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‘Who says you can’t afford the configure macrocells for complex
world’s best PLD development tools? device architectures. And an all-new

Data I/0®’s industry-standard design ~ user interface speeds the entire PLLD
software and programming solutions design process.
are more powerful —and more A major new version of the leading
affordable— than ever before. So now schematic capture software, NEW
the best tools on the market are also FutureNet®-5, redefines “‘ease-of-use”
the best value. with pop-up menus, extensive dialog
INEW ABEL™-4 marks a major boxes and a fast symbol browsing
milestone in PLD software. The feature.
leader in device support, ABEL-4 "To make designing for testability
automatically identifies which PLLDs practical, choose NIEW PLDgrade™
match your design needs with This inexpensive fault grading
new SmartPart™ intelligent device software helps you optimize your
selection. New optional device fitters design for testability before
automatically assign pins and production.

Data I/0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/1-800-247-5700
Data I/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761
Data I/0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL
Data I/0 Instrumatic Electronic Systems Vertriebs GmbH Lochhamer Schlag 5A, 8032 Graefelfing, W. Germany, + 49 (0)89-858580
Data 1/0 Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan

(03) 432-6991/Telex 2522685 DATAIO J

©1990 Data I/0 Corporation

e-Simulate JEDEC/
Simulate fron ist.
race optious.
ault grade

rade options. ..

And the affordable NEW 2900
Programming System brings the cost

of high-performance programming
down to earth. Its innovative
technology makes programming any
PLD —even surface-mount devices—
fast and easy. W MW -
CALL TODAY foryour ©
FREE tutorial on

designing with PLLDs—

a $12.95 value.

1-800-247-5700

The Personal Silicon Experts

DATA 1/O

Corporation



Control Tower

When it comes to motion control
products, Hewlett-Packard
towers over the rest with a more
diversified and innovative line of
solutions. Giving you one source
to meet all your design needs.

Just look at our award-winning
HEDS 9000 series of encoder
modules. Using HP’s unique opti-
cal technology, these modules
are the ideal building blocks for
creating precision high-speed
linear or rotary applications.

Your choices include everything
from a 3-channel module for
industrial applications to the
small footprint of our 9700 col-
lection for business equipment.

CG08005

Control panel:
the HRPG series.

For front panel applications,
turn to our RPG series of potenti-
ometers. Offering you full con-
figuration flexibility, improved
rotational feel, and small foot-
print, HP delivers the perfect line
of data entry devices for your
test, medical, analytical, and
computer equipment.

Controlled performance:
the HCTL series.

Our new line of high-speed HCTL
ICs give you high performance
servo control in low-power CMOS.
The result: superior perform-
ance and more microprocessing

CIRCLE 186

power left over for your labora-
tory, medical, and industrial
automation designs.

And because these motion con-
trol solutions come from HP,
you're assured of our on-going
commitment to excellence in
service, support, and reliability.

So why take a chance, when you
can take control. With motion
control products from HP. Call
for our free brochure:
1-800-752-0900, ext. 1497.

There is a better way.

A cacknro







Too many oscillator “cans”
can litter your board or trash
a design altogether.

But no more.

Now, just a single frequency
generator from Avasem can
replace up to 20 crystals and
crystal oscillators. So you can
free-up needed
board space, re-
duce power, and '
drastically lower frequancy Genrator
component costs, "

Speeds of up to 110 MHz
make our family of frequency
generators perfect for mother-
boards and video graphics.

And with power-down features,
they're also ideal for laptops.

Our expertise in analog ASICs
allows us to quickly customize
a frequency generator for just
about any application.

So for more information
and a free sample, call us toll
free now at 1-800-3AVASEM
or 408-297-1201. Or write to
Avasem, 1271 Parkmoor Ave,,
San Jose, CA 95126.

And can the can for good.

Avafem
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TECHNOLOGY 43 POWERFUL SYSTEMS AND LAPTOPS MUSCLE INTO SPOTLIGHT
ANALYSIS Thjs year’s fall Comdex will highlight PCs built around the 486 chip and more
potent notebook PCs.

COVER FEATURE 57 REGISTER WINDOWS SPEED REAL-TIME CONTROL TASKS

The first embedded controller based on the Sparc core packs caches,
peripheral functions, and enhanced math for faster control.

WESCON PREVIEW 67 CAE AND MEMORIES HEADLINE AT WESCON

Automated-design tools move to the forefront as designers seek to stay
competitive in the 1990s.

DESIEN 89 DATA CONVERTERS: GETTING TO KNOW DYNAMIC SPECS
APPLICATIONS ongoing evolution in data converters requires that they be characterized

beyond static accuracy and throughput.

107 ACHIEVE PRECISION IN LINEAR ASIC DEVICES

When the building blocks of an ASIC require high speed and accuracy, try
resistive-trimming techniques.

PRODUCT 147 ARCNET CHIP TACKLES REAL-TIME EMBEDDED CONTROL

INNOVATIONS omed up with a microcontroller, an IC cuts cost for peer-to-peer network-
ing over Arcnet.

152 GAAS GATE ARRAYS HIT 100,000+ GATES/CHIP

High-performance system design just got easier with a family of GaAs gate
arrays that hold more of the complex circuit on one chip.

156 PULSE GENERATORS SPORT HIGH ACCURACY

Three models aim at device characterization.

159 SIMPLIFY CONVERTER CONNECTION TO DSPS
Link digital signal processors to DACs and ADCs without glue logic.

164 CONNECTORS PASS PULSES WITH NANOSECOND RISE TIMES

By acting like a digital transmission line, a connector eliminates the noise
roadblock to higher system throughput.
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14 EDITORIAL

18 TECHNOLOGY BRIEFING
The solid-state floppy has arrived

25 TECHNOLOGY NEWSLETTER
e FDDI chip set handles copper cable

e Fast thermometer nabs transients
e Consortium pushes open BIOS

e Streamlined 68030 tackles embed-
ded applications

e Micro Linear gets biCMOS from
AMCC

e Motorola fine-tunes wireless net
e Burr-Brown betters bulletin board

o Networked controller manages
remotely

e Second-gen RISC ups 88K speed

® Deal nets new GaAs IC source

e Sensorless IC drives de motors

e Transceiver links LAN to 10Base-T
¢ IC converts bilevel to gray scale

e Round-up of Buscon and
Futurebus+ announcements

35 TECHNOLOGY ADVANCES

e Silicon-on-insulator process

can enhance virtually any

species of IC

e Diamond film ices hot chips

e Parallel-processor systems for
DSP become easily expandable

¢ S-H amplifier on video amplifier IC
performs de restoration

e High-speed optical backplane to be
made of ordinary glass

119 QUICK LOOK

® Trimming development time

e Windows 3 gives a boost to the PC
software market

Certificate of Merit
Winner, 1988

Jesse H. Neal Editorial
Achievement Awards

Cover: Armand P. Veneziano

e How engineers can avoid some
common investor mistakes

e Two PC products ease input and
cost less than $100

® On the education that young engi-
neers receive these days

125 PEASE PORRIDGE
What's all this CMRR stuff,
anyhow?

135 IDEAS FOR DESIGN
e Attain drive for MOSFET relay
e Convert V to duty cycle

e Add programmable gain and
attenuation

142 PRODUCTS NEWSLETTER

® Math chip ups floating-point speed
e Fast IGBTSs cut energy losses

e Upgrade path for HC11

e Programmable dot-clock IC
simplifies PC video

o C++ advances code development
® 80386SX runs in notebook PC

e Burst-mode controllers ease CPU
system design

e Video RAMDAC adds timing logic

NEW PRODUCTS

169 Analog

Simultaneous sampling-IC ADC
grabs 4 signals to 12-bit accuracy

175 Computer Boards

179 Computer-Aided Engineering
185 Instruments

191 Digital ICs

206 Computers & Peripherals
Sparc-based workstations boast
faster CPU, better I/0, more fea-
tures

Sparc-based workstations deliver
top price/performance mix

223 Power

225 Software

226 Components

230 Packaging & Production

239 INDEX OF ADVERTISERS

241 READER SERVICE CARD

e Special Report: Image process-
ing—adapting PCs for multimedia
applications

e A preview of semiconductor ad-
vances disclosed at the International
Electron Devices Meeting

e First details on new CASE and
simulation tools

¢ Building analog behavioral models
in six easy steps

® Measure PLL open-loop
response—with the loop closed

e Plus regular features:
Ideas for Design

Pease Porridge

Quick Look

Technology Advances
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THIS MAN MANAG
MULTIPLE DESIGN DISCIPLIN
DEADLINES THAT COULD KIL

The dilemma rears its ugly head To avoid this kind of chaos, you Within it, our new Falcon Framework™
time and time again. Do the impos- need to consider a fundamental lets you assemble precisely the design
sible. By tomorrow. Worse yet, do it change in your engineering automation environment your situa-
with an intimidating hodge-podge of strategy. Which is why we now tion requires — without sacrificing
design automation tools and data offer you our Concurrent Design the considerable benefits of inte-
formats. And while you're at it, make Environment™ gration. And our OpenDoor™ program
sure all these tools and data play Simply put, the Concurrent Design ensures that your choice of tools
together freely and efficiently. No Environment allows tools from vir- includes the best the entire industry
problem. Right? tually any source to work together. has to offer.




g S

ES 125 ENGINEERS,
ES, DISPARATE TOOLS AND
L. SO WHY IS HE SMILING?

The Concurrent Design Environment No matter how tight your dead-
also includes engineering management lines, no matter how large your
tools of unprecedented scope and engineering teams, our Concurrent ot |
power. Like our Decision Support Design Environment will keep you . nbr
System, which automatically moni- ahead of the game. Which, after all, is ] |G®
tors any aspect of the design process a very nice place to be. For a free — b
you care to specify. So you spot and videotape, call 1-800-547-7390. Changing The Way The World Designs. Together
correct little problems long before they
grow into big ones.




ANCOT'’s SCSI instruments are powerful, easier to use, and cost less. Proven
in use worldwide, Ancot’s portable equipment travels from bench to field and back
again without ever slowing down. They are time and labor saving instruments, for
design, manufacturing, repairing, and inspection applications.

Call today for product data sheets, demo disc, or to make arrangements for a free

evaluation unit in your facility.

[AN(:DT

fax: (415) 363-0735

RPORATI Redwood City, California j

] ‘=[415] 363-0667
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o ‘.‘UNI VERSAL INPUT IS NOT THE ONLY ENTHEE
4 IT’S THE BEGINNING And the whole menu are:

o * Superb pnce/performance ratio
. * UL/CSA/TUV approvals in process
- *Years of expertise in OEMs, distributors, and pnvate labels
_ *Also welcome inquiries on other product Iineups
" OEM Switchers (20to 300W) i
" International Series Linears (6 to1 12W) 45

e PC Power Supphes (150 to 375W)
: ‘DC DC Convefters (O 5 to 45W)

: -C 6818-G Patterson Pass Road, L|vermore CA 94550 Tel (415)373 1008 Fax: (415)373 1168 Tix: 559291

* 85 264 VAC umversal mput
> 30W/40W/65W output power
. * Single to quad outputs
o* Very compact footprints:
- 3"x 5" x'1.5" (40W)

3.5"x 6" x 1:77" (65W)
2 76"x5 12"x 1 5"(30W)

. 0’ “"‘Wescon S0

Nov 13-15 Anaheim, CA Eooth # 1698‘

 AC-DC Power Modules (15, & 25W) -

o Call: 1-800-821-9771
O |.C|r"| m JP(:I' : ArrN-, MONICA/JENNIFEH

N

8%
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With all the new regulations
surrounding electromagnetic
compatibility (EMC), the best
way to avoid costly delays is
to locate problems as early as
possible. Two new HP EMC
solutions make that easy.

The HP 84100A Design Develop-
ment Solution helps you correct
problem areas at the design
stage. It pinpoints hot spots on
breadboards and prototypes

©1990 Hewlett-Packard Co. TMSAD033/ED

Build EMC into your dé
and it won't be a prob >

using a spectrum analyzer with
software memory cards that
simplify troubleshooting.

The HP 84110A Pre-Production
Solution gives you added confi-
dence that your designs will pass
compliance. It has all the analysis
capability, software and acces-
sories you need to uncover con-
ducted and radiated emission
problems before final EMI testing.

So, find out how to build EMC

*In Canada, call 1-800-387-3867, Dept. 502

CIRCLE 211

into your designs. For informa-
tion about HP’s full line of EMC
solutions and design training
programs, call 1-800-752-0900:
Ask for Ext. 1351, and we'll
send you our EMC Measurement
Solutions fact kit.

There is a better way.
(ﬁ HEWLETT
B PACKARD




Welcome to Warp Speed: The
Am27HO0IO from AMD. At 45ns,
it's faster than any other mega-
bit CMOS EPROM. Fast enough
to eliminate those irritating short
term memory lapses.

AMD’s 1 micron CMOS technol-
ogy delivers zero wait state perfor-
mance with no cost or density

penalty. So now you can replace
those high-ticket, low-density
PROMSs you've been putting up with.

We have commodity EPROM
solutions beat, too. Their program
code must get routed to fast RAMs
to achieve high speed. With the
Am27HOIO rocket chip you
execute directly from the EPROM.




And no one can give you the

range of densities—and the fast- volume and priced right.

est part at every density—like So call 800-222-9323

AMD can. and get the parts worth
Fact is, we make and sell more not waiting for.

megabit EPROMs than anyone. Advanced Micro Devices o

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088

The Am27HOIO is ready in
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The IBM RISC System/

Designing on any other workstation

\

Whatever you're creating, you'll sail into a whole
new age with any of the four POWERstations in the
RISC System/6000 B
family. Because ‘

POWER (Perform-
ance Optimization
With Enhanced RISC)
processing can give
you performance
you've probably only
dreamed about:

up to four instructions per machine cycle, 42 MIPS
and 13 MFLOPS. Suddenly, complex designs don’t
take eons anymore.

The four RISC System/6000 POW ERstations
feature a range of graphics processors from grayscale
to Supergraphics to satisfy any graphics demand.

Great news for Power Seekers working on animation,
scientific visualization, medical imaging and engi-
neering solutions like CADAM? CAEDS™ and CATIA™
And for electrical design automation, theres IBM’s

all new CBDS™ and an arsenal of over 60 EDA appli-

IBM is a registered trademark and RISC System/6000 and CAEDS are trademarks of International Business Machines Corporation. CADAM is a trademark of CADAM INC. CATIAis a
trademark of Dassault Systémes. CBDS is a trademark of Bell Northern Research Corporation.
HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, Inc. © IBM Corp. 1990, all rights reserved



6000 family.

will seem downright primitive.

cations from more than a dozen vendors. So if you're tired of paddling upstream with
With every POWERstation, you can get an almost  yesterday’s performance, call your IBM marketing
unimaginable palette of 16 million colors, which gives representative or '

you 3 D images so realistic, they fairly leap off the Business Partner to
screen,with super sharp resolution of 1,280x1,024 pixels.  find out more about

And when it5 time to call in the heavy artillery, the the RISC System/6000
POWERstation 730 draws nearly one million 3D vec- tamily. For literature,
tors per second. Like all POWERstations, it can come call 1 800 IBM-6676,
complete with its own graphics processor, freeing the ext. 991.

POWER processor to rapidly create and analyze your Civilization never
designs. All at prices that won’t sink anvbodvs budgt t. looked so good.

For the Power Seeker.
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ly $75 each
25/10005)

Accelete our

Stepper Motor
to 27,000
Ste s/second!

vel 16
Million Steps
and back!

Is your motor earthbound by sluggish
q controllers that
can’t give you the
performance you
' need? Look at

what you get with the new CY545
single chip stepper motor controller:

e 40-pin, CMOS, + 5v chip

e Speeds up to 27K Steps/sec

e 16 Million steps per motion

e Programmable start rate,
accel/decel, slew rate

e Pulse and Direction Output

o Separate Limit Switches

e Jog operation

e Home seek command

@ ASCII or binary commands

o Parallel or Serial interface

e 8 General Purpose I/O lines

e External memory control

e LCD & LED Display interface

e Thumbwheel Switch interface

Break the single chip speed barrier
and the high performance price bar-
rier. You can’t afford to pass up this
latest innovation from the company
that, ten years ago, brought you the
first ste per motor controller on a
single chip! Order b ’
Fax or p one or call
today for free info.

Cybernetic Micro Systems

PO Box 3000 @ San Gregorio CA 94074
Ph: (415) 726-3000 e Fax: (415) 726-3003

EDITORIAL
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Feb 14
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Mar 14
Mar 28
Apr1l
Apr 25
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May 23

Jun 13
Jun 27
Jul11
Jul 25
Aug8
Aug 22
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Oct 10
Oct 24
Nov 7

Nov 21

Dec 5

Dec 19
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L0OKING AHEAD To 1991

s the leaves begin to turn color, it signals that time when we must

develop our editorial calendar for the coming year—special reports,

conference and show previews, special sections, and so on. Of

course, this does not fully cover all of our features for the year. In
this fast-moving industry, it's impossible to foresee every emerging hot top-
ic. However, the calendar is representative of the type of important technolo-
gy material you will be seeing in ELECTRONIC DESIGN in 1991.

ELECTRONIC DESIGN 1991 EDITORIAL CALENDAR

Technology Forecast: Critical Issues for the Design Team;

PC Design

PIPS: Power, Interconnections, Passives, Switches and Relays;

Computer Systems: Boards/Buses/Peripherals

Advanced Semiconductors: ISSCC

CAE: Packaging Design Tools; Test & Measurement Update:

VXI Bus Instruments

Digital Semiconductors: PLDs & FPGAs; PC Design

Communications ICs: Modems; Design Team Issues: System-

Level Design; PIPS: Power, Interconnections, Passives,

Switches and Relays

Analog Technology; CAD/Printed-Circuit Board Designers’

Guide; Electro Preview

Digital Semiconductors: Memory ICs; Packaging & Materials

Designers’ Guide

PC Design: Personal Computers as Design Tools; ASICs

Image Processing; PIPS: Power, Interconnections, Passives,

Switches and Relays

CAE: Simulation; DAC Preview; Careers Special: Reader Opin-

ions Survey

Digital Semiconductors: Embedded Controllers: RISC + CISC;

Design Team Issues: Design for Testability

Communications: Networks; PC Design; Test & Measurement

Update: Digital Oscilloscopes

Analog Technology; PIPS: Power, Interconnections, Passives,

Switches and Relays

Digital Semiconductors: Graphics ICs; Automotive Electronics

Designer’s Guide

CAE: Advanced Tools; Test & Measurement Update: Digital

Multimeters

Analog Technology; PC Design; Computer Bus/Board Design-

ers’ Guide; Buscon Preview

Communications: Digital Speech Technology; Design Team Is-

sues: Design for Manufacturability; PIPS: Power, Interconnec-

tions, Passives, Switches and Relays

Digital Semiconductors: Digital Signal Processing ICs; Careers

Special: Reader Salary Survey

PC Design: PC Chip Sets Designers’ Guide; ATE/VLSI Testing;

Comdex Preview

8A%E; Programmable Logic: Development Tools Designer’s
uide

Analog and Mixed-Signal ASICs; PIPS: Power, Interconnec-

tions, Passives, Switches and Relays; Wescon Preview

CAE: VHDL; Advanced Semiconductors: IEDM; Test & Mea-

surement Update: Communications Test Equipment

1991 Technology Review: Top 100 Products

DEESS UL JGEN




mcredlble'

SPDT SWi t0 BGHZ with buitt-in driver

Truly incredible...a superfast 3nsec GaAs SPDT reflective \S(E\EVCEF%%EONS
switch with a built-in driver for only $19.95. So why bother -e- de- 500- 2000-
designing and building a driver interface to further complicate _ Mouhz, | ARG R00RE
your subsystem and take added space when you can specify :gggt‘l'gr’: '@f{ag;’*(da) 209 Aé’ 12;
Mini-Circuits YSW'2'50DR’) 1dB corﬁpression. typ 20 20 24
Check the outstanding performance specs of the rugged (dBm @ in port)
device, housed in a tiny plastic case, over a -55° to +85° C R’:(r'\?g;n‘?aaxeg’am 22 22 26
span. Unit-to-unit repeatability for insertion loss is 3-sigma VSWR (On),?yp
guaranteed, which means less than 15 of a 10,000-unit Video breakthrough
production run will come close to the spec limit. Available for Rlé‘éf‘F’;“‘Ytﬁn(g‘Y P'(?SSC)
immediate delivery in tape-and-reel format for automatic s
placement equipment. *typ isolation at 5MHz is 80dB and decreases
5dB/octave from 5-1000 MHz

=l MII“II chuutsWmmm

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156
CIRCLE 158




IN THE ERA OF MegaChip- TECHNOLOGIES

APPLYING TT’s BICMOS

With more thal‘l 50 BiCMOS logiC Specially designed for use in bus-

interface applications, our growing

functions from Texas Instruments,  Bvos buic i oo ke

you can beat tough bus-interface i b T (N
design challenges. Our free vaced anctions el e R

SMPIEPaCS Will Show You how. can help you attain higher system

performance levels.

Lowering power,
maximizing speed
For example, our BICMOS devices
can help you minimize power dissipa-
tion and maximize speed. Disabled
currents are reduced by as much as
95% and active currents by as much
as 50% compared to advanced
bipolar equivalents.

......
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---------------------
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DIFFERENCE

In fact, your system power savings
can amount to more than 25%, and
you should experience reduced

switching noise as well.

- Yet you can maximize system

'¥ speed. Switching speeds are
~ comparable to advanced bipolar
vices and provide the high drive
current required for today’s industry-
standard buses (48/64 mA commer-
cial, 24/48 mA military).

get more “instantaneous” current
even when impedances are as low as
25 ohms. You minimize transition
“flat” spots that can degrade speed or
cause oscillation at the

receiving devices.

memory |

MOS memory array
interfaces create the high-capacitive
loading environments that can result
in overshoot and undershoot condi-
tions. As a result, system reliability
suffers. To handle
this situation, our
BiCMOS memory
drivers incorporate
a series damping
resistor output structure that delivers

advanced system performance when
driving 256K, 1M, and 4M DRAMs.
Building in testability

with SCOPE

It is becoming more difficult to
accurately test today’s highly
integrated boards and systems, but
TT's BICMOS family contains your
solution: SCOPE™ (System Control-
lability and Observability Partitioning
Environment) octals.

Gaining even greater performance
If you need even lower power and
higher speeds, our submicron
Advanced BiCMOS (ABT)
family is the choice for you.
Planned devices include 8-, 9-,
and 10-bit buffers/drivers, trans-
ceivers, latches, registers, and
registered and latched transceivers.
Our broad BiICMOS family also
includes unique functions that can
help you more quickly meet the
design challenges involved with inci-
dent wave switching, driving MOS
memories, and system testability.

L

Assuring incident wave switching
Wider word widths and additional
cards on backplanes are requiring
higher drive currents to assure
incident wave switching.

Our BICMOS family delivers. With

our low-impedance line drivers, you

™ Trademark of Texas Instruments Incorporated

© 1990TI 08-0176
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Used in place of standard octals,
SCORPE devices allow specific cir-
cuitry within an assembled module,
board, or system to be isolated for
verification and debugging without
manual probing. Currently,
our BiICMOS family
includes an octal buffer,
transceiver, D-type latch,

- and D-type flip-flop.
TT's SCOPE products are the first to
conform to the Joint Test Action
Group (JTAG) specifications adopted
by the IEEE 1149.1 Test Standards

Committee.

Get your free SamplePac and
sample our BiCMOS difference;
call 1-800-336-5236, ext. 3008
You can take your choice of our
BiCMOS SamplePacs containing a
free BICMOS device, our latest
advanced logic brochure, plus
appropriate product data. Just call the
number given above, or use the return
card to let us know which SamplePac
you need to begin applying TI’s
BiCMOS difference.

'

TEXAS
INSTRUMENTS

CIRCLE 135




Surface Mount
Oscillators are
Powerful and
Cost Effective

Headquarters and manufacturing plant: 36,000 sq. feet

IMFSELECTRONICS CORP

10 Commerce Drive

New Rochelle, NY 10801

914-576-6570 Fax: 914-576-6204
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TECHNOLOGY BRIEFING

THE SOLID-STATE FLOPPY HAS ARRIVED

dvances in memory density and packaging tech-
nology over the past few years have led to prac-
tical-capacity memory cards that can store mil-
lions of bytes. Such densities make it possible
for the cards to offer storage capacities that match, or
even exceed, current-generation 3.5-in. floppy disks.
Housed in a casing the size of a credit card with about
five times the thickness, these cards promise to revolu-
tionize the portable computing market if costs recede
and a universal interface standard can be agreed on by
all card makers. i

The latter is close to reality: The Personal Computer DAVE BURSKY
Memory Card International Association, with the Japan  semiconbucTors
Electronic Industry Development Association, has developed a PC card stan-
dard. Currently in the form of Release 1.0, the standard defines the card’s di-
mensions, the 68-contact connector format, the signal and electrical inter-
face, the metaformat for the data storage, and other aspects.

The standard doesn’t impose one philosophy on all applications, thus allow-
ing very small memory cards to be used for such applications as appliance
memory modules. The standard will also permit different data-storage (re-
cording) formats so that the market can determine the preferred structure
(to get a copy of the standard, contact Daniel Chen, the committee chairman,
at Mitsubishi Electronics America, Sunnyvale, Calif., (408) 730-5900).

ROM cards, RAM cards (some with internal battery back-up), one-time
programmable EPROM-based cards, and the recently released flash
EPROM memory cards from Intel Corp., Folsom, Calif., are all available. Al-
though most of these cards cost several orders of magnitude more than the
$2 or so that the floppy disk sells for, they promise to eliminate the power-
hungry disk drive and all of the reliability issues that the mechanical drive
carries with it. Furthermore, because most cards permit random addressing
of their contents, the host system will see a noticeable jump in apparent
performance. Random accesses occur at sub-microsecond rates—about two
or three orders of magnitude faster than the disk drive’s access time.

The cost of the card-reader electronics must also come down. This is so that
the card reader/programmer the card plugs into is priced comparably to a
high-capacity floppy-disk drive. A few companies have started to offer “card
drives,” but the components used today aren’t well integrated to reduce cost
and board space. One such company, Databook Inc., Ithaca, N.Y., has devel-
oped drive replacements that contain all of the circuitry to both read data
from, or store data in, the memory cards. The company is currently exploring
ways to cost reduce the electronic drive through the use of ASICs. Software
used by Databook to control the memory is the pre-release version of Micro-
soft Corp.’s flash file system. With that software, the memory card appears
as if it were a fast disk drive. At least one portable computer maker, Poget
Computer Inc., Sunnyvale, Calif., incorporated the memory card standard
and flash-file interface into its palm/pocket-sized personal computer.

With the prices of 4-Mbyte flash-based memory cards currently well over
$1000, and CMOS static-RAM-based cards with 1 Mbyte of storage costing
about half that, few users could afford the cost premium of the cards and the
drive replacement. For now, most of that cost stems from the memory chips.
However, chip costs should drop substantially over the next 6 to 12 months as
manufacturing volumes ramp up. Studies done by several card makers sug-
gest that by the middle of this decade, almost all of the portable computers
expect to use memory cards rather than floppy-disk drives. This will save
power, weight, mechanical wear and tear, and perhaps even more important-
ly, time. With solid-state memory, file loads and storage can run three to ten
times faster than on a floppy drive.




SMC.
Above the rest.

Climbing takes skill,
experience and teamwork. Reaching
the top also takes leadership,
forward thinking and focus. Since 1971,
Standard Microsystems has applied
this philosophy to the design and
manufacture of standard and
semi-custom integrated circuits.

Today, SMC’s engineering expertise
and extensive SuperCell™ library, allows
us to offer innovative and timely solutions
to your unique application needs. Our portfolio
focuses on networking and mass storage
controller devices for the computer industry.

The next time you face a networking
or mass storage challenge, call SMC.

Discover how our cost-effective and
technically superior products can help you
climb ahead of your competition.

STANDARD MICROSYSTEMS
CORPORATION

The Standard for LAN and Mass Storage ICs.

35 Marcus Blvd.. Hauppauge, NY 11788 (516) 273-3100 Fax (516) 231-6004

SuperCell is a trademark of Standard Microsystems Corporation
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dcto 3GHz .. $T145

lowpass, highpass,
bandpass, narrowband IF

less than 1dB insertion loss e greater than 40dB stopband rejection

5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) e meets MIL-STD-202 tests
rugged hermetically-sealed pin models e BNC, Type N; SMA available

surface-mount e over 100 off-the-shelf models e immediate delivery

low pass dc to 1200MHz

PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop- $
MODEL band band Qty.
NO. Min. Nom. Max. Max, Min. typ. typ. (1-9)
PLP-10.7 DC-11 14 19 24 200 17 18 | 1145
PLP-21.4 DC-22 245 32 41 200 o A [ T
PLP-30 DC-32 35 |- 47 61 200 17 18 | 1145
PLP-50 DC-48 55 70 90 200 17 18 | 1145
PLP-70 DC-60 67 90 117 300 1.7 . 180l 45
LOW PASS PLP-100 DC-98 108 146 189 400 1.7 18 | 1145
PLP-150 DC-140 155 210 300 600 1.2 " 181 9145
PLP-200 DC-190 210 290 390 800 1.7 48l 145
o PLP-250 DC-225 250 320 400 1200 17 18| 1145
- PLP-300 DC-270 297 410 550 1200 7 A8 1145
S PLP-450 DC-400 440 580 750 1800 1.7 ~ 18 | 1145
] PLP-550 DC-520 570 750 920 2000 17 18 | 1145
g PLP-600 DC-580 640 840 1120 2000 1.7 18 | 1145
= PLP-750 DC-700 770 1000 1300 2000 17 18 | 1145
2 PLP-800 DC-720 800 1080 1400 2000 17 18 | 1145
PLP-850 DC-780 850 1100 1400 2000 1.2 . 1B | 1145
Bt PLP-1000 DC-900 990 1340 1750 2000 17 18| 1145
frequency PLP-1200 DC-1000 1200 1620 2100 2500 17 181 1145
high pass dc to 2500MHz
PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop-
MODEL band band
NO. Min. Min. Nom. Min. Min. typ. typ. (1-9)
PHP-50 41 200 37 26 20 15 17 [ 1495
PHP-100 90 400 82 55 40 15 17 | 1495
HIGH PASS PHP-150 133 600 120 95 70 18 17 | 1495
PHP-175 160 800 140 105 70 15 17 | 1495
PHP-200 185 800 164 116 90 16 17 | 1495
-] PHP-250 225 1200 205 150 100 13 17 | 1495
= PHP-300 290 1200 245 190 145 17 17 | 1495
2 PHP-400 395 1600 360 290 210 1.7 j¢ | 1485
2 PHP-500 500 1600 454 365 280 19 17 | 1495
S 0 PHP-600 600 1600 545 440 350 20 17 | 1495
2 a PHP-700 700 1800 640 520 400 16 17 | 1495
B Lo PHP-800 780 2000 710 570 445 21 17 | 1495
PHP-900 910 2100 820 660 520 18 17 | 1495
frequency PHP-1000| 1000 2200 900 720 550 19 17 | 1495
bandpass 20 to 70MHz
BANDPASS CENTER | PASS BAND, MHz STOP BAND, MHz VSWR PRICE
FREQ. (loss <1dB) (loss >10dB) (loss > 20 dB) 1.3:1 typ. $
8 MODEL MHz Max. Min. Min. Max. Min. Max. total band Qty.
g NO. FO F1 F2 F3 F4 F5 F6 MHz (1-9)
8 PIF-21.4 21.4 18 25 49 85 1.3 150 [ DC-220 | 14.95
§ PIF-30 30 25 35 T 120 19 210 | DC-330 | 1495
= PIF-40 42 35 49 10 168 26 300 | DC-400 | 14.95
: PIF-50 50 41 58 11,6/ 200 " 34 350 | DC-440 | 14.95
PIF-60 60 50 70 14 240 38 400 | DC-500 | 14.95
PIF-70 70 58 82 16 280 44 490 | DC-550 | 14.95
narrowband IF
CENTER | PASS BAND, MHz | STOP BAND, MHz | STOP BAND, MHz PASS- PRICE
FREQ. I.L. 1.5dB max. I.L.>20dB I.L. > 35dB BAND $
MODEL MHz VSWR | Qty.
= NO. FO F1-F2 F5 F6 F7 F8-F9 Max. (1-9)
g PBP-10.7 10.7 95-115 75 15 06  50-1000 17 | 1895
] PBP-21.4 214 19.2-236 155 29 30 80-1000 17 | 1895
PBP-30 30.0 27.0-330 22 40 32  99-1000 17 | 1895
PBP-60 60.0 55.0-67.0 44 79 46 190-1000 1.7 | 1895
FREQUENCY PBP-70 70.0 63.0-77.0 51 94 6  193-1000 1.7 | 1895

[JMini-Circuits

P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS
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Here’s one reason thatover

half of all SCSI devices
sold are NCR.

We created the market... and we still lead the way.
Meet NCR’s SCSI development team. In 1983, they gave the computer

industry its first SCSI device. By providing easy connectability and

significantly reducing time to market, a new product era was born.

Since then needs have changed. By combining our system skills, high-
performance standard cell methodology, and in-house manufacturing,
NCR has maintained its leadership role with innovative new ideas

like the 53C700 product family. And the joint
development of LADDR — a new architecture
aimed at cutting the development time of

08/2 device drivers by 90%.

Today SCSI is becoming the leading I/0
standard — adopted by industry giants
like Apple,IBM, HP, and DEC. And

no one is selling more SCSI chip
level products than NCR. In

fact, no one even comes close.

Part of the NCR SCSI Development Team: (left to right)

Jerry Armstrong, SrSoftware Engineer; Harry Mason, Strategic Marketing
Manager; John Lohmeyer, NCR Sr. Consulting Engineer and Chairman of
the ANSI X3T9.2 Committee and Dave Skinner, SCSI ProductManager.

North American Sales Headquarters
1731 Technology Drive, Suite 600

San Jose, CA 95110

(408) 453-0303



Here’s another.

The NCR 53C700 SCSI I/O Processor...
So good, Electronic Design named it the
product of the year.

“You can’t tell a good SCSI chip just by looking at it... ” and according
to Electronic Design, NCR’s 53C700 is the best there is.

The only third generation SCSI device on the market today, it concen-
trates all the functions of an intelligent SCSI adapter board on a single,

smart and extremely fast, chip. .. for about 15% of the cost.

As the first SCSI 1/0 processor on a chip, the 53C700 allows your CPU
to work at maximum speed while initiating 1/O operations up to

thousands of times faster than any non-intelligent host adapter. DMA

controllers can burst data at speeds of up to 50 Mbytes/s. This new chip

cuts down system time hookup to a fraction of what it has been.

Those are just a few of the reasons Electronic Design’s “Best of the
Digital IC’s” award went to NCR’s 53C700 last year.

And now the NCR 53C710!

For the complete story on the NCR SCSI product line featuring the
new 53C710, as well as the upcoming SCSI seminars with the NCR
SCSI Development Team, please call:

1-800-334-5454

‘\‘ European Sales Headquarters
Gustav-Heinemann-Ring 133
8000 Munchen 83
West Germany
49 89 632202
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Asia/Pacific Sales Headquarters
2501, Viewood Plaza

199 Des Voeux Road

Central

Hong Kong

825 859 6044




0S-9 Trademark of Microware Inc.
PDOS Trademark of Eyring Research Inc.
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CMOS Single Board Computer
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Modular Computers ®

PEP Modular Computers Inc.

600 North Bell Avenue,
Pittsburgh, PA15106. U.S.A.

Tel: ++1 (412) 279 6661

Fax: ++1 (412) 279 6860
Tollfree:(800) 228 1737(outside PA)
Tollfree:(800) 255 1737 (inside PA)

West Germany * Kaufbeuren
Call (8341) 4302-0

France * Sevres Call (1) 45 34 60 60
Sweden % Tiby Call (8) 7 56 72 60
Benelux * Brussels Call (2)4783416
UK * Brighton Call (273) 77 12 97
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TECHNOLOGY NEWSLETTER

FDDI CHIP SET T AKES The Supernet chip set for Fiber Distributed Data Interface (FDDI) local-area
networks is now ready for use, without modification, in FDDI applications
ON COPPER CABLE that use copper cabling. The developer of the chip set, Advanced Micro De-
vices Inc., Sunnyvale, Calif., announced that tests at its own laboratories and at key customer
sites support this statement. The announcement is timely in view of the effort by the ANSI-ac-
credited X3T9.5 work group to find less costly solutions to the current FDDI documents that
specify glass fiber-optic cable as its medium. The work group is expected to define the trans-
former, carrier-detect functions, and equalization standards required for FDDI over wire. Ex-
cept for yet-to-be-standardized carrier-detect functions and passive components for equaliza-
tion, AMD says Supernet products are ready for FDDI over wire today. ML

Scientists at the Univ. of Rochester in N.Y. have devised a way to measure
ULTRAFAST THERMOMETER the temperature of the top few atomic layers of a material’s surface in less

CAPTURES TRANSIENTS than one picosecond. Called picosecond reflection high-energy electron dif-
fraction, the method uses a pulsed-laser beam to heat the sample surface and another beam to
activate an electron gun. The electron gun directs electrons onto the sample surface at a shal-
low angle—just a few trillionths of a second after the sample is heated by the laser. Electrons
bouncing off the sample surface pass through an amplifier and form a reflection high-energy
electron diffraction pattern on a phosphor screen. The screen indicates the angle at which the
electrons are deflected and their intensity. These two quantities determine surface tempera-
ture to within 10°C. Funded by the Department of Energy, the work is expected to benefit the
electronics industry by giving deeper insight into the thermal behavior of material surfaces
used in the production of microchips. ML

The Real Time Consortium has completed a preliminary specification for
REAL‘TIME CONSORTIUM OBIOS, an Open Basic Input Output System designed to provide interopera-

PUSHES OPEN BIOS bility between hardware platforms and software operating systems from
various vendors. The OBIOS standard supplies an efficient physical I/0 interface that sharp-
ly reduces the programming time needed to create device drivers. Independent of operating
system, bus, and microprocessor types, the standard eliminates the need to continuously
rewrite device driver modules for each new marriage of hardware and operating systems or
real-time kernels. A preliminary specification will be expanded into a first draft by the consor-
tium’s Technical Committee, which will be ready at Buscon next January. The draft will
include driver code for connecting to several classes of drivers, including serial I/0s, net-
works, SCSI ports, and timers and counters. The consortium expects OBIOS software to be
ready by next spring. Charter founding members of the consortium include Ready Systems
Corp., Sunnyvale, Calif.; Wind River Systems, Alameda, Calif.; Lynx Real-Time Systems, Los
Gatos, Calif.; Heurikon Corp., Madison, Wis.; and Force Computers Inc., Campbell, Calif.
Heurikon is presently working on OBIOS hardware drivers. rRA

BUSES BROUGHT %f:ﬁzilrgsgilog::sntzuucr}llf?(l);(.ied at the recent Buscon Trade Show held in
FORWARD AT BUSCON A 61% Multibus II growth in 1990, reported by the Multibus Manufactur-
ers Group, Aloha, Ore. Actual volumes are expected to be 58,000 units, compared with 36,000
units shipped in 1989. The figures were based on data supplied by Multibus II bus-interface
vendors.
A Futurebus+ chip set from National Semiconductor Corp., Santa Clara, Calif., to be un-
veiled next January. All parts should be available in sample quantities by that time.
A single-board computer from Ziatech Corp., San Luis Obispo, Calif., that conforms to STD
32, the long-heralded 32-bit specification for the STDbus. While STD 32 isn’t an official specifi-
cation yet, companies have started to develop products for it. The 8901, a 286-compatible
board, boasts a mean-time-between-failure of 20 years. The 16-bit board works with 16- and 32-
bit backplanes for universal compatibility. The board contains a 16-MHz NEC V53 processor,
up to 1 Mbyte of on-board, battery-backed static RAM, and 1 Mbyte of ROM. RN
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TECHNOLOGY NEWSLETTER

The Futurebus+ committee for standards metrecently to exchange views on
FUTUREBUS + STANDARDS ten different standards activities concerning Futurebus+. Some of the pro-
KEEP ROLLING ALONG posed activities were granted sponsor ballot status, meaning that the propos-
als are considered completed in their respective work groups. From here, the acting members
vote on the proposals, and if passed, they become specifications. Otherwise, the committee
must rework the proposals. In addition, some new work groups were started. These include
the conformance-testing group and the group for the VMEbus-to-Scalable-Coherent-Inter-
face (SCI) bridge. One standard discussed in detail was the Futurebus+ Logical Layer
(P896.1). This specification was voted on and rejected by a slim margin, mainly due to the speed
of the arbitration circuitry as well as the circuit’s overall cost.

The focus of item P896.2 (physical layer) revolves around the work done by Raytheon Corp.
and Digital Equipment Corp. The companies were asked to apply their high-bandwidth exper-
tise in an exhaustive set of simulations to help finalize the specifications. Over 11,000 Spice ele-
ments per signal were simulated to develop a comprehensive noise-margin-analysis method-
ology. Other parts of the Futurebus+ specification discussed were node management, the /0O
architecture, the military and telecommunications profiles, and bridges from Futurebus—+ to
VMEbus and Multibus II. RN

Although a number of applications already use the 68030 complex-instruc-
STREAMLINED 68030 tion-set processor in emlI))edded systems, many of its features suitable for
TACKLES EMBEDDED USES Unix and large memory environments often go unused. That adds an unac-
ceptable cost premium to the chip. To combat that problem, designers at Motorola Inc., Austin,
Texas, made several adjustments: they streamlined the central processor by removing the
memory-management unit, moved the chip to a 1-um process rather than the 1.5-um process
used by the 68030, and housed the chip in a relatively inexpensive plastic pin-grid-array pack-
age. The final product—the MC68EC030—was unveiled last month at Microprocessor Forum.
It delivers double the throughput of the older 68020 at about the same price. The first version
of the 68EC030 is actually the same silicon circuitry as the 68030, but some metal-mask
changes were made to permanently disable the MMU. That reduces testing time and contrib-
utes to the lower price. By the second half of 1991, designers expect to finish a redesign that
physically removes the MMU circuits to further shrink the chip area. Complete emulation sup-
port for the chip is available from Applied Microsystems Corp., Redmond, Wash. Contact Jim
Reinhart, (512) 891-2931. pB

i The world of mixed-signal analog arrays, and circuits built from them, will
MICRO LINEAR GETS 1 V‘M soon see a new player in the biCMOS arena. Micro Linear Corp. (MLC), San
BICMOS FROM AMCC Jose, Calit., and Applied Micro Cireuits Corp. (AMCC), San Diego, Calif.,

announced a joint agreement in which Micro Linear would license AMCC’s 1.5- and 1-pm
biCMOS process. AMCC will supply process know-how and technology details so that ML.C
can produce its own products using the processes. As part of the agreement, MLC will supply
foundry services for AMCC. The availability of a viable biCMOS process will permit MLC to
develop a more complex range of mixed-signal semicustom and standard product ICs. Like
Analog Devices, Wilmington, Mass., MLC will be able to build ICs using bipolar devices for
precision analog circuits, and CMOS devices for analog switches and dense logic. FG  CIRCLE 400

Futurebus+-compatible system design took major strides toward simplicity

Two MINDS IMP ROVE earlier this year when Philips Components—SigneJtics (PCS) Corp., Sunnyvale,
FUTUREBUS ¥ CHIP CHOICE Calif., released its chip-set approach to the interface. Now, in a product ex-
change and codevelopment deal signed with Texas Instruments Inec., Dallas, both companies

will pool their efforts to design future chip-set members. In addition, the companies will
alternate-source each other’s Futurebus+ products. All of the bus-interface chips and two of

the three LSI chips that were previously disclosed by Philips Components-Signetics will be
alternate-sourced by TI (ELECTRONIC DESIGN, May 10, p. 63). The one chip that won’t be

alternate sourced—the packet-data FIFO memory—must be redesigned to meet the latest

changes already adopted by the Futurebus+ committee. The family will be called the FB2000

series by Signetics, and the TFB2000 by TI. Futurebus+ chips haven’t been released by Texas
Instruments yet, but the company already developed a few that will be part of the family: the

2001/2002 parallel protocol controller, the 2011 competition transceiver, and the 2021 data-

26‘ELECTRONIC D ESTIGN
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High-Speed Amplifiers
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path unit. The five-year deal doesn’t cover process technology—each company will use its own
proprietary biCMOS processes to fabricate the chips. Samples of several interface chips are
now available, but the more complex chips won’t be ready until the first quarter. DB

A Following FCC action earlier this year to allow low-power in-building radio
MOTOROLA FINE TUNES communications, the Radio-Telephone Systems Group of Motorola Inc., Ar-

WIRELESS NET DESIGN tington Heights, IIL., initiated its WIN (wireless in-building networking) pro-
gram to overcome the limitations of existing wireless communications technologies. Com-
pared to hard-wired systems, wireless in-building networks that transmit information
through the electromagnetic spectrum require less expense, time, and effort to install, main-
tain, and reconfigure. However, existing wireless systems do have drawbacks. For example,
spread-spectrum networking is an unlicensed technology that lacks service guarantees, is vul-
nerable to interference, and is limited to about a 2-Mbit/s data rate. Infrared fares no better in
terms of bandwidth capability—its transmission pattern is limited to line-of-sight, and it’s not
transparent to network operating systems. Essential to Motorola’s program is the develop-
ment of four hardware building blocks: a gallium-arsenide monolithic microwave I1C (MMIC)
transceiver chip, a 6-sector intelligent antenna that avoids interference by dynamically select-
ing the best signal, a radio-frequency digital-signal processor for specialized modulation and
demodulation techniques, and a single-chip packet switch and network interface with stan-
dard-protocol transparency. The desktop system will operate in the interference-free 18-GHz
microwave band with a 15-Mbit/s data rate. To meet both present and future networking re-
quirements, the system uses 10-MHz channels. Hardware and software will become available
next year. ML

¥ The electronic bulletin board service (BBS) from Burr-Brown Corp., Tueson,
BURR BROWN BETTERS Ariz., has been improved and expanded. New features include multiuser
BULLETIN BOARD capabilities, the addition of a component cross-reference and pricing data-
base, and on-line literature ordering. Accommodating up to 16 simultaneous users, the service

offers product data 24 hours a day. Various literature can be ordered, including data sheets,
application notes, and data books. Information is faxed or mailed. Future enhancements in the
planning stage are a product-selection guide and ANSI graphics support. The board can be ac-

cessed with any type of computer that contains a modem and communications software.
Anyone calling the BBS is presented with a simple, menu-driven interface to browse through
available information. Other key information from the BBS includes PSpice macro models for
analog components, application tips and notes, software utilities and updates ready for down-
loading, and private electronic mail. Files can be viewed on-line or downloaded to your comput-

er. The data is updated daily. The BBS is operated by application engineers. You can access the

BBS by calling (602) 741-3978. Communication settings are (300/1200/2400 8, N,1). For more in-
formation, call John Conlon at 1-(800) 548-6132. FG CIRCLE 401

NETWORKED CONTROLLER In an exhibit at Interop '90 in San Jose, Calif., TVG Inc., Santa Cruz, Calif.,

demonstrated a new technology that controls any analog or digital device

MANAGES REMOTELY over a telecommunications network. The firm spe(szrializes in networking and
applications software for Digital Equipment’s VAX/VMS computers. TVG showcased its
Simple Network Management Protocol (SNMP) device controller, which uses the TCP proto-
col suite that includes the SNMP and the Serial Line Internet Protocol (SLIP) link module. Ex-
hibiting a “trial balloon” rather than a product offering, the device was applied inan AM/FM/
CD stereo unit connected to the show network. The controller is a small Motorola 68000-based
unit containing customized off-the-shelf hardware that links to a stereo remote-control sys-
tem and the CD player. From a VAXstation using an X-Windows graphical interface, an
operator was able to control all aspects of the stereo system, including CD track selection, au-
dio input and frequency selection, and volume. ML

. By combining the functions of the previous-generation 88100 and 88200 RISC
SECOND GENERATION RISC CPU and cache-memory and management units onto one chip, a forthcoming

UPS 88K SPEED 3‘5 FOLD RISC processor will deliver three to five times the processing throughput.
The 88110, unveiled by Motorola Inc., Austin, at last month’s Microprocessor Forum, will in-
clude the integer and floating-point processors of the previous CPU in addition to several en-
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NEW 12-BIT ADCs
REDUGE 574A POWER,
SPEED

SIZE BY 3X!

Maxim’'s new MAX174, MX574A and MX674A offer you complete 12-bit analog-to-digital
converters (ADCs) that combine high speed (as low as 8us for MAX174), low power (150mW for
all) and a smaller footprint (small outline packages available for all) —without a price premium.

e Complete A/D Converters with Reference and Clock
® 12-Bit Linearity, No Missing Codes over Temperature
® Low Power and High Speed —150mW at 8.s

e +10V, +20V, +5V, =10V Analog Input Ranges @
® On-Chip + 10V, 10ppm/°C Voltage Reference

@ Laser-Trimmed Internal Clock

® 3-State Output Buffers for 8- or 16-Bit P Interface less board area.

A single MAX174 matches the speed performance
of three 574As at a third of the power, and in much

Drop-in Upgrades For Industry Standard 574A and 674A

The MAX174, MX574A, MX674A utilize a BICMOS technology that combines low-power
CMOS with high-speed/low-noise bipolar making them better suited for battery-powered
applications and high speed data conversion than the industry standard devices. And, they
are available in the extended temperature range (—40°C to +85°C) to save you from buying
expenswe m|||tary grade parts for your nndusmal apphcahons

T MAX174 . MX674A MX574A
Speed (Max) 8us 24N 15us 25us
~ Price* : $28.13 R $18.24
No Mlssmg Codes N R ~ Guaranteed
~ Power e (e TS 150mW
Data Access Time (Max) AR, T SIS 0nS
_ Package Types SO/ PDIP / CERDlP / PLCC / SB CERAMIC

Temp Ranges
Pnces 1,000-up FOB USA.

 0°Cto +70°C / —40°C to +85°C / —55°C to 125°C

See For Yourself

Call your Maxim representative or distributor today for applications information, data
sheets and samples. Or, write Maxim Integrated Products, 120 San Gabriel Drive,
Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

V1A X1 /VI

Distributed by Arrow, Bell/Graham, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona
(602) 730-8093; California, (408) 248-5300, (619) 278-8021; (714) 261-2123; (818) 704-1655; Colorado, (303) 799-3435, Connecticut, (203) 384-1112; Delaware, (609) 778-5353
Florida, (305) 426-4601, (407) 682-4800; Georgia, (404) 447-6124; lllinois, (312) 577-9222; Indiana, (317)921-3450; lowa, (319) 393-2232; Kansas (816) 436-6445; Louisiana,
(214) 238-7500; Maryland, (301)644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi, (205) 830-0498; Missouri
(314)839-0033: Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (609) 778-5353; New Mexico
(505) 268-4232: New York, (201)428-0600, (607) 754-2171; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447 Oklahoma, (214) 238-7500;
Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (919)851-0010; South Carolina, (919) 851-0010; Tennessee (404) 447-6124, Texas, (214) 238-7500
(512)835-5822, (713) 789-2426; Utah, (801)561-5099; Virginia, (801)644-5700; Washington, (206)823-9535; Wisconsin, (414) 792-0920; Canada, (416)238-0366

(613) 225-5161, (604) 439-1373, (514) 337-7540

Maxim is a registered trademark of Maxim Integrated Products 1990 Maxim Integrated Products
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TECHNOLOGY NEWSLETTER

hancements: a 3D graphies-execution unit and an 80-bit wide data path to handle extended
double-precision math. Improvements in the instruction set will permit the processor to sus-
tain more than one instruction per clock cycle. Acceleration in the branch section will help
maintain continuous-instruction execution whether or not a branch is taken. To pack the more
than 1.4-million transistors on the chip, designers opted for a triple-level-metal 0.8-um CMOS
process. Also disclosed were plans to release a family of RISC-based chips optimized for
embedded control—the 88300 series. That family will use of large standard-cell building
blocks from the 68300 design library to quickly add customized functions to the chip. DB

Vitesse Semiconductor Corp., Camarillo, Calif., struck a deal with Thomson-
TECHNOLOGY DEAL N ETS CSF, Paris, which would provide gallium arsenide manufacturing technolo-
NEW GAAS IC SOURCE gy to Thomson in exchange for manufacturing capacity. The initial result of
the deal gives Vitesse a European seller of its products as well as access to a new manufactur-
ing facility built by Thomson in Grenoble, France. In return, Thomson has made an equity in-
vestment in Vitesse that will permit Vitesse to pursue new product and technology develop-
ment. Furthermore, the deal gives Thomson-CSF exclusive distribution rights for all Vitesse
products in Western Europe and the option to second-source all logic and communication
products, including the Vitesse Fury gate-array family. That broadens Thomson'’s portfolio,
giving them a digital GaAs process that complements their microwave GaAs monolithic micro-
wave IC (MMIC) capability. DB

A family of single-chip motor controllers from Philips Components-Signe-
SENSORLESS CONTROLLER ties, Sunnyvale, Calif., can drive full-wave, brushless dec motors without the

IC DRIVES DC MOTORS need for commutator sensors. Targeted for such applications as laptop-com-
puter disk drives and handheld tools, the devices require no microprocessor support for star-
tup, but instead control the coil-energizing sequence, according to the back-emf sensed in the
motor windings. A proprietary startup protocol also eliminates hunting and jitter. The bipolar
controllers draw less than 5 mA from a 4-to-18-V unregulated supply. Each circuit has a
tachometer output, and some contain facilities that monitor rotor position with an external
sensor. Thermal-protection and current-limiting features are also included. The TDA5140A
drives loads up t0 0.6 A, and the TDA5141 drives loads up to 1.8 A. The TDA5142 is for heavier
loads. Prices are $2.45 and $2.15 for the TDA5141 and 5142, respectively; the TDA5140A costs
$2.25. Call Joseph Resendes, (408) 991-5396. ML CIRCLE 402

The LXT903 hub transceiver from Level One Communications Inc., Folsom,

TRANSCEIVER LINKS Calif., connects multiport LAN hub repeaters to unshielded twisted-pair
LAN HUB TO IOBASE'T LAN lines. In the software mode, the device supplies an interface to operate
with any standard microcontroller for media-access-unit (MAU) management functions. The

hardware mode makes the chip a standalone hub transceiver. Features of the LXT903 include

automatic detection and correction of received polarity reversal, 10Base-T integrity testing,

and watchdog timing to jab continuous transmission. Also provided are pre-distorted signals

to the transmit filter, programmable squelch circuits, a differential or single-ended transmit

input, and LED drivers for jabber, link, and reversed polarity. The device requires an external

20-MHz clock signal, and transmitter and receive filters. In lots of 10,000, the 24-pin plastic

DIP version costs $7.98; in a 28-pin PL.CC, the part costs $8.30. Call (916) 985-3670. ML  CIRCLE 403

An image scaler and rotator circuit from Brooktree Corp., San Diego, Calif.,
IMAGING CHIP CONVERTS can scale bilevel images to produce a more readable gray-scale result when

BILEVEL TO GRAY'SCALE displayed on gray-scale and color monitors. The Bt710 includes two DMA
channels that manage read operations from source image buffers and write operations to des-
tination image buffers. The DMA channels also support address translation for image rota-
tion and bit-aligned block transfers to window or frame-buffer pixel boundaries. The scaling
rangeis from 6% (scale down) to 750% (scale up), and the scaler output can be bilevel (one bit) or
4-bit gray. An on-chip lookup table offers image inversion, gamma correction, or mapping
from 4-bit gray to 8-bit pixels. The Bt710 is supported by a software toolkit for PC, Macintosh,
and Sun platforms. Packaged in a 132-pin PGA, the Bt710 is being sampled for $132 in lots of
100. Call (619) 452-7580. ML CIRCLE 404
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(UN-PARALLELED
C CONVERTERS.

New 12-Bit, 3-Wire Serial A/D, D/As Now Available In 8-Pin Mini-Dips

Unlike unwieldy parallel interfaces, Maxim's new serial interfacing converters can conserve valuable
board space in your next design—and save you an unparalleled amount of money. The new MAX170, 500
and 543 can also reduce the digital noise problems experienced when interfacing to microprocessors, and
they can make opto- or transformer-isolation a breeze. Only Maxim offers you a full line of serial converters
to meet the demands of your applications, and, your budget.

5.s 12-Bit Complete A/D, $11.95* [
¢ 12-Bit Accuracy in 8-pin Mini-DIP

\ ¢ 3-Wire Serial Interface
¢ No Missing Codes Over Temperature AIN O
e Complete With On-Chip Reference REF O

- 15V/ -1V
o

MAXIM
MAX170

¢ Low Power (135mW) out
e Easy To Opto- or Transformer-Isolate [
e Operates With +15V or +12V, -5V Supplies =

B RS ' 12-Bit Multiplying CMOS D/A, $6.80*

e 12-Bit Accuracy in 8-pin Mini-DIP
¢ 3-Wire Serial Interface

* Monotonic Over Temperature
e Gain Accurate To +1 LSB

} . » | * Double Buffered, With LOAD Input
‘ _— | ® Operates With +5V or +15V Supply

Quad 8-Bit Voltage DIA, $5.70* R ST 0 SRS

VOUT, VOUT,
.

* Four Complete D/As In 16-pin DIP
* Replaces 4 Trim-Pots

e 2- Or 3-Wire Serial Interface

¢ Voltage Outputs With Buffer Amplifiers VREF INyq
* Requires No External Trims

e Cascadable, Makes Data-In Line Sharable
* Double Buffered, With LOAD Input

* Operates With +15V or +12V, -5V Supplies
* Single +15V Supply Mode Specified

* 1,000 up prices (FO.B. USA)

J———0+15V ‘
————0 VREF IN; ‘
————O VREF IN, $

"YDATA QUT .,

VAKXV
MAXS500

Un-Paralleled Offer

If you feel these new serial converters are just too good to be true, call or write Maxim Integrated
Products, 120 San Gabriel Dr,, Sunnyvale, CA 94086, (408) 737-7600, for FREE samples and data sheets.
You'll find that the MAX170, 500 and 543 are TTL/CMOS compatible. And they're available in small outline
packages for surface mount applications.

VI A X1V

Distributed by Arrow, Bell/Graham, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205)830-0498; Arizona
(602) 730-8093; California, (408) 248-5300, (619) 278-8021; (714) 261-2123; (818) 704-1655; Colorado, (303) 799-3435, Connecticut, (203) 384-1112; Delaware, (609) 778-5353
Florida, (305) 426-4601, (407) 682-4800; Georgia, (404) 447-6124; llinois, (312) 577-9222; Indiana, (317) 921-3450; lowa, (319) 393-2232; Kansas, (816) 436-6445; Louisiana
(214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi, (205) 830-0498: Missouri,
(314) 839-0033; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (609) 778-5353; New Mexico
(505) 268-4232; New York, (201) 428-0600, (607) 754-2171; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 238-7500
Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (919) 851-0010; South Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 238-7500,
(512)835-5822, (713) 789-2426; Utah, (801)561-5099; Virginia, (801)644-5700; Washington, (206)823-9535; Wisconsin, (414)792-0920; Canada, (416)238-0366
(613) 225-5161, (604) 439-1373, (514) 337-7540

Maxim is a registered trademark of Maxim Integrated Products 1990 Maxim Integrated Products
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etics. Because
into making

WITH OUR FULL FAMILY

To design successful new systems, you need an IC
vendor who understands your ever-changing needs.
A partner who can match the right device to your
application.

That’s exactly what you get from Philips Compo-
nents-Signetics.

As the design world changes, Signetics changes.
We’re listening to your needs. And designing and
enhancing our devices to meet those needs.

Like the growing need for personal
communication devices and for ICs in
desktop and portable computing. As
well as devices for computer network-
ing with compatibility across platforms.
And for ICs that meet the need for ro-
botics and automation in manufacturing,

We’re also drawing from nearly a cen-
) tury of Philips innovation to apply our
‘) consumer technologies to the business
o world. Including digital video and high-
density compact disc storage.
)
\

In fact, wherever your design needs

take you, Signetics will be there with

complete families of devices to meet
emerging computing, communications
and control needs.




you've putsomuch
it perfect.

OF ICs, YOU GET OUT OF IT WHAT YOU PUT INTO IT;

- BOP_JLPU,TING COMMUNICATIONS CONTROL
APPLICATION PRODUCT APPLICATION PRODUCT APPLICATION
Workstations ® Advanced BICMOS Logic | Cellular @ Cellular Chip Set Automotive ® 8-bit 80C51-
@ High Speed ASICs Communications ® Frequency Synthesizers | Control ® OTPEPROMs
® Futurebus Chip Set Systems ® Lmear/DagttellMﬁted
@ High Speed PAL®-type | Mobile Telephony @ Paging ICs Mode ASICs
Devices ® Frequency Synthesizers .
@® High Performance MCUs Consumer ® A/DMCUs
® SRAMs FAX/Modems/ @® 8-bit80C51-based MCUs | Appliances and ® LCD Dlsplays ;
Features ® E’PROM Entertainment ® Audio Circuitry
Personal ® High Density ASICs/PLDs | Phones @ LCD Drivers @ Dolby Noise Reduction
Computers @ DRAM Controllers ® Dialers @ Frequency Synthesizers
® OTP EPROMs ® Speech Circuits .
® FLASH Memory ® RF Chip Set Industrial @ Advanced BiCMOS Logic
- Control & ® UV/OTP EPROM MCUs
Desk Top Video ® A/D Converters DataComm LANs ® Ethernet Chip Set Robotics ® Real-Time Bus
@ Digital Color Decoders @ 100-Mbit Fiber Communications
: _ ® High Speed PLDs Controller
Peripheral @ 8-bit 80C51-based MCUs @ Advanced BiCMOS Logic
Products ® Zero Power PLDs , Portable ® Low Voltage/Power
® Programmable Multi-Protocol ® Dual Universal Serial Instrumentation MCUs
Sequencers . Controller @ Advanced CMOS Logic
@ 3-State ECL Transceivers ® UARTs and DUARTs ® LCD Drivers
As illustrated above, we're listening to customer needs and developing products in three focused areas: computing, communications and control.

This includes products based on our advanced
BiCMOS technology, QUBIC. Developed from our

strength in bipolar technology and fully integrated

with our sub-micron CMOS technology, QUBIC

, gwes you ncarly twice the speed of pr

PHILIPS

Phlhps Components-Signeucsxscommlt‘ted‘ ’ the

PHILIPS




At last, a LeCroy
you won't have to beg for.

Now you can get LeCroy Digital Oscilloscope performance for
the price of an ordinary oscilloscope. At just $6,990, the new Model 9410
offers you unrivaled measurement capabilities. Waveforms are digitized
with high signal fidelity into 10K acquisition memories and presented on
the sharpest display of any oscilloscope (the above picture speaks for
itself). One can zoom in on fine details, expand signals, and
use the 9410’s digital cursors to get the ultimate in precision.

The Model 9410 doesn’t stop there. It also
includes LeCroy’s SMART trigger that detects
buried glitches, timing violations, and logic states
(you'll be prepared for the most elusive signals). |
Internal signal processing calculates time, voltage §

Spectrum  And all the data can be transferred directly to printers, plotters or PC o Glitch

Omions using the 9410's high-speed GPIB or RS-232. o

Price being equal, wouldn’t you rather have a LeCroy?
LeCroy Corporate Headquarters

700 Chestnut Ridge Road - Chestnut Ridge, NY 10977-6499
Tel.: 1-800-5 LeCroy - (914) 425 2000 / TWX: (710) 577-2832

Fax: (914) 425-8967

CIRCLE 119 Innovators in Instrumentatlon




TECHNOLOGY ADVANCES

PRACTICAL SILICON-ON-INSULATOR PROCESS
CAN ENHANCE VIRTUALLY ANY SPECIES OF IC

he possible long-
Tsought replacement

for building dielectri-
cally isolated (DI), high-
performance ICs may be
found in Tizer (Trench Iso-
lated Selective Epitaxial
Regrowth). The technolo-
gy, created by Silicon Gen-
eral, Garden Grove, Calif.,
has been used to build mar-
ketable DI diode arrays
(ELECTRONIC DESIGN,
Sept. 27, p. 23). If this sili-
con-on-insulator (SOI) pro-
cess can build DI-demand-
ing ICs at costs equal to or
less than present DI pro-
cesses, it could be a Tiger.

An ideal SOI process
must permit its users to
build monocrystalline sili-
con-filled DI tubs on a pur-
chased silicon wafer, using
conventional lithography.
And for many applications,
the silicon in the tubs must
be able to build good bipo-
lar transistors—often
thick or large ones. Tizer
meets those demands.

Its starting wafers
aren’t just sliced off a bou-
le, they’re also processed.
Silicon General has two
wafer sources: Kopin
Corp. of Taunton, Mass.,
and IBIS Ine. of Danvers,
Mass. Each source uses a
different technology.
Starting material from
both sources consists of an
insulating layer of silicon
dioxide, SiO,, or oxide,
sandwiched between a sili-
con waferand bipolar-tran-
sistor-quality silicon.

Kopin supplies wafers
called ISE, built on a modi-
fied zone-melted recrystal-
lized (ZMR) process. To
build the wafers, Kopin
grows the oxide layer on
the wafer, deposits a layer
of polysilicon on the oxide,

AN\ NN

Selective
epitaxial

Selective
epitaxial

and with proprietary tech-
niques (related to the way
silicon boules are grown),
turns the polysilicon into a
layer of monocrystalline
silicon. The oxide layeris 1-
pm thick; the silicon layer
is 2-pm thick.

IBIS offers SIMOX wa-
fers. They’re built by im-
planting oxygen ions be-
neath the wafer’s surface.
Then the surface is heated
so that the oxygen oxidizes
the silicon, forming a 0.4-
pm thick layer of oxide be-
neath 0.4 pm of silicon.

That’s the starting mate-
rial for Silicon General. It
grows 1.6 pm of epitaxial
silicon on the IBIS wafers
to bring the exposed silicon
to the thickness of the Ko-
pin material.

The first step in the Tizer
process is to selectively im-
plant the silicon layer with
antimony to form an n*
low-sheet-resistance (20-
Q/square) buried layer.

This is followed by the
growth of seven to ten mi-
crons of epitaxy, depend-
ing on the function of the
final ICs to be built in the
material. Next, a heavy ox-
ide layer is grown on the
surface for later use as a
hard mask when etching
the bottom oxide layer.
During oxide growth, up-
diffusion occurs from the
buried layer to the epitaxi-
allayer. Trenches are then
cut in the silicon down to
the bottom oxide layer with
a reactive ion etcher (RIE)
followed by a lateral etch,
which causes an oxide-
overhang on the surface.
Next, the sidewalls of
the trenches are oxidized
to a thickness of 0.5 to 0.6
pm, followed by reaction
ion etching of the trench-
bottom oxide to expose the
substrate silicon. Selective
epitaxial growth tech-
niques can then fill the
trenches without the need

for planarization (see the
figure). The oxide’s top
layer is removed and the
waferis full of oxide-isolat-
ed tubs filled with silicon
ready to build most transis-
tors with any process.

Unlike conventional DI
tubs, standard lithography
has determined the dimen-
sions of Tizer tubs as part
of the chip layout. There’s
no limit on epitaxial thick-
ness or tub size, like con-
ventional DI. Moreover,
thermal-expansion charac-
teristics are closer to those
of bulk silicon, and the ver-
tical sidewalls increase
transistor density.

While the process was
developed to build radia-
tion-hardened ICs, it’s a
natural for high-speed ana-
log and digital chips, as
well as power ICs. The re-
duced collector-substrate
capacitance enhances ana-
log and digital circuit
speed. Analog perfor-
mance is enhanced further
with its ability to build fast
vertical pnps. According to
Richard Belanger, a Silicon
General design engineer,
“Because of the inherent
capabilities of the SOI de-
vices at high temperature,
we're exploring operation
at 300°C. The isolation is
stable at 300°C, but the
transistors become very
soft. However, we’re eval-
uating new techniques to
resolve the problem.” For
more information, call
Richard Belanger at (714)
898-8121

FRANK GOODENOUGH

DIAMOND FILM STANDS POISED To ICE HOT CHIPS

esides being the
B world’s hardest sub-
stance, diamond con-
ducts heat faster than any
other solid. Its thermal

conductivity is almost
three times that of silver.

Heat sinks incorporating
diamond film are an ideal
solution to thermal man-
agement of the multichip
modules that will be the
building blocks for the
next generation of comput-

E-LVE (G o R YOGN, TGy (D

ers. And now, there’s an
economically feasible pro-
cess to deposit diamond
film on free-standing sub-
strates large enough to
serve as heat sinks.

As packaging engineers
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jam circuitry closer togeth-
er in modules, heat dissipa-
tion becomes a critical fac-
tor. When it’s coupled with
higher clock speeds that
account for more current
draw, even more heat is
dispersed. Norton esti-
mates that the thermal
characteristics of diamond
could permit clock speeds
of 100 MHz or more.

In its pilot process that’s
ready to scale up to full pro-
duection, Norton Co.’s Dia-
mond Film Division,
Northboro, Mass., com-
bined several proprietary
manufacturing techniques
toachieve diamond films of
sufficient size and quality
for use as heat sinks or, po-
tentially, as diamond-
based ICs. More than 100
academic and corporate
labs—including some 70 in
Japan alone—have strived
to scale up production of di-
amond-film products.

The free-standing dia-
mond-film heat sinks offer
a lightweight solution to
thermal management.
They also make it possible
to place electronic equip-
ment in harsher thermal
environments, such as mili-
tary aircraft or missile-
guidance systems, with a
higher degree of reliabil-
ity. Circuit densities ten
times greater than today’s
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can be achieved, Norton
claims. Furthermore, the
company says it can now
get metal to adhere direct-
ly to diamond substrates.
Those substrates can be
overlaid with polyimide for
microelectronic-circuitry
etching.

For several years, re-
searchers worldwide have
focused their diamond-pro-
duction efforts on plasma-
assisted chemical-vapor-
deposition (CVD) process-
es, which deposit carbon
from the vapor phase onto
a supporting material at
low pressure and moderate
temperatures. Typically,
methane gas and hydrogen
are used as raw materials.

After five years of investi-
gation, Norton scientists
settled on two methods
that fulfilled almost all of
the requirements to scale
up to diamond-film growth
economically. The two sys-
tems differ in the way they
transfer energy to create a
plasma and manufacture a
diamond crystal.

One method involves
arcing current in a way
that’s similar to de rocket
thrusters. With the arc-jet-
engine method, research-
ers can manipulate the
flow of methane, hydro-
gen, and other gases to cre-
ate films with the desired
characteristics. The other
technique, microwave pro-
cessing, centers on a tun-
able microwave cavity
that’s adjusted in terms of
its geometry to produce
the most efficient plasma.

Under an agreement
with Darpa, Norton is de-
veloping real-time comput-
er control systems that
regulate the deposition
process, to ensure that dia-
mond films are made with
no impurities. Real-time
process control is essential
to economical mass pro-
duction with high quality.

DAVID MALINIAK

PARALLEL-PROCESSOR SYSTEMS
FOR DSP APPLICATIONS
BECOME EASILY EXPANDABLE

ith multiple com-
munication ports
and intelligent

DMA control, a forthcom-
ing digital signal processor
can take on applications
that demand the high per-
formance of parallel pro-
cessing. Each DSP chip can
execute 275 million opera-
tions per second (MOPS).
As a result, designers can
create arrays with any

G VD TS RGN

number of chips, and can
now easily confront com-
putational problems previ-
ously too complex or time-
consuming for uniproces-
sors or limited arrays of
processors.

Based on the same inte-
ger and floating-point pro-
cessor core used by Texas
Instruments Inec., Hous-
ton, in its TMS320C30 DSP
chip, the TMS320C40 is de-

signed for parallel process-
ing. The processor archi-
tecture has been extend-
ed—the program counter
was increased from 24 to 32
bits. There are four more
extended-precision regis-
ters, bringing the total to
12; divide and square root
instructions are incorpo-
rated; and the pipeline is
streamlined to improve ef-
ficiency.

Six on-chip byte-wide se-
rial ports and another half-
dozen DMA controllers
handle an aggregate data-
transfer rate of 320
Mbytes/s. Those byte-
wide ports, similar in con-
cept to the bit-wide serial
ports on the Inmos Tran-
sputer chip, are bidirec-
tional and handle inter-
processor communication
as well as I/0 operations.
Each port includes the
eight data lines plus four
control lines—Strobe,
Ready, Acknowledge, and
Request—giving design-
ers total control of *the
transfers. Multiple ports
can be set up to operate in
parallel for 16-, 24-, 32-bit-
wide, etc. data transfers.
Various system architec-
tures—linear pipeline ar-
rays, bidirectional rings,
tree structures, a variety
of 2D schemes for image
processing, and even 3D or
4D system architectures—
are practical and can be im-
plemented efficiently.

What’s more, parallel
processing occurs on the
chip, because the commu-
nication ports, DMA con-
trollers, and integer and
floating-point sections can
all operate in parallel. That
gives the chip its peak
throughput of 275 MOPS.
The floating-point unit and
integer processor operate
with 80-ns and 40-ns in-
struction cycle times, re-
spectively, resulting in re-
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Speed Leadership

Design tomorrow's fastest systems

BiC
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offers registered inputs, latched out-
puts, and self-timed write for easier

today. Our IDT10484 (4K X 4)will  system design.

be the fastest high-density BICMOS Each of our ECL SRAMs is availa-
memory to run primary caches in ble today in 10K, 100K, and 101K
ECL systems. At 7ns, the IDT10494  configurations in 300 mil SOJ and
(16K X 4) is the fastest BICEMOS 400mil Sidebraze DIP packages.
64K ECL SRAM available in volume

production today. Technology for the '90s

In addition, we offer the densest
BiCEMOS ECL RAM, the IDT10504
(64K X 4), at 12ns. And our new
12ns IDT10496RL (16K X 4) syn-
chronous self-timed SRAM (STRAM)

We engineered BICEMOS technol-
ogy to offer the best of both worlds:
the low power consumption of
CMOS with the high speed of bipolar
technology.

]

EMOS" ECL

Count on our BICEMOS ECL to

take you through the 7ns speed bar-
rier for 64K densities. We believe our
BiCEMOS ECL will achieve speed
increases of 20% a year every year for
the next five years, making BICEMOS
the technology for the '90s.

Samples Available

Call or FAX us today for samples

and a copy of the new BiCEMOS

ECL Product Information booklet
with information on designing with
BiCEMOS ECL for ultra-high-speed

o A systems.
BiCEMOS ECL SRAM Family x )
P T IDT Corporate Marketing
2 P.O. Box 58015
Part No. Descri
mno4:4 16K (4:?:) 10K ECL (n:l ‘:ov:) SE36 peoit Fivd.
IDT100484 16K (4K X 4) 100K ECL 7 500 Santa Clara, CA 95052-8015
IDT101484 16K (4K X 4] 101K ECL 7 700
IDT10490 64K (64K X 1) 10K ECL 8 420 (800) 345-7015
IDT100490 64K (64K X 1) 100K ECL 8 320 FAX: 408-492-8454
IDT101490 64K (64K X 1) 101K ECL 8 420
IDT10494 64K (16K X 4) 10K ECL 7 700 e ®
IDT100494 64K (16K X 4) 100K ECL 7 500 : Wiish cotaisrin
IDT101494 64K 16K X 4) 101K ECL 7 700 i o Aics Ptiints
IDT10496RL 64K (16K X 4) 10K STRAM 2 1000 : dt
IDT100496RL 64K (16K X 4) 100K STRAM 2 800 N
IDT101496RL 64K (16K X 4) 101K STRAM 2 1000 .
IDT10504 256K (64K x 4 0K ECL 53 800 Integrated
IDT100504 256K (64K X 4) 100K ECL 2 600 -
IDT101504 256K (64K X 4] 101K ECL 12 s | DeviceTech nology
BiCEMOS is a trad k of Integ d Device Technology, Inc.
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spective throughputs of 50
MFLOPS and 25 MIPS. To
ensure that the high
throughput is maintained,
TT’s designers plan to add
lots of memory—a 128-
word-by-32-bit cache, a
pair of 1-k-by-32 static
RAMs, and a 4-k-by-32
ROM. Furthermore, to
handle various timing and
control operations, two
timers were included as
part of the chip definition.
The intelligent DMA-

TECHNOLOGY ADVANCES

controller block on the chip
is self-programming, mini-
mizing its overhead re-
quirements on the CPU.
Rather than be totally con-
trolled by the CPU, the
DMA controller examines
a task queue that the CPU
sets up. That queue con-
tains various DMA trans-
fer requests. As the DMA
coprocessor finishes one
transfer, it checks the
queue for another task. As
many as three system op-
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peripheral ~——
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erations can occur each cy-
cle in the DMA coproces-
sor—a 32-bit data transfer,
an address register up-
date, and a transfer-
counter update.

For many DSP chips, it’s
important to test the chip
to ensure correct system
operation. To simplify test-
ing, the chip will include a
full JTAG (Joint Test Ac-
tion Group)-compatible
test port. Many develop-
ment tools that will be opti-
mized for programming
multiple chips in parallel
are also being crafted. In
addition, a complex analy-
sis block was included on
the chip to aid in system de-
bugging. The block con-
tains breakpoint compara-
tors for program, data, and
DMA accesses, a program-
trace stack, and an event
counter for benchmarking
(see thefigure).

TI and several partners
are developing an optimiz-
ing and parallelizing C
compiler, assemblers and
linkers with support to
map the program and data
toparallel processors, soft-
ware behavioral models,
and a version of the SPOX
operating system that in-
cludes parallel processing
support. Samples of the
chip are expected in the
second quarter of next
year; software tools will
appear in the first quarter.
Contact TI at (214) 995-
6611, Ext. 700; in the U.S.,
(800) 336-5236, Ext. 700.

DAVE BURSKY

n innovative IC im-
proves the perfor-
mance of conven-

tional de-restoration tech-
niques (many of which in-
troduce their own

38 Xovimbers m ° "

distortion) and cuts pe-
board space. The EL2090
from Elantec Inc., Milpi-
tas, Calif., holds a video
amplifier and a sample-
and-hold amplifier (SHA)

J (0 D ESTIGN

SAMPLE-AND-HOLD AMPLIFIER ON VIDEO
AMPLIFIER IC PERFORMS DC RESTORATION

(see the figure). The chip is
expected to help designers
of electronic circuits for re-
cording and broadcast-stu-
dio equipment.

De restoration of video

signals in these studios is
mandatory. A typical sig-
nal is routed through as
many as two dozen sepa-
rate amplifiers and/or
gain-control blocks before
reaching its final destina-
tion: magnetic tape or the
airwaves. Each pointalong
that route represents a po-
tential source of distortion.
With so many of these
sources in series, the out-
put signal at each point
must be exceptionally
clean. Gain-control cir-
cuits, in particular, can be
distortional. Therefore, ex-
treme measures must be
taken to optimize their per-
formance. Studio engi-
neers often employ a sim-
ple trick. They position
each gain control’s video
signal at its own unique
“sweet spot’—the range
of de input offset voltages
for minimum distortion.

Though the technique
reduces distortion, it
causes other problems. If
de-coupled, the many cas-
caded circuits produce
large dc offsets. If ac-cou-
pled, the dc level is un-
known and alters the sig-
nal’s actual video content.
Either way, dc restoration
is required. In addition, the
chroma-burst portion of
the video signal must occur
absolutely at a constant de
level. This is so the minute
differential gain and phase
aberrations in the circuits
don’t alter the chroma
phase reference, which
also takes dec restoration.
As aresult, the input to vir-
tually every block in a vid-
eo signal chain is dec-re-
stored.

And de restoration may
be repeated several times
within the block. More-
over, the process elimi-
nates the effects of any 50/
60-Hz noise that’s picked
up in cabling located be-




tween the blocks.

The Elantec chip is built
on a complementary bipo-
lar dielectrically isolated
process. Its video amplifier
employs a current-feed-
back architecture and of-
fers a 3-dB bandwidth of
100 MHz. Once per video
line, during the “‘back
porch,” or black period of
the signal, the SHA com-
pares the video amplifier’s
output level against a de-
clamp (black-level) refer-
ence applied to the SHA’s
minus input. The SHA
stores the correction volt-
age that offsets the “back
porch” to the clamp level
on the Hold capacitor. It re-
stores a 1.4-V output offset
to zeroinunder 10 us.

While the SHA logic-lev-
el Hold inputis low, its plus
input tracks the video am-
plifier’s output. During the
video-line period, the Hold
input is high and the SHA
holds the offset-correction
voltage.

The chip is basically an
autozeroed, video-band-
width de amplifier. It can
be used for that purpose in
various applications. In
fact, it’s the first time auto-
zero techniques have been
applied to a video or cur-

TECHNOLOGY ADVANCES
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The SHA’s input stage is
an operational transcon-
ductance amplifier (OTA)
that converts the input
voltage to a current that
charges the Hold capaci-
tor. By current steering,
the bipolar switch switches
from track to hold in under
2 ns. Although the output
buffer is an open-loop com-
plementary follower, the

form a negative-feedback
loop around the video am-
plifier. At the same time,
the Hold capacitor is
charging. Because the ca-
pacitor is in the feedback
loop, it charges accurately.

Additional specifica-
tions include differential
gain and phase within
0.01% and 0.02°, respective-
ly (at 3.58 MHz while driv-

and a 600-V/us slew rate.
Droop is less than 2.5 mV
during a video line. The
chip can put +2.5 V across
50 Q while operating from
45V, and £12 V across
200 Q running off =15 V.
Open-loop gain typically
exceeds 60 dB. For more in-
formation, call Aki Kaniel
at (408) 945-1323.

FRANK GOODENOUGH

HIGH-SPEED OPTICAL BACKPLANE
To BE MADE OF ORDINARY GLASS

rdinary window
O glass forms the basis
of a solid-state opti-
cal backplane system un-
der development at the In-
stitute for Applied Optics,
Erlangen, Germany. The
backplane will be used to
interconnect circuit-card
racks in high-speed data-
processing and telecom-
munications applications.
To make the optical
backplane system, scien-

tists at the institute use a
single glass sheet, on
which they bond together
holographic patterns, each
1-mm?. The patterns direct
850-nm-wavelength laser
lightbeams carrying data
from a printed-circuit card
into the glass.

By carefully calculating
the hologram pattern, the
beams are deflected at the
correct angle to follow a
“zig-zag” path through the

glass. They’re then reflect-
ed between the internal
surfaces of the glass to
provide optical data “pick-
off”’ points at intervals
along the surface of the
glass sheet.

The two-year project is
backed by the German gov-
ernment and by three lead-
ing European industrial
companies, Siemens A.G.,
AEG A.G., and Alcatel
SEL A.G. Dr. Norbert
Siebl, project leader, says
the purpose of the project
is to produce a technology
demonstrator with 16 par-
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allel data tracks that are 1
mm apart, with each capa-
ble of carrying data at a
rate of 100 Mbits/s over a
distance of 1 m.

Once the laboratory de-
velopment of the back-
plane is finished, the three
participating companies
will take over commercial
development. So far, scien-
tists at the Institute have
made a laboratory proto-
type that proves the feasi-
bility of the technology
with a single 100-Mbits/s
10-em-long connection.

PETER FLETCHER
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Test development today:

The write way




A

The right way

Now, HP’s

Interactive Test
Generator delivers faster,
easier test development
on PCs, too.

If the task of writing code is
taking you away from test engi-
neering and turning you into

a full-time programmer, you’ll
welcome a faster, easier method
of test development...the HP
Interactive Test Generator (ITG)
software.

Of course ITG is already the
preferred programmer’s tool if
you’re using HP BASIC on an HP
workstation or Measurement
Coprocessor. And now, there’s
an HP ITG for DOS package for
PC users who rely on Microsoft
QuickC, C or QuickBASIC.

Either ITG package gives you an
easy-to-use interface and auto-
matically writes complex code
for your test systems. Simple
mouse-controlled instrument
panels and menu-driven com-
mands make test development
intuitive. No need for manuals
when programming new or
unfamiliar instruments. HP ITG
chooses the right command and
sends it...automatically.

With HP ITG, you’ll cut develop-
ment time dramatically. And
you'll find it easy to integrate
the ITG-developed test programs
with your other test software.

So whether you're using an

HP workstation or a PC, call
1-800-752-0900* today. Ask for
Ext. 1430 and we’ll send details
on doing test development the
right way.

*In Canada, call 1-800-387-3867, Dept. 412,

There is a better way.

(b HEWLETT
PACKARD
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POWER-ONE

POWER-ONE'S International Switcher Series incorporates the latest state-of-
the-art switching technology while providing POWER-ONE's traditional high
quality at low prices. With-certification to the world’s toughest safety agency
requirements, the series is especially suited for products sold not only
domestically, but internationally as well. ® 85 models. . .40 watts to 400
watts o Efficient. . .reliable. . .economical ® VDE construction « Up to 5
fully regulated outputs e Full international safety and EMI approvals

POWER-ONE'S International Linear Series is the world's undisputed leader in
versatile, cost-effective linear power supply products. A long-time favorite of
l designers and engineers worldwide, the series is the most widely purchased
power supply line through distribution in the industry. The most popular volt-
! age and current combinations are available in a wide variety of off-the-shelf
standard models. ® Popular industry standard packages ® 77 models. . .
6 watts to 280 watts  + 0.05% regulation e Up to 4 fully regulated
outputs » Worldwide safety approvals

HIGH POWER

POWER-ONE'S International High Power Series is the industry’s only true
fully-modular high power product line. Specify a power system that meets
your exact requirements from a wide selection of single, dual and

power-one

Seq,
triple output plug-in power modules. Virtually any combination of | e SoSi
output voltage and current rating can be delivered % o 5
from stock. ¢ 500 watts to 1500 watts  Fully TOLL-FREE —
modular construction ¢ Up to 15 fully regulated LITERATURE ;
outputs e UPS battery backup option  Parallel- HOT-LINE:
able outputs with current sharing (800) 235-5943

In California:

(800) 421-3439

“Innovators in Power Supply Technology”

POWER-ONE offers one of the largest selections of switcher, linear, ﬁp”mernnne

and high power standard models in the world. So, whatever your D.C. D.C. POWeEr suPpPLIES
power supply requirement calls for, make POWER-ONE your first choice PO\;IER.-ONE, INC.

’ i L ' ' ‘ 740 Callg Plano - Camarillo, CA 93010-8583
and be sure you're getting the best—not only in quality, but selection and il ?sosa)ngw_sgma_ﬂ(gos) i,
value as well. Call today for our new 1990 catalogs. TWX: 910-336-1297 - FAX: (805) 388-0476
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TECHNOLOGY ANALYSIS

THIS YEAR’'S FALL CoOMDEX WILL HiGHLIGHT PCs
BuiLT AROUND THE 486 CHIP AND
MORE POTENT NOTEBOOK PCs.

POWERFUL SYSTEMS, LAPTOPS
MUSCLE INTO SPOTLIGHT

RICHARD NASS

bus is making the 486 mi-
croprocessor a more nat-

igh performance is the key

phrase when describing the lat-

est wave of personal comput-

ers based on 80486 micropro-

cessors, and laptops based on
the 80386SX processor. These two growing areas will be
the focus of attention at this year’s Fall Comdex, Nov. 12
through 16 in Las Vegas. Moreover, the show’s “high-
end” slant will spill over into the technical program,
where standards and networking are examined.

Desktop, tower-configuration, and laptop PCs on dis-
play at Comdex will exhibit various enhanced-perfor-
mance features, ranging from improved graphical user
interfaces to better net-
working capabilities to im-
proved data bases. Many of
these performance improve-
ments owe their existence to
the greater power of the 486
and 386 processors, the
availability of software
packages to take advantage
of the processors’ power,
and improved peripheral
products.

As the 80486 micropro-
cessor continues to ma-
ture, systems built with
this chip are becoming
more prominent. The 486

a protected mode that runs
software, like Windows 3.0
from Microsoft Corp.,
more efficiently. And the
growing popularity of the
Enhanced Industry Stan-
dard Architecture (EISA)

Iw'l’li!WMf!fllm

(as well as the 386) contains gﬁ_’% ERERRRS ', I R

1. WITH A 24-IN. CASE that fits under a standard desk,

the System 433TE from Dell Computer Corp. can be used as a Unix-
based host or as a PC-network server. This 33-MHz, 486-based
system is based on the EISA architecture.

ural selection. This is be-

cause the chip can take
greater advantage of the bus’ functionality than less-
powerful CPUs.

Graphical user interfaces, such as Windows 3.0, are
starting to appear regularly in PCs. Windows is current-
ly shipped standard with many PCs, not as an option. In
addition, Microsoft is selling three of its popular Win-
dows software packages together as one unit: Excel (for
spreadsheets), Word (for word processing), and Power-
Point (for presentation graphics) combined now sell for
$995. Individually, they would cost about $1500.

As workstations start to appear for under $10,000
from a host of makers—Hewlett-Packard, MIPS Com-
puter Systems, Solarix, Solbourne Computer, and Sun
Microsystems, among oth-
ers—there’s a push for
desktop PCs to be more cost-
competitive for the same set
of performance features.

One PC-based system
headed in that direction is
the System 433TE from Dell
Computer Corp., Austin,
Tex. This tower system not
only houses a 33-MHz 486
processor, but is also de-
signed using the 32-bit
EISA bus. The 433TE, with
its 64-Mbyte main-memory
capability, can be used as a
Unix-based multiuser host
system or as a work group
or PC-network server. Itin-
corporates a password pro-
tection that ““locks’’ the
system from unauthorized
access.

Although the 433TE is a
tower configuration, it mea-
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sures only 24-in. high, enabling it to
fit comfortably under most desks
(Fig. 1). A lockable side panel gives
users easy access to vertically
mounted option cards. Cable connec-
tions are located at the top of the ma-
chine. Moreover, eight EISA expan-
sion slots are available. An integrat-
ed 16-bit VGA adapter comes stan-
dard with 512 kbytes of RAM, and it
displays up to 1024 by 768 pixels in 16
colors.

In addition to the 8 kbytes of cache
memory built into the 486 micropro-
cessor, Dell included 128 kbytes of
external cache. Faster RAM access-
es are achieved with an advanced in-
terleaved-memory architecture and
shadow RAM. Up to 1.6 Gbytes of
hard-disk storage are accessed
through IDE (Integrated Device
Electronics) interfaces and ESDIs
(Enhanced Small Device Interfaces).

The 433TE is fully compatible with
MS-DOS, 0S/2, and Unix System V.
Prices for the 433TE range from
$8949 to $17,599, depending on the
configuration. A 25-MHz version—
the 425TE—is also available.

Two other 486-based machines
come from Compaq Computer Corp.,
Houston, Tex. Their DeskPro and
SystemPro systems both run at 33
MHz. The DeskPro—Compagq calls it
the most powerful desktop PC—is
suitable for design automation, sci-
entific analysis, software develop-
ment, and resource-sharing work-
group environments.

To increase system performance,
the machine is built around the EISA
bus. The PC contains a second-level
cache controller and 128 kbytes of in-
ternal cache memory to service up to
98% of all processor requests at zero
wait states. An integrated floating-
point unit performs compute-inten-
sive math applications, such as fi-
nite-element analysis. A socket for
an optional 33-MHz 4167 Weitek
math coprocessor is supplied for ex-
tremely demanding applications.

The system is designed for config-
uration flexibility with its nine ex-
pansion slots: a 32-bit system proces-
sor slot, a 32-bit high-speed system-
memory expansion slot, and seven
full-size 32-bit EISA slots. But the
EISA slots can also hold 8- or 16-bit

44'NOVEMBER8 ’11‘990R b

boards. The DeskPro also incorpo-
rates Compaq’s Flexible Advanced
System Architecture that uses two
buses, one for the microprocessor
and memory subsystem and an EISA
expansion bus for compatibility.
Four Mbytes of enhanced page mem-
ory, expandable to 100 Mbytes, is
standard. Three hard-disk sizes are
available: 650, 320, and 120 Mbytes.
The units range from $13,999 to
$19,499 and are available now.

The SystemPro series reaches a
performance level that suits it for
network-server and multiuser appli-
cations. It comes with a 512-kbyte
cache memory that’s designed spe-
cifically for advanced connectivity
applications, from 15-user networks
to complex departmental database
applications with up to 200 users.
The SystemPro can also be used as a
multiuser host running Unix. Within
the next year, Compaq offers mass-
storage solutions of over 10 Gbytes
for the SystemPro family.

Computing power in the System-
Pro can be increased by adding a sec-
ond processor. Each processor and
the I/0 bus can operate concurrently,
maximizing the overall throughput.
Up to five bus-
master 32-bit net-

Calif., decreases the I/0 bottle neck
with 300 disk I/0s per second. And
optional dual SCSI ports permit even
higher speeds with parallel data
transfer.

The controller board uses an Intel
EISA BMIC (bus master IC) as the
host interface chip, supplying opti-
mum compatibility between the
EISA system and controller cards.
With internal and external SCSI con-
nectors, the DTC3290E supports up
to seven SCSI devices, such as a hard
disk, tape drive, CD-ROM drive, or
rewritable optical drive.

By using mailbox architecture as
the system-interface protocol, devel-
opers can multithread command exe-
cution and queuing. This enables the
board to fetch multiple commands
and execute them simultaneously.
The controller also supports data
scattering and gathering through
the mailbox architecture. With this
architecture, the developer can issue
one SCSI command to read and/or
write data to and from different
memory locations, rather than use
multiple SCSI commands. Produc-
tion quantities of the board will be
available in January. It costs $895

work - interface
controllers opti-
mize network-user
response time.
Prices start at
$20,999 for a 240-
Mbyte system and
go up to $29,999 for
an 840-Mbyte sys-
tem.

The DTC3290E
SCSI cache con-
troller, which is
also designed for
the EISA bus,
supports a 32-bit
burst bus-master
transfer rate
across the EISA
bus at a maximum
data-transfer rate
of 33 Mbytes/s.
The board, from
the Data Technol-
ogy Div. of Qume
Corp., Milpitas,
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2. ALTHOUGH SIMILAR toa spARc workstation, the
Mariner 4i, the result of a joint effort between Mars Microsystems
and Tatung Co., can also operate as a PC running DOS. The
optional DOS module contains a 386 processor and VGA graphics.




The programmable
display system:

Design applications for land, sea or air.

Vivisun Series 2000, now the leading program- programmable display system can do the work of
mable display pushbutton system, interfaces the 50 or more dedicated switches. In short, Vivisun
operator with.the host computer. The user-friendly Series 2000 gives the design engineer more control
LED dot-matrix displays can display any graphics or over the design.
alpha-numerics and are available in green, red or Contact us today.
amber. They can efficiently guide the operator
through any complex sequence with no errors and =
no wasted time. AEROSPACE OPTICS INC.

They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112
control panel design. One Vivisun Series 2000 (817) 451-1141 * Telex 75-8461 * Fax (817) 654-3405
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Vivisun Series 2000 ey
programmable displays. The intelligent ﬁv’ :g, e /); s :*'

communications system.
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VIVISUN 2000.
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Fujitsu's new low-cost SCSI protocol
controller is optimized for PC
applications.

Up to now, if you needed a
high-performance SCSI protocol controller
(SPC) IC for your PC application, you were
faced with two options. Neither of which met
your needs.

You could use older products that can't
keep up with your PC. Or you could use high-
priced SPCs that were also high in pin count and
cost.

Now, thanks to Fujitsu’s MB89352,
there’s no need to compromise. Because its a
low-cost, high-performance SPC that meets the
stringent cost and size requirements of PC
applications.

Which makes your life a lot easier.
Because instead of having to choose between
slower products and higher prices, the only
choice you have to make is Fujitsu.

And in contrast to other devices with pin
counts of 68 to 150, the MB89352 provides you
with a modest pin count of 48. All of which
meets your need for smaller, lighter, more
compact systems.

®
FUJITSU

Every step of the way.™
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But with a 2.7 Mbyte/sec. transfer rate, it

packs all the power and speed your PC
application needs. Today and tomorrow.

All in a 48-pin quad plastic surface-
mount package no larger than a dime. Or a
conventional 48-pin DIP.

But having the right SPC for your PC is
only half of what you need to win the race to
market. You also need the right development
tools.

Which is why Fujitsu provides a
complete SCSI host adapter with all the
hardware and software you need to convert any
IBM® PC/XT,” AT* or compatible into an
MB89352 evaluation system.

Including a real working software driver
complete with source code listings. Giving you
the edge to win the race to market.

To find out more about Fujitsu’s new
PC-based SCSI protocol controller, call 1-800-
042-7616. We'll show you how to power your
PC with a SCSI IC.

FUJITSU MICROELECTRONICS, INC.

Integrated Circuits Division
3545 North First Street, San Jose, CA 95134-1804. 1-800/642-7616.

©1990, Fujitsu Microelectronics, Inc

IBM, PC/XT and AT are trademarks or registered trademarks of
International Business Machines Corporation

Every step of the way is a service mark of Fujitsu Microelectronic

Inc
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with 512 kbytes of RAM; the dual-
SCSI-port version goes for $995.

Intel Corp., Santa Clara, Calif., is
releasing two 486 machines, one with
the EISA bus and one with the ISA
bus. Both systems support DOS,
08S/2, and Unix. The 402 is a 25-MHz
system that contains eight ISA ex-
pansion slots. It comes with 4
Mbytes of RAM and is expandable to
8 Mbytes. The 403E is a 33-MHz mod-
el that was designed as a server. It's
more flexible than the 402—it has
ten EISA expansion slots, up to 64
Mbytes of on-board RAM, and op-
tional external cache memory. Ei-
ther is available as a board or a com-
plete system (the 402 as a desktop
and the 403E in tower form).

BRrinee THE UNIx-DOS Gap

A joint effort between Mars Micro-
systems, Mars, Pa., and Tatung Co.,
Taipei, Taiwan, resulted in a product
that combines Sparc and PC technol-
ogies in one workstation (F%ig. 2). The
Mariner 4i enables Unix and DOS ap-
plication software to run on the same
platform, both with full functionali-
ty. The system is basically a Sparc
workstation in which users can add
DOS compatibility with an 80386 mi-
croprocessor and VGA graphics. In
addition, the PC applications run in-
dependently of the Sparc system.

The Mariner 4i runs Sparc/0S 1.0, a
derivative of SunOS, Sun’s version of
Unix. This makes it fully compatible
with the 2100 hardware and software
solutions available for Sparc worksta-
tions. The system is built on a stan-
dard PC/AT-size motherboard, inte-
grated on an ISA bus. Its 25-MHz Cy-
press Semiconductor Sparc CPU of-
fers 16.8 MIPS of performance.

The DOS-processor module, which
simply plugs into the motherboard,
includes an independent 1 to 8
Mbytes of memory, 32 kbytes of
cache, and an optional floating-point
accelerator. A diskless unit with a 16-
in. monochrome monitor costs $5995.
With all of the extras, including the
DOS module, the system sells for
$10,995.

Oracle Corp., Redwood Shores,
Calif., has released several database
servers for PC Unix. They run on a
full range of high-performance sin-
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gle- and multipro-
cessor PCs, in-
cluding Compaq’s
SystemPro.

One server sup-
ports SCO Unix
MPX and is the
first implementa-
tion of nativesym-
metrical multipro-
cessing (SMP) da-
tabase manage-
ment for the
PC environment.
SMP offers huge
performance im-
provements over
nonSMP or uni-
processor sys-
tems. As more
processors are
added to a system,
SMP makes it pos-
sible for each pro-
cessor to run a
complete version
of Oracle. This re-
sults in signifi-
cant transaction-throughput gains
as processors are added. This marks
the first time SMP has been imple-
mented on a PC.

Oracle servers for PC Unix are
based on the company’s relational
database-management system
(RDBMS) Version 6.0, which oper-
ates identically on more than 80 dif-
ferent hardware platforms. It re-
quires a minimum of 6 Mbytes of
RAM and 80 Mbytes of disk space.
Prices begin at $5100 for a two- to
eight-user single processor.

Intended for such high-end appli-
cations as network servers or CAD/
CAM, the MAE486 from Mylex
Corp., Fremont, Calif., is an 80486-
based EISA system board that runs
at 33 MHz. Its 128-kbyte external
zero-wait-state write-back cache
augments the 8 kbytes that are inter-
nal to the 486 chip. The board, with
its PC/AT form factor, supports up
to 32 Mbytes of DRAM. It’s compati-
ble with MS-DOS and Unix.

Mylex also developed three pe-
ripheral boards to go with the
MAEA486: the DCE376 32-bit caching
SCSI host adapter, the LNE390 high-
performance Ethernet LAN adapt-

D ESTIGN

3. CONNECTING TO A STATIONARY docking
station is NEC's Prospeed SX/20, a 386SX-based laptop computer.
With the docking station, users can add expansion cards, drives, or
other peripherals through the interface slots.

er, and the GXE020 high-resolution
TIGA graphics controller, which is
based on TT’s 34020 graphics proces-
sor. The system board is priced from
$4620 to $5200, depending on volume.

PERIPHERALS, T00
To go along with these high-end

systems, Fujitsu Component of
America Inc., Santa Clara, Calif., re-
leased a high-resolution 18-in. diago-
nal ac-memory, plasma-display mon-
itor. The FPF17000S standalone unit
features a resolution of 1024 by 816
pixels and two-level gray scale. It's
suited for workstations and PCs
with split-screen and graphics-inten-
sive applications. It has a contrastra-
tio of 20:1 and a 160° viewing angle.
However, these features don’t oc-
cupy lots of space. The monitor
boasts a 3-1/2-in. profile and weighs
just 5 lbs. It comes mounted on an
adjustable tiltstand for viewing com-
fort. Samples, available now, cost
$4500. Production starts in January.
For higher performance, laptop
makers, specifically notebook PC
makers, will build their portable PCs
with 386SX processors. Judging
from the crop of 3865X-based lap-
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A PERSPECTIVE ON ANALOG

SYSTEM DESIGN

Advanced Linear can help you
raise system performance levels.

A leadership family of analog circuits from Texas Instruments is
helping designers meet difficult design challenges.

he evidence is strong.
Throughout the design community,
systems using the new breed of
Advanced Linear functions from
Texas Instruments are achieving the
keener performance edges that can
spell marketplace success.

TTI's new analog devices are
enabling design engineers to link
digital brains to analog worlds more
effectively and efficiently than ever
before. Some offer new standards of
accuracy or speed while others are
highly integrated devices combin-
ing analog and digital functions on
a single chip. The result is superior
system performance and design
flexibility.

These Advanced Linear func-
tions are the result of leadership
process technologies that we at TI
firmly believe are the key to the
advanced analog devices your
future applications will
demand.

Intelligent power for
automobiles

Designers in the automotive
industry face a tough challenge:
Handle high reverse voltages and
achieve rapid load turnoff while
providing fault protection, detec-
tion, and reporting and efficient
load management. To provide the
needed intelligent power devices,
we developed one of our newest
process technologies, Multi-EPI
Bipolar. It is unique because it can
combine rugged power transistors
with intelligent control functions.

The resulting circuits are now
providing reliable, cost-efficient
control of solenoids and valves in
such automotive applications as
antiskid braking systems, electronic
transmission controls, and active
suspension systems.

Other industry segments are also
benefiting from TI's Advanced
Linear process technologies. Here
are a few of the winning designs to
which we have helped add an
analog edge:

Toledo Scale

Challenge: Improve the accuracy
of point-of-purchase scales by
eliminating drift over time and
temperature.

Solution: The TI TLC2654
Chopper op amp. Our Advanced
LinCMOS™ process makes possible
chopping frequencies as high as

10 kHz, reducing noise to the
lowest in the industry.




IN THE ERA OF MEGACHIP™ TECHNOLOGIES

Pulsecom

Challenge: Develop a linecard
capable of driving low-impedance
loads with greater precision.
Solution: Our TLE206X family of
JFET-input, low-power, precision
operational amplifiers. These
devices offer outstanding output
drive capability, low power con-
sumption, excellent dc precision,
and wide bandwidth. Fabricated in
our Excalibur process, they remain
stable over time and temperature.

Leitch Video

Challenge: Design a compact, cost-
efficient direct broadcast satellite
TV descrambler for consumer use.
Solution: TI's TLC5602 8-bit
Video DAC. Our LinEPIC™
process combines one-micron
CMOS with precision analog to
satisfy the demands of the applica-
tion for video speeds and low-
power operation.

U.S. Robotics

Challenge: Build a modem for high-
speed data transmission between
computers; allow flexible operation
and minimize data errors.

Solution: Our TLC32040 Analog
Interface Circuit (AIC). A product
of our Advanced LinCMOS
process, the AIC combines
programmable filtering, equaliza-
tion, and 14-bit A/D and D/A
converters with such digital func-
tions as control circuitry, program
registers, and a DSP interface.

Xerox
Challenge: Cut component count
and cost of copier systems while
boosting reliability.

Solution: Our TPIC2406, a top-
performance peripheral driver in a
standard DIP package that is
capable of driving heavy loads. It is
fabricated using our Power
BIDFET™ process which permits
greater circuit density and incor-
porates CMOS technology for
low total power dissipation.

Mr. Coffee ‘

Challenge: Design an intelligent

coffee maker that brews faster,
maintains optimum temperature,

shuts off automatically, and has a
built-in cleaning cycle.

Solution: Our LinASIC"/ ‘
LinBiCMOS™ capability permits us ‘
to combine both analog and digital
library cells with custom analog 1
cells. This results in cost-efficient
integration of temperature monitor-
ing, timing, and high-current out-

puts on a single control chip.

All of these examples point to

one conclusion: TI's Advanced

Linear functions are adding an

analog edge to many system

designs. They are contributing
significantly to the enhanced -
system performance that marks
a market winner.
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Helping you implement your designs
in a changing world.

An increasing share of the total
analog market is being captured by
mixed-signal devices. As they gain
more widespread acceptance, they
are driving the expansion of the
overall analog market (see above).

Changes such as this are the
order of the day in the IC
marketplace. Texas Instruments
continues to provide not only the
high-performance circuits you need
but also the depth of experience,
support, and service fundamental
to successful completion of your
designs.

Experience:

Building on three
decades in ICs

We at TI can successfully meet
your requirements for mixed-signal
devices because we have acquired
the necessary knowledge from 30
years of experience in developing
both analog and digital functions.
We have also drawn upon our digi-
tal ASIC strengths in developing
our LinASIC capabilities.

Support:

Speeding our chips to you
The faster we move new products
through our design cycles, the
faster you can get through yours.

We employ a wide variety of design-
automation tools and sophisticated
software to speed our development
process.

Service:

Providing a surety of supply
However advanced our circuits

may be, they are of little value if
they are inaccessible to you. T1
operates on the principle of global
coverage, local service. We
manufacture semiconductors in 13
countries and operate support
centers in 22. We have product and
applications specialists, designers,
and technicians around the world.
They are linked by one of the ‘
world’s largest privately owned com-
munications networks so that we
can bring you our best — circuits
and support — from wherever they
may be to wherever you are.

Keeping our |
communications open

The relationship between you as
customer and us as vendor is vital:

You are our chief source for

firsthand information that can help
guide us in developing the circuits

you will need for your future

designs. We at TI welcome your
comments and your suggestions.

TD’s Leadership Analog
Processing Technologies

LinBiCMOS — Combines
Advanced LinCMOS, digital
ASIC CMOS, and up to 30-V
bipolar technologies to allow the
integration of digital and analog
standard cells and handcrafted
analog components on a
monolithic chip.

LinEPIC — One-micron
CMOS double-level metal, double-
level polysilicon technology, which
adds highly integrated, high-speed
analog devices to the high-perfor-
mance digital EPIC process.

Advanced LinCMOS — An
N-well, silicon-gate, double-level
polysilicon process featuring
improved resistor and capacitor
structures and having three-micron
minimum feature sizes.

Power BIDFET — Merges stan-
dard linear bipolar, CMOS, and
DMOS processes and allows inte-
gration of digital control circuitry
and high-power outputs on one
chip. Primarily used for circuits
handling more than 100 V at cur-
rents up to 10 A.

Multi-EPI Bipolar — A very
cost-effective technology that util-
izes multiple epitaxial layers instead
of multiple diffusion steps to reduce
mask steps by more than 40%.
Used to produce intelligent power
devices that can handle loads as
high as 20 A and voltages in excess
of 100 V.

Excalibur — A true, single-level
poly, single-level metal, junction-
isolated, complementary bipolar
process developed for high-speed,
high-precision analog circuits
providing the most stable op amp
performance available today.

If you would like a more detailed
explanation of our Advanced Linear
process technologies, please call 1-800-
336-5236, ext. 3423. Ask fora copy of
our Advanced Linear Circuits brochure.

™ Trademark of Texas Instruments Incorporated

©1990 Tl 08-0082
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COMDEX PREVIEW

tops at the show, few sacrifice little
if any performance when compared
to their desktop counterparts.

One newsworthy entry is the Tra-
velMate 3000 notebook PC from Tex-
as Instruments. The PC, built at TI’s
Temple, Texas location, features a
20-MHz 80386SX microprocessor; a
10-in. diagonal black-on-white VGA
display; a 1.44-Mbyte, 3.5-in. floppy-
disk drive; and a 20- or 40-Mbyte
hard-disk drive. All this fits in a box
just 8.5 by 11 by 1.8 in., weighing 5.7
Ibs. with the battery.

The display, taken from TI’s Tra-
velMate 2000, employs triple su-
pertwist LCD technology. Its resolu-
tion is 640 by 480 pixels with 32 gray
scales. This allows the computer to
run such applications as Windows
3.0. It comes standard with 2 Mbytes
of RAM that’s expandable to 6
Mbytes in 2-Mbyte increments.

The PC comes with DOS 4.01 load-
ed onto its hard disk. Other software
is also bundled, such as LapLink for
easy data exchange with a desktop
PC; BatteryWatch, which tells users
how much life is left in the battery;
BatteryPro, a battery conservation
application; display utilities; and a
laptop file-management system.

The removable nickel-cadmium
battery holds a charge for about
three hours. Standard features are a
parallel and a serial port, interfaces
for an external monitor, a mouse,
and an external numeric keypad. Op-
tions include extra batteries and a
2400-baud modem with facsimile ca-
pabilities. The TravelMate 3000 costs
$5199 and $5799 for the 20- and 40-
Mbyte models, respectively.

Stiff competition for TI's Travel-
Mate comes from the Premium Exec
23V and 43V PCs from AST Re-
search Inc., Irvine, Calif. These note-
book laptops are also built around
the 386SX processor running at 20
MHz, and they come with either 20-
or 40-Mbyte hard-disk drives. The
PCs are 9by 11.4 by 2.2 in. and weigh
6.5 lbs. A 1.44-Mbyte, 3.5-in. floppy-
disk drive is standard, as is a 3-1/2-hr
removable NiCd battery.

The Premium Execs’ display is a
cold-cathode fluorescent-tube back-
lit LCD that uses 32 shades of gray.
It has a resolution of 640 by 480 pix-

els. The computer’s 2 Mbytes of
RAM are expandable up to 8 Mbytes;
a 2400-baud modem is optional. The
notebook PCs come loaded with La-
pLink, BatteryWatch, DOS 3.3, and
some utilities from AST Research.

NEC, Wood Dale, Ill., tossed its
notebook-PC hat into the ring with a
12-MHz 286-based model that weighs
in at 6.5 Ibs. The UltraLite 286V fea-
tures a 10-in. backlit display with
VGA resolution, 1 Mbyte of RAM ex-
pandable to 5 Mbytes, and a 20-
Mbyte hard-disk drive. Its 2-1/2-hr.
battery can be changed on-the-fly
without any data loss, and can be re-
charged in four hours. The compa-
ny’s 286V comes with a RAM card
slot for either proprietary NEC
RAM cards or ROM-card software
from third-party vendors. It’s also
bundled with an external 3.5-in., 1.44-
Mbyte floppy-disk drive. The PC re-
tails for $3699.

A second laptop from NEC is the
ProSpeed SX/20. This 386SX-based
machine, with dimensions of 10.6 by
13.4 by 3.4 in., is slightly larger than
the UltraLite. It weighs 12.9 1bs. with
the battery. Running at 20 MHz, the
laptop plugs into a fixed docking sta-
tion to supply instant desktop fea-
tures (Fig. 3). The docking station of-
fers such desktop features as expan-
sion slots, space for hard-disk, flop-
py-disk, CD-ROM, or tape drives, a
full complement of peripheral ports,
and a locking mechanism so that the
complete two-piece unit also be-
comes portable.

The list of bundled software in-
cludes MS-DOS 4.01, an extended-
memory driver, a DOS and user’s
guide, and a diagnostic utility. With
a40-Mbyte hard-disk drive, the Pro-
Speed SX/20 retails for $5999. The
optional docking station costs
$1199.

At the component level, Allegro
Microsystems Inc., Worcester,
Mass., has launched the 8900 family
of mixed-signal ICs consisting of
eight motor controllers and drivers.
The first three parts from Allegro,
the 8901/2/3, drive the three-phase
brushless de spindle motors used in
hard disk drives for laptops and
desktops. These chips combine back-
EMF (electromotive force) sensing

with power DMOS outputs and pro-
grammable control logic to supply
drive makers with the control and
system flexibility they need. In 1000-
piece quantities, the chips range
from $6 to $6.50.

Two other ICs designed to drive
three-phase, brushless dec motors—
the 8922 and 8925—are used in tape
and hard drives, respectively. The
8925 specifies a continuous output
current of 4 A to supply faster “up-
to-speed” times. The 8922 is similar
except that it specifies an output cur-
rent of +3 A with an on-resistance of
0.25 Q. The 8925 costs $8 and the 8922
$7.50, in quantities of 1000.

The last three parts, the 8931/32/
58, are 5-and 12-V voice-coil ICs with
sense FET outputs. The output cur-
rent of the chips’ on-board full-
bridge amplifier can be determined
through an externally applied con-
trol voltage or current. Each voice-
coil IC is priced at $6 in 1000-piece
quantities. All eight devices can be
had in low-profile packages suitable
for surface mounting. They’re avail-
able now in sample quantities with
production to start in January.

By glancing at the technical con-
ference schedule for Comdex, it’s
easy to see thatit’s becoming a high-
end show. You’d almost think it was a
workstation show rather than a PC
show. One session revolves around
standards. PC makers never were
too concerned with standards. But
now that the PCs are reaching work-
station performance levels, the mak-
ers are having the same concerns as
their workstation counterparts.

A second Comdex technical ses-
sion is titled “Network Computing,
The Challenge of the 90s: Client-
Server Applications Come of Age.”
This indicates that high-end PC mak-
ers are feeling the heat from the low-
end workstation makers. Worksta-
tions always had a decided advan-
tage over the PCs as far as network-
ing goes. Now, PCs makers have
more reason to go to battle.[]
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Sorry you had to wait so long.
I.Y]_I]_g O ge a Introducing the Model 1600
Logic|Oscilloscope
Now you can clearly see logic
1 L L 1 timing problems in analog
ogic signals.

form across as many as 160

channels—with logic analyzer

triggering.

Look at both time align-

ment and signal fidelity
- g simultaneously on lots of
channels, and solve all kinds
of measurement problems.
Bus monitoring, for computers
and peripherals. Termination
problems. Ringing. Over-
shoot. Rise and fall times.
Set-up and hold times.

And now, finally, you
can test and time-align high
channel-count test equip-
ment. Calibration labs can
now test and verify their ATE
systems and ASIC verification
systems.

The Logic/Oscilloscope
lets you see it all, in exactly
the format you want, with one
machine. One screen. One
group of parameters. One set
of probes.

Display any channel, any
place, relative to any other
channel you want. Overlap
two or more waveforms for
easy comparison, and differ-
entiate them in eight colors.

Easy-to-understand

screens, prompted functions
and a “Help” key make it easy
to set up and take measure-
ments without ever opening
the manual.
i Call (408) 374-2990 now
and find out how to get a good
look at the new Model 1600
Logic/Oscilloscope from
Outlook.

You've waited long enough.

LOGIC / OSCILLOSCOPE
. 1600

(0 0c000000)

1 Outlook Technology, Inc.
200 E. Hacienda Avenue, Campbell, CA 95008

Telephone (408) 374-2990 FAX (408)374-9273
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Fast things come
in small packages.

7

y
' /l/ ligh-speed, low-noise CMOS logic and
- memories in new, space-saving packages

Quality Semiconductor has the high-
speed, low-noise logic and memories
you need to make the most out of high-
speed design. FCT logic in FCT/A/B/C
speeds. 16Kx4 SRAMs with 12ns access.
1Kx9 and 512x9 FIFOs at 15ns with

fast flags. Logic especially designed to
eliminate noise problems.Value-
added enhancements like on-chip
resistors, burst-mode counters and
cache-tag comparators. Memories

with reliable 6-T cell design. In the
packages you want—including space-
saving ZIP and our new, ultra-small
QSOP Available now

Proprietary CMOS Process Quality’s
QCMOS™ process gives you better

performance than Bipolar or BICMOS—
yet runs cooler and draws less power.
Low Noise A controlled output swing
of 0to 3.5V reduces problematic ground
bounce. Optimized slew rates help
reduce line and signal noise.

New; Space-Saving Packaging Inno-
vative packaging options help you save
precious board space. 20 and 24-pin
ZIP saves board space by 50% over PDIP
Ask about our new; 150-mil QSOP with
reduced pin spacing to increase logic
density by 400%.

High Speed Hotline Call (408) 986-8991
for the latest copy of Quality’s High-
Performance CMOS data book—product
is available NOW!

QUALITY SEMICONDUCTOR INC.
2946 Scott Boulevard, Santa Clara, CA 95054

Phone: (408) 986-8991

FAX: (408) 496-0773
CIRCLE 98

240,241,244,
540,645
245,645,
540,541
374,377,
534,273
821,823,
825
373,533
841,843,845
646,648,651,
652
29FCT52,
29FCT53
543,544
827,828
861,862,
863,864,
865
138,139,
238,239
2241...2864

Registers
Latches

Register/ Transceivers

Latch/Transceivers

9/10-bit Transceivers

Decoders
25-Ohm Resistor outputs
(All parts)

Available in PDIP, SOIC, ZIP, QSOP Packages

Std.A.C
Std, A, C
A.B.C
Std,A,C
AB,C
Sud A
AB

Std.. A
AB,C

$td,A.C
Std, A

Q88201
Q88202

FIFO Memories

512x9

IKx9

15ns
15ns

Available in 300mil PDIPSOIC, PLCC Packages

SRAM Memories
Q58888 16Kx4

Q8886 16Kx4, Fast OF
Q88885 16Kx4, 2 CE, OF
Qs8882/1 16Kx4, Separate 1/O
Qs8883 16Kx4, Cache Tag
QS8761/2 4Kx4, Separate 1/0
Qs8768 4Kx4 Common 1/O
QS8780 4Kx4, Cache Tag

12ns
12ns
12ns
12ns
12ns
10ns
10 ns
10ns

Available in PDIP, SOJ, SOIC, and ZIP Packages

QCMOS and QSFCT are trademarks of Quality Semiconductor Inc
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THE FIRST EMBEDDED CONTROLLER BASED ON THE
SPARC CORE PACKS CACHES, PERIPHERAL F'UNCTIONS,
AND ENHANCED MATH FOR FASTER CONTROL.

REGISTER WINDOWS SPEED
REAL-TIME CONTROL TASKS

DAVE BURSKY

Ithough high-speed RISC pro-
cessors satisfy the throughput
needs of embedded-control
systems, most RISC-based
systems can’t meet the board
area and cost restrictions im-
posed by the applications. Fast
responses to interrupts, high-
speed math computations, and
high levels of system integration are all key to
taking on tough applications and meeting them
with processing power to spare.

As a supplier of general-purpose Sparc pro-
cessors licensed from Sun Microsystems, Fu-
jitsu took note of the benefits and shortcom-
ings of the current Sparc implementations.
Fujitsu enhanced the best features of its pre-
vious Sparc processor by instituting a five-
stage pipeline that achieves close to one cycle
per instruction for most general-purpose
code. It also improved the instruction set and
integrated many of the off-chip circuits onto
the processor chip. An eighth register win-
dow was added for more flexible task switch-
ing. All of these enhancements were incorpo-
rated into the MB86930, a new processor chip
that becomes the first member of the compa-
ny’s Sparclite family. A soon-to-arrive multi-
function companion support chip, the
MB86940, has also been designed.

The processor will be offered in speeds of
20 to 40 MHz (18.5 to 37 MIPS). When idling,
its static CMOS logic keeps system power
drain to a minimum. This is because the clock
can be stopped without losing data held in on-
chip registers. On-chip instruction and data
caches of 2 kbytes each store the most critical
data or instruction loops for fastest access
(see the figure).

Unlike direct-mapped caches on some re-

cently released high-integration RISC pro-
cessors, the MB86930’s caches are two-way
set-associative. As a result, they produce a
higher hit rate while imposing a penalty of
just a few tag bits per word.

Separate instruction and data caches of 2
kbytes each give designers what the compa-
ny expects to be the best trade-off between
chip cost and performance benefits for most
embedded applications. A majority of high-
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SPARC-BASED
EMBEDDED CONTROLLER

volume embedded applications have
only a small amount of code that
benefits from being executed from a
cache—tight inner loops forming the
bulk of most compute-intensive algo-
rithms. The processor’s internal
Harvard architecture coupled with
the caches makes it possible for two
words to be pulled simultaneously
from the caches. That, in turn, en-
ables the CPU to achieve a very low
cycles-per-instruction ratio without
resorting to superscalar circuit ap-
proaches.

Cache is also important when stor-
ing small amounts of interrupt ser-
vice code to minimize interrupt laten-
cy. To that end, the instruction cache
was designed to permit each 4-word
line of the cache to be “locked” (write
protected), so that normal cache up-
dates won’t overwrite the key rou-
tines or data. Because a two-way set-
associative organization enables a
memory location to be mapped into
either of two cache entries, the cache
can still work effectively even if one
of the two entries is locked. Conse-
quently, one entire bank (1024 bytes)
can be locked. The remainder can be
kept as a fully functional direct-
mapped cache. Furthermore, the
data cache can be locked. In that
case, locked entries are treated as lo-
cal scratchpad RAM—writes to
locked locations aren’t reflected ex-
ternally to off-chip memory.

MANY REGISTERS

A total of 136 registers, each 32
bits wide, are included on the Spar-
clite processor. The registers appear
to users as eight overlapping banks
(or windows) that consist of 32 regis-
ters—eight are “global,” and remain
the same in each of the windows. Un-
like simple microcontrollers that just
switch entire banks of registers, the
Sparc architecture employs a more
sophisticated approach. In the regis-
ter windows approach, key parame-
ters can be transferred from task to
task without rewriting them into the
register file. This is possible because
eight registers of the current win-
dow are accessible in the next win-
dow. Thus, only 16 registers change
when windows change. The 16 regis-
ters take on slightly different char-

58 Roviubexs oo © " ' C

acteristics, depending on which win-
dow they were in and the window
that they’re currently in.

With such a windowing system, C
procedure calls and task switching
can be implemented efficiently. The
calling program can write parame-
ters that are passed into the “out”
registers portion of the 16 registers.
When the window changes, those pa-
rameters appear in the “in” regis-
ters. Nothing actually moves, only
the register names change to match
their task in the window. That elimi-
nates the memory overhead associ-
ated with writing and reading pa-
rameters, and effectively caches the
top of the C run-time stack in the hid-

occur because it has at least eight
registers that are unable to impinge
on the user’s process that trapped.
The trap service time is also low be-
cause there’s very little state infor-
mation that the trap service routine
must save in order to reenter the
trapped program (just the program
status register and the Y register
need be saved—and only if the ser-
vice routine or another trap service
routine will alter those values).
Furthermore, by using the Win-
dow Invalid Mask instruction, super-
visor code can segment the register
set into a smaller number of window
sets. This reduces the number of win-
dows, and thus the number of con-

Sparc integer unit

Clock
Clock generator
32
Data <—>—
Address <32
Address Bus
_ Space <—c—» interface
identifier unit
Corl+—— R

Debug

support
unit

32 Instruction bus (data)

32 Data bug (address) |

2-kbyte instruction cache

2-kbyte data cache

THE SPARCLITE PROCESSOR takes advantage of a full Harvard architecture
internally, which enables the integer unit to simultaneously pull both data and instructions
from the dual 2-kbyte caches. The bus interface block not only provides full 32-bit data and
address buses, but also supplies all of the timing needed for DRAM subsystem control.

den register windows.

To readily handle real-time control
applications, interrupt latency must
be extremely short—just four cycles
are required by the MB86930 from
the time the trap instruction is
fetched to when the trap target is
fetched. At 20 MHz, that translates
to about 200 ns. With the automatic
decrementing of the current window
pointer during a trap, a trap service
routine can execute quickly. This can

D ESTIGN

secutive Save operations without a
window overflow trap. In turn, users
cantrade off between the nested pro-
cedure call time and context or pro-
cess switch time, if the process is a
real-time event service routine and
it’s desirable to reduce the process
switch time.

The processor chip also includes a
clock generator that requires just an
external crystal (alternatively, a sim-
ple single-phase clock can be sup-
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plied to the chip), and a dynamic-
RAM interface and address decoder.
The DRAM block contains eight pro-
grammable wait-state generators. It
also contains another eight program-
mable chip-select lines that simplify
the attachment of off-chip, low-cost
DRAMs.

Special page-mode detection logic
helps minimize the cache-miss penal-
ty. Each time there’s a cache miss, a
worst-case assumption is that the
first word accessed is in a new memo-
ry page. That typically isn’t the case,
because most code is sequential: If
instruction n caused a miss, instruc-
tion n+4 will also cause a miss (a
cache line is four words long). Be-
cause pages in external DRAM are
much larger than the 4-word cache-
line boundary, the fetch of instruc-
tion n+4 can often be treated as a
page-mode address. The circuits in-
cluded as part of the cache subsys-
tem will take advantage of such
cases automatically, treating the
DRAM page as if it were a secondary
cache memory.

MuULTIPLIER ADDS POWER

More computational power was
embedded in the Sparclite by adding
a 32-bit multicycle multiplier (orga-
nized as 32-by-8) and several multi-
plication instructions, a Scan com-
mand, and an improved division ca-
pability (a new Divide-Step instruc-
tion) to accelerate physical data
processing. Multiplications, along
with additions and the combined mul-
tiplication-accumulation operation,
are workhorse operations in many
control algorithms in linear, quasi-
linear and non-linear domains. The
on-chip multiplier allows the
MB86930 Sparclite chip to perform
floating-point emulations with a
throughput of about 1 MFLOPS.

To see the improvement in
throughput, consider the following
example of the previous MB86901
Sparc integer processor. An
MB86901 converts 8-bit pixels from
red, green, and blue planes to 8-bit
pixel intensity planes over a 1024-by-
1024-pixel image. When running at
20 MHz, the MB86901 requires 2.57
seconds to do the operations when
it uses 0-wait-state static RAM to
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hold the data.

In contrast, the MB86930 needs
just 0.93 seconds, and requires much-
less-expensive 1-wait-state DRAM
to hold the data. Thanks to the multi-
plication instruction, the pixel-con-
version routine needs only 32 words
of storage. And it can be held in a
locked portion of the cache for maxi-
mum speed.

Scan is a new single-cycle opera-
tion that examines a register to see
how many leading bits are the same;
then it returns the count. The equiva-
lent operation done with standard
Sparec instructions would require be-
tween 43 and 52 clock cycles. The
new Scan instruction peeds the soft-
ware floating-point post-normaliza-
tion so that the integer unit can take
care of floating-point operations dur-
ing initialization and outer-loop exe-
cution. The scan operation also accel-
erates interrupt selection and run-
length encoding for compression.

The Divide-Step instruction im-
proves division speed over the origi-
nal Sparc integer unit considerably,
with a minimal impact on hardware
cost. It performs a one-bit cycle of a
non-restoring shift-before-add,
signed or unsigned division. The
standard coding on previous Sparc
processors requires between 243 and
258 cycles to perform the division of
a signed 64-bit number by a signed
32-bit number (and obtain a signed
32-bit quotient and correctly signed
32-bit remainder with detection of di-
vide-by-0 and finite overflow). In con-
trast, the new Division instruction
reduces the time to between 48 and
62 cycles.

The multiplication operation con-
forms to the Sparc International
specifications with an additional ear-
ly terminate feature to help the em-
bedded-control system designer. The
early terminate feature permits a 32-
bit-by-8-bit multiplication to be done
in just two cycles, a 32-by-16 opera-
tion to be completed in three cycles,
and a 32-by-32-bit multiplication in
just five cycles.

Four variations of the multiplica-
tion instruction actually exist: un-
signed multiply, signed multiply, un-
signed multiply and modify condi-
tion code register, and signed multi-
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ply and modify condition code
register. By using condition codes,
multiplies can be programmed more
efficiently when products aren’t
more than 32 bits wide. In addition,
the codes still retain the ability to de-
tect and handle exceptions.

To make systems easier to de-
bug, Fujitsu’s designers included a
separate 8-bit analyzer bus on the
Sparclite chip. The bus, which car-
ries coded bus-trace information to
an emulator, is needed because the
on-chip caches of the processor hide
lots of bus activity from the outside
world. The separate bus also makes
the emulator connection non-intru-
sive to the system side of the pro-
cessor. As a result, any loading or
other performance-deteriorating
effects are eliminated from the
host system.

The chip also contains hardware
breakpoint registers that, when used
with target monitors to generate
complex breakpoints, further aid in
program debugging. There are two
registers for instruction break-
points, two for data address break-
points, and two others for data-value
breakpoints. To ensure that board-
level systems are testable, the chip
includes a JTAG test port for bound-
ary-scan testing.

In control systems, the compute
subsystem must often perform oth-
er tasks, such as interrupt control,
counting and timing, and data com-
munications. The MB86940 compan-
ion chip will offer all of this support
integrated into one 100-lead quad-
sided flat package. The chip will in-
clude an interrupt controller that
deals with 15 interrupt requests. It
will have a selectable interrupt trig-
ger and both masking and polling
registers. Four 16-bit counter-timers
will also be incorporated, each with a
programmable prescaler. Each tim-
er can respond to either an internal
or external clock, and each has its
own capture and compare registers.
Inputs can respond to a wide range
of trigger events, while the timers
deliver a wide range of pulse or level
outputs. In addition, a pair of univer-
sal synchronous/asynchronous seri-
al ports are integrated on the chip.
Each is 8251-compatible and can be
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Whatever nonvolatile memory
you should be heading

path

10 Shavp. The world

You’ve chosen mask ROMs for their density. But now you
can choose them for their high speed as well. And you can
choose the best of both worlds in one place. Sharp.

Setting New Speed Records—And Getting Faster.

Now available from Sharp: a 100-ns, 4-Meg
mask ROM. That’s a speed /density combina-
tion unprecedented in the industry. But that’s
only the beginning.

This milestone 1s one step on a technol-
ogy path initiated by Sharp to produce
ever-speedier mask ROMs. The key is a
chip design focused entirely on speed.

Sharp will take this layout to new speed
luds in the 1990s. Look for a 35-ns, 1-Meg mask ROM
from Sharp as early as the end of 1990.

And Sharp will continue on this unrivaled speed path for
years to come. You can look forward to a new generation of
mask ROMs, reducing wait state requirements. All available
in a wide range of standard DIP and leading-edge surface
mount packaging, for maximum design flexibility.

Setting New Density Records—And
Delivering Lowest Cost Per Bit.

Now available from Sharp: a 16-Mcg mask
ROM at 200ns. Another milestone in the
industry. The key is a totally different die. And
a totally different technology called Flat Cell.

With greater and greater densities in mind,
Sharp has produced a cell half the size of its
high-speed counterpart. But while some speed has been
traded off for die size, Sharp’s higher-density mask ROMs
are pretty speedy as well (see table that follows).

Moreover, in addition to producing a record-setting
16-Meg mask ROM, the effort has delivered extremely cost-
effective 4-Meg and 8-Meg versions, now in volume produc-
tion. All exemplify Sharp’s commitment to deliver what
many system designers consider their most important
requirement. Lowest cost per bit.

And the commitment to delivering lowest cost per bit is
long-term. Even now, Sharp designers are working on a 64-
Meg mask ROM for the early 1990s. So you know you can
always depend on Sharp to deliver ever-denser mask ROM:s.
And ever-lower cost per bit.

Sharp High-Density Mask ROMs

Max

Sharp High-Speed Mask ROMs
Max

1 Mcg Speed Org. DIP | QFP | SOP PLEG Intro.
1LLH530800 150 ns x8 32 32 32
LLH530xx 35ns x8 32 2H90
LLH530xx 55ns x16 40 44 1H91

2 Mcg
1.LH532300 150 ns x8 32 32 32
1.H5321.00 120 ns x8 32 32 32

4 Mcg
1.H534300 150 ns x8 32 32 32
1.H534500 150 ns xl6 40 44
1LH5341.00 120 ns x8 32 32 32
1.H534600 100 ns x16 40 44

8 Mcg
LLH538xxx 150 ns xl6 42 64 1991
1L.H538xxx 150 ns x8 32 32 1991

2 Mcg Speed Org. | DIR | QEP | SOP | PLCKC Intro.
LH5320008B 200 ns x16 40 44
L.H532100B 200 ns '8 32 32 32
4 Meg
1.LH534000B 200 ns x16 40 44
LLH534100B 200 ns A8 32 32 32
8 Mcg
LLH5380xx 200 ns x16 42 64
L.H5381xx 200 ns A8 32 32
16 Mcg

1.LH531600 200 ns a6 128 2Q90

Why EPROMs Are Not Always the Answer.

With the advances Slmrp 1s making both in lowering the
cost per bit and increasing spud now may be the time to
ask a very important question: Are EPROMs really
prdambla to mask ROMs?



joure on-highest density or speed-—

n one direction.

leader m mask ROMs.

For many of you, the answer is now no. It’s
time to re-examine conventional thinking
about EPROM.

For example, if your code 1s stable and your
annual volume i1s moderate, then you simply
can’t afford nor to consider Sharp mask ROMs.

One of the advantages that EPROMs have
over mask ROMs is their ability to be erased and repro-
grammed. However, for most users the flexibility that
makes EPROMs a lot more expensive than mask ROMs will
never be needed. And if your code 1s stable, a lot of money
will have been wasted.

Moreover, as you know, even if field changes are required,
most EPROM users won't reprogram the units in the field.
Instead, the EPROM will simply be dumped and replaced.
And considerably more expense will be added.

Because mask ROMs are custom parts, another alleged
EPROM advantage 1s the ability to inventory the unpro-
grammed devices. However, the ability to stockpile master
EPROMs is increasingly being offset by the cost incurred by
the system manufacturer who must program the EPROMs
on his factory floor.

Why Sharp Mask ROMs Are the Answer.

Now consider some clearcut advantages you will get with
mask ROMs. Thanks to Sharp.

For one thing, mask R()Ni% have always been much
denser. But Sharp has made that density advantage even
more pronounced—and it will only get greater. This 1s good
news for those users who would need to use multiple OTP
EPROMs to satisty increasing bit requirements. With Sharp’s
extensive line of high- dumt\ mask ROMs, no problem. Sim-
ply use one high-density Sharp mask ROM instead of mul-
tiple OTP EPROMs. And also lower your cost per bit to
levels that EPROM users can only dream about.

Moreover, through Sharp’s creation of and commitment
to a speed path, mask ROMs no longer sufter a speed dis-
advantage. You can look forward to new generations of
high-speed mask ROMs. And with greater densities than
EPROMs. From Sharp.

Take Advantage of Sharp’s Unrivaled
Mask ROM Development.

When you come to Sharp, you can take advantage of our
unrivaled leadership in developing distinctive, leading-edge
speed and lowest-cost-per-bit (density) paths. And you can
choose from a wide range of high-speed or high-density
products. Right now.

Whatever mask ROM technology path you require, you
will capitalize on several features that have helped make
Sharp a world leader in mask ROM development:

« Simple Processing. Sharp uses a single-poly, single-metal
process for all its mask ROMs to keep costs down. You know
you can look forward to new, cost-effective generations of
higher-density and higher-speed mask ROMs.

« Fast Turnaround Time. Expect initial quantities within

4 to 6 weeks. Not the usual 12 to 16 weeks. And at a fraction
of the cost of EPROMs. The reasons: late programming (pre-
metal)—even on the highest-density parts—along with fast,
US.-based satellite code transfer, combined with speedy
in-house mask making and assembly/testing.

» Wide Selection of Leading-Edge Packages. This includes
JEDEC standard DIPs most common for EPROMs. But at
Sharp, high-density PLCC and even higher-density QFP and
SOP surface mount packages are all standard. And COB and
TAB are available on request.

» Rock Solid Customer Support. Whatever technology
path you're on—speed or density—you can count on Sharp
to meet our commitment to deliver what we promise to
deliver. Speed or density. Every time.

To find out more about Sharp’s full line of mask ROMs;
call: 1-201-529-8757 « FAX: 1-201-512-2020. Or write to:
Sharp Electronics Corp., Microelectronics Division, Sharp
Plaza, Mahwah, New Jersey 07430.




Sharp Electronics Corp.
200600 S. Alameda Street
Carson, CA 90810

Tel: 213-637-9488

Fax: 213-631-2945

Sharp Electronics Corp.
4677 Old Ironsides Dr.
Suite 450

Santa Clara, CA 95054
Tel: 408-727-7914

Fax: 408-748-1837

Sharp Regional Offices

Sharp Electronics Corp.
800 Turnpike Street

Suite 300

North Andover, MA 01845
Tel: 508-975-1979

Fax: 508-975-168()

Sharp Electronics Corp.
725 Old Norcross Road
Lawrenceville, GA 30245
Tel: 404-995-0717 Ext. 303
Fax: 404-995-0622

Sharp Electronics Corp.
1300 Naperville Road
Romecoville, 11 60441
Tel: 708-759-8555

Fax: 708-759-6319

Sharp Electronics Corp.
14275 Midway Road
Suite 220-2

Dallas, TX 75244

Tel: 214-991-5185

Fax: 214-991-5071

Call Representative Location Nearest You

Alabama
Interep Associates, Mobile
(205) 478-1036

Interep Associates, Huntsville
(205) 881-1096

Arizona

ETS, Inc., Tempe

(602) 921-7122

California

Mesa Components, San Diego
(619) 278-8021

Plustronics, Newport Beach
(714) 476-8009
Plustronics, Sherman Oaks
(818) 995-8908

Quorum Technical Sales, Santa Clara
(408) 980-0812

Colorado
Seale & Associates, Inc., Denver

(303) 695-1980

Connecticut
Orion/DSA Group, Southington
(203) 621-8371

Florida
Component Design Marketing, Orlandc
(407) 240-3903

Georgia
Interep Associates, Norcross
(404) 449-8680

Illinois

Synergistic Sales, Glendale Heights
(708) 858-8686

Indiana

Mobhrfield Marketing, Indianapolis
(317) 546-6969

Kansas
Baka Corporation, Wichita
(316) 682-8411

Maryland
Advanced Technology Sales, Towson
(301) 296-9360

Massachusetts

Orion/DSA Group, Peabody
(508) 532-6266

Orion/DSA Group, Marlborough
(508) 480-0516

Michigan

DEM Sales Inc., St. Clair Shores
(313) 777-1750

DEM Sales Inc., Grand Rapids
(616) 364-4024

Minnesota
Reptek, Minneapolis
(612) 331-8865

Missouri
Baka Corporation, St. John
(314) 429-2252

North Carolina
Zucker Associates, Raleigh
(919) 782-8433

New Jersey
Eastec Associates, Allendale
(201) 934-7135

New York
W. Kreger Associates, E. Rochester
(716) 381-4430

Ohio
Five Star Electronics Inc., Dayton
(513)299-1718

Five Star Electronics Inc., Solon
(216) 349-1611

SHARP

By Design.

Oklahoma
Impagq Sales Co., Locust Grove
(918) 479-6493

Oregon
Blair Hirsh Co., Beaverton
(503) 641-1875

Pennsylvania

Omni Sales, Erdenheim
(215) 233-4600

Tennessee
Interep Associates, Greeneville

(615) 639-3491

Texas

Impagq Sales Co., Houston
(713) 820-0288

Impagq Sales Co., Austin
(512)474-1125

Impagq Sales Co., Carrollton
(214) 247-3300

Utah

Seale & Associates, Inc., Salt Lake City
(801) 942-7615

Virginia

Advanced Technology Sales, Richmond
(804) 320-8756

Washington
Blair Hirsh Co., Lynnwood
(206) 774-8151

Wisconsin
Synergistic Sales, Mukwonaga
(414) 363-2020

Canada
Enerlec Sales LTD, Richmond BC
(604) 273-0882

Indigo Electronics LTD, Mississauga, Ont.

(416) 670-0284

Indigo Electronics LTD, IIE Bizard, Que.
(514) 696-6104

Sharp Microclectronics Division. = Integrated Circuits * Displays * Optoelectronics * R F Products

© 1990 Sharp Electronics Corporation,

Microclectronics Division * Sharp Plaza, Mahwah, NJ 07430 = 1-201-529-8757 = FAX: 1-201-512-2020
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programmed for stop bit, parity,
character length, and baud rate.

If users don’t want to use the new
multiplication commands, all previ-
ous software development tools can
be employed to develop application
programs. Some of those tools in-
clude native (Sun-4) and cross tools
(Sun-3 and IBM PC and compati-
bles)—C compilers, linkers, loaders,
librarian, libraries, target monitor,
and so on.

For additional software, Fujitsu
struck a deal with Microtec Research
Ine., Santa Clara, Calif., for that
company to develop a high-perfor-
mance compiler that applies inter-
procedural data-flow analysis and
run-time feedback, as well as other
optimizing techniques. An evalua-
tion board containing the 40-MHz
processor, 4 Mbytes of 80-ns DRAM,
128 kbytes of EPROM, an 8-bit paral-
lel port, two serial ports, 32- and 16-
bit timers, various indicators, and an
expansion port will be ready in the
second quarter of 1991.

Microtec will also develop a ver-
sion of its XRay source-level debug-
ger that’s compatible with native
host, architectural simulator, execu-
tion vehicle, and hardware emula-
tors. Furthermore, real-time operat-
ing systems are also available from
Wind River Systems Inc., Alameda,
Calif., Ready Systems Inc., Sunny-
vale, Calif., and JMI Software Inc.,
Spring House, Penn. Step Engineer-
ing Inc., Sunnyvale, Calif., is craft-
ing a hardware emulator that’'s ex-
pected to be ready in the first quarter
of next year.[]

PRICE AND AVAILABILTY
Full-speed samples of the MB86930 Spar-
clite processor and the MB86940 support
chips will be available in the early second
quarter of 1991. Prices for the processor
will start at less than $50 in lots of over
1000 units when housed in a 160-lead, plas-
tic quad-sided flat package. Production is
expected in the third quarter.

Fujitsu Microelectronics Inc., Advanced
Products Div., 50 Rio Robles, Bldg. 3, M/S
356, San Jose, CA 95134-1806; Peter von

Clemm, (408) 922-9722. CIRCLE 514
How VALUABLE? CIRCLE
HIGHLY 535
MODERATELY 536
SLIGHTLY 537

Trimmer Capacitors.

The World’s
Broadest Line.

SPRAGUE
GOoODMAnN

Including SURFTRIM" SMT
plus
SURFCOIL’ Chip Inductors
STAB-L’ Ultra Stable Inductors

SEE US AT WESCON—BOOTH 2536

SPRAGUE-GOODMAN ELECTRONICS, INC.
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395
TEL: 516-746-1385 « TELEX: 14-4533 « FAX: 516-746-1396
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Born In The U.S.A. a4

Aimed At The Future.

[FAST &

LP4 Series

B DTlI's 486 or 386 25MHz M 80 Meg Hard Drive

B Benchmarks up to 114MHz B 8K Internal Cache

B Low Profile 4.0" Height B VGA Color Monitor B MS DOS 3.3 or 4.01

B Up to 64 Megs RAM B Super VGA,SCSI, M Complies w/ FCC Regulations
1.2 Meg 5.25" Drive ST506,IDE, Floppy, B Complete Catalog of Board &
1.44 Meg 3.5" Drive LPT1,COM1,COM2 System Components Available

1-800-443-2667 h Diversified Technology

112 E. State St. « Ridgeland, MS 39157 An Ergon Co.
PS/2 is a trademark of the IBM 486/386 are trademarks of |me| Corp

B 101 Key Keyboard
M PS/2 Mouse Port

MS DOS is a tradmark of Microsoft
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Dip Your Imagin

ation

INto ROHM's Electronic PamtBox g

Since seeing is believing, we
want you to discover how ROHM's
LEDs can brighten your future
sign business. Just look what's in
our Electronic PaintBox:

Daylight Readability to 1500 Feet.
ROHM SLA-580 superbrights are
the first LEDs to give you a practi-
cal, cost-effective alternative to
incandescent bulbs.

Outlast Incandescents 20-to-1.
Our rated lifespan is 100,000 hours,
compared with 5,000 hours typical
for incandescents. This reduces
replacement costs and keeps
money in your pocket.

Make or Buy. You can assemble
our LEDs into your own pixels or,
if you like, we'll supply them as
modules. Either way, you can
specify size, brightness and color
to fit the need.

Choice of Viewing Angles. The
lensed LED chip and reflector cup
give you accurate viewing angles
from 12° (in superbrights) to totally
diffused lenses. Chip placement
tolerance of .2mm makes the opti-
cal axis of the beam virtually coin-
cident with the mechanical axis
of the part.

Color Uniformity.
Statistical Process
Control (SPC) and Total
Productive Maintenance
(TPM) are used through-
out the manufacturing
process to ensure con-
sistency and uniformity;
part-to-part and lot-
to-lot.

o see for yourself, send

us $5, your business card and
your company’s brochure and
we'll send you an Electronic
PaintBox to light up your
imagination.

ROHM Corporation, ROHM Electronics Division 8 Whatney« I[rvine, CA 92718+ (714) 855-2131 * FAX (714) 855-1669
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CAE, MEMORIES
HEADLINE AT
WESCON

istorically, Wescon’s broad-
based agenda includes some-
thing of interest for everyone
in electronic engineering. This
year’s show, which runs from
November 13 to 15in Anaheim,
Calif., will be no exception: A
36-track technical session will run the gamut from component technology to
system-integration issues. But in 1990, Wescon finds itself a growing venue for
manufacturers of CAE tools, whose offerings are keys to keeping designers
competitive and productive in the months and years to come.

The show’s second day of conferences is being billed as Technology Day,
which will be devoted to exploring global technology trends and advances in mi-
crotechnology. Among the highlights of the day’s technical program is a full
slate of CAE sessions (see “CAE day at Wescon,” p. 72). In those sessions, at-
tendees will receive up-to-the-minute information on some of today’s critical de-
sign issues. They’ll also learn how they can best utilize available electronic-de-
sign-automation resources. Other key session tracks will emphasize memory-
subsystem design, high-density packaging and interconnects, issues confront-
ing system design with ASICs, and MIL-STD communications.

As microprocessor speeds outstrip memory speeds, such advanced-memory
architectures as caching must be employed to keep wait states from slowing the
system throughput. Trends in cache architectures will be the subject of a paper
by Paul Reeber of Texas Instruments, Dallas. Dynamic-RAM (DRAM) technol-
ogy has evolved to the point where caches can significantly improve perfor-
mance at 20 or 25 MHz. As DRAMs become faster, the logical cost-performance
point for adding a cache will continue to increase. In the 1993-t0-1994 time
frame, Reeber asserts, that point will move to 33 MHz.

A trend has already begun toward moving much of the cache onto the micro-
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processor itself. Intel Corp.’s 1486
and Motorola’s 68040 processors
each contain 8 kbytes of cache. When
the speed of these machines rises to
33 MHz and beyond, a large second-
ary cache will be needed.

CAN'T CAcHE Up

As semiconductor minimum fea-
ture sizes continue to decrease, mi-
croprocessors will integrate even
more cache on the chip. The next-
generation Intel machine, the 80586,
is expected to have from 32 to 64
kbytes of on-chip cache. But with the
advent of multitasking, multipro-
cessing, and multimedia presenta-
tions, the size of programs and the
number of frequently used instruc-
tions and data will increase dramati-
cally. Secondary caches of 512
kbytes to 2 Mbytes will be needed to
keep systems running without wait
states. According to Reeber, this
means that the trend toward inte-

(0, Wescon‘/90

grating cache memory into micro-
processors will not keep pace with
the requirement for caching.

When system-clock cycles ap-
proach 50 MHz, or 20 ns, cache mem-
ory requires a 10-to-12-ns cycle time.
Such high-speed static RAMs
(SRAMs) are rare in CMOS. In the
ECL arena, a 100-MHz system,
which corresponds to a 10-ns clock
cycle, calls for fast ECL SRAMs. But
in an - ECL machine, a 1-ft. board
trace would represent 20% of the
clock cycle. That precludes using
asynchronous SRAMs, because so
much of the clock cycle is taken up by
timing skew.

This has spurred on the develop-
ment of synchronous self-timed
RAMs (STRAMs), which internally
generate write-pulse signals and I/0
latches. David F. Naren, of Synergy
Semiconductor Corp., Santa Clara,
Calif., describes a new generation of
STRAMs that simplify design and

optimize CPU performance.

The STRAM operates ina synchro-
nous mode, which eliminates many
of the problems associated with
asynchronous static RAMs. In the
STRAM, all inputs and outputs are
latched or registered, and both read
and write operations are initiated
with a common clock. A major advan-
tage of the devices is their on-chip
write-timing generator, which deliv-
ers a truly balanced read and write
cycle. One problem with STRAMs,
though, is the hold time of output
data after clock initiation. The data
must be held long enough to satisfy
the input hold time, clock, and data
skews of the receiving circuits,
which takes about 1 to 2 ns. Most
STRAMs guarantee a hold time of
0.3 ns at best.

Advanced STRAMS (ASTRAMS)
are now addressing this problem.
They feature a separate output-reg-
ister clock, which is generated on the

Wescon /90
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Reliability-analysis tool spots ther-
mal problems during board design.
Now designers can analyze the
thermal and reliability parameters
of boards during their design phase
with the Tango-BETAsoft tool.
Analysis of boards with the tool
shows that the highest IC-junction
temperatures may not correspond
to the highest failure rates. The
tool reveals both temperature and
failure rates for individual compo-
nents as well as the MTBF for the
entire board. Up to 400 component
types and 600 components on a side
can be analyzed. The tool costs

$3195 for double-sided boards and
$2195 for single-sided boards. De-
livery is from stock.

Accel Technologies Inc.
San Diego, Calif.; (619) 554-1000.
Booth 423 Circle 300

Lithium time-clock battery for com-
puters makes replacement easy.
Now the clock battery for comput-
ers can be replaced without power-
ing the machine down or even re-
moving its cover. The Battery-
Guard lithium-battery system uses
a battery holder that’s installed in

the opening above an expansion
slot at the back panel. Once in-
stalled, battery replacement is
done from outside the case. The
battery, which is less than 0.2-in.
thjck, incorporates lithium manga-
nese dioxide chemistry for high en-
ergy output. Call for pricing and de-
livery.

Ever Corp.
San Mateo, Calif.; (415) 572-1077.
Booth 2544 Circle 301

Smart dc cooling fan cuts noise
while maintaining temperature lev-
el. Significant noise reduction is
achieved while the SmartFan cool-
ing fan maintains a consistent tem-
perature level inside an enclosure.
The fan offers a longer life than
earlier models because it usually
runs at a reduced speed. The fan in-
corporates a closed-loop tempera-
ture-regulating system that auto-
matically controls the air flow to
hold ambient temperatures con-
stant within enclosures. Pricing is
$15 for lots of 5000. Small quanti-

[
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chip, a hidden write cycle, parity
checking, and scan diagnostics. All
inputs and outputs are registered
with a second internal clock that
clocks the output registers. This
guarantees a minimum hold time of
2.5 ns—long enough to transfer data
to the next stage even when the sys-
tem clock is running at the memory’s
spec-sheet limits. Synergy Semicon-
ductor is developing the industry’s
fastest ASTRAM with a 2-kbit-by-9
organization.

One way to address the clock
skews and attendant system-timing
problems in high-speed systems is to
minimize wiring runs and to keep in-
terconnections as short and close as
possible. Multichip-module technolo-
gy is the key to such packaging im-
provements. Three scientists from
General Electric’s Corporate Re-
search and Development Center,
Schenectady, N.Y., will report on the
status of the company’s High-Densi-

ty Interconnect (HDI) multichip-
module technology.

In the HDI process, complex chips
of various types are placed virtually
edge-to-edge in cavities machined
into a ceramic, silicon, or aluminum-
nitride substrate. A multilayer inter-

connection structure is built up on
top of the chips, and the surrounding
substrate directly forms the chip-to-
chip electrical connections. A 1-mil-
thick polyimide film is bonded over
the top surface of the chips and the
ceramic substrate with a thermal

ties are delivered from stock.

NMB Technologies Inc.
Chatsworth, Calif.; (818) 341-3355.
Booth 1596 Circle 302

IEEE-488-programmable hipot tes-
ter jams several tests into one cycle.
Arc detection with 3-ps sensitivity,
leakage-current detection in mi-
croamps and milliamps, and
ground-continuity testing from 0.1
to 10 © are performed in one test
cycle by the DC310P hipot tester.
The instrument, which is program-

mable over the IEEE-488 bus,
sports separate audible, visual, and
remote failure alarms for each test.
It simplifies compliance with UL,
CSA, VDE, IEC, and other interna-
tional standards. The tester costs
$7000 and is available now.

Qualitec Technologies Inc.
Fremont, Calif.; (415) 498-1046.
Booth 949 Circle 303

OEM
Microterminals

(' .. Low-Cost and Ready-Made!

We've already designed, built,

and tested your operator

|interface . . . so you don't

| have to. Our new and

| complete family of OEM

| Microterminals is easy to

| integrate with your
microprocessor-based
systems, easy to use, and very

| easy to cost justify.

And, they could be the
| solution to your make/buy
dilemma. These cost-effective
devices can save you
valuable design, tooling and
development costs and time,
and let you concentrate on
your product designs.

® |arge, easy-to-read LCDs

® Programmable function
keys

® RS-232 or RS-422
communications

® 80-character display buffer

® Gray or computer beige
case colors F

e 16-bit I/O and auxiliary l
RS-232 available ?

® Low-Price: From $495.00 |

For a copy of our new 8-page

brochure, or information 1
about demo units, write |
Burr-Brown Comp., PO. Box 2
11400, Tucson, AZ 85734. Or ‘
call toll free 1-800-548-6132. ?

BURR-BROWN®

CIRCLE 204
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SIEMENS

When it comes to surface-mount
(SMT) LED indicators, Hewlett-Packard
and Siemens are making a world of
difference. Through our extensive
co-development efforts, we can offer
you standard, multi-sourced SMT LEDs.

By combining our expertise in the
optoelectronics field, we've done more
than respond to your need for a global
standard. Our SMT LEDs are designed
to give you performance comparable
to through-hole LEDs.

To brighten your design outlook even
further, our LED indicators will provide
SMT manufacturing process com-
patibility for ease of placement and
soldering. Plus, we'll offer a full range of
LED colors, and light intensity that out-
shines all others

CIRCLE 128

Our New LED Agreement Goes
Beyond The Surface.

Best of all, these lamps are from HP
and Siemens. So you're assured of our
commitment to excellence in service,
support and reliability.
For more information, call
(408) 725-3524. Or write:
Siemens Components, Inc.
Optoelectronics Division
19000 Homestead Road
Cupertino, CA 95014-0799

Siemens
Practical Solutions by Design.

© 1990 Siemens Components. Inc
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plastic adhesive. The film bridges
the gaps between the chips and the
ceramic frame. A laser “drills” via
holes directly to the chip pads, and
the surface is metallized and pat-
terned to form the first-layer inter-
connects and via metallization.

The second-layer dielectric and all
subsequent dielectric layers are
formed by spinning or spraying on a
different polyimide. Via drilling and
metal-patterning steps are then re-
peated. Multichip modules have been
built with two or four interconnect
layers. Typical feature sizes are 1-
mil vias, 1-mil lines, and 2-mil spaces.

Rework or repair of the modules
can be performed either with in-line
processing steps or after module
testing is performed. Lasers can be

used to correct opens or shorts for
random defects found during a layer
inspection, or to completely remove
and reapply a metal layer if wide-
spread defects occur. The HDI over-
lay can be removed by peeling the po-
lyimide film off after the substrate

was heated to soften the adhesive. A
defective chip can then be removed
and replaced in the substrate.

An advantage of the HDI ap-
proach is that complex bare chips can
be fully tested and burned-in without
risking damage to the chips. The pro-

Wescon /9@
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Real-time emulation arrives for Mo-
torola’s 68332 microprocessor. Sup-
port for the Motorola 68332 micro-
processor is now featured in the
HMI-200 series emulators. The
units offer four complex break and
trigger points and two 4-kbit-by-
104-bit trace buffers with 16 exter-
nal trace bits and 32 bits of time-tag
information. Included are 256

kbytes of emulation memory with
an option for 1, 2, or 4 Mbytes. The
emulators are integrated with
SourceGate, a windowed high-lev-
el-language debugger. Pricing is
$16,000 for the emulators and $1500
for the IBM PC version of Source-
Gate. Call for delivery information.

Huntsville Microsystems Inc.
Huntsville, Ala.; (205) 881-6005.
Booth 317 Circle 304

OEM
Microterminails

< .. for all your operator interface needs.

For over a decade, we've
been designing, manu-
facturing, testing, and
| shipping our microterminals
throughout the world . . . over
100,000 to date for use as
operator interfaces and
control panels. The appli-
cations have been almost
limitless from instrumentation,
control systems, monitoring
equipment, and more. De-
sighed with the OEM buyer in
mind, they're flexible and easy
to integrate. And they're very
cost effective—priced from $195.

Now, we've expanded our line
so that you can select the

model with just the right l
features you need. From the |
most basic unit to a multi- ‘
function microterminal or a
heavy-duty industrial unit.
Whatever your operator

interface or control panel
requirements, we can help.
Fourteen new models from
which to choose . . . plus

multiple customized options

to make them fit your par-

ticular needs.

For a copy of our new 8-page
brochure, or information
about demo units, write
Burr-Brown Corp., PO. Box
11400, Tucson, AZ 85734. Or
call toll free 1-800-548-6132.

BURR-BROWN®

CIRCLE 205
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cess includes a chip coating that pro-
tects the chips from test, probe, han-
dling, or processing damages. Tem-
porary wire-bond pads can be
formed on the polymer overcoat,
which facilitates full functional test-
ing and burn-in. The chips can then
be easily restored to bare condition
for installation in modules.

As with multichip modules, 3D in-
tegrated packaging is an emerging
technology that can help packaging
engineers meet the density demands
of new computer systems. Manufac-
turing issues for 3D packaging are
discussed in a paper by Stuart Shan-
ken and Ronald Indin of Irvine Sen-
sors Corp., Costa Mesa, Calif.

The company’s approach to 3D
packaging involves stacking as
many as 128 memory ICs on their
edge with multiple chip-to-chip inter-
connects—up to 16,000 per side. Be-

lectronic-design automa-

tion (EDA) is working its

way into every facet of

the electronic engineer’s
job. Without it, few of today’s
highly complex systems could ex-
ist. That’s why this year’s Wescon
will feature an all-day track of
technical sessions called “CAE
Day.” In four session tracks de-
voted to the fast-evolving world
of EDA, attendees can learn how
to maximize their productivity us-
ing EDA tools. They’ll also discov-
er how VHDL affects various
segments of the design cycle. A
panel discussion will tackle the
question of when PCs end and
workstations begin as EDA plat-
forms. And, scientists from the
Jet Propulsion Laboratory, Pasa-
dena, Calif., will describe three
software-development environ-
ments they’ve created.

The sessions are sponsored
jointly by Electronic Design Auto-
mation Companies (EDAC), an
EDA-industry group, and ELEC-
TRONIC DESIGN magazine. Two of
the four sessions were organized
by Lisa Maliniak, ELECTRONIC DE-
SIGN’s CAE technology editor.

(0) Wescon'/©0

fore stacking, the ICs are shaved to
thicknesses as small as 2 mils.

In the manufacturing process, ICs
in wafer form are given a second
metal layer to fan their input and
output leads to the edge of the die.
Therefore, they can be accessed af-
ter the die is stacked. The wafers are
burned-in, shaved to the desired
thickness, and diced for stacking into
module form. The resulting cube’s
face is lapped to expose the leads,
and the IC edges are passivated so
that subsequent metallizations
aren’t shorted to the silicon. Metals
are deposited to provide input and
output signal lines onto which solder
bumps are placed. The module is
then flip-chip-bonded to a carrier
substrate.

According to Shanken and Indin,
the reliability of the manufacturing
process depends on testing and burn-

In the EDAC session, which will
forecast EDA directions in the
1990s, EDA-industry leaders will
speak and then be led in a panel
discussion by Jim Hammock of
Mentor Graphics, San Jose, Calif.
The shift from device-level design
to system-level design is the
theme of a talk by Wayne Guts-
chick of Minc Inec., Colorado
Springs, Colo. Lowering testing
costs through EDA usage will be
covered by Leif Rosqvist of Test
Systems Strategies Inc., Beaver-
ton, Ore. EDA also reduces time-
to-market, a topic that Alain Han-
nover of Viewlogic Systems Inc.,
Marlboro, Mass., will speak on.
Other panel members include
Prabhu Goel of Cadence Design
Systems Inc., Lowell, Mass., and
Bob Fulks of Valid Logic Sys-
tems, San Jose.

With VHDL now gaining accep-
tance as a standard, the interest
level in the language is running
higher than ever. At Wescon's
VHDL session, presentations be-
gin with top-down design and
move through each design phase.
A description of how VHDL state-
ments can be combined with other

in procedures as well as on module
reworkability. The die are tested at
the wafer level to assure that only
working die go into the module.
Functional testing is performed
again at the module level. Even so,
redundant chips are included in the
stack. Burn-in is a die-stressing pro-
cedure that’s done before final test-
ing. If it was performed before wa-
fer-level testing, then only working,
robust die would go into the mod-
ules. But wafer-level burn-in is ex-
pensive and time-consuming. The
trade-off is the need to include re-
dundant chips in the stack.

Thermal modeling and analysis
showed that each IC in the module
can dissipate more than 0.6 W with-
out the junction temperature exceed-
ing 90°C or military standards. This
indicates that the junction tempera-
ture inside the working module

CAE DAY AT WESCON

inputs to design an entire system
will be given by Paul Lindemann
of Racal-Redac, Westford, Mass.
VHDL modeling at a conceptual
level is the topic of a talk by David
Jakopac of Vista Technologies
Inc., Schaumburg, I11.

The session then moves to a pre-
sentation on mixed-signal, multi-
level simulation with VHDL, led
by Glenn House of Mentor Graph-
ics Corp., Beaverton. David Coel-
ho, of Vantage Analysis Systems
Inc., Fremont, Calif., will discuss
advanced simulation and debug-
ging in the VHDL environment.
To close out the session, a system
using VHDL to link design and
test will be described by Ghulam
Nurie of ExperTest Inc., Moun-
tain View, Calif.

A panel session moderated by
Steve Scrupski, ELECTRONIC DE-
SIGN’s editor-in-chief, will decide
when PC-based CAE is sufficient
and when designers would be
wise to move up to workstations.
Representatives from Aldec, Or-
CAD Corp., P-CAD, Racal-Redac,
and Sun Microsystems will dis-
cuss the pros and cons of both ap-
proaches.
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What do computer makers really want?




More applications Know-how;




less ‘what-now.”

“‘Customerzzi12”

Applications. Applications. At AT&T Microelectronics we're
working harder than ever to help our customers deliver those
applications. Better. Faster. We call it “Customerizing”—
working hand-in-hand with our customers as partners. We'e
working with major computer manufacturers on multi-media
and graphics applications. With major disk drive manufactur-
ers on low-power read-channel devices and controllers.With a
major laser printer manufacturer on a specialized 3-D connec-
tor. And with major computer manufacturers on optical data
links for all levels of local area networking. From custom off-
line switchers to the most sophisticated ASICs, we're helping
our customers with applications that are not only user-
friendly, they're manufacturer-friendly. Our high quality, high
volume and low cost have made us one of the largest ASICs
suppliers toWinchester disk drive makers. Whether it’s off-the-
shelf or custom made, it’s better to “Customerize” with AT&T
Microelectronics.
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not artificial promises.

o4

“‘Customerzing.”

A

¥

AT&T Microelectronics designs and manufactures a broad line of
“Customerized” component solutions to help you design and build the
smallest portables, most powerful PCs, fastest workstations.

“Customerized” Data Communications Components —AT&T offers
standard and custom networking solutions including “Customerized”
V32 modem components, such as DSPs, solid state relays, CODECs and
data transformers. In addition, there’s AT&T's complete line of twisted
pair Ethernet, ISDN and cellular components. And if your needs call for
fiber, AT&T offers FDDI, Ethernet and Fiber Channel solutions with our
fiber optic data links, bypass switches and communications ICs.

“Customerized” Multi Media Components —AT&T manufactures high
performance RAMDACs and DSPs: plus software for modem and fax
tasks, speech coding, recognition and synthesis. Everything you need
for wideband audio coding/decoding, image compression/
decompression, and 3-D graphics.

“Customerized” Mother Board Components —AT&T can help you all
along the way: With cache memory, custom peripheral logic and proces-
sors using our CMOS and ECL ASICs, FPGAs, SRAMs, custom-printed cir-
cuit boards and Metral™ high-density modular interconnection system.

“Customerized” Power Products —AT&T can help you solve your power
requirements by assisting you in determining your power architectures
with high quality off-line switchers and highly reliable board mounted
power modules.Your solution can also include AT&T's regulation control
circuits and power transformers.

ATsl

Microelectronics
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not twiddling thumbs.
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“Customerizing” means more than advanced applications

A3 T S T x and a full line of off-the-shelf and custom-designed compo-

e T s Sas e m nents. “Customerizing” means technical support staff at

i

P,

nine design centers and eleven factories worldwide work
with you at the design-in stage. And field application engi-
neers support you long afterwards. “Customerizing” means
AT&T’s Bell Laboratories. World-renowned R&D. Field-
proven, high-quality standards. In fact, one of our CMOS
design, test and assembly facilities was the first to be QML
certified. AT&T Microelectronics is working hard to help
ensure our partners have the latest and greatest. Fastest and

smallest. “Customerizing” means working around the clock,
around the world. For one purpose: You. Thats AT&T
Microelectronics. That’s “Customerizing.’
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Call 1800 372-2447" Ext.625, for your free copy of
AI&I’s Microelectronic Product Selection Guide.

Examine component solutions for applications in PCs
and Workstations, Telecommunications and Cellular:

DSPs—Fiber Optic Data Links—Communications ICs—ASICs—Printed Circuit Boards—Connector Systems—Memory—Power Supplies—Bipolar ICs

*In Canada, call 1800 553-2448, Ext. 625.
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See what “Customeriziz¢” can mean for you.
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should not be high enough to ad-
versely affect device lifetimes.

PACKAGING PROWESS

Packaging issues are among those
confronting system designers work-
ing with ASICs. The advantages and
limitations of quad flat packs (QFPs)
and the feasibility of various types of
multichip modules are the topics of a
paper by Thomas Wong of Hitachi
America’s Semiconductor Division,
Brisbane, Calif. Disadvantages cited

by Wong include the higher thermal
resistance of plastic QF'Ps compared
with ceramic packages, their limited
ability to handle large die, their spe-
cial handling requirements, and
their tendency to absorb moisture.
But these are offset by the availabil-
ity of additional pins without increas-
ing the body size or decreasing the
pin pitch. Unspecified pins are avail-
able to designers as extra power and
ground pins to minimize noise.
Multichip modules, such as those

described by General Electric, are
another packaging alternative for
system designers using ASICs.
Wong groups the latest develop-
ments into three categories based on
the substrate materials: cofired ce-
ramics, silicon or metal substrates,
and printed-circuit boards. Silicon
substrates can potentially handle the
highest power dissipation and wiring
density, Wong asserts, but are likely
to make for expensive modules.

A constraint of multichip modules,

Wescon /90
PRODUCTS

Pc-board-prototyping system makes
boards quickly and at low cost. With
the CAPtech prototyping system,
etched, production-like pe boards
can be produced in-house. Compo-
nent legends, drilling, and resist ap-
plication are all automatically con-
trolled from CAD output files. The
system handles a plotting size of 11
by 17 in. with a repeat accuracy of
10.0039 in. and minimum line
width of 0.010 in. In less than four
hours, users can produce a typical
4-by-6-in. board with over 500
through holes. The system costs
$13,850 and is delivered 30 days
from receipt of order.

HiTech Equipment Corp.
San Diego, Calif ; (619) 566-1892.
Booth 1439 Circle 305

Three-color pc-board indicators
boast high luminous intensity. Two
GaP solid-state LED chips make up
the series 550-3505 pe-board indica-
tor. The three-leaded device, which

comes 1n a T-1-3/4 package, pro-
duces red, green, and yellow light,
as well as a range of colors in the

spectrum between red and green.
Because it cuts down the need for
multiple lamps, the indicator is well
suited for use as a logic-status, cir-
cuit-board, and position indicator.
Pricing is $.97 in lots of 1000. Deliv-
ery is from stock to eight weeks.

Dialight Corp.
Manasquan, N.J.; (908) 528-8932.
Booth 2328 Circle 306

Digital voltmeter boasts 1-nV sensi-
tivity with 15-nV noise ceiling. The
highest accuracy available for mea-
suring extremely low voltages is
claimed for the model 182 sensitive
digital voltmeter. The instrument
offers 1-nV sensitivity while hold-
ing noise to 15 nV pk-pk on its low-
est range. A high input resistance
of more than 10 GQ on all ranges
further ensures accuracy by pre-

venting the meter from affecting
the measurement. The meter costs
$3695 and is available four weeks
from receipt of order.

Keithley Instruments Inc.
Cleveland, Ohio; (800) 552-1115.
Booth 523 Circle 307

48-V dc-dc converters squeeze 10 W
into 1.6-by-2-in. space. Operating
from the 48-V input power that’s
common to most telecommunica-
tion systems, the TC series of de-de

converters combine a small foot-
print with 500 V de of isolation in a
six-sided, shielded case. The 10-W,
pe-board-mounted units offer a
choice of three dc outputs: 5 V at
2000 mA, 12V at 850 mA, or 15V at
700 mA. Line and load regulation
are 0.01% and 0.1%, respectively.
Single quantities go for $105 each
and availability is from stock.

Calex Mfg. Co. Inc.
Pleasant Hill, Calif.; (800) 542-3355.
Booth 2792 Circle 308

Active-filter design package sup-
ports various filter types. The Ad-
vanced Filter Designer is an inter-
active design aid for the PC and
Macintosh II. It gives users the
ability to design and analyze active
filters, including low-pass, high-
pass, band-pass, and band-reject
types. Functions include Butter-

Cleck Treg
L

Pre-warp ta

Butterworth
Chebyshey
bev (PG}
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0 eliiptic

worth, Chebyshev, inverse Cheby-
shev, and elliptic (Bauer). The PC
and Macintosh versions cost $1800
and $2700, respectively. Less so-
phisticated standard versions go
for $600 and $900, respectively. De-
livery is from stock.

MicroSim Corp.
Irvine, Calif.; (800) 245-3022.

Booth 358 Circle 309
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HIGH-END GRAPHICS FROM A 478 RAM DAC?
The cost-effectiveness of the 478 RAM DAC makes it very attractive. But of course you can’t use it
Jfor high-end graphics. Or at least you couldn’t until the new Samoung part, rated at 120 Mhz, came on the market.

It makes things quite different. An industry-standard part, it provides resolution previously avadable
only with 451/958 RAM DACs — up to 1280 x 1029 on 60 Hz non-interlaced displays. And, like our
80 Mhbz 471 and 976 RAM DACs, our 478 also gives you “snow-free” operation.

© Samsung Semiconductor, Inc., 1990.




BLINDING SPEED.

THAT'S RIGHT: IT'S THE FASTEST EVER MADE.

1ts blinding 120 Mhz speed makes our 978 RAM DAC the fastest such part ever made.

Which means that besides cost-effectiveness in bigh-end graphics applications, it offers a migration path to higher
resolution in products already using 478 RAM DACs. All three of our speedy RAM DACs are
avadlable now. For information on any of them, write to RAM DAC Marketing, Samsung Semiconductor,
3725 No. Furst St., San Jose, CA 95154, Or call 1-800-669-5400, or 408-959-7229.

[ L)
ase SAMSUNG

W#¥ Semiconductor
CIRCLE 188




Still the World’s Most
Powerful Universal
Waveform Analyzer

Analogic's Model 6100
Combines Multiple

& Instruments in One
Cost-Effective System

For Applications Assistance:

Analogic Corporation, 8 Centennial Drive, Peabody, MA 01960,
1-800-343-8333 in U.S.A. In Mass. call (508) 977-3000

Telex: 681-7180, FAX: (508) 532-6097

CIRCLE 171

As a primary measurement instrument, nothing
measures up to the Model 6100 Universal Waveform
Analyzer from Analogic. From DSO applications to stand-
alone production testing, only the Model 6100 has the raw
signal processing power and unsurpassed resolution to
provide critical answers fast and cost effectively.

Just look at these features:

BUp to 250 MS/s transient

BUp to 100 GS/s repetitive

BOver 50 signal processing functions at the touch of a
button or by IEEE-488 or RS232

EOnly instrument with ZOOM CZT

MUp to 240K of data point storage

BUp to 128K of acquisition memory per channel

BUp to 48K of non-volatile memory

HOn-board programmability of processing functions

With thousands of units in use worldwide, the Model
6100 functions as a digital storage oscilloscope, an FFT ana-
lyzer, an auto/cross correlator, a transient analyzer, and much
more. By adding plug-in digitizers ranging from low frequen-
cy with high resolution to high speed samplers, the 6100 is
ideal for vibration testing, acoustics, audio, biomedical, tele-
communications, radar, RF, and scores of other applications.

For proven high speed waveform acquisition and high
resolution signal processing that provides the information in
the waveshape, trust the world class power of the Model 6100
from Analogic’s Data Precision™ products.

ANALOGIC =

The World Resource
for Precision Signal Technology
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though, is the scarcity of bare die,
tape-automated-bonded, or flip-chip
ASICs. Wong concludes that multi-
chip modules show promise but
aren’t in the mainstream yet.

In another arena, federal spend-
ing for the military is on the decline.
As a result, the market for MIL-STD
circuit boards is shifting toward mili-
tary communication systems and
high-reliability, non-military applica-
tions. In a session titled “Emerging
New Roles for MIL-STD Communi-

cation Boards,” five board vendors
will discuss solutions to challenges
presented by these new applications.

One market possibility lies in the
use of adapter cards to link PCs to
MIL-STD buses. In an overview pa-
per, session organizer and chairman
Milt Leonard, ELECTRONIC DESIGN’S
senior communications editor, de-
scribes the MIL standards that
adapter boards must be based
around. In other session papers, Ra-
him Sabadia, Sabtech Industries, An-

aheim, Calif., discusses the conver-
sion of low-cost PCs into military
data-communication peripherals.
Stanag, the 3910 NATO standard for
a 20-MHz fiber bus, is described in a
paper by Mike Glass, ILC Data De-
vice Corp., Bohemia, N.Y.[J

How VALUABLE? CIRCLE
HIGHLY 553
MODERATELY 554
SLIGHTLY 555
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Telecommunications relay boasts
4000-V rms breakdown from con-
tacts to coil. Thanks to a molding
technique used to encapsulate the
relay’s coil, the DSB relay offers
telecommunications designers a
4000-V rms breakdown voltage be-
tween the contacts and coil. The
sealed, polarized device is available

ina 2 Form Cl contact arrangement
and nominally switches 2 A at 30 V
de. Call for pricing and delivery.

Aromat Corp.
New Providence, N.J.; (201) 464-3550.
Booth 2482 Circle 310

Board equips PCs for frequency and
pulse measurements and waveform
generation. With its 10 channels of
16-bit counter-timers, and 8-bit
TTL-compatible digital input and
output ports, the PC-TIO-10 data-
acquisition board outfits a PC for
frequency and pulse measure-
ments. The counters can be con-

A
trolled by software, level gating, or
edge gating. The board runs the
new version 2.0 of LabWindows,
which contains an extensive set of
libraries to help with development
of instrumentation applications.
Pricing for the board is $335 in sin-
gle quantities.

National Instruments Corp.
Austin, Texas; (512) 794-0100.

Booth 702 Circle 311

Surface-mounted PLCC socket has
same footprint as chip carrier. Pre-
cision stampings, high-tempera-
ture plastics, and Samtec’s body
and contact designs distinguish its
PLCC series of plastic leaded chip
carrier sockets. The liquid-crystal
polymer body permits high-temper-

ature vapor-phase and infrared-re-
flow soldering. Sockets are avail-
able for carriers with 28, 32, 44, 52,
68, and 84 leads. Pricing starts at
$1.50 for lots of 1000 with delivery
in seven days.

Samtec Inc.
New Albany, Ind.; (812) 944-6733.
Booth 3542 Circle 312

Universal logic compiler smashes
DOS’s 640-kbyte barrier.Very large
state machines and other logic sys-
tems can now be implemented in
programmable logic without re-
gard to DOS’s 640-kbyte memory
restriction. Thanks to the CUPL386
universal compiler, all of the memo-
ry and processing power available
in the 80386 and 80486 CPUs be-
comes accessible without losing the

familiar DOS environment. The
compiler moves the processor into a
protected mode that permits it to
address 4 Gbytes of memory. As a
result, users gain DOS access to 32-
bit registers and can eliminate up to
20% of their lines of code. The com-
piler goes for $1995. Delivery be-
gins in January.

Logical Devices Inc.
F't. Lauderdale, Fla.; (800) 331-7766.
Booth 422 Circle 313
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At Analog Devices, its our
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0 be a smaller part of the future.

It's a goal that’s earning us a big name with seven of the top 10 disk
drive manufacturers. Because as they try to pack more and more data into small-
er and smaller spaces, we're delivering the technology that helps them succeed.

We're helping in two ways. With the broadest line of advanced high-
performance linear, digital signal processing and mixed-signal components.
And by meeting the demands of faster production ramps, shorter product life
cycles, and ever-tightening cost pressures.

In fact, for 25 years we've been helping companies in just about every
industry. One measure of our success is that we've grown to become a $540
million company and one of the largest analog suppliers in the world.

If you want your company to play a bigger part of the future, we can
help you do it.

For more information and a free copy of our recent white paper on
Mixed Signal Technology, call 1-800-262-5643. Or to speak to an applications

engineer, ask for Extension 102.

AD897 - This fully integrated read
channel is a complete solution for data
recovery at transfer rates of up to 40
megabits per second. Awideband AGC
loop, data qualifier and synchronizer
are integrated to perform the peak de-
tection and clock recovery functions.

Servo front end - Integrates the demod-
ulator function, or burst detector, and
the analog /0 port to provide a cost-
effective, high-performance solution.
And it’s just one of the many read/write
and servo solutions we offer, along with
complete analog /0 systems, embedded
servo front ends, precision wideband
processors, channel qualifiers, peak
detectors and digital signal processors.

ANALOG
DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices and applications support available worldwide.
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Introducing The New CADSTAR...

ITALMOST READS YOUR MIND.

CADSTAR'’s revolutionary new user
interface almost reads your mind,
anticipating your next move and
intelligently defaulting to the most
likely action. For example, if you
pick a part, CADSTAR lets you move
it without selecting an action from
a menu. If you pick a connection,
you can manually route it instantly.
CADSTAR'’s new Motif style
graphical interface has clear, logical
menus integrated across all func-
tions. The best part is, you'll rarely
need to use those menus! Imagine
software so smart, it knows what you
want to do next. CADSTAR is easy
to learn, and it drastically reduces
keystrokes, saving you hours.

The Power Remains
CADSTAR remains the most
powerful design software you can

run on a PC. Unique features like

comprehensive, automatic/interac-

tive routines for placement, gate

and pin swapping, and routing

give you remarkable design flex-

ibility. Racal-Redac continues to

enhance the design technology

used by thousands of engineers

worldwide. CADSTAR includes:

¢ Integrated Schematic Capture,
PCB Layout, Autorouting,
Manufacturing Outputs

e 5,000 part library

® Double sided SMDs

¢ Curved tracks & copper,
teardrop pads

¢ Copper maximization

* Blind & buried vias

e Toll Free hotline support
CADSTAR works with Racal-

Redac’s 386 Advanced Router, the

CIRCLE 182

most powerful PC based router
available. It features 32 bit, gridless,
shove aside, rip up and retry tech-
nology for 100% routing completion.
Is There A CADSTAR In Your Future?
Call or write for your free
CADSTAR demo disk and brochure.
See for yourself how powerful,
and easy to use, new CADSTAR
really is. Call (508) 692-4900.

CADS'TAR

RACAL-REDAC

238 Littleton Road
Westford, MA 01886-9984, USA

Phone: (508) 692-4900 oy Wayr Vi
Fax: (508) 692-4725 Ll ISLIN

SEE US AT WESCON, BOOTH £ 308




DATA CONVERTERS: GETTING TO

DESIGN APPLICATIONS

KNOW DYNAMIC SPECS

THE ONGOING EVOLUTION IN DATA CONVERTERS
REQUIRES THAT THEY BE CHARACTERIZED BEYOND

STATIC ACCURACY AND THROUGHPUT.

ROBERT E. LEONARD JR.
Datel Inc.,

11 Cabot Blvd.,
Mansfield, MA 02048;
(508) 339-3000.

kaleidoscope of architectures is available for

today’s data converters. But ensuring that a

data converter can obtain a desired transfer

rate and accuracy at a particular input fre-

quency is more important than any architec-

tural nuances. Now that converter data
sheets carry frequency-domain specifications, designers are finally gaining in-
sight into how they’ll perform on the job.

A designer’s first consideration is to ensure that the converter can provide
data at the required throughput. The second concern is whether the data con-
verter can meet the system’s static accuracy requirements. Stated simply, when
the converter operates at the designated throughput, does it yield the desired
transfer accuracy for a dc input? A third consideration is that the data convert-
er, when operating at the designated throughput, must deliver the required dy-
namic accuracy. In other words, is the data converter accurately digitizing a
high-frequency or transient input? This “dynamic accuracy” is often best as-
sessed by using frequency-domain specifications.

Designers face many pitfalls in assessing throughput and static and dynamic
accuracy, however. For one thing, the three performance considerations men-
tioned previously are often interrelated. For another, time and error budgets
need to take into account the overall performance required for a system. And to
assess what’s needed in a data-acquisition system, designers must know the id-
iosyncrasies of particular analog-to-digital converter (ADC) architectures and
sample-and-hold amplifiers (SHAs). For multichannel applications, an error
analysis must be expanded to include the input multiplexer and instrumentation
amplifier.

In the past, engineers tackled their data-converter requirements by buying a
separate, standalone ADC. If the analog inputs were beyond basically de sig-
nals, such as those found in measurements of temperature, pressure, and so
forth, then a companion SHA was required. Some applications today still use

1. WHEN A DATA converter

digitizes a sinusoidal signal, At is the
delay from the time that a designer wants
to read the voltage to when the voltage
was actually sampled. This period is
called the aperture delay time. AV is the
difference between the exact voltage
that’s digitized from the desired voltage.

EVIAE G TR0 INCT Dk S
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2. THESE GRAPHS QUICKLY IDENTIFY what aperture-uncertainty

specification is required to keep up with a particular input frequency or slew rate. Assuming
a 10-V pk-pk full-scale signal, the first graph depicts the aperture time required to digitize a
particular input frequency to an accuracy of 1 LSB (a). For the same set of conditions, the
other graph shows the relationship between aperture time and slew rate (b).
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only an ADC because of slow input
signals. Others have a separate ADC
and SHA. Sampling ADCs, which in-
clude an internal ADC and SHA in
one package, are growing increas-
ingly popular.

But designers must scrutinize oth-
er factors before deciding that a
sampling ADC can deliver the need-
ed accuracy under certain dynamic
conditions. Clean input digitization
when the ADC operates up to the Ny-
quist rate (signal frequency at one-
half the sampling rate) isn’t a given.
The flash ADC category is another
example of an ADC used without a
preceding SHA. The generic family
of flash ADCs includes devices from
4 to 10 bits of accuracy with through-
puts from 10 MHz to 500 MHz.

Some flash ADC architectures
may or may not need a SHA in digi-
tizing high-frequency signal inputs.
Available flash ADC architectures
include the “true flash” with a
straight comparator design, an inter-
polation/folding design, and a two-
pass design. Two factors determine
if a SHA is needed. One is the aper-
ture jitter specification, which often
depends on architecture. The other
deciding factor is the ability to drive
the flash ADC’s dynamic input im-
pedance at the desired frequency.

As previously noted, there’s a pro-
liferation of ADC architectures to-
day. For example, the integrating
ADC with various slope architec-
tures is still focused on slow, high-
resolution applications—it doesn’t
require an external SHA.

The successive-approximation
ADC and companion SHA have long
been workhorses for medium speed
and resolution. Now they share some
of these applications with the delta-
sigma ADC.

The delta-sigma architecture has
aninherent SHA function built in. To
obtain increased speeds beyond the
range of 20 kHz to 1 MHz, the succes-
sive approximation and delta-sigma
ADCs give way to the two-pass ADC.
The various types of two-pass (also
known as a two-step or subranging
ADC) and companion SHAs also
reach their speed/resolution limita-
tions as next-generation limits are
pushed.
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Be Brilliant At

In Productio

7:05am:Breakfast
Suddenly, between bites,
the answer to that new system
design jumps right into your
brain. But how to make it work
in silicon? Use an Actel field
programmable gate array!

8:50 am : Design
You warm up the design
program on your 386 and put
in the final touches.Then a quick
rule check and 25 MHz system
simulation with the Action
Logic System software.

Actel Field Programmable
Gate Array Systems.

They're a feast for your
imagination.

Actel's ACT™1 arrays bring

you a completely new approach to
logic integration. Not just another
brand of EPLD, PAL" or LCA™
chips. But true, high density,
desktop configurable,channeled
gate arrays.

They’re the core of the
Action Logic System, Actel’s
comprehensive design and
production solution for creating

11:00am : Place & Route
You watch the system place
and route all 1700 gates (out
of 2000 available) in under 40
minutes. 100% automatically!
A final timing check.Then think
of something to do until lunch.

12:00 pm:Lunch

Remember lunch? Normal
people actually stop working
and have a nice meal—right in
the middle of the day! With
Actel’s logic solution, this
could become a habit.

your own ASICs. Right at your desk.
On a 386 PC or workstation. With
familiar design tools like Viewlogic)'
OrCAD;" and Mentor"

And do it in hours instead of
weeks. Even between meals.

How? With features like
85% gate utilization. Guaranteed. Plus

100% automatic

Actel FPGA |

J cement and
Product Family 0A J0E0n pa' G
Equivalent  GateArray 1200 2000 TOUGHE: Ll
| Gats  PIDACA 3000 600  anteed. So you
SR B 09 finish fast, and
System Clock (MHz)  20-40  20-40
Availabilty ~ NOW  NOW never get stuck
Technology (micron) " "42°" 12 doing the most



1:15pm: Program
You load the Activator™
programming module with a
2000-gate ACT 1020 chip and
hit “configure’’ Take a very
quick coffee break while your
design becomes a reality.

1:25pm:Test

tedious part of the job by hand.

Design verification is quick
and easy with our Actionprobe™
diagnostic tools, for 100% observa-
bility of internal logic signals.
Guaranteed. So you don't have to give
up testability for convenience.

In fact, the only thing you'll
give up i1s the NRE you pay with full
masked arrays. You can get started
with an entry level Action Logic
System for under $5000. Guaranteed.

And Actel FPGAs are even
883 mil-spec compliant.

You can be brilliant right now

You do a complete,
real-time performance check,
with built-in test circuits that
provide 100% observability of
all on-chip functions. Without
generating any test vectors.

4:00pm : Production
Your pride and joy is
designed, created, tested, and
off to the boys in Production.
And you're finished way ahead
of schedule! Better think of
something to do until 5:00.

with 1200- and 2000-gate devices,
and a whole new family of 8000-,
4000- and 2500-gate parts are on the
way. Call 1-800-227-1817, ext 60
today for a free demo disk and full
details about the Action Logic System.
It could make your whole day.

=_oEll

Risk-Free Logic Integration

© 1990 Actel Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, Activator, and
Acti are tradi rks of Actel Corporati Alrzﬂmr preducts or brand names mentioned are trade-
marks or regi d trad ks of their respective holders.

6:00pm: Dinner
Remember dinner? Normal
people actually go home and
eat with their families. On your
way, start thinking about how
Actel’s logic solution can help
you be brilliant tomorrow.
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Hmin = £.0000000 Hz
¥nax - 9995117.1875000 Hz
X/Div= 999511.7187500 Hz

; Ynin = -125.7723520
; Ynmax = 0.0000000
y Y/ADiv= —-10.00 dB
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3. A FAST FOURIER TRANSFORM plot is a handy method for viewing unknown input frequencies or distortions introduced by a
data converter. This plot is based on data from an ADS-130 ADC.

The successive-approximation
ADC and two-pass ADCs’ speed (ki-
lohertz to megahertz range) suit
most applications beyond dc mea-
surements. They use sample-and-
hold amplifiers that can be combined
with the ADC either externally or in-
ternally. An analysis of the con-
straints on the data-acquisition sys-
tem’s dynamic performance should
start with the sample-and-hold am-
plifier to be used.

SINUSOIDAL SIGNALS

To ensure appropriate accuracy at
a particular frequency, sinusoidal
signals must be explored. Assume
that the 2.5-V pk-pk sinusoidal signal
will be digitized by a data converter
to 12-bit accuracy (#%g. 1). When de-
signers want the ADC or sample-
and-hold amplifier in front of the con-
verter to take a sample, timing de-
lays occur. As a result, the exact
point that was originally intended
isn’t acquired.

At represents the delay from the

time that designers want to read the
voltage to when the voltage was ac-
tually sampled. This aperture-delay
time appears on the data sheets for
SHAs and for flash ADCs, where ap-
propriate. The amplifier’s aperture-
delay time is affected by the logic
threshold voltage on the pin that con-
trols going into the sample or hold
mode.

For TTL or other logic families,
there’s an internal delay in the digi-
tallogic going from a logic 1 (assume
a sample-mode) to a logic 0 (assume a
hold-mode) and the time the internal
switch actually opens. The sample-
and-hold amplifier also experiences
an analog delay as the input goes
through the input buffer to be stored
on the hold capacitor. The difference
between the digital and analog de-
lays is known as the “effective” ap-
erture delay time.

The aperture-delay time prevents
designers from digitizing the sinu-
soid at exactly the right moment.
The exact voltage that’s digitized dif-

fers from the desired voltage by AV
(Fig. 1, again). For a 12-bit converter
with a $+1.25-V input (1.25-V full
scale, 2.5-V full-scale range), 1 LSB
equates to:

2.5V/22=25V/4096=1LSB =
610 uV

Maintaining 12-bit, +=1-LSB accu-
racy requires that during the aper-
ture-delay time (At), the voltage
change (AV) s held to =1 LSB maxi-
mum. The change in voltage over the
change in time (AV/At) is the maxi-
mum slew rate of the input signal al-
lowed. Mathematically, formula 1 is
derived as:

Slew rate = AV/At =27 fV

This yields the maximum input
frequency of the sinusoid, which can
be digitized as formula 2:

f=AV/(At27V)

where f = maximum input frequen-
cy

V = full-scale voltage

EL ECT RO NTITC D I
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criteria are folded back into the desired frequency spectrum. In this example, 270 Hz and 320

I 4. WHEN ALIASING OCCURS, frequency components exceeding the Nyquist

Hz frequencies appear at 30 Hz and 20 Hz, respectively.

In practice, substituting the aper-
ture-delay specification into the for-
mulas doesn’t allow a very fast slew
rate or input frequency before accu-
racy errors occur. However, in digi-
tizing sinusoidal signals, the aper-
ture delay is repeatable from sample
to sample. Upon performing a dis-
crete Fourier transform (DFT) to de-
fine the frequency, the aperture de-
lay doesn’t affect identifying the in-
put frequency. The aperture delay
now just represents itself as a phase
shift.

However, designers interested in
capturing single-shot events would
be limited in accuracy by the “effec-
tive” aperture delay. In contrast, the
maximum sinusoidal frequency that
can be acquired isn’t limited by the
repeatable aperture delay times.
Now, the input-frequency limiting
factor is the uncertainty of the delay
from sample to sample.

This uncertainty can be derived
from the effect that various noise
sources create when changing the
exact threshold voltage of the sam-
ple-and-hold amplifier’s digital con-
trol command. The aperture uncer-
tainty (jitter) now becomes the limit-
ing factor (At) in determining the
maximum input frequency. A digi-
tal-signal-processing application on
repetitive sinusoidal signals is one
area whose ultimate performance
and upper-frequency range depends
upon the aperture-uncertainty speci-
fication. For example, the upper-fre-
quency range of a spectrum analyz-
er becomes limited by the aperture-
uncertainty specification.

96 | Xoviubexs w0 ° N ' C

Keep in mind that unpredictable
events are digitized once they’re de-
tected. Such events include seismic
or biological applications, which digi-
tize an error in the signal based upon
the aperture-delay specification.
Graphing formulas 1 and 2 can quick-
ly identify the aperture-uncertainty
specification required to keep up
with a particular input frequency or
slew rate (Figs. 2a and 2b). To en-
sure that each sample has the de-
sired accuracy, the aperture uncer-
tainty should be a peak value vs. root
mean square (rms).

FREQUENCY DOMAIN

It’s essential to determine wheth-
er the SHA or the flash ADC can
meet the input frequency and accu-
racy requirements based on aper-
ture-uncertainty or slew-rate consid-
erations. Although they’re prerequi-
sites, these specifications are insuf-
ficient in judging the performance to
be obtained. Designers must also
consider other dynamic specifica-
tions.

For example, because the ADS-
130, 12-bit, 10-MHz sampling ADC
combines an ADC and SHA in one
package, it allows dynamic specifica-
tions that are often reserved only for
system instruments to be published
(see the table). As a result, sampling
ADCs are easing the manufacturer’s
ability to specify data converters in
the frequency domain. If a stand-
alone ADC had these specifications
and a companion sample-and-hold
amplifier were still required, there’s
no guarantee that an overall system

D ESTIGN

would still meet these specifications.

Two common and important ADC
specifications are integral and dif-
ferential nonlinearity (see the table,
again). What is uncommon, howev-
er, is that they’re specified for Ny-
quist, operation (5-MHz input fre-
quency with a 10-MHz sampling
rate). Errors in these specifications
at a high input frequency appear as
errors in the frequency-domain
specifications.

A fast Fourier transform (FFT)
plot is the basis for determining the
frequency domain specifications,
such as total harmonic distortion
(THD), spurious-free dynamic
range, signal-to-noise and distortion
ratio (SINAD), and signal-to-noise
ratio without distortion. These speci-
fications are given at a particular in-
put frequency and full-scale range
(FSR) of —0.5 dB below full scale (or
about 95% of the input range). Be-
ware of what these specifications
might mean if the foregoing condi-
tions aren’t listed. The two-tone in-
termodulation distortion tests re-
quire two input frequencies (tones)
to be generated for testing vs. the
single fundamental for the other
tests.

An FFT plot is an excellent way to
identify unknown input frequencies
(Fig. 3). Actually, a discrete Fourier
transform (DFT) is performed on the
discontinuous data from the data
converters. Various windowing
functions then ensure that the DFT’s
fast Fourier transform algorithm is
for data representing complete cy-
cles when noncoherent sampling is
used. Examples of windowing func-
tions include the Blackman-Harris or
Hamming windows, whose func-
tions are to prevent the signal ener-
gy from “leaking” into other fre-
quencies.

If a continuous bandwidth-limited
signal contains no frequency compo-
nents higher than the analog input
frequency (F;,), then the original sig-
nal can be recovered without distor-
tion if it’s sampled (F,) at more than
twice the analog input frequency
(Nyquist rate). Because of imperfect
filters, which go to zero asymptoti-
cally and introduce phase distortion,
the sampling rate might be a mini-




DESIGN APPLICATIONS

ADC
SPECIFICATIONS

mum of four times the analog input
in practice.

If the sampling frequency (F,)
isn’t high enough or if harmonics are
generated by the input or data con-
verter, part of the spectrum folds
over into the original signal spec-
trum (F%g. 4). This undesirable ef-
fect, called frequency folding, cre-
ates an alias frequency in the origi-
nal signal spectrum as given in the
following example:

The input frequency is analyzed as
F,,= K(F./2) + 6F, where:

(a) Kisanodd or even integer that’s a
multiple of half the sampling period.

(b)0 < 6F < Fs/2

Case 1. Alias frequency = (F,/2) - 6F
if K is odd.

Example: If F;, = 270 Hz and Fs =
100 Hz, then 270 Hz = 5 (100/2) + 20,
where K =5

K is odd so that 270 Hz has an alias
appearing at (100/2) - 20 = 30 Hz in
the original signal spectrum

Case 2. Alias frequency = 6F if K is
even

Example: if F,, =320 Hzand F,= 100
Hz, then 320 Hz = 6(100/2) + 20
where K =6

K is even so that 320 Hz has an alias
appearing at 20 Hz in the original
spectrum.

Designers should also be careful
when it comes to signal-to-noise ra-
tios (SNRs). When inspecting the
FFT plot, the classic definition de-
fines the signal as the fundamental
frequency. Noise is defined as all of
the other unwanted errors (harmon-
ics, spurious frequencies, and the
noise floor) in the FFT plot. In prac-
tice, the term SNR may not always
include the harmonics.

In specifying ADCs, manufactur-
ers now use the term SINAD, for si-
ginal-to-noise and distortion ratio.
Or they note if the signal-to-noise ra-
tio includes or excludes distortion.
After mathematical derivation
through Gaussian quantization er-
rors, the ideal SNR and distortion
specification (rms signal to rms

noise) is expressed in formula 3 as:

SNR =6.02ndB + 1.76 dB, where nis
the number of bits

For harmonics, the specification
THD includes all harmonics. The in-
band harmonic specification is
meant to include the worst harmonic
(usually the second one). The spuri-
ous-free dynamic range resembles
the in-band harmonic specification.
In practice, the spurious occurrences
and noise present are lower than the
harmonics. Total harmonic distor-
tion, the ratio of the sum of all the

harmonics to the fundamental signal
as analyzed at the ADC output can
be expressed in formula 4 as:

SHD =
]

2 2
2nd Harmonic o 3rd Harmonic s |
20 20
10 10

While total harmonie distortion is
a more conservative specification,
the in-band harmonic and spurious-
free dynamic-range specifications
can be of interest for particular ap-

ADS-130 DYNAMIC SPECIFICATIONS

Minimum Type Maximum Units
Integral nonlinearity
@f, = 5MHz, +25°C +1 LSB
0to +70°C == LSB
-55°Cto +125°C =2 LSB
Differential nonlinearity
@f, = 5MHz, +25C = LSB
Oto +70°C +1 LSB
-55°Cto +125°C =E2 LSB
Total harmonic distortion (—0.5 dB)
Dc to 500 kHz 68 =70 dB below FS
500 kHz to 2.5 MHz -65 67 dB below FS
2.5 MHz to 5 MHz —65 -67 dB below FS
In-band harmonics
Dc to 500 kHz -69 -70 dB below FS
500 kHz to 2.5 MHz —66 -67 dB below FS
2.5MHz to 5 MHz —66 67 dB below FS
Spurious-free dynamic range
Dc to 500 kHz -69 -70 dB below FS
500 kHz to 2.5 MHz -66 -67 dB below FS
2.5 MHz to 5 MHz —66 -67 dB below FS
Signal-to-noise ratio
(without distortion, —0.5 dB)
Dc to 500 kHz -67 -70 dB below FS
500 kHz to 2.5 MHz —65 -69 dB below FS
2.5MHz to 5 MHz 65 -69 dB below FS
Signal-to-noise ratio
and distortion, -0.5 dB
Dc to 500 kHz —65 —66 dB below FS
500 kHz to 2.5 MHz -63 65 dB below FS
2.5 MHz to 5 MHz -63 —65 dB below FS
Effective bits, -0.5 dB
Dc to 500 kHz 10.6 11.0 bits
500 kHz to 2.5 MHz 10.2 10.5 bits
2.5 MHz to 5 MHz 10.0 10.2 bits
Two-tone intermodulation
Distortion (f,, = 2.2 MHz,
2.3 MHz, F, = 8 MHz, 0.5 dB) -72 -75 dB below FS
Input bandwidth
Small signal (-20 dB input) 50 65 MHz
Large signal (0 dB input) 30 40 MHz
Slew rate 175 200 V/uS
Aperture delay time 5 7 ns
Aperture uncertainty S 7 ps
Sample and hold acquisition time to
0.01% (2.5V step) 30 50 ns
FS = full scale
ELEC.TR ONIC D' «E«8 JI' ‘G IN
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NEW! 1MHz

Waveform Digitizer:

Up to 64 Channel Capacity
With Anti-Aliasing Filter

Yes! R.C. Electronics has put together a
complete hardware and software solu-
tion, so you don’t have to flip through
catalogs to mix and match a data acqui-
sition system. Plus, our software is user
friendly, making it a cinch to learn and
get on line to begin your measure-
ments.

Hardware Features:
® 12 bit, 1 MHz
e Pretrigger option
¢ Up to 64 Channels
e Simultaneous Sample and Hold
e Anti-Aliasing Filter
e Up to 140 KHz Continuous
to Disk
e Internal and External Trigger
e External Sample Clock

Instrument Software Options:
 Digital Scope
e Electronic Chart Recorder
¢ Digital Filters
e Signal Averaging
® Spectrum Analysis
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PC-Based Waveform
Synthesizer
Ofters 16 Bit Resolution
Easy to Use Rubberbanding
Waveform Design Software

* 16 bit, 250 KHz output

e Up to 32 waveform segments

* Function generation of square
or ramp waveforms

e Continuous output from disk

* Modulated sine output

* Deglitched output
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Santa Barbara, CA 93111
(805) 964-6708
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plications. For example, insufficient
usable dynamic range that enables
noise and harmonics to intrude on
the measurement could interfere in
distinguishing a low-level radar sig-
nal. In the effective-bits specifica-
tion, a mathematical representation
of an ideal sine wave is compared
with the sinusoid digitized by the
data converter. Numerical method
algorithms help compute the accura-
cy, which is specified in bits.

Basically, the effective-bit specifi-
cation is a combination of all the oth-
er errors. Any errors from differen-
tial and integral nonlinearity, aper-
ture uncertainty, and missing codes
show up as part of the overall rms
error. In what “no missing codes”
means to ADCs and “monotonicity”
to DACs, effective bits will likely be
the leading comparative specifica-
tion for the dynamic performance of
sampling ADCs.

Effective bits can be derived from
the SNR (and distortion) specifica-
tion in formula 5 as:

Effective bits = (SNR -1.76)/6.02

If the signal-to-noise ratio without
distortion is employed, then the THD
specification can be used to derive
the effective bits in formula 6 as:

Effective bits = 20log {[105NR/20
+ 10THD/20_1 76]/6.02

The specification of input band-
width is also important. Most dynam-
ic specifications already discussed
are based upon sinusoids. It’s cer-
tainly commendable that a data con-
verter can operate atits Nyquistrate
for sinusoidal inputs. The data con-
verter would then digitize minus full-
scale signals to plus full-scale sig-
nals on alternative samples.

Some applications, however, en-
counter a more difficult situation,
such as when channels are switched
from a multiplexed input. In this
case, the sample-and-hold amplifier
doesn’t get to track the input all
along. This is a tougher test of its in-
put bandwidth than other, less-de-
manding applications.

Similarly, fast-slewing transient
conditions need wide input band-
width and short sample-and-hold ac-
quisition time to acquire the signal.

D ESTIGN

A wide-input-bandwidth data con-
verter also minimizes phase shifts on
the signal being digitized.

As mentioned, ADC specifications
have different significance with re-
spect to various applications. The in-
put bandwidth, for example, be-
comes important in avoiding phase
shifts between in-phase and quadra-
ture channels in a radar system. Im-
aging systems, whether based on a
charge-coupled device or on infra-
red, step changes from one pixel to
the next. This resembles multichan-
nel signals being switched through a
multiplexer. In an imaging applica-
tion, the edge between a black object
on a white background simulates
this step condition.

Fast acquisition times and wide in-
put bandwidth ensure performance
for these applications. Some applica-
tions require that the harmonics,
spurious frequencies, and noise not
be as large as the lowest signal to be
digitized. Spurious-free dynamic
range becomes important to these
users. In practice, the in-band har-
monics specification yields essential-
ly the same information because the
worst harmonic is usually greater
than the noise floor and spurious fre-
quencies.

Digital storage oscilloscopes
(DSOs) take advantage of the alias-
ing of a data converter and its sam-
pling rate to digitize repetitive fre-
quencies outside the normal range of
a data converter. Here, the effective-
bits specification yields the DSO’s
overall accuracy at particular fre-
quencies. Communication systems
may have multiple frequencies
(tones) and their interaction is of in-
terest. In this case, specifications of
two-tone (two-frequency) intermo-
dulation distortion give the needed
insight into ADC requirements.[]

Bob Leonard, product marketing
manager for Datel, received a
BSEFE from Northeastern Univer-
sity, Boston, Mass.
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AT&I’s 50 to 150 Watt

Board Mounted Power Modules:

Engineered to take the heat...
for virtually 100% system up-time.

Our UL*recognized modules not only with-
stand 0° to 90°C temperatures, they bring \
Bell Labs’ design innovation and AT&T qual-
ity to your distributed power architecture.
This provides leading-edge power features
that help you reduce design time, and man-
ufacturing and servicing costs, while
enhancing reliability.

Component needs are cut by including
filtering and control functions within the
package. They include an EMI filter to meet
FCC requirements (Class A) by controlling
both radiated and conducted EMI.

Modules are hot-plugable in parallel
configuration and can be replaced or ser-
viced while the system is up and running—
with no loss of power or data.

AT&T power modules also allow

parallel redun-
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“Why Toshiba?”

“For the outstanding readability
and wide viewing angles of their
ST-LCD panels”

“With a full line to

choose from?”

“Everything from mid- and
large-size supertwist displays,
to large-size, high-resolution
(640% 480) monochrome
supertwist (M-ST) displays.

Toshiba ST-LCDs combine optimum
readability with the size, weight and
performance specifications designers and
OEMs need most for lightweight, low-power,
portable applications.

Take the TLX-1641-G3B for example.
This CGA-compatible (640 % 400), EL back-
lit, B-ST display is thinner (only 10.5mm
thick) and lighter than standard supertwist

: : displays. Or the TLX-1551A-C3M. A single-
mgﬁ g mjmy ] e i layer VGA compatible (640 x 480), CCFL
b ?ﬁu s sy S backlit M-ST display that's about 25%
i&ansn»a\x» teductng e 00 S e lighter and 10% thinner than double-layer

: supertwist displays. And Toshiba has a full
line of mid-size supertwist, EL backlit,
graphic displays with built-in controller,
character generator, ROM and RAM, all
designed for easy mterfacmg to the CPU.
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‘ DIMENSION ‘ APPROX. | DISPLAY ‘

| PARTNUMBER | ( ornors (WxHxD) | WEIGHT | MODE |BACKLIGHT)

‘ TLX-1641-G3B. | 640x400 ‘ 46x10.5 | 4009 85T
TLX-1551A-C3M | 640x480 | 276%182x20.5 | 700g M-ST

| 1342638 \mwon | 275%126%14 ‘ 4509 B-ST
W71 240%64 | 180x85x12 180g | W-ST

| TLX-1013-E0 | 160x128 ‘ 129%104.5%14 |  150g W-ST
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Toshiba LCDs are ideal for a wide
range of lightweight, compact designs—
from laptop computers and word proces-

g it WY  sors, to portable medical and industrial
1 L bk terminals-and built with the quality and
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l 1. BASED ON an analog macrocell, this power-supply supervisor

monitors three voltages and a current. If all supplies are within
tolerance, a Power OK signal is generated during startup.

WHEN THE BUILDING BLOCKS

Or AN ASIC REQUIRE HIGH SPEED
AND ACCURACY, TRY RESISTIVE-
TRIMMING TECHNIQUES.

otential linear ASIC users typically submit applications consist-

ing of medium-performance standard products. Consequently,

most linear houses employ a proven, reliable medium-perfor-

mance technology for their main product line. Such a bipolar tech-

nology would feature npn transistors with, say, an f, equal to 500

MHz and a BV, in the 32-V range. This technology is much

easier to create and less costly than those needed to implement high slew rates
or precision op amps.

But what happens when the proposed application contains one or more blocks

requiring higher speed and accuracy? System designers are usually faced with

two choices: either leave these components off the ASIC and sacrifice cost,

EDWIN LUGO efficiency, and board space, or move the entire application to a higher perfor-
Raytheon Co., mance technology where the price of the ASIC can skyrocket.

Semiconductor Division, However, a third alternative exists: Use the medium-performance technolo-
350 Ellis St., gy and employ resistive-trimming techniques to enhance the precision of the
Mountain View, CA 94043; critical blocks. The process is best illustrated by examining the development of
(415) 968-9211. a power-supply supervisor circuit. Designers must often implement this func-

tion in an ASIC or with standard parts that are restrictive in scope and perfor-
mance, and occupy extra board space.
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Power-supply malfunctions cause
many of the system breakdowns due
to some components’ delicate na-
ture. The concerns created by faulty
power supplies include data loss on
systems with volatile memory, dam-
age and deterioration of mechanical
or monolithic components, the inter-
ruption and loss of in-progress com-
putations, and system crashes.

The power-supply supervisor,
found in various systems, protects
against random power faults by sup-
plying an early potential-failure
warning. To perform this task, the
supervisor monitors several of the
system’s voltages or currents and
compares them to an accurate, inter-
nal voltage reference. With medium-
performance ASIC technology, how-
ever, it’s difficult to obtain the accu-
racy required for the internal volt-
age reference.

This power-supply supervisor cir-
cuit uses the most common mode of
development interface between the
ASIC vendor and the system house.
Here, system designers work out the
design and system concepts, trans-
late the schematics into the ASIC
components, and evaluate the per-
formance through simulation and
breadboarding. The ASIC house as-
sists through schematic capture and
simulation. They can also advise on
choosing the proper tools. However,
the final functioning design respon-
sibility rests on the system house.
The ASIC vendor finishes the inte-
gration by doing circuit layout on sil-
icon and completing the remaining
manufacturing process.

Voltage

reference Vou
—o
3Ry
>
3R,

2 RESISTOR‘trimming techniques

are used in this voltage-reference circuit
to get an appropriate value for V_,,
which depends directly on the ratio of R,
and R, and the bandgap voltage, V,,,.

Designers can also choose to add
more or less input to the develop-
ment flow. For example, some ASIC
vendors permit, and encourage, cus-
tomers to take on physical-design (IC
layout) tasks. Then, the integration
begins with the designers evaluating
their needs and design concepts.

Most complex, multiple power-
supply systems already incorporate
some sort of guard against cata-
strophic faults. Designers can
choose among several available pre-
determined standard-voltage super-
visors. In addition, backup power
supplies and battery systems are of-
ten used to protect against undervol-
tage. Supervisor chips also warn of
overcurrent situations, which can be
caused by an internal component’s
failure (shorting). Other consider-
ations are therefore required. To fa-
cilitate proper supply power-up,
which would avoid potential overcur-

rent conditions, power-up and -down
systems can be im-

10 FORN=0TO31

20 Z1=(N) AND (1)

30 72=((N) AND (2))/2
40 73=((N) AND (4))/4
50 Z4=((N) AND (8))/8
60  Z5=((N) AND (16))/16

75  R1=1/(1/R1+1/(25+1/(24/60+1/12.5)))
80 R2=15/167+1/(1/5.167+25/5.3)

8 R2=R2*135/(R2+3.5)

83 VOLD=V

85 V=1.374*(R1+R2)/R2-5.075

86 DV=V-VOLD

88 HALF=VOLD+DV/2

90  LPRINT USING “###",25,74,23,22,1;

100 LPRINT USING “### ###":V,DV, HALF
200 NEXTN

70 R1=37.5+1/(Z3/85+1/(10+1/(1/5+22/12.5+21/21.5)))

plemented by soft-

ware.
To make the right
choice, designers

must first analyze
the function’s spe-
cific requirements.
All power-supply
schemes start with
degradation and
fluctuation detec-
tion of a power sup-
ply outside the per-

108 Xoviniers i’ © ¥ ' ©

Zener zapping combinations on the output of a voltage
reference. It finds the total resistance of networks A and B.

I 3. A BASIC program calculates the effect of different

missible limits. In
accordance with the
system specifica-
D ESTIGN

tions, this detection must be accu-
rate and quick enough to let the sys-
tem’s “brains” activate emergency
system-protection mechanisms. In a
multiple power-supply system, for
example, a 5V supply may be re-
quired for CMOS and TTL logic, a 12-
V supply for the analog transducer,
human interface, and other linear
functions, and a second 12-V high-
current supply for the motor drives
and servo mechanisms. The number
of supplies, as well as their voltage
levels and specifications, can vary
widely for each application. Yet ex-
isting off-the-shelf power supervi-
sors have a predetermined number
of controls as well as restrictive
specifications. And in many cases,
they aren’t cost effective. At this
point, designers should consider a se-
micustom solution.

For instance, a macrocell-array ap-
proach proves to be a simple, inex-
pensive alternative in these applica-
tions. In this voltage-supervisor ap-
plication, the designer put together a
scheme to monitor three different
supplies for undervoltage and one
for overcurrent (Fig. 1). In some ap-
plications, designers may need spe-
cial regulation support and error
feedback from a key supply. This can
be done by adding a few simple array
components. In this particular inte-
grated solution, the system receives
a TTL Power Up signal when all sup-
plies comply with preset system
specifications. The Power Up signal
is maintained while in operation by
logically ORing all supplies to indi-
cate a healthy system. If any supply
fails by falling outside the specified
level, the system immediately re-
ceives a signal to start power-down
procedures, protecting circuitry, mo-
tors, and servo mechanisms.

By understanding the power sup-
ply’s capabilities and the system’s
sensitive areas, the system designer
defines the IC specification in this
stage. The designer’s logical choice
is to implement this function inan IC.
Current can be monitored with a
shunt configuration, which effec-
tively converts the current to a
known voltage. Other power sup-
plies can be monitored using medi-
um-performance comparators with
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transition times of 1

to 10 ps. They com- v
pare the supply volt-
age to an internally
generated voltage.
This voltage level is

Voltage
reference

cc
o—I—- +Vg Reference

Set

Feedback [—
GND

then monitored by
relating the good
voltage reference to
the compared volt-
age outside the sup-
plies.

Judiciously cho-
sen resistor-voltage
dividers limit exter-
nal voltages to a lev-
el that’s close to the
internal reference.
The ASIC permits a
wide selection of re-
sistors and custom-
izes the finished IC
to these preset sup-
ply values. Good re-
sistor matching and
temperature track-
ing are desirable
features in this IC.
The ORing function

Refer=ence

l
T

L

4 Rq2
Y 5k

f—————————————

Ry 3
125k

l.'22
4.2k

W

following the com-
parators is complet-
ed by simple open-
collector logic implementing a wired-
OR function.

This ORing concept is then trans-
ferred to an existing family of
ASICs. Raytheon’s linear ASICs
(RLA) supply all of the needed com-
ponents to meet the required specifi-
cations. Designers pick these compo-
nents directly from the RLA library,
where all specifications are clearly
delineated. The RLA’s macrocell ap-
proach offers configurable gain
stages that implement various func-
tions, including comparators and op
amps. The comparator’s configura-
tions easily meet the requirements to
protect the design in question.

ACHIEVING ACCURACY

When looking at the IC’s full im-
plementation, one important accura-
cy issue remains—delivering suffi-
cient precision from the voltage ref-
erence supply. A voltage-reference
function is simple to implement. In
fact, the largest array offered by
Raytheon, a 16-macrocell IC, in-
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cludes a built-in bandgap reference
voltage because of its widespread
use in linear systems. This reference
can also be built with the standard
macrocell building blocks.

When analyzing the system, how-
ever, first look at the accuracy re-
quired for the application. Examin-
ing off-the-shelf, commercially avail-
able components shows that they of-
fer data-sheet performance when
the supplies are held within 5% of the
specified value (10% for military).
Outside this range, the output levels
and functionality can’t be guaran-
teed. Such fluctuations must be de-
tectable to advise the system of mal-
functions. A second look at this re-
quirement reveals another aspect.
To achieve a satisfactory level of de-
tection within a voltage-supervisor
monolithic application, a voltage ref-
erence that’s stable enough to within
one order of magnitude (about 1%
voltage accuracy) better than the
supply being monitored is needed.

This level of precision is difficult to
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4. THE REQUIRED ACCURACY for voltage reference is achieved by the digital nulling network.

The network’s values come from the Basic program.

achieve with standard medium-per-
formance technology. The first step
toward attaining high precision is to
look at the resistor technology being
employed. Thin-film resistors (pres-
ently available in the RLA) offer ex-
cellent tracking—typically under
1%—and temperature coefficients in
the range of 200 ppm. These on-
board devices help to achieve preci-
sion in linear ASICs. The resistors
lay atop the glass rather than on the
active silicon like diffused resistors.
This avoids parasitic effects and side
diffusion, two sources of process er-
rors and inaccuracies.

Spice and data-sheet-parameter
analysis of Zener-voltage references
built with thin-film resistors and
standard npns (f, = 500 MHz, IgfinC
= 200 mA) and pnps can uncover
some vital information. Accuracies
up to 5% are achievable with this
technology, including variations for
process. But 5% is still inadequate
for this application. Further investi-
gation is needed to meet the ASIC’s
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requirements without resorting to
larger macrocells and resistors.

Smart design techniques are a con-
cern when searching for added preci-
sion. Designers can refer to other
sources of circuit ideas for better de-
signs. One possibility is a bandgap
voltage reference with an initial ac-
curacy of about 4%. It's a 1% im-
provement over the first consider-
ation, yet not enough to meet this ap-
plication’s requirements.

Taking advantage of process vari-
ation distributions is another way of
attaining more accurate parts. Engi-
neers from the ASIC house, experi-
enced in these matters, can give
ASIC designers a good idea of the
process distribution for a particular
parameter. In the voltage-reference
circuit, an accuracy reading of the
worst-case distribution extends past
the 4% limit. By sorting die to a 2=2%
limit, 50% of the distribution could be
obtained. However, low die yields
can lead to higher chip prices. Even
with this yield loss, the expected re-
quirements still aren’t met. Other
undesirable considerations at this
point would be to move to a more ex-
pensive, higher-performance tech-
nology or simply leave the voltage
reference outside altogether.

TriM BY ZENER ZAPPING

One way to get higher precision in
the ASIC without moving to more ex-
pensive options is to adjust and elimi-
nate error sources with resistor trim-
ming. Although laser trimming is
common, it’s still considered a “high-
technology”” method. But in spite of
its popularity, laser trimming is a
costly solution to a relatively simple
problem. Therefore, this option isn’t
always practical.

Raytheon now offers ASIC de-
signers the trimmable Zener-resis-
tor network method. Zener diodes in
parallel or series with pre-chosen re-
sistor values create a digital nulling
network that can be trimmed to spe-
cific values. This trimming network
achieves better accuracy in certain
functions, such as a voltage refer-
ence. The Zener diodes have relative-
ly high breakdown voltages and nev-
er operate in the Zener mode. More-
over, they can short out serially

5 4 3 2 1 Voltage Change

0 0 0 0 0 0.004 0.004 0.002
0 0 0 0 0 -0.019 -0.023 0.008
0 0 0 1 0 -0.039 -0.020 -0.029
0 0 0 1 0 - 0.052 -0.013 -0.045
0 0 1 0 0 - 0.064 -0.013 —0.058
1 1 1 0 0 0.014 -0.012 0.020
1 1 1 0 1 -0.003 -0.017 0.005
1 i 1 1 0 -0.018 -0.015 -0.001
1 1 i) i 1 -0.028 -0.010 -0.023

reference’s output produced by different zener zapping combinations. The table comes into

I 5. THE BASIC PROGRAM’S OUTPUT shows the change in the voltage

play later, to create the actual zapping program used during screening.

placed resistors or bring in new par-
allel resistance. High reverse cur-
rent through the diode shorts the
junction, creating a reliable, low-re-
sistance conductor. This opens a con-
ductive path through the Zener.
Therefore, either parallel resistance
can be added or serial resistance
eliminated.

To benefit from this technique, de-
termine how and when resistor trim-
ming can improve performance. The
voltage reference needs an accuracy
within 0.5% for a 5-V V, signal. De-
signers would start with a conven-
tional bandgap voltage reference
whose initial accuracy is about 4%
typical. V,,, depends on the ratio of
R, and R, (Flig. 2). This is an ideal op-
portunity for resistor trimming tech-
niques. The value of V is:

Vout = Vb [(Rl/
R,)+1], where V,
equals the 1.25-V1)andgap voltage.

Small variations in resistors R,
and R, will vary the final value of
V,ut- By adjusting their values, high-
er precision can be achieved, setting
the stage for resistor trimming. One
way to adjust these values is to add
resistance in parallel or series. De-
signers then choose resistor values
that, when added, have a desired pre-
determined effect on the final value
of V- Ripq and Rygq are the total
resistor equivalence for the R, and
R, networks. By reducing Ropq, the
resulting V,, is reduced. Converse-
ly, V.t is increased by reducing R, gq.

Determining how fine a given ap-
plication should be adjusted is an im-
portant factor. It’s desirable to have
every Zener-zapped trim (addition or
deletion of resistor values) improve
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the output’s accuracy by a factor of
two. In other words, one trim im-
proves V. by a factor 2, two by 4,
and so on. Unless all possible errors
can be identified, it’s safer to add one
extra trim as a guardband.

Another important consideration
is choosing the overall resistor val-
ues, as similar values tend to select
similar resistor sizes or aspect ratios
(the ratio of a resistor’s length to its
width). This effect maximizes tem-
perature and time-tracking perfor-
mance. Every trimming option
would need a separate bonding pad
to be accessible for zapping. And,
these pads won’t be bonded out to the
package.

One tool that can calculate the ef-
fect of resistor zapping comes in the
form of a Basic program (F%g. 3). The
program computes the total resis-
tance of network A (R,) and B (R,)
based on all zapping combinations.
The program iteratively calculates
all binary combinations and com-
putes the total amount of V
change produced by the different
values of R,gq and Rypq. The pro-
gram also calculates the difference
between the alternative zapping
combinations.

By inserting different values into
the program, a digital nulling net-
work is chosen (F%g. 4). In this case,
five different zapping options were
selected that could improve the per-
formance by a factor of 32. The main
resistor value for Ry was chosen as
12.5 because there are many 12.5-kQ)
resistors available for voltage refer-
ences. Trimming resistors with ra-
tios of 12.5 can optimize temperature
tracking performance. All other re-
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The UNIX based DECstation™ 5000 Workstation
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leads by example.

Example #1: Performance
No matter how you measure

it, Digital’s DECstation 5000
workstation leads all others in per-
formance. Whether it’s raw CPU
performance, 2D or 3D graphics
speed, or price/performance, the
DECstation 5000 workstation
comes out ahead. In fact, for over-
all performance, nothing else is
close. And we’ve got the numbers

to prove it. b Integr.ation: 3
With Digital’s
GEL ol SUN BM | DECstion | PowerFrame
CHART (1) SPARCstation 1+ 320/520 5000 cx design frame-
raphics &
N il e 071 159 :;21;11; ﬁzgcrzrtle
Integer 1.04 (3) 1.34 1.61 the DECstation
g(())i?]tting 1.10 (3) 26 17 5000 worksta-
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e e e UM e e e | MCAT systenns.
published by Sun Microsystems, Inc. PowerFrame 1S
the most widely
Example #2: used framework for heterogeneous
UNIX based Applications design management.
When you run with the And, of course, as the leader

leader, you know you’re in good
company. The DECstation 5000
workstation runs more than 1,500

UNIX based applications, includ-

ing the industry’s most popular

MCAD and EDA applications.
Example #3: PowerFrame™ for

in integrated multi-vendor

networked computing, you can
count on Digital for full service
and support. We can help you
design, implement and maintain
an engineering computing strategy
that capitalizes on today’s technol-

ogy, while keeping your options
open for the future.

For your copy of benchmark
test results and a list of available
applications, call 1-800-343-4040,
ext. 970. These are filled with

examples of what you expect from

aleader. D ]_g 1 tal
has
It
Nnow.

@© Digital Equipment Corporation 1990. The DIGITAL logo, Digital has it now, DECstation and PowerFrame are trademarks of Digital Equipment Corporation. UNIX is a registered trademark of AT&T. SPARCstation is a trademark of SUN
Microsystems, Inc. SUN is a registered trademark of SUN Microsystems, Inc. IBM is a registered trademark of International Business Machines Corporation. SPEC is a trademark of Standard Performance Evaluation Corporation
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sistor values used in the net-

work were chosen for the
amount of change they
could produce in the output.

In the finalized network,
Rpq has the equivalent re-
sistance of network A, while
Rypq has the equivalent re-
sistance of network B. All
selected resistor values im-
prove the accuracy by a
specified percentage. Add-
ing R,; (Zener zap 3) im-
proves the accuracy by
1.25%, Ry; (Zener zap 2) im-
proves the accuracy by 6%,
and R, by 3%. The exact val-
ues of the changes can be
read in the Basic program’s
output (F%g. ). The binary
table shows the different
zapping combinations and
its corresponding change on
the final value. This table
will later create the actual
zapping program used dur-
ing screening.

Ly
(Bq) 38R,
Ri3
R, iE 3R,
L ——] o——4
Ry 3 :E Ry

Vo= T,In[(R, + AR)/R ]
= Vyln[1 + (AR¢/Ro)).

FO!' ARC/RC 4 1.0, ]n[l —r
(DRc/R¢)] = AR¢/Rg.

As a result, Vog = Vi(AR¢/

Ro).
R,+ R; > > 8Ry, thus:

Vos = -Vo{R,/(8R, +R,
+ Ry)]

or

Vos = VIR /R, + RY]

(1+ B,B,B,) for B, = 0.

where B ; are binary num-
bers that correspond to the
state of zener diodes Z; 4
and V. is the thermal equiva-
lent voltage, equal to -2.6

mV (Fig. 5, again). The
change in Vg is:

AV 5(25°C) =[-2.6 mV
(7-B3B,B)R,)/

(8R; +R, + R;) when B, = 0.

Raytheon does the actual
zapping or trimming of re-
sistor values during the wa-
fer-sort stage of manufacturing.
The values and effect of the differ-
ent zapping combinations created
are submitted to the test engineers,
who create a high-level ATE lan-
guage to execute the zapping loop.
The adjustment procedure works as
follows: The tester measures the un-
trimmed V ,, obtained at the output
and finds the difference between the
measured and ideal voltages. Then,
by accessing a lookup table based on
the Basic program’s result, the opti-
mal zapping combination is chosen
(identified as 0-32) to bring the volt-
age closer to the desired value. For
example, to control whether V
should increase or decrease, zap R,,
(Zs).

This process continues iteratively
with a programming loop where the
tester continually measures V,,, and
chooses the zapping combination
based on the required change until
the value is brought within the speci-
fication. The actual zapping is done
by high-current injection supplied by
the tester. This method of automatic
equipment-control trimming cuts
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6. THIS DIGITAL NULLING network controls Vos

of the op amps by adjusting the collector-resistor ratio.

high-volume manufacturing costs.

The procedure that assures an ac-
curate voltage level for all parts is
performed on all die at the wafer-
sort stage, and is completed within
milliseconds. In this case, a 5-V refer-
ence with an accuracy better than
0.3% is produced from a medium-per-
formance process and is guaranteed
regardless of process variations and
transistor matching. In specific and
rare cases, the actual zapping can be
done on a assembled package by
bonding out the appropriate zapping
bond pads.

IMPROVE Vg

Another useful and common appli-
cation of Zener zapping is to mini-
mize Vg on an op amp. The proce-
dure is similar to that for reference-
voltage adjustment. In this case, the
op amp’s input-offset voltage can
be adjusted by varying the collec-
tor-resistor ratio. In this type of cir-
cuit (Fig. 6), if the difference in the
two collector resistors (R) is a
small increment, Vg can be written
as:

DR IS G N

By equals 1 when Zy is un-
shorted, and equals 0 when
Zy is shorted. B;B,B; will
then equal a binary numbers from
000 to 111 or 0 to 7 decimal.
AVOS(25°C) — [26 mV

(1 + B3B,B))R,]/

(R, + R3) when B equals 0.

This formula can then determine
the effect of the different zapping
combinations on the op amp’s Vg.
Again, by choosing the correct resis-
tor values, designers can adjust the
range of flexibility as well as the
maximum accuracy required for the
application. As in the previous exam-
ple, once the resistor values and its
desired effects are chosen using the
formula, the information (in binary
lookup table form) is used by Rayth-
eon test engineers to implement the
ATE high-level-language zapping
loop at wafer sort. Vg is then guar-
anteed on every die to fall within the
required precision. This technique is
useful in other applications, such as
instrumentation-amp configura-
tions where the common-mode rejec-
tion ratio must be controlled to more
than 60 dB.

These techniques open up a new di-
mension in linear ASIC applications.
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Nothing can replace smart design
techniques when dealing with a sys-
tem. Therefore, it’s best to start with
an optimized design for the parame-
ters that are critical to the applica-
tion. However, by using this trim-
ming technique, relatively high-pre-
cision components can be attained,
such as voltage references and op
amps, while maintaining a medium-
performance technology to minimize
risk, cost, and engineering.

Using all of the procedures de-
scribed, ASIC designers can start a
design with components contained in
the linear-array library. Some neces-
sary functions may have already
been implemented and presented in
Raytheon’s linear applications man-
ual. As in all ASIC designs, the pri-
mary steps consist of evaluating the
existing technology in light of the
system requirements. This is done
by checking the data-sheet parame-
ters of typical functions implement-
ed with this technology, such as op
amps or comparators, and see how
they compare with the present sys-
tem or the one needed. If the existing
technology doesn’t meet the system
requirements, designers may look
for different ways to implement the
function in question. One approach is
to change the gain-stage design by
using individual transistors rather
than preconfigured gain stages.
Taking advantage of the on-board
thin-film resistors is another way to
achieve higher accuracy. To reem-
phasize, standard linear manuals
and textbooks can also be a good
source of novel circuit ideas.

After the circuit design is opti-
mized for performance for the spe-
cific need, it’s always best to check
the simulated results using the com-
plete Spice parameters supplied by
Raytheon. Kit parts are also avail-
able to evaluate real-life perfor-
mance employing the same silicon
geometries that are used for final in-
tegration. Temperature and voltage
effect can also be determined in a
real-life environment.

If the performance still falls short
of the requirements, consider using
the techniques described in the arti-
cle. Designers first must determine
if the parameter in question can be

controlled by a resistor network. If
so, the level of accuracy to be
achieved should be determined in re-
lation to the existing performance.
Yield considerations can also be eval-
uated.

By using the procedures described
in this voltage-reference application,
designers can put together an appro-
priate network and determine its ef-
fect on the parameter’s final value.
Helpful tools, such as previously dis-
cussed Basic program, can be provid-
ed. This is an iterative process that
gives designers total flexibility in
customizing the function. The final
results, in lookup-table form, can
build a zapping loop on high-level
language to be used by the ATE. Re-
sistor trimming is usually done in
packaged parts at the customer site,
similar to field-programmable parts.

One drawback of resistor trim-
ming with Zener zaps is the extra
pads used within the linear array.
For every zapping point, one pad
must access that diode with the nec-
essary programming current to met-
allize the Zener junction. This cur-
rent is in the range of 400 to 600 mA
for about 2 ms. This current capabili-
ty must reside in the user’s tester.
With a little ingenuity, users don’t
need many extra pads to get the per-
formance level that’s typically seen
only on high-performance systems.

Designers’ familiarity with linear
ASICs is still nowhere near that of
digital arrays. However, by properly
utilizing existing tools and with
some ingenuity, designers can get
higher and more efficient levels of in-
tegration without investing in more
sophisticated designs or moving to
more expensive technologies. Good
design practices coupled with flexi-
ble technologies helps solve integra-
tion problems.

Edwin Lugo, a field applications
engineer for Raytheon, received a
BSEE from the University of Cali-

fornia at Berkeley.
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Spectrol’s Model 63
Available in 12 Different Models

Spectrol’s 3/8-inch square single-turn cermet
trimmer, the Model 63 is offered in four terminal
styles with pin configurations to suit any
standard PCB application as well as two top-
adjust and two side-adjust versions, and two dif-
ferent knob types. Quick adjustment is achieved
with a multi-fingered wiper. Resistance range is
from 10 ohms to 2 megohms with a +10%
resistance tolerance. Features include improved
solder-plated terminals, and an 0" ring seal for
solvent and aqueous washing. Tempco is 100
ppm/°C, and a CRV of 2% or 2 ohm. The Model
63 continues to provide excellent performance
as the industry standard across a broad spec-
trum of applications.
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Spectrol Electronics Corporation
P.0. Box 1220, La Puente, CA 91749
Phone: (818) 964-6565 Fax: (818) 810-1093
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Spectrol Electronics makes your job easier by
offering a versatile line of potentiometers and
dials which can be combined to fit aimost any
application. Make a perfect match with one of
the industry’s most popular turns-counting
dials: either Spectrol’s Model 15 digital or Model
16 concentric, and Spectrol's Model 534 or
536, 10-turn, 7/8" wirewound potentiometers.
It's a winning combination worth looking into —
an easy reading dial that looks good on
everybody’s panel, plus a versatile, 10-turn,
wirewound potentiometer available in scores of
standard and special variations. Contact your
nearest Spectrol Electronics Distributor today
and order your winning combination!

®
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Spectrol Electronics Corporation
P.0. Box 1220, La Puente, CA 91749
Phone: (818) 964-6565 Fax: (818) 810-1093
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The Multibus II product line has changed.

We've dramatically reduced your costs
and added dozens of products. And that’s
great news when your designs call for more
than a PC.

Today, our Multibus II system with a 386"
CPU, disk, tape, and 4MB of RAM is priced at
just $9,995.

And the costs of our Multibus II single
board computers are down as much as 47%.

Now you can build the Multibus II disci-
pline right into your system for the price of
VME or EISA. Multibus II's new MPI bus inter-
face chip is perfect for building simple analog,
digital, or serial interface boards. It costs just
$40 in quantities over 100.

The Multibus II product line has expanded,
too. In the last year alone, we've added over a

© 1990 Intel Corporation

dozen 1I/O and CPU board products. And you
can choose from the more than 500 Multibus II
products on the market, including 150 full-size
Multibus II boards.

Need help migrating from VME? Our single-
slot VME-to-Multibus II adapters will give you
a jump on switching your custom VME boards
to Multibus 11.

To view the entire expanse of Multibus II
products — from over 100 vendors — call Intel
at (800) 548-4725, Dept. AA60. Ask for a free
copy of the 7990 Mudtibus Il Product Directory.

So don’t delay. Call now, and start a change

for the better.
intel
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WHAT IS THE FASTEST MICROPROCESSOR
SPEED YOU REQUIRE IN YOUR SYSTEMS ?
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MARKET FAGTS

oftware developers are scrambling to come up with Win-

dows 3 versions of their applications now that this latest

edition has taken off. More than 1 million copies of Win-

dows 3 have shipped since May. Replacing cryptic DOS
commands with icons, Windows 3 affords multitasking and data ex-
changes between applications. The total software market should be
worth about $6.5 billion this year, according to International Data
Corp., Framingham, Mass.

Robertson Stephens & Co., a San Francisco-based market research
company, recently surveyed 83 Fortune 500 sites. With about 300,000
PCs installed at these sites, 72% of the microcomputer managers said
that they planned to use Windows 3. Although the software lists for
$149—with a $99 street price—running Windows doesn’t come cheap.
The managers surveyed said it costs an average of $950 to equip a PC
for Windows—that includes the cost of boosting RAM to 2 Mbytes and
buying Windows versions of applications. Moreover, that price tag
doesn’t include upgrading hardware-running multiple applications
under Windows 3 requires a 386 processor.

OFFERS YOU
CANT REFUSE

onnectors of all sorts are described in a free 576-page
catalog. The Electronic Interconnection Systems
Product Ordering Guide has specification drawings
and photos of EM Electronic Products Division products.
The catalog has information on IC socket connectors, board- and wire-
mount socket connectors, stacking connectors, headers, cable, and as-
sembly equipment. Products are indexed by grid spacing, part num-
ber, and product type. To request a copy, write to 3M Electronic Prod-
ucts Division Catalog, P. O. Box 3064, Cedar Rapids, lowa 52406-3064.
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ne glance at the full array

of options Motorola offers in

real-time, and you'll see why

it’s become the developer’s
platform of choice. For both target
and host environments, no other
single vendor has anything like it.

One reason is our long-time
experience with real-time technology,
beginning with our
pioneering work back
in 1980. Another is the
broad spectrum of our
product line, which
includes ICs, boards,
systems, and software.
In short, Motorola has
everything you need to build real-
time applications ranging from simu-
lation to industrial automation to
imaging and more.

Yet another reason to choose
Motorola is our unending commit-
ment to open standards. Our real-time
platform gives you standards-based
choices at various levels of inte-
gration. The centerpiece of this non-
proprietary approach is VMEexec,"
our wide-open, totally integrated
development environment. VMEexec
allows you to use standard UNIX"
interfaces to write a single set of appli-
cation code, and then reuse it for
other projects. Better still, you can
combine any software product that
conforms to these standards. VMEexec
includes a high-performance real-
time executive, a strong run-time
connection to UNIX-based systems,
flexible and efficient real-time I/O and
file systems, as well as powerful
development and debug capabilities.
And because VMEexec is integrated
with the hardware, you can begin

software development even
before the hardware is available.

If you're thinking about
real-time, you should be think-
ing about time to market, and
that’s all the more reason to
think Motorola. Especially
when you consider that we can
help speed product integration
by serving as a single source
for boards, software and
systems. Add to that the
industry’s best applications
expertise and design support,
ranging from small embedded
control systems to multi-processor
simulation. Then factor in Six
Sigma quality control. And remember
that Motorola gives you the indus-
try’s only true migration path from

Time, Big-Time.

Right now, Motorola real-time systems are hard at work
in critical applications worldwide.

CISC to RISC in both the develop-
ment and run-time environments.

Give us a call today at 1-800-
624-8999 ext. 230, and put the real-
time resources of Motorola on your
side. We think you'll find the benefits
are very big, and very real.

= We Do Real-Time Full-Time.

extends all the way to
the end-user.

Right now, you can
use VMEexec to port

t Motorola,
A we've dedi-

cated an entire
division solely to real-

time development UNIX applications to a
systems. Our real-time | SVID/POSIX-compliant
system architecture real-time environment,

begins at the micro-
processor level in either
CISC or RISC,and

INTEGRATED REAL-TIME PLATFORM

and vice versa. And they
can be used for run-
time capabilities as well

| ReatTine Diabase | ReaTin CASE Toos| Rea Time Laruages

|nwmmrmj Hunan igtaces [[cmm,m l
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as for development.
Several human inter-
faces are available,
including X.11, Motif,
DeltaWindows” X 400,
and LU6.2. As for net-
working, Motorola
supports all popular
protocols, including
TCP/IP,NFS, OSI, and
SNA. We also offer a
real-time database and
CASE tools,and you can
work in C, FORTRAN,
ADA,PASCAL, LISP,
COBOL, and BASIC.
Put it all together, and
you'll discover only one
company gives you the
full story on real-time,
and that's Motorola.

@ MOTOROLA

CIRCLE 201

Computer Group
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Which technical books are the most
popular in Silicon Valley?

ELECTRONICS:

0 Art of Electronics by Paul Horowitz and
Winifred Hill. Cambridge University Press,
1989. $47.95.

FA Noise Reduction Techniques in
Electronic Systems, 2nd ed. by Henry W.
Ott. Wiley, 1988. $47.95.

EA SPICE: A Guide to Circuit
Stmulation and Analysis Using
PSPICE by Paul Tuinega. Prentice-Hall,
1988. $20.60

A Logic Design Principles by Edward J.
McCluskey. Prentice Hall, 1986. $50.

A Introduction to VLSI Design by
Eugene D. Fabricus. McGraw-Hill, 1990.
$48.95.

| COMPUTER SCIENCE.

EN Object-oriented Design with
Applications by Grady Booch. Addison
Wesley, 1990. $37.25.

FA Computer Architecture: A
Quantitative Approach by John Hennessy
and David Patterson. Morgan Kaufman,
1990. $54.95.

EN Designing Object-oriented Software
by Rebecca Wirfs-Brock, Brian Wilkerson,
and Lauren Wiener. Prentice-Hall, 1990.
$26.95.

I Object-oriented Software by Ann L.
Winblad. Addison- Wesley, 1990. $28.50.
A Object Orientation by Setrag
Khoshafian and Razmik Abnous. Wiley, 1990.
$26.95.

This list is compiled for Electronic Design
by Stacey’s Bookstore, 219 University Ave.,
Palo Alto, CA 94301: (415) 326-0681; fax (415)
326-0693.

ACRONYMS

EISA Extended industry standard archi-
tecture

MMACS Million multiply-accumulates per
second

ooDB Object-oriented database

SPOX DSP operating system

SQL Structured (database) query lan-
guage

SSOP Shrink small outline package

UGBW  Unity gain bandwidth, a measure

of op amp performance
\'} On voltage for double diffused

on

DMOS  MOS

QUICKLOOK

HOoOT PC
PRODUCTS

ome software calls for entering key combinations again and again. So it often

makes sense to store these strings of keystrokes as macros. The Chameleon

device, which attaches to a PC keyboard, stores 8k worth of macros in nonvola-

tile RAM. Keys can be remapped or redefined. Key combinations can be up- and
downloaded from the host. Sirius Industries’ Chameleon is IBM PC, XT, and AT compatible.
The unit, which takes up no host memory, draws its power from the keyboard. Users can
safeguard their macros by unplugging the Chameleon from the keyboard and taking it
home. The Chameleon lists for $89. For more information, contact the company at 21608
North 20th Ave., Phoenix, AZ 85027; (800) 229-0034; fax (602) 780-0140.

With Agiler’s Touchman, users move their fingers over a panel rather than roll the
pointing device. Because Touchman stays put, it’s suitable for laptop and notebook comput-
ers; it also can be built into a regular size keyboard. Touchman lists for $89. For more infor-
mation, contact Contek International Corp., 66 Field Crest Rd., New Canaan, CT 06840; (203)
972-3406; fax (203) 972-0156.

... on‘nme-to-namt

' BY RON KMETOVICZ
President, Time to Market Associates Inc.
'ﬁupsmm Caﬁf (408)446-4458

hanges in technology and new-product development time
are tightly coupled. Time to market must be held to a
minimum so that technological change does not obsolete the product eumntly
under development. Said another way, the best insurance for getting a project

done is to keep its development time short so that teclmologlcal change does not affeet de—r

livering the product to market.
‘The technical people involved in setting the product’s definition have a dxffmﬂt balanc- ;

ing act to perform. They must select a technological sword that gives a competitive advan-

tage without excessive cost, as well as one that has reasonable developmental risk. Also,
they must look ahead to ensure that the technology selected will remain competitive when
the product reaches the market. These factors need to be addressed and morporated in the

i;nfoduct s definition.

n me-two-with-a-twist products, technology selections must be made almost entirely on

 time-to-market considerations. Selections are made up front and they must be right! Prod-

uct development must stay in phase with the cycle time of technology. If Intel and Motorola

produce a new generation of microprocessor every 18 months, then products based on that

hnology must follow suit within a few months of supplier introduction to remain competi-
It’s becoming well aocepmd knowledge within the cyclic product development envi-
ment that a few months’ savings on each o1 net tum can produoe a6- to 12-month ad-,

devolopment cannot tolerate a teehnology chaﬂge and shll remain oompetmve. -
Other efforta are likely 1o assume more technologieal tisk. It is not unnsuai ) have

kind, derivative, and next~genemtlon product efforts. The Defimtion Matrix provzdes the

 initial stmomre to assist in the management of the explosivo mixture. Later, elemen

be added to assist in the planning and execution phases of the project. A product dev op-

- ment team that completes the new product development matrix will have identified most

technological risk areas and will have thought through most of the management d fnns as'
sociated with moving forward at anaggreoswe pace.
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TIPS ON INVESTING

An engineering maxim says: The only constant is change. Nowhere is
that truer than in investing. Today’s rapidly changing economic and
political scenes are reshaping the investment world. A return to basic
investment principles helps engineers achieve long-range goals of
building wealth, preserving capital, planning for retirement, and pay-
ing for their children’s education. Two commonsense principles, pa-
tience and discipline, not only build wealth, but help engineers avoid
investment pitfalls. Here’s a checklist of common investor errors.
®Fuzzy goals. An engineer must first ask, “Why am I investing—for
immediate income or long-term capital gains?”
®Investing without understanding. An engineer must understand
what each of his investments represents. He should never buy an
investment because someone wants to sell him one.
®Not adjusting to changing market conditions. Just as an engineer’s
goals can change over time, the long-term prospects of financial mar-
kets may change greatly. Investors must respond to trends.
eInvesting in today’s marketplace with yesterday’s investments. To-
day’s market is made up of much more than stocks and bonds.
®Inconsistent security selection. The more risked assumed, the great-
er the potential for profit, or loss. Investors must weigh each invest-
ment according to these parameters.
®Profits taken too soon. Some investors takes profits early for short-
tern gains, shrinking profit potential.
®Losses allowed to run. If an investment performs poorly, engineers
may be better off cutting their losses quickly.
®Lack of understanding of tax laws. Engineers must rethink invest-
ment strategies because of recent tax reforms.
®]gnorance of the time value of money. There is good earning poten-
tial in long-term investments in which interest or dividends are com-
pounded over time, expecially if interest accrues on a tax-free or tax-
deferred basis.
e Unrealistic expectations. Some investors demand dramatic and im-
mediate return from investments. Yet investing in securities is a
means of putting money to work toward a financial end.

An engineer who finds himself facing any of these issues should
seek the help of a professional financial advisor.
by Henry Wiesel, a financial consultant with Shearson Lehman
Bros., Shrewsbury, N. J. Questions and comments are invited in
care of the news editor, Electronic Design.

Design Reliability
Design Cycle Time

] Strong Impact
| Moderate Impact

Design for Test ‘
| Innovative Architecture |
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What do you think about the education that
young engineers are getting these days?

n Stephen Scrupski’s editorial regarding engineering education

(Electronic Design, Aug. 23), he states, “T must question the
wisdom of many humanities courses for engineers when there’s so
much new technology to be learned—what courses are they forfeiting
to fit these non-engineering subjects into the curriculum?”

The more important question to be asked here is: What part of their
education would they be forfeiting by 7ot including these ‘“‘non-
engineering’’ subjects in the curriculum? One of the present com-
plaints by industrial managers is the lack of communication skills of
most engineers. Any knowledge of a new technology is useless if an
engineer cannot effectively communicate his ideas.

An engineering education should prepare an engineer for life, not
just for his first job upon graduation. Today’s new technologies be-
come tomorrow’s obsolete technologies, but engineering fundamen-
tals such as Ohm’s law remain the same. An engineering curriculum
should provide a solid theoretical foundation as well as develop good
communication skills. Ted Manikas, Research Triangle Park,
North Carolina.

C ommunication skills are poor. Engineering colleges have lower
verbal SAT score entrance requirements than the liberal arts
colleges. Communication skills should be developed in high school.

Our college professors have shortened the length of the semester
by 19%, down from 16 weeks to 13 weeks during the last 20 years. Our
educators don’t want to educate.

Computers are used extensively in college engineering. Shouldn’t
high school typing be a mandatory prerequisite for computer usage?
One semester of typing would increase speed and accuracy. Typing
isn’t in vogue.

College teaching assistants (TAs) have poor communication skills.
English is a second language. Engineering courses are demanding
enough without facing a TA who can’t communicate.

To address your questions specifically, four years should be ade-
quate to provide the engineering foundation to perform effectively.
The course structure should stick to basics of engineering, math, and
physics and should not push superficial subjects that are in vogue. Vol-
leyball isn’t worth three credits.

Education is only the starting point. The first few years out of
college require some guidance and mentoring while developing good
engineering skills. You don’t get this in school or at companies that
lose or replace their senior engineers with inexperienced personnel.

As an associate of mine put it: The younger engineers are running
around looking for information that our senior engineers have at their
fingertips. Richard F. Tax, River Vale, N. J.

What's your opinion on the education of today’s young engineers?
Are there any subject areas that are being under- or over-empha-
sized by college or university curriculums? What role should
courses in the humanities play in engineering education? Are four
years enough to give young engineers a good foundation in their
field or are five years required? Send your opinions to our Reader
Opinions fax number, which is (201) 393-0637. Or send your com-
ments to Compuserve address 75410,3624. Or mail your responses
to Electronic Design, Reader Opinions, 611 Route 46 West,
Hasbrouck Heights, NJ 07604.
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This full 16-bit
CL-GD5320 lets you

ug4

HAMDA(

To put VGA graphics on your mother- internal FIFOs,
board, you need a cost-efficient, highly and page mode §

integrated, powerful solution that uses DRAM access. ,

minimal board space. You need the new And it will implement 16-bit or
CL-GD5320 Enhanced VGA-Compatible interface to 8-bit VGA capabilities
Graphics Chip from Cirrus Logic. both analog T _—

Use it to incorporate full 16-bit or 8-bit (PS/2 and multi- on your motherboard
VGA into low-cost personal computers. sync) and TTL monitors. with as few as 5
You only need two industry standard You can also pick a ready-to-use solution T
256K x 4 DRAMs and as few as five other that’s right for you. Anything from a chip P
ICs. Whatever memory speed you select —  with full BIOS, drivers, utilities, user’s manual, 256K x 4 DRAMs.
80ns, 100ns, or 120ns —you'll get a and documentation — to a complete manu- Get a complete
complete VGA display system with greater facturing kit including everything you need :
performance than systems using a more to quickly move into high-volume production. solution that saves
expensive solution with 64K x 4 DRAMs. Make your PC more competitive and time, space, power,

You don’t sacrifice features. You get save time, space, and money. Call Cirrus i) e, ok gl
16-bit and 8-bit support for the VGA Logic today. S
graphics standard, and full, register-level [ Cotombost. Callte, e for TP e e | get all the speed,

ggﬁ)ﬁfs ciog?ﬁzgglr]ll%lz?gi%PU i:i:r_ | on our motherboard VGA solutions. | featuresand flexibility

face, independent video and DRAM clocks, L - - = = e -

ms

——= CIRRUS LOGIC

[GERRR S ot TIL S LA G A P

©1990 Cirrus Logic, Inc., 3100 West Warren Avenue, Fremont, CA 94538 (415) 623-8300; Japan: 462-76-0601; Singapore: 65-3532122; Taiwan: 2-718-4533/4534; West Germany: 81-52-2030/6203
Cirrus Logic, and the Cirrus Logic logo are trademarks of Cirrus Logic, Inc. All other trademarks are registered to their respective companies
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WHAT'S ALL THIS GMRR
STUFF, ANYHOW?

ecently, many people have

asked me about how to test

op amps for common-mode

rejection ratio (CMRR),
which is defined as the delta of the
offset voltage (Vg) versus the com-
mon-mode voltage (V¢y). The first
thing I tell them is how not to mea-
sure CMRR (Fig. 1). If you drive a
sine wave or triangle wave into point
A, it seems like the output error, as
seen by a floating scope, will be
(N+1) times (Vy divided by the
CMRR).

But that’s not quite true: you will
see (N+1) times (the CM error plus
the gain error). So, at moderate fre-
quencies where the gain is rolling off
and the CMRR is still high, you will
see mostly the gain error, and your
curve of CMRR vs. frequency will
look just as bad as
the Bode plot.
That’s because
with this circuit,
that’s just what
you will be seeing!

It turns out that
a few op-amp data
sheets still exist in
which the CMRR
; curve is stated to

BOB PEASE be the same as the
OBTAINED A Bode plot. The Na-
BSEEFROMMIT  tional LF400 and
IN 1961 AND IS LF401 are two ex-
STAFF SCIENTIST —amples; next year
AT NATIONAL we will correct
SEMICONDUC- those curves to
TOR CORP., show that the
SANTA CLARA, common-mode re-
CALIF. jection ratio is ac-

tually much high-
er than the gain at 100 or 1000 Hz.
Ah, let’s avoid that floating scope.
We’ll drive the sine wave generator
into the mid-point of the power sup-
ply, and ground the scope and
ground point A (Fig. 2). Then we’ll

get the true CMRR, because the out-
put won’t have to swing. Right?
Wrong! The circuit function hasn’t
changed at all; only the viewpoint of
the observer changed. The output
does have to swing, referred to any
power supply, so this still gives the
same wrong answer. You may say
that you asked for the CMRR as a
function of frequency—but the an-
swer is, in most cases, the curve of
gain vs. frequency.

What about, as an alternative, the
well-known scheme where an extra
servo amplifier closes the loop and
doesn’t require the op-amp output to
do any swinging (Fig. 3)? That's
okay at dc. So it’s adequate for dc
testing with automatic test equip-
ment (ATE), for production test, and
for stepped de levels.

Anditwill give the same answer as
my circuit (which I’ll discuss a little
later) at all low frequencies up to
where it doesn’t give the same an-
swer. Now what frequency would

that be? Nobody knows! Because if
you have an op amp

worry about. I'll just avoid that by
using a circuit which gives very con-
sistent and predictable results.

When I ran an LF356 in the circuit
of figure 1, I got an error of 4 mV pk-
pk at 1 kHz—a big fat quadrature er-
ror, 90 degrees out of phase with the
output (Fig. 4, upper trace). If you
think that’s the CM error, you might
say the CMRR is as low as 5000 at 1
kHz, and falling rapidly as the fre-
quency increases. But the actual
CMRR is about 0.2 mV pk-pk (Fig. 4,
lower trace). As a result, the CMRR
isabout 100,000 at1kHzor any lower
frequency. In addition, the CM error
on this unitisn’t really linear. As you
get near -9 V, the error gets more
nonlinear (this is a -9-V to +12-V CM
range on a 12-V supply; I chose a
+12-V supply so my function gener-
ator could overdrive the inputs).

As you can see, this business of
CMRR testing isn’t trivial. Just how,
then, can we test for CMRR and get
the right results? Well, there’s a
darned fine circuit I invented myself
about 22 years ago (Fig. 5). It has
limitations, but it’s the best circuit
I'veseen. Let’s choose R, =R, =
R,=R,, =10k, and R; = 200k and R4
= a 500-) single-turn carbon pot, or
its equivalent.

These values will permit us to set
up a more-or-less balanced bridge,
with a fine trim for dc balance. In this

with low CMRR,
the servo scheme
will work accurate-
ly up to one fre-
quency. And if you
have an op amp
with high CMRR,

EUNCT(ON
G ENERATOR

ouTPUT ERROR =
(Verrr) x(n+L)

the servo scheme
will work accurate-
ly only up to a dif-
ferent frequency.
Also, the servo
amplifier adds so
much gain into the
loop that ringing,
overshoot, or mar-
ginal stability at
some mid frequen-
cies is inevitable.
That’s much too
horrible for me to

oPTIONRL LINK
T0 CRoutd
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ouTPUT ERRoR =
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sit down and com-
pute it, the noise
gain rises from 11
to 111. Namely, the
noise gain was (1 +
R,/R,), increasing
to (1 + Ry/R,) plus
(R; + Ri5)/Rig. In
this example, that’s
an increase of 100.

[Po

(swe, o, B) ngp%';l_)/ C-RoUNDED So, you're now
o looking at a change
FlGuRE2: of V,,: equal to 100
TS 1S STAL NOT-A 690D TEST ckT: times the input er-
FORCMRR ror voltage, (and
& .| thatis Vgy divided

F/E,C/—/ﬁ”“’s;—‘ VERQOQ STILL = ._._VCM > pPLU4s (ij by CMRR)'

— cmrr ) — \ AV

Of course, it’s un-
likely for this error
voltage to be a lin-

case, the noise gain is defined as (Ry/
R,, +1),orabout 11. Let’s puta +11-
volt sine wave into the signal input so
that the CM voltage is about £10
volts. The output error signal will be
about 11 times the error voltage plus
some function of the mismatch of all
those resistors.

Okay, first connect V,, to the
scope’s horizontal input, V,, to the
vertical input, and operate the scope
in cross-plot (X-Y) mode. Trim pot R,
until the output error is very small,
or until the slope is nominally flat.
We don’t know if the CMRR error is
balanced out by the resistor error or
whatever, but it turns out we don’t
care. Just observe that the output er-
ror, as viewed on a cross-plot scope,
is quite small. Now connect in Ry, a
nice low value, such as 200 Q. If you

ear function of Vy, which is why I
recommend you look at it with a
scope in X-Y mode. Too many people
are inclined to make a pretend game
that CMRR is constant at all levels
and CM error is a linear function of
Voum- So they just look at 2 points and
assume every other voltage has a lin-
ear error; and that’s just Zoo silly.
Even if you want to use some ATE
you will want to look at this error in
at least 3 places—maybe even at 4 or
5voltages.

Another good reason to use a
scope in the X-Y mode is so you can
use your eyeball to subtract out the
noise. You certainly can’t use an ac
voltmeter to detect the CMRR error.
For example, with the waveform of
figure 4 (lower trace), the CM error is
fairly stated as 0.2 mV pk-pk, not 0.5
mV pk-pk (as your

nR

R
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meter might say if
you let it include
the noise).

Anyhow, if you
have a good ampli-
fier with a CMRR
of about 100 dB, the
CM error will be
about 200 uV pk-pk.
When it’s magni-
fied by 100, you can
easily see an output
error of 20 mV pk-
pk. If you have a
really good unit
with CMRR of 120
or 140 dB, you’ll

VouT=
verror x(nt1)

TO

ScoPE
orR
ATE

DEFWED )
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want to clip in the Ry, such as 20 Q,
and then the delta (noise gain) will be
1000. The noise will be magnified by
1000, but so will the error, and you
can see what you need to see. Now, I
won'’t get embroiled in the question:
Are you trying to see exactly how
good the CMRR really is, or just if
the CMRR is better than the data-
sheet value? In either case, this ap-
proach is the best way I have seen.

For use with ATE, you don’t have
to look with a scope; you can use a
step or trapezoidal wave and look
justatthe dclevels at the ends, or the
middle, or wherever you need. Note
that you needn’t trim that resistor
network all of the time, nor do you
have to trim it perfectly. All you have
to know is that when the noise gain
changes from a low value to a high
value, and the output error changes,
the change of the output error is of
interest—not really the pk-pk value
before or after, but the delta. You
don’t 2ave to trim the resistor to get
the slope perfect, but that’s the easy
way for the guy working at his bench
to see and appreciate the changes.

This is a great circuit to fool
around with. When you get it run-
ning, you’ll want to test every op
amp in your area, because it gives
you such a neat high-resolution view.
It gives you a good feel for what's
happening, rather than just hard,
cold, dumb numbers. For example, if
you see a 22-mV pk-pk output signal
that’s caused by a 22 uV error signal,
you know that the CMRR really is
way up near a million, which is much
more educational than a cold “119.2
dB” statement.

Besides, you learn rather quickly
that the display’s slope and curva-
ture are important. Not all amplifi-
ers with the same “119.2 dB” of
CMRR are actually the same. Some
have a positive slope, some may have
a negative slope, and some curve
madly, so that if you took a 2-point
measurement, the slope would
change wildly, depending on which
two points you choose (if you in-
crease the amplitude of the input sig-
nal, you can also see plainly where
severe distortion sets in—that’s the
extent of the common-mode range).

Limitations: If you set the noise




Pump Up Your Performance

o

——=g CLEARPOINT
=g

WORK-0UT STATIONS |
WORLDWIDE

Clearpoint WorRstation Memory Products. . .

. . . out-perform system vendor ~ APOLLO Family Compatibles No pain, your gain.
offerings. Yot cant count on = DN 3010A, 3500, 4000, 4500 Call or write and we'll send
= DN 3000 information:

Clearpoint for = innovative

. ; HE COMPAQ Family Compatibles = Cleart?oi'nt 's Product and
disilgn 2 dsup,enor rellabllltﬁ’ m Deskpro 386/20, 20e, 25 memory modules Services Catalog
- gheSt ensity = round-the- m Deskpro 20e expansion memory = the Designer's Guide to Add-in
clock support = unconditional § ¥ Memory
lifeti APPLE Family Compatibles e ;
ifetime warranty m All Macintoshes excluding the 512 = Shecyic ProsiCEEn{oE don
: ‘ J u the Clearpoint Sales office
DEC Family Compatibles IBM Family Compatibles nearest you — worldwide!
m MicroVAX 3100 s RTPC
m DECstation 3100 and 2100 m PS/2 50z, 70 and 80
L m?croxﬁ ;888 m PS/2 50z "Piggy-back" SIMMS
- 1CTO 3 7] [E A%
m MicroVAX 11 i
. ; ® Dual-ported memory
SUN Family Compatibles m Memory with Parity -
m 4/2xx, 3/4xx, 3/2xx m Memory with EDC CLEARPOINT RESEARCH CORP.
: ;; ;g and 3/1xx 35 Parkwood Drive
Hopkinton, MA 01748-1659
m 3/60, 3/80, 386i, 4/60, 4/1xx, 4/3xx g I—SOO?CLEARPT (508) 435-2000
 3E Telex: 298281 CLEARPOINT UR

CLEARPOINT CIRCLE 178

Clearpoint is a registered trademark of Clearpoint Research Corporation. DEC, MicroVAX 2000, MicroVAX I are trademarks of Digital Equipment Corporation. Sun is a trademark of Sun Microsystems
Inc. DN3000, DN4000 and Apollo are trademarks of Apollo Computer. IBM, RT PC, and PS/2 are trademarks of International Business Machine Corporation. Apple and Mac are trademarks of Apple
Computer, Inc. COMPAQ) and Deskpro are trademarks of COMPAQ Computer Corporation.



These mini-DIN plugs feature mass IDC termination—
one quick stroke for productivity. In fact, our ‘little’
breakthrough in circular connector termination lets
you reduce labor costs by 50% to 75%.
Using insulation displacement
contacts and our exclusive one-step
shield crimp, it takes less than a
minute from start of termination to
overmolding readiness. And the plug

UL-rated plastic.

One-piece shield,
nickel-plated copper

IDC mass termination,

is designed to be troublefree: conductors and shield
are completely isolated, and preloaded contacts assure
true contact position. The finished package provides
an outstandingly quiet interface.

Breakthrough technology includes

production support: our simplified

tooling handles plugs with 3 to 8

contact positions, with no changeover
between sizes. The tooling does all the

Polarization and
keying features.

alloy. gold-plated contacts.



work of critical alignment, so work goes even faster.
And domestic availability makes an even stronger
case for local cable production.

Call our Product Information Center at
1-800-522-6752 and ask for more information
on AMP Mini-DIN plug and receptacle lines.
AMP Incorporated, Harrisburg, PA 17105-3608.

AMP is a trademark of AMP Incorporated.

THIS IS AMP TODAY.

ANVIP

Complete component system: AMP shielded mini-DIN receptacles
are a mere Y2-inch cube, designed for automated or robotic

insertion and high-temp processing.
With a wide range of AMP
connectors available for
the other end.
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PICO POWER

INDUCTORS

PEASE
PORRIDGE

decent bandwidth, but you should be
aware that you are probably measur-
ing the ac CMRR of your set-up, not
of the op amp. Actually, I was dis-
cussing this circuit with a colleague,
when I realized the best way to make
up this 20-Q resistor is to connect one
10-Q resistor to each input, and then
clip the other ends together with a
mini-gator clip up in the air. Bal-
anced strays, and all that.

If you have an op amp with low
gain or low gm, you may want to add
in a buffer follower at a-b (Fig. 5,
again), so the amplifier does not gen-
erate a big error due to its low gain.
The LM6361 would need a buffer as
it only has a gain of 3000 with a load
of 10k, and its CMRR is a lot higher
than 3000. Altogether, I find this cir-
cuit has better resolution and gives
less trouble than any other circuit
for measuring CM error. And the
price is right: a few resistors and a
mini-gator clip.

Figure 4

gain as high as 100, then this circuit,
of course, willbe 3dB down at (Fggw)
divided by 100, so you would only use
this up to about 1 kHz on an ordinary
1-MHz op amp, and only up to 100 Hz
at a gain of 1000. That’s not too bad,
really.

To look at CMRR above 1 kHz, you
might use R,y = 2k to give good re-
sults up to 10 kHz. In other words,
you have to engineer this circuit a lit-
tle to know where it gives valid data.
You can’t avoid the fact that think-
ing is required. Sorry about that.

2 4.3 130 uH-52
:(14.4) “(24:3) 325

PICO’s Ultra-Miniature
Power Inductors are ideal for
Noise, Spike and Power Fil-
tering Applications in Power
Supplies, DC-DC Converters

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

and Switching Regulators. For really fast work, [ go toa high- | ADDRESS:
, speed low-gain version where R, = | Mail Stop C2500A
. l(\)AITII_- _?t;l;(/iggtés available R, =5k, R,=R,;=5k,and R,j, =2k | National Semiconductor

P.O. Box 58090
Santa Clara, CA 95052-8090

or 1k or 0.5k. This works pretty well
up to 50 kHz or more, depending on
what gain-band-
width product your
amplifier has.

For best results
at ac, it’s important
to avoid stray ca-
pacitance of wires
or of a real switch
at the points where
you connect to Ry,
or Rigp- Usually I
get excellent re-

e Temperature range —55°C to
+130°C

e All units are magnetically shielded

e All units meet the requirements
of MIL-T-27 (TF5S04Z2)

e Minimum possible size
e Split windings

e [nductance values to 20mH with
DC currents to.23 amps

FIGURE 57 — A GooD TEST CRWIT FOR CMRR

PICO manufactures complete lines of
Transformers, Inductors, DC-DC Converters

FuNCTION
GENERATOR

and AC-DC Power Supplies sults from just
. — Use MiNi-6ATR o SELECT Ri00 ..o NSERT
. grabbing on to the 0 PT/oNAL
Delivery— resistor withamini- | -LerR3 = 40#R22 BUF FER:
g:?ec:, égk | 20 8 gator clip. You can R4 £ Rz,20 gl e
N 5& avoid the stray pF Qe = Rif Cid> b
that way. If you use Re = R 3% F3K
P,co a good selector Aw RS £1% e
switch, with all of Vem = V- R?—/@/*’h)
E'eCfronlCS, ’nC. the wires dressed e a0

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 neatly in the air VE@QOQ = VQM CMPK

Cu Toll Free 800-431-1064

IN NEW YORK cALL 914-699-5514 J
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lent insulator) you
may be able to get
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Brighter, sharper, clearer,

and

flicker-free.When it comes to dis-
plays for industrial and medical
applications, see the experis:

Fujitsu Component of America.

It didn’t take much research to discover what computer

perts.

Our big picture.

Our next brightidea was a 15'" diagonal extended VGA
display panel with 1024 x768 pixels of bright, crystal
clear image. Offering the same performance as our gray
scale, it’s also available with a standard AT-bus video

controller, and TIGA™ compatibility.

users in heavy-duty industrial, Which brings us to our
. 5 Product Selection Guide ; .
medical, and mainframe en- next idea: that choosing
‘ 4 g Parts Nos. Pixel/Format ~ GrayScale  Screen Diag. i . .
vironments want from their Fujitsu for your next design
; : ; FPFBOSOHRUD-101 | 640x400 4 9" : 15
displays. A bright, reliable, FPFBOSOHRUK 640400 4 107 is one brilliant move. Our
and interference-free picture. PREREOnRIoA” il ! @ panel of technical experts can
To answer this need would FPF80S0HRUM 640480 ‘ 10%2” provide all the advice, design
(5 FPFB0SOHRUK 640x 480 4 102" ‘
take a lot more than a brilliant FPFBOGOHRUS-120 | 640x480 16 10" assistance, and support you
idea. It would take at least two. FPF12896HRUF* 1024768 ] 15 need—every step of the way.
Built to scale. FPELZBIRERRTES” A Hetaslo ] s Talk to an expert.
Idea number one is the very [ “Alscovailableasamonitor To find out how you can

first 16-gray scale AC-memory plasma display available
anywhere. An easy design-in, it interfaces with a stan-
dard Paradise™ VGA card to provide 640x 480 pixels of
flicker-free, high contrast viewing in
even the toughest EMI environments.
And that holds true for over 50,000

hours of continuous operation.

s
FUJITSU

offer premium gray scale and extended VGA perform-
ance for a competitive price, call the experts at Fujitsu
Component of America at 1-800-441-2345 (ask for
ext. 238). Inside California, call
1-800-441-2345 and ask for ext.
238. It may be the brightest thing

you’ll ever do.

Every step of the way.™

Fujitsu Component of America, Inc.
3545 North First Street - San Jose, CA 95134-1804.

Paradise is a trademark of Western Digital Imaging. TIGA is a trademark of Texas Instruments.
Every step of the way is a service mark of Fujitsu Microelectronics, Inc. - © 1990 Fujitsu Component of America, Inc
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Howtostayahead

Start with our high-performance  your customer’s power distribution
standard products.Then add unique problems.
functional or performance capabilities ;
with our semi-standard options.To get
the 1Cs you want. And the #

Or how about our complete
N family of high-frequency PWM
A controllers.

competitive advantage g They offer you a
you need. Quickly gl wide range of high-
Easily With frequency, high-
minimal performance
risk. single chip solu-
Want tions for state-of-
power factor the-art switching
correction? ’ P power supplies with
Don't just ¥ * operating frequencies up
meet the standard 8 to 1 MHz. With advanced
Beat the standard. ‘ : features like improved
With single-chip fault protection.
standard products e ofswitching power suppies.  Added synchronization
that offer power factor correction of NN T T e
in either boost or flyback (buck-boost) | . ... scior i
configurations. They'e the first ICs ot o
desizned 1o teduee harmonic currents = | T TR | L o iion
to help you meet both existing and Resonant Control ZVS and ZCS to 3 MHz
proposed reg ulations for switch mode Motor Control BLDC Sensorlss




of the power curve.

capability. Even stability improvements.

Looking for new techniques in g8

motion control?

Now you have
some unique design
options. With our new
MLA4410 sensorless motor
controller, the first con-
troller designed to automatically com-
mutate brushless DC motors without
the need for Hall-effect sensors. So
you can eliminate the inherent align-
ment, torque ripple and flutter prob-
lems previously encountered with
Hall-effect commutation. And design
smaller, lower cost, higher reliability
motors for any continuous speed
application.

Semi-standard options.

Since these standard products
are based on our
FB3480, FB3490
and FB3631 tile
arrays, they can
all be easily

modlﬁed to satisfy specific application
‘ __requirements.Whether you
7 require proprietary

circuit modifications,
special screening, pack-
- aging or reliability levels.
Semi-standard
B standard productsofrer  And we're not
jubetiersppication ™, gtopping there.

We'll soon be introducing a new
line of resonant controllers for ZVS and
ZCS applications and a new soft-
switching, phase modulation controller
that will enable you to design smaller,
more efficient power supplies.

Want some
straight answers?

Just call Jon Klein today at (408)
433-5200 and ask him about our
complete line of power control products.
And about our semi-standard capa-
bilities. He'll show that the best way

to stay ahead of the power curve is to
take a stralght line. ‘

8L Micro Linear




dc to 2000 MHz
».. amplifier series

o

SPECIFICATIONS Unbelievable, until now...tiny monolithic wide-

MODEL FREQ 0SNG i CMAX NEPRICE § band amplifiers for as low as 99 cents. These rugged
= M MMz | MG (Rote (B o 0.085 in.diam. plastic-packaged units are 50ohm*

MAR-1 DC-1000 185 165 — 130 0 50 099 (100) input/output impedance, unconditionally stable

MARS DG2000 13 125 105 80 +an 60 170 (39 regardless of load*, and easily cascadable. Models

MAR-4 DC-1000 82 80 — 70 +11 70 190 (25 in the MAR-series offer up to 33 dB gain, 0 to

MAR-6 DC-2000 20 16 11 9 v e +11dBm output, noise figure as low as 2.8dB,

MAR-7 DC-2000 135 ' 125 105 85 +3 Sl 1.90 (25) and up to DC-ZOOOMHZ bandwidth.

MAR-8 DC-1000 33 23 3 19 R 35 220 (25) *MAR-8, Input/Output Impedance is not 50ohms, see data sheet

NOTE: Minimum gain at highest frequency point and over full temperature range Stable for source /load impedance VSWR less than 3:1

® 1dB Gain Compression

o+

4dBm 1 to 2 GHz

Also, for your design convenience, Mini-Circuits

designers amplifier klt DAK'Z offers chip coupling capacitors at 12 cents each.t
’ .

-III% HIn

Size Tolerance Temperature Value
ifi (mils) Characteristic
5 Of eaCh mOdel’ tOtaI 35 amp“flers 80 x 50 5% NPO 10, 22, 47, 68, 100, 220, 470, 680, 1000 pf
w  only$59.95 EE m 3 Egngwies
& o 2 g
y Minimum Order 50 per Value
e
I} Designers kit, KCAP-1,
° g 50 pieces of each capacitor value, only $99.95
wo- 74} o —|—o0ur

finding new ways ...
setting higher standards

[ Mini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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IDEAS FOR DESIGN

=1 ATTAIN DRIVE FOR
21 MOSFET RELAY

DAVID JOHNSON
10198 W. Berry Dr., Littleton, CO 80127; (303) 973-8408.

he necessary drive for a
MOSFET bidirectional re-
lay, used to switch power to
120-V ac loads, can be sup-
plied by a circuit where two CMOS
Schmitt triggers (74C14) form a 100-
kHz square-wave oscillator with
complementary outputs (see the fig-
ure). The two output signals are cou-

pled to the FET gates of the relay
circuit through a pair of 100-pF ca-
pacitors and a bridge rectifier that
converts the ac voltage to de. Suffi-
cient gate-source capacitance within
the FETSs eliminates the need for any
added filtering.

Resistor R,’s value (220 kQ)) is cho-
sen to discharge the capacitance and

turn the transistors off in about 2 ms
once the drive signal has been dis-
abled. Faster switching times are
possible using lower values of R, and
higher drive frequencies. With the
values shown, less than 2 mA of cur-
rent is needed from a 12- to 15-V sup-
ply to drive the circuit. In addition,
with such a small coupling capaci-
tance, the leakage current from the
power line to the CMOS driver circuit
is less than 5 uA, which is sufficient
isolation for many applications.
Leakage currents less than 1 uA are
possible by using a 1-MHz drive fre-
quency and 12-pF coupling capaci-
tors.[J

Hot o——

D
Q IRF640
ik

Metal-oxide
varistor
135V

R, 3220k

120Vac

12t0 15V
100 pF

1N4148s
3kV

74014 74C14

$| . G

_jggﬁﬁmu

Load

400W I
max

Neutral

Leakage current =

3V R,

AAA

TO SUPPLY
the drive needed for
a MOSFET
bidirectional relay,
the Schmitt
triggers (74C14)
form a 100-kHz
square-wave
oscillator with
complementary
outputs. The
outputs are
rectified bridge and

D Drive on

Bead |

4 A max 100k

Typical current drain = 1.4 mA

€ 77=<100 pF
3]\:9

applied to the FET
gates of the relay
circuit. R, turns off
the transistors.

= ¢ ¢y CONVERT V. To
5 DUTY CYCLE

B. STASICKI
Max Planck Institut fiir Stromungsforschung, Gottingen, W. Germany;
(0551) 709-1.

voltage-to-duty-cycle con-

verter can be useful in

many applications such as

pulse-forming networks.
This externally-triggered circuit
generates a rectangular TTL (high-
speed CMOS) signal with a duty cy-
cle that’s a linear function of the con-
trol voltage (V). The period of the
TTL signal is given by the trigger
frequency, f;,. The duty cycle is fre-
quency independent over a wide
range.

The circuit consists of a positive-
edge triggered monostable multivi-
brator (U,) and an analog integrator
(Uy) (Fig. 1). U,, from an HC or HCT
family, generates rail-to-rail pulses
of duration ty, controlled by the col-
lector current of Q,. The duty cycle
of U,’s output equals ty X f;,.

The mean value of a rectangular
signal is proportional to its duty cy-
cle. As a result, U, will supply an er-
ror signal for the feedback loop. This
signal controls U,’s output-pulse

width, ty, keeping the duty cycle ata
constant value given by the control
voltage, Vi, where

duty cycle =1-V/5.

To get a duty cycle directly proportion-
al to the control voltage, add an analog
inverter that supplies 5 V-V,

The circuit is powered by a +5-V
supply. Because this voltage is also
used as a reference, is must be stable
to obtain good voltage-to-duty-cycle-
conversion accuracy. With the com-
ponents specified in figure 1, the con-
verter is stable and accurate in the
range from 100 Hz to above 1 MHz.
The settling time for large and fast
Vchangesisabout 1 second. The up-
per-frequency limit is due to the
minimum pulse width ty,,;, (50 ns)
that can be generated by a multivi-
brator and the multivibrator recov-

ELECTZRONIOC D I
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IDEAS FOR DESIGN

1. THIS circuit

converts voltage to

&
-Fti 15 [16

duty cycle by taking
the output of a
monostable
multivibrator (U,)
and sending it
through an
integrator (U,).
The integrator then
supplies a signal

Uy

that controls U,’s

PC74HC423
1B d — ,
Clear  GND 3

31 8

fin0—

output-pulse width,
keeping the duty
cycle at a constant
value (V).

(=] o}
Out Ve (05V)

—

ery time tg (30 ns). The lower limit
depends on the integrator R-C pa-
rameter. To maintain stability, the R-
C parameter should be much greater
than 1/f;. But a higher R-C value in-
creases the circuit’s settling time.
For a given value of f;, the lowest
duty cycle is determined by ty,,;, and
the highest by tz. For example, when
f,, = 10 kHz, the minimum duty cycle
is 50 ns X 10 kHz = 0.0005 and the

maximum is 1 - 30 ns X 10 kHz =
0.9997. However, the operation at ex-
tremely high duty cycle values isn’t
recommended, because the multivi-
brator can be retriggered due to the
pulse-width jitter effect in this re-
gion and the output pulse missed.

Note that the positive-output sig-
nal transition is shifted by the phase
(¢) relative to the positive-input-sig-
nal transition, where

= ¢» ADD PROGRAMMABLE
5 23 GAIN, ATTENUATION

JAMES WONG
Analog Devices, Precision Monolithics Div., 1500 Space Park Dr., PO Box 58020,
Santa Clara, CA 95052; (408) 727-9222.

1. BY adding R,

1/2DAC8221

Digital input
(12-bit)

01 uF @+5V _ R, 6.34k and R, in the
_|_—| i feedback loop
= R +15V
21 3 1 %01 I around a DAC, the

circuit functions as
a digitally-
programmable
amp. The gain or
attenuation is
variable over the
range of 1/64 to 64.
The resistors are
connected in a T-

Output
—0

configuration.

BalivE 0. TR0 N I C
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2. AT HIGH frequencies, when the

circuit is used as a voltage-to-phase-shift
converter, propagation-delay time (t,)
must be considered. The shift caused by
tp can be avoided if a negative-output
transition is used as a reference.

¢(degrees) = 360(1 - V/5).

Therefore, the circuit can also be
used as a frequency-independent
voltage-to-phase converter for TTL
trigger signals. The operating fre-
quency and phase-shift ranges corre-
spond to those obtained when the cir-
cuit is used as a voltage-to-duty-cy-
cle converter. However, at higher op-
erating frequencies, the additional
phase shift caused by the propaga-
tion delay time, tp (40 ns), must be
considered (Fig. 2). If the application
uses the negative output signal tran-
sition as a reference for phase shift
instead of a positive-input-signal,
this shift will be avoided.[]

y adding two resistors to the
output-amp feedback loop
of a current-output digital-
to-analog converter (DAC),
both gain control and attenuation
control can be achieved (Fig. 1). This
digitally programmable amplifier
produces gain and attenuation in the
range of 1/64 to 64. The circuit gets
its range from a 12-bit CMOS DAC.
The design works because the
transfer function from the DAC’s in-
put to its output is purely voltage at-

IFD WINNER
IFD Winner for July 12
Bruce C. Trump, Burr-Brown
Corp., 6730 S. Tucson Blvd., Tuc-
son AZ 85706; (602) 746-7347. His
idea: “PC Detects Remote Switch

Closures.”




Sampl

There’s

only one
complete
source.

No matter what your require-
ment, you will find the an-
swer in DATEL’s broad line of
Sampling Analog-to-Digital
Converters.

Fast becoming
the industry standard

Characterized through
Nyquist operation, these
converters offer superior
Signal-to-Noise ratios and
harmonic distortion specifica-
tions.

Bottom line, compare these
converters with any competi-
tive units, and you'll see there
is no reason to look /
anywhere else.

: ”‘;'cw,»; - '
Ry iy For details on how DATEL's

g 7 %x« . A
&
0 akout Linesrity. | Bower Sampling A/Ds can improve your

Model  Bits (MHz) (LSB) (Watts) Case circuit's performance call or write
ADS-111 12 0.500 +1/2 13 24-PIN

praginl i sin 15 el DATEL, Inc., 11 Cabot Boulevard,
ADS-112 12 1.0 +1/2 13 24-PIN Mansfield, MA 02048.

ADS-117 12 2.0 +3/4 1.4 24-PIN

ADS-132 12 2.0 +1/2 2.9 32-PIN oL

ADS18 12 50 s34 23 24PN Let DATEL convert you.
ADS-131 12 5.0 +3/4 38 40-PIN 8 O O 2 3 3 27
ADS-130 12 10.0 +3/4 40 40-PIN Call now - -
ADS-924 14 0.300 +1 13 24-PIN

ADS-928 14 0.500 +1/2 29 32-PIN

ADS-941 14 10 +3/4 3.1 32-PIN
ADS-942 14 2.0 +3/4 3.2 32-PIN A
ADS-976 16 0.200 +2 0.9 32-PIN

ADS-930 16 0.500 +1' 112 1.8 40-PIN
INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000
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IDEAS FOR DESIGN

tenuation. Connecting R, and R,ina
“T” configuration inside the output 50
amp’s feedback loop produces a volt- l
age gain from the resistor junction to FFF |— A = 64 4
the output. If R, is much less than Ay =32 S
Rpp (11 k€ in this example), the gain ot A, = 16 N \ 3
produced nearly equals 1 + (Ry/R,), 400 [ A,=8 ™ \\ "
or 64. The result is a programmable e ]l \\ \
gain amp with a transfer function of = 100 LI~ \ \
2 —Ay =2 N \ 10

Ay =~(D/4096)(64), s W L Q\\ 5

- i 040 N 0 =
where D represents the DAC’s bina- =2 A, =112 M S
ry-weighted digital code. Of course, ; 020 | A =14 \\ \\\\\\ 10 i
the added gain of the T-network in- g W5 — ‘W \ N ¥
creases the circuit’s noise gain. 008 —— 1 \ N o
Therefore, it’s important to choose 004 Ay = VIO \
first a low-noise amplifier. o A =132 | L i

By using a low-noise, high-fre- |

quency op amp, such as the OP-61, 00—~ "
the circuit will have a wide band- / Nt Ay = 1/64
width performance even at high gain 000 L1 -50
settings. The circuit’s frequency re- 10k Bewency (1) 10M
sponse can be plotted at different
gain settings (Fig. 2). At high gains, 2. GAIN IS PLOTTED versus frequency for various digital inputs of the DAC. The
the amp has a 1-MHz bandwidth.[] amplifier has a 1-MHz bandwidth at high gains, but it drops for gains below 1/4.

Custom Modified Enclosures

from stock...

PacTec’s entire line of standard “H" Series hand
held enclosures is designed to be economically
custom modified, to your specifications.

Contact PacTec’s Design Modification Team for
your next enclosure application.

Modified Fza e
HM-Series ‘
Hand Held -

Enclosure

call or write today

PACINTEC®

Division of LaFrance Corp.

215/365-8400 » 800/523-4813
ENTERPRISE & EXECUTIVE AVES., PHILADELPHIA, PA 19153

Standard HM

Standard HPL

Modified HPL
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-100 fam

4.6"x2.4"x0.5"

50, 75, 100 Watts

1991 - smaller

US PATENT 4415050 - 4441148 - 4640020
46TEIOT « DIOTOIA - OTHERS FENONG.

pc-oc A}
CONVERTER |[{

£P.C NOS 0074300 - 0100356
. . . - MAGE N USA  ANDOVER. MA 01810
MADE IN U S A ANDOVER MA 01810 e EP.C. NOS: 0074309 « 0100356

mily Mod™ far
4.6"x2.4"x0.5" 2.2!",:24‘;} 0.5

25, 50, 75,




If You Need Chips that Talk,

RealVoice™ Synthesizers
offer Quality and Affordability

f you’ve talked about
designing speech synthe-
sizers into your system
but think they sound like
toys and are too complex and
costly to work with, try Oki’s
RealVoice family of easy-to-use,
affordable speech synthesizers,
and listen to the difference.
Once you’ve heard the
high-quality, realistic sound,
you’ll see why so many high-
end consumer-interface prod-
ucts use Oki voice chips. Our
proprietary ADPCM algorithm
provides better than FM signal-
to-noise ratio, making them
ideal for sophisticated applica-
tions like PCs, home and car
security systems, point-of-sale
advertising, training tools,
medical readouts, and more.
Plus these chips are easy
to work with and more cost-
effective than ever. On-chip

features such as a low pass filter
and 12-bit D/A reduce costly
design time and IC count, yet
increase system reliability.
Choose from a range of devices:
Synthesizers with 5- to 40-sec-
ond message options, ROMless
and OTP-based development
chips, a pitch control device,
and a solid-state recorder.

We also offer demo boards
and our ASE88 —a low-cost
development system with
IBM® PC AT™-based board and
software for easy editing and
waveform display.

Hearing is believing. Call
1-800-OKI-6388 for samples.
See how easy and cost-effective
it is to design RealVoice sound
features into your system —
it’s quality that speaks for itself.

IBM is a registered trademark of
International Business Machines. RealVoice
is a trademark of Oki Semiconductor.

IBM PC AT is a registered trademark of IBM.

Transforming technology into customer solutions




Talk to Oki.

Oki’s RealVoice™ Speech Synthesis Family

Part Number

Description

MSM6295

4-channel speech synthesizer

MSM6322

Pitch control IC

MSM6372

Speech synthesizer with 128K ROM, 5 secs

MSM6373

Speech synthesizer with 256K ROM, 10 secs

MSM6374

Speech synthesizer with 512K ROM, 20 secs

MSM6375

Speech synthesizer with 1M ROM, 40 secs

MSM6376

Evaluation chip for MSM6372/73/74/75

MSM6378

Speech synthesizer with 256K OTP ROM

MSM6388

Solid-state recorder/1M serial register I/F

OKI1
-/ Semiconductor

CA Irvine 714/752-1843, Tarzana 818/774-9091, San Jose 408/244-9666 FL Boca Raton 407/394-6099
GA Norcross 404/448-7111 IL Rolling Meadows 708/870-1400 MA Stoneham 617/279-0293 MI Livonia 313/464-7200
NC Morrisville 919/469-2395 NY Poughkeepsie 914/473-8044 PA Horsham 215/674-9511 TX Richardson 214/690-6868
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PRODUCTS NEWSLETTER

By moving the 80387 floating-point math coprocessor’s original design to its
SCALED MATH CHIP UPS advanced, 1-um CMOS process line, Intel Corp., Santa Clara, Calif., improved

FLOATING'POINT SPEED the chip’s throughput by almost 20%. The fabrication line now yields chips
that operate at system clock speeds of 16, 20, and 25 MHz, as well as a high-speed design
(previously in production) that runs at 33 MHz. Intended for computer systems that employ
the 80386DX full 32-bit processor, the enhanced math chip accelerates such programs as
Quattro Pro from Borland, AutoCad from Autodesk, and Freelance Plus from Lotus, plus
over a thousand others. The finer-line process also reduces the chip’s power consumption by
about one-third over the previous 387 math chip. Prices for the 80387 math coprocessor start at
$570 for the 16-MHz version and increase to $647, $814, and $994, respectively, for the 20-, 25-,
and 33-MHz versions. Samples and production quantities are available immediately. Contact
Dennis Carter, (408) 987-8080. DB CIRCLE 391

Insulated-gate bipolar transistors (IGBTs) can now move from motor control
FAST IGBTS CUT ENERGY to center stage in large switching power supplies running at 50 kHz or higher

LOSSES TO NEW LOWS thanks a new family of these transistors. “UltraFast” IGBTs from Interna-
tional Rectifier, El Segundo Calif., possess the lowest switching energy losses yet per unit of
current density—an efficiency about 50% greater than that of existing IGBTSs (ELECTRONIC
DESIGN, July 12, p. 36). These new power switches have delay-plus-turn-off times as low as 300
ns for a 600-V, 50-A device. IR suggests that these efficient power switches need an improved
rating technique. To that end, they propose the concept of total switching energy losses, or
Ers. This measure of efficiency will be specified, in millijoules, for all of the UltraFast devices.
The parameter is supported by three sets of device data: switching losses vs. gate resistance;
switching losses vs. case temperature, and switching losses vs. collector current. With this
data, designers can calculate total switching losses without worrying about actual voltage
and current wave shapes, the tail current, or quasi-saturation. Eqg for new 600-V IGBTs with a
saturation voltage of 3 V range from 0.5 mJ at 6.5 A for a size 2 die (the IRGBC20U rated at 13
A continuous) to 2.8 mJ at 27 A for a size 5 die (the IRGPC50U rated at 55 A continuous). In
quantities of 1000, they go for $4.65 and $22.09 each, respectively. Call Howard Abramowitz,
(213) 607-8900. FG CIRCLE 392

Extending the performance of an 8-bit microcontroller often leads to a non-
UPGRADE PATH FOR HCll compatible family of 16-bit processors. Not so with the popular 68HC11 se-
Wipens CPU To 16 BITs

ries from Motorola Inc., Austin, Texas. The company has developed the
68HC16 family—a 16-bit series of microcontrollers that will be assembly-code-compatible with
the 8-bit controllers, but offers six times the sustained throughput. Interrupt latencies have
been cut to 3 ps—a six-fold improvement over the HC11 family. Furthermore, the processor
core can address two separate 1-Mbyte memory spaces, one for instructions and one for data.
The chip design is highly modularized. For customer-defined versions, it can take advantage
of predefined functions that exist in the design library for the 68300 embedded-processor fam-
ily. The first member of the family is the ROMless HC16Z1, which contains a 16-bit CPU core, a
queued serial module (including two serial ports), a system integration module (bus interface
controller), a timer block, 1 kbyte of RAM, and a 10-bit 8-channel ADC. Contact John Suchyta,
(512) 891-2062. DB CIRCLE 393

¥ The SC11410 and 11411A digitally controlled clock synthesizers from Sierra
PROGRAMMABLE DOT CLOCK Semiconductor Corp., San Jose, Calif., with outputs of up to 100 MHz, gener-

IC SIMPLIFIES P C VIDEO ate all of the dot-clock frequencies typically needed by a PC-compatible video
graphics card. They can be programmed to deliver any one of eight predefined video-dot-clock
frequencies from 25 through 65 MHz. The input timing source can be a standard 14.318-MHz
crystal or host-system bus clock. A simple serial interface enables a host processor to program
the timing generator for an output frequency from 4 to 100 MHz. In addition, any of the eight
preprogrammed output frequencies can be mask-customized for different values. The 11411
differs from the 11410 in that it doesn’t have the serial programming port and must be hard-
wired to set the frequency. Proprietary circuits keep jitter on the generated frequency to less
than 200 ps. The chips consume just 500 mW when run from 5 V. The SC11410 comes in either a
28-lead plastic leaded chip carrier or 20-pin DIP, while the 11411 comes in a small-outline 16-
lead package. Both are available immediately and sell for $3.09 and $2.41, respectively, in
10,000-unit lots. Contact Zaheer Hassan, (408) 263-9300. DB CIRCLE 394
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APPLICATION SPECIFIC PLASTICS FROM PHILLIPS 66

OPEN A NEW GHAPTER
IN BOBBIN HISTORY. . . WITH

ASPECT® TPPE.

If your objective is the efficient
production of quality bobbins, look
into Aspect® TPPE.

This Application Specific Plastic
from Phillips 66 is stiff enough for
high-speed winding. And tough
enough to thrive on the assembly
line. It comes glass fiber reinforced
in natural and flame-retardant grades.

Above all, Aspect TPPE offers
ease of processing you never
thought possible in a thermoplastic
polyester.

From now on, demand:
e Smooth processing. The secret is

cMCMXC Phillips 66 Company

the flow. Aspect TPPE fills the
most intricate parts precisely
—even at low injection
pressure. Aspect TPPE releases
smoothly, too.

® High-temperature endurance.
With a 264 psi heat distortion
temperature over 210°C, Aspect
TPPE can take the heat. Long
term. After 17 weeks at 220°C,
Aspect TPPE still retains over
50% tensile strength.

® Back up for vour designs. The
Phillips 66 Plastics Technical
Center can help you design,
mold, and evaluate tomorrow’s
bobbins. Before full-scale
production. With computer-aided
design. Prototyping and testing.
And expert analysis—by
engineers who know a winner
when they see one.

Along with Aspect TPPE,
Phillips 66 offers Ryton® PPS, the
resin that sets the standard for high-
temperature performance in
electrical/electronic applications.
And with all Application Specific
Plastics, you can count on
statistically controlled quality, plus
personal support, from concept
through the production epilogue. To
learn more about Aspect TPPE, call

1-800-53-RESIN.

The next chapter is yours.

PLASTICS WITH
POWERTO WIN -
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PRODUCTS NEWSLETTER

C + + ADVANCEMENTS Three object-oriented programming (OOP) advancements for the HP 9000
and Apollo platforms support the latest version of C++ from AT&T. The

HASTEN CODE DEVELOPMENT three tools, from Hewlett-Packard Co.’s Computer Products Sector, Fort
Collins, Colo., include the HP C++ 2.1 compiler on HP-UX, Domain/C++ 2.1, and the HP

C++ Developer on Domain/0OS. The “true” compiler generates object code directly from

C++ source code and improves compile-time performance up to 75%. The Domain/C++ gives

users advanced programming features, such as multiple inheritance, class libraries, and

source-code debugging. Because HP C++ and Domain/C++ 2.1 are OOP languages, pro-

grammers can reuse code, reduce the complexity of an application development, and reduce
code-maintenance costs. With the developer—a standalone X-window application tool—users

can graphically browse through class definition and member function source code, add and

modify classes and inheritance hierarchies, generate source-code templates, and diagnose and

correct errors automatically. The compiler is priced at $1700, Domain/C++ starts at $1615,

and the developer costs $2000, with discounts for large quantities. All three tools will be

available in the first quarter of 1991. RN CIRCLE 395

The 80386SX microprocessor has finally appeared in a notebook PC: The LTE
80386SX P ROCESSOR TURNS 386s/20 from Compaq Computer Corp., Houston, contains a 20-MHz proces-

UP IN NOTEBOOK PC sor, 4 kbytes of cache memory, 2 Mbytes of RAM (expandable to 10 Mbytes),
a 3.5-in., 1.44-Mbyte floppy-disk drive, and a 30- or 60-Mbyte hard-disk drive. The PC’s 9-in.
VGA edge-lit monitor displays 16 shades of gray so that graphics software, such as Windows
3.0, can be run. The enhanced NiCd battery lasts more than three hours and recharges in 1-1/2
hours. The 7-1/2 1b. LTE 386s/20 can be plugged into Compaq’s Desktop Expansion Base,
which adds space for two mass-storage devices and two standard expansion boards. It also
lets users easily connect an external monitor and keyboard, and can simultaneously recharge
the PC’s battery during operation. The 30-Mbyte PC sells for $6499, while the 60-Mbyte ver-
sion costs $6999. The expansion unit goes for $1499. RN CIRCLE 396

) A pair of burst-mode memory controllers—one for the Intel Corp. 1960 RISC-
BURST MODE CONTROLLERS based embedded controller (including the CA), and the other for the Ad-

EASE CPU SYSTEM DESIGN vanced Micro Devices Inc., Am29050 floating-point RISC processor—simpli-
fy the design of high-performance memory subsystems. The V96BMC from V3 Corp., Toron-
to, Ontario, Canada, manages single- or double-banked page-mode memory subsystems for
the 19960. Therefore, when burst accesses are allowed, data can be read or written at the rate of
one word per clock cycle. Housed in a 132-lead plastic quad-sided flat package, the chip can
control up to 128 Mbytes of memory directly, minimizing design complexity. The CMOS chip
sells for $36 in quantities of 1000; units will be available next month. Housed in a similar pack-
age, the V29BMC manages burst and pipelined accesses to the memory subsystem of an
Am29050. It enables the RISC processor to achieve zero-wait-state performance at full clock
speed while using relatively slow DRAMs. The controller manages address spaces from 2 to 32
Mbytes. As with the V96BMC, up to four controllers can be cascaded to quadruple available
memory space. In 1000-unit lots, the V29BMC sells for $55 (33-MHz version). Contact Mike
Alford, (416) 266-5511. DB CIRCLE 397

By adding programmable video timing and control logic to basic palette func-
VIDEO RAMDAC ADDS tions, a highly-integrated color-palette chip simplifies system design and

COMPLEX TIMING LOGIC reduces system cost. The single chip replaces up to 30 chips typically re-
quired in the video-control circuitry that usually surrounds the palette chip. The 34075 VIP
chip from Texas Instruments can provide 24-bit true-color images with an 8-bit overlay. With
its register-programmable features, the control circuits can implement various interfaces
with 1, 2, 4, 8, or 32 bits per pixel. Screen resolutions ranging from VGA and below up to 1024-
by-768 pixels with noninterlaced or interlaced monitors can be configured through software.
That flexibility allows one board design to cover a wide range of price and performance points
(resolutions and colors) by just changing the register values and adding more RAM. Though
optimized to tie into the company’s TMS34010 and 020 video controllers and video RAM chips,
the integrated palette can easily tie into most other video controllers as well. Volume prices for
the 66-MHz U.S. version of the chip will be under $20; the 75-MHz European version will go for
under $30. Contact TI at (214) 995-6611, ext. 700. DB CIRCLE 398
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APPLICATION SPECIFIC PLASTICS FROM PHILLIPS 66

QUALITY SOLUTIONS
FROM THE BOARD UP

For demanding electrical/
electronic design challenges you
require products that provide a solid
foundation—and the flexibility to
grow in new directions.

Ryton® PPS sets the industry
standard in electrical/electronic
applications. As a foundation, it
offers: inherent flame retardance
...outstanding chemical
resistance. . .excellent
temperature resistance. . .low
moisture absorption. Plus,
Ryton®PPS goes beyond the basics:

mpany

MCMLXXXIX Phillips 66

e The excellent flow and
dimensional stability of
Ryton® PPS are right for today’s
50 mil center connectors, with
new toughness for snapfit
designs.

e |t’'s the material of choice
for bobbins—with excellent
stiffness for automated winding
and aUL1446 Class N (200°C)
insulation system approval.

e For transistors and capacitors,
Ryton® PPS offers laser printable
compounds and allows
automated encapsulation
operations, without the flash that
can occur with thermosets.

In addition, Ryton® PPS can help
you move into new frontiers such
as surface mount technology,
automated assembly and system/
component miniaturization.

With Application Specific
Plastics such as Ryton® PPS from
Phillips 66, you also can take
advantage of the expertise of the
Plastics Technical Center. . . its
research and development and
advanced molding facilities, the
computer-aided design capabilities,
the experienced staff, and more.

Phillips 66 offers other
Application Specific Plastics
for your electrical/electronic
requirements: Ryton® S PPSS,
Aspect™ TPPE, and
Crystalor™ PMP. For more
information, call toll free
1-800-53-RESIN.

Or Telex #492455.

CIRCLE 139

RYTON® PPS
PLASTICS WITH

POWER TO WIN..
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Power Source Up-Date

Single Board Construction Shrinks 750W Size and Cost:

Designed for high-end computer
products, TODD's MAX-750 combines
a compact size, 13.5" x 5" x 2.6" com-
pared to the typical 5" x 8" x 11" shoebox
switcher (see photo insert), and very
competitive pricing. OEM product
designers can reduce product size with
a MAX-750 or build in power supply

58% Smaller, 30% Cost Savings

redundancy, replacing one “shoebox”
switcher with two MAX-750's in the
same space.

The small package size, high power
density of 4 watts/in., high peak current
for motor starting, and cooling options,
make the MAX-750 the power supply of
choice for VMEbus systems, worksta-
tions, file servers and mini-computer
systems. The switcher provides 120
amps of + 5 volts for logic and memory,
and features up to three auxiliary out-
puts providing high efficiency, tightly
regulated 12 volts or —5.2 volts at up to
20 amps. Designed for world wide use,
the series offers AC power fail, AC auto-
line select, and meets International
Safety standards and Class A RFI
requirements of FCC and VDE 0871.

CALL 1-800-223-TODD, OR CIRCLE #218

High Efficiency
DC Converters Fit
AC To DC Footprint

TODD's DC to DC converters provide
up to 350 watts from 48 volts DC input.
Designed as companion units to TODD's
standard line of AC input power sup-
plies, they are fit, form, and function
compatible with the MAX-350, MTC-
250, MTC-350, and certain single output

SC series products.

Available in a 250 watt “DC” single
output series and a 350 watt multi output
"DCX" series these power supplies have
up to 50 amp main output of tightly reg-
ulated 5V power, two fully regulated,
high-efficiency, post-regulated mag-
amp outputs and one low-power three-
terminal regulated output.

CALL 1-800-223-TODD, OR CIRCLE #219

New Technology Shrinks
500 Watt Power Supply

TODD's MAX-500 switchers pack
25% more power into TODD's 400 watt
packagesize (11.5"x5"x2.5"). The series
incorporates a new SMT circuit, newly-
available components, improvements to
TODD's VERI-DRIVE current-fed inverter
topology, monocoque construction, and
a high efficiency FLUX-GATE switching
mag-amp auxiliary post regulation. Result:
higher performance, higher reliability
(approaching 100,000 hours MTBF) and
lower cost

CALL 1-800-223-TODD, OR CIRCLE #£220

Super Micro Supply
Has a Cool 350 Watts

Targeting the computer-based OEM,
TODD engineers developed the 9" x 5"
x 2.5" MAX-350 series of competitively
priced switching power supplies. Low
component count, extensive use of SMT
and raising efficiencies to 80% with
attendant reduction of heat sink require-
ments results in MTBF approaching
100,000 hours.

The series features up to 50 amps of
+ 5 volts for logic and memory and fully
regulated high efficiency mag-amp out-
puts to power up to four disc drives. Aux-
iliary outputs power common peripherals
like ECL monitors, RS232 outputs, com-
munications drivers, etc.

CALL 1-800-223-TODD, OR CIRCLE # 221

More information on these and the full
line of TODD Switching Power Supplies
can be obtained in EEM File 4000, by
circling the response card numbers, or
by contacting:

TODD

PRODUCTS CORP.

50 Emjay Boulevard
Brentwood, New York 11717
(516) 231-3366 or 1-800-223-TODD
FAX (516) 231-3473
SEE US AT WESCON BOOTH #1156/58



PRODUCT INNOVATION

ARCNET CHIP TACKLES
REAL-TIME EMBEDDED
CONTROL

TEAMED UP WITH

A MICROCONTROLLER,
AN IC Cuts CosT
For PEER-TO-PEER
NETWORKING OVER
ARCNET.

MILT LEONARD

itha 2.5-Mbit/s data rate, support of up to 255
network nodes, and data packet sizes of up to
512 bytes, the Arcnet local area network
(LAN) is a popular solution for networking
PCs in office-automation applications. How-
ever, Arcnet has seen limited use in embed-
ded-control applications, such as factory automation and process control. That’s
because the controller usually requires external buffer memory and up to a doz-
en support chips for a typical network node, resulting in relatively high cost.
Standard Microsystems Corp. now incorporates the Arcnet token-passing pro-
tocol in a 24-pin package that reduces node chip count by one-fifth. The resultis
half the node cost of competitive approaches.

To implement the Arcnet protocol, SMC’s COM20020 universal LAN control-
ler includes a microsequencer, a 2-kword-by-8-bit dual-port buffer RAM, an
assortment of registers, bus-arbitration circuitry, a generic microcontroller in-
terface, a flexible media interface, and a transceiver (see the figure). Network
nodes can be configured in star, bus, or tree topologies connected with twisted-
pair, coaxial, or fiber-optic cable.

CONTROLLER OPERATION

In operation, the 20020’s companion microcontroller or other intelligent pe-
ripheral device sends data over the network by loading a data packet and a desti-
nation identification (ID) number into the 20020’s RAM buffer. It then enables
the transmitter. When the controller receives the token, it verifies that the
receiving node is ready to receive and then transmits the data packet. The pack-
etis followed by a 16-bit cyclical redundancy check. When the packet is received
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ARCNET CONTROLLER CHIP

successfully, the receiving node
transmits an Acknowledge message.
This allows the source node to set
status bits, which trigger an inter-
rupt to its host microcontroller, indi-
cating a successful packet transmis-
sion. If the receiving node can’t ac-
cept the packet (when its receiver is
inhibited, for example), it issues a
Negative Acknowledge signal.
Thereupon, the source transmitter
passes on the token.

For boosted network perfor-
mance, the 20020’s command-chain-
ing mode makes it possible for
successive data transmissions and/
or receptions without intervention
by the microcontroller. In this mode,
a dual two-level first-in first-out
buffer pipelines transmit and receive
commands and status bits, thereby
enabling new packets to be received
before the previous packet interrupt
is acknowledged and serviced. Com-
mand-chaining prevents wasting to-
kens on the network by guarantee-
ing that a buffer is always available
to receive a data packet.

Several unique features eliminate
the need for multiple support chips.
For example, the 20020 adapts to net-
work changes by incorporating Are-
net’s automatic self-reconfiguration
protocol. Whenever the controller
senses that a new node is activated
or deactivated, it sends a signal that
terminates all activity on the net-
work. It then reconfigures the net-
work by adjusting the destination-
node ID numbers stored in internal
registers. Network reconfiguration
time, which typically ranges be-
tween 24 to 61 ms, depends on such
factors as the number of nodes on
the network, the propagation delay
between nodes, and the highest ID
number on the network.

Users can set the destination ID
number so that the controller trans-
mits a data packet simultaneously to
all nodes on the network. Similarly,
with the appropriate setting of the
command register, each node can ig-
nore broadcast messages.

ON-CHIP MEMORY BENEFITS
One of the most significant fea-

tures of the 20020 is the 40-ns, dual-

port RAM. Previous LAN control-
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lers used external buffer memory
that requires multiplexed address/
data buses and control interfaces,
plus support devices, such as latches
and other glue logic. The 20020’s in-
tegrated RAM reduces the chip’s
package size by 50% and eliminates
costly support logic.

During typical operation, the
RAM is partitioned as four 512-byte
pages—two to transmit and two to
receive. This leaves up to four memo-
ry pages for scratch-pad storage.
For most control applications that
use smaller packet sizes, the memo-
ry can be partitioned as any combina-
tion of 256-byte and 512-byte pages.

The 20020 interfaces directly with
popular microcontrollers from Intel,
Motorola, NEC, and Zilog. The inter-
face consists of an 8-bit data bus, an
address bus, and a control bus. To
support various microcontrollers
with a minimum number of pins and
without the use of glue logic, the
20020 detects and adapts to the mi-
crocontroller interface being used
automatically.

Upon hardware reset, the chip
first determines if the microcon-
troller has separate Read and Write

signals (as in Intel’s 80XX family), or
a Direction and Data Strobe (as in
Motorola’s 60XX family). The con-
troller also determines whether the
microcontroller bus is multiplexed or
nonmultiplexed. Both determina-
tions require software to access ex-
ternal memory. In each case, the
20020 remains in the selected mode
until the next hardware reset oceurs.

The chip also has a flexible trans-
mission-media interface. A standard
Arcnet transceiver interface is of-
fered for applications requiring long
transmission distances, or for net-
works with other nodes that also use
a transceiver interface. In this ar-
rangement, a device such as SMC’s
HYC9068 hybrid transceiver trans-
fers pulse-code data between twist-
ed-pair or coaxial cable and the
20020. Containing support logic and
coupling for good isolation and com-
mon-mode rejection, the hybrid de-
vice converts the 20020’s pulse wave-
form output to sinusoidal form. It
also supplies the appropriate termi-
nation impedance for a star topolo-
gy, bus topology, or an Arcnet topol-
ogy, using twisted-pair cable.

For cost-sensitive, short-distance

—1 Address
Address inputs —{ decoding
———{ circuitry
2-kword-by-8-bit RAM Additional
g registers
address outputs

o Status/ Transmit/ Pulse data
Interrupt <—— command Microsequencer receive [—— Transmit enable
g and i logic  j«———Receiver input
e working registers L
Reset—{ Reset | Oscillator
logic t t
Read/data strobe ——-| N
Write/direction —»- Busc?rr:l:::atwn Node-ID logic External crystal
- ry
Chip select ——{

| Reconfiguration timer |

A KEY PLAYER in the COM20020’s architecture is the 2-kword-by-8-bit RAM. Its dual
ports and 40-ns access time enables the 20020 and companion microcontroller to arbitrate
for, and access, the memory in one clock cycle without using wait states and without
impacting the network data rate. Because most microcontrollers have no Ready line,
previous LAN controllers handling arbitration and microcontroller address decoding could
not extend the microcontroller’s read/write cycle. This requires the microcontroller to

operate at a much slower speed.
D ESTIGN




Complete
for $74*
ADC700 comes
complete with 16-bit A/D
converter, laser-trimmed
reference, clock, and 8-
bit port microprocessor
interface, all in a space-
saving 28-pin hermetic
ceramic DIP. Never
before has a 16-bit ADC
offered so much for so
little.

Based on Bumr-Brown’s
industry standard ADC76
series, the new ADC700
offers a precision front-
end solution for a broad
range of instrumentation,
industrial control, and
data acquisition
applications.

INTRODUCING ADC700

Low Noise,
High
Performance

ADC700 excels in low,
low noise so you can
squeeze out greater
resolution. A wide choice
of input and temperature
ranges increases your
design flexibility.

® Linearity eror of
+0.003% FSR, max

® 17us conversion time to
16 bits

® Transition noise
(3op-p) of £0.001% FSR

® No missing codes to 14
bits over temp

® Temperature ranges of
0/+70°C, —25/+85°C, or
-55/+125°C

CIRCLE 174

416-Bit ADC with
uP Interface

version of the next
ord, improving
oughput and relaxing
ing requirements on
software interrupts.
And it keeps up with the
speed of the newer,
faster microprocessors
with 50ns bus access and
70ns bus relinquish times.
Output data may be in
serial or parallel format.
And, a serial data strobe
provides 16 edges
appropriately timed for
loading shift registers and
microcontroller serial
input buffers.
Find out more about this
low cost, high
performance solution.
Ask your sales rep for
data sheets and
samples, or call
1-800-548-6132 for
immediate assistance.
Burr-Brown Corp.
P.O. Box 11400
Tucson, AZ 85734
*USA OEM prices in 100s.

BURR-BROWN®
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Thinner SIMM’s with TSOP

TOYOCOM, a leader in memory modules, introduces a
revolutionary module which employs a TSOP (Thin Small
Outline Package) design. This makes it possible to design
extremely thin SIMM’s without sacrificing quality.

The 1M x 9 SIMM, currently 5.3mm in conventional
design, can now be reduced to 2.8mm. The double sided
2M x 36 SIMM, currently 9.3mm, can be reduced to
4.2mm. And, it’s available in various configurations —
1M x 8/9, 4M x 8/9, 1M x 36, 2M X 36, plug-in or lead
type (SIP, ZIP, DIP) package, single sided or double
sided installation, and low profile. Or custom designed if
you so desire!

General-Purpose Current Sensor

THS-56 is designed to automatically detect loop current
generated in the network control unit of facsimile, modem
or other OA equipment. High detection sensitivity, high
withstanding voltage (2.2 kV AC), low
DC loop resistance (5Q max. at Ta=
+25°C) and low threshold current (2 mA
to 15 mA). Detection of analog signals

in the frequency range from DC to 20 kHz
is also possible.

TOYOCOM

TOYO COMMUNICATION EQUIPMENT CO., LTD. BO
20-4, Nishi-Shimbashi 3-chome, Minato-ku, Tokyo 105, Japan
Phone: 03-459-7310 Telex: 02423115 TOYOCO J Facsimile: 03-436-1434

TOYOCOM U.S.A., INC.

Chicago Office: 617E. Golf Road, Suite 112 Arlington Heights, Illinois 60005
Phone: 708-593-8780 Telex: 4330274 (TOYOCM) Facsimile: 708-593-5678
Los Angeles Office: Downey Saving Bldg., 3200 Bristol Street, Suite 720,
Costa Mesa, California 92626

Phone: 714-668-9081 Telex: 4720819 TOYOCOM LA Facsimile: 714-668-9158

ARCNET
CONTROLLER CHIP

applications, such as backplanes and
instrumentation, a Backplane mode
connects the controller directly to
the media to transmit straight non-
return to zero (NRZ) data rather
than pulse-coded data. Nodes with
the backplane configuration can’t
communicate directly with nodes us-
ing the hybrid transceiver, nor does
this configuration provide media iso-
lation and protection from common-
mode noise. The noise problem, how-
ever, is minimized in short-distance
applications. This configuration re-
quires just one pull-up resistor some-
where on the media, not on each indi-
vidual node.

Some cost-sensitive applications,
such as embedded automobile
LANS, don’t require node isolation
or compatibility with other Arcnet
nodes. Here, a differential-driver in-
terface mode uses an external RS485
driver/receiver to dc-couple NRZ
data passing between the controller
and cable. Maximum transmission
distance in this mode can be in-
creased by reducing the data rate be-
low 2.5 Mbits/s.

Bits in the on-chip diagnostics sta-
tus register help prevent and isolate
faults, and support network man-
agement. Before entering the net-
work, the 20020 first checks a regis-
ter bit to see if there’s activity on the
network. Another bit tells the con-
troller if a token is circulating on the
network. A duplicate ID bit indicates
when another network node has the
same ID number as the entering
node. In this case, the 20020 selects
another ID number before entering
the network.[]

PRICE AND AVAILABILTY

The COM20020 universal LAN controller
costs $16.23 in 1000-piece lots and is avail-
able now in sample quantities. Produc-
tion quantities are scheduled for January
of next year. Evaluation boards will be
available in December 1990.

Standard Microsystems Corp., 35 Marcus
Blvd., Hauppauge, NY 11788; Ralph Mal-
boeuf, (516) 273-3100.

CIRCLE 516
How VALUABLE? CIRCLE
HIGHLY 547
MODERATELY 548
SLIGHTLY 549
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“l was looking for a graphic
example of what could be done
with a laptop PC... Zenith Data
Systems showed me two.”

1

. SupersPort 286e

SupersPort SX

The number one laptop brand in America* offers you
the clear choice in portable VGA graphics.

Zenith Data Systems brings you fwo advanced laptop PCs that
can run today’s sophisticated color VGA applications, using 16
corr&sponding shades of gray for superior graphics presentations.

First, there’s the number-crunching SupersPort® 286e with its
dazzling backlit LCD display. Then there’s the SupersPort SX
with a Page White screen that virtually duplicates the printed
page...plus Intel386SX™ power to handle tomorrow’s graphical
user interfaces.

And each features our Intelligent Power Management™ System,
which puts power usage in your control for hours of battery life.

So, if you want to carry away the clear choice in portable VGA
graphics, see our leading VGA-enhanced SupersPort laptops
in action. For more information and the name of your nearest
Zenith Data Systems Medallion Reseller, call: I-800-523-9393.

ZENITH

- Groupe Bull

*Source: 1990 Dataquest estimate for U.S. battery-powered laptops.
Graphics simulate Microsoft® Windows™ version 3.0, a product of Microsoft
Corporation. Intel3865X is a trademark of Intel Corporation. SupersPort
isa trademark and Intelligent Power gement is a
trademark of Zenith Data Systems Corporation.

© 1990 Zenith Data Systems Corporation
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PRODUCT INNOVATION

(AAS GATE
ARRAYS HIT
100,000+
(ATES/CHIP

HIGH-PERFORMANCE
SYSTEM DESIGN JUST
GoT EASIER WITH A
FAMILY OF GAAS GATE
ARRAYS THAT HOLD
MoRE OF THE COMPLEX
CIrRcUIT ON ONE CHIP,

DAVE BURSKY

igh-performance-system designers of-

ten rule out using gallium-arsenide gate

arrays because the chips didn’t have the

desired density, or were too expensive.

However, as the integration level of

GaAs chips increases while the per-gate
price drops, and the cost of high-performance biCMOS or
ECL and their associated cooling requirements in-
creases, GaAs arrays become an attractive alternative to
power-hungry biCMOS or ECL.

The latest GaAs offering—a family of gate arrays
with complexities of 100,000 usable gates—now puts
GaAs arrays on par with biCMOS and ECL for complex-
ity and speed, while cutting the power consumption by
one-half to one-third over that of ECL (see the figure).
The FX series of arrays from Vitesse Semiconductor will
offer gates that deliver two to three times the perfor-
mance of biCMOS, which is competitive with ECL, with
comparable pricing. The 100,000+ complexities of the
larger family members will be the largest GaAs gate
arrays manufactured by any company around the world.

The availability of such large GaAs gate arrays opens
up new systems possibilities because more of the in-
creasingly complex system logic can now be integrated
on one chip. Such integration eliminates many perfor-
mance-diminishing signal delays associated with multi-
chip solutions. This enables higher-performance sys-

i

162 Xovinburs,ios © ¥ 1 ¢ P ESTEN

THE JUST-RELEA

a seven-fold density improvement over the company’s previously released Fury family. The
FX-100K holds over 100,000 gates and has an expected gate utilization between 50 and 70%.
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SED FX FAMILY ot gate arrays from Vitesse offers nearly




Make your move to PzB for new
general purpose
and power PC.
board relays.

New Models Expand Offering

For applications from consumer goods

to industrial controls, P&B relays have the
features you need for general purpose and
power switching on your printed circuit board.
New series greatly expand our already broad line
of P.C. board relays. Many models are available
from stock, and they're all built to the same exacting
standards that have made our T90 series the
industry-standard 30A, P.C. board relay.

New Miniature Relays Switch 1mA to 10A Find Out More

Our new T73 and T74 series miniature P.C. board Contact us today for free information
relays join the T70 series as inexpensive SPDT units on the complete line of P&B P.C. board

for general purpose applications. A variety of contact relays, including more new models for
materials allow units in these series of sealed relays switching 2A and less. Potter & Brumfield, A
to switch loads from 1 mA through 10A. Siemens Company, 200 S. Richland Creek
Expanded Line of 4,000V Isolation Relays Drive, Princeton, Indiana 47671-0001.
Extensions to our line of RK series relays feature Call toll-free 1-800-255-2550 for the P&B
8mm coil-to-contact spacing for 4,000V isolation. authorized distributor, sales representative
SPDT models switch loads to 20A, and DPDT or regional sales office serving your area.
models switch up to 5A. Both sealed and unsealed

types are offered.

T90 & T91 — Our 30A Workhorses

Relays in our T90/T91 series have SPDT contacts for
loads to 30A. T90 is available as a sealed or open-
style relay. T91 has quick connect terminals for load
connections and is offered with either a sealed or
unsealed enclosure. High temperature units are
available.

Potter & Brumfield a siemens company
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PICO

Wide Input Range

5to 72V DC

Regulated
5 Watt to 30 Watt

386 Standard Models
Single, Dual and Triple Output

Output Voltages of 5, 9, 12,
15, 24, 28 and 48 Volts DC
Standard

Ambient Temperature Range
—25°C to + 70°C with No Heat
Sink or Electrical Derating

All Units Shielded

500V DC Isolation Input to
Output

New PLR Series Features
.300” ht.

e New NR Series, up to 30 Watts-
50 Models-30 Triple Outputs

OPTIONS AVAILABLE

» Expanded operating temp (—55°C to +85°C)
o Stabilization Bake (125°C ambient)

» Temperature Cycle (—55°C to +125°C)

® Hi Temp, full power burn in

(100% power, 125°C case temp)

| Delivery—
stock to
one week /

' PICO

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064
IN NEW YORK cALL 914-699-5514

HIGH-DENSITY
GaAs GATE ARRAYS

PICO also manufactures over 800
standard DC-DC Converters, AC-DC
Power Supplies and over 2500 Miniature
Transformers and Inductors
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tems to be built, even if they don’t
operate at higher clock frequencies.
And the availability of many gates
allows large register files and memo-
ry blocks to be included on the logic
chip, improving system speed even
further. This is because memory ac-
cesses don’t have the long delays of
off-chip memories.

To make the jump from its previ-
ous Fury family, which had a 30,000-
gate chip as its largest member, Vi-
tesse developed an improved finer-
line process, H-GaAs III. Gate
lengths for the GaAs MESFETSs are
trimmed to 0.6 pm—that’s about a
25% reduction over the previous pro-
cess. The three levels of metal inter-
connections and line-to-line spaces
were scaled by close to 40%, so that
on the lowest level, 1.2-um metal
lines are separated by 1.8-pm spaces.
Furthermore, a fourth level of metal
interconnection is available, making
the FX arrays more routable than
any of the company’s previous chips.

In addition to shrinking the basic
feature sizes, the company revised
its basic cell building block. As a re-
sult, close to seven gates can now be
squeezed into the area originally oc-
cupied by one gate in its previous
family. The overall net result of the
changes yields gates that consume
about 50% of the power required by
the previous generation—0.16 mW
vs. 0.32 mW. Also, propagation de-
lays are less than 70% that of the pre-
vious family—46 vs. 65 ps for an un-
loaded 2-input NOR, and 153 vs. 216
ps for a buffered 2-input NOR gate
with a fan-out of 3.

In a typical application, a chip with
100,000 active gates would consume
about 14 W, which is considerably
less than what an equivalent ECL
circuit would require. The lower
power level also translates into a
simpler cooling requirement. For ex-
ample, forced air rather than liquid
cooling could result in a significant
system overhead savings.

Two FX family members have
been defined by Vitesse, one packing
100,000 cells, and the second 200,000.
A third array with about 300,000 cells
will probably be defined in four to six
months. Gate utilization for the
channelless arrays is estimated at
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