 NS

Anew Tektronix oscilloscope is the
first portable scope with a writing
speed fast enough to display single-shot
events that are as short as 1 ns, its
maker claims. The 350-MHz model 2467
makes visible single-shot 1-ns pulse
transitions, such as crosstalk and erratic
timing margins, in normal room light. It
owes its visual writing rate of 4 divi-
sions/ns to microchannel-plate technol-
ogy. Conventional CRTs have visual
writing rates of about 0.05 division/ns,
according to the company.

The model 2467 uses a microchannel

plate behind the CRT to intensify tran-
sients and display rare single-shot
events even when they are superim-
posed on highly repetitive signals. At
the same time, the enhanced CRT re-
duces the masking effect of these nor-
mal events. The microchannel-plate tech-
nology, which has been around since
1979, is common in laboratory scopes,
says Robert S. Galvin, a spokesman for
Tektronix’ Portable Instruments Divi-
sion. The Tektronix lab scope, the 1-GHz
model 7104, uses microchannel technol-
ogy and writes at a rate that is fast
enough to show a 6-division/ns single-
shot 350-ps step.
HIGH ACCURACY. With this technology
in the 21-Ib scope, an engineer can per-
form the same tests on site with the
same degree of accuracy that formerly
only a bench instrument could deliver.
In addition, special pulse-mode firmware
automatically accommodates narrow
pulses that otherwise would not be dis-
played. The 2467 has been ruggedized to
take extremes in heat and humidity, and
movement from one area to another
won't affect performance.

Glitches that once took weeks of test-
ing to spot now light up instantly,
thanks to the microplate technology,
which Tektronix calls adaptive-intensity.
The company says that in one case, the
technology revealed the existence of a 4-
ns glitch occurring every 0.33 s—just
large enough to trigger the oscilloscope

54

but invisible on its standard CRT—that

had been wrongly ascribed to a trans-
mission-line or crosstalk problem. In this
case, the engineer had been on the point
of having the pe-board layout reworked
before the true source of the triggering
error was discovered.

Sophisticated triggering is also avail-
able on the 2467. The scope triggers on
pulses less than 1 ns wide at frequen-
cies bevond 500 MHz. The standard on-
screen trigger-level readout eliminates
trial-and-error triggering—a valuable

feature for single-shot events. A coun-
ter-timer-trigger option, with or without
word recognizer, enhances performance,
and a single button lets the user set the
trigger level midway between the posi-
tive and negative signal peaks.

Another feature, Save-Recall, saves
as many as 20 complex instrument set-
ups in nonvolatile memory. The 2467 has
several such single-button features; Cur-
sors After Delay lets the user spot a
single point of interest within the signal,
magnify that point with the delayed
sweep, and then accurately measure the
signal characteristic with voltage or
time cursors.

The 2467 oscilloscope can be delivered
in eight weeks. The base price for the
four-channel scope is $11,900. Options
include the counter-timer-trigger for
$1,000; with the word rccognizer, it goes
for $1,400. A video trigger adds $1,050,
and an IEEE-488 interface bus adds
$900. -Ann Jacobs

Tektronix Inc., Marketing Communications
Dept, P.O. Box 1700, Beaverton, Ore.
97077. Phone (800) 426-2200; in Oregon,
(503) 627-9000 [Circle 340]

Though computer-aided-engineering
syvstems based on personal comput-
ers ably handle such pockets of system
design as schemautic capture, they have
been less successful with compilation
and simulation. Now Cadnetix is intro-
ducing software products that turn the
IBM Corp. Personal Computer/XT and
PC AT into complete CAE work stations
[Electronics, Feb. 10, 1986, p. 13]. In ad-
dition, the company is adding an en-
hanced routing engine that routes in
half the time of its predecessor.

BRIGHT SPOT. A microchannel plate intensifies transients and makes them easy to spot.

NOW IBM PC CAN SIMULATE
OR MODEL VIA ETHERNET

R

voLTsiow

VOLTS/ Bty

The key concept behind the product
portfolio is that of a CAE network. Cad-
netix’ network supports local data entry
and manipulation and provides remote
compilation, simulation, and modeling
resources over an Ethernet. It provides
the back-end power for the more com-
plex portions of the design process
through its 68020-based intelligent file
server.

‘Until now, the choice has been to
accept poor performance during compi-
lation and simulation of a design locally
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on a PC-based system, or add an expen-
sive coprocessor with large memory to
the PC to accommodate typical applica-
tions requirements,” says marketing
vice president Buck Feltman. Stand-
alone PC-based systems quickly run out
of steam for compilation and simulation,
and are not even equipped for device
modeling.

The CDX-3100 package makes the PC

a complete facility for schematic capture
and extraction of net lists for use by pe-
board design systems. The CDX-3150,
which requires a CDX-3100, transforms
the PC into a full-function CAE work
station that can access Cadnetix’ virtual
logic analyzer.
MORE DISK SPACE. Cadnetix’ network-
ing strategy for PC-based work stations
solves a number of other problems, says
Feltman. For example, the PC’s relative-
ly small disk-storage space cannot ac-
commodate the 60- to 80-megabyte li-
brary that engineers typically require
for efficient design. PC-based work sta-
tions on the Cadnetix network have ei-
ther 140 or 280 megabytes of disk space
for the library on the CDX-7100 or CDX-
7200 network-server engines.

With stand-alone PC-based systems,
users who required more disk space had
to buy dedicated external disk drives for
each PC. Alternate solutions have at-
tempted to segment the library among
several PCs, but heavy communication
among them degrades performance, and
a distributed library is difficult to main-
tain and update.

In lots of 10, the CDX-3100 sells for
$7,900; it will be available in April. The
CDX-3150 adds another $2,500 and will
be available in June. They run under
PC-DOS on a standard PC/XT or PC AT
enhanced with an IBM high-resolution
color monitor and IBM’s Enhanced
Graphics Adapter card. When the com-
puter and required file server are fig-
ured in, the cost for a three-node net-
work is about $29,000 per node.

Feltman says that cost is less than
Daisy Systems Corp.’s work stations
and slightly more than such stand-alone
alternatives as Futurenet systems. And
Daisy customers have to buy their dedi-
cated monitors and graphics card, he
points out.

Cadnetix’ cost advantage really comes
into play in network expansion, Feltman
savs. Each new node will cost about
$16,000, including the cost of the PC,
compared with $20,000 for Daisy’s IBM
PC-based systems.

Cadnetix’ new CDX-75000 Route En-
gine-Plus is a software and hardware
enhancement of the company’s original
CDX-7500. Based on a (8020 micro-
processor, the CDX-75000 has a new
memory subsystem with a 32-bit data
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only thing

we've cut

[}
is the cost!

ECP 22
bushing-mount pot

You're designing for volume production — and you
want high pot performance without running up

costs. Answer: our new
mount ECP 22. Bot

servo base CP 22, and bushing
h feature premium-quality MystR

conductive plastic elements in cost-saving packages.
Independent linearities to £ 0.25%. Infinite

resolution. Three
bearings never

AVAYA

?Waters Manufacturing,

standard resistances. Polyimide
need lubrication. Send for

information, or call (617) 358-2777.

Inc.

Longfellow Center, Wayland, MA 01778 ® (617) 358-2777 - Telex 948441
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CIRCUITS AND SOFTWARE

FO

ELECTRONICS ENGINEERS

These creative, new ideas and approaches keep you on top of what’s
happening in the latest circuitry developments.

Order your copy of R370-Circuits
Engineers today! Send $19.95 to

Electronics Magazine Books or McGraw-Hill Int’l. Pub. Co.

P.O. Box 541 mI Attn: ECC

Hightstown, NJ 08520 k| McGraw-Hill House

600/426-5070 .‘}n . Maidenhead, Berkshire SL6 2QL
" England

Ten-day money back guarantee. Allow 4 1o 6 weeks for delivery.

R

Easy, reliable solutions to your
design problems!

Covers a vast range of design
problems, organized into 25
vital categories by function.

Contains hundreds of circuits
and computer programs.

Design appropriate circuitry to
meet the most challenging
specifications.

Cut design time by adapting
proven circuits and software to
a wide range of applications.
Save money and increase
productivity by avoiding costly
design errors.

and Software for Electronics
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path to dual-ported RAM and a memory-
address capacity of up to 16 megabytes.
The company says its testing has shown
from 10% to 60% routing-time improve-
ments using customers’ designs, along
with via reductions of 50% to 60%.

The CDX-75000 uses a multilayer
routing algorithm rather than the earli-
er system’s layer-pair technique. The
multilayer algorithm evaluates all layers
simultaneously and finds the optimum
trace path for making the connection;
layer-pair systems look at only two
board layers at a time. Not only does
the new technique keep the number of
vias low, but it also keeps the traces
shorter. In some cases, the router can
eliminate a layer altogether.

In one case, an eight-layer board with

AMD’S 256-K DRAM CAN BE
ADDRESSED THREE WAYS

an equivalent IC count of 281 took 14
hours to route to completion using the
layer-pair router on the older CDX-7500.
Routed using the new 75000, the same
board took just seven hours and had
59% fewer vias. The CDX-75000 is avail-
able now for $77,000.

The new products implement the Cad-
netix mouse- and icon-based user inter-
face, which is accepted as the CAE in-
dustry standard. The interface is based
on the manipulation of icons and objects
that represent intuitively recognizable
operations within the schematic-capture
and CAE editors. -Steve Zollo

Cadnetix Corp., 5757 Central Ave., Boul-
der, Colo. 80301.

Phone (303) 444-8057 [Circle 339]

dvanced Micro Devices’ CMOS 256-K

dynamic RAM can be addressed
three different ways, two of which pro-
vide effective data rates as high as 18
MHz. The DRAM has a basic 100-ns ac-
cess time, is configured as 256-K by 1
bit, and comes in versions with nibble,
enhanced-page, or static-column-address
modes. Also, lower-power versions of
each type are available with standby
current consumption of just 100 pA.

The 1.4-pm CMOS design produces ad-
dressing modes that are not feasible in
n-MOS. AMD says that the conventional
addressing scheme for commercial
DRAMs is a page mode, which allows
only 50 to 60 bits in a row to be ad-
dressed before the processing has to be
interrupted to refresh the row-address
strobe. With their static-column and en-
hanced-page modes, the AMD parts can
address all 512 bits in a row without
time out for refresh.

Also in their design, some critical time
parameters found in conventional
DRAMs, such as setup and hold times,
are eliminated from timing consider-
ation. This makes the buffer circuitry

very fast on all the parts.
The Am90C255 nibble-mode RAM al-

rate of over 18 MHz. In static column
addressing, the RAS latches the row ad-
dress; the column addresses are read di-
rectly from the address bus. By chang-
ing the column address, all 512 bits in a
row can be accessed either randomly or
sequentially.

The low-power versions—Am90CL255,
256, and -257—have a maximum stand-
by-power dissipation of 100 wA, making
them suitable for use in portable prod-
ucts. Their data-retention current need
not exceed 230 pA. The RAMs are avail-
able now in standard 16-pin plastic DIPs
for $15.25 each in lots of 100 pieces. In
the second quarter, versions in ceramic
DIPs will also be available, to be fol-
lowed in the third quarter by military-
temperature-range versions.

In June, the company plans to intro-
duce faster versions having access times
of 80 ns, which will sell for $16.50 each
in 100-piece lots. —Eve Bennett

Advanced Micro Devices Inc., 901 Thomp-
son Pl., Sunnyvale, Calif. 34088.
Phone (408) 732-2400 [Circle 341]

lows for greater bandwidth with high-
speed serial access of up to 4 bits of
data. In nibble mode, the RAM has a 20-
ns access time and a 40-ns total cycle
time. This is twice the speed of conven-
tional nibble-mode RAMs, AMD claims.

The RAM’s speed makes it suitable
for high-performance applications such
as mainframe memory, computer graph-
ics, and in buffer memory. The RAM is
processed with a fully regulated sub-
strate bias generator which, in addition
to giving better transistor performance,
functions as a power-up clamp to pro-
tect the chip from latchup.

The enhanced-page-mode version, the
Am90C256, is designed for graphies ap-
plications, digital signal processing, and
cache operations. Its addressing scheme
allows for either random or sequential
access of up to 512 bits in a row. This
makes possible a continuous data rate
of over 18 MHz, giving a typical cycle
time as fast as 55 ns.

The static-column-address RAM, the
AmY0C257, also has a continuous data

ol
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NET LINKS IBM PCs
TO LISP COMPUTERS

The Golden Common Lisp network soft-
ware creates an Ethernet connection be-
tween IBM Corp. Personal Computers
and Symbolics Inc. Lisp machines.
GCLisp is a subset of Common Lisp, a
widely used language for developing ar-

tificial-intelligence applications. Distin-
guishing services that the network pro-
vides are the session-layer interface and
Symbolics’ remote evaluation. GCLisp
also performs file transfer, remote-ter-
minal log-on, electronic mail, and remote
printing.

A companion release, GCLisp 286 De-
veloper, is a Common Lisp development
system for IBM PC ATs. The package
includes a large-memory interpreter and
compiler, editor, and tutor, and it has an
on-line help system.

The price of the GCLisp network, on
two non-copy-protected disks, is $395 per
PC node. The 286 Developer costs
$1,195, and both are available now.
Gold Hill Computers Inc., 163 Harvard
Ave., Cambridge, Mass. 02139,

Phone (617) 492-2071 [Circle 354]
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Be Sure Your Chips Come Off The Right Block.

With any automated production process only as good as
the parts it works with, be sure to make reliability your top
priority when choosing chip components for automatic PCB
production. Chip Components from TDK.

Placed at strategic locations on your PCB’s TDK Microbeads
provide efficient noise suppression in sensitive circuits. Dec-
ades of experience in ferrite materials have been combined
with advanced design technology to bring you, for the first
time, auto-mountable chip type microbeads.

In Leadless Inductors, TDK has been occupying a position
of technological and market leadership for anumber of years.

Ferrite Chip Inductors

Leadless inductors

Type Chip beads
e P NL NLF (shielded} MLF (shielded}
2.0%1.2x09 Zo:5-90 at 100MHz
32x%1.6x0.6 L:0.1—1.2uH
32x16x1.1 Zo: 14—260 at 100MHz L:0.39--27H
32x%2.5%1.1 L:12-56uH
3.2x25%1.3 Zo: 37-770 at 100MHz
3.2x2.5%2.2 L:0.12—-100sH
32x%25%25 L: 68—220uH
45%3.2x1.5 Zo:55--1300at 100MHz
45x%x3.2x3.2 L:1-1,00CsH L:1-—1,000uH
45%x35%3.2 L: 1—1,000uH
Dimensions, LXWXT (mm)
Chip bead NL. NLF MLF
T Termination /r ) Fertite core )
/~ J/ formination L
~< L - "
w )-\ W
> < : >
Termination  Ferrite core >

Famous for their extremely compact dimensions, constant
quality levels and accurate adherence to spec’s, TDK Leadless
Inductors with their wide range of available inductances and
ratings have been instrumental in permitting extremely high
circuit board densities and flexible automation.

TDK Ceramic Chip Capacitors utilize multilayer techniques
in extremely compact dimensions, enabling space saving
board design while maintaining narrow tolerances.

Tape or magazine packaging is available for ail TDK chip
components for an optimum match to your production facili-
ties. But whatever the package, three reassuring letters will
be printed on it at no extra charge.

|
| Ceramic Chip Capacitors (Typical)

T | Class | | Class Il
pe =
™ |TcH PH RH SH _TH uJ_ sL 50V, 25V
32%16 05— 05— 05— 05~ 05—~ 05- 05— 1,000 12 000-

) 680pF  820pF 1000pF 1,200pF 1,200pF 1.000pF 1.800pF 100,000pF 220.000pF
20%1.25 05~ 05- 05~ 05— 05- 05- 05 470 6,800

430pF 560pF 680pF  750pF B20pF 1.000pF 1,800pF 47,000pF 100.000pF
Dimensions. LXW (mm)

] =2

Ferrite Micro Inductors (Typical inductance value)

Type oL ¥
3.3%1.6(mm) L: 8mH at 1kHz A
3.3x2.1 L: 18mH, 25mH, 35mH at 1kHz

40%x2.0
Dimensions, Ax B (mm)

L' 25mH (Rdc: 600) at 1kHz

&TDK,

TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE Phone: (312) 679-8200
INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 NEW YORK REGIONAL OFFICE Phone (516) 625 0100
DETROIT DISTRICT OFFICE Phone: (313) 353-9393 HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 943 9325 TDK UK
LIMITED COMPONENTS DEPARTMENT Phone: (01)891-2486 TDK ELECTRONICS EUROPE GmbH. Phone (02102) 4870 TDK TAIWAN CORPORATION HEAD OFFICE AND TAIPEI
SALES OFFICE Phone: (02) 712-5090 TDK SINGAPORE (PTE) LTD. Phone: 2735022 TDK HONGKONG CO., LTD. Phone 3-851041 TDK CORPORATION KOREA BRANCH Phone
Seoul 783-6705 TDK CORPORATION BEIJING REPRESENTATIVE OFFICE Phone 500-1524 TDK DO BRASIL IND. E COM. LTDA. Pnone: 289 9599 TDK CORPORATION Tokyo Japan
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NOW=-AT LAST

A Comprehensive Guide
to Semiconductor
Strategy in the 80%!

Executives; Strategic Planners;

Designers; Technicians;
Don’t Miss This Book

Custom and semicustom IC's have
advanced fo the center of the forum. Are
you equipped fo meet the challenges of
an ever-changing industry?

Here now is the authoritative and
official transcript from the

seminar— Custom & Semicustom VLSI: Survival Strategies For The New Eraq,

A prestigious panel of industry experts presents up-to-
date, significant information that probes major techno-
logical concerns such as:

» Company benefits by custom design

* Economical appropriateness for tackling custom
* Evaluation of gate arrays and standard cells

» Alternate processes to explore

* Suitability of CAD systems to your particular
company

Custom & Semicustom VLSI: Survival Strategies For The
New Era is a dependable, knowledgeable source that
puts exclusive research highlights at your disposal. Offer-
ing a wealth of information effectively drawn and dia-
grammed, it is an absolute must for anyone who wishes
to know:

* Who is in this market for the long pull, and how to

qualify for CAD consideration?

* Who are the players now?
* What is their market share?
» What is their present potential?

* What are their future expectations?
58

* How is their growth ability accelerated by custom
IC's?
These questions are ones of survival. And OPPORTUNITY!
Radical changes in industry result in radical growth for
companies that understand these changes.

Let Custom & Semicustom VLSI: Survival
Strategies For The New Era keep you informed.

Don’t hesitate - Order # R360 today!

This significant report is essential to anyone who
acknowledges the value of custom and semicustom
integrated circuits in today’s changing semiconductor
market.

Send $150 or your company purchase order to:

Electronics Magazine Books
P.0. Box 541
Hightstown, NJ 08520

: UK
U.S. residents please include local sales tax. C" i

°

Delivery will take 4-6 weeks. I‘}n '

Money-back guarantee if not satisfied. [ ]
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As you know,
the battle of January
advertiser contests is

once again in full swing.

Top 10 Contests. Reader's
Vote Contests. Excellence
in Advertising Contests.

But Electronics takes the

ad contest idea one step fur-
ther with its unique new adver-
tising study program and contest
for March.

The Rules Are Simple.
The Rewards Significant.

In each of :he five March issues
of Electronics, a ballot will be in-
cluded asking readers to choose
their three favcrite ads in that
issue. Returned ballots or reason-
able facsimiles will be entered into
a drawing for $1.000 cash.

Top Three Winners In Each
Issue Earn Free Ad Reruns.

The three advertisers receivirg
the most votes in each issue will
receive a free rerun of their
winning ads and a plaque com-
memorating their achievement.
Since we're publishing five issues
in March, there will be a total of 15
winning ads.

Grand Prize Winners
Receive Free Reruns Of
All March Ads.

After all the ballots are in, we'll
determine the three ads that scored
the highest over the course of the
entire contest.

Electronics/February 17, 1986

These three Crand Prize Winners
will receive a special award, plus a
free rerun of all the ads they ran
during the entire month.

Win $1,000 Cash
In A Separate Contest
For Advertisers.

All advertising and marketing
personnel in companies and
agencies are invited to participate
along with our readers by filling
out a Special Advertiser's Ballot
included in each March issue.
Whoever comes closest to picking
the 15 winning ads for the month in
this Special Advertiser's Contest
will receive an award acknowledg-
ing their skill in evaluating adver-
tising, plus a free ad for their
company—and $1,000 cash!

Remember, as an
advertiser in our
March issues, the
greater your fre-
quency,the greater
your chance to
become a Grand
Prize Winner.
Andasan
advertising or market-
ing professional, the March issues
offer you an opportunity to test
your skill, a free ad for your com-
pany,and $1,000 cash.

So, don't miss out—the March
1ssues of Electronics could be your
best-read advertising value of the
year.

March Scheduling Guide
Issue Closing
Date Feature Date
3 Semiconductor Technology February 10
10 Supercomputer Technology February 17
17 Semiconductor Processing  February 24
Instruments Special Issu
% s Laf) lfowzer Supplie(: March3
3l Local-Area Networks March 10

Official contest rules appear in the March issues.

ELECTRONICS
IS BACK.
EVERY WEEK.

' McGraw-Hil! Information Systems
‘ i H 1221 Avenue of the Americas
New York, New York 10020
l - H | (212) 5126642
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The next time you travel, bring along a cheap
friend, the AT&T Card. It's the most inexpensive
way around to make AT&T Long Distance Service
calls from a public phone. Cheaper than coins
for out-of-state calls. Cheaper than calling collect.
The AT&T Card—a tight wad you could learn to love.

Apply today. Dial 1 800 CALL ATT Ext.4585

ATsl

The right choice.

1985 AT&T Communications




NEW LITERATURE
——"-. _—— %

ANALOG DESIGN. Valid Logic Systems is
offering a free data sheet on the Analog
Designer S-320, a computer-aided engi-
neering system that features a comput-
er-modeled lab bench on the screen. This
work station interfaces with personal-
computer layout systems and runs Va-
lid’s version of Spice circuit-simulation
software. Write to Valid Logic Systems
Ine., 2820 Orchard Park Way, San Jose,
Calif. 95134 for a copy; phone (408) 945-
9400. [Circle 423)]

PLOTTERS. A 16-page, full-color users’
report describes applications for electro-
static color and monochrome plotters
from Versatec Inc. The plotters can be
used in scientific and engineering graph-
ics, architecture, mapping, and geophysi-
cal surveys. Requests should be sent to
the company at 2710 Walsh Ave., Santa
Clara, Calif. 95051, or call (800} 538-6477,
in California, (800) 341-6060. [Circle 424)

MIL/JAN. This free brochure presents
the manufacturer’s qualifications as a
supplier of military linear products—its
specification system, quality policies,
and procedures. Also included is a 232-
item military-parts list for components
manufactured in both bipolar and CMOS
technologies. To receive a copy, write to
Linear Technology Corp., 1630 McCar-
thy Blvd., Milpitas, Calif. 95035, phone
(408) 942-0810. [Circle 426)

TEST. A free application note, “Charac-
terize Amplifier Compression, Gain, and
Impedance Match,” describes a gain-
compression test set that operates in the
range of 500 MHz to 26.5 GHz. Copies
are available from Wiltron Co., 490 Jar-
vis Dr., Morgan Hill, Calif. 95037; phone
(408) 778-2000. [Circle 427)

ASSEMBLY SYSTEMS. A 16-bit intelligent |

control terminal for automatic electronic
assembly systems is detailed in free lit-
erature from Universal Instruments.
The terminal operates as part of a Uni-
versal Instruments Control System. For
a copy, call Universal Instruments Corp.
at (607) 775-1102 and ask for bulletin
8341; or write the company at Kirkwood
Industrial Park, P.O. Box 825, Bing-
hamton, N.Y. 13902, [Circle 428)

VAX CONTROLLERS. A free ‘“Pocket
Guide to Controllers” describes Distrib-
uted Logic Corp.’s controllers for VAX
and other Digital Equipment Corp.
computers. The line includes Storage
Module Drive controllers, asynchronous

communications controllers, and Y-in. |

and Y-in. tape couplers. The company
is located at 1555 S. Sinclair St., P.O.
Box 6270, Anaheim, Calif. 92806, or call
| (714) 937-5700. [Circle 429]

—
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When you use your AT&T Card at a public
phane, you don’t have to hang up after each
call. Just hit this button after your
first conversation, and dial the number of your
next long distance call. The phone automatically
remembers your AT&T Card number. So you
have more time to take care of business.

ATsT
The right choice.

« 1985 AT&T Commumications



NEW EDITION

All standards
are new, revised,
or reaffirmed
since the
previous edition

1,923 pages
illustrated
Edited by Harold C. Folts

DATA
COMMUNICATIONS
STANDARDS

All 123 interface pro-
tocol standards set by:
* CCITT ¢ ISO * ECMA
* ANSI < EIA

* U.S. Government

Special feature for instant
access to the applicable
standards:

Cross-reference tables of the
similar and interfacing
standards of each standards
organization.

I Electranies Magazine Rooks 4

L JU
P.0. Box 541 i
Hightstown. \J 08520 I‘h‘n .
609/426-5070 o |
Please send copies

of R100-McGraw-Hill's Compilation of
Data Communications Standards Edition
I a1 8295 cach.

Name

Company

Address

City/state/ zip

U1.S. customers please add local sales tax.
McGraw-Hill pays regular shipping and
handling on prepaid orders.

|
I
I
|
I
I
|
| e
I
I
|
I
|
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| MEETINGS

IEEE TARGETS WORK-STATION PRODUCTIVITY

Hardware and software that improve
the productivity of work station sys-
tems will be a topic of big interest at
the 1986 IEEE Work Station Technology
& Systems Conference in Atlantic City,
March 18-20.

Wolodymyr Luciw, a computer scien-
tist at Sperry Corp., in Blue Bell, Pa,
and program chairman for the confer-
ence’s steering committee, says one im-
portant paper will describe an interface
between Apple Computer Inc.’s Macin-
tosh personal computer and AT&T Co.’s
Unix operating system. The interface
combines the Macintosh’s graphics envi-
ronment with the power of Unix, Luciw
says, and it lets several applications run
concurrently. He expects that the paper
“will generate a lot of interest because
of the relatively low cost” of setting up
a work station using the Macintosh and
the interface.

Besides hardware and software, the
conference’s 30 papers will cover such

ESC '86: Eastern Simulation Conference, So-
ciety for Computer Simulation (P.O. Box
17900, San Diego, Calif. 92117), Omni Inter-
national Hotel, Norfolk, Va., March 10-12.

Cimtech '86: Computer and Automated Sys-
tems of the Society of Manufacturing Engi-
neers (Cheri Willets, SME, 1 SME Dr., Dear-
born, Mich. 48121), Boston Sheraton,
Boston, March 10-13.

Carts '86: 6th Capacitor and Resistor Tech-
nology Symposium (Leon Hamiter, Carts,
904 Bob Wallace Ave., Suite 117, Huntsville,
Ala. 35801), Westin Hotel, New Orleans,
March 10-14.

ADEE West: Automated Design & Engineer-
ing for Electronics West, Cahners Exposition
Group (Show manager, ADEE West, 1350 E.
Touhy Ave., Des Plaines, lll. 60017-5060),
Moscone Convention Center, San Francisco,
March 11-13.

1ZS '86: International Zurich Seminar on Digi-
tal Communications, IEEE Computer Society
et al. (Albert Kundig, Swiss Federal Institute
of Technology, Gloriastrasse 35, Ch-8092,
Zurich, Switzerland), Swiss Federal Institute
of Technology, Zurich, March 11-13.

EPEE: Electronic Production Efficiency Ex-
position, United Kingdom Automatic Test
Equipment Group et al. (Network Events Ltd.,
Printers Mews, Market Hill, Buckingham
MK18 1JX, UK), Grand Hall Olympia, London,
March 11-13.

Federal DP and Communications Confer-
ence and Exposition, The Interface Group

topics as data security, signal process-
ing, very large-scale integration, print-
ed-circuit-board design, mainframe inter-
facing, and networks. There will even be
a paper on work stations and the handi-
capped. Luciw savs that “handicaps
have something to teach us” about the
best ways to enter data. “Maybe we're
not taking full advantage of touch and
sound,” he says.

One of the conference’s seven ses-
sions will focus on VLSI and pe-board
design. It features a paper by Edward
Gold of ITT Corp., who will also chair
the session on networks. Gold’s paper
will describe a work-station-based VLSI-
design system that includes tools for
layout, simulation, and data translation.

Luciw points out that system design-
ers are paying more attention to artifi-
cial intelligence, and one paper will deal
with ways to apply AI to existing VLSI
design tools. Next year, Luciw expects
to have an entire session devoted to Al

Inc. (300 First Ave., Needham, Mass. 02194),
Washington D. C. Convention Center, Wash-
ington, March 11-13.

PD '86: Physical Design '86 Conference,
|IEEE (Nelson Brady, Tektronix Inc., CAE Sys-
tems Division, 12303-A Technology Bivd.,
Austin, Texas 78727), Hyatt Regency, Hous-
ton, March 12-14.

TCA Northwest Telecommunications
Conference, Telecommunications Associa-
tion (TCA, Northwest Chapter, P. 0. Box
4301, Seattle, Wash. 98104), Westin Hotel,
Seattle, March 12-14.

19th Simulation Symposium, IEEE Com-
puter Society et al. (Linda A. Holbrook, GTE
Data Services, P. O. Box 1548, Tampa, Fla.
33601), Bay Harbor Inn, Tampa, Fla., March
12-14.

11th AIAA Communications Satellite Sys-
tems Conference, American Institute of
Aeronautics and Astronautics (Fred Dietrich,
Ford Aerospace & Communications Corp.,
3939 Fabian Way, Palo Alto, Calif. 94303),
Town and Country Hotel, San Diego, March
16-20.

Work Station Technology & Systems Con-
ference, IEEE (Helen Yonan, Moore School
of Electrical Engineering, University of Penn-
sylvania, Philadelphia, Pa., 19104) Bally's
Park Place Hotel, Atlantic City, March 18-20.

OAC '86, Federation of Information Process-
ing Societies Inc. (1899 Preston White Dr.,
Reston, Va. 22091), Astrohall, Houston,
March 24-26.
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AVAILABLE!

1985-86
Electronics
Buyers’ Guide

Order your copy today for
the industry’s most often-
used directory:

@ [t's three directories in one
® includes more than 4,000
product listings. (approx. 700
pages)
@ Contains over 5,000 company
listings (approx. 400 pages)
including:
® Company name, address
and phone number.

® Name and title of contact
for sales information.

® Number of engineers at
plant and number of
employees.

® Annual dollar sales volume.

® Local sales offices and
manufacturers
representatives.

® |ocal distributors.

® Instant referral to
company’s advertisements.

@ Offers FREE current catalog
retrieval service (approx. 1300
catalogs)

Price: $40 uUsA & Canada

$50 elsewhere
(add $30 for airmail)

Send order with payment to:

Regina Hera

Electronics Buyers’ Guide
1221 Avenue of the Americas i ‘ﬂ
New York, NY 10020 I
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NATIONAL, XEROX
IN JOINT DEAL

Xerox Corp. and National
Semiconductor Corp. intend
to become close partners in
semicustom application-spe-
cific integrated cireuits, fol-
lowing the trend of pairing-
ofl' by chip makers and their
systems-house IC customers.
Under the deal, Xcrox will
buy the majority of its semi-
custom chips from National.
In return, the Santa Clara,
Calif,, chip maker will turn
over ASIC technology to Xer-
ox’s Electronics Division in
El Segunde, Calif., which will

to an estimate by the Ameri-
can Electronies Association.
The TU.S. electronics trade
deficit with Japan is estimat-
ed to have been $17.6 billion,
an increase of 17% over the
$15 billion shortfall in 1984.
Worldwide. there was a defi-
cit in every electronics cate-
gory but computers. Japa-
nese imports outsold U. S, ex-
ports in every category. The
largest deficit was posted in
consumer electronics. The
U.S. imported $11.7 billion
worth of products in this cat-
egory ($7.9 billion from Ja-
pan) and exported $600,000.

“We've been cutting costs
back since 1983, when we re-
duced worldwide employment
by 11,000 jobs.” Kodak is
hoping voluntary retirement
incentives will account for a
major portion of the cuts.

fabricate some chips in-
house. The technology trans-
fer involves National's 2-um
CMOS process, designs, tool-
ing, and chip-packaging infor-
mation as well as design-
automation software that will
be adapted to Xerox’s propri-
etary work stations. Xerox
will use its systems expertise
to create new standard-cell
designs. which will be placed
into National’s library. Some
will be kept proprietary.

RESHUFFLE AT
COMPUTERVISION

There is new leadership at
Computervision Corp., a com-
puter-aided design and manu-
facturing pioneer that has
fallen on hard times. Last
week, the Bedford, Mauss.,
company announced that vice
chairman and chief operating

STEVEN JOBS
TAKES OVER PIXAR

Pixar, the computer graphics
division of Lucasfilm Ltd,,
has been spun ofl' and sold
as 4 separate company to Ap-
ple Computer Ine. founder
Steven P. Jobs and to Pixar
employees. Jobs, who bought
a majority interest for an un-
disclosed amount in the mil-
lions, will be Pixar’s chair-
man of the board. Lucasfilm
will continue as a major cus-
tomer of the new company.
Pixar has also announced
that it will soon bring to mar-
ket a high-power graphics en-
gine called the Pixar Image
Computer to be sold for
about $125,000. The company
claims it can outperform su-
percomputers at specialized
image-processing tasks.

MATSUSHITA SELLS
SEQUENT MACHINES

Matsushita Electric Trading
Co., Osaka, Japan, will im-
port and distribute parallel-
computer systems made by
Sequent Computer Systems
Inc., Beaverton, Ore. The
systems—Sequent’s Balance
8000 and 21000—will be im-
ported by Amac Corp., a Mat-
sushita subsidiary. The Bal-
ance 8000 and 21000 are high-
performance,  general-pur-
pose, parallel-computer
syvstems that include from 2
to 30 tightly coupled NS
32032 32-bit microprocessors.

compatible, which its makers
say will do everything the PC
does for a fraction of the
price, has been introduced by
Moah Computer Systems, Pe-
tah Tikva, Israel. Dubbed the
Brain 88, the machine in-
cludes 256-K of memory and
a single disk drive, but no
monitor. It is being offered
first to importers in Britain
for $350.

officer Robert L. Gable was
elected president and CEO,
succeeding James Beirett.
Also last week, Computervi-
sion reported a $21 million
loss in the fourth quarter on
revenue of 3117 million, down
from a profit of $14.9 million
on revenue of $163 million in
the previous year.

U.S. ELECTRONICS
DEFICIT GROWS

The U.S. worldwide trade
deficit for electronics prod-
ucts increased to $8.6 billion

in 1985, 39 more than the
$6.2 billion negative balance

KODAK TIGHTENS
ITS BELT

Eastman Kodak Co. said it
will roll back worldwide em-
ployment by 10% this vear,
eliminating almost 13,000 of
the company’s 128,950 jobs.
In addition, the Rochester,
N. Y., photographic giant o-
dered a 5% cut of all depart-
mental budgets, a freeze on
pay raises for 130 top execu-
tives, and a change in the

way wage-dividend bonuses |

are paid out to more closely
tie the benelits to earnings.
“Call it a major acceleration
of our cost-cutting mea-

reported for 1984, according | sures,” a  spokesman said.

64

IBM MAINFRAME
SALES DECLINE

IBM Corp. has disclosed that
both sales and rentals for its
mainframes and supermini-
computers declined 9.7%, to
$5.79 billion, in the U.S. last
vear, offsetting gains in sules
of softwarc and peripherals.
The news comes on the heels
of last month’s announce-
ment that worldwide net in-
come for the big computer
maker declined 0.4% com-
pared with 1984—from $6.58
billion to $6.55 billion on sales
that were up from $45.9 bil-
lion in 1984 to $50.1 billion in
1985. To spur sales of its
high-end processors, IBM last
week cut the price of its new
mainframe series, the 3090,
by 10%, and reduced the
price of its older mainframe
computers by up to 21%. It
also introduced two new low-
er-cost 3090 models and new
versions of its 4300 mid-
range processing family, the
4381 models.

ISRAEL UNVEILS
IBM PC CLONE

An extremely low-cost 1BM
Corp. Personal Computer-

BIG EUROPE DRIVE
MARKET SEEN

Thanks to the new technol-
ogies of thin-film heads, plat-
ed media, and vertical record-
ing, computer users in Eu-
rope will create a 30% annual
growth rate for disk drives
and controllers through 1989,
according to New York mar-
ket researcher Frost & Sulli-
van Inc. By 1989, there will
be an annual market of 27
million units worth $8.5 bil-
lion, compared with 1985 lev-
els of 9.5 million units worth
$4.5 billion in magnetic disk
drives. Bubble memories,
semiconductor memories, and
magneto-optics are among
the major threats to rotating
magnetic disk drives, say the
researchers, but through
1989, the first two are unlike-
ly to offer serious competi-
tion to disk drives.

COMMODORE TAKES
25% OFF AMIGA

In a bid to be taken seriously
in the college microcomputer
market. Commodore Interna-
tional Ltd. is slashing 25%
off the $1,985 retail price of
its Amiga 1000 personal com-
puter with one disk drive, a
color monitor, and a 256-K
random-access-memory  ex-
pansion cartridge. The dis-
count will be available to stu-
dents and faculty until June
30. Commodore has bet
heavily that the Amiga, intro-
duced last summer, would
help save the struggling com-
pany, but limited software
availability has held sales
down. The Amiga has less
than 1% of the U.S. special-

ty-store retail market.
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FutureNet's new DASH-PCB™ is an
innovative pc-based layout “expert!
Now, features of a proven PCB
layout system are yours to
complement our famous DASH
Schematic Designer. Exclusive
features, previously available only
on an expensive mainframe, are
combined in a package that is cost-
effective, easy to learn, easy to use,
and highly productive

MAINFRAME
PCB LAYOUT
POWER ON
YOUR DESK
TOP IBM PC.

FutureNet and DASH are trademarks of FutureNet
Corporation. IBM is a registered trademark of
Internationat Business Machines Corporation.

Here's an “Expert Multi-Strategy™™
router without equal. Your choice
of routing strategies, plus trace

FutureNet Corporation + 9310 Topanga Canyon Boulevard
Chatsworth, California 91311-5728 USA * TWX: 910-494-2681

Rent or Lease from:
o Electro Rent Corporation
¢ United States Instrument Rentals, Inc.

(818) 700-0691

Circle[ 8001 onreader service card

hugging, rubber-banding, fine line
rules, 45 degree routing, targe board
capacity, 18 trace layers, and easy
to use command menus. It's truly
auto-routing with the mind of

an expert.

FREE BROCHURE!

Call today for your copy of the
complete description of
FutureNet's exciting new
DASH-PCB — the

“expert” system that

puts mainframe power

on your IBM PC.

s

FutureNet__ — —

A DATA 1/O Company

Authorized £ Value-Added Dealer
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Megabits of DRAM

High DRAM

density

in 1/> the
space

Available now: Board savings of greater than 50% on equal
high densities! OKI'S off-the-shelf SIMMs*
supply megabits of DRAM in the most popular
286K x 8/9 organization. In addition, each
module contains built-in chip capacitors.

Instant Get surface-mount density and reliability without
surface-mount risk, capital expense or delay. OKI’'s advanced SIMM
capability: technology has completely automated the process for
you: die, packaging, assembly, full testing, all from a
single source — to make DRAM modules much easier
to get, easier to use, easier to handle in the field.
(And, soon, easier to upgrade to megabyte modules
too, through OKI TAB breakthroughs.)

.
=

SEMICONDUCTOR

I Return to: Customer Service, OKI Semiconductor, 650 N. Mary Avenue, Sunny-
vale, CA 94086. (408) 720-1900. Offer limited to 3 sets per customer and expires
I e March 31, 1986. Available only for U.S.A. and Canada shipment.

IOKI SIMMs ‘ﬁi |

*Single Inline Memory Module
I FREE SOCKET with every OKI DRAM SIMM sample ordered. |
I Limited Time Offer: Ask OKI to send you a (7] Please send____ OKI DRAM SIMM Sample I
I sample set of our MSC 41256 SIMM for just Set(s) with socket. Price per set is $44.00, I
$44, and we’ll include its socket without plus $4.00 for shipping/handling: $48.00
I charge. OKI's SIMM Sample Set consists of & Set/total, sales tax included. Offer limited I
modules, each with nine ! to 3 sets per customer.
I ]56K A?RAM? & ?}inef Check or money order for I
capacitors, plus the free _ $ . edEel
I 60-pin carrier and L (Sorry, no con?pany purchase orders please) I
I (I g ) (Y ('] send technical data on I
the OKI 256K DRAM SIMM.
I Name/Title ___ — B l
Company - -
Address
Gty _ Stae ______Zip | ==

Tel:( ) Ity :
|
|
i
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