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PAC-MAN® images ONamco Lid. All rights reserved. Licensed by Namco Lid

Leader of the PAC.

Win. Win. Win. time. In vour system, the EPM7032 is  sheet and a free

equally fast, matching the speeds of  sample of the

the fastest 22V 10s you're using today. ~ EPM7032.

800-9-ALTERA

(800-925-8372),

Value, competitive pricing, high Dept. A7NAPS.

performance technology, and Or, find us at http://www.altera.com
comprehensive technical support. on the world-wide web. Stay ahead

With density, speed, and price. The Altera
EPM7032 has triple the density of standard
22V10s and can replace up to four PAL The Altera Advantage.
or GAL devices. You'll save board space
and increase system performance — all at
a lower price.

You're first to market or you're lunch.

i of the pack.
When you need fast time-to-market, you SHant SRoning) e ’f:y

need the flexibility of the EPM7032 to See how easy it is to get started with N\ m
save development and manufacturing the EPA7032. Call us today for a data 7SN &

A Avariage

100K unit price projection for the EPM70321.C44-15T.

Copyright 1996 Altera Corporation. Altera, MAX 7000, EPMT0O %2, and The Altera Advantage are trademarks and/or service marks ot Altera Corporation in th Unmited States and
other countries. All other trademarks and service marks are the prope-ty of their respective hokders. Voucher for one free sample will be sent to each qualified respondent
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CGOC9506

We're ready when you are.

With HP's product
development road map,
you'll always be assured
of the most cost-effective
ATM fiber optic
component solutions on
the market.

At HP, our expertise in
developing the highest-quality,
most cost-effective ATM
transceivers just starts with
today's industry-leading OC-3
products.

That's because as the next
generation of technology
matures into commercial
products, we're already there.
How? Through a high degree
of vertical integration—includ-
ing LEDs, lasers, ICs and
optoelectronic packaging. By

leveraging our experience in
existing MMF and SMF
standard product platforms,
through volume production.
And, with the continual
updating of our product and
service roadmap.

Today, as we continue to lower
the cost of ATM fiber optic
implementation across LAN
backbones, desktops and
WANSs, HP products encom-
pass the broadest array of
transceivers for private and
public networks. These
include our new 622 Mb/s
transceivers with clock and
data recovery using LEDs for
MMF and "eyesafe" lasers for
SMF. With standard package
and connector options. And
distance and data rate options.

READER SERVICE 139

And soon, our 1 Gb/s to

2.5 Gb/s MMF VCSEL trans-
ceivers. In the same standard
low-cost package.

HP ATM fiber optic compo-
nents. They're just waiting
for you.

Call 1-800-537-7715
ext. 9766 for free
product literature
and information
on how you can
pick up our new
OC-12 Design
Tool Kit.

Call 1-800-450-9455 for a list of technical
literature available by fax (U.S. and Canada)

(D

HEWLETT
PACKARD



In 3 Voit Wireless.

In wireless design, only Oki can help you power past your competition and

get to market fast. Because nobody offers you wireless systems experience

Il’s as deep. Dasign support as tireless. Or 3 Volt technology so far ahead.

Today, only Oki delivers a complete 3 Volt wireless system — alt
nkl. field - proven 3 Volt devices across the board, from CMOS base-
band to the most efficient GaAs RF. And the freedom to pick and choose

your specific cevices to achieve unique, highly competitive feature sets.



Then Oki’s 115 years of communications experience, around -the - =
clock desigh support and international manufacturing muscle pull -
.
together to get your production on-stream fast. =
— S { =

Want to learn more advantages of partnering with Oki in wireless gk se d
ety ¢ &%) Okl Semiconductor ~
communications? See our communications products corner, includ- =
=

ing application notes, on ouwr Web site at http:/www.okisemi.com. Or

call 1-800-0KI-6388.
©1996 Oki Semiconducter, 745 Morth Mary Avenue, Sunnyvale, CA 84086-2909. Phone: 408-720-1900. Fax: 408-720-1918
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FEDC 10 8GHz ¥7™

(up to +19dBm output) From (1000 aty.)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and

flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA's are engineered with wider bandwidths to eliminate your need for costly
compensation networks and extra gain stages. So, review your present design

and replace with Mini-Circuits new ERA technology. Lower overall cost,

wide bandwidth stability, and lots to...gain!

Mini-Circuits...we're redefining what VALUE is all about!

TN -Crouns

*Freq Gain Max. Power Qut Dynamic Range ®Price
Model (MHz)  (dB)  (dBm, @ 1dB Comp) NF(dB)  IP3(dBm) $ea (10 Qty)
ERA-1 DC-8000 116 130 70 26 180
ERA-1SM DC-8000 110 130 70 26 185
ERA-2 DC-6000 149 14.0 60 27 1.95
ERA-25M DC-6080 13.1 130 6.0 2 2.00
ERA-3 DC-3000 20.2 10 45 23 210
ERA-3SM DC-3000 194 110 45 23 215
ERA-4 DC-4000 139 al91 52 236 415
ERA-4SM DC-4000 139 al91 52 436 420
ERA-5 DC-4000 190 2196 40 A% 415
ERA-5SM DC-4000 190 2194 40 a3 420

Note: Specs typical at 2GHz, 25°C

 Typ. numbers tested at 1GHz Al 2GHz Max Pwr Qut may decrease by 0 4dB & IP3 by 310 4dB
* [ow frequency cutoff determined by external coupling capacitors

%) Price (ea ) Qty 1000. ERA-1 $1.19, -2 $1.33, -3$1 48, -4 or -5 $2.95 SM option same price

DESIGNER’S AMPLIFIER KITS:

K1-ERA: 10 of sach ERA-1,-2,-3 (30 pieces) only $49.95

K1-ERASM: 10 of each ERA-1SM,-2SM,-3SM (30 pieces) only $49.95
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

K2-ERASM: 10 each ERA-4SM,-5SM (20 pieces) only $69.95

Chip Coupling Capacftors at 12¢ each (50 min.)
Size {mils) Value

80x50 10, 22, 47, 68, 100, 220, 470, 680, 1000
2200, 4700, 6800, 10,000 pf
120x60 002, .047, .068, .1 uf

/
b R
Typical Biasing lelai regred

Conﬁguratlon ERA |

OC
\ RFC(Optional)
C biock
- " R 'N°—|"* {L ‘ ‘tm—ocokom
[ ERA-1  ERA-1SM
\ — ACTUAL i For ERA ‘r’nodels pin 1
SIZE = \dentified by Red dot

[JMini-Circuits .® .0

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits, com ~CCtE FEADER SERVICECARD
For detailed specs on all Mini-Circuits products refer to * 740- pg. HANDBOOK « INTERNET + THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY » EEM

CUSTOM PRODUCT_NEEDS...Let Our Experlence Work For You. F 214 Rev A
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COVER STORY

27-GHz Process Makes Unique Parts For RF Transceivers p. 67
Expanding their technology base by acquisition gives many manufacturers a definite
position separation.

Tecunorocy Anarysis

Machine Vision Moves Into The Mainstream p.53
Higher speed, higher resolution, and advanced intelligence join with performance standards to
propel cameras into the 21st century.

Eiecrronic Desicn Report

EDA Vendors Advance Toward System-Level Design p. 77

A major factor driving the adoption of system-level methodologies is the price of high-level errors.
Desicn AppLications

Design Reuse In Today’s DSP Design Methodology p. 101

Now you can really stop reinventing the wheel!

Propuct Innovation

MPEG-2 Decompression Board Puts Real-Time Video On The PC p. 157
ISA-based board, to be followed by a PCI-based model, simultaneously displays NTSC and SVGA data.
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When you think of QT Optoelectronics, you probably think of optocouplers. m
But, QT is also a leading supplier of LEDs.

OPTOELECTRONICS

We've got a complete line of high-quality, reliable LED lamps and displays.
And our authorized distributors — in hundreds of cities around the world — can

deliver the products you need on time and at a good price.

Don't go barking up the wrong tree for your LEDs.
Call 800-LED-OPTO today for more information and the phone number of READER SERVICE 174

your nearest QT Optoelectronics distributor.

Your Tor DoG For LEDs
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F1BRE CHANNEL

SCSI

Ancot's family of instruments
make them the leader in both

FIBRE CHANNEL Products

FCA - 5000 Analyzer

Two channels B
Self contained, B
Stand alone
SHIPPING NOW B

FSB - 8000 FC-SCSI Bridge

Connect SCSI to FC Networks @
Simple Setup B
Multiple speeds ®

SCST Products

DSC - 216 Araalyzer

B FAST & WIDE

B Self contained,
Portable

B Easy touse

Bus Converters

@ SCSI 2, Fast/10, Fast/20
& Single ended/Differential
B Automatic operation

@ SCSI 2, Fast/10, Fast/20
® Single ended/Differential
W4tol

ANCOT

VISIT OUR DYNAMIC HOME PAGE

http://www.ancot.com
115 Constitution Drive, Menlo Park, CA 94025

Tel. 415/322-5322 FAX 415/322-0455
Ancot Wrote The Books on SCSI & FC
Call for FREE "Basics of SCSI", or
"What Is Fibre Channel" 2nd Ed. or to
order "Fibre Channel-Vol. 1-The Basics"
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Transistors In 1956

Prices have come down. This has meant more and more transistors have been
used—3-1/2 million in 1955. Almost 2 million have been sold already in the first
quarter of 1956. As transistorized products hit the ‘
market, competitors are forced to redesign their L 2
equipment, and the demand for transistors rises | = DES I GN
sharply. Between 10 and 11 million are expected iR 2 2
to be sold by transistor manufacturers in 1956,
according to industry experts.

From a technical viewpoint, transistors have
improved in quality. The current gain of alloy
types now holds up for much higher current lev-
els. The spread of characteristics within any one
type has been narrowed. Further, several new
general classes of transistors based upon applica-
tion as well as structure have come about. Advances in the art of applied solid
state physics such as “grown-diffused” units have been announced but are not
yet available commercially.

The work on solid state diffusion and the advances in micro-techniques have
been most significant. However, no one technique for producing very high-fre-
quency transistors is ahead as of now. Perhaps this will come in the next year.
The most important matter otherwise was the government’s antitrust suit
resulting in many AT&T patents being made royalty free.

The price of transistors today extends from $0.50 for low-quality units in
lots of hundred thousands (for toy use only), through $5 for computer units,
and to $50 for new experimental units. The $1 special offered by the jobbers
for the amateur is all too often so widespread in its characteristics from one
to another as to lead to disgust with transistors. One manufacturer, however,
sets and holds reasonable limits and puts them on the specification sheet
supplied with the dollar transistor. Most others will probably follow suit this
next year.

The long standing demand by radio manufacturers for transistors that
approach tubes in cost is being met. Now a radio manufacturer is considering
replacing a tube with a transistor on the basis of cost alone. At the beginning
of the year some transistorized computer packages were found to be cheaper,
all things considered, than the vacuum tube packages that they were replacing.

The current gain of the alloy types has been sustained over longer periods
by double emitter doping and other techniques so that power types with a
current gain of 60 at 1 to 2 amps are now obtainable. In the smaller deciwatt
class, the sustained current gain now gives push-pull class B audio output up
to more than 100 mw with less than 5% distortion at any level. In the high
frequency p-n-p’s the current gain varies as little as between 60 and 80, for
example, from tens of microamperes to tens of milliamperes collector current.

A year ago only one manufacturer offered standard units with a maximum
current gain spread of as low as 2 to 1. Now it is almost mandatory to keep
within that range. The same manufacturer is now offering units with +20%
current gain spread and even some rated at £10%.

This achievement of closer tolerance units is more superficial rather than
real. Production line units are simply divided into groups or types with
smaller ranges, though the production spread is always being lowered. The
problem is mostly one of designation and stocking of types.(Electronic
Design, July 1, 1956, p. 38)

This was the lead section of a two-page overview article, written by Norman
B. Saunders, Circuit Engineering Consultant, for this issue’s annual Transis-
tor Data Chart. The chart itself covered about five pages and listed the basic
characteristics of more than 300 transistors from 21 manufacturers, most of
whom have long since left the business. How many readers recall such compa-
nies as Clevite, Nucleonics Products, Transitron, and National Aircraft Corp.
as manufacturers of transistors?—SS
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Redefining Distribution
Thru Superior Service
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DEVICE PROGRAMMERS

*PC based $139.95, Parallel port connect $449.95,
Stand alone models $550.00 or $750.00 gang
“Read, Pgm and verify 2716 - 8 Megabit EPROM, all models
*Support for micros, Flash, EPROM, 16 bit, PALs, Mach
(call for specific models support list or download demos via BBS or internet)
30 day money back guarantee, FREE software updates
“Technical support by phone Mon - Fri 8am to Spm PST
“‘Made In the USA, 1 or 2 year warranty on all parts and labor
*Easy to use menu driven soffware, on line “help” full screen editor
*MACROS, Read and save to disk, Split and set options
‘intemet ftp://ftp.cr.com/users/ro/needhams

FOR MORE INFORMATION CALL

NEEDHAM'S ELECTRONICS, INC.

4630 Beloit Drive #20 ey M (916) 924-8037

Sacramento, CA 95838 BBS (916) 924-8094
(Monday-Friday, 8 am-5 pm PST)  (C.O.D. FAX (916) 924-8065
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Turn your
excess inventory
into a substantial

tax break and
help send needy
kids to college.

Call for your
free guide
to learn how donating your
slow moving inventory
can mean a generous
tax write off
for your company.

Call 708-690-0010
Peter Roskam
Executive Director

P.O. Box 3021, Glen Ellyn, IL 60138
FAX (708) 690-0565

Excess inventory today...
student opportunity tomorrow
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4 Mbit/se

TFDS6000.

AFFORDABLE CORDLESS CONNECTIVITY
AT 4 MBIT/SECOND.

'he new TEMIC TFDS6000 s the only IR
transceiver which satisfies vour need for
the easiest upgradeability from an existing
{15-kbit/sec solution to 4-Mbit/sec.

Finally, the speed you want is in the
smallest [rDA-compatible transceiver
available. Measuring only 13mm x 5.3mm
with a maximum height of 5.6 mm, the
TFDS6000 integrates the comnplete
receiver and the driver stage of the
transmitter as well as the photo pin diode
and the emitter diode. Whiie combining
the functions of two ICs, it eliminates a
large number of discrete components.

In fact, this solution requires the fewest
discrete ecomponents of any IrDA module

only three - compared to the competition
which has up to nine.

With the receiver, the emitter diode,
and the detector diode all in one package,
the TFDS6000 is incredibly efficient.

It operates at 5 V with a low 30-mW
power consumption, and is capable of
sending data at a 4-Mbii/sec transfer rate
in accordance with IrDA standfard 1.1 and
protocols such as HP-SIR and Sharp ASK.

Maximum sensitivity in bright sun
and office lights

TEMIC 's a company of Daimler Benz. Members of TEMIC Semicanductors Telefunken Seniconductor Maira MAIS, Dialog Ser

TEMIC Ruropean Sales: GERMANY: D 30 B57 320. UNITED KINGDOM: 01342707 300. FRANCE: 1 30 60 71 87, ITALY

, Siliconix

READER SERVICE:187

02 332 121. SCANIHNAVIA

In addition, :t can send and receive
tata over distances of up to 1.5 meters
white providing an automatic gain
control function and filter to ensure
maximum sensitivity even with a high
level of optical interference. This
combination ot speed and smallness
makhes it ideal for applications in mobile
phones, PDAs, modems, PCs, and anv IR
applications you can imagine.

To get your free IrDA design guide,
call your local TEMIC sales office or
1-800-554-5563 ext. 576. And visit our
web site at http;//www.temic.de for
more information.

TEMIC

Semiconductors

Juator. 2701 Laurelwood Read, S 9

48-733 0090. € 1996 TEMIC. All rights reserves



UPCOMING MEETINGS

e T | R 08 et
IEEE Antennas and Propagation So-
ciety International Symposium &
URSI National Radio Science Meet-
ing, July 21-26. Hyatt Regency, Bal-
timore, Maryland. Contact Jon A.
Moellers, Box 746, MS 55, Baltimore,
Maryland 21203; (410) 993-6774; fax
(410) 993-7432; e-mail: moel-
lers.i.a@nort.bwi.wec.com.

Sixth USENIX Unix Security Sympo-
sium, July 22-25. Fairmont Hotel, San
Jose California. Contact USENIX
Conference Office, 22672 Lambert St.,
Suite 613, Lake Forest, California
92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org;
http://www.usenix.org.

IEEE Power Engineering Society

Hngh Stablluty Ovenized Oscillator

* SMD construction

* Electronic and mechanical
frequency tuning

* +15 or +24 YDC operation

B
8

<-13(

<-150 dBc/Hz
<155 dBe/Hz  <-155 dBc/Hz
10°t0 +60°C  -20° to +70°C
<X 12 <2402

* Pin, SMA, SMB or SMC
conrnectors

® Size: 2°x 2" x 4"

* $250 base price for J grade
{quantity of 100)

PN

EMS
nn fvalc CA 94CE9

IS AT

READER SERVICE 94
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Summer Meeting, July 28-Aug. 1.
Radisson Hotel Denver, Denver, CO.
Contact Gary Petersen, P.S. Com-
pany of Colorado, 5525 E. 38th Ave.,
Denver, CO 80207; (303) 329-1506.

International Conference on Applica-
tions of Photonic Technology Sensing,
Signal Processing & Communications
(ICAPT 96), July 29-Aug. 1.Montreal,
Quebec, Canada. Contact George A.
Lampropoulos, A.E.G. Signals Ltd., |
1320 Yonge St., Suite 209, Toronto,
Ontario M4T 1X2, Canada; (416) 923-
4425; fax (415) 923-9129, e-mail: lam-
pro@gpu.utec.utornonto.ca.

(RN TRE | BT
13th International Electronics In-
dustry Testing Equipment & In-
strument Exhibition For Asia (EIE
Asia 96), Aug. 2-5. Hong Kong
Convention & Exhibition Centre.
Contact Stephanie Hung, Publicity
Officer, (852) 2865 2633 ext. 344;
fax (852) 2866 1770/2865 5513.

International Symposium on Low-Power
Hectronics and Design, Aug. 12-14. Mon-
terey Conference Center, Monterey, CA.
ContactJan Rabaey, Department of EECS,
University of California at Berkeley, Cory
Hall, Berkeley, CA 34720; (510) 643-8206;
e-mail: jan@eecs.berkeley.edu.

IEEE International Workshop on
Memory Technology, Design, and
Testing, Aug. 13-14. Pan Pacific Hotel,
Singapore. Contact IEEE Computer
Society Test Technology Technical
Committee, 205 Tennyson Ave., Suite
C, Altoona, PA 16602.

IEEE International Symposium on
Electromagnetic Compatibility (EMC
96), Aug. 19-23. Santa Clara Conven-
tion Center, Santa Clara, California.
Contact David Hanttula, Silicon Graph-
ics Inc., MS3U 946, P.O. Box 7311, Moun-
tain View, California 94039; (415) 390-
1071; fax (415) 962-9439; e-mail:
hanttula@esd.sgi.com.

Eighth IEEE Workshop on Local &
Metropolitan Area Networks
(LAN/MAN 96), Aug. 25-28.Potsdam,
Germany. Contact Daniel Pitt,
Hewlett-Packard Labs, 1501 Page Mill
Rd., Palo Alto, CA 94304; (415) 857-
7096; fax (415) 857-8526; e-mail:
pitt@hpl.hp.com.




SHIFT INTO
HIGH GEAR

Move up to the fast
track with Actel’s
Accelerator Series
FPGAs. We give
you the power.

You get the glory.

Accelerator
Series

Raw Speed. 1t’s an essential element of every FPGA design you develop. h allows you to
design more advanced products. To push system performance to a higher level. Bottom-line?
It gets you where you need to go. Fast.

Speed is also what drives your competition. That’s why you need to move up to the
fastest FPGAs. The Accelerator Series/ACT 3 FPGAEs.

Crank-out designs with up to 250 MHz on-chip performance, 7.5 ns clock-to-out, up to 228
user-programmable [/0 pins with either 5 or 3.3 volt interfaces without sacrificing capacity. And
with our ACT 3 PCI family, you get zero wait state performance at 33 MHz system speeds and
132 MB/sec burst mode transfer.

You'll also get the inside track by using Actel’s Designer Series development tools. Travel at
break-neck speed from logic design to compilation and synthesis. With our opfienal DirectTime.
you gain complete deterministic designs so that you never lose control, no matter how far you

lean into your designs. Accelerator Series
Every device within the [ e | lq
Accelerator Serles/ACT 3 ACT? 5 | 1.560-10,000 70-228 Up to 100 Mz | 250 MMz 105 Mz | 5% 33V Per |

family is focused on speed. Our new PCI devices offer everything you need to optimize PCI PC’
performance requirements with high-speed datapaths, fast clock-to-out, four Iow skew clock
networks, and PCI-compliant 1/0s. No one else has put it together like Actel.

So get in a winning groove. With our Accelerator Series of FPGAs and your skills, there's no
race you can't win. Shift into high gear today. With Actel.

Call 1-800-228-3532, ext. 3004 now, or visit our Web site at
http://'www.actel.com

—
Take it to a higher level. %

© 1996 Actal Corporation. All rights reserved. The Actel logo and ACT are trademarks of Actet Corporation. All azher brand r product names are the
property of their respective hoiders.
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a) Standalone A/Y synchronization
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What does our glueless MPEG 2 decoder get you?
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}-":"thimized DRAM interfaces
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TOSHIBA MPEG2 DECODER

Until now, attaching peripheral logic
to A/V decompression chips was something
that could really cramp your style.

But our new MPEG2 decoder puts an
end to all that.

Because by integrating everything you
need onto a single, glueless device, it
provides a clean, system-level solution for
powerful full-screen video and graphics
applications.

It also offers the industrys only
synchronization mechanism, for coordinating
audio and video timing without relying on
CPU power. Not to mention built-in OSD
and DMA features. Even optimization for a
wide range of DRAM interfaces.

And since all this comes on one device,
you also get lower chip counts, reduced
system costs and smooth integration.

Which makes anything
else Jook, well, a bit tacky
by comparison.

Throw in our
high-volume production
capabilities, and it’s easy to see
that you've got the ideal choice for
everything from interactive TV and high-
performance PCs to video games and digital
video disks.

For more information about the MPEG2
TC81211F and other ITV products, just call
1-800-879-4963. Or check out our Web site
at http://www.toshiba.com/taec.

Your ideas and our MPEG2.

Now nothing can hold you back.

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

©1996 Tushiba America Electronic Components, Inc.  NTW-96-100 mﬂﬂ)



A FASTER way
TO VOLUME PRODUCTION WITH
8-BIT MICROCONTROLLERS?
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YOU GOT IT.

THE COP8 FEATURE FAMILY OF
MICROCONTROLLERS FROM NATIONAL.

We know you want to get into volume production as fast as you
possibly can, so we’ll make this quick: National Semiconductor will
get you there faster.

Here’s why. We have the right products to simplify your design.

Our highly integrated COP8™ Feature Family of microcontrollers

includes everything from A/D con- COMPLETE DEVELOPMENT SUPPORT'
. . iceMASTER | Atow-cost* simutation, debuggi

verters, 16-bit smart timers, UARTS, |zpy el s b

. iceMASTER A complate debugging and in-circuit
comparators, MICROWIRE™/PLUS | Debug Modul: tool with prog

A full-feature in-circuit emulztor for debug-

. .. ice400 gmg, analysis and opti
interfaces, multi-input wake up, and of rmal-time embeddad design

power management to application specific features like CAN inter-
faces, motor control timers, hardware multiply/divide and more.
All on chip.

We also have the right OTP solutions. Every COP8 masked ROM
microcontroller is matched in form, fit and function by a compar-
ably priced OTP device. So whether you're designing for OTP, masked
ROM or both, one design does it all. Which means one design can
take you up the production ramp from prototype to volume.

And we have the right support. A full set of easy-to-use high-
quality development tools. A support team ready to help you all
along the way. And new dedicated production facilities that can
build microcontrollers as fast as you can buy them.

The COP8 Feature Family from National. The right microcontrollers.
The right support. Right now. For a free information kit, call us at
1-800-272-9959 Ext. 629. Or download information from

the net at http://www.nsc.com.

National

Semiconductor

Moving and shaping the future.

©1996 National Semiconductor Corporation. All rights reserved. The National worldmark,
COP8 and MICROWIRE are trademarks of National Semiconductor Corporation.
1 All three units have the same windowed user interface and come bundled
with COPS assembler, linker, librarian and utilities. * Priced at $99.00.



Serial/Parallel
Conversion or
Networks

Parallel to Serial

o )
CY233

Strobes

Wire Saver
Parallel - - Serial -

® 5=

- Parallel

256

Serial to Parallel

Serial In @ | Plf."" OIIQ.
CY233

Host Ring
Serial Ring Network with up to
255 Nodes or Stations (2048 VO Lines)

} . e ——
= .’-h CY233%| CY233 /=P | Cv233
| $

Party Line
Alternate Topology for 256
8-Bit Ports or 2K /O Lines

b .
chza:ﬂ‘ cy233[><e | -,v23;!

$ $ooe

The CY233

is available

from stock @ $45/eq,

$30/25, $27/100, $16/1k
Prototyping kit also available. Call
for free info or to order $10 manual.

<1

PO Box 3000 ¢ San Gregorio CA 94074
Tel: 415-726-3000 ¢ Fax: 415-726-3003
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EDITORIAL

INSIDE INTEL

hy is Intel Corp. such a great company? There are many reasons,
but I have five of my own. The first three are quotes from Co-foun-
der Bob Noyce; Chairman Gordon Moore; and CEO (and personi-
fication) Andy Grove.

About 25 years ago, when all of Intel’s employees could fit in one room, Bob
Noyce said: “Don’t be encumbered by past history. Go off and do something
wonderful.” What soon followed was the first DRAM, the first EPROM, and
the first microprocessor (the 4004). Jack Kilby might argue, but I think this
could only have happened in California, where technology refugees flourished
in a new world of palm trees, endless sun, and unbounded optimism. Noyce had
the vision, and they were primed to take him at his word.

The second gquote made Gordon Moore a household name in techno-literate
families. “The number of transistors per chip will double every 18 months.”
There weren’t many that believed him. The infant semiconductor industry had
no history of sustained growth at that rate. Many “showstoppers” stood in the
way. But he was right. Intel is now a $16 billion company and “Moore’s Law” is
the most elegant verbal expression of a technology road map that I know of.

Andy Grove is famous for: “Only the paranoid survive.” I would replace “survive”
with “succeed stupendously.” (Sorry Andy, everybody getsedited at Electronic Design!)

Grove’s doomsday dogma is the philosophical base for the “Intel Inside” cam-
paign; its move from an LSI company to a microprocessor company in 1981; its
transformation into a microcomputer company (PC chip sets, motherboards, etc.);
and its next strategic metamorphosis into a communications company of sorts.

Reason #4: They treat their employees well. Intel spent $134 million on
training last year; almost $1 billion in profit sharing, bonus and stock options;
and a unique sabbatical leave program.

Reason #5: Intel has a powerful propaganda machine. This formidable engine
for redefining reality is now focusing on the (admittedly unproven) network-
computer concept. Only the paranoid survive, and what would happen to a
high-performance microprocessor company if the network really was a com-
puter, and an ARM Ltd. microprocessor was all we needed in our homes? What
follows is Intel’s quaint (but dangerous) notion of “bandwidth dissonance,” which
holds that the data pipe into the home will be limited to 28.8 kbits/s for the foreseeable
future. More to come on that subject. jshandle@class.org

ditor-in-Chief
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Mosel Vitelic
makes it
DRAMatic.

14/15ns EDO
FOR HIGH
PERFORMANCE
GRAPHICS, MASS
STORAGE, AND
MULTIMEDIA
APPLICATIONS

the needs of today’s high ranging from 1MB to 16MB, is

performance graphics and available immediately—at a very

PC peripherals. competitive cost.

We make a complete line of To find out more about our
high speed DRAMs boasting high performance DRAMs,
Power designers of 2 and 3 the inc!ustry’s fastest EDO SRAMs, or our Video. R{\Ms,
Di ional hics h cycle time of 14ns for x8 and call the memory specialists
B BET T 15ns for x16 configurations. today at 1-800-358-7330.

constant need for speed, These memories are ideal to Or, look for us at

IR Ee Al anclpRaRibnG: give you the extra bandwidth  http://www.moselvitelic.com

= A%Es QGETME | MODE tn:;ir:;:z; ;vr?r:lge for the new generatior.\ 2D ;fnd on the world wide web.
IMBIEKxS Y lns 2w NOW o o e 3D graphics systems, disk drives, :ss
K8 B 2rs Now Cirpro CD ROM drives, digital video, t* ) MOSEL VITELIC
:ﬁ; : :: z (g:, market in record networking peripherals, telecom The Memory Specialists
- time. That's where ] . ’
g e set-top boxes, printers, and 3910 North First Street, San Jose, CA 95134
we can help. We're Mosel Vitelic, = o Tel: 408-433-6000 » Fax: 4084330952
the world leader for high ' R Nt e
performance memories to meet Our complete line of DRAMSs, e Japag 81-3—83865-2&51

) Copyright 199 Mosel Vitelic. Mosel Vitel ¢ is a registered trademark of Mose Vitelic Corporation. KI'T Bryce images are copynighted by H5C Software.
Birdplane image created in GIGIDGO" by ELECTROGIG, artist: Ben Liebrand
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ULTRA-MINIATURE

SURFACE MOUNT
DC-DC Converter
Transformers &

Power Inductors

i
gull Wing/J 12

These units have gull wing construc-
tion which is compatible with tube
fed automatic placement equipment
or pick and place manufacturing
techniques. Transformers can be
used for self-saturating or linear
switching applications. The Induc-
tors are ideal for noise, spike and
power filtering applications in Power
Supplies, DC-DC Converters and
Switching Regulators.

® Operation over ambient
temperature range from
-55°Cto +105°C

® All units are magnetically
shielded

® All units exceed the require -
ments of MIL-T-27 (+ 130 C)

® Transformers have input
volitages of 5V, 12V, 24V and
48V. Output voltages to 300V.

® Transformers can be used for
self-saturating or linear
switching applications

® Schematics and parts list
provided with transformers

® Inductors to 20mH with DC
currents to 23 amps

® Inductors have split windings

See EEM
or send direct
for Free PICO Catalog.
Call toll free 800-431-1064

in NY call 914-699-5514

FAX 914-699-5565

P , CO Electronics, Inc.

453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552
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TECHNOLOGY BRIEFING

WhHo'S RESPONSIBLE?

he semiconductor industry is on the verge of tackling what seems to
be an impossible mission. And the acceptance of responsibility is split
so many ways that the customer may have nowhere to turn. What's
the mission? Basically, it involves providing—on a grand scale—in-
tellectual property in the form of predesigned megacell functions (cores).
System designers then could incorporate these cores into ASIC- or FPGA-
based designs.

But designers are cautious about incorporating cores they haven’t designed
themselves because its hard to pinpoint responsibility if the final chips don’t
perform as expected. If the semiconductor supplier was the lone source of the
megacells, it would be relatively easy to blame the supplier should the final
circuit not function. However, it's unlikely that one IC manufacturer could
provide the wide range of cores needed by designers. That’s because that
supplier would have to supply a variety of functions to serve such applications
as the PCI bus, ATM switching, data communications,
and microprocessor-based controllers. A side industry
of independent providers of such intellectual property
has emerged to fill the void.

To supplement what the ASIC suppliers deliver, anew
class of companies has emerged—small, independent
providers of intellectual property that are focusing on
delivering complex megacell functions. These functions
then are supplied in any of several forms—eircuit net
lists, HDL desecription files, full physical eircuit designs, |
and so on. Aside from the issue of guaranteeing the basic
functionality of the core, the IP providers must guaran- DAVE BURSKY
tee the performance of the core when it’s incorporated SEMICONDUCTOR
into a larger circuit—a huge challenge since the IP
providers have little or no control over how their IP will be employed.

However, until recently, these independent 1P suppliers—companies such as
Logic Innovations, Technical Data Freeway, Virtual Chips, and others, as well
as suppliers of synthesis tools like Synopsys and Synplicity, had to compete
with the ASIC suppliers to get the customers. Now, the ASIC suppliers,
ranging from FPGA manufacturers such as Actel, Altera, and Xilinx to gate-
array and ASIC manufacturers like Chip Express, are setting up deals with
some of the intellectual-property providers. Through such deals, these suppli-
ers and manufacturers are able to add the core functions to their libraries, thus
expanding the range of functions they can offer.

The selection of cores available from these companies is extensive—much
more than a single company can create on its own. For example, Virtual Chips
offers close to a dozen variants of PCI building blocks, and will shortly have
blocks available for the universal serial bus (USB). Technical Data Freeway
not only offers PCI blocks, but also provides a vast array of communication and
network related functions for applications such as ATM systems and .SONET..

ASIC suppliers have struggled with the issue of intellectual-property rights
and responsibilities over the last few years. In fact, until recently, they had
opted to simply use their own internally developed cores. But customer de-
mands continue to persist for more variety, as well as the need to get to market
quicker by concentrating on value-added expertise rather than on commodity
functions. Consequently, this has given ASIC suppliers the incentive to expand
their libraries by incorporating third-party-developed cores.

Working with the ASIC/FPGA supplier alleviates some of the questions
customers may have regarding who to contact if something doesn’t function
properly. Rather than go round and round by pointing fingers at the silicon
manufacturer, the core provider, or the system designer, the ASIC provider can
become the central focal point. This will finally put the designer’s mind at ease.
Taking responsibility for the total system is the only right thing to do.
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1996 Proceedings
NOW AVAILABLE

A valuable tool for design
engineers of portable,
nomadic, mobile and

transportable products.

rom low-power system design to low-cost solu-

tions, the Proceedings of the Third Annual
Portable by Design Conference offers over 600
pages of vital, timely and usable information for
the portable OEM designer.

For the price of $160 per copy plus $10 shipping
and handling fee, you can receive the Electronic
Design magazine-sponsored conference proceed-
ings bound in one volume for handy reference. If
you order now, you can receive the 1994, 1995 and
1996 Proceedings for only $260 plus $22 S& H.

A single copy of the 1994 or 1995 Proceedings is
available for $100 plus $10 S&H. Stay on the
cutting edge of today’s innovative portable technol-
ogy and order your copies now, while supplies last.

| Portable by Design Proceedings Order Form

| O 1996 Proceedings:
| O 1995 Proceedings:
O 1994 Proceedings:

$160 + $10 s/h; # of copies
$100 + $10 s/h; # of copies
$100 + $10 s/h; # of copies
| O 1994, 1995 and 1996 Proceedings: $260 + $22 s/h; # of copies

PROCEEDINGS
OFTHE
THIRD
ANNUAL

rtable
by S191N

CONFERENCE
M 227, 7

TER » SANTA CLARA, CA

PORTABLE DESIGN SOLUTIONS

The following is a sampling of topics from the 1995
Second Annual OEM Designers’ Conference:

* Power-Control Circuits

Connectivity and Communications

Display and Input Devices

Design Team Management

Expandability, PCMCIA, and Mass Storage
Time-To-Market

High-End Low-Power Microprocessors
Power Management Techniques

Operating Systems and BIOS Issues
Battery Technology

Low-Power Analog Design

Packaging and Assembly

Battery Management

System Design Issues

Make checks payable to:
PORTABLE BY DESIGN

O Check Enclosed
O MasterCard O Visa O American Express

| NAME . _ ACCT. NAME
| TITLE o EXPIRATION DATE
| coMPANY _ — S— = ACCT. #
| .
| ADDRESS _— SIGNATURE
CITY STATE ZIP

I Please return this form to:

i PORTABLE BY DESIGN ¢ 611 Route 46 West » Hasbrouck Heights, NJ 07604 or call: 201/393-6075 * Fax: 201/393-6073



If You Think Omron Only Makes Relays,
Read Between Our Lines.

I U's true we're the world’s number
one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays.

But we also manufacture the
world's most complete line of switches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred chaice
of design engineers

and specifiers
worldwide.

0
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What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Phus you'll
see your design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensots. PCB
mount and connector-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And everything Omron makes is

100% tested, available to you world-
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wide, and backed up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web sie at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document #50.

If you respond to innovation and
more efficient ways of doing business,
it's a story worth reading.

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG. IT'S FREE!

OMRON



Asahi Kasel Electronics.
The next step in the evolution of
super-sensitive ¢ Hall Effect ICs.

30-gauss” switching for electric appliances, factory automation
equipment, automotive electronics, and other fields.

Get superior sensitivity. Reduce your component count in the bargain. The world-leading thin-film and
fine-processing technology of Asahi Kaset Electronics gives you a new standard in Hall ICs {digital-output
magnetic sensorsl. What makes these new ICs preferred to conventional ones is their Indium Antimonide
{InSb) elements, and our Hall ICs deliver without contact, a stabie duty cycle and superior sensitivity: 30
gauss. Increased sensitivity means that Hall ICs with their narrow-and-stable dynamic range of magnetic
flux can operate in a smaller magnetic field. Also, the magnetic switch point remains virtually unchanged
since mechanical and thermal stress are negligible. Sensitive Stable. Reliable. Available in ultra-small
types—both a surface-mounting package and single-inline package—for applicability across a broad
sweep of industrial environments as rotation sensors, limit switches and encoders. Contact Asahi Kaset
Electronics today for detailed technical information.

EW-510 series EW-560 series

Bipolar latches Unipolar switches

HW Series InSb Hall Sensors (Linear Output Type)

High-sensitivity Hal! elements for small precision motors—born of Asahi Kase
Electronics’ advancer technology. Superior quality control and product rebability
are demonstrated by their perfoimance in nearty every VCR and camcorder

3op min 106 max 606 Bop min  60G
8rp min. —60G max. — 106G Brp. min 56

in use worldwide. 8h. mn. 206 gh. mn 26
7 G- Asahi Kasei Electronics Co., Ltd.
? ) T The Imperial Tower 1-1-1- Uchisaiwai-cho, Chiyoda-ku, Tokyo 100, Japan TEL. +81-3-3507-2261 FAX. + 81-3-3580-3020
s ucoemes  e-mail: a8910880@ut.asahi-kasei.co.)p
]
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TE@HNOILOGY

NEWSLETTER

Research done by Dr. Yannick Le Coz at Rensselaer Polytechnic Institute,
CAP ACITANCE EXTRACTOR Troy, N.Y., has resulted in a very fast capacitance extractor used for IC design.
USES NUCLEAR ALGOR[THM The tool implements what are known as floating random walks—an unconven-
tional algorithm that has its origins in the simulation of nuclear-physics interactions. A commer-
cial capacitance extractor called QuickCap, which is based on Dr. Le Coz'’s theoretical work, is
available from Random Logic Corp. QuickCap executes faster and consumes less memory than
conventional capacitance extractors. For many IC structures, researchers have observed speed
increases of 100 to 1000 times, and memory requirements decreasing by a factor of 30,000.
Particularly important is that QuickCap's execution time remains fixed as IC-interconnect
complexity increases. QuickCap is also now part of Sematech’s Local Interconneect Parasitic
Extractian project. For more information, contact Dr. Le Coz at (518) 276-2937 or yle-
c0z@cie.unix.rpi.edu. In addition, Ralph Iverson at Random Logic Corp. is available at (617)
666-1010 or rbiverson@aol.com. LM

The Telecommunications Industry Association (TIA), Arlington, Va., has pub-
STANDARD SPECIFIES lished TIA/EIA-423-B, “Electrical Characteristics of Unbalanced Voli;age
GENERATORS, RECEIVERS Digital Interface Circuits,” a revision of TIA/EIA-423-A. The standard is
meant to specify generators and receivers that can operate at data-signaling rates nominally up
to 100 kbits/s. TIA/ETA-423-B designates the electrical characteristics of the unbalanced voltage
digital interface circuits, normally implemented in IC technology, that may be employed when
specified for the interchange of serial binary signals between Data Terminal Equipment (DTE)
and Dzta-Circuit-Terminating Equipment (DCTE), or in any point-to-point interconnection of
serial binary signals between digital equipment. This standard is intended to be referenced by
other standards that define the complete DTE/DCTE interface, (i.e., connector, pin assignments,
function) for applications where the electrical characteristics of an unbalanced voltage digital
interface circuit are required. For a copy of this standard, call Global Engineering Documents
at (800) 354-7179. M

By tunneling though the energy barriers that prevent the free flow of electrons
EFFICIENCY IMPROVED in semiconductor lisers, researchers at the University of Michigan, Ann Arbor,
FOR OPTOELECTRONICS found a simple way to improve the speed, efficiency, and effectiveness of these
devices, which are commonly used in optoelectronic communications systems and industrial
applicat:ons. The tunneling injection laser developed by a U of M engineering research team
improves laser performance by using tunneling to inject electrons through a thin energy barrier

directly into the active quantum well.

“Feeding carriers into one of these lasers is like trying to pour water though a narrow funnel,”
says Pallab K. Bhattacharya, U of M professor of electrical engineering and computer science.
“Electrons tend to remain in the wide top of the device where they contribute to adverse effects,
instead of falling down into the narrow well where they recombine with holes (positively charged
particles) to release their energy as a photon of light.” The addition of two thin energy barriers
during the growth of the laser crystal creates a tunnel that channels electrons directly into the
bottom ot the quantum well, making it possible to feed a carrier into the device every 1 or 2
ps—the same time it takes photons to leave the laser.

Because electrons are used more efficiently in the tunneling injection laser, undesirable shifts
in wavelengths of light output called “chirps” are reduced. The laser also operates at lower
threshold currents, which are less sensitive to ambient temperature, an important feature for
industrial applications. Funding for the research was provided by the Advanced Research
Projects Agency (ARPA) and the Department of Defense. M

Investigators of biological systems will now be able to witness fundamental
BIOLOGICAL [MAGHNG biological processes in living cells—including metabolism, wound healing,
DEVELOPED AT CORNELL behavior of malignant cells, and nerve communication. This breakthrough is
the result. of microscopy that shows the activity and behavior of living cells under a variety of
conditions. Processing of image data from this technique was facilitated by using the IBM SP at

the Cornell Theory center, Ithaca, N.Y.
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TECHNOLOGY NEWSLETTER

Nonlinear laser microscopy is similar to confocal microscopy in that it has an inherent optical
sectioning capability allowing the operator to look at a single plane within a specimen. However,
nonlinear laser microscopy has some additional advantages, such as minimal photo damage and
a higher signal-to-noise ratio, over nonfocal microscopy.

Walt W. Webb, a Cornell professor of applied physics, notes that the new microscope technol-
ogy uses pulsed lasers and fluorescent markers to detect and image cellular activity with
sensitivity to detect tens of individual molecules in focal volumes on the order of one femtoliter.
“We have the ability now to image dynamics of specific molecular distributions and signals in
living cells with a sensitivity and diversity that heretofore was unattainable without disruption
of life processes,” he says. “This gives us a valuable and remarkable tool for a host of biomedical
investigations.”

Image reconstruction and analysis of a good portion of these optical sections—typically 10 to
50 Mbytes of data—requires a relatively powerful computer system. In collaboration with CTC’s
Visualization Group, Webb’s laboratory has been using the IBM RS/6000 Scalable POWE Rpar-
allel Systems (SP) and other CTC computers to carry out 3D image reconstruction and quanti-
tative analysis of image data. IBM Visualization Data Explorer software running on an SP node
has become their standard system for such work. Two-photon excitation of mitochondrial NADH
molecules provides a measure of the metabolic state of cells. Three-photon excitation with red
laser light can be used to image the activity of key proteins, particularly those containing the
amino acid tryptophan, which usually absorbs only deep ultraviolet light. For more information,
call (607) 254-8686 or visit http://uncw.tc.cornell.edu/er95/media/on the World Wide Web. cum

Open Verilog International (OVI) is planning to add analog and mixed-signal
OVI GROUP EVALUATES extensions to the IEEE Verilog hardware-deseription-language (HDL) stand-
HIPSCALE RELIABILITY ard. The OVI organization already has a preliminary Verilog-Analog (Verilog-
A) standard proposal from a group subcommittee. Verilog-A is important to many high-growth
and complex design applications, such as multimedia and wireless communications. It covers the
analog semantic extensions for adding analog behavioral deseriptions to Verilog. The next
release of the proposal, scheduled for December, will be the Verilog-Mixed Signal (Verilog-MS)
standard. For more information, contact OV at (408) 858-9510 or ovi@netcom.com. L

Cadence recently opened a new design-services organization that will focus
VERILOG STAND ARD WILL exclusively on analog, mixed-signal, and RF design—all key components for
DANALOG EXTENSIONS the development of communications and multimedia produets. The facility,
located in Columbia, Md., is part of Cadence’s Design Factory network. Its 19-member design
team consists of experienced military and aerospace industry veterans with more than 160 total
years of experience in analog and mixed-signal design. The operation offers expertise in system
design and custom-IC solutions, low-power electronics, and RF electronics. Initially the team
will specialize in five critical design areas: telecommunications, networking, wireless, multime-
dia, and smart power. Already the operation has a contract for a video-graphics-accelerator 1C
from a major multimedia provider. For more information, call Cadence at (408) 943-1234 or visit
their Web page at hitp.//www.cadence.com. LM

An extensive research program has been designed to evaluate the reliability
D ESIGN SERVICE GROUP of chip-scale packages (CSPs). The program is being conducted by the Swedish

FOCUSES ON WIRELESS Institute of Production Engineering Research, Gothenburg, with assistance
from Tessera, San Jose, Calif. The research will focus on the compatibility of CSPs with
surface-mount assembly and the field reliability of the finished circuit boards. Until now, there
has been a severe lack of available experimental data on the reliability of CSP assemblies.
Tessera, which developed and markets the micro ball-grid-array (uBGA) package, will supply
test packages, experimental data acquired in its research facilities, and technical assistance. The
data Tessera will share with the Institute includes electrical, mechanical, and thermal 3D
modeling of the uBG A package, as well as results obtained using finite-element analysis studies.
For further information, contact Tessera’s Dr. Tom DiStefano at (408) 894-0700 or the Institute’s
Dr. Bill Brox at 011-46-31-706-6000. Dr. Brox can also be reached via e-mail at bh@ivf.se. DM
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When Precise Motor
Control Means
Everything

When your DC motor drive or audio

amplifier applications demand predse
control, turn to Unitrode. Our new UC3638
PWM Motor Controller performs in either
‘‘‘‘‘‘‘‘ unidirectional or bidirectional drive dirauits.
The programmable high speed triangle
osdllator and a X5 differential current
sensing amplifier provide smooth

operation to 500kHz switching frequency.

To receive free samples of the UC3638 give
us a call. We'll provide you with our new
catalog detailing Unitrode’s complete line of

motor control produdts.

The UC3638 Advantages
¢ True 4 Quadrant Modulation

¢ Single Supply Operation from
+9V to +40V

NS \\\\\(\‘\Q“a\ty

¢ Dual Supply Operation from
4.5V to +20V

¢ Programmable Osdllator
Amplitude and PWM Deadband

¢ Differential X5 Current Sense Amplifier

...in one package

4 Bidirectional Pulse-by-Pulse
Current Limiting

INTEGRATED
I I ‘ I CIRCUITS
=mm UNITRODE

TEL: (603) 429-8610

http://www.unitrode.com « FAX: (603) 424-3460
7 Continental Boulevard » Merrimack, NH 03054
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“SO,
HOW'S YOUR
GATE ARRAY

That good, huh?

Next time, youTe ready
to convert from FPGAs
to gate arrays, you might
want to give HardWire™
devices from Xilinx a try.

HardWire devices give
you all the cost bennies
of mask-programmed parts
without the down side.

You'll have no recapture
to worry about. No simu-
lations to run (and rerun).
No test development to
bother with.

And most importantly,

no time to waste hoping
your gate array conversion
turns out okay (more than
30% of them, by the way,
go wrong somewhere).

By contrast, HardWire
is a sure thing. You don't
commit to production
until youre ready. No com-
plete re-designs and no
hidden terms or conditions
(which is something these
fly-by-night gate array
conversion outfits can't
begin to offer).

What you do get are

©1996 Xilinx, Inc., 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (952) 349401: Japan, 81 (3) 2979191; Aaia, 852 (3) 7210900

fully tested HardWire
devices that are drop-in
replacements.

Guaranteed.

What's more, you keep
your internal logic intact
while preserving relative
placement, routing, and
timing. And because the

pros at Xilinx handle the
design review and the
conversion in-house, the
whole process is about as
seamless as it gets.

It's pretty fast, too.
Which means, you can be
in full HardWire produc-

tion while your competition



is still yelling, “Uncle!”

Cost is what makes
HardWire the smart choice
for even high volumes.

And since FPGAs and
HardWire parts are almost
the same, you can ramp
up or down as your volume

demands. Now try and

Com

get that kind of flexibility
from a gate array.

One final thing.
HardWire parts are
100% guaranteed. If they

aren't a drop-in replace-
ment for your FPGAs, well
bridge any production
miss with discount FPGAs

rade

until the problem Or download it today

5 Eamas " o
is fixed. i MICES \  from our Web site at

So now - \  http//www.xilinx.com

you have HardWire from Xilinx.

nothing o == Its the only conversion

lose but your worries. worth converting to.

Call 1-800-231-3386

for our ASIC Estimator i: XI I_I N X

and information packet. The Programmable Logic Company.
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Introducing

Less Power
Less Board Space

Less Components

Programmable

Multi-Mode

& Serial Interface

J

Cirmav

VipMONA

SP504 Transceivers

Measure Your Savings

20

504 Discrete 504 Discrete

PASSIVE  ACTIVE
NUMBER OF COMPONENTS

The SP504 is the newest release in the SP500 Series
family of programmable serial interface transceivers
from Sipex. Built on market experience, the SP504
includes such features as single resistor V.35 termi-
nation, programmable charge pump, and two new
modes of operation, V.36 and EIA-530A.

The SP504 supports all the popular interface stan-
dards for Wide Area Network serial ports: RS-232,
V.35, V.36, EIA-530, EIA-530A, RS-485, or RS-422.

The SP504 represents the industry’s highest level
of integration featuring eight modes of operation

504 DISCRETE

25Q.IN.

1w

1.0W

75W

504 Discrete 504 Discrete
CONSUMPTION POWER SUPPLY
POWER

85Q. IN.

BOARD SPACE

and programmable charge pump in less
than 0.5 square inches of board space.

Slllllllnns ml' A Sipex proprietary BICMOS design operates at a
M“mme |meﬂa|:e fraction of the power of a discrete approach with-
. out sacrificing speed. RS-232 drivers and receivers
nﬂllll“'ﬂmems can operate up to 120Kbps; differential drivers and

receivers can achieve 10Mbps data rates.

If Board Space, Power, or Performance
are problems with your WAN port,
the SP504 is the simple solution.

oo

Sipex Corporation, 22 Linnell Circle, Billerica, MA 01821 Tel. 508-667-8700 Fax 508-670-9001
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'SIMPLIFIED PROCESS IS USED T0 MAKE MICROMACHINED
'FET-LIKE FOUR-TERMINAL MICROSWITCHES AND MICRORELAYS

ilicon micromachin- |
Smg technology has
' been proposed to
make four-terminal mi-
crorelay devices, where
| two of the terminals are
| used for aectuation, while
| the other two are switched
(much like a conventional
relay). Such devices are
considerably smaller than
conventional relays, dissi-
pate much less power, and
can be integrated with

other devices on the same |

| silicon die. Until now, at-
| tempts at producing mi-
croelectromechanical  re-
[ lays have fallen short. De-
i vices have had limited life-
| times as well as problems
with the quality of the elec-
| trical contact.
{  Researchers at North-
| eastern University, Boston,
Mass., in collaboration with
t a consortium of automatic

|

| test-equipment (ATE) com- |

panies spearheaded by
| Analog Devices, Wilming-
| ton, Mass., have now pro-
posed an even smaller and
lower-power-dissipating
three-terminal micro-
switch; the micromechani-
cal equivalent of an FET.
As a result of their efforts,
they have successfully built
three- and four-terminal
microswitches and microre-

lays using a simple ’
four/five-mask-set process.
Work on the 30-um-wide by
65-um-long devices was
performed by North-
eastern University re-
searchers Sumit Majumder,
Greg Jenkins, and Bob |
McClelland, and professors

Paul Zavracky and Nicol

McGruer. Analog Devices’ |
Dr. Richard Payne also par-
ticipated in the project.

The microswitch has
been operated for over 10
million cycles before fail-
ure. Devices have been suc-
cessfully switched up to 5
mA. The contact resistance
is typically less than 50 mQ.
A breakdown (standoff)
voltage of more than 100 V
and an off 1mpedance of
more than 10'°Q were
achieved.

Like a FET, the mi-
croswitch consists of a |
source, gate, and drain, |
with a beam connected to
the source, hanging over ‘
the drain (Fig. 1). When a |
voltage is applied between |
the gate and source termi- | '
nals, an electrostatic field is
formed between the gate |
electrode and the beam,
pulling the beam toward
the gate and substrate and
connecting the beam with l
the drain.

e

Fig. 1

Three-terminal silicon micromachined microswitch

i tor shorts two contact elec-

Fig. 2

et a
Contactor Contact
Beam tips
Common Gate Contacts

Four-terminal silicon micromachined microrelay

I-T/I qu/I k3

II‘I II‘I £

--v IIT—/I

Fig. 3: Microphotograph of silicon die with four 3-terminal microma-

chined microswitches

A microrelay can be simi-
larly constructed with the
exception that the contact-
ing and actuating functions
must be isolated. This is |
achieved by isolating a con-
tacting bar (contactor) from
the actuating beam (Fig. 2).
When actuated, the contac-

trodes together.

The fact that the microre-
lay can be fabricated on
nearly any insulating sub-
strate makes it ideal for |
switching microstrip cir- |
cuits. Different lengths of ,
microstrip can be switched |
to create a digital phase
shifter. And, active or pas-
sive elements can be con- |
nected for a variety of func-
tions including digital im-
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pedance matching. The in-

sertion loss is low because |

of the microstrip-like con-
figuration and the low con-
tact resistance, and cros-
stalk is minimized by the
low parasitic capacitance of
the device.

According to Zavracky,
such a device potentially
has a much broader operat-
ing-temperature range
than a conventional silicon
FET making it useful for
many low- and high-tem-
perature applications. With
a sufficiently long lifetime,
it can be used for simple
electronic logic functions in
harsh environments.

Microswitches and mi-
crorelays find applications
In numerous systems re-
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Fig. 4: Microphotograph of beam structure for a silicon micromachined

microrelay

quiring the benefits of con-
ventional relays. These in-
clude very low on-resis-
tance of less than 50 mQ and
very high off-resistance of
more than 10'°Q. Microre-
lays have the obvious ad-
vantage of being signifi-
cantly smaller than conven-
tional devices, including
reed relays. This offers the
possibility of integrating
microrelays with conven-
tional electronics on the
same chip.

The devices reported by
Northeastern University
employ electrostatic actua-
tion. The energy consumed
in the process of actuating a
microrelay is proportional
to the product of the square
of the actuation voltage,
which is approximately 30
V, and the gate capacitance,

which is about 0.1 pF.

For most applications,
the power requirements of
the relay are insignificant
compared to other associ-
ated circuits. For example,
if the relay were to be oper-
ated 1000 times per second,
the power consumption
would be about 10 uW.
While the relays reported
by Northeastern Univer-
sity operate at only 150
kHz, modeling suggests
that devices operating at up
to 10 MHz are possible.

As previously men-
tioned, semiconductor cir-
cuits can be integrated with
the microrelay. Microrelays
made by Northeastern Uni-
versity occupy an area less
than pm on a side. The proe-
ess used to fabricate the de-
vice is compatible with ma-

terials used in standard
semiconductor processes.
Therefore, a wafer with
completely processed sili-
con circuits can be further
processed in order to add a
microrelay.

Unlike FETs, microre-
lays do not display charge
injection. As a result, volt-
ages can be switched be-
tween nodes of a circuit
without their values shift-
ing during the switching
process. This may provide
certain advantages in the
creation of analog switching
circuits including digital-to-
analog and analog-to-digi-
tal converters (DACs and
ADCs).

In a microrelay, the ac-
tuator is isolated from the
contactor by an electrical
insulator. The only electri-
cal coupling between the
two is through the capaci-
tance associated within in-
fringing electric fields. In
the devices reported by
Northeastern University,
the separation between the
actuator and the contact is
5 um, which renders the
problem of capacitive cou-
pling insignificant. Meas-
urements of the resistance
between the actuator and
the contactor were above
102mQ at a voltage of 200
V. These characteristics

make microrelays a poten-
tial replacement for optoi-
solators.

To make the device,
Northeastern University’s
researchers started by de-
positing thin layers of chro-
mium on gold on a glass sub-
strate. These layers are
photolithographically pat-
terned to form the source,
gate, and drain electrodes
and the bond-pad intercon-
nections. Next a sacrificial
layer is deposited and pat-
terned twice. The first pat-
terning step defines the
contact regions. The second
step defines the beam base
vias. Next, the wafer is pat-
terned to define the beams.
These beams are formed
from electroplated nickel
(Fig. 3).

For the microswitch, the
process ends by removing
the sacrificial layer and dry-
ing the device (Fig. 4). For
a microrelay, a fifth mask is
needed. An insulating layer
is deposited and patterned
such that it mechanically
connects the contactor to
the actuating beam, while
at the same time providing
electrical isolation.

For further information,
contact Paul Zavracky at
(617) 373-2919 or Richard
Payne at (617) 937-2248.

ROGER ALLAN

PLANAR VERTICAL DMOS PROCESS CUTS
POWER-MOSFET SPECIFIC ON-RESISTANCE

omination is most
apropos when de-
scribing  low-volt-

age power MOSFETS (ver-
tical DMOSFETS) in to-
day’s low-voltage power-
control arena. Low-voltage
power MOSFETS pervade
power-management  and
switching-regulator appli-
cations in both portable and
plug-in-the-wall systems,
and are finding homes in
various battery-charging
applications.

Three factors govern
power-MOSFET process
design: Cost, manufac-
turability, and the ability to
fabricate tiny discrete
FETS with the lowest possi-
ble on-resistance. That is,
the process must be low
cost (which implies high-
yield manufacturability),
and it must use the silicon
efficiently.

In addition, the process
has to provide inherently a
very low specific on-resis-

tance (Rg4s0n) at a drain-to-
source breakdown voltage
(BV4se between 20 and 60
V. And that’s while being
driven by gate-to-source
bias voltages of, or if possi-
ble, even less than 5 V.
Motorola’s Power Prod-
ucts Div., Phoenix, Ariz.,
developed a next-genera-
tion low-voltage planar
(non-trench) DMOSFET
process to meet these three
critical criteria. The new
process’ prime feature is a
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lower specific on-resis-
tance,and it’s achieved with
low-cost processing  (if
DMOSFETs aren’t manu-
facturable at low cost, per-
formance is irrelevant).
Called HDTMOSZ2, this
new-generation  process
breaks from traditional ver-
tical MOSFET strue-
tures—not by putting the
gate in a trench, but rather
through a planar, linear-
stripe design. HDTMOS2
offers improved DMOS-
FET performance as well
as manufacturability com-
pared with devices coming

off today’s HDTMOS fabri- |
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breakdownor“snap-back.” | improved in the linear-

This condition occurs when
just one of the MOSFET’s
million or so cells makes
poor contact with the
source metal. The source
metal heats up and breaks
down, and the remainder of
the cells catch the disease.
The snap-back issue is

stripe structure because
there are multiple contacts
to the same p* material.
Snap-back avoidance is fur-
ther enhanced because the
high-density process pro-
duces a greater number of
| source connections. If one

source-contact is poor, one
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| Fig.6

or more nearby contacts
handle the job.

A plot of measured spe-
cific on-resistance versus
gate-to-source bias (drive)
voltage for a specific FET
rated at 41 V illustrates
the capability of the new
process (Fig. 3). A 10-V
drive resultsin an R .on of
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just 0.4 mQ-cm? That’s
40% lower than the R .0n
of similarly rated FETs
from the previous genera-
tion of low-Ry,on HDTMOS

The solid line in the fig-
ure represents the results
of the modeling, which was
performed on a computer.
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The modeling also enabled
the process designers to de-
termine how the MOSFET
structure’s different re-
gions contributed to the
specific on-resistance (Fig.
4). In this 41-V part, the ac-
cess region and the drift re-
gion (both are parts of the
epitaxial region) represent
the major portion of the de-
vice’s on-resistance.
Motorola already charac-
terized several HDTMOS2
devices of varying die sizes
and
ratings (Fig. 5). The on-re-
sistance of three FETs
(rated at 20, 41, and 60 V)
while operating at a drain-
to-source voltage of 10 V is
plotted against active chip
area on a log-log axis.
Several new HDTMOS2
FETs were packaged and
characterized, with the re-
sults analyzed and bench-

breakdown-voltage |

TECHNOLOGY ADVANCES

marked against first-gen- |

eration HDTMOS devices.
For instance, the DPAK
MTD20N03HDL features a
mean breakdown voltage
of 43 V and a mean R4pon
of 23.5 mQ at a gate-to-
source voltage (Vgg) of 10
V and drain current of 10
A. At the same operating
points, a similarly rated
(41-V) HDTMOS2 FET
sports a mean Rgyon of a
mere 13.5 mQ. That’s just
over one-half the on-resis-
tance of present HDTMOS
devices.

As is the case with other
MOSFETS, users wind up
paying dearly for higher
breakdown voltages. That’s
because the on-resistance
increases  exponentially
with breakdown voltage
(Fig. 6).

To maintain the same on-

| resistance, therefore, the

silicon area also must in-
crease expomentially with
voltage rating. Increasing
the voltage rating of one of
these FETs by just 20 V
(from 40 to 60 V) doubles
the product of Rgeon X the
silicon area (this charac-
teristic is called the Rgeon
area product).

The die size is a direct
function of the Rys0n area
product. Thus, as MOS-
FET voltage ratings climb
(for a specific on-resis-
tance and current rating)
so does the cost, directly
reflecting the required
rise in the die size.

Like its predecessor, the
HDTMOS2Z process is port-
able (it can be transferred
from one fabrication facility
to another). It is also

CMOS-compatible, further |

easing fabrication require-
ments. That is, the new

l

HDTMOS2 FETs can be
manufactured on any one of
Motorola’s many conven-
tional VLSI CMOS fabrica-
tion facilities around the
world.

Old DRAM fabrication
facilities make
power MOS facilities.
Moreover, because the
HDTMOS2 process and
the new device structure
are relatively simple, it is
easy to add process mod-
ules on it (e.g., CMOS) to
create higher levels of in-
tegration, such as electro-
static-discharge  (ESD)
protection and/or CMOS
control circuitry.

For more information
about the Motorola
HDTMOS2 process, con-
tact Chris Gass at Mo-
torola’s Power Products
Div. at (602) 244-4935.

FRANK GOODENOUGH

POWERED

BY

MOTOROLA.

The best way to recreate a movie theater experience at home isn't just with popoomn. It's with sound. And Onkyo’s 50 years of designing the finest

home 'ntm.unnx-m components enables them to deliver great theater sound. The Onkyo ED-901 Decoder and TX-SV828 A/V receiver, along with Motorola’s

24-Bit DSP56004 and DSP56009 digital signal processors, assure you a THX, Dolby Pro Logic’and Dolby Digyal AC-3"surround sound performance unlike any other. So get the

popcom ready, crank up the volume, and enjoy the show. From home theater audio systems to stored-value cards, Motorola powers innovative solutions that enable your success.

Visit us at http: // www.motorola-powered.com/ or call 1-800-521-6274 (Ref. #696).
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'INNOVATIVE ARRAY ARCHITECTURE MAKES
'SOLAR ILLUMINATION MONITORING POSSIBLE

i olar-powered gener- | pendently of the incidence |
ators, which find use
|

in climate-control
equipment among other ap-
: plications, rely heavily on
‘solar illumination sensors
| for optimum effectiveness.
These sensors are charac-
terized by their ability to

measure quantitatively the |

intensity and direction of an
incident light source.

In recent years, these
sensor devices have been

based on a discrete diode |

design that allows for the
transmission of signals con-
taining location and inten-
sity information.
However, such sensors
can’t achieve high angular
I selectivity or measure
| light intensity  inde-

angle. As a result, sensor
data must be externally
processed to yield the nec-
essary angular and inten-
sity information.

To fill that void, re-
searchers from CSEM SA,
Neuchatel, Switzerland,
developed a method to
eliminate the need for ex-
ternal processing, as well '
as make it easier to inte- '
grate the sensor in a sys-
tem. CSEM’s two-part so-
lution involves a novel
analog chip and a dedi-
cated optical front-end.
This makes possible the
acquisition of azimuth, ele-
vation, and intensity of
sunlight as three continu-
ous independent signals.

The analog chip, which
is fabricated using a 2-pm,
2-layer metal CMOS proc-
ess, has a die size of 5.5 by
5.5 mmZ. The chip contains

an array of 1365 photosen- |

sitive cells, each measur-
ing 95 by 82.5 pm?.
The cell array is struc-

tured as a hexagon, where |

the cells are intercon-
nected according to a polar
reference frame. This

frame-of-reference choice |

makes it possible to reduce
a two-dimensional center-
of-gravity computation to
two one-dimensional cen-
ter-of-gravity computa-
tions, while at the same
time maintaining the same
coordinate system.

The individual cells in |

the hexagonal intercon-
nection network are con-
nected to two network |
lines. One line defines the
radial position and the
other line defines the an-
gular position.

Each cell is responsible
for converting incident |
light on the photodiode into
electrical current, compen-
sating for optical losses and
consequently carrying out a
series of computations. This
occurs when a cell is acti-
vated so that its illumina-
tion intensity is sufficiently |
larger than the averageillu-
mination intensity received
by all the cells at a given
instant in time.

As a result, this design
requires the presence of a
sun spot for the cells to be
activated. That’s because
in its absence, the distri-
bution of illumination on




the network matrix would
be relatively uniform and
no single cell would re-
ceive enough illumination
to be activated.

Once activated, though,
the cell injects a current
onto its two position lines,
providing data that can be
used to compute azimuth,
elevation, and illumination
intensity.

The second half of the
solar-illumination moni-
toring device is the optical
system. This system is
composed of a diaphragm
that sets the diameter of
the sun spot and a hemi-
spherical lens where the
spherical part faces the
cell array.

The system gives a rela-
tively constant spot di-
ameter, expressed in polar
coordinates, for any sun
elevation. The position of

TECHNOLOGY ADVANCES

the light spot on the chip
has an angular coordinate
that’s equal to the azimuth
and a radial coordinate
that’s proportional to sun
elevation.

During operation of the
solar-illumination monitor,
a sun spot is projected
onto the cell array from
the optical system where
it’s been concentrated and
refracted. When the sun
spot hits the optical sys-
tem, 15 of the 1365 cells are
activated.

This number of cells was
chosen to ensure that there
is a continuous output sig-
nal with high precision,
since the average effect on
more than one cell de-
creases the sensitivity of
the device to mismatch er-
ror when compared to that
of only one cell.

In addition, if one or more

of the cells in the matrix
are defective, the output
signal won’t be impacted
significantly.

The current distribution
that’s generated by the ac-
tive cells is used to com-
pute the exact position of
the sun spot. The intensity
of the solar illumination is
obtained by summing all of
the photocurrents that are
produced by the active
cells.

Each individual -cell’s
photocurrent is weighted
before summing it with
those photocurrents of
other cells. The azimuth
and elevation then can be
deduced from the light-
spot’s center-of-gravity
computations.

One interesting feature
of the solar-illumination
monitor is its ability to not
only detect the presence of

a sun spot, but to also point
out when the sun isn’t vis-
ible. This feat is accom-
plished by checking if the
number of active cells and
the illumination intensity
level are larger than a
fixed threshold.

The solar-illumination
monitor device operates
from a 5-V power supply
with a less than 1-ms re-
sponse time to illumina-
tion onset. The system
boasts an azimuth range of
~120° to +120° and an ele-
vation range of 5° (hori-
zon) to 90° (zenith). Its il-
lumination intensity is 100
to 1300 W/mZ.

For further information
about CSEM’s solar illumi-
nation monitor system,
telephone CSEM SA at +41
38 205 111 or fax at +41 38
205 770.

CHERYL AJLUNI
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SINGLE POWER-SUPPLY

BECAUSE YOU HAV
BETTER THINGS TO DO.

When you want to create revolutionary products, you

need innovative components. That’'s why we created

2.7 volt-only flash memory. Requiring only a single

power supply, it also features low power consumption,

high speed and an extended operating range from

2.7V-3.6V. Use it for today’'s portable, battery-powered

applications and tomorrow’s hand-held products like

digital cameras, digital voice recorders, multimedia PDAs,

or wherever else your imagination takes you. Call us

today and we’'ll send you a detailed information pack.

1-800-222-9323 Internet: http://www.amd.com

AMD’s 5.0 volt-only
and 2.7 volt-only
Flash families give
you an extensive
range of flash

memory options

The Sensu PDA
from Design Edge
features a collapsible
thin-film color display.
audio and video
compression, a
wireless modem,
and CCD camera
It’'s not available
today, but AMD's
2.7 volt-only Flash

technology is

AMDA
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‘ “Compared with a con-
ventional DMOS device,
where the gate is formed
by a surface deposition of
polysilicon, that reduces
the current path through
the transistor’s channel by
about one-half,” he says.
With conventional DMOS
structures, there is a sig-
nificant horizontal compo-
nent in the conduction
path before the gate field
takes effect and directs
the channel current flow
vertically through the sili-
con bulk material to the
drain (Fig. 2). The effect of
the trench structure is to
eliminate this horizontal
conduction component.
Hodgskiss estimates that
the horizontal and vertical
paths in a standard DMOS
device are each about 8 um
long.

By eliminating the hori-
‘ zontal path together with
increasing the cell density,
the specific resistance of
the transistor’s channel is
reduced by about 50%.
Hodgskiss adds that an-
other by-product of the
structure is that it reduces
what he calls the “JFET”
effect, which puts a fur-
ther restriction on current
flow through the channel
in conventional planar
gate transistors.

Hodgskiss points out that
simply reducing the physi-
cal thickness of the silicon is
not an option for transistors

TECHNOLOGY ADVANCES

that have to withstand ap-
plied voltages up to 55 V
specified by automobile
equipment-makers.

As well as reducing the
channel current path,
etching of the trench di-
vides the transistor into a
series of small cells, each
of which generates its own
channel through the verti-
cal bulk of the silicon.
Since these channels are in
parallel, the total resis-
tance is lower than for
each individual cell.

Hodgskiss admits that
other companies have
adopted the cellular ap-
proach to keep power tran-
sistor on-resistance as low
as possible, and he is aware
that others are experiment-
ing with the trench process.
He claims, however, that
Philips has taken a different
approach in making the
cellsinits TrenchMOS proc-
ess hexagonal rather than
square (Fig. 3). That re-
duces unwanted field ef-
fects caused by sharp cor-
ners, Hodgskiss asserts. It
also allows Philips to get a
bettet ratio of active tonon-
active silicon area—effec-
tively a greater gross chan-
nel cross-section for a given
die size.

According to Alun Price,
Power MOS product man-
ager, during the present
process, TrenchMOS cells
can be made down to 11 um
pitches, although he ex-

N+

N

xide

Polysilicon
gate

Fig. 1

~ TrenchMOS cell structure

Conventional DMOS structure

pects this to be reduced to 9
um by year’s end.

For transistors with a
cell pitch of 11 um, the end
result is a drain-to-source
on-resistance (Rggon)) of
125 mQ/mm?, Price claims.
That compares with 270
mQ/mm? for Philips’ con-
ventional DMOS process.
He adds that moving to a
9-um cell pitch will reduce
Rgglon) still further to
around 110 m€/mm?>.

One effect of achieving a
relatively low specific re-
sistance through the sili-
con is that it places empha-
sis on resistance that’s ex-
ternal to the bulk silicon—
such as the source metalli-
zation layer and packag-
ing—which now repre-
sents a greater proportion
of total device resistance.
Hodgskiss says that the
resistance of the source
metal has been reduced by
increasing the thickness of
the final aluminum deposi-
tion, while packaging re-
sistance has been held low
by using thicker bonding
wires—350 um in diame-
ter rather than 250 um in-
diameter—and by using
three wires instead of two
wires. That shaves 1 mQ
off the total. Attention
also has been paid to the
methods used to attach the
die to the drain contact.

The net result is more
flexibility in transistor de-
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sign compared with the
older DMOS process. Price
says that with TrenchMOS,
Philips now has the option
of producing transistors
with a smaller die size for
the same power-handling
capability, or reduced
power dissipation for a de-
vice with the same die size.
Price claims that designers
can use either approach and
gain significant reductions
in systems and piece-part
costs.

“For example, a lower-
power dissipation for the
same-sized packaged may
mean that a designer may
be able to use only one
power transistor rather
thantwo in parallel todrive,
say an automatic braking
system pump,”, says Price,
“while the second approach,
using a smaller die for a
given power rating means
we can use a package out-
line suitable for surface
mounting and for handling
by automatic pick-and-
place machines, saving
board area and manufactur-
ing costs.”

Price adds, “The targets
we set for a transistor rated
at 55 V and packaged in a
standard TO220AB
(SOT87) outline include a
total on-resistance of 8 mQ.
The best we could get with
the DMOS process was 20
mQ. At 50 A, Ohm’s Law
says that those 12 mQ saved
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OVERTURE°LM1971 SINGLE-
CHANNEL AUDIO ATTENUATOR.
0.0008% THD PERFORMANCE
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Part Supply SNR THD Separation Package
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If you're in the market for a digital single-channel
audio attenuator, there are three reasons the IM1971
from National’s Overture family is your only choice.

One. The LMI971 offers the best (by a wide
margin) audio performance in its class — 115dB
dynamic range, typical THD of 0.0008%, and 1dB
click-free attenuation steps.

Two. You can take it on the road. It comes in a
SO-8 package that will fit into most any
12\

compuct

portable application. It runs on a 45V 10
supply range and burns a miserly 3maA.

Three. t's easy to use. It features a simple and
versatile 3-wire control interface and it requires
minimal external components.

The LM1971. Superb audio that'll go anywhere
FREE INFO KIT—FAST.

Send or fax the National Info Card in

this magazine, or access our web site M1g

In .
at_http://www.national.com/see/ o Kir
IM/IM1971.html for free datasheets,
a selection guide, and application support.

Or call us today at 1-800-272-9959 Ext. 606.

2-15; in Japan, call 81-43 299-23(¢

In Europe, fax us at +49 (0) 180-5-12
in Southeast Asia, call 852-2737-1641)
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Fig. 3a: Trenches formed in silicon

mean 30 W that doesnt
have to be dissipated.” He
adds, “In more repre-
sentative  terms, the
TrenchMOS process means
that we expect to be able to
get a similar performance
from a transistor packaged
in a SOT223 surface-mount
package.”

A comparison between a
typical standard power
MOS transistor from
Philips’ current catalog and
prototype TrenchMOS de-
vices reveals the practical
performance gains. Price
says that reveals that
TO220 transistors with a
die size of 20.5 mm? showed
a typical on-resistance at
25°C of 22 mQ for the

DMOS device and 12 mQ for
the TrenchMOS transistor.
That means an increased
maximum current rating
from 42 to 52 A. In the case
of a TrenchMOS transistor
with the same on-resistance
and maximum current rat-
ing, die size can then be re-
duced to 13.5 mm®, implying
much reduced manufactur-
ing cost.

Space saved by the proc-
ess also brings another ad-
vantage, leaving room for
the incorporation of Zener
diodes to provide ESD pro-
tection for the gate elec-
trode. Price says that ESD
gate protection will be in-
corporated into all devices
made with the TrenchMOS

Fig. 4: TrenchMOS power transistor in SOT223 (left) and SOT404 (right)
ELECTRONIC DESIGN/JULY 8, 1996

Fig. 3b: Trench before filling with polysilicon

process, providing protec-
tion against over-voltages
of up to 2 kV.

In the longer term, the
new process will impact

Philips’ range of smart-
power devices—Philips
brands these “TOP-

FETS”—as well as discrete
transistors, Price says. He
indicates that for a typical
TOP-FET device, the chip
area is divided roughly
equally between logic cir-
cuits and the power transis-
tors they control.

“We now plan toshrink the
geometries of the logic, using
1- or 0.8-um processes that
we have for the Trench FET
process, and use trench to
shrink the area of the power
device. So overall, we can
shrink the size of TOP-FET
devices and reduce the cost
toalevel that the automotive '
industry is prepared to pay
for relay replacement,” Price
comments.

Transistors made with
the TrenchMOS process |
are scheduled for sam-
pling in the third quarter,
with commercial produe-
tion starting in the fourth
quarter. In addition to
standard TO220 pack-
ages, a new package out-
line will be introduced for
some of the new devices.
Price designates this the
S0T428, which he de-
scribes as a “D-Pack”
that in size falls between
the SOT223 and the
SOT404 surface-mount

packages. Philips has al-
readymadeavailableinthe
first quarter of this year
the BUK7840-55, a 10-V
40-mQ transistor in an

SOT223 surface-mount
package (Fig. 4, top).
Philips also plans to

launch in the 4th quarter
the BUK7608-55, a 10-V
8-mQ transistor in an
SOT404 surface-mount
package (Fig. 4, bottom).

Price says that at the out-
set, arange of 12 55-V-rated
transistors will be intro-
duced to the market with
on-resistance ranges of 8,
14, and 18 mQ, with two
gate voltage ratings of 10 V
(for general-purpose auto-
motive applications) and 5
V (for use in logie circuits),
and in two package styles,
the TO220AB (SOT78) and
the SOT404.

In addition, two devices,
one with a 10-V gate volt-
age and one with a 5-V gate
voltage, will be offered in
SO0T223 subminiature sur-
face-mount packages.
These will be rated at 40
mS2 of on-resistance. Prices
have yet to be finalized.

For more information,
contact Alun Price at
Philips  Semiconductors
Ltd., Bramhall Moor Lane,
Hazel Grove, Stockport,
Cheshire SK7 5BJ Eng-
land. Telephone +44 (0) 161
4830011; Fax +44 (0)161 483
0352.; e-mail ukzajpr@
nlevdpsb.snads.philips.nl

PETER FLETCHER
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OUR FAMILY OF LOW POWER
COMPARATORS OFFER RAIL-TO-RAIL
INPUTS AND A VARIETY OF OPTIONS TO
SATISFY ANY PORTABLE DESIGN NEED.

parrnumser | LMC6762 | LMC6772 | LMC7211 | LMC7221 |
COMPARATORS| 2 2 ! 1
VCC+.2V- VCC+.2V- VCC+.2V- VCC+.2V-
INPUT GND-2V | GND-2V | GND-2v | GND-2v
OUTPUT PushPull |OpenDrain | PushPull | OpenDrain
VorRkYe | 2718V | 2718V | 2748V | 2.7-18V
IsuppLy 120A | 12pA | 7pA TuA
S0IC, DIP S0IC, DIP
PACKAGE SOIC, DIP | SOIC, DIP SO0T23-5 S0T23-5

Whatever you're looking for in low power comparators,
you'll find it at National. And only at National.

Take, for instance, our LMC6772. It’s the industry’s
only dual low power comparator with rail-to-rail inputs.
It operates from 2.7V to 15V, draws only 6pA per com-
parator and features open drain outputs across the
entire voltage range which makes it perfect for mixed
voltage systems. The LMC6762 offers the same specs
with standard push-pull outputs. Both devices are avail-
able in SO-8s and 8-pin DIPs.

If you need singles instead of duals, we have those,
too. The LIMC7221 operates from 2.7V to 15V, draws
only 7pA and delivers rail-to-rail inputs and open drain
outputs to 15V. while the LMC7211 differs only in its
push-pull outputs. Both are available in SOT-23
TinyPaks, SO-8s and 8-pin DIPs,

So when vyoure looking for low power

comparators, there’s only one place to look. At National.

FREE SAMPLES—FAST

Send or fax the National Info Card in
this magazine, or access our web site at |8 S
http://www.national.com/see/LM/ | w’@
IMC6762_6772.html for free datasheets,
free samples, and application support.
Or call us today at 1-800-272-9959 Ext 606.

SignalShaping
Technologies

National
Semiconductor®

Moving and shaping the future.




In times of rapid change,
your system has to run fast.

- / -
J 3 -
/ ' ~ 2 ;
‘ R "m.o‘_____ { -“’ ,/"‘
-\ - .
[} +
& N N .
» -
. - ,M
. - e .
‘ o L -
v -
‘/ : $ -\ - \\‘q
~ 4 1 t‘\.
N

For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. Germany Tel:0211-650302.Fax:0211-6503490.
The Netherlands Tel:040-445-845.Fax:040-444-580. Sweden Tel:08-638-0820.Fax:08-638-0388. France Tel:1-3067-5800.Fax:1-3067-5899.
Spain Tel:1-504-2787.Fax:1-504-2860. Haly Tel:02-667541.Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290.

Hong Kong Tel:2886-9318.Fax:2886-9022. Taiwan Tel:02-719-2377.Fax:02-719-5951. Korea Tel:02-551-0450.Fax:02-551-0451
Singapore Tel:253-8311.Fax:250-3583. Australia Tel:03-8878012.Fax:03-8878014. Japan Tel:03-3454-1111.Fax:03-3798-6059.




All tradema ks are propesty of thenr resoective holders

READER SERVICE 162

Boost performance with
our comprehensive line of
high-speed DRAMs

I t's tough to design for tomorrow
in an era of accelerating change.
But no matter how trends and
technologies may vary, there’s one
constant you can count on: the re-
lentless need for speed, especially
in high-end systems. Such as
engineering workstations, multi-
parallel-processor systems, ATM
switches, PCs, graphics and games.
To boost the performance of
your high-end system, NEC offers
a new generation of high-speed
DRAMs. Our comprehensive lineup
matches individual application needs
with optimum price/performance
solutions.
JEDO DRAMs: 4M, 16M, 64M
0 Synchronous DRAMs: 16M, 64M
{J Synchronous Graphics RAMs: 8M
[ Rambus™ DRAMs: 8M, 16M, 18M

Designer-friendly DRAMs

As DRAM speeds increase, design-
ers must devote special attention to
noise and timing. You can depend
on NEC for full support and in-
depth experience. We also have
the capacity to assure stable DRAM
supplies. We've become a world
leader in memories because of

our unwavering commitment to
customers and quality. For more
information, contact NEC today.

NEC
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TECHNOLOGY ANALYSIS

Machine Vision Moves
Into The Mainstream

Higher-Speed, Higher-Resolution, And Advanced Intelligence
Join With Performance Standards to Propel
Cameras Into The 21st Century.

CHERYL AJLUNI

movement toward standards for video cameras, coupled
with performance improvements for cameras, is pushing
machine vision into the mainstream. No longer is the cam-
era only an item for consumer use; it also is an indispensa-
ble system helping to satisfy a wide variety of imaging
needs. Traditionally relegated to the role of a tool, the cam-
era is now evolving to a level of instrument-grade perform-
ance. A set of camera performance standards from the American National
Standards Institute (ANSI) and the International Standards Organization
(ISO) are forthcoming that will define the camera as an imaging device that
promises to influence not only the way an engineer collects information, but
the quality of that information as well.

In the past, cameras served a singular function as a tool that captures a
picture. These devices were readily available and often inexpensive enough
that when broken, they could simply be discarded. Yet, as the vision industry
changes, so does this stereotype of the camera.

Today, cameras are everywhere. There are different types of cameras at
different price levels. They are appealing to consumers and engineers alike,
and for some of the same reasons. No longer do end users, especially engineers,
want or need a camera that just takes a picture. They’re now concerned with
getting a quality picture that can be easily manipulated to provide additional
information. In effect, the camera is moving toward being used as an actual
instrument rather than simply as an enabling tool for capturing an image.

With the growing trend toward higher-speed and higher-resolution devices
and the advent of new technologies, the time is right for such a transformation.
For example, sensor technology, often employed in cameras, has matured
enough to effectively increase camera

-

Kodak Megaplus
camera

Image stmge
Remote panel
seftware

performance. IC technology has made a
previously complicated device cheaper
and easier to fabricate

‘ Standards have been in place since
the dawn of the camera in one form or

PERFORMANCE STANDARDS

Printer were borrowed from industry. The

Networking broadeast industry, for example, lent its

Image-processing techniques to verify individual charac-
teristies, such as resolution—as re-

Comput .
'm 3 \Vﬂmanﬂm another. Some were simply company-
] specific methodologies, while others

ported in the number of TV lines em-

1. HIGH-PERFORMANCE MACHINE VISION is possible with the Kedak  ployed. Other characteristics of the

ES 1.0 Megaplus CCD camera system. Its flexibility allows it to be used in 8 number of camera, such as noise ratio, can be
applications. The remote-control panel is available from Kodak in a PC version, or in checked by an engineer through the

Macintosh or Sun versions from third-party vendors.

performance of generally accepted
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VIDEO-CAMERA TECHNOLOGY

up-and-coming camera designs must

neer's ability to properly image fast

be radiometrically and spatially accu- | moving objects. Another limitation is

rate devices so thev can effectively
measure things. instead of just taking
a picture. In addition, cameras must
exhibit a marked increase in resolu-
tion and speed to keep up with the
continually more complex applica-
tions in which they are used.

In the past, most cameras were
used for surveillance and broadeast-
ing type applications, neither of which
was dependent on the type of display
that was used. These cameras were
designed to an RS-170 standard to in-
terface with black-and-white TVsat a
fixed speed. This standard, however,
has become too inflexible and restric-
tive to engineers using cameras in ma-
chine vision applications. For exam-
ple, the fixed speed limits the engi-

Camera performance measurement
Responsivity

Minimum illumination/irradiance
Minimum luminous/radiant exposure

Spectral responsivity

Equivalent ISO speed

Dynamic range

Luminous signal/noise ratio

Dark-field nonuniformity

Photoresponse nonuniformity

Gamma ratio

Nonlinearity

Limiting resolution

the camera’s signal output.

|
|

a fixed frame rate of 30 frames/s, fixed
resolutions of 510 by 492 and 768 by
494 pixels, non-square pixels with an
aspect ratio of 4:3. low fill factors
which equates to a lower full-well ca-
pacity and increased aliasing, small
pixels with a low dynamic range, an
interlaced frame of two fields of odd
and even with a 16-ms delay between
fields, and predominantly analog out-
puts. Most engineers want cameras
that produce digital outputs, faster
framing, higher resolution, and better
image quality to meet the needs of
more demanding algorithms.

As a result, a megaresolution CCD
camera has been developed by East-
man Kodak that has (at least) a 1-mil-
lion-pixel sensor array. The Megaplus

TV CAMERA STANDARDS

Units

Volts/watt/em?/second

Watts/cm?/second

Volts/watt/cm?/second

Lux-seconds or lux with a known exposure time

dBs

dBs

%RMS (root-mean-square)

Yeintegral

B

£ Cycles/mm

GTF (gamma-transfer function)—a rwo-d;mens:onal discrete funcnon descnb/ng the relar/onshlp berween a camera’s mean signal output and the
illuminance/irradiance or luminous/radiant energy projected into the camera. MTF (modulation transfer function)—a two-dimensional discrete function
describing the relationship between the frequency of a sine-wave pattern projected into the camera and the %modulation of the camera’s signal output. PTF
(photon transfer function)—a two-dimenstional discrete function describing the relationship between the mean and the variance of the random component of

| illuminationirradiance (dy/dx of GTF).

|An adaption of the saturation-based equivalent ISO

,
A ratio based on values computed from the Y- and

of the PTF.
' The ratio between the standard deviation of the

| X-axis coordinate on the PTF. The nonuniformity is

' logarithmic, or other vendor-specified function.

CCD model ES 1.0 can capture 30 im-
ages per second using a specially-devel-
oped digital imaging technology, with a
spatial frequency of over 1 million pixels
(Fig. 1). The technology calls on an elec-
tronic imager to digitally capture an
image. Designed to be integrated into
an image-processing system, the cam-
‘ era allows for precise and convenient
computer control of image exposure
and capture timing. An accumulation
mode significantly reduces the sensors’
dark current, making the images ideal
for computer enhancement, manipula-
l tion, and analysis.

At the heart of the monochrome cam-
era is a CCD interline-transfer-archi-
| tecture sensor which has an array of

1008 (horizontal) by 1018 (vertical) pix-

els with a progressive-scan readout Sys-
l tem. Each pixel measures 9 pm on

Definition
Derivative of the GTF with respect to

The illumination or irradiance level required to
produce a mean video level output equal to the
RMS random noise in > in complete darkness.

A two-dimensional discrete function describing the |
relationship between a camera’s responsivity and
the spectral band of lrradlance

speed standard. Computed using the measured
GTF and responsivity-—78/Hsa, where Hsa equals
the focal-plane expsoure for maximum valid
camera output.

A ratio based on va|ues computed from two selec!
X-axis coordlnates on the PTF curve.

X-axis values from a select X-axis coordinate on
the PTF curve.

The ratio between the standard dewatuon ol the
nonuniformity at a select X-axis coordinate of the
PTF and the X-axis value of a second X-axis
coordinate. The nonuniformity is an additional
measurement result extracted during measurement

nonuniformity and the X-axis value at a select

an additional measurement result extracted during
measurement of the PTF. ‘

The slope of the best-fit line to a log-transformed
GTF for a specified range of X-axis values.

The quantitative measure of departure from the
device's theoretical GTF, which may be linear,

%integral equals the ratio between the sum of all
Y-axis departures on the transtormed GTF and the
X~axis value at a select X-axis coordinate.

A select X- ax|s coordlnate value of the MTF.
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Finally,’
3-V'Op Amps That Don’t
Hide Their True* *Specs.

3-V Amplifier Families With Guaranteed Performance

Tired of squinting at fine print only to find op
amp performance exceptions? Analog Devices
now offers six single supply amplifier families

designed to deliver exceptional performance at
3 volts, guaranteed.

OP484 should meet your requirements. Each
provides accuracy, speed and low noise, with
bandwidths in excess of 3 MHz and offsets of
only 50 pV.

Free Sample Kit

Op Amp
Best Speed/Power (Dual) Description [ppwrsll To prove that our
Ratio : 3-volt op amps have
Our new OP191, OP291 | 500 pV Ve, 3 MHz, 480 pA - 1696 | nothing to hide, we’ve

OP291 and OP491 OP283 | 1 mV Vg, 5 MHz

1675 assembled a conve-

(single, dual and
quad) are single sup-

OP284 | 50 WV Vog, 3 MHz, 3.9nV/VHz | 1871

nient sample kit so
you can try one mem-

ply, rail-to-rail input | OP293 | 100 pV Vg, 20 pA at 2-V Supply | 1856

ber of five different

and output amplifiers | AD822 | 12 pA, 16 nV/VHz, JFET Op Amp| 1406

families. To order

that operate from
2.7 Vto 12 V and deliver

3 MHz bandwidth from only 200 pA supply
current. Specifications for these and most
other 3-V op amps are guaranteed over the
-40° C to +125° C temperature range.

Best Accuracy At Micro Power

For high accuracy at very low supply currents,
the OP193 family offers the industry’s highest
accuracy micro power amplifiers. Offset volt-
age is a guaranteed 75 pV in both DIP and SO
from 2 volts to =15 volts, with this level of
performance supplied at a mere 25 pA.

OP27 Goes Rail-to-Rail

If you need OP27 specifications combined with

rail-to-rail performance, our OP284 and

your free kit, simply
call the number shown below. Or you may fax
your request to 617-821-4273.

For data sheet informa-
tion, dial AnalogFax™
and enter the
appropriate
Faxcode when
requested.

For a free sample I::t céll

1-800-ANALOGD (262-5643)t
For data sheets, dial AnalogFax™
at 1-800-446-6212.

+,¢,1,2,** Our 3-V Op Amps Really Perform At
3 Volts. GUARANTEED.

ANALOG
DEVICES

Analog. Digital. Solutions.

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106.
Distribution, offices and application support available worldwide.

1 Outside U.S., please call 617-461-3392.
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VIDEO-CAMERA TECHNOLOGY

9-um centers with a 60% fill factor using |
a microlens. The camera outputs 8-bit
digital images with 256 levels of gray.
Integral to the camera’s design is the
inclusion of internal image-enhance-
ment circuitry which guarantees the
uniformity of the captured image.

That feature is important to engi-
neers working on demanding applica-
tions with stringent uniformity re-
quirements for data-analysis pur-
poses. The camera includes a built-in
electronic shutter, which is vital in as-
suring its performance level when im-
aging fast-moving objects, and is char-
acterized by an exposure times as
short as 100 us. A special triggered
double-exposure mode is also avail-
able, capturing two images separated
by a user-controlled delay ranging
from 1 to 400 us. The camera offers
single- and continuous-frame modes,
giving the engineer greater flexibility
in system applications.

Other features include dual 20-MHz
channels with proprietary balancing
circuitry for output, gain control of 0,
6, and 12 dB, multi-camera synchroni-
zation, a spectral response in the vis-
ible region (high) and near-infrared
(low), and full computer control via
serial, RS232 or RS422 connectors.
The camera also has digital cabling, a
remote-control panel, and an optional
clear or infrared filter.

Another example of an intelligent
camera is one that EG&G Reticon, Sun-
nyvale, Calif., developed. Its digital line-
scan camera incorporates a number of
key features which include an on-board
processor, digital architecture and a
pinned photodiode detector which has a
good blue-light response and can read
out at over 40 MHz. The processor, the
Intel 80C51, sets all of the required volt-
ages in the camera, monitors its health,
sets the user configuration, and commu-
nicates with the outside world via an
RS-232 port at 9600 baud. Running on
its own oscillator, the processor’s baud
rate is independent of the line rate and
the clock rate.

The camera’s digital architecture
enables it to perform functions which
have traditionally been handled in the
analog domain, and eliminates many
inadequacies associated with earlier
analog cameras. For example, chan-
nel-to-channel balancing of a multi-tap
sensor has always been a challenging

problem. But since the digital archi-

tecture utilizes the complete signal
path in any real-time corrections (by
the inclusion of a microprocessor and
a digital feedback loop), the probiem
is virtually eliminated. The micro-
processor and feedback path also al-
low the gainand offset variables tobe
adjusted in the analog domain, based
onactualvideodata. And,becausethe
algorithmsstoredinthemicroproces-
sor are more advanced than the sim-
pleanalogloopstheyreplace,thecam-
eraoffershigher performance.
Integral to the camera’s designis a
dedicated analog front end which util-
izes many of the traditional ap-
proaches of a video chain (Fig. 2).
During its operation, the two out-
puts from the sensor are buffered,
ac-coupled, and line-clamped to
ground to set the dc level. Each of
the stable dc-video signals are then
fed into separate selectable gain
stages. The output from each stage
is then passed to the offset control
and into a 10-bit analog-to-digital
converter (ADC) stage. Digital
data from the camera is output via
RS-422 drivers in either a two- or
single-channel multiplexed, ras-
ter-order format. The algorithms
in the microprocessor make the
gain and offset variable adjust-
ments based on the video data at
the output of the camera.
According to Reticon researchers
Mark Kelley and Chris Raanes, “The
advantage of the processor and RS-
232 serial port is the ability to per-
form noninvasive adjustments to in-
ternal settings. Most operating bi-
ases are set via digital-to-analog
converters (DACs) that can be ac-
cessed over the RS-232 control line.
Among the accessible variables are
a 1x and a 2x analog gain switch, a
global-offset level, channel balanc-
ing offsets, and an analog gain value
per tap. The on-board processor has
flash memory to store a user-defined
configuration. Once the user has
programmed the camera to the de-
sired setting, the RS-232 cable can
be permanently disconnected.”
Special features of the device in-
clude the ability to background sub-
tract in the analog domain, using the
RS-232 control to adjust the global
offset variable, and the ability to con-
trol the operating conditions of the
camera based on actual processed

ELECTRONIC DESIGN/JULY 8, 1996

camera data. In the latter case, the
engineer can override the camera’s in-
ternal balance algorithms, putting in
its place code which has been written
on the image processor and fed back
into the camera circuitry.

EG&G Reticon’s digital line-scan |

4096-element LD2040 is the first in a
planned family of cameras. Further
development of the digital line-scan
technology will focus on the achieve-
ment of resolutions from 512 pixels to
8000 pixels and higher, and pixel rates
to 40 MHz per tap and above.
DALSA Inec., Ontario, Canada, also
is developing advanced camera and
image capturing technology for the
future. The company offers a variable-
scan technology format employed in a
number of its camera designs that are
specifically designed for machine vi-
sion and imaging applications. It has
square pixels with a 1:1 aspect ratio,
sensors with a 100% fill factor, con-
tinuous scanning so that no image in-
formation is lost, and is flexible over a
wide range of speed frame/line rates.
Dalsa believes that cameras that
use a variable-scan format can be
“ideal” devices that offer increased
flexibility of design, and multiple taps
for increased throughput. Such cam-
eras would effectively offer a 100% fill
factor that reduces aliasing, square
pixels with isotropic image trans-
forms, 8-, 10-, and 12-bit digital out-
puts, higher resolutions, superior
noise performance, larger pixels

which translate into a higher dynamie ’

range, higher speeds of up to 50-MHz
data rates, faster frame rates of 60+
frames/s for 512-by-512-pixel and
lower formats and 30+ frames/s for
1024-by-1024-pixel and higher for-
mats, and single outputs for a simpler
interface. The aforementioned compa-
nies are just a few of the many camera
manufacturers working on improving
machine-vision technology. Together
with improved standards, cameras of

the future will evolve from being a |

basic tool to a workable instrument-
grade type device. [

Cheryl Ajluni’s e-mail address is:
cjajluni@class.org.

How VALUABLE? CIRCLE
HIGHLY 537
MODERATELY 538
SLIGHTLY 539




199G Hewlett Packard Co. TMLWOGZOED

HOoOw QUICKLY YOU SOLVE

PATTERN-DEPENDENT PROBLEMS

ALL DEPENDS ON HOW

Let’s get one thing perfectly clear.

Only HP’s digital communication test equip-
ment has Eyeline mode, which gives you a
unique capability of viewing pattern-depen-
dent effects. It also complements HP’s high-
speed BERT error location analysis feature,
to give you the ability to determine where
errors have occurred in your pattern.

Together, HP’s high-speed BERT and digital
communications analyzer allow you to quick-
ly and accurately characterize and debug

your designs with built-in measurements
like: Jitter, Extinction Ratio, Rise Time, and
Eye Height.

And, HP’s high-speed BERT and digital com-
munications analyzer are designed to work
together so you won't have to patch together
multiple pieces from different vendors, then
hope and pray that they’'ll work together.

There is a better way.

*In Canada calt 1-800-276-8681, Dept 285,

READER SERVICE 100

If this looks like
the clear choice for
you, give us a call
at 1-800-452-4844%
Ext. 1860 for more
information.

And stop rubbing
your eyes.

HEWLETT
PACKARD

a



Two thin
VME board
One,it$ run by
Two,its

Okay. What'’s more important in choosing a VMEbus single board computer, performance

or embeddability? Good question. If you're looking for performance, then the board
on the right is the answer. Because it’s one of our PowerPC” VMEbus boards. On the other
hand, if you’re looking for embeddability, same answer. Because it’s also designed and manufac-
tured by the market leaders in VME. The people who launched VME. Which means there’s plenty
of third-party software, firmware and support readily available. And all these benefits give design
engineers lower development costs and a faster time to market. Any more questions? Just look us
up at http:/lwww.mot.comicomputer/ on the Internet. Or call us at 1-800-759-1107 extension ED.
We’ll connect vou with a Motorola representative who’ll

give you even more answers. As if you need any.

MOTOROLA

Computer Group

©199 Motorola, Inc. All rights severved. Motorola anc ® are registered trademarks ot Motorola, Inc. PowerPC 1s a
trademark of International Business Machines Corporation, and is used under license therefrom. All other trademarks

or registered trademarks are the propenty of therr respective holders. What you never thought possible.
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UPCOMING MEETINGS

1

Fourth European Congress on Intelli-
gent Techniques & Soft Computing
(EUFIT 96), Sept. 2-5.Aachen, Ger-
many. Contact Karl Lieven, Chair-
man, Organization Committee,

IEUFIT '96, Promenade 9, 52076

Aachen, Germany; (49) 2408-6969; fax
49) 2408-94582; e-mail:
eufit@mitgmbh.de;
http://www.mitgmbh.de/elite/eufit.h
tml.

Fifth IEEE International Fuzzy Sys-
tems Conference, Sept. 8-11. Hyatt
Regency Hotel, New Orleans, Lou-
isiana. Contact Frederick Petry,
School of Engineering and Com-
puter Science, 301 Stanley Thomas
Hall, Tulane University, New Or-
leans, Louisiana 70118-5698; (504)
865-5840; fax (504) 862-8247; e-mail:
petry@cs.tulane.edu.

Surface-Mount International, Sept. 8-
12. San Jose Convention Center, San
Jose, CA. Contact Yolanda King,

Miller Freeman Inc.; (415) 905-4994; |

e-mail: yking@mfi.com.

Connector and Interconnection Sym-
posium and Trade Show, Sept. 16-18.
Boston, Massachusetts. Call (703) 907-
7536.

NESEA Sustainable Transportion &
S/EV96 Symposium, September 16-18.
Madison Square Garden, New York.
Contact Northeast Sustainable En-
ergy Association (NESEA), 50 Miles
St., Greenfield, Massachusetts 01306;
(413) 774-6051; fax (413) 774-6053.

Embedded Systems Conference, Sept.
16-19. San Jose Convention Center,
San Jose, California. Contact Natasha
Claro, Miller Freeman Inc.; (415) 905-
2354.

AUTOTESTCON 96, Sept. 16-19.
Dayton Convention Center, Dayton,
OH. Contact Jerry Duchene,
ASC/ENAS, Bldg. 20,2450 D. St., Suite
2, WPAFB, OH 45433-7630.; (513) 255-

2025; fax (513) 255-3460; e-mail: |
duchenjl@smtplink.en.wpafb.af.mil.

Third IEEE International Conference
on Image Processing (ICIP 96), Sept.
16-19. Swiss Federal Institute of
Technology, Lausanne, Switzerland. '
Contact Murat Kunt, Signal Process-
ing Laboratory, EPFL, CH-1015 |
Lausanne, Switzerland, (41) 21-693- |
2626; fax (41) 21-693-2603; e-mail: |
kunt@ltssun2.epfi.ch. f

Interactive Multimedia Association |
First Annual Expo, Sept. 17-19. Jacob ‘

| Javits Convention Center, New York.

Contact IMA Expo ’96, 951 Naruber’s
Island Blvd., Suite 700, San Mateo, CA;
(415) 286-2531; http//www.ima.org.
11th Annual Workshop on Computer |
Communications (11th CompComm),
Sept. 22-25. Reston, VA. Contact Guy
Omidayar, 4301 Forbes Boulevard, |
Lanham, Maryland 20706; (301) 918- |
1191; fax (301) 731-3380; e-mail:
gomidyar@tsmi.iitri.com.

A Symposium on High-Performance Chip Architectures
HOT Chips 8

Stanford University, Stanford, California August 18-20, 1996

Attend HOT Chips 8, a symposium on high-performance chips, which will bring together researchers and developers of
chips used to construct high-performance workstations and systems. Enjoy the informal format offering technical interaction
with speakers. The first seven HOT Chips Symposiums were huge successes and prompted articles in special issues of
IEEE Micro magazine. HOT Chips 8 will again bring you the latest developments in chip technology.

SUNDAY, AUGUST 18: Two Tutorials, plus a Wine and Cheese Reception
Java Programming Secrets by Sami Shao, Co-founder, Java Startup
Toward 10 IPC Uniprocessor Chips by Yale Patt, Professor of EECS, University of Michigan

MONDAY, AUGUST 19

High Performance Microprocessors

Compilers and Emulation

Keynote Speaker: Bill Joy, Sun,“Microprocessor ]
Architecture: The Next 10 Years and Beyond” o

Memory Technologies
Embedded Processors

TUESDAY, AUGUST 20
¢ Multimedia Extensions for the x86 Architecture
¢ Multimedia Accelerators

¢ 3D Engines

The Touchstone Project
Unconventional Uses of Silicon

General Chair
Dennis Reinhardt
Intel Corporation

Program Co-Chairs
Winfried W. Wilcke, HAL Computer Systems
Robert Gamer, Sun Microsystems

¢ Evening Panel: Software or Silicon -
What’s the Best Route to Java?

HOT Chips 8 is sponsored by the Technical Committee on Microprocessors and Microcomputers of the IEEE Computer Society. This is an
advance program. Sessions may be dropped, added or moved. Visit our web site for program details and registration information.
&

v
IEEE

Details and Registration: http://www.hot.org/hotchips G
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Off-the-Shelf Solutions
for the Pentium Pro.

LXM1600/A SERKS LX5200 EAMILY
: O [NANITY

SCsl

0

o odule :
I P6 VRM Module Termi
» W : Bus Terminators
D « A-version for 200 MHz/512K cache processor - -+ S .
) * Digitally progr ble output voltage {VID} Part _Channels l_)jl!gi"-ﬂol!-pr SCSi STL
LX52%12 9 2.5pF Yes 3, FAST-20

* Overvoltage protection, 100% processor

protection 1X5218 9 4.0pfF No 3, FAST-20
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The UltraFlex Series.
Power supplies that

are economically

tailored to yous

application. You'g

To order, or for
the UltraFlex, cal
gamto 8pm, eas

VISA

Woridwide Lambda St.!f'd Sales and Servic

Imternational, New York France. Rouen
LAMBDA ELECTRONICS INC.  LAMBDA-COUTANT &

Export Dagt TEL 33-1-60-12-14-8
TEL 516-694-4200 Germany, Achern
Canada LAMBDA ELECTROW
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New Operational & Power Amps

Precision FET Op Amps

New Single, Dual, and Quad FET-Input Op Amps

0PA130 senes of single, dual, and quad FET-input op amps are ideal for general-purpose,
portable, and battery powered applications. They're easy to use and free from phase
inversion and overload problems commonly found in FET-input op amps. Key specs:
500uA/amp low quiescent current, TmV max offset voltage, 120dB min open loop gain,
20pA max input bias current, 1MHz bandwidth, and +2.25V to +18V wide supply range.
OPA130 and OPA2130 (dual) are available in 8-pin DIP and SO-8 surface-mount
packages. OPA4130 is available in 14-pin DIP and SO-14 surface-mount packages.
OPA130 is priced at $1.30 in 1000s: OPA2130 is $2.10; OPA4130 is $3.40.

Reader No. 126 « FAXL/NE No. 11298

High Speed, FET-Input Op Amp Family

0PA132 family of single, dual, and quad FET-input op amps feature 20V/ys slew rate,
8MHz gain bandwidth, and excellent dc performance at a low price. These general purpose
op amps are ideal for audio, data acquisition, test equipment, and communications
applications. Other key specs: 50pA input bias current, 0.00008% distortion, 96dB min
common-mode rejection, and 130dB min open loop gain. OPA132 and OPA2132 (dual)
are in 8-pin DIP and SO-8 surface-mount packages. 0PA4132 is in 14-pin DIP and SO-14
surface-mount packages. OPA132 is priced at $1.33 in 1000s; OPA2132 is $2.26;
0PA4132 is $4.26.

Reader No. 101  FAXL/NE No. 11309

Burr-Brown Corporation

Operational Amplifiers
Brochure

Our new eight page brochure,
Operational Amplifiers, features over
twenty new op amps. It has selection
guides on precision and high speed
op amps along with complete
specifications, and applications
information. Four pages of technical
info highlight high speed amps,

videa amps, audio amps, precision

amps, current-feedback amps, \@
wide bandwidth amps, single power
supply amps, precision FET amps, and switchable-input
amps. FREE from local sales rep or call (800) 548-6132.

Reader No. 241 » FAXLINE No. 50338

+2A, +35V Dual Power Op Amp

0PA2544 is a dual, high-voltage, high-current FET-input op
amp that provides output of 2A and its power supply range
extends to +35V. It packs two powerful amps in a single
11-lead plastic package—saving board space and cost.
Designed to drive a wide range of electro-mechanical devices,
it's also ideal for programmable power supplies e

and automatic test equipment. Other key specs:
8V/ys slew rate, 50pA input bias current, internal
current limit, and internal thermal shutdown
protection. Priced from $10.75 in 1000s.

Reader No. 102 » FAXL/NVE No. 11249

POWER OP AMP

=, ) Tﬂ;‘ﬂl
+ZA

Op, 454¢

Low Cost Power Op Amp in a

Surface-Mount Power Package

OPA544 is a low cost power op amp featuring FET-input op
amp circuitry and high power output stage (2A)—all on a
single monolithic chip. Its new surface-mount power package
solders flat on a circuit board for low profile, high density
applications. Protected by internal current limit and thermal
shutdown, use it for driving electro-mechanical loads. Key
specs: 2A output current, +10V to +35V power supply range,
8V/us slew rate, and 100pA max input bias current. Also
available in a 5-lead T0O-220 plastic package and priced from
$6.00 in 1000s.
Reader No. 103 e FAXL/NVE No. 11250

BURR - BROWN?®

Burr-Brown Corporation * P.0. Box 11400 * Tucson, AZ » 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133.
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OF YOU 1120 QO/O/QO/

PRODUCT YOU DESIGN.

It grows out of you.
This complex design you are working on. Numerous pieces, each with separate functions. But you make
it whole. And then, you send it out into the world. A part of you that will become an extension of someone else.
In some ways, it resembles you. Which is why you shed the ordinary. And look for the best ways to

y) improve your design.
. by
C/ 2005¢ ol eméeolofeol processor wzse/y. *@ Of course, you can choose
V any embedded processor. Or, you
can do what the leading printer, internetworking and video game companies have done—select the 64-bit
Vi Series™ from NEC.

So what, exactly, led them to the Vj, Series? Maybe it’s the fact that NEC’s Vp4300™ and Vi 5000™
deliver far better MIPS per dollar than the PowerPC™ 603 or 604—providing remarkable performance for less
than they ever imagined.

Or could it be our programs for companion chipsets? With NEC’s Vy; Series, you will get a comprehensive
solution, including support for PCI Bus interface and laser printer control peripherals. We even assemble the
third-party tools. So companies are able to bring their designs to market much faster.

But there’s another reason forward-thinking companies select the Vi Series: Scalability. The V), Series uses
a common code library which enables “forward compatibility”” So it’s easy to upgrade to the latest generation
of processor. That’s important for two reasons. First, the incredible investment you have in developing code.
And second, you can expect several

) - Vad300 PPC603 Va5000 PPC604
new processors in the Vi, Series line. T . T e ois
For more information, call Bus Interface 22/6abis 21646 4-bit sabit
[-800-366—-9782. And ask LCache Size 16K8 8 328 16K8
. D-Cache Size BB 8 32kB 16KB
for Info Pack 195. It really is the
. . K Pin Count/Package 120 PQFP 240 CQFP 272 BGA 304 COFP
wise thing to do. Especially when Zseace sy L L
you consider what really gets metetoinimimeernd | [l 7eies - -
embedded inta your design, SPECInt9S/SPECIpoS | — = 55/55 32%/nra
Price in 1,000 Oty * | $45 $195 $300 $549

* PowerPC prices from PowerPC FAQ, 12/17/95. Prices subject to change.

Vi 5000. Paramount petformance,
incredibly affordable. This is the
wultimate embedded processor for advanced

applications like internetworking.

Vr4300. A high level of performance at
an extremely low price. Ideal for office
automation products, video games and

NEC
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“Engineering Your Writing
Success: How Engineers Can
Master Effective On-The-Job
Communication Skills’’ shows en-
gineers how to prepare reports,
proposals, memos, procedures,
data sheets, letters, and other
written material with greater ef-
fectiveness. The book utilizes a
practical, structured approach
based on an engineer’s sense of
logic. It also includes tips on us-
ing e-mail and making presenta-
tions. The 300-page book is
priced at $29.95. Contact
Professional Publications Inc.,
1250 Fifth Ave., Belmont, CA
94002; (800) 426-1178; fax
(415) 592-4519.

A one-stop resource for master-
ing sophisticated electronic pub-
lishing tools, “Beyond HTML”
provides readers a comprehen-

Application
* Computer & Peripherals
+ OA equipment

« Electronic billboards

+ Security system

+ Auto control equipment
» Medical equipment

» Communication systems
* Video games

QUICKLOOK
OFFU L. SHRF

sive look at the design and au-
thoring formats that are shaping
the world of Web publishing. The
book provides an in-depth analy-
sis of all of the major HTML alter-
natives, including Adobe Acrobat;
virtual reality on the Web; and
real-time audio and video.
lllustrated with screen shots, the
book gives examples of some of
the more interesting sites on the
Web in order for readers to be-
come proficient with the tools
that created them. The 500-page
book is priced at $27.95. Contact
Osborne/McGraw-Hill, 2600
Tenth St., Berkeley, CA 94710;
(510) 549-6600; fax (510) 549-

oy
ol

6603; Internet: hitp://www.
osborne.com.

The “Basic IC Tech
Reference Manual” is a book that
has been written for the person
who desires to become informed
about integrated-circuit (IC) prod-
ucts, manufacturing, technology,
and nomenclature. The manual
contains simple, basic explana-
tions of common IC terms with
over 200 illustrations. It offers
complete coverage of IC technol-
ogy from silicon growth to IC
packaging. It also includes over
375 glossary terms. The 208-
page book is priced at $249.
Contact Integrated Circuit
Engineering Corp., 15022 N. 75th
St., Scottsdale, AZ 85260-2476;
(602) 368-8260; fax (602) 948-
1925; Internet: http://www.
ice-corp.com/ice.

Mean Well Means Quality
Switching Power Supplies

R 2 (€ 150 9001/UL/TUV/CE

E12TT8

We were the first source of general switching
power supplies in Taiwan. Today we have ISO
9001 certification and deliver the quality, ser-
vice and price that only a professional desig-
ner and manufacturer can provide. For det-
tails, please contact us today.

i DISTRIBUTORS ARE WELCOME
MEAN WELL ENTERPRISES CO., LTD.
Head Office: 4F-2, No. 26, Wu-Chuan 2nd Road,
¥ Hsin Chuang, Taipei, Taiwan, RO.C.

Tel: 886-2-299-6100(Rep.) Fax: 886-2-299-6200
Email: mw@1ipis].seed.net.tw

W Top in Switching Power Supplies(Since 1982)

.- . ‘ http://www.shinestar.com/www/newera
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USA Representative:

Tel: 805-8223100 Fax: 805-8223131
Mail Order: Jameco Electronics

Tel: 800-831-4242 Fax: 800-237-6948



Off-the-Shelf Solutions
for the Pentium Pro.

LX5200 fAMILY
S LNty

sCsl

wesavennsd

seaenons

*

R :

P6 VRM Module :
oduie : Bus Terminators :

* A-version for 200 MHz,/512K cache processor - - —— — LU S
Digitally progrummable output voltage (VID) Part  Chennels Output Hot Swap  SCSI STD.]

Overvoltage protection, 100% processor 1X5212 9 2.5pF Yes 3, FAST-20
protection 1X5218 9 4.0pF No 3, FAST-20

IX5207 18 2.5pF  Yes 3, FAST-20|

Cide Rewder Service No,
114

SCS1 Bus
Transceivers

« [averting & non-inverting models
 Output copacitonce — 15pF s
& Active negofion or open dram ou?ﬁgts

Minimum output cwrrent of 7A
1% voltage reference initial occuracy
|

Shopping for your Pentium® Pro? Then grab Just call, fax or write: Linfinity Microelectronics,
n empty shopping cart and cruise the aisles 11861 Western Avenue, Garden Grove, CA 92841
t Linfinity where it's one-stop shoppin? for a Phone: 714-898-8121 Fax: 714-372-3566

mily of Eroducts designed and qualified specifi-

ally for the P6. \ . |
A comprehensive information package including \ ITY o

Bata sheets, and application notes on all of the P VI 1§ ety | P

roducts is available now. Clnann
) Call 800-LMi-7011 $
a0
onics 800-645-4955, All American 800-573-ASAP, Bell Industries 800-BUY-BELL, FAI Eiectronics 800-677-8899, p o,

Electronics 800-989-522

0 Electronics 800-444-4744, Future Electronics 800-388-8
Electronics 800-558-1238, Zeus . 3

ir Gl



UPCOMING MEETINGS

Second International Conference on
Satellite Communications (ICSC 96),
Sept. 23-27. Moscow, Russia. Contact
Henrich Lantsberg, IRE RAS Mok-
hvaya 11 Moscow 103907 Russia,; (7)
095 2034985; fax (7) 095 8414; e-mail:
h.lantsberg@ieee.org.

13th International Conference on Mi-
crowave Ferrites, Gyromagnetic Elec-
tronics & Electrodynamics, Sept. 23-
27. Busteni, Prahova Valley, Romania.
Contact Secretariat: AFERRO-SA,
72321 Bucharest, Cales Floreasca 169,
P.O. Box 30-30, Romania; (004)-1-212
10 29, fax (004)-1-312 37 46; e-mail:
icmf@lmn.pub.ro.

Second International Congress on
Molded Interconnect Devices (MID

96), Sept. 25-26.University of Er-
langen-Nuremberg, Erlangen, Ger-
many. Contact MID 96 Conference
Secretariart, Research Association 3-
D MID, Elektronische Baugruppen
(3-D MID e.V.), Frank Pohlau, Eger-
landstrasse 7, D-91058, Erlangen,
Germany; (49) 9131/85-7964; fax (49)
9131/30 25 28.

IEEE ATM Workshop (ATM 96), Sept.
25-27. San Francisco, CA. Contact
Guy Copeland, Computer Sciences
Corp., MC299, 3001 Centreville Rd.
Herndon, VA 22071; (703) 471-3044;
fax (703) 471-3145; e-mail:
geopelan@csc.com.

Third IEEE Workshop on Interactive
Voice Technology for Telecommunica-
tions Applications (IVTTA 96), Sept.
29-Oct 1. Basking Ridge, NJ. Contact
Murray F. Spiegel, Bellcore, 445 South
St., Room 1C237R, Morristown, NJ
07960; (201) 829-4518; fax (201) 829-
5963; e-mail: spiegel@bellcore.com.

Fifth IEEE International Conference
on Universal Personal Communica-
tions (ICUPC 96), Sept. 29-Oct. 3
Cambridge, MA. Contact Donald M.
Steinbrecher, Steinbrecher & Co., 30
North Ave., Burlington, MA 01703-
3398; (617) 273-1400; fax (617) 273-4166;

e-mail: dsteinbrecher@steinbre-
cher.com.

First International Industrial Control
Programming Conference (IPC), Oct.

1-2. Centre des Congres de la Villette,
Paris, France. Contact Eelco van der
Wal, Managing Director, PLCopen,
P.O. Box 2077, NL 5300 CB Zaltbom-
mel, Netherlands, (31) 418-541139; fax
(31) 418-515115.

First International Embedded Com-
puting Conference, Oct. 1-2. Centre
des Congres de la Villetter, Paris,
France. Contact Josey van Alem, Ac-
tive Exhibitions Europe, P.0. Box
2114, NL 5300 CC Zaltbommel, Neth-
erlands, (31) 418-512999; fax (31) 418-
515115.

Third International CAN Conference,
Oct. 1-2.Centre des Congres de la Vil-
letter, Paris, France. Contact Josey
van Alem, Active Exhibitions
Europe, P.O. Box 2114, NL 5300 CC
Zaltbommel, Netherlands, (31) 418-
512999; fax (31) 418-515115.

IEEE International Telecommunica-
tions Energy Conference (INTELEC
96), Oct. 6-10.The Westin Hotel, Bos-
ton, MA. Contact C.K. McManus,
GNB Industrial Battery Co., Wood-
lake Corporate Park, 829 Parkview
Blvd., Lombard, I1. 60148-3249; (708)
691-7938; fax (708) 629-2635.

International Conference on Signal
Processing Applications and Technol-
ogy (ICSPAT), Oct 7-10. World Trade
Center, Boston, MA. Contact Miller
Freeman Inc., (415) 356-3391; fax
(415) 905-2220; e-mail: dsp@mfi.com.

Second European Workshop on Mobile

& Personal Satcoms (EMPS 96), Oct. |

9-11. Rome, Italy. Contact Francesco
Vatalaro, Universita di Roma Tor Ver-
gate, DIE, Via Della Ricera Scientifica,
00133 Roma, Italy; (39) 6772599 4464;
fax (39) 6 2020519; e-mail:
vatalaro@tovvxl.ced.utovrm.it.

Third International Conference on
Electronics, Circuits, and Systems
(ICECS  96), Oct. 13-16.Rodos,
Greece. Contact ICECS Secretariat,
Electrical Engineering Department,
University of Patras, 26500, Greece;
(30) 61 997 283; fax (30) 61 994 798;
Internet: http/fwww.vlsi.ee.upa-
tras.gr/ICECS96/.

19th IEEE/CPMT International Elec-
tronics Manufacturing Technology

ELECTRONIC DESIGN/JULY 8, 1996

Symposium, Oct. 14-16. Austin, T
Contact E. Jan Vardaman, Tec
Search International, 9430 Resea:
Blvd., Bldg. 4, #400, Austin, TX 787
(512) 343-4508; fax (512) 343-4509

mail: j.vardaman@ieee.org.

IPC TechWorks 96, Oct. 19-24.
Naples, FL. Contact David Bergman,
IPC TechWorks '96; fax (847) 509-
9798; e-mail: DavidBergman@ipc.org.

IEEE International Test Conference
(ITC  96), Oct. 20-24.Washington
Sheraton Hotel, Washington, DC.
Contact Doris E. Thomas, ITC, 205
Tennyson Avenue, Suite C, Altoon-.
PA 16602; (814) 941-4666; fax (8
941-4668.

IEEE Military Communications Ci
ference (MILCOM 96), Oct. 2)
Reston, VA. Contact John S. Quilt,
The Mitre Corp., 7525 Colshire Dr.,
McLean, VA 22102-3481; (703) 883- |
6071; fax (703) 883-3397.

WESCON 96, Oct. 22-24.Anaheim
Convention Center, Anaheim, CA. Con-
tact Electronic Conventions Manage-
ment, 8110 Airport Blvd., Los Angeles,
CA 90045-3194; (800) 877-2668; fax (310)
641-5117.

IEEE/AIAA 15th Digital Avionics Sys-
tems Conference, Oct. 27-Nov. 1. Shera-
ton Colony Square Hotel, Atlanta, €
Contact Ellis F. Hitt, Battelle, 505 K
Ave., Columbus, OH 43201-2693; (€
424-6595; fax (614) 424-3962.

Communication Design Engineer:
Conference, Oct. 28-31. Santa Clara
Convention Center, Santa Clara, CA.
Contact Natasha Claro, Miller Free-
man Inc.; (415) 905-2354.

19th Space Simulation Conference,
Oct. 28-31. Radisson Plaza Lord Bal-
timore Hotel, Baltimore, MD. Cc,.
tact The Institute of Environmen:
Sciences, 940 East Northwest Hw
Mount Prospect, Illinois 60056; (70
255-1561; fax (708) 255-1699.

PCB Design Conference East, Oct.
31. Tara’s Ferncroft Conference k
sort, Danvers, MA. Contact Yolan
King, Miller Freeman Inec. (415) 9C
4994,
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The “EVERLASTING”’ demand for
H ET batteries, primarily those in the more ex-
pensive bracket that offer longer life and

s higher performance, will continue as long

as portable devices proliferate. According
to research done by The Freedonia Group Inc., Cleveland, Ohio,
overall battery sales will increase 7.8% annually to over $17 bil-
lion by the year 2000. Within the secondary (rechargeable) bat-

teries market, lead-acid types will maintain their domination.
Most lead-acid sales

will involve starting- A“P OSITIVE” OUTLOOK
lighting-ignition (SLI) FOR THE BATTERY MARKET
batteries. Added gains U-S- Demond for Batteries (S million)

also are anticipated in

backup power,
though, benefiting
from the fervent need
to provide continuous
power for central ‘ :
data-processing sys-

tems, aircraft radar- | 1995 2000

: Primary: Alkaline and others
rmling) systems) ! S:c":r: ary: m:cid and non-lead acid

other equipment in Source: The Freedonia Group
which power failure

can’t be tolerated. Other rechargeable batteries, such as nickel-
cadmium and the more-advanced varieties, are expected to make
sizable strides in grabbing a larger chunk of the market. This is
due to the increased number of cordless portable devices, such
as household appliances, telecommunication devices, and sophis-
ticated electronic products (portable computers, etc.). Another
reason for the growth is that recycling problems associated with
these batteries (nickel-cadmium, lithium, nickel-metal-hydride,
and zinc-air) are finally getting addressed adequately. As for pri-
mary (non-rechargeable or disposable) batteries, consumer pref-
erence for alkaline batteries over lower-priced zinc-carbon or zinc-
chloride types, as well as the previously discussed portable phe-
nomenon, will jump-start this market. To obtain their 293-page
study titled “#779, Batteries,” contact The Freedonia Group at
3570 Warrensille Center Rd., Ste. 201, Cleveland, Ohio 44122-
5226; (216) 921-6800; fax (216) 921-5459; e-mail: tfgi®ix.net-
| com.com.—RE

drc

AP ISO 9000

Pressure Systems Inc. (PSI), and its subsidiary,
KPS!, have achieved 1SO 9001 certification. The
company is a manufacturer of pressure scanning in-
struments for industricl and aerospace applica-
tions. Contact PSI, 34 Research Dr., Hampton, VA
23666. CIRCLE 691

Johnson Matthey Electronics’ (JME) San Jose,
Calif. fadility has received 150 9001 certification.
The fodlity manufactures thermocouples used in
precision temperature measurement and assembles
components for semiconductor process equipment.
Contact JME, E. 15128 Eudid Ave., Spokane, WA
99216; (509) 924-2200. CIRCLE 692

Hoffmen Engineering Co. has achieved ISO 9001
registration. The company is a supplier of electrical
and electronic endosures, spedializing in products
for various industrial environments. Contact
Hoffman Engineering Co., 900 Ehlen Dr., Anoka,
MN 55303-7504; (800) 355-3560; fax (612)
942-6940. CIRCLE 693

Aavid Thermal Technclogies Inc. has received I1SO
9001 certification. The company designs, develops,
and manufactures thermal-management products
that dissipate unwanted heat in electronic and
electrical components and systems. Contact Aavid
Thermal Technolcgies Inc., One Kool Path, P.O. Box
400, Laconia, NH 03247-0400; (603) 528-3400;
(603) 528-1478. CIRCLE 694

QLP Laminates Inc. has been awarded 150 9002
certification. The company is a supplier of printed-
circvit board laminates and materials. Contact QLP
Laminates Inc., 4955 E. Hunter Ave., Anaheim, CA
92807; (714) 970-1471; fax (714) 779-0392.
CIRCLE 695
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QUICKLOOK

PHILIPS SEMICONDUCTORS has an-
nounced the avallability of its 1996
Semiconductors for Wireless Communications Data
Handbook (IC-17). The publication provides techni-
cal information on the company's family of inte-
grated circuits for wireless communications, includ-
ing data sheets, application notes, and system so-
lution references. For a free copy of the 1503-
page book, contact Philips Semiconductors at
(800) 447-1500, ext. 1290.

The Datalight Software Evaluation
Kit, which contains system software for each
Ultra Low-power Intel 486 Evaluation Board, is
now available free of charge from Datalight. The
kit contains all of the necessary system software
to boot and run the board as an embedded or
mobile PC system. The kit contains ROM-DOS,
CardTrick flash file system, and a demonstration
version of the new WinLight embedded operating
system. WinLight provides developers with a

Windows like environment that can run vertical
market Windows applications without modification,
recompile, or relink. The software evaluation kit is
designed to help a developer bring an Intel 486
board to an operational level within 20 minutes.

signing a vertical market application rather than
adapting system software. Contact Datalight,
18810 59th Ave. NE, Arlington, WA 98223; (360)

i
]
]
i
i The embedded developer then can focus on de-
]
I
v 435-8086; fax (360) 435-0253.

TRUDEL

to form

ne of the challenges of the
Olnformution Age is discover-

ing truth. Today almost any-
one—on just about any side of any
issue—claims they represent the
side of the angels, including at
least, truth and beauty, and often goodness and mercy.
Worse yet, anyone can download a deluge of data to
“prove” their case.

The Machine Age was based on the charmingly naive
notions of simple rules and black and white issues. That
doesn’t work anymore. Maybe it never did. Adding
more rules, laws, bureaucrats, accountants, and
lawyers has made matters worse. Much worse.

Today’s world more closely resembles a Star Trek
holodeck than a laboratory for repeatable Newtonian
bench science. We can create prosperous new realities
in a myriad of rich colors, but the era of bosses and
workers, linear methodology, and repetitive process in-
dustries is drawing to an end. This belief led me to
found my consulting practice in 1988.

Many in Western business and government differ. We
disagree on the most basic issues. Are present business
methods working, or are most firms declining? Is the
Dilbert model of clueless management, burned-out
workers, and shoddy products valid? Or have U.S.
firms finally reached the nirvana of renewed global
competitiveness?

I say major change is needed, but Bob Allen of AT&T
and many on Wall Street would disagree. They can
point to profits, stock prices, and their bonus packages
as evidence.

In the end, it all boils down to “Who can you trust?”
In a society that tolerates greed and clever crooks with
tricky lawyers, trust can only be based on strong rela-
tionships.

This is why small teams are the future of business.
How many people can you know well enough to “really”

trust? Experts say perhaps 50, if you are lucky and
wise. The most successful firms and societies work
hard to expand that number. They are ruthless in pun-
ishing or banishing violators.

I recently bought a sophisticated, used, multiengine
aircraft for my business. It could be disastrous if a deal
like that went sour. All the lawyers in the world can’t
save you. The courts and the FAA’s megastate regula-
tory bureaucracy are of little or no help. I know some-
one involved in just such a dispute. After years of fight-
ing, the legal bills have exceeded the aircraft’s price.

The solution? Expert, trustworthy, multidisciplined
teams. I paid a trusted friend to help me. His business
is buying and selling aircraft. He put down a hefty de-
posit to hold the plane based on my verbal OK. Later,
sight unseen, I paid him the full purchase amount.
When we went to get it, he brought a cashier’s check
and a mechanic friend he trusted. We used no contracts
or lawyers, and the results were wonderful.

My consulting engagements are also based on trusted
relationships. My simple contract has very easy escape
clauses. It clarifies deliverables, enforces nondis-
closure, and protects both sides from lawyers and
bureaucrats.

“High salaries in the next century are more likely to
come from companies where managers share decision
making with employees,” said Edward Potter, presi-
dent of Employment Policy Foundation, in a recent
Wall Street Journal article. Companies using smart,
trusted teams see 18-25% productivity increases.

Assume a firm with $100 million in sales, 1000 em-
ployees, 20% productivity, and 5% employment gains, a
starting valuation of 2X sales, and an ending valuation
of 4X sales. In a decade, stockholder value increases by
$582 million and jobs by 629. Prosperity is possible!

John D. Trudel, CMC, provides business development
consulting and is the author of the book “High Tech
with Low Risk.” He is founder and director of The
Trudel Group, 33470 Chinook Pl., Scappoose, OR
97056, phone (503) 640-5599; fax (503) 543-6361; e-maal
Johntrudel@aol.comn; Internet: http://members.aol.
com/johntrudel/index.htm
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Antenna Switch
MRF1C2003

MRFIC2003 GaAs Antenna Switch (SO-8)

* Frequency 100 to 1000 MHz
* Supply Voltage 2810 6.0 Vdc
 Supply Current <10 mA (typ)
* Recommended Input Power 17dBm
e Insertion Loss (RF1 to RF2)/

(RF1 to RF3} 0.8/0.5 dB (typ)

* Isolation (RF1 to RF2)/(RF1 to RF3) 23/20 dB (typ)

Downconverter
__—MRFIC2001

MRFIC2001 Down Converter LNA/Mixer (S0-8)

PLL * Frequency 500 to 1000 MHz
* Supply Voitage 2.7t0 5.0 Vde
o Supply Current {On Mode) 4.7 mA {typ)
¢ Conversion Gain 23 dB {typ)

! e Single Sideband Noise Figure 5.5dB (typ)
Baseband P out; 1 dB Gain Compression  -10 dBm {typ)

Upmixer/PA
MRFIC2101

Ep N '-
I8y /. -
AMpy kS —
MRFIC2101 Tz-Mixer/Exciter (SO-16)

Vi
PENSTOCK
RF/MICROWAVE DISTRIBUTION

AN AVNET COMPANY

« Frequency 900 MHz
To receive your NEW RF Selector Guide, Fax to 602-966-6122 “Supfy Sasiaha SRS
« High Linearity IPPo = 23 dBm (typ)
* Low LO. Drive Required = -15 dBm (typ)
. o ) S ¢ Powrer Down Supply Current = 20 pA (typ)
NAME TITLE & o Externalty Adpustable Exciter Bias Current
COMPANY L
PHONE CORAX
ADDRESS
CITY,STATE 2P G
APPLICATION EST. QUANTITY
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1-800 PENSTOCK.

In Northern California Call 408-745-8100 MOTOROLA
In Canada call 613-592-6088 Today. Semiconductor Products Sector

© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND (M) ARE REGISTERED TRADEMARKS OF MOTOROLA.
Visit Penstock’s Website;: WWW.PENSTOCK.AVNET.COM



Now, by popular demand . ..

Bob Pease’s

Pease
Porridge

What’s all this stuff, anyhow?

A SPECIAL
SUPPLEMENT

Coming with the August 19 Issue

Featuring selections of wit, wisdom, and waggish observations
from “Pease Porridge,” one of the most revered and best read
columns in the electronics industry. This collection from Bob
Pease’s column, Pease Porridge, will entertain while it gives
you unique insights into the world of electronic engineering.
You’'ll want to keep this supplement for your library.

IT’S A KEEPER
INSIGHTFUL COMMENTARY
SHARE IT WITH YOUR COLLEAGUES

Your Strategic Information Partner

ELECTRONIC DESIGN

A Penton Publication



QUICKLOOK

/) @om @amfzany ﬂmon? The
BEST?

Question: Why do some companies put out better products than oth-
ers?2 What makes these companies stand out above the rest? According to a
recent study on product-development practices, the leaders are much more
willing to define their products with suppliers, fo infertwine development ef-
forts with strategic goals, and fo define various aspects of the product in
multiple ways. The study was conducted by Product Development
Consulting Inc. (PDC) and the Management Roundtable.

Of the 335 companies that responded to the survey, 81 were defined as
best-in-class, based on market share, sales, and qualitative success factors.
The surveyed companies represented a broad cross-section of industries, in-
cluding medical, hardware and software, communication, and instrumenta-
tion companies.

The study reveals the kinds of characteristics that set leading companies
apart from their competition when it comes to product development. For ex-
ample, the best-in-class companies (BEST) collaborated with suppliers more
frequently and consistently than the rest of survey respondents (REST). To be

specific, the BEST companies do things like have a supplier permanently on-

site to collaborate on product information; share ideas on strategic and
product planning; and solicit suppliers’ input on product plans.

There is strong evidence to suggest that when a company coordinates its
development efforts with its strategic goals, it is well worth the investment in
time, effort, and dollars. In fact, 66% of the BEST use a product line or divi-
sion strategy, 42% use a product portfolio analysis, and 30% use a technol-
ogy forecast to develop products, versus 51%, 28%, and 21% of the REST,
respectively. Furthermore, 67% of the BEST use competitive analysis and
market share estimates o product development planning, compared to 57%
of the REST.

BEST companies are more likely to have defined and communicated a
number of success factors to their development teams. How companies deal
with such issues as project endorsement by upper management, user re-
quirements, product positioning, and sirategic alignment significantly influ-
ence the chances of product success.

The BEST companies cancel markedly fewer projects in full-scale develop-
ment—only 10%, compared to an average of 17% among the REST. This
can be attributed to a company doing its homework up front. In other
words, they ask, and more importantly, they listen. Over one-third of all re-
spondents ranked late discovery of customer requirements as the number
one reason for making major changes to projects after full-scale develop-
ment had already started. Over a fourth of the respondents reported that
unanticipated technical difficulties caused them to change features late in
the development process. Only 26% of BEST companies reported making
changes to their projects (26%) than the REST, which made changes to 39%
of their products.

To obtain a copy of this report, contact PDC Inc., 84 State St., Boston, MA
02109; (617) 723-1150; fax (617) 723-3050.—MS
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Switching
Regulators,
Regulated
Output at

the Right
Price.

Tke Melcner PSR family of
Switching Regulators:

I:m—p;:Volﬁée Range DC

OQutout Voltages DC ;

Outout Current

Industrial

Features

“~Jransient Protection, Program-

mable Qytput Voltage, "Tahibit
Crowbgr. °

S
~
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-] In the two short years since we

entered the market, Samsung has

Our LCD ’S ba‘ve grawn’ become one of the world’s leading

TFT LCD manufacturers.
As you may know, we already
offer a line of TFTs 20% brighter

© SAMSUNG SEMICONDUCTOR, INC., 1996




and with 30% more color saturation | panels actually designed for desktop

than the closest competitors. monitors—in a whopping 14"and r5.1".
We’ll be following up soon with And hey, with the desktop | J

more products that are—well— impending, can the caliseum really SEMICONDUCTOR

larger than life. Including a 13.3"x6A | be far behind?
notebook panel, and xGa and sxGa Onward and upward, guys StirL A Generation AHEAD.

s v — == e =4 S e —
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Our crack scientists lead the world 1n

smart motor control. No

onder.

(It’s practically all that they think about.)

hen it comes to their

concerns in life,

Samsung’s smart-
motor-control experts are a
pretty single-minded bunch.
They live and—dare we say it—
breathe their subject.

And all kidding aside, we
doubt if any component manu-
facturer anywhere has thought
through the whole motor-control
idea in the same depth that our
guys have.

Which is the main reason
behind another vital fact. There is
probably no one on earth who can
match Samsung in the breadth of
its offering in smart-motor-
control products.

What we give you is a total

solution made up of every imag-

[

|

inable kind of component. From
microcontrollers, IGBTs and DSPs,
to voltage regulators, interface 1Cs
and lots more.

Including a stellar offering in
MOSFETSs that are available right
now in volume—something hardly
anyone else can offer you.

What all of this adds up to is
something pretty important. Because
as you go about designing the
breakthrough new motors that will
radically increase energy-efficiency
all through the home—you'll know
you have a single source you can
count on for parts.

And if you know much about
the new science of purchasing,
you'll know that can give you
some major advantages. The kind

of advantages you’ll generally

REARERISERMICENTS

I reap if you buy numerous things

from a single, reliable place.

Of course that idea is nothing
new at Samsung, because for some
time now we've been one of the
world’s manufacturing leaders.

But in the burgeoning field of
smart motor control, you'll find
we're doing brand-new things
every day.

For information about how our
heady experts can help you, please
call 1-800-446-2760 today. Or
write to Motor Control Marketing,
Samsung Semiconductor Inc.,

3655 North First Street, San Jose,
CA 95134.

i v

SEMICONDUCTOR
Stirr A Generation AHEAD. l



QUICKLOOK

/

‘ %e’ve been shipping the

same product for 10 years now,
and it worked just fine until last
month. I don’t know what hap-
pened, but that new batch of
chips just doesn’t seem to work
anymore. The darn thing just has
a 5-MHz processor and a few logic
gates. What could have gone
wrong?”

Sound familiar? That’s not too
surprising. I hear the same story
from engineers all over the coun-
try. The most common cause of
this nagging problem is rise-time
shrinkage.

Not long ago, the major TTL
logic families all had typical rise
and fall times that, by modern
standards, were very slow—on
the order of 10 ns. Products that
use these old chips have few
problems with ringing or
crosstalk. Today’s digital logic op-
erates much faster. Modern

vanilla-bean logic families have
rise and fall times on the order of
1 ns or less. As chips continue to
shrink, and as switching speeds
continue to improve by a factor of

When Logic
Switches Too Fast

P 0 00000000000 00000000C000000000P00C0COFOCESISIOSEOSINOSIOESEDIDS

3-inch unterminated trace |
Total load 15.pF, 5 ns risefall » - - - -

:Same trace, same signal,

two every few years,

we will soon see rise Howard W. Johnson

and fall times slink

down into the deep subnanosec-
ond realm, a territory previously
reserved for UHF and microwave
engineers. This relentless, shrink-
ing trend toward subnanosecond
rise times brings us to the crux of
the problem: Faster switching ex-
aggerates problems with ringing
and crosstalk. Over the years, as
logic outputs have continued to
switch faster and faster, problems
with ringing and crosstalk have
gotten progressively worse.

The two traces in the figure il-
lustrate the nature of the prob-
lem. This scenario represents the
behavior of an unterminated logic
trace which is driven with two
different test signals:

(a) Typical 1986 driver output
(riselfall = 5 ns)

(b) Typical 1996 driver output
(riselfall = 1/2 ns)

In both cases, the trace is the
same length (3 in.) and is driven
with the same logic pattern. With
the older, slower
driver, the signal
looks OK. With the
newer, faster
driver, the signal is
almost unrecogniz-
able. There aren’t
too many of us that
would want to de-
pend on such a sig-
nal for our proces-
sor clock or ad-

dress-data bus, yet | puserve.com.

~

this is precisely the
signal found in many
digital products (hope-
fully, not yours). These
products were often
designed in one era,
assuming slow logic,
and subsequently as-
sembled using more
modern, faster logic.
The clock rate in both
cases is the same.
Nobody sped up the
clock. The problem is entirely due
to an increase in switching speed
(faster rise and fall times). Where
ringing is concerned, the switch-
ing speed matters more than the
clock rate.

This example brings home two
very important points. First, for a
given layout, faster switching
makes for uglier signals. This
problem is inescapable. It can
only be ecircumvented by improv-
ing the layout, reducing the loads,
or adding terminators. Second,
chip manufacturers are not al-
ways doing us a favor when they
begin shipping “new and im-
proved” logic circuits. When they
are substituted into an older de-
sign, the increase in speed may
buy you nothing but headaches.

Howard W. Johnson is the presi-
dent of Olympic Technology
Group Inc., a high-technology
consulting firm that specializes
in solving high-speed digital de-
stgn problems. Dr. Johnson is the
author of “High-Speed Digital
Design: A Handbook of Black
Magic” (Prentice-Hall, 1993),
and reguarly presents technical
workshops for digital engineers,
including courses for Oxford
University. He can be reached at
16541 Redmond Way, Suite 26},
Redmond, WA 98052; (206) 556-
0300; e-mail: 74720.2333@com-

>
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Shaped-based routing
from Prote

Feature Route3 Specctra SP-10

Shape baserf routlng algonthms

Potygonal shape algorrthms v -

: Al-based anatysrs and strategy v -
s L R S R e SRR T B Se R e SRR A s
ue Defad Min Dist Delouk Al Layers Number ot routmg layers Upto 30 Unlimited
ue Delad M Dist ‘Detauk Allaers | a0 e e e S R R SR
= S i e _Number ot nets/eonnectrons/pms AAAAA U rrltrr_uteu AAAAAAAA Unhmrted
e Detaut M Dist Defautt Al Lapess Route Ed/t mterar.trve routrng Included
e Detot ‘Min Dint Defouk Al Layers TR N AT Optional
vl Delot Min Dist Defondt All Lagers Sketch-a rraclr ruutmg optron Included
ue Do Min Dist Defauk Al Lagers e R A T s P A e R I S
e Dhod ™ ebalpead e [ ."°'"‘ genbratioDiMoption | © Included | Optional
ue 90-day money-back guarantee v -

Free 800-lme techmcal support v -
Hardware dongle requrred No | Yes

Suggested Retarl Price (incl. opuons) $2995 $15,990

Shaped-based routing made easy

There are really only two types of PCB autorouters: just as powerful as the competition and much, much
shape-based routers and all the rest. Today’s designers easier. Plus, designers tell us that they prefer Advanced
understand that only shape-based routing has the power Route 3’s efficient diagonal routing provided by our

to automate large, complex and mixed technology advanced polygonal algorithms.

designs. Protel Advanced Route 3 brings you the power
of shape-based routing without all the shape-based
complexity. Using Advanced Route 3, routing is as easy
as loading a placed design file and pressing the Run
button - no “do” files to edit, no “cost” decisions and no Contact Protel for details.

If you’re currently using Protel, PADS, Pcad, Massteck
or Racal design systems, Protel has an affordable shape-
based solution for your routing needs too.

problems. Our shape-based router takes over, analyzes s /
the layout, chooses the appropriate routing strategy and 1-800-544-4186 W%& Prosel
races to 100% completion for most designs. It’s faster, www.protel.com &= N thnaiogy

FirsT IN Winpows EDA

©1996 Protel Intemnatonal. Protel and the Protel logo are regk of Protet i Route 3, Sketch-a-track and Route Edit are of Protel i Specctrais a
of Cooper & Chyan Technology, Inc. Prices are in US currency, exclusive of taxes, shipping and handling. Price and specifications are subject to change withcut note. Protel shape-based routing technology 1s provided under llcense to OrCAD, Inc.
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Board

Games

{ v V “Jorking as a field-service engineer with what
\ ’ ,was then Burroughs Machines Ltd. nearly
35 years ago, I got to appreciate very
quickly that learning how things work isn’t that diffi- & 74
cult. Learning how to mend them when they break is (4 :
another matter altogether, though.

I was starkly reminded of this when I finally got
around to replacing the motherboard on my four-year-old PC a few weeks
ago. I could have bought a new one, I suppose, but the job seemed simple. I
had the machine and its software set up the way I liked it—it just needed a
bit more “ooomph.” And, of course, it would cost roughly half of what I'd
pay for a brand new machine with the same ultimate specifications.

So the motherboard was acquired—a 100-MHz Pentium with modern 70-
pin SIMM slots to replace the 25-MHz 486SX board crammed full of old-
fashioned 30-pin SIMMs.

It was time to get started. Carefully think through everything that could
go wrong, make sure I have backups on tape of everything vital.
Preparation paid off and the actual installation went fine. Less than an
hour to strip out the old and replace the new. The only delay was recover-
ing a dropped screw from inside the case—I'm never happy to apply power
until all loose metallic parts are accounted for—I do miss my spring-headed
Burroughs screwdriver. Still, a bit of sticky tape around the cross head will
hold the bolts.

Now for the moment of truth. “Don’t worry about the hard-disk settings,”
said the man in the spares department, “the board has an auto BIOS and
will detect and adjust for the disk drives all by itself.”

Switch on. “Boing” said the machine. “No drives detected—insert System
Disk and press F1.” Did that. “Floppy fail.” Take it all to bits again (have
to remove the power supply to get the board); check to see if all connectors
and sockets are firmly seated. “No drives detected.” Check all jumpers—I
discover that it had been set to the wrong clock speed. “Don’t worry,” said
the spare parts man, “we’ll set it up and test it before shipping.”

Same story: “No drives detected.” That’s odd, the hard-disk-drive lights
(I have two) lit up and stayed lit. At this point, field-service intuition came
into play. The Pentium has a dinky little fan that clips on top. Power for
that is picked up from a short bundle of wire with a standard PC power
connector at either end (one male, the other female), with a couple of pick-
up wires to take the feed to the fan. This is inserted in line with the most
convenient feed from the power pack. I chose to use the line that fed the
master disk.

These connections seemed firm and good, but something dinged in the
back of my head. After a little prodding, poking, and wiggling, I concluded
that it “didn’t feel quite right.” Sure enough, one of the male connector’s
pins was loose. Quick tweak with the fine-nose pliers, put it all back to-
gether, and bingo. “Primary master found, primary slave found.” We now
seem set to live happily ever after.

Except... where did I put that listing of all the IRQ and memory settings
I printed from the Windows 95 Device Manager COM 3—a Hayes
Enhanced Serial Port. It seems to have decided not to live at peace with
the mouse...

Peter Fletcher is Electronic Design’s U.K. correspondent. His e-mail ad-
dress is: panflet@cix.compulink.co.uk.
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CONFERENCECALL

he Neutron Scattering Satellite

Meeting to the XVII IUCr
Congress will be held Aug. 5-7 at
the National Institute of Standards
and Technology’s (NIST) head-
quarters in Gaithersburg, Md. The
purpose of the conference is to ad-
dress advances in neutron scatter-
ing instrumentation and applica-
tions crystallography, materials
science, and molecular biology.
Topics to be discussed include de-
velopments in neutron instrumen-
tation and detecting advances in
data analysis techniques, thin
films, and neutron sources. For
more information, contact Susan
Krueger, NIST, E151 Reactor Bldg.,
Gaithersburg, MD 20899-0001;
(301) 975-6734; e-mail
krueger@enh.nist.gov.

he sixth annual Surface Mount

International Advanced
Electronics Manufacturing
Technologies conference and exhi-
bition will be held Sept. 8-12 at the
San Jose Convention Center, San
Jose, Calif. Featured will be a full-
day seminar on chip scale packag-
ing, and a special session on re-
ducing solder joint defects. The
conference will include classes, tu-
torials, and workshops, and over
100 companies are expected to ex-
hibit their latest products and ser-
vices. For more information, con-
tact Miller Freeman Inc., 600
Harrison St., San Francisco, CA
94107; (415) 905-4994; fax (415)
905-2220.

CORRECTION

In the April 1 review of Nihal Kularatina's
book “Modern Electronic Test and
Measuring Instruments,” the incorrect
pricing was given. The hardcover version
is priced at $89, and the paperback ver-
sion is $45. The book is available from
the IEEE Operations Center, IEE/INSPEC
Dept., 445 Hoes Lane, Piscataway, NJ
08855; (908) 981-0060. The editors wish
to apologize for the error.



SIEMENS

T9A series relays have just raised the
standard for compact 30-amp relays!

Single-pole, 30-A switching
Produced on fully automated lines,
T9A relays represent the next gener-
ation of compact 30-amp relays. UL
recognized and CSA certified, they
are well-suited for use in appliances,
HVAC equipment, industrial controls
and more.

More than 350,000 operations

T9A relays deliver longer life than you
might expect. For example, when
switching 3/4 HP, 120VAC fan motor
loads, they achieved >350,000 oper-
ations. Compare that to the life deliv-
ered by competitive units, and we
think you'll find it impressive.

The quality you need

100% functional, hi-pot and seal
integrity testing assures the high
quality you demand. A high-integrity
grid sealing method uses minimal
epoxy, reducing terminal wicking.
And, a laser marking system ensures
clear, consistent product markings.

We've tried to think of everything
We've even considered our packag-
ing material. Environmentally-friendly,
returnable plastic containers help
hold down packaging costs and
reduce cardboard clutter in our facto-
ries and yours.

Find out more...

From the U.S. and Canada, use a
touch-tone phone and our automated
fax-response system. Simply dial
812.386.2561 and request document
#1601. Or, follow the prompts to
speak with your sales representative

Siemens Electromechanical Components, Inc
Potter & Brumfield Products Division

200 South Richland Creek Drive

Princeton, IN 47671-0001

Fax 812.336.2072

Potter & Brumfield Products Division
Siemens Electromechanical Components, Inc.
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LINEAR TECHNOLOGY CORP. (LLTC) was re-
cently awarded the 1996 Kachina Award
for “Best Financially Managed Company
with Manufacturing Facilities” from In-
Stat, the electronics market research firm
based in Scottsdale, Ariz. Headquarted in
Milpitas, Calif., LLTC is an independent
manufacturer of high-performance analog
integrated circuits. The company previ-
ously received the award in 1992.

QUICKLOOK

Here's lo the

WINNERS

Companies considered for the award
must be publicly traded U.S. corporations
recognized as active in the semiconductor
market. The award is calculated on the
basis of categories such as net income,
cost of sales, R&D investment, return on

investment, inventory turnover, and net
operating profit. This year’s award was
based on 1995 calendar year financial in-
formation.

For more information about LLTC, they
may be contacted at 1630 McCarthy
Blvd., Milpitas, CA 95035-7417; (408) 432-
1900; fax (408) 434-0507. For more infor-
mation on the Kachina Award, contact In-
Stat at (602) 483-4447.

E[%Va ch

ALFRED VOLLMER

ast year, I told you about the successor of the
current CD, which will store audio, video, and
: computer data-the DVD (digital versatile disk)
(Electronic Design, Oct. 13, 1995, p. 64R). The first spe-
cific hardware elements are now available for setting
up a DVD player/writer. Telefunken Microelectronic
GmbH (Temic), Heilbronn, Germany, has developed a
modular concept for laser drivers/controllers dubbed
the U8600B, and will mainly be used in DVD optical
disk drives for reading and writing optical disks. In con-
trast to the currently available magneto-optical (MO)
drives, a DVD-RAM drive (drive for reading and writ-
ing of DVDs) uses the “phase-change method” to
eliminate the process of erasing the disk before rewrit-
ing it, which makes DV Ds work a lot faster than
MO disks.

For the first time ever, all the available functional
blocks are now integrated onto one single silicon chip
consisting of a broadband servo amplifier, an RF modu-
lator, a pulse-width generator, a digital bus control, and
a supervisory unit. The core element of the U8600B is
the broadband serve amplifier driving the laser diode
with a 100-MHz bandwidth. The de-current amplifica-
tion is up to 110 dB and the maximum current is 200
mA with “extremely short rise and fall times,” accord-
ing to a company spokesman. The radio frequency (RF)
modulator uses the laser-mode hopping method in or-
der to decrease noise. By using integrated /A convert-
ers, the power values can be varied between the three
different operation modes of the laser diode--read,
erase, and write. Two pulse-width generators create
the write and switch-off impulses. A three-wire bus
controls the digital control of the power and pulse
width parameters.

The functional blocks can be configured in an ASIC
according to the customer's needs. The disk capacity is
2.6 Gbytes with a maximum bit rate of 10.8 Mbit/s,

about 20 times faster than current CD technologies.
Within a DVD drive, the emitted laser light is con-
trolled by a servo loop consisting of the laser itself,
parts of the optical path, a photodiode, and an amplifier.
This servo principle is an efficient method for generat-
ing the pulse form required for the high write density.
The laser power, which is relatively low, is also gener-
ated by the controller. For reading the DVD, an addi-
tional photo diode sensitive to laser light and an ampli-
fier are used.

DVD, the successor to the current CD, will have a
disk diameter of 120 millimeters. This is the same as
with the current CD, but the laser wavelength used is
650 nm. The capacity of a single-sided DVD-ROM
(read-only) is 4.7 Gbytes. With a capacity of 2.6 Gbytes,
a rewritable DVD-RAM is able to store over four times
the capacity of an ordinary CD. A high-end version of
the DVD-ROM will have a maximum storage capacity
of 17 Gbytes.

The phase-change principle stresses that GeSbTe lay-
ers (Germanium Antimon Tellur) can change their
structure from amorphous to monocristalline by warm-
ing up the layer to a specific temperature. Depending
on the intensity of the laser, it creates the required
temperatures. This phase shift changes the trans-
parency of the optical layer for the laser beam. If there
is a reflecting layer underneath the thin GeShTe layer,
data can be read with low laser energies and written
with maximum laser energy. In contrast to MO disks,
there is no need for a magnetic erase procedure before
rewriting the disk which saves a lot of time and makes
the writing procedure a lot faster.

From today’s viewpoint, the modulation technique of
the new technology offers a very high write density.
Data is written by using a pulse-width modulation that
encodes the number of logical zeros following a logical
one. By using this method, a write length of 0.256 pum is
achieved for every data bit, which means that a data bit
is half as long as the wavelength of the used light. The
market potential is quite big. Temic predicts that about
60 million DVD-RAM players will be sold by the year
2000. These players will also be able to read today's or-
dinary CD-ROMs.

Alfred Vollmer is an Electronic Design correspon-
dent based in Munich, Germany. His Compuserve ad-
dress is 75162,1246.
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STRATEGIC PARTNERS
WORKING TOGETHER

Information has always been a part of the developmental strategy
needed for success in the OEM market. In today’s fast-paced,
competitive global market environment, technology information
has become a priority. Systems designers not only want to know
what their strategic supply

[ : ‘ partners are doing today, but

' Elmlc nEN | where they’re going. Designers

| e l and suppliers must now work in
tandem to align enabling

' technology with the customer’s
system requirements. These
strategies demand strong

| partnerships in the development

| of competitive products.

A third strategic partner
completes this alliance. This
| partner’s mission is to observe

Audio-IC Technologies Tackle New Challenges p. 47

it Bopr O e 1095 5. 5 and report today’s product
e b b Procr ek e 1 | availability by its editorial staff
e e ™| of respected experts, while

IC \Marification Terge!s Doep-Svbmicren I(s p. 154

) | constantly probing for the next

generation of enabling
technology. The constant flow of exclusive and vital information
helps to bring systems designers and suppliers together as
strategic partners. It also provides engineers and engineering
managers with an enhanced ability to bring more competitive
products to market, faster.

L

Electronic Design is that strategic information partner —a
partner who provides the information that helps the systems
designer make those critical decisions that stay the course of the
technology road map.

Technology Roa
Your Strategic Information Partner.

ELECTRONIC DESIGN

PERFORMANCE

TIME
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(201) 748-5089; fax (201) 748-6224

NTE Electronics has released WinDraft
schematic design and WinBoard PCB layout,
two software programs from IVEX Design
International that work with Windows 95 to im-
prove and simplify engineering and design of
printed circuit boards. The software also can be
used with Windows 3.1, Windows 3.11, and Windows/NT. WinDraft can generate schematic
designs within minutes of installation and provides everything needed for wiring, drawing,
printing, and finishing the design. It features a full graphical library editor and title block edi-
- tor; capability to create new component libraries
1 or build upon existing libraries to design custom
| symbols; and user-definable on-line ERC to iden-
tify problem areas in the circuit before final de-
sign. The WinBoard PCB layout software delivers
the most sophisticated interactive routing capa-
bility available for the Windows environment. It
has all the power necessary to accommodate
complex board designs and the tools to ma-
neuver high speed circuits, analog designs,
and dense SMT boards. Also included in
Winboard software is a library of over 700
module footprints; on-line editing of pad
stacks; quick and easy placement of multiple
copper pours; and reshaping of copper zones. Both programs require a
486/DX PC, 8 Mbytes RAM, 10 Mbytes hard disk space, and SVGA. The cost for the software
is $29.95 each. Contact NTE Electronics, Inc., 44 Farrand St., Bloomfield, NJ 07003;

Tenax Software Engineering has

released version 3 of Vortex,
the Power Reading Tool, which of-
fers new features such as the
ability to read popular word pro-
cessing files in their native for-
mat. These filters will include MS
Word, WordPerfect, HTML, and
SGML. Additional features include
user configurable weighted timing
for specific words and punctua-

. tion. A new control panel provides

VCR-style file access, including

. fast forward, fast rewind, skip,
and word search. Keyboard inter-
faces for the new control panel
support real time variable speed
reading. Contact Tenax Software

: Engineering, 2103 Harrison Ave.

. NW, Suite 141, Olympia, WA

: 98502; phone and fax (360) 866-

. 1686; Internet: http//www.hal-

¢ cyon.com/chigh/vortex.html.

- .3 = .

re Americans risking their funds in on-line
Abanking? Are credit card transactions on the

Internet secure? Can our
financial privacy be invaded
easily in Cyberspace? These
are some of the issues being
addressed by the
Information Infrastructure
Standards Panel (IISP), a
group of more than 80 compa-
nies, organizations, and government agencies work-
ing together under the aegis of the American
National Standards Institute (ANSI1). [ISP’s objec-
tive is to identify the standards needed to facilitate
the growth of the information superhighway by de-
termining where new standards development work
is needed, and by ensuring that those standards are
created in a timely fashion.

Speakers at a recent [ISP meeting reviewed vary-
ing perspectives of ensuring financial and informa-
tion security in Cyberspace and focused on the role
of standards in developing methods to increase secu-
rity. The panel also approved nine new application-
to-application standards needs added to the 35 stan-
dards previously identified as key requirements.

The IISP is working to identify the standards
needed for networks—among telecommunications,
cable, and broadcast/wireless companies, for exam-
ple—to interconnect and operate compatibly. Some
specific areas of standards requirements being ad-
dressed include healthcare informaties, application-

RNET
S

=
to-network issues, nomadicity (facilitating access to ser-
vices, people and content while “on the move”), enter-
tainment, information security and encryption, and in-
tellectual property rights. Standards needed for global
coordination also are being examined.

IISP recently hosted a roundtable of standards orga-
nizations that focused on standards that will tie cross-
industry networks together. Participants included the !
Internet Engineering Task Force, Committee T1-
Telecommunications, National Cable Television
Association, and the Electronic Industries Association. |

1ISP’s members represent sectors—including infor- |
mation technology, telecommunications, cable televi- l
sion, banking, medical, and wireless—that are converg-
ing and interconnecting. Panel members include |
Hewlett-Packard, AT&T, the National Association of
Broadcasters, the Federal Communications
Commission, and the National Institute of Standards &
Technology. ANSI is a private nonprofit organization
that coordinates the U.S. voluntary standards system,
bringing together interests from the private and public
sectors to develop voluntary standards for an array of
U.S. industries.

Information on IISP, including membership and meet-
ing schedules, is available on the panel’s World Wide
Web site (http://www.ansi.org/iisp/iisphome.html) or by
contacting R.M. Chick Hayden (212-642-4920; e-mail:
chayden@ansi.org) or Peter Lefkin (212-642-4979; e-
mail: plefkin@ansi.org). For more information on ANSI,
contact them at 11 West 42nd St., New York, NY
10036; (212) 642-4900; fax (212) 398-0023.
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S e N A D A A N

35MmV LDO
WITH 1P RESET.

VENABLE 4

Threshold
Voltage ~

Supaly Voltage
Bpervisor Reset _
Voltage

Output
undefined
[

Output

Prices start at a IOW $1 70* The TPS73xx LDO family lowers the barriers for

o table designs. Lower d t volt 35 mV
B 500 mA low dropout regulator with integrated Lt e dEopaut Foltages (S5 !
supply voltage supervisor at 100 mA) and quiescent current less than 400 pA

35 mV (max) dropout at 100 mA output add up to significantly lower hattery drain in

5V 485V 33V fixed-output and your design. Plus the on-chip 200 ms delay greatly
adjustable versions simplifies system design.
Active low reset with 200 ms delay

] ] For fiee data sheets and product information, contact us at.
<400 pA quiescent current, independent of load

20-pin TSSOP and 8-pin SOIC or DIP 1-800-477- 8924, ext. 5009
SS—— or http:/www.ti.com/sc/5009

EXTENDING YOUR REACH

‘9 TEXAS
| MENTS
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...numbers you
need to know

QUICKLOOK

FLIPPING THROUGH THE
INTERNET ROLODEX

http://www.natinst.com/idnet:
Users will be able to learn about
National Instruments’ entire library
of instrument drivers for use with
LabVIEW and LabWindows/CVI
software at this
InstrumentationWeb site. Users
can search the network by keyword
or phrase and browse all instru-
ment drivers categorized by ven-
dor, by LabVIEW instrument
drivers, and by LabWindows/CVI
instrument drivers. Extensive infor-
mation can be downloaded, includ-
ing the communication interface of
the instruments; the operating sys-
tem with which the driver is com-
patible; the version of LabVIEW or
LabWindows/CVI used to create
the driver; the availability and origin
of the driver; and whether the driver
is VXlIplug-and-play-compliant.

http://www.thomasregister/cpi:
Surfers will be able to view
Computer Power’s short-form cata-
log that features many emergency
power systems, including the new
Survivor UPS series. This Thomas
Register-owned site is dedicated to
providing timely information to the
industry.

http://www.avxcorp.com: Tap
into the latest information on AVX's
selection of MLC and tantalum ca-
pacitors, power-supply capacitors,
resistor chips, arrays and networks,
and integrated passive compo-
nents. Color catalogs can be
viewed on the site, as is technical
data of thin-film inductors, SMT
fuses, transient suppressors, filters,
piezoelectric resistors, and timing
devices. Also included are current

AVX financial summaries and the
corporate overview detailing AVX's
history

http://www.cast-inc.com:
Designers can see descriptions of
CAST inc. and its latest VHDL sim-
ulation and synthesis model library
ofterings at this web site, and are
able to join the private CAST Club
for some VHDL fun. CAST Club
members can download a free
VHDL model every month, and
have access to VHDL-themed
crossword puzzles and other
games. An on-line member roster
and forums for exchanging VHDL
stories and tips support the growing
CAST Club community.

http://www.nmia.com/ergoware:
Computer injuries? Yes, this page
created by LBI Inc. is geared to-
ward the little-discussed world of
computer ergonomics, Carpal
Tunnel Syndrome, and other com-
puter-related injuries. It also re-
views products designed to help re-
duce the risk of being injured while
working with computers, such as
the Ergoware Wrist Supports and
Mouse Pads.

http://www.solutions.apple.com/:
Information on Apple Computer
Inc.’s Apple Internet Server
Solution, which is part of its
Macintosh Internet Solutions
Guide, is available at this site. The
Guide contains the latest info on
the Solution, Workgroup Servers
7250/120 and 8550/132, and third
parties that support the MacOS
platform with e-mail services,
server software, authoring tools,
and so on.
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ECHNOLOGY EXCHANGE
Company offers education and

training for software developers,
engineers, and information tech-
nology (IT) professionals. Over 50
courses are offered, including
“Network Trouble Shooting,”
“Object-Oriented Software
Engineering,” and “Multivendor
Networking.” Courses are held in
various locations around the coun-
try, and on-site training is available
for companies.

For more information, contact
the company at One Jacob Way,
Reading, MA 01867; (800) 662-4282;
fax (617) 942-3001;
http://www.aw.com/tec.

Internet:

“Software Testing & Quality
Assurance’ is a two-day seminar
on improving the quality of soft-
ware, and will show students how
to use various tools and strategies
to perform stringent software test-

ing based on business require-

ments. Students also will learn

how to correctly document work,
and will explore the key features of
automated tools that facilitate the
testing process. The importance of
traceability, walk-throughs and in-
spections, defect tracking, and
other testing procedures will be

. examined. The seminar will be

held in various locations around |

the country through October.

For more information, contact |

Data-Tech Institute, P.O. Box 2429,

' Clifton, NJ 07015; (201) 478-5400;

Internet: http://www.datatech.com.
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Monolithic Ceramic Chip Capacito

Ceramic
Dielectric Filter

.

SMD Ceram
Resonato

Here’s what happens
when design engineers give us
a little something to do.

We help out in a big way. Because our large, very well-
funded R&D department has a 40-year history of doing
things with ceramics that no one else thought possible.

A few examples: The VCO, our miniature volt-
age controlled oscillator, offers low power consumption
and excellent temperature stability. The piezoelectric
GYROSTAR?® is 100 times more precise than other rate
sensors, at a fraction of the cost. Our 3-element EMI Pi
Chip Filter combines advanced ceramic technologies
with a unique circuit configuration for outstanding
noise suppression.

Murata also developed the Surface Mount
Ceramic Resonator, now available with built-in load
capacitors. And, our miniaturized Ceramic Dielectrie
Monoblock Filter with self-shielded design suppresses RF
leakage without compromising electrical performance.

If you're a design engineer with a big challenge,
we'd love to hear about it. As history shows, the bigger
you think, the smaller we get. ®

or more information, call

1-800-831-9172, ext. 527 novator in Electronces

For free technical manuals

©1996 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyma, GA 30080. All rights reserved.
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You want reliable clock/calendar data. You need non-
volatile storage. Maybe lots of it. You want extra features

like alarm interrupts, watchdogs, power event counters, lasered serial num-
bers, or kickstarts. You want choices that no one else can offer. You need
Dallas Semiconductor.

The DS17285 Real Time Clock is just one example of our feature-full timekeepers. It
includes a BCD-formatted clock and calendar, 2K bytes of NV SRAM. a multi-function
alarm/interrupt output, a guaranteed-unique serial number lasered into each chip, and a
32 kHz CPU clock output. Are upgrades important? Our chips can provide a software/
hardware design-free migration path. The DS17285 family devices are also available in a
module that integrates the chip, a 3V lithium energy cell, and a 32 kHz crystal for a com-
plete timekeeping solution.

MUX-Bus Interface* [I Dallas Semiconductor has made

DS12885/7 114 RTC and Periodic Interrupt over 150 million clocks. Can we
DS14285/7 114 RTC and Periodic Interrupt, NV Controller l k 9
DS168x/9x 114 RTC and Periodic Interrupt, NV Controller, 3V/5V make one for you?

Operation, V., V. and Power Cycle Counters, 64-Bit
Serial Number, Kickstart, 32 kHz Qutput

DS1685/7 242 RTC and Pericdic !nterrupt, 64-Bit Serial Number, For more information on our
Kickstart, 32 kHz Output . . .

DS17x85/7 2K, 4K, 8K RTC and Periadic Interrupt, 64-Bit Serial Number, extensive Timekeeping prod-
Kickstart, 32 kMz Output W uct offerings, give us a call at

Phantom Interface (214) 450-0448. Any other

DS1215 NV Cantroller o e e . .

DS1216x SmartSockets. various RAM/ROM densities supported choice is Just a waste of time.

DS124xY 8K, 32K, 128K, 512K

DS1315 NV Cantroller, 3V and 5V V.

ewide Interface [ N
DS164x 2K, 8K, 32K, 128K, 512K - DALLAS
DS164xL 8K, 32K, 128K, 512K Surface Mount Maduies

B’ SEMICONDUCTOR

Watchdog Interface

DS128x 50 Watchdog and RTC Interrupts, 3V/5V Operation .. .

DS1384 50 Watchdog and RTC Interrupts Visit our Web site at
DS1386 8K, 32K Watchdog and RTC Interrupts http: W, i

DS1486 128K Watchdog and RTC interrupts p:/fwww.dalsemi.com/

*MUX-Bus dewices indicate chip/module part numbers.

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 « Phone: 214-450-0448 < Fax: 214-450-3715
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FExpanding Their Technology
Base By Acquisition Gives Manufacturers
A Definite Position Separation.

27-GHz Process Makes Unlque
Puarts For RF Transceivers

PAUL MCGOLDRICK

leading-edge silicon bipo-

lar process, acquired by

Maxim Integrated Prod-

ucts from Tektronix, has

been developed to pro-

duce devices for wireless
communications up to 2 GHz with power dis-
sipations of about, 100 mW. The process is
also capable of producing devices that trans-
mit data over fiber at up to 2.5 Gbits/s, as
well as timing circuits for ATE, and high-
speed data converters. With a noise corner
below 2 kHz, the process is also useful for
making phase-locked oscillators.

Textronix’s process, GST-2 (Gigaspeed Sam-
pling Technology), is a successor to the earlier
GST-1 process successfully used in a line of
Gsample/s 8-bit ADCs. GST-2 is a 300% im-

provement over another in-house process, C- |

Pi (a recessed oxide-isolated, high-speed com-
plementary bipolar process).

GST-2 is a self-aligned double-polysilicon bi-
polar process that uses trench isolation. At
voltages where wireless products need to op-
erate—around 2 V—the process provides
some astounding performance figures. For ex-
ample, it is capable of an f; >27 GHz, an f;,),, >28
GHz, BV, 0f4.7 V, and a B of 200.

A Look BACK

Two years ago, Maxim was looking for ways
to increase its fabrication capacity to meet a
backlog. The need was for a quick expansion,
so they decided to acquire an existing opera-
tion. Among other possibilities, Tektronix’s in-
house fabrication facility was available. Tek-
tronix had been operating the plant as a corpo-
rate necessity, producing the specialized ICs
and hybrids it needed for its core equipment,
but in volumes that it would have been hard-
pressed to persuacde some other manufacturer
to produce. Tektronix also did not want to get
into the general semiconductor market and

was reported as losing $20 million in its last
year of operations.

Maxim nat only liked what it saw in terms
of the facility, they liked the fact that Tek-
tronix had a process on the back-burner
which could quickly get Maxim into the wire-
less market. The plant (on the main Tek-
tronix campus in Beaverton, Ore.) continues
to make the parts that Tektronix needs for
its equipment—with new parts to be
added—and a joint venture, Maxtek, assem-
bles hybrids for Tektronix equipment. But

ELECTRONIC DESIGN/JULY 8, 1996
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other changes are dramatic. In-
stead of handling 4000 wafers per
year under Tektronix, the Class-

10 fabrication facility now han-
dles 120,000 wafers per year.
Apart from duplicating the proc-
esses that Maxim has available in
its Sunnyvale, Calif. facility, the
Beaverton facility also continued
the ramp-up of the RF process.
To understand how these per-
formance levels were achieved, it
may be wise to focus at how de-
vices are made in the GST-2 proc-

Emitter

Collector

W

] ]
‘. p e P,(100),30 ohm-cm \ - I

Selt-aligned X

polysilicon resistor

ess. The cross-section of an npn

transistor fabricated with GST-2
shows the substrate to be a p on

p* epitaxial wafer with a polysili-

con film on the backside (Fig. 1).

An n-type epitaxial layer is | {1

]~ -

grown on the p* and n* buried
layers, and deep trenches are

Si
lnds?lzlm poly:iorw - polysilicon

e

etched through the n-type epi- .
taxial layer and the n* buried
layer into the p-type substrate.
The trench width is about 0.8 um and
the depth is about 4.0 pm. The bot-
toms of the trenches are implanted
with boron ions and are then filled-in
with 0.1 um of silicon dioxide (SiO9)
film and undoped polysilicon film.

The base island, collector, and sub-
strate contact areas are defined using
field-oxidation processes with the col-
lector contact being doped with phos-
phorus-ion implantation, and the sub-
strate with boron-ion implantation.
An amorphoussilicon filmis deposited
as the base electrode and boron ions
are implanted with a film of SiO, de-
posited on top. Photolithography de-
fines the base electrode in this layer-
cake with a reactive-ion etch.

Firm leakage between the intrinsic
and extrinsic base regions is estab-
lished by the implanting of BFy ions
through a 0.007-um oxide film with an
acceleration energy of 25 keV. A 0.3-um
SiOg layer is deposited and then etched
back to form a sidewall oxide spacer.

A selectively implanted pedestal col-
lector layer is implemented by implant-
ing phosphorus ions at 170 keV under-
neath the intrinsic base region which
itselfis implanted by BFgions at 25 keV.
Then the emitter polysilicon film is de-
posited aﬂer cleaning. This filmis dosed
to 7 x 10'® em™2 with arsenic ions, and a
further film of SiO is deposited on top.
The arsenic impurities are diffused

within the layer at a temperature of

1. SHOWN IS A CROSS-SECTION of an npn transistor made on the Tektronix (now

part of Maxim) GST-2 process.

850°C for 30 minutes, then further dif-
fused to form a single-crystal silicon
layer using rapid thermal annealing
with temperatures between 1025 and
1100°C. This also diffuses the other
impurities implanted previously. The
rapid thermal annealing process plays
an important role in achieving the
minimum impurity distributions.

A selective titanium silicide (TiSip)
film is sputtered on top of the emitter
and collector polysilicon, but not formed
where resistor areas are patterned.
This layer forms the self-aligned second
polysilicon-layer resistors which are

connected directly to the emitter and
collector electrodes without the use of
contact holes. Using nitrided tita-
nium-tungsten (TiW) as a barrier met-
al, a 2.4-um gold interconnect is electro-
plated on all three terminals. Use of a
gold solution provides very high immu-
nity to electromigration.

Tektronix has had extensive expe-
rience in the use of gold processes and
barrier-metal needs. This is one of the
significant differences compared with
other technologies, as is the exclusive
use of active ions to achieve geometry
tightness, the size of the trenches

Low-noise
-amplifier

Receive
RF

Receive on

Transmit on

Transmit RF

TX GAIN

2. A BLOCK DIAGRAM of the MAX2420 family of transceiver ICs; the MAX2426
transmit-side simplification allows the input of baseband signals to the mixer.
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Experience gives us the edge in mixed-signal ICs.
6 Vt] | ‘

By artfully mixing analog and digital ~ They depend on us. For mixed-signal ICs. connect with
circuits. Silicon Systems has rocketed IC So do leading companies in high-speed  the experts in the mix. Silicon Systems.
performance skyward while driving down communications. They are tapping inte 1-800-624-8999, ext. 151. Or visit our website
your costs and power consumption. Silicon Systems mixed-signal know-how to  at http:/wwwssil.com

All on one chip, thank you very much,  develop the next generation of ATM and Fast

And flexibly packaged in the widest range of  Ethernet networking products. set-top box : L
shapes and sizes. designs. and many other demending mixed- The Edge In Mix ed-Slgnal ICs

We've designed, developed. manufac- signal applications.
tured and shipped so many mixed-signal ICs They know our brand of expertise '!- o

you'd be hard pressed to find a hard disk delivers a sizeable edge in mixed-signal ICs. J ﬂ Jm

drive manufacturer that's not a customer. Not to mention an obvious partner. A TDK Group J Company
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used, the breakdown
voltage, and reverse-

MAXIM’S GST-2-PROCESS IMAGE-REJECT TRANSCEIVERS

flective result; model-
ing is started early in

e Local-oscillat . :
f}tlres}?. c}ilpabll(;ty,t.pl.ltls o ilion IF (MHz) °°:‘h;f°n il thef(;irensllgn tgngreiilct
e high produectivity G0 - ' T per ance algo-
of the process. Yields, i Lmn:?imw e i Vo rithms. All the test pat-
for examp}e, compare MAX2440 Image reject down 107 High side ~ | terns  are measured
lwel:, W;.Ith Tlm'plel‘ bipo- MAX2460 Image reject down | 10.7 Lowside a_nd e(;luafiwns are d(?'
ar technologies. andup R signe om generic
GST-2 gives the possi- MAX2421 Image reject down | 46 High side models down to the
bility of manufacturing andp s L G, | subset levels. There
RF ICs, low-noise de- MAX2441 Image reject down 46 Highside | are equations for each
vices, RF power amplifi- MAX2422 Image reject down 70 High side application mostly de-
"heet  resist d eloped by Portland

ers, sheet resistors, ol NGt i | velope y Portlan
Schottkydiodes, MOSca- |  MAX2426 | imagersject 70 High side State University pro-
pacitors and lateral pnp s ol Ll L fessor Paul VanHalen.
transistors (with fis of 80 MAXRA2 image reject down 79 High side The result is a layout
MHz). The use of trench system and library that

isolation allows close device spacing
and gives high wafer densities.

MoDELS AND SIMULATION T00LS

Getting a process to work is only
part of the story towards producing
useful parts. A significant advantage
for the Maxim facility is over fifteen
years of Tektronix experience in de-
veloping models. TekSpice 2 (compat-
ible with Spice) was developed
within the Microelectronics Group
and remains part of Tektronix but
available to Maxim. TekSpice exhib-
its an enriched description language
and does not suffer the convergence
problems commonly associated with
Spice. Apart from allowing fast

analyses, post-processing and extrac-
tion capabilities are included along
with Smith-chart and Fourier-trans-
form analyses. A powerful Maxim ad-
dition to TekSpice 2 is the electrical
rules checker (QuERC) which looks at
possible design failures that other
simulators ignore. For example, it
contains the ability to look at biasing
of devices in a region where the model
may be inaccurate, points where exces-
sive dissipation in the device or a resis-
tor might cause failure, or errors where
ratings are exceeded or not optimized.
In the design process using Tek-
Spice, the intent is to always produce
a part that behaves as required—a
predictive intention rather than a re-

work together to avoid problems in
the design of parts that closely match
the simulated results. The twenty
high-frequency design engineers at
Maxim have been empowered by the
system, and its browsers, for design
guidance, problem solving, and toler-
ance modeling. For the GST-2 proc-
ess, the library now contains up to 50
such devices.

THE NEW FAMILY

A new range of ICs, using the GST-2
process, is a family of 900-MHz image-
reject transceivers for low-cost ra-
dios. Uses will include cordless tele-
phones and base stations, cellular tele-
phones, and wireless data links. The

MAX2420 MAX2430
Transmit IF 10.7-MHz ceramic 915-MHz dielectric  integraed power amplifier
10.7 MHz bandpass filter bandpass filter
e e et D B o P B ey B
oyl |~ =
16.384 MHz
i |
Zilog
187000 -+ 64/65
spread- y Transmit
spectrum Frequency  (AEE = e
Il >
controller | control o syutesier ‘® ~=—
RSSI 913-939 Receive  LC lowpass filter ”:;20
s ] MHz
Recei +23.8 dBm
eceive 5 s
IF i 5
B 0to~106 dBm
44 CEH 2 4
10.7-MHz
LC bandpass filter
L=
i et
10.7-MHz bandpass ceramic filter

3 A TYPICAL ARRANGEMENT for the complete transceiver using the MAX2420 and a Zilog spread-spectrum controller.
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Beginning today, you can fly the American Airlines Interactive Travel Network™ right from your own personal
computer. Our new line of AAccess™ software programs allows you the mast ways to plan and purchase
travel, check flight status, arrange seating upgrades on American, review AAdvantage® program information
and more. All from the comfort of your desktop. Or laptop, as the case may be. All with no service charges
or connection fees* To order Personal AAccess™ software, just give us a call at 1-800-AACCESS. For PC users
with VoiceView software, select the AA button in the main menu. For - = s
Internet users, visit AAccess via the Web™ at http://www.americanair.com AmerlcanAlrﬁneS
Something special in the air®

EAsY-TO-USE ON-LINE TRAVEL PLANNING

Choose from Personal AAccess, AAccess via the Web or
AAccess VoiceView™ to purchase tickets to over 400 U.S. destina-
tions on mary major airlines. With Personal AAccess, reserve rooms
at over 16,000 hotel properties and reserve rental cars from over 20
companies. And coming soon, Corporate AAccess — Powered by
SABRE™, designed for corporate travel planning and [g@a="

management. ‘,:.—’-_':.:,

AADVANTAGE ACCOUNT AND AWARD INFORMATION

Personal AAccess and AAccess via the Web make it simple
for AAdvantage program members to review their accounts. Just
go on-line to check your current AAdvantage mileage posted, as
well as determine which awards you qualify for based on your
current mileage.

REAL-TIME 24-HOUR TRAVEL INFORMATION
With our AAccess Gates & Times feature, you can review the most

up-to-the-minute arrival, departure and gate information, as well as ——
baggage claim location for any American or American Eagle® flight. 3
And you can do it whenever you want, day or night. l.'
Details
2
N
SPECIAL AADVANTAGE BONUS OFFER e
On-line Help

From now through December 31, 1996, AAdvantage members
will receive an additional 500 bonus miles for each round trip
they purchase and complete on American Airlines or
American Eagle using Personal AAccess, AAccess via the Web
or AAccess VoiceView.

Amencan Arrlines, Amencan Eagle and AAdvantage arc regasicred trademarks, and AAccess, Revsanal AAccess, AAcass via the Web, AAcoess YoweView, Corporae AAucess - Rvered by SABRE and Amexan Aschines Inveractive Travel Network are trademarks, of Amencan Awbines, Inc
Amencan Eagle s Amencan's regronal airkne assocate Amencan Aurdines reserves the r?u to change AAdvantage program rules, regulanons, travel awards and spraal offers at wny tme without notice, 21d to end the AAdvantage program with sx menths notce
Personal AAccess i offerec: free to AAdvantage rr-emibers, plus $6 95 stappng and handiing. - *There are no service charges or connecton fees to use Rersonal AAccess software through 124196, however AAccess via the Web requires an onine service or Intemet service provder
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design intention has been, throughout,
to produce parts that absorbintothe ICs
the most cost-effective solutions for the
total product—leaving already low-cost
parts outside the chip.

There are vociferous arguments by
each manufacturer of these types of
products for the inclusion ar exclusion
of particular features. The Maxim
family offers a range to bridge be-
tween these different design philoso-
phies. A major requirement of the de-
signs was that the tolerances would be
tight enough that no adjustments
were necessary.

The result is a range with different
IF and local-oscillator (LLO) injection
choices for conventional and data
modulation (see the table). The
MAX2420, for example, is an image-
reject transceiver with rejection both
on the mix up and the mix down from
and to the IF 0of 10.7 MHz. The LO mix
on the part is on the high side of the
carrier frequency. The same features
are onthe MAX2460, but there the LO
mix is on the low side of carrier. Other
versions in the family are for 46- and
| 70-MHz IFs with simplified up-con-
version with no image rejection.

The block diagram for the entire
family is similar (F'ig. 2). The ICs are
designed for 50 Q at RF ard 330 Q at
IF. The receive path consists of ampli-
fier, downconverter, and buffer. The
RF signal from the antenna passes to
a 900-MHz, variable-gain, low-noise
amplifier (LNA), which with logic

high on the LNA Gain pin, gives a gain |

of approximately 16 dB. With logic
low, the gain falls to about 3 dB. Inter-
mediate values can also be realized.
The LNA has a noise figure of about
1.8 dB at maximum gain.

The downconverter is implemented
using an image-reject, double-bal-
anced mixer. An input buffer provides
two outputs, each of which is fed to a
double-balanced mixer. A quadrature
LO drives each mixer. The outputs of
the two mixers are passed through
RC-phase shifters to produce signals
in 90° quadrature which are summed
together. The final mathematical rela-
tionship is such that the fundamental
IF signals are reinforced and the im-
age signals are canceled (see “Image
rejection using quadrature cancella-
tion,” below). Typical image rejection
is about 35 dB. The buffered output
appears at the IF pin of the IC. The
turn-on/turn-off time of the receiveris
a maximum of 1 ys, and the total con-
version power gain is typically 22 dB.

The transmitter side of the chip oper-
ates in a similar fashion. The IF is ap-
plied to the Transmit pin and passes
through a buffer amplifier with about
30 dB gain adjustment controlled
from the Transmit Gain pin. This is for
products where the manufacturer
wants to control output power when
the transceiverisin close proximity to
the base station. The signal is then
split through RC-phase shifting to
give quadrature signals at the double-
balanced mixers that are fed with
quadrature LO signals. Again, the

mathematics reinforce the fundamen-
tal carrier signals and cancel the im-
age signals. The image rejection is
about 35 dB while the LO leakage to
the output is about -35 dBc. The out-
put is fed through a pre-driver to give
a maximum signal level of about +3
dBm. Turn on/turn off time of the
transmitter is a maximum of 500 ns.

(OSCILLATOR SECTIONS

The on-chip LO is formed by an emit-
ter-coupled differential pair. An external
LC-resonant tank circuit connected to
TANK A and TANK B sets the oscillator
frequency (Fig. 2, again). Part of the
tank capacitance can be split with back-
to-back varactors with the common ter-
minal becoming the de feed point to cre-
ate a voltage-controlled oscillator. If
needed, the LO can also be overdriven
from an external source; in that case a
drive level of about -3 dBm from 50 Q
should be ac-coupled to either tank pin.

The on-chip prescaler provides the

| link for a PLL to the oscillator. There

are two different modes controlled by
the *Divide-by*1 pin. When this is
low, the prescaler is in the dual modu-
lus divide-by-64/65 mode. When it is
high, the prescaler is disabled and it
becomes an oscillator buffer-amplifier
with an output of about —6.5 dBm into
50 Q. When the prescaler is active, the
choice of 64 or 65 as a division ratio is
made by the Mod pin being high or
low, respectively. The choice allows
for an intelligent choice in the locking
window of a lower-frequency PLL. A

IMAGE REJECTION USING QUADRATURE CANCELLATION

simple mixer is

a). The same upconver-
sion using the system em-

ployed in the Maxim (@)

the multiplica-
tion of the signal | Output ,';s":m
and the oscillator Output
applied toit. The resulting ar
output is a combination of ascillator
the wanted signal and an €08 wyl
image term separated by
twice the IF. Shown here Outpet = 608 gl €08 !
is the mixer in an upcon- = /21683 (g gt + 08 oy + gl
P (wanted signal - (unwanted
verter role (see the figure, high-side In&e(lon) image term)

(b)

A ==5in ol * 5in el ==1/2 (008 (w0, = wie)t = €08 (0 + wyet
B = 08 wyl * €08 et = 1/2 (608 (10, = gt + €08 w0y + pe)t]
Output =-A + B = ¢05 (w0, = wyet

IF input
€08 wyel

—<

Local oscillator
€08 eyt

(wanted signal - high-side injection)

MAX2420 family with bal-
anced quadrature modu-
lators, results in two separate mixes
with the image terms in each being

\ of opposite polarity. The summation
of the two signal results in cancella-

tion of the unwanted image signals
(see the figure, b).
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number of low-cost synthesizers are
available at the approximately 16.4
MHz required for carrier frequencies
of 902 to 928 MHz.

The remaining components not on
chip for the completion of a trans-
ceiver include the IF strip—available
at low-cost—and the IF filters (very
low cost), the baseband system of
choice (such as from Zilog, Cylink or
Rockwell), and at the antenna end, the
transmit/receive switch (not suitable
for design as a CMOS product at low
power), and any additional power am-
plification wanted for the transmitter.
A suitable IC is available for this po-
sition from Maxim, the MAX2430,
which delivers 20 dBm from a 3-V
supply. The arrangements of a com-
plete system for a 240-mW (+23.8-
dBm) output and a receiver with a
sensitivity range of 0 to -106 dBm are
for a supply rail of 4.7 V using a Zilog
spread-spectrum  controller, the
787000 (Fig. 3).

POWER MANAGEMENT

A critical component of any IC de-
signed for portable applications is the
device’s power management. In the
MAX2420 family, the receiver and
| transmitter have their own enable in-

puts, Receive,, and Transmit,, so
% that the receiver functions can be dis-
|

abled during transmission and vice
versa. As transmit and receive share
common LO and IFs, it is recom-
mended that this facility be used in
any case to avoid interference across
the paths. Parts of the oscillator cir-
cuitry can also be shut off if they are
| not required. In a normal configuration,

using the prescaler and oscillator, the
| receive mode will require about 35 mA
| from a 3.3-V supply and the transmit

mode would be about 36.5 mA. A shut-

down mode is available where the cur-
| rent drawn is less than 1 pA.0O

PRICE AND AVAILABILITY
The MAX2420 s supplied in a 28-pin SSOP

package with pricing at $4.49 in quantities of

1000. Samples are available immediately.
Contact Hans nn, Maxim Inte-

grated Products, 120 San Gabriel Dr., Sunny-

vale, CA; (408) 737-7600; fax (408) 737-719}.

CIRCLE 501
How VALUABLE? CIRCLE
HIGHLY 528
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* Wave solderable
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Motorola's 24-Bit

DSP56300 Core Family

Motorola Raises the DSP

Cellular networks, high-speed telecommunica-
tions, multimedia, image-processing: the new gener-
ations of these applications require DSP solutions
that simply didn’t exist. Enter—Motorola’s
DSP56300 core family of 24-bit microprocessors.

Our DSP56300 core is the first programmable
DSP architecture to deliver true single-
clock-cycle execution (compared with X
one execution per two or more cycles
for most DSPs). At 80 MIPS/MHz
today—with a roadmap to 100 MIPS/MHz in early
1997—the DSP56300 core is the fastest digital signal
processor yet.

The DSP56300 core delivers 25 to 40% more
functionality per instruction, thanks to a rich

instruction set and a core architecture with four

-m- execution units operating in parallel—

the Arithmetic Logic Unit (ALU), the
Address Generation Unit (AGU), the
Program Control Unit (PCU), and the
Direct Memory Access Unit (DMA).
The ALU features a 24 x 24-bit parallel MAC

enhanced with a 56-bit parallel barrel shifter that

drives single-clock-cycle throughput by accelerating
the multibit shift and parsing operations.

Addressing capacity of the AGU is 24 bits,
which allows accessing up to 16 MB of external pro-
gram and/or data memory (compared to only 64K
on most DSPs).

With an extendible 16-level hardware stack,
the PCU simplifies programming via automatic
unlimited subroutine nesting, zero-overhead
DO-loops, and C-language routines. The DMA

features dedicated data and address buses to move

The Wave of the
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data among memories and support read/writes to all Motorola development tools, including

peripherals without involving or interrupting the the Application Development System
ALU or other on-chip execution units. (ADS) and the DSP56303EVM evalua-
While the DSP56300 core delivers unparal- tion module, plus a number of third-
leled speed and functionality, its power demands are party tools.
uncommonly low. A fully static CMOS design To learn how the
allows internal clock speed to be DSP56300 core family The DSP56301 is
throttled down from 80 MHz to can put your applica- e
support a glueless
zero. A power management system ‘ tions on the fast-track, PCl interface. The
further conserves energy by auto- contact your Motorola s v
family chip also
matically reducing power to memories, peripherals, Semiconductor sales festures enhanced
and unused core logic. office or authorized R b
timer. A reduced
The DSP56300 core also features Motorola’s distributor. Or visit 8-bit parallel host
On-Chip Emulation Port (OnCE™), which allows our Web site at e
and DSP56303
vou to debug system software and hardware to per- http://fwww.motorola-dsp.com. utilizes a low-cost

. . 5 5 5 |  144-pin package.
form field diagnostics—without external emulation ‘ o p.' : - ?d
astic Bal ri

systems. Our DSP56300 core family is supported by

Array packaging is

@ MOTOROLA also available for

- - - ™ the DSP56301 and
F uture 1S D | g Ita l . What you never thought possible. | the DSP56303.
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HIGH-LEVEL DESIGN

EDA Vendors Advance Toward

System-Level Design 4 vajor Factor
Drwmg The
Adoption Of
System-Level
Methodologies
Is The Price Of
High-Level
Errors.

he following report features contributed articles from three ma-
jor electronic design automation (EDA) vendors active in the
development of tomorrow’s system-level design solutions. All
three perceive that the number of design starts in telecomnmunications, multi-
media, and digital signal processing (DSP) are dominating today’s ASIC land-
scape. These ASICs are increasingly complex, highly proprietary, and must
operate at extreme frequencies. And even though the time to market is continu-
ally shortening, design teams are becoming smaller as well. It seems that the
pressure on the engineer can only be relieved through next-generation system-
level design methods.

A major factor driving the adoption of a system-level design methodology is
the high price of errors made during the high-level design phase. When the
requirements are being captured, the functional specification is created, and the
appropriate architecture is selected. These errors create major problems in
meeting the schedule, because they are only detectable during the integration

RITA GLOVER and test phases that occur much later downstream.

EDA Today

11811 N. Tatum, Suite 3031 Problems with today's methods

Phoenix, AZ 85028 The conventional design methodology separates hardware and software de-
(602) 953-7733 sign into two fairly independent paths that are not reunited until quite late in
ritag@edat.com the design process at the integration and test phase. If there are problems at

this point, the time-to-market pressures often force a last-minute integration
solution that’s focused on software, even though that type of fix may not be the
best solution. The long lead times and high cost of ASIC design turns often
indicate that a software fix is the only viable alternative, but the true cost of a
software solution may actually be quite high, because it may compromise the
final produet’s functionality and performance.

Neat-generation methodology

To enable system-level design, a new generation of hardware/software
codesign tools will be required. In these articles, Mentor Graphics calls their
approach integrated system design, Cadence promotes the notion of block-
based design, and Synopsys focuses on behavioral synthesis. But all three
companies are looking at ways to move the design process to a higher level
of abstraction and deal with reusable blocks of intellectual property, such as
embedded cores.

To fully realize the potential benefits of block-based design, the EDA industry
| is in need of new design and delivery standards for intellectual property (IP).

These standards will facilitate the evaluation of predesigned components and
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their subsequent integration into for-
malized design flows and different de-
sign-automation environments that
extend from system-level design
through silicon implementation. End
users must be capable of combining
blocks from many different providers
and standardize on a unified internal
design flow. Standards will make it
easier for component IP providers to
support multiple EDA design flows
without requiring separate design
kits for each. Standards also are
needed for increased levels of intellec-
tual property protection.

Integrated systems design

In integrated systems design, the
two separate hardware and software
design flows are in constant communi-
cation throughout the design cycle, so
that the system-level view is continu-
ously observed throughout the design
cycle. Mentor Graphics’ concept of the
integrated system design methodol-
ogy is divided into two main parts.
First is the requirements/specifica-
tion phase, where the goal is to create
a design that is functionally correct.
Specification and architectural errors
can be quickly detected and remedied
before they impact the later stages of
design. After this process, the hard-
ware and software can be imple-
mented according to clearly defined
parameters.

The second part of integrated sys-
tem design is the process of continu-
ally validating the interaction be-
tween the hardware and software de-
sign activities. A “virtual prototype”
is constructed during this phase and is
integrated and tested via simulation
and/or system emulation. The virtual
prototype reveals any design errors
before they are compounded as the
project moves forward.

By resolving conflicts early in the
hardware/software design phase, en-
gineers can achieve significant pro-
ductivity gains. But they can realize
even more gain if the errors are re-
solved during the specification and
partitioning phase.

Block-based design

Cadence points out that another
primary enabler for system-level de-
sign is the notion of reusable blocks of
intellectual property. With a block-
based design methodology, the user

performs architectural design by
placing the functional blocks. The de-
signer then rapidly evaluates the in-
teraction of a specific block with other
blocks in the system and its operating
environment. For each IP alternative
that meets the system functionality
and performance requirements, the
user leverages pricing and IP charac-
terization data to rank each piece of
IP for cost and power.

As a specification evolves into a
chip architecture, floorplanning is
performed to meet timing budgets
and routing requirements. Floorplan-
ning tools must be closely linked to
process-specific layout tools to iden-
tify potential routing problems early
in the design process. For blocks of
custom functionality, partitioning
tools are used to break down larger
blocks into appropriate types and
sizes for lower-level block design.

Libraries of parameterized ele-
ments accelerate the time required to
produce an efficient, working deep-
submicron implementation. Taking
advantage of these regular structures
saves tremendous time in capture,
functional verification, management
of critical paths, clock and power dis-
tribution, and floorplanning and
physical design. In addition to the
time savings, these parameterized
elements greatly improve the effi-
ciency of implementations.

Behavioral design

Synopsys is making a substantial
effort among its user base to raise
productivity by elevating the design
abstraction from the register-trans-
fer level (RTL) to the behavioral
level. Behavioral design enables
much faster creation, verification, and
modification of complex designs using
high-level specifications. It allows de-
signers to quickly create and evaluate
multiple architectures by simply
changing the high-level constraints.
After making high-level trade-offs, a
behavioral synthesis tool automat-
ically creates a fully optimized gate-
level design.

Behavioral synthesis represents a
major shift in methodology for RTL
designers. This new process of de-
signing at a higher level of abstrac-
tion may be painful and frustrating
without the right preparation. But
according to its early adopters, be-
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havioral coding is more intuitive,
and it facilitates fast design creation
and debugging. After investing a
short period of time to become pro-
ficient at writing behavioral code, a
designer can achieve dramatic ad-
vances in productivity.

With behavioral synthesis, de-
signers do not need to specify regis-
ters because it automatically creates
them to accommodate scheduling.
Instead, behavioral designers must
become familiar with nonblocking
(signal) and blocking (variable) as-
signments. That is, output assign-
ments should be made using signal
assignments, and all other operations
are handled using variable assign-
ments. A behavioral synthesis tool is
free to move designated operations by
using variable assignments across
clock boundaries in order to optimize
for operators and register utilization.
Signal assignments, on the other
hand, explicitly infer registers in a
manner similar to RTL.

New verification methods

Once basic system functionality is
established, the designer must verify
that all possible interactions between
large blocks of IP have been fully
tested. Because the vast majority of
ASIC errors occur at the interfaces
between hardware blocks, and that
most system errors occur at the inter-
faces between hardware and soft-
ware, interface verification becomes
critical as entire systems are put onto
a single chip. The problem is the fact
that it takes billions of cycles to fully
verify this much functionality when
using logic simulation.

Therefore, alternative strategies
such as modeling at higher levels of
abstraction and virtual prototyping
must be employed to get around the
verification bottleneck. Any valid
approach to an integrated systems
methodology must bridge the gap
between hardware and software
simulation environments, and cre-
ate a bidirectional information flow
that benefits the design teams on
both sides.

In the conventional scenario, the
hardware and software designers
each employ simulation tools to ex-
ercise and verify their respective
functionality and performance.
However, both domains are virtually
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independent from each other. Soft-
ware designers have debugging tools
that exercise their code, but the por-
tions of the code dealing with hard-
ware I/O are usually represented by
primitive routines that return and re-
trieve only minimal information. The
software design can be viewed in
terms of the three types of code used
in most embedded systems—the ap-
plication program, the real-time oper-
ating system, and the firmware that
interacts directly with the target sys-
tem hardware.

Hardware designers use logic simu-
lators that are strongly oriented to-
ward timing and logic verification, and
employ various methods that present
a very limited approximation of soft-
ware’s impact on the target system’s
bus. Hardware logic simulators are
capable of dealing with the basic bus
cycles presented by microprocessor
operations, but can’t offer the per-
formance needed to evaluate signifi-
cant amounts of code execution. The
problem is compounded by the im-
mense complexity of full-functional
microprocessor models.

For true hardware/software codes-
ign to become a reality, it’s necessary
to reconcile the performance differ-
ences between instruction set simula-
tors and hardware logic simulators,
and to provide an orderly exchange of
necessary signal information between

HIGH-LEVEL DESIGN

the two. Clearly, the performance bot-
tleneck is on the hardware simulation
side. Even when freed of the burden
of microprocessor modeling, hard-
ware simulators are much more lim-
ited in their throughput than soft-
ware simulators.

A potential solution lies in the fact
that there are a relatively high ratio
of total processor instruction cycles
compared to the number of 1/0 bus
cycles on the target hardware. If
non-1/0 bus transactions can be fil-
tered out of the total number of
clock cycles, the number of cycles
presented to the hardware simula-
tor can be substantially reduced,
and overall simulator throughput
can be significantly increased by
several orders of magnitude. Once
this hardware/software bridge is es-
tablished, the first major step in the
integrated systems design method-
ology will be achieved.

Then, for the first time, a system-
level virtual prototype will exist
throughout the hardware/software
design flow. Software designers will
be able to detect hardware-related
bugs early in the design cycle, when
they are relatively easy to fix. Hard-
ware designers will get a much truer
picture of their design’s performance
and functionality, and can quickly
identify ways to optimize it. Most im-
portantly, both hardware and soft-

ware errors will be found and repaired
before the integration and test stage,
and before they become a major ob-
stacle to the product’s quality, cost,
and schedule.

Verification of complex systems is
accelerated by the use of system-level
(functional) modeling and simulation
techniques. The models written at
this stage may not be cycle-accurate
with respect to the final implementa-
tion of this system, but they can be
quickly simulated.

Because the designs are written at
a high level of abstraction, they do
not reference the low-level imple-
mentation details, and they do not

| refer to as many clock cycles as may

exist in the final implementation.
Behavioral designs are also much
quicker to simulate, because behav-
ioral code consists of only 10 to 20%
of the number of lines of code in an
RTL design. O

Rita Glover is President of EDA To-
day, a market research firm in Phoe-
nix, Arizona, that provides market
analysis and consulting services on
electronic design automation issues.
A 14-year veteran of the EDA indus-
try, she has worked as a technical
communications consultant, techni-
cal writer, courseware developer, and
instructor of EDA tools. Comments
can be e-mailed to ritag@edat.com.

Making the shift toward integrated
systems design

Hardware and software design flows must be in constant communication.
BY BRIAN BAILEY AND SERGE LEEF, Mentor Graphics Corp.

As the size and complexity of electronic
systems continue their inexorable
climb, many engineering organizations
are feeling the wear and tear from con-
ventional design methodology. The con-
ventional methodology separates hard-
ware and software designs into more or
less independent paths, and then re-
unites them at the integration and test
phase. An alternative approach is found
in integrated systems design, where
these two basic design flows are in con-
tinuous communication throughout

the design cycle. But a new generation
of hardware/software codesign tools
will be required for this methodology to
become reality.

One factor driving the adoption of
this new methodology is the high
price of design errors made early in
the cycle—errors that only surface
during the integration and test
phases, where they become major ob-
stacles to meeting schedules. Errors
of this kind are typically introduced
in the system-design phase, when the
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requirements are being captured,
the functional specification are cre-
ated, and theappropriate architec-
ture selected.

At the beginning of the system-de-
sign phase, the design is often speci-
fied as a series of functional blocks
interconnected in a manner that rep-
resents the symbolic dataflow be-
tween them. This functional specifi-
cation is then partitioned into an ar-
chitecture composed of hardware and
software components. During this
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HIGH-LEVEL DESIGN

Integrated systems design

High-level design and analysis

 System specification
 System-level verification and analysis
e Partitioning and high-level synthesis

Embedded software
design

e Development tools
e Real-time 0S
e Libraries

Hardware
design

¢ |C design
* ASIC/FPGA design
¢ PCB design

Integration and test

* Test and measurement
e |n-circuit emulation

* Prototype evaluation

1. BASICALLY, the design cycle tends to fall into four separate phases—system definition
and partitioning, hardware implementation, software implementation, and integration and test.

partitioning process, particularly
when tools are not available to assist the
designer, it often becomes difficult to
keep the hardware/software boundary
defined in a way that accurately maps
back to the functional specification.
These system-level ambiguities can
cause major problems during the inte-
gration and test phase, when the true
magnitude of up-front mistakes be-
comes apparent. For this reason, up to
one-third of the typical design cycle is
spent in the integration and test phase.

In many instances, the time-to-mar-
ket pressures force last-minute inte-
gration solutions that focus on soft-
ware, even if it is not the optimum
solution. The long lead times and high
costs of ASIC design turns make soft-
ware seem like the obvious choice,
even though the true cost of a soft-
ware solution may be quite high when
it is examined closely. For this reason,
the bias toward remedial action in
software may compromise the funec-
tionality and performance of the final
product.

This basic problem is only amplified
by current trends in the development
of electronic products. Many new sys-
tems employ custom hardware in the
form of ASICs with hundreds of thou-
sands of gates, and software that may
include a complete real-time operat-
ing system (RTOS), plus over a million
lines of C or C++ code. At the same
time, the ratio of hardware to soft-
ware engineers has reversed in the

last decade, reinforcing the growing
role of software as a significant factor
to the value of new products.

RESOIVING CONFLICTS

The practice of integrated system de-
sign promises to solve these problems
by ensuring that the system-level view
is continuously observed throughout
the design cycle. At the front of the
cycle, specification and architectural er-
rors can quickly be detected and reme-
died before they impact the later stages
of design. And once hardware and soft-
ware designs commence, the interface
between them can be continually vali-
dated. Studies show that the resolution
of conflicts early in the hardware/soft-
ware design phase yields significant
productivity gains. They also show even
more gain if the errors can be resolved
during the specification and partition-
ing phase.

Basically, the design cycle tends to fall
into four separate phases (Fig. 1). The
first phase is system definition, which
includes requirements definition, fune-
tional specification, system-level vali-
dation, and partitioning into hardware
and software. Once the partitioning into
hardware and software specifications is
complete, the actual hardware and soft-
ware implementations can begin. Sub-
sequently, they proceed on independent
paths, sharing no milestones until pro-
totype hardware is built. Finally, during
the integration and test phase, the soft-
ware is executed on the target hard-
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ware and ensures that the design works
as originally intended.

In the future, the first phase of the
design cycle will evolve to the point
where designers can create an ex-
ecutable specification that’s partitioned
into hardware and software descrip-
tions, which are then synthesized using
commercially available tools. But in the
current time frame, there’s little interac-
tion between the specification and the
downstream phases. There’s also little, if
any, interaction between the software
and hardware implementation phases.
As aresult, the bulk of the work done in
validating the hardware/software inter-
face is put off until integration and test.

The immediate remedy for this prob-
lem is an integrated system design
methodology that actively employs
hardware/software codesign, so there’s
a continuous reconciliation of hardware
and software throughout the design cy-
cle. In this manner, inherent conflicts
within the design are revealed earlier in
the process, and the integration and test
phase—which currently consumes up to
one third of the cycle—is reduced to an
absolute minimum.

The integrated system design meth-
odology can be divided into two parts.
One is the activity performed in the
requirements/specification phase. The
goal here is to create a design that is
functionally correct, and to implement
the hardware and software within a
well-defined boundary between them.
The second part is the interaction be-
tween the hardware and software de-
sign phases. This part of the methodol-
ogy allows the construction of a “virtual
prototype,” which can be integrated
and tested via simulation to reveal de-
sign errors before they compound as the
project moves forward.

The development of technology to ad-
dress the requirements/specifications
phase is the subject of intense research
and development in both the electronic
design automation (EDA) industry and
academia. But as of now, there are no
comprehensive solutions. However, the
creation of a virtual hardware/software
prototype to support the design phase
is much closer to realization, and will
consume the balance of this article.

BRIDGING THE GAPS

In the conventional scenario, both
the hardware and software domains
employ simulation tools to exercise
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and verify their respective

sor-level software simulation

functionality and perform- Ham“':ﬁ:m:{:um“mn method is the compiled-code
ance, but neither is visible to method, also known as na-
the other. Software design- ) Syncheonizstion tive-code simulation. First,
ers have debug tools that ex- Instruction | and » "-°9|i°' the embedded source code is
ercise their code, but the por- Solisimulstor gy optimization | simuator compiled to the host CPU
tions of this code that deal & rather than the target. Then,

with hardware I/O are usu-
ally represented by primitive
routines that return and re-

as it executes on the host, all
the I/0 operations are
trapped and made to exercise

trieve only minimal informa-
tion. Hardware designers
use logic simulators that are
strongly oriented toward
timing and logic verification,
and employ various methods that pre-
sent a very limited approximation of
software’s impact on the target sys-
tem’s bus. These include test benches,
vector files, and pseudocode running
on the host CPU.

Obviously, any valid approach to an
integrated systems methodology
must bridge this gap between hard-
ware and software simulation envi-
ronments and create a bidirectional
information flow that benefits both
design teams. To understand the spe-
cific requirements of this co-simula-
tion environment, it helps to take a
closer look at the specifics of software
and hardware simulators.

The capabilities and performance of
contemporary hardware logic simula-
tors are well-known and widely un-
derstood. These event-driven pro-
grams can include a wide variety of
models ranging from the behavioral
level to the gate level, and rely on
stimulus vector files or test benches to
produce logic activity as viewed from
selected circuit nodes within the de-
sign. This information is often pre-
sented to the designer in a waveform
format that tracks logic transitions
over time.

In most cases, hardware designers
only need to look at narrow time win-
dows to verify the circuit’s functional-
ity, usually in the range of a microsec-
ond to a millisecond of real-time exe-
cution. This time window defines a
level of hardware simulation perform-
ance that’s adequate for most tasks,
and is approximately seven orders of
magnitude less than real time. For
example, when simulating a 100-MHz
target system, a simulator could
evaluate 10 clock cycles/s. At this rate,
a millisecond time window would re-
quire 2.7 minutes.

2. TO IMPLEMENT true hardware/software codesign, its
necessary to reconcile the performance differences between
instruction-set simulators and hardware logic simulators, and also to

provide an orderly exchange of signal information between the two sides.

At this level of performance, hard-
ware simulators are capable of dealing
with the basic bus cycles presented by
microprocessor operations, but sim-
ply do not offer the performance
needed to evaluate significant
amounts of code execution. The prob-
lem is compounded by the immense
complexity of full-functional miero-
processor models. In a typical sce-
nario, a logic simulator can evaluate
approximately one instruction per
second. Even though the boot routine
for a typical product might consume
several seconds of real-time execu-
tion, and may simultaneously produce
many millions of instructions, the
magnitude of the problem becomes
readily apparent.

On the software side of design flow,
the simulation and validation process is
conducted in a somewhat different man-
ner. The software design can be viewed
in terms of the three types of code used
in most embedded systems. These in-
clude the application program, the real-
time operating system (RTOS), and the
firmware that interacts directly with
the target system hardware.

For the most part, the application
code can be developed and debugged in
a Unix host environment through high-
level languages and debugging tools.
The RTOS, which is obtained commer-
cially or inherited from a past genera-
tion of the product, is a given. The firm-
ware, on the other hand, must be exam-
ined and debugged in terms of actual
instruction-set execution on the target
microprocessor. This is usually done
through instruction-level software
simulation, which makes no attempt
to fully model the internal circuitry of
the target processor or the surround-
ing hardware.

One approach to this microproces-
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a bus-functional model that’s
integrated in the target sys-
tem. This I/O activity is con-
verted to the appropriate bus
cycles which exercise the tar-
get hardware.

While this approach does create a
potential bridge between the hard-
ware and software simulation envi-
ronments, it does have a number of
significant drawbacks. Forinstance, it
can only utilize high-level source code,
which rules out the use of commercial
RTOS and legacy software libraries of
target-specific machine code. It also
presents a distorted view of real-time
software execution as the processor
state and timing information are ab-
stracted away, and the host execution
rate is often radically different than
the target rate.

EXCHANGING SIGNALS

A second approach is instruction set
simulation, which models all the major
storage elements and instruction-
level behaviors of the target proces-
sor but abstracts out the internal cir-
cuitry. This model provides register-
level information about the target
processor’s internal state. A compan-
ion bus-interface model can be used to
add bit-level accuracy torepresent ac-
tivity on the processor’s interface pins
as seen by the target hardware. Some
instruction-set simulators are cycle-
accurate and will produce the exact
bus behavior that will occur in the
physical system. This kind of simula-
tor is a tool that can be bridged to the
hardware simulation domain so the
specific nature of the interaction be-
tween hardware and software can be
examined.

To implement true hardware/soft-
ware codesign, however, it is neces-
sary to reconcile the performance dif-
ferences between instruction-set
simulators and hardware logic simula-
tors. It is also necessary to provide an
orderly exchange of necessary signal
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information between the twosides (F'ig.
2). Clearly, the performance bottleneck
is on the hardware simulation side.
Even when freed of the burden of mi-
croprocessor modeling, logic simulators
are limited in their throughput capabili-
ties. This compares to upwards of
100,000 instructions/s on the software
simulation side.

Note that the high ratio of total proc-
essorinstruction cycles compared to the
number actually devoted to /O bus cy-
cles affecting the target hardware
points toward a potential solution. If
one takes the total number of clock cy-
cles and selectively filters out non-1/O
bus transactions, the number of cycles
presented to the hardware simulator is
substantially reduced, and the overall
simulator throughput is significantly in-
creased. This includes filtering all activ-
ity associated with instruction fetches
and memory read/writes to unimpor-
tant locations.

With this kind of filtering in place,
the hardware simulator would only
see bus-level stimulus directly associ-
ated with the hardware 1/0, and all
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the intervening bus traffic could be
removed from the simulation. The net
result is to boost overall simulation
performance by several orders of
magnitude.

Once this hardware/software
bridge has been established, the first
major step in the integrated systems
design methodology has been
achieved. On the hardware side, the
functional specification is first ex-
pressed as a behavioral model using
VHDL or Verilog to construct an ex-
ecutable version of the circuit design.
This model can then be used on the
software simulation side to repre-
sent I/0 operations that are associ-
ated with the firmware portion of
the target software. In the second
phase of the design, the hardware is
expressed in a more detailed regis-
ter-transfer-level (RTL) of VHDL.
This model can be interfaced with an
instruction-level software simula-
tion of the activity on the bus of the
target system. In the final phase, the
VHDL is synthesized to a gate-level
hardware description.

Block-hased design:
creating a system on a chip

Traditional methodologies don

BY PHiLIP GEORGE, Cadence %esim Systems Inc.

Deep-submicron technology delivers
access to five million usable gates built
with 0.35-um geometry. Moore’s Law
indicates that this capacity will con-
tinue to double in complexity every 18
months. From the semiconductor ven-
dor’s point of view, the maximum dol-
lar/wafer can only be achieved by pro-
ducing complex systems on chips. In
addition, end-product life cycles are
shrinking and causing many of these
products to reach a commodity pricing
phase sooner, thus reducing the profit
margin possible. This, in turn, puts
greater pressure on the design team
to innovate more complex products in
less time at lower costs.

From the system house perspec-
tive, the required combination of time
to market with competitive price/per-
formance can only be achieved by de-

veloping complex systems on chips.
So, for the first time in the industry,
the business requirements of the
semiconductor industry align per-
fectly with the business requirements
of the system houses.

Just as we have seen trends of tran-
sistors becoming Boolean gates, ad-
ders, and multiplexers, we now see
digital-signal-processor and micro-
processor cores, sophisticated proto-
col decoders, and filters becoming
available for use in one chip. What was
once simply an ASIC of synthesized
control logic is now quickly becoming
a complete system on a chip. Unfortu-
nately, traditional design methodolo-
gies have not kept up with the unique
requirements of building systems ona
chip. Consequently, virtually every
electronics company in the world is
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For the first time, a system-level
virtual prototype now exists
throughout the hardware/software
design flow. Software designers can
now detect hardware-related bugs
early in the design cycle, when these
bugs are relatively easy to fix. Hard-
ware designers can obtain a much
truer picture of their design’s per-
formance and its functionality and
can quickly identify ways to opti-
mize it. Most importantly, both hard-
ware errors and software errors are
encountered and repaired before the
integration and test stage, when
they become a major obstacle to
keeping a project on schedule. O

Brian Bailey and Serge Leef both
work in the Codesign Business Unit
of Mentor Graphics Corp., Wilson-
ville, Ore. Bailey, who is chief tech-
nologist, can be reached by phone at
(503) 685-1371 or by e-mail at
brian_bailey@mentorg.com. Leef is
the director of research and develop-
ment. He can be reached at be phone
at (503) 685-7000 or by e-mail at
serge_leef@mentorg.com.

't meet the needs of building systems on a chip.

struggling to find the right formula for
success in this area.

Future system-on-a-chip designers
must evolve from traditional top-
down or bottom-up design methodolo-
gies to block-based design. Block-
based design is founded in principle on
the mixing of blocks that are repre-
sented at multiple levels of abstrac-
tion, described in any language (such
as C, C++, VHDL, or Verilog). These
blocks describe either hardware or
embedded software.

Today, block-based design is quite
error prone, time consuming, and re-
source intensive, thereby posing a
threat to the growth and profitability
of this market. However, the key to

success is a formalized method for de- |
veloping, accessing, and integrating

intellectual property (Fig. 1).
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New products designed today are
generally developed in three distinct
phases: System design, hard-
ware/software architectural design,
and hardware/software implementa-
tion. System design is performed in a
variety of ways. One methodology for
system design can be a paper specifi-
cation describing the system algo-
rithms proven through mathematical
formulas and black magic. This paper
specification is then given to design
architects who decide on many of the
critical hardware and software ele-
ments, usually based on past experi-
ences and instinct. Descriptions usu-
ally include the selection of the proc-
essor, the memory size, and the refine-
ment of the interface protocol be-
tween elements.

The first sign of automation in this
paper-spec methodology is found
when the implementation team trans-
lates the paper specification to a
block-diagram schematic, which is
then partitioned to the team mem-
bers. While some engineers begin
drawing the scnematics for the larger
components, others are writing Ver-
ilog or VHDL to define the special
control functions of the system. Mean-
while, software engineers develop
software-dataflow charts, and then
write embedded software for the
processor or higher-level system soft-
ware. Of course, they must wait for
the hardware to begin testing. This
design flow takes a very traditional
approach to the high-level design
phase, but with no electronic connec-
tion to the implementation phase.

A second methodology starts at the
highest-level algorithmic design (both
hardware and software algorithms),
which is accomplished through C pro-
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gramming. System environmental
models, design functions, interface
protocols, and communication stand-
ards are written in a combination of C,
C++, and even Fortran (with a C
wrapper). An essential part of this
stepis the design of the stimulus input
module and an expected results com-
parator in order to effectively test the
system model (the C program).

This second methodology offers
some automation and a fairly rigorous
testing process. Once again, a paper
specification is given to architectural
designers to decide on the hardware
and software elements. Some of the C
models designed in this phase can be
used in software design as well as for
development of an accurate IC test-
bench by hardware engineers.

Finally, a third methodology lev-
erages a formalized design-automat-
ion environment to provide the algo-
rithmic designer with a library of
application-specific functions (typi-
cally coded in C or C++) and a vari-
ety of environmental and stimulus-
creation building blocks in order to
test the system algorithms and ar-
chitecture. A common example
might be the use of pre-packaged
library elements to represent the
behavior of a set-top box, specifi-
cally the audio and video compres-
sion functions. The input signals
would also be modeled to include re-
alistic effects of noise or distortion.

Once completed, unambiguous
specifications of the design and test
suites for verification can be ex-
tracted, formatted, and generated in
standard formats (Verilog, VHDL,
print on change for vectors, ete.). With
this approach, the implementation
team can automatically leverage the

Executable links/
constraints/estimations

System design

Hardware and software
implementation

1. THE DISCONNECTED system-design process is evolving to an application-
specific environment that supports block-based design.
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work of the high-level systems de-
signers to both improve productivity
and reduce design risks.

NEED For CHANGE

There are two key aspects of the
system-on-a-chip design process that
require change in design methodology
to successfully overcome the daunting
market challenges. The first is the
process of formalizing the algorithmic
and architectural design phases, so
that this information will become a
fully-executable specification for the
implementation team. Second is the
departure from using a traditional
register-transfer-level (RTL) synthe-
sis flow to define the entire function-
ality of an ASIC.

No longer can everything on the
silicon be designed through synthesis.
This is especially true considering
that it’s becoming less feasible to pro-
duce multimillion-gate designs within
the tight schedules demanded by sys-
tem houses. A multimillion-gate,
deep-submicron chip designed using a
traditional ASIC approach would take
years instead of months to develop.
Therefore, a new methodology and
supporting infrastructure is needed.

If the next-generation product
must be 30% lower in cost to design,
50% smaller to consume less power,
have 100% higher performance, and
be designed in half the time—then
there is a need to design with as many
predictable and pre-verified blocks as
possible. Design reuse must really
mean reuse of nearly complete blocks
that can be quickly integrated while
being continuously verified at all lev-
els in the context of the system appli-
cation environment (Fig. 2).

BLOCK-BASED DESIGN
Block-based design is the methodol-

ogy for designing complete systems in
silicon with first-time success. It re-
quires access to a wide variety of
standard intellectual property (IP)
models that can be quickly composed
and verified in the context of a system
description. IP can be internally de-
veloped for design reuse, or provided
by ASIC and IC vendors, or by other
third-party developers.

Users first place functional blocks
in an architectural design and quickly
evaluate the functional interaction of
a specific block with other blocks in
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2. A CLOSER TIE BETWEEN the atgorithmic, architectural, and

I implementation design phases is key to speeding the design cycle while providing the much
needed verification suites to ensure first-time success.

the system and its operating environ-
ment. For each IP alternative that
meets system functionality and per-
formance requirements, the user
would leverage pricing and IP charac-
terization data to rank each piece of IP
for cost and power.

Once the basic system functionality is
established and specific IP choices are
made, the designer can verify that
every possible interaction between
large blocks has been fully tested. The
vast majority of errors in an ASIC to-
day occur at the hardware-to-hardware
interfaces, and the vast majority of er-
rors in the system today occur at the
hardware-to-software interfaces. Con-
sequently, interface verification is ex-
tremely critical as entire systems are
put onto a single chip. As billions of
cycles are needed to fully verify func-
tionality, modeling at higher levels of
abstraction and rapid prototyping may
provide viable alternatives to ensure
adequate verification performance.

As the system-on-a-chip specifica-
tion evolves into a chip architecture,
floorplanning is performed to meet
timing budgets and routing require-
ments. The floorplanning tools must
have a close link to process-specific
layout tools in order to identify poten-
tial routing problems early in the de-
sign process.

Using a proactive approach (such
as a timing-driven design flow)

greatly reduces the number of itera-
tions during IC layout. A common
tool, such as a basic spreadsheet, can
be used to calculate timing and ana-
lyze the many interdependencies. If
integrated with floorplanning tools,
the spreadsheet also can provide de-
signers with immediate feedback on
physical implementation decisions.
Once the system has been developed
atthisblocklevel and theinitial floor-
planiscomplete,additional partition-
ing takes place to accommodate the
proprietary aspects of the design and
an overall design-for-test strategy is
created, taking into consideration
eachuniqueblock.

For those newly-designed functions
(custom blocks), partitioning tools are
used to break down larger blocks into
appropriate types and sizes for lower-
level block design. Again, time-to-
market requirements require that
pre-characterized and verified library
elements be leveraged. At this level,
the greatest potential for reuse is with
datapath and memory elements.

Libraries of parameterized ele-
ments greatly speed the time re-
quired to produce an efficient deep-
submicron implementation that actu-
ally works. Taking advantage of regu-
lar structures through parameterized
libraries saves tremendous time in
capture, functional verification, man-
agement of critical paths, clock and
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power distribution, as well as in floor-
planning and physical design. In addi-
tion to the tremendous time savings,
these parameterized elements greatly
improve the efficiency of implementa-
tions. Recent advances in datapath-
generation technology are shown to
reduce area by 30% and path lengths
up to 50%.

Conventional synthesis is still re-
quired for the control portion of cus-
tom blocks within the context of a de-
tailed floorplan. And finally, a design-
for-test controller and associated logic
must be added to ensure test access to
each unique block, and the integration
of various IP test routines (such as
different types of scan, BIST, and
boundary scan) into a unified and
high-coverage test program.

The emergence of IP-design and -
delivery standards will play an impor-
tant role in allowing companies to
fully realize the benefits of block-
based design. These standards will fa-
cilitate the evaluation of component
IPs and their subsequent integration
into formalized design flows and de-
sign-automation environments that
span from system-level design
through silicon implementation. Us-
ers must have the ability to combine
blocks from many different providers
and standardize on a unified internal
design flow. Standards will make it
easier for component IP providers to
support multiple electronic-design-
automation (EDA) solutions and de-
sign flows without requiring separate
design kits for each, and should also
provide for increased levels of intel-
lectual-property protection.

Every month there are an-
nouncements of more silicon capac-
ity; new specialized cores and
megafunctions (IP); and new com-
petitors with increasingly complex
products, time-to-market advances,
and reduced product costs. These
factors directly influence the design
of a product, and when viewed in the
traditional design paradigms, they
can create overwhelming chal-
lenges. Fortunately, innovative
block-based design methodologies
are evolving to help designers take
advantage of the complex cores pro-
vided by ASIC and IC vendors.
Block-based design embeds a contin-
uum of design intent and productiv-
ity improvements into the product-
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development cycle, starting with the
system specification through archi-
tectural design and critical floorplan-
ning/analysis. As semiconductor com-
panies and systems houses align
themsleves with the electronics in-
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dustry on issues that are at the core of
the system-on-a-chip evolution, there
will be a new breed of IP standards,
tools, and services infused with appli-
cation-specific and deep-submicron
knowledgeware. O

Moving from RTL to _
hehavioral-level design

Philip Georye s the product market-
ing manager for the High-Level De-
sign Group at Cadence Design Sys-
tems Inc., San Jose, Calif. He can be
reached by phone at (408) 894-2317 or
by e-mail at pgeorge@cadence.com.

Behavioral des'}gn 1s a magor methodology shift for most engineers.

BY PRADEEP FERNA

Design starts in telecommunications,
multimedia, and digital signal proc-
essing (DSP) are dominating today’s
ASIC landscape. These ASICs are in-
creasingly complex, highly proprie-
tary, and operate at high frequencies.
At the same time, design teams are
becoming smaller while time-to-mar-
ket continues to shorten.

Each of these fields has its own
unique set of challenges. Telecommuni-
cations designers, for examyple, are pri-
marily interested in quickly writing, im-
plementing, and verifying complex
specifications. They’re also primarily
interested in short turnaround loops for
modifications due to specifica-

IES, Symopsys Inc.

level design.

Before proceeding, it makes sense
to clarify some terminology:
Latency: the number of cycles for a
given functionality to be completed
Throughput: the number of cycles be-
tween successive sets of input data
Schedule: assigning functionality to
specific clock cycles
I/0O: reading from and writing to ports
of a design

MAKING THE MoVE

Behavioral design is a major meth-
odology shift for engineers accus-
tomed to designing at the register-

transfer level (RTL). It can be painful
and frustrating without the right
preparation. Fortunately, a large
number of “bleeding-edge” designers
have already broken this new ground,
making it easier for others to migrate.
The rest of this article outlines what
it’s like to move from RTL to behav-
ioral design. It’s based on actual expe-
riences of designers using Synopsys’
Behavioral Compiler. The key areas of
focus are:

o RTL versus behavioral methodology
» Behavioral coding style

» Design analysis and control strategy
e Verification strategy

tion changes, and in perform-
ing throughput/latency and
RAM-based trade-offs.
DSP designers, on the
other hand, are more inter-
ested in keeping the specifi-
cation close to the algo-
rithmic-level of abstraction.
And, they're interested in
minimal area implementa-
tions that meet the required
throughput, and in trading
off throughput/latency/clock
period versus area.
Behavioral design meets
all of these needs. It enables
much faster creation, verifi-
cation, and modification

RTL design methodology
Hardware partitioning
C specification and validation ; i ;
Architecture evaluation
RTL HOL creation and validation P oY
| T A
; . 4
Synthesis and optimization U B g
| i
Layout S

RTL Vs. BEHAVIORAL
After high-level chip parti-
tioning, RTL design begins
with architecture specification
and validation. This is typi-
cally done in C for quick simu-
lation and debugging. Next,
the team does ‘“back-of-the-
envelope” evaluations for
various alternative architec-

tures. These are largely based

on rules-of-thumb and team
experience.

Timing and area assump-
tions are not validated until
after simulation and synthe-
sis are complete. By that

through high-level specifica-
tion. Designers also can cre-
ate and evaluate multiple ar-

chitectures quickly, simply *"

by changing high-level con-

--- Manual process

Automated process

» lterations

1 Architecture-to-layout iterations

2 Synthesis-to-layout iterations

time, designers will have fro-
zen their underlying archi-
tecture because they are un-
willing to change the RTL
code and go through the

straints. After making high-

resimulation process (Fuy. 1).

level trade-offs, behavioral
synthesis can automatically
create a fully-optimized gate-

1. AFTER nigh-levelchip partitioning, RTL design begins
with architecture specification and validation. Engineers do “back-
of-the-envelope” evaluations for various alternative architectures.
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Design teams are hit hard
by timing and area surprises
late in the development cy-
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cle. Even worse, their only recourse,
gate-level and layout-level itera-
tions through logic synthesis and
place-and-route, are often insuffi-
cient to get back within specifica-
tion. The only way out may be last-
minute architecture changes that
place incredible stress on the entire
team and can result in lower-quality
designs. Last-minute architecture
changes require a time-consuming
code rewrite and revalidation, fol-
lowed by yet another gate-to-layout
implementation cycle. Designers
need a new methodology that helps
them get the right architecture
early in the design cycle.

Behavioral design begins with the
creation of a behavioral hardware-de-
scription-language (HDL) specifica-
tion (Fig. 2). After quick functional
verification, designers use behavioral
synthesis to automatically create a
number of RTL implementations or
architectures.

Moving to the behavioral level
would eliminate the manual RTL ar-

ELECTRONIC DESIGN AUTOM TION

HIGH-LEVEL DESIGN

chitecture creation, validation, and
evaluation phase. Behavioral HDLs
are more abstract, considerably eas-
ier to understand, and often simulate
more than an order of magnitude
faster than RTL code. The behavioral
code for one satellite DSP system
simulated 23 times faster than the
original RTL description. The com-
pact behavioral code also facilitates
the processes of code maintenance
and modification.

Design at the behavioral level di-
rectly addresses a very difficult
problem: How do you make accurate
architectural trade-offs? Synopsys’
Behavioral Compiler maps all opera-
tors to technology specific gates, ex-
tracts accurate area and delay val-
ues, and uses these to evaluate ar-
chitectural alternatives during
scheduling. The tool actually uses
bit-level, rather than unit-level, tim-
ing to enable sophisticated cascad-
ing or chaining of operators. Fast
architectural exploration uncovers
potential problems very early in the

design process, while there is still
time to make dramatic trade-offs.

Behavioral Compiler’s gate-level
timing ensures that it doesn’t build
more logic between registers than
can execute in a clock cycle. There-
fore, designers do not spend unnec-
essary time iterating at the net-list
level to meet timing. Advanced ca-
pabilities such as register sharing,
operator sharing, multicycling, and
memory-access scheduling make it
considerably easier for designers to
create area-efficient, high-perform-
ance designs.

BEHAVIORAL CODING

Unlike RTL synthesis, designers |
using behavioral synthesis do not |
need to specify registers. Behavioral
synthesis automatically creates reg-
isters to accommodate scheduling.
Instead, designers need to become fa-
miliar with nonblocking (signal) and
blocking (variable) assignments. OQut-
put assignments need nonblocking
assignments. All other operations

SIGHAL INTECRITY NEADACTHES?
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need blocking assignments.
Behavioral synthesis is free to
move operations assigned us-
ing blocking assignments
across clock boundaries so it
can optimize for operators and
register utilization. Nonblock-
ing assignments, on the other
hand, explicitly infer registers
in a manner similar to RTL
synthesis.

Behavioral synthesis
stores all other variables in
temporary registers which it
can reuse based on variable
lifetime analysis. This re-
quires that designers specify
“wait until clk’event and
clk="1"" or “@(posedge clk)”

Behavioral design methodology
Hardware partitioning

- ——

Behavioral HDL specification and validation

I m,1 I * e 0 I m_“ I
Automatic architecture creation B
1 ‘ .

| RTL validaton

Synthests and optimization

’
’
'
v

N

—
"z S
Se

B TOS
-— -

Layout N e

multiplier and saturation
logictogether and used be-
havioral retiming to pipeline
the result. The pipelined op-
eration had a critical path
that was 0.9 times the clock
delay. He then used Behav-
ioral Compiler’s loop pipelin-
ing feature to pipeline the
entire graphics module, in-
cluding the new pipelined
saturation multiplier. Be-
havioral Compiler automat-
ically synthesized a new
pipeline controller for the
; design.

; In two days, the designer
had produced a gate-level
design with reduced area

statements only when per-
forming 1/0 operations. To
analyze register contents,

Behavioral Compiler pro- (

duces register scheduling re-

~—— Automated process

Manual process

:i Herations 2 Synthesis-to-layout iterations

1 Architecture-to-layout iterations

and improved throughput.
This process would have
taken much longer if de-
signed with RTL methods.
He would have had to manu-

ports that show the contents
of all intermediate registers
in different clock cycles. This
helps designers understand
the internal implementation.

The other primary behav-
ioral coding style change is
the use of more intuitive coding con-
structs to implement functionality.
For example, this includes using “infi-
nite” and “while” loops for implement-
ing handshaking, “for” loops for imple-
menting iterative functionality, and
array accesses to read/write RAMs
without explicitly writing the RAM
control signals.

It typically takes a month or two for
designers to become proficient at writ-
ing behavioral code, but the payback
can be immediate. A recent asynchro-
nous transfer mode (ATM) segmenta-
tion and reassembly (SAR)design high-
lights the benefits. The designer
worked on the RTL code for over four
weeks without getting it to simulate
correctly. In less than three weeks, he
was able to code the function behavior-
ally and get the design working with
higher-than-expected throughput. Ac-
cording to the designer, behavioral cod-
ing was more intuitive, facilitating fast
design creation and debug.

DESIGN ANALYSIS

Designers often worry about losing
control as they move to behavioral
design, because behavioral synthesis

2. BEHAVIORAL DESIGN begins with the creation of a
behavioral hardware-description-language (HDL) specification.
After quick functional verification, designers use behavioral
synthesis to automatically create a number of RTL implementations
or architectures.

automatically creates the architec-
tures. Even when using higher levels
of abstraction, designers need direct
control over some aspects of the im-
plementation. Behavioral Compiler
has an extensive set of controllability
commands to fulfill this need. For ex-
ample, designers can explicitly con-
strain operations to specific clock cy-
cles, or have specific timing relation-
ships be made relative to each other.
They also can encapsulate critical
logic using Synopsys’ Designware li-
brary elements, thereby controlling
the underlying implementation.
Library encapsulation is very use-
ful for high-speed designs. Here is
how one designer used it to imple-
ment a pipelined graphics processor:
Behavioral Compiler reported that it
was multicycling a multiplier because
its delay was longer than the clock
cycle. After trying various compile
techniques without success, the de-
signer noticed that the multiplication
was always followed by saturation
logic. The multiplier delay was 1.5
times the clock delay, while the satu-
ration logic was 0.3 times the clock
delay. The designer encapsulated the

ELECTRONIC DESIGN/JULY 8, 1996

ally pipeline the multiplier,
change the pipeline register
assignments to account for
the extra delay at different
stages, change the entire
pipeline controller because
the entire pipeline is
changed,verifythatthechangeswere
correct,andresynthesize.

To help designers analyze their
automatically generated architec-
tures, Behavioral Compiler produces
reports on finite state machines
(FSMs), registers, and operations,
showing exactly when and how all
the functionality was implemented.
The reports help identify bottlenecks
in the source code.

When analyzing these reports, one
telecommunications designer noticed
that while his RAM was fully-utilized,
the rest of the resources were under-
utilized. Changing the single-port
RAM to a dual-port RAM resulted in
lower latency by better balancing re-
source utilization. This type of trade-
off is easy to obtain when using behav-
ioral design.

VERIFICATION STRATEGY

Unlike RTL design, where the in-
ter-cycle and intra-cycle behavior is
fixed, behavioral design allows users
to change cycle-level behavior based
on constraints. Taking advantage of
this new power may require a differ-
ent verification strategy.
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Verification of complex systems is |

broken down into several phases.
The first phase usually consists of
system-level (functional) modeling
and simulation. The models written
at this stage may not be cycle-accu-
rate with respect to the final imple-
mentation of this system. However,
models are written at this level be-
cause they can be simulated ex-
tremely quickly and they are very
easy to debug. The models simulate
much faster because they are writ-
ten at a high level of abstraction,
they do not refer to low-level imple-
mentation details (such as compo-
nents, control signals, etc.), and do
not refer to as many clock edges as
may exist in the final implementa-
tion phase.

While these descriptions are suffi-
cient to model one process that takes
data in and passes data out, the com-
munication between many processes
requires them to handshake. In
other words, they must receive and
ask for data and communicate their
status. There are generally two
mechanisms for doing this.

Under the first mechanism, the
models communicate their status via
acknowledge/request signals, and
all the processes run independently
of each other. For example, when

| processl needs data from process2,

it requests it. If process2 is ready, it
will send it to processl. Otherwise,
processl waits until process2 is
ready to communicate.

This first scheme of communication
requires clock edges only around
these handshake sequences and not
anywhere else, thus enabling fast
simulation. In addition, this strategy
defines an explicit communication
strategy between each set of proc-
esses, and no assumptions are made
about when the communication oc-
curs. This model is used whenever
processes don’t have deterministic
completion times, wherein designers
can make latency and throughput
trade-offs. Waveforms are identical
before and after scheduling. The
scheme is accomplished using Behav-
ioral Compiler’s superstate-fixed
scheduling mode.

The second mechanism is to spec-
ify predetermined points in time at
which the communicating processes
will exchange data. This requires the

ELECTRONIC DESIGN/JULY 8, 1996

models to be cycle-accurate at the
interface level. For example, suppose
that processl and process2 need to
communicate with each other, and the
system designer specifies that at a
point 20 clock cycles after the two
processes start, processl is to ex-
change data with process2. This type
of model doesn’t distribute the func-
tionality between the clocks—it just
lumps all the clocks together after the
functionality is written. There’s no
explicit communication protocol be-
tween the processes—the communi-
cation protocol is implicit and pre-de-
fined with respect to time.

This second strategy can be em-
ployed whenever processes have
guaranteed and deterministic re-
sponse times, wherein designers
don’t need to make latency and
throughput trade-offs. The strategy
is accomplished using Behavioral
Compiler’s cycle-fixed scheduling
mode. To further aid verification,
many behavioral design tools also in-
clude static analysis capabilities to
flag conditions such as unused vari- |
ables and unused operations.

EASING THE TRANSITION

For designers who want access to
some behavioral optimizations but
can’t move to a behavioral methodol-
ogy, behavioral retiming may be the
answer for them. While behavioral
retiming can’t provide them with the
full power of architecture design, it
can provide them with substantial
quality of results improvements.

Behavioral retiming optimizes regis-
ter placement in gate-level designs
without changing cycle-level behavior.
Designers don’t modify their source
code or their testbenches, because the
design’s functionality doesn’t change.
Instead, with the push of a button, de-
signers have seen performance im-
provements of up to 15%. Behavioral
retiming is applicable on FSM, data-
path, and mixed FSM-datapath de-
signs. Find out more about behavioral
design and its applications under the
Behavioral Compiler section of Synop-
sys’ web site (http://www.synop-
sys.com/products/beh_syn). O

Pradeep Fernandes is a senior cor-
porate applications engineer for
Synopsys Inc., Mountain View, Calif.
He can be reached at (415) 694-4185 or
by e-mail at pradeep@synopsys.com.
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Alta Group of Cadence Design Systems
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Sunnyvale, CA 94086; (408) 733-1595.
e-mail: svoboda@altagroup.com

his is the first install-
ment of a two-part ar-
ticle that demon-

strates how design |
reuse and software- |

executable models of

design elements will play a key role in

increasing productivity and reducing
time to market.

Picture this: It's 9:30 a.m. and your

| boss has given you a new assignment.

A new modulation-coding technique
developed for reducing power con-
sumption in cellular phones, and he
wants you to try it out. “This might be
the greatest thing since Trellis-Coded
Modulation (TCM) was developed in
the mid-80s,” he says. “One of our DSP
gurus has written all the algorithms in
C, and we want to see if it can be
incorporated into the handset we're
rolling out at the

1994-95 1996-97 end of the quarter,
SRAM P core SRAM the ‘Road Warrior
Gl i RO (RW)-2000. Let’s
ATM | Rom | Datacache meet  tomorrow
Cusom logic r__’ Serial intertace | | morning at 9:00
weec | mom Custom and go over your
logic results.”

+0.5 micron technology +0.35 micron technology After refilling
* Minimal dsign re-use » Much design reuse (mix-and-match) | your coffee cup,
* Much custom logic * Minimal custom log ou 2o back to

» 18-month design-cycles « 3-5 month design cycles you g

1. THE IC has evolved from noncustomizable cores with exten-
sive custom-logic being used to provide added functionality. In-
stead, today’s IC designers prefer to “mix and match” design build-
ing blocks that can be easily attached to an extensible core. This

[ enables a designer to minimize both development time and cost.

your desk and get
to work. You bring
up an executable-
model  (“virtual
prototype”) of the
RW-2000 on yeur
workstation, and
decide that not only will you have to
add new DSP firmware to handle the
modulation/coding, you’ll also have to
swap-out one of the DSP cores in the
design since it can’t handle the addi-
tional processing. Furthermore, you'll
have to change some of the firmware
running on the microcontroller to ac-
commodate the new device.

Next, you search through the World
Wide Web and find “executable-mod-
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|

els” of extensible DSP cores available
from several vendors. Two of those
models look like promising candi-
dates, so you download them to your
workstation. After customizing their
1/0 and memory configurations to fit
cleanly within the rest of the design
architecture, you remove the original
processor-core from the RW-2000 vir-
tual prototype and swap-in the first
candidate. You then compile the C
code given for that target processor
and change the microcontroller code.
You’re ready to start running simula-
tions to determine the effect on sys- |
tem-level performance when your
watch starts beeping—it’s time for
lunch and your twice-weekly game of ‘
volleyball!

After lunch, you provide the RW- 1
2000 virtual prototype with a series of
digitized audio inputs that include re-
corded words, sentences, and hi-fi
audio. You listen to the output
through a pair of headphones. Analy-
sis tools estimate what the actual
power consumption for the system
would be for each set of inputs. You
repeat the same sequence with the
second candidate processor-core to
see how well the system works with
that one. The simulation results
clearly indicate that the second candi-
date is better.

At this point, you begin “environ-
mental testing.” You adjust various
“controls” in a simulated “verification
environment” to test the effects of
noise, co-channel interference, and
Rayleigh fading. You also test the per-
formance of the system under various
hand-off scenarios. Afterwards, you
determine that while there is a barely |
perceptible degradation in audio per-
formance, the phone’s performance
would be about 2% less reliable during |
hand-offs, and the new modulation-
coding technique decreases average
power consumption by over 40%! A
worthwhile trade-off, no doubt. After
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only a handful of building blocks. Just a few years ago, mobile phones typically contained
scores of discrete componeats. Today, the number of major components is less than ten. De-
signs are quickly becoming highly standardized, with the main sources of differentiation be-

I 2. TODAY'S MOBILE TELEPHONE is a highly integrated design, requiring

ing the embedded software running on the microcontroller and DSPs.

printing all the test results to review
with your boss the next morning, you
realize that it’s 760 p.m.—time to go
home after a solid day’s work!

Think that this scenario sounds far-
fetched? Think again.

Current electronic product design
is characterized by increasing levels
of component integration, custo-
mizahility, and design reuse, enabling

manufacturers to deliver greater
functionality within smaller “pack-
ages” at lower cost. Recent ad-
vances in system-level design tools
have played a key role in making this
possible. The capabilities of system-
level design tools from companies
such as Alta Group, as well as the
published results from research pro-
grams such as Ptolemy at U.C.

Berkeley, show that the technology
and infrastructure already exists to
make scenarios such as the one de-
picted earlier commonplace.

IC DESIGN

One place where all these changes
can be seen at work is in IC design
(Fig. 1). The availability of low-cost
standard designs and the increasing
ability of designers to integrate and
customize multiple components (e.g.
“megacells” and “cores”) is moving
them away from building “custom”
components and toward designing
with “building blocks” instead (ELEC-
TRONIC DESIGN, Jan. 22, p. 81). Design-
ers now have alarge selection of proc-
essor-cores whose architecture (mem-
ory, I/0, ete.) can be readily custom-
ized. Moreover, semiconductor manu-
facturers are providing detailed, “ex-
ecutable-models” of these processor-
cores so prospective users can test
their performance within an overall
system. Examples include TI's C5x-
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nents of the IS-54/136 cellular telephone standard, and of the cell-phone’s transmitter and receiver sections. By allowing them to interact under

l 3. THIS IS-54/ 136 WIRELESS VERIFICATION ENVIRONMENTconmms models of the key architectural compo-

simulated environmental conditions, an engineer can understand and verify the “real” phone’s performance.
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( DSP Cores
- T1 32025 compatible
- T1 32050 compatible
Suppliers - SPARC V8 compatible
3Soft - CD24XX (proprietary)
ASIC International - Pine (proprietary)
Clarkspur - Qak (groprielary)
QDT - ADSG XOX (proprietary)
DSPG - ATT 16 XX {proprietary)
Excellent -§T 0950
Pilkington
TC8I
n_—n DSP lnctions
CompuCore - Vierbi decoder
- Reed-Solomon decoder
QAM modem
-FIR
- Digital and baseband analog core
- Spread spectrum

Color space converter

- DCTA-DCT core

- Scalerfresampler

- Digital video port

- Frame butfer controller

Video

o Compression/decompression

- JPEG core

- MPEG-1 audio
- MPEG-1 video
- MPEG-2 audio
- MPEG-2 video

Broadeast

- Video ADC/DAC

- Phase-lock loop for color line lock
- NTSC/PAL video decoder

- NTSC/PAL digital video encoder

- Teletext core

4. A SAMPLING OF CURRENTLY AVAILABLE IP executable cores

demonstrates the rapid acceptance of design reuse within the communications industry. For
many components, executable-specifications for use within a system-level design environ-
ment already exist. As the number of applications for DSP grows, manufacturers are striving
to integrate new technologies into their products, This will cause new markets to develop
around the development, sale, and transfer of IP. Executable specifications will be the vehi-

cle for this commerce.

series, AT&T’s 16XX-series, DSP
Group’s OAK/PINE cores, Motorola’s
56000-series, and SGS-Thomson’s D-
950 series.

CELLULAR PHONE DESIGN

In similar fashion, the design of
complex electronic systems such as
cell-phones is also changing. Today’s
cellular phone is a marvel of modular-
ity and integration. In the late '80s,
each of the functional blocks would
have comprised dozens of discrete
components, custom ICs, and hard-
ware (Fig. 2). Nowadays, the total
number of major components in a cell
phone is usually less than 10.

Cell-phone designs were also diffi-
cult to modify and/or customize. The
lack of powerful DSPs and microproc-
essors limited the use of embedded
software, adversely impacting the
quality and cost of products and serv-
ices consumers could obtain. But as
DSPs and microprocessors have
grown more powerful, manufacturers
increasingly rely on embedded soft-
ware, leading to an explosion in the
number of features and brands of cel-
lular phones available. Embedded
software, extensible DSP cores, and
customizable ICs make it easy for
manufacturers to adapt standard de-
signs and deliver new products to

market quickly. It used to be that the
development cycle for a typical cell-
phone ranged from 24 to 36 months—
it now ranges from 12 to 18 months
(for pagers it can be as little as 6 to 8
months).

There is no question that the cellu-
lar phone of the future will carry the
trend toward increasing integration
and customizability to further ex-
tremes. As new technologies are in-
corporated to provide consumers with

complex new services and capabili- |

ties, verifying product performance,
functionality, and ease-of-use will be-
come increasingly important for
manufacturers. At the same time,
competitive pressures will continue to
drive companies to shorten develop-
ment-cycles, reduce costs, and mini-
mize technical risk. Manufacturers of
various electronic products will expe-
rience these market dynamics to a sig-
nificant extent.

Given the situation, one can see
why the current methodology for de-
signing electronic products such as
cell-phones and ICs is having to
evolve rapidly. The purpose of this
twa-part series of articles is to de-
scribe these changes, and their im-
pact. This first article describes the
emerging methodology for develop-
ing electronic products, which is heav-
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ily based upon “system-level” design
and maximizing “design reuse.” We
will show you how by moving up to the
system-level (i.e. designing at higher
levels of abstraction) and reusing
proven designs, you can build more
complex products faster and less ex-
pensively, and with lower risk.

Part II will focus on the specific
challenges you may encounter in
trying to put this new methodology
into practice. Although system-level
design and hardware-synthesis tech-
nologies are relatively mature (soft-
ware-synthesis technology is emerg-
ing, but still in its infancy), difficul-
ties can still surface as designers
drive their system-level designs to-
ward final implementation. We also
will discuss where some of the “tech-
nology-gaps” exist and how to work
around them.

CURRENT LIMITATIONS

If we go back to the design scenario
depicted earlier and examine how to
perform all the tasks that were de-
scribed, equipped only with devices
such as mathematical analysis tools, C
models of DSP functions, DSP cards
for breadboarding in the laboratory,
and perhaps HDL and logic simula-
tors, we can see several limitations.

To begin with, using these tools to
build a complete prototype of the
“RW-2000” and its operating environ-
ment would be very difficult and ex-
pensive, if not impossible. But without
such a prototype, how do you go about
modifying the design and testing the
results? Theoretically, you might
simulate the entire system in a logic-
level or RT-level simulator, but how
practical would this be? With gate-
counts for single ICs now exceeding
250K, simulating the performance of
complex functions on a logic-level or
RT-level simulator takes days, and
sometimes weeks. So, how do you go
about efficiently making design trade-
offs? Or debugging your design? Or
iterating on the design? How do you
simulate the system’s operation under
realistic conditions and measure the
effects on overall performance? Solv-
ing all these of problems requires a
paradigm-shift.

Instead, you begin with a virtual
prototype of the entire product or sys-
tem. The virtual prototype contains
accurate executable-models of all the
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system components, some that you
have designed yourself, and others
obtained from multiple sources. Some
components (where implementation
details are not of concern) are repre-
sented as C/C++ algorithms running
inside of “blocks.” At the inputs/out-
puts to those blocks, you monitor the
data as it is processed by that algo-
rithm one word/data-sample at a time.
Other components (where implemen-
tation details are of particular inter-
est) are represented as RT-level or
logic-level models, running inside
other blocks. At the inputs/outputs to
those blocks, you monitor what is hap-
pening to each bit during each clock-
cycle. Models of the system operating
environment enable you to continu-
ously verify system performance un-
der realistic conditions. Design
changes consist of editing block-dia-
grams to “mix-and-match” different
system components, changing block
parameters, and using debugging and
visualization tools to monitor the sys-
tem’s operation “on-the-fly.”

The ability to mix-and-match sys-
tem components enables design
reuse, which is growing increasingly
important in the electronics industry.
As “convergence” products embody-
ing multiple technologies become
commonplace, and the overall com-
plexity of electronic products in-
creases, not having to “reinvent the
wheel” becomes critically important.
The information-explosion of the late
20th ecentury and higher levels of tech-
nological specialization are making
successive technological innovations
increasingly expensive. As a result, it
is becoming increasingly difficult for a
single company to possess all the tech-
nological “know-how” it may want to
embody into a product.

The most practical solution is for a
company to focus on the key technolo-
gies it knows best and license the oth-
ers. Companies typically refer to their
proprietary technology and designs
as “intellectual property” (IP). Ingen-
eral, IP refers to any knowledge or
technology that has market-value. It
can be an actual piece of hardware, an
executable-model of that piece of
hardware, a schematic, or just an al-
gorithm. The newly emerging meth-
odology for electronic product design
is essentially to combine hardware
and software building-blocks from

multiple vendors to build complete | tasks for that stagé as efficiently as

svstems and products. This is com-
monly known as I P-based design.

Until now, we have been very gen-
eral, and you may have questions such
as:

o How is IP-based design supposed
to work?

o What makes [P-based design pos-
sible?

e What are some of its limitations?

In the rest of this article, we will
explore the first two questions in
some depth. The third question will be
addressed in the next article (Part I1).

To understand the “how” and “why”
of IP-based design, one must first be
familiar with several key concepts and
definitions in the areas of system de-
sign representation and verification.
Later on, these concepts and defini-
tions will be tied together to describe
how IP-based design works.

LEVELS OF ABSTRACTION

At different stages in the develop-
ment process, systems/devices are
represented at different levels of ab-
straction.! Using the appropriate
level of design-abstraction at each
stage lets the designer complete the

| any number of different harware

possible. This ensures that system
functionality is carried reliably from
each stage to the next—resulting in
faster system integration and fewe:
design iterations.

When a system/device is repre
sented algorithmically or behavio:
ally, we describe its functionality i
terms of its inputs and outputs. (1
the other hand, we say nothir
about what is inside (i.e. the impl
mentation). For example, within o
of Alta Group’s Signal Processi
WorkSystem (SPW) product libr:
ies, you can find a functional build
block called “Fixed-point Vitel
Decoder.” The block contains C ce
that executes the Viterbi algoritd,
and has parameters to adjustor
register length, code rate, and s/n.
But the eventual implement:on
depends upon the particular dign
steps you wish to follow. For em-
ple, that algorithm could be iple-
mented in custom hardware sing

architectures) or as firmwar run-
ning on a DSP processor.
Alternatively, representin@ sys-
tem/device in terms of : hard-
ware/software architecture means
defining it in terms of i hard-

TV

Full-system mixed-level
verification environment

IP building blocks

Specification

Implemntation

5. IP-BASED DESIGN METHODOLOGY within a mixed-evel verification
environment will allow manufacturers to develop more complex products vithin shorter time
frames. Thanks to these powerful tools, design reuse and continuous verifcation are rapidly
becoming standard practice within large segments of the industry.
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ware/software subcomponents and
the interconnections/dependencies
between them. In the case of the Vit-
erbi Decoder, a hardware architecture
representation includes specifications
for items such as the shift-registers,
adders, muxes, latches, buses, and
clocking. There are two ways of cap-
turing this information: Directly in
the form of HDL “code,” or in block
diagrams where each block maps di-
rectly to an HDL code segment.

Several of the more popular hard-
ware architecture development tools
use the block-oriented approach. In
many cases, designers find it much
easier to troubleshoot designs cap-
tured in the form of block diagrams
(where they can monitor the in-
puts/outputs to/from each block) than
if they are captured in long sequences
of HDL code.

Finally, a physical representation of
a system/device describes the imple-
mentation fully in terms of its subcom-
ponents. Not only do we specify all the
individual subcomponents of the de-
sign and their connectivity, but we
also describe their spatial relation-
ship. For example, in the case ofan IC,
we would define the dimensions of the
logic cells and gate arrays, their
physical locations on the silicon, and
the physical locations of all the paths
connecting them.

EXECUTABLE SPECS

The concept of “executable-specifi-
cations” is one of the cornerstones of
IP-based design methodology. IP-
based design consists essentially of
integrating the executable specifica-
tions of multiple IP components to
develop a complete system design.
An executable specification is de-
fined as an abstract object repre-
senting (in a machine-readable and
machine-executable form) a particu-
lar functionality where the level of
detail/abstraction can vary, accord-
ing to the designer’s requirements
and the design-context in which the
executable specification is being used.
It can be thought of as a “box” where
one defines explicitly all the charac-
teristics such as inputs, parameters,
and outputs, and the inner workings
aredefined to whatever level of imple-
mentation-detail is required by the
designer.

In the case of the Viterbi Decoder,

an executable-specification could be a
C/C++ algorithm, or a defined set of
hardware resources executing a se-
quence of logical operations captured
in Verilog/VHDL, or potentially a
megacell available as “CoreWare”
from a company such as LSI Logic. All
of these different representations ac-
complish the same high-level fune-
tion—a Viterbi Decoder.

Possibly the best example of an ex-
ecutable-specification for a semicon-
ductor device is that of an executable
DSP core model which comes in two
classes: Instruction-set simulators
and cycle-accurate simulators. An in-
struction-set simulator verifies that

T IS BECOMING IN-

CREASINGLY DIFFI-
CULT FOR A SINGLE COM-
PANY TO POSSESS ALL THE
TECHNOLOGICAL “KNOW-
HOW" IT MAY WANT TO EM-
BODY INTO A PRODUCT.

the firmware running on the proces-
sor performs all the correct functions
on the input data. For every sample of
input data, the processor executes a
set of assembly-instructions and gen-
erates samples of output data so one
can verify that the relationships be-
tween the data at the output to the
data at the input are valid, and that
the order of the data appearing at the
output is also valid.

On the other hand, no timing infor-
mation is provided—this requires a
cycle-accurate simulator. In a cycle-
accurate model, the logic-levels of all
the processor’s inputs and outputs are
defined for every clock-cycle. With
this capability, one can easily inte-
grate and test a processor’s function-
ality with other clocked-hardware.

Another defining characteristic of
an executable specification is that its
performance can be monitored on-
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the-fly. The designer can observe the
operation of the executable specifica-
tion of each building block within a
system design, and visualize the way
the overall product will work from the
earliest stages in the design cycle. As
implementation details are added (i.e.
as executable specifications contain-
ing greater amounts of implementa-
tion-level detail get substituted-in),
the designer can continue to visualize
the overall system’s performance and
ensure that nothing has been ad-
versely affected.

MIXED-LEVEL VERIFICATION

The other cornerstone of IP-based
design methodology is full system
mixed-level verification. This is the
capability to combine executable
specifications to represent an entire
system, where each can be at a differ-
ent level of abstraction. For example,
a system model for the cell-phone de-
sign consists of executable-specifica-

| tions for each of the building blocks,

where some are represented algo-
rithmically/behaviorally and others
are represented architecturally, de-
pending upon the requirements of the
designer (Fig. 2, again). “Full sys-
tem” refers to the capability to simu-
late end-to-end performance. “Mixed
level” refers to the capability to inte-
grate different levels of abstraction
within the same model.

The key benefit of full system
mixed-level verification is the capabil-
ity to simulate the performance of an
entire system within its operating en-
vironment. The operation of a cell-
phone can be simulated under various
environmental conditions along with
its interaction with external systems,
such as the cellular base-station. An
example of this is depicied by using an
18-54/136 Wireless Verification Envi-
ronment (Fig. 3.

Models of all the key architectural
components of the IS-54/136 standard
interact with a model of the cell-phone
transmitter and receiver within simu-
lated environmental conditions to
verify the system’s overall perform-
ance. Full-system mixed-level veri-
fication is a new development in sys-
tem-level design.

This capability is based upon the
pioneering research in “Heteroge-
neous System Simulation” by Dr.
Edward A. Lee et al., University of
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California, Berkeley. His team stud-
| ied methods for combining different
simulation paradigms (i.e. “models
of computation”) such as synchro-
nous dataflow, dynamic dataflow,
cycle-based, and discrete-event
within a sin%le overall simulation
environment.

Different classes of system behav-
ior require different simulation
paradigms in order to be described
fully. In other words, full system
mixed-level verification requires
combining all these paradigms
within a single environment.

Note that the definitions of “sys-
tem” and “operating environment”
are always relative. In one context,
the system can be a cell-phone/base
station operating within an urban RF
environment, while in another con-
text, the system can be a DSP core or
an IC operating within an environ-
ment consisting of other ICs, proces-
sors, memories and glue-logic. As one
proceeds from the algorithmic/behav-
joral level down to the physical-level
in the design process, the nature of the
test inputs and outputs of the design-
under-test changes; test-bench gen-
eration and signal estimation becomes
highly important.

Another advantage of full-system
mixed-level verification is that it aids,
and mostly automates, the process of
translating high-level signal inputs
into test-vector inputs (i.e. test-bench
generation). It also translates test-
vector outputs into “signal estimates”
(i.e. testbench extraction).

Therefore, full-system mixed-level
verification is the key technology that
enables a designer to combine the ex-
ecutable specifications of different
system components and perform IP-
based design.

PUTTING IT ALL TOGETHER

IP-based design fundamentally
integrates executable specifications

to create complete systems. The key |

to this method is having the design
information you need represented in
the form of executable specifications
at the appropriate levels of design-
abstraction, and having a develop-
ment environment that enables you
to integrate executable specifica-
tions together and test their per-
formance (Figs. 4 and 5).

There are a number of advantages

to starting the IP-based design
process at the highest possible level
of abstraction. First, it is much eas-
ier to verify functionality. Simulat-
ing a system’s performance at the
highest level of abstraction is rapid
and efficient because the amount of
detail that is simulated is restricted
to the level of detail required in the
results. In faet, implementation-

leveldetailsoften impede, rather than
aid, the designer in ensuring that a
system-model is capturing all the re-
quired functionality.

As electronic systems embody ad-
ditional functionality, their complex-
ity (measured in terms of number of
gates, or lines of code) increases by an
even greater incremental amount. As
a result, verifying functional correct-

Whatever your data
acquisition needs are,
chances are that Pentek
I 4 [t the /(\ orod \Y
)
build yourse
We not only offer the
industry’s largest selection, all of our standard
products are modular and fully customer
configurable. With a wide range of interface
functions and support for numerous data
fer schemes, including

==

NEED THE KEY TO |
CUSTOM 1/0 WITH |
OFF-THE-SHELF AVAILABILITY?

Pentek I/O product, we also include soft-
ware drivers and exar code—ar

(:1 taff of ¢ od

at a moment’s notice
For a datasheet, free catalog of our

extensive product line and

related application information,

en \—p{f‘,'
MIX mezzanine bus,
Pentek puts you in the
driver's seat.
To help you unlock al
the potential of every

* VME, VXI and Multibus || architectures
* Up to 70 MHz for A/D and D/A

 Up to 18-bit accuracy and 32 channels
* SCSI, TI/CEPT Telecom, Digital |/0

* Digital Recelvers, TAXI, RS-232

call us today at &
201-818-5900 */L:
Ext. 539. A

door to the
/O

And %‘;
open the - ‘

de Distribution and Support
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76 WATT MINI MODULE
( / Sl g
MODULE

® Dual Isolated Outputs
(standard)

® Up to 100 VDC Output
(standard)

® Fixed Frequency
® Parallel Operation

® Wide Input Ranges
18-380 VDC

® Regulated Outputs

® Continuous Short Circuit
Protection e Low Cost

Military Modules

* Meets 704D Input Specifications
« Environmental Testing Available

*MIL STD 883 « MIL STD 810
(Selected Screening)

* Operating temp. —55°C to +85°C
* Dual Outputs  Up to 100 VDC Output
* Hi-Temp Full Power Burn-In Available
* Special Output Voltages Available

—\

DQ""" week
wcu toon®

\ See EEM or send direct
for Free PICO Catalog.
Call toll free 800-431-1064
in NY call 914-699-5514
FAX 914-699-5565

P , CO Electronics, Inc.

453 No-th MacQuesten Pkwy . Mt Vernon, N. Y. 10552
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DESIGN REUSE TECHNIQUES FOR THE 21ST CENTURY

ness becomes increasingly critical, yet
more challenging, to accomplish.

Since we are limited in the number of |

distinct objects and pieces of informa-
tion that can be tracked simultane-
ously, the only recourse is to begin a
design at the highest possible level of
abstraction, gradually working down
toward implementation.

Moreover, as design-tools continue
to improve and automate the design
process at lower levels of implementa-
tion, it leaves designers free to focus
on the higher levels, where their deci-
sions can have a major impact on prod-
uct quality and functionality. In effect,
the designer’s emphasis changes from
building the system right to building
the right system.

System-level design also facilitates
design reuse, whether you are doing
new designs or modifying “legacy” de-
signs. System-level design informa-
tion is easier to understand and to
combine with other system-level de-
sign information than is physical-level
design information.

Interfaces between physical-level
components must be designed at the
physical level. System-level compo-
nents, on the other hand, either have
standard interfaces, or can have inter-
faces designed at the algorithmic/be-
havioral level and taken down to im-
plementation along with the system-
level components.

Just as system-level IP-based de-
sign makes the design process more
efficient, it also leads to more effi-
cient designs. The ability to simulate
the operation of different parts of a
design in any combination, and
measure their exact performance,
eliminates the need to “over de-
sign.” Performance margins for dif-
ferent portions of the design can be
made “tighter,” and you can then fo-
cus on delivering maximum per-
formance only “where it counts.”
Having a common design environ-
ment and methodology that system-
level and implementation-level de-
signers can use together also fosters
concurrent engineering, and im-
proved capability for design explo-
ration. These capabilities also help
you maximize design reuse and more
easily upgrade products by adding
functionality to legacy designs.

In second part of this series, we will
cover how to put IP-based design into

practice. Some of the topics to be dis-
cussed are:

¢ Whoisdevelopingall the [IP? How
will it be packaged, delivered, and
safeguarded?

e How does one go about integrat-
ing IP from multiple sources? What
new capabilities must system-level
design tools develop to bring about
further improvements?

¢ How can users of IP continue to
differentiate their products from their
competitors’ to succeed in the market-
place?

As system-level design tools pro-
gress and [P delivery takes on greater
importance, these and other related
issues continue to be addressed by
system-level design-tool vendors.
The good news is that even though
some of the answers are incomplete,
IP-based design methodology is al-
ready far enough along to offer de-
signers ample benefits. O

Steve Svoboda manages develop-
ment and marketing for Alta Group’s
Signal Processing WorkSystem (SPW).
He holds a bachelor of science degree
in electrical engineering and a bache-
lor of arts degree in economics from
Johns Hopkins University, as well
as master’s degrees in both electrical
engineering and engineering man-
agement from Stanford University.
He has two patents currently pend-
ing in the U.S. for inventions in the
field of FM co-channel interference
cancellation.

References:

1. See Gajski et al., “Specification
and Design Of Embedded Systems
(Ch. 1)” for a thorough discussion on
this topic.

2. Heterogeneous simulation is a com-
plex subject and outside the scope of
this article. The interested reader is
encouraged to examine the research
papers published from the Ptolemy
project. Many are available through
the WWW,
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INTEGRATED FAN HEAT SINKS:
SMALLER, MORE POWERFUL

Compared to bolt-on fan heat sinks, integrated
fan heat sinks (IFHS) for high heat generating
components decrease headroom by 50% —as
much as 0.5” - and increase performance by
30%, offer low therma' impedance (1.4°C/watt)
and adapt to mary applications. Requires only
0.2" headroom for fan airflow. 30db acoustic
noise. From Aavid Thermal Technologies, Inc.
603-528-3400 » FAX: 603-528-1478.
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LIQUID HEAT SINKS FILL GAP
IN THERMAL SOLUTIONS

—

Liquid Heat Sinks (LHS) conform to irregular
surfaces, easily cooling multiple components.
Placed between heat generating circuitry and
a heat dissipating cold plate, the Flourinert™
filled LHS transfers heat via natural convection.
It has no moving parts or power requirements,
is puncture resistant, meets UL requirements,
operates silently. and provides internal cushion-
ing. From Aavid Thermal Technologies, Inc.
603-528-3400 - FAX: 603-528-1478.
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FORCE-CONTROL™ HEAT SINK
FOR POWER PC CPU

Aavid's Force Control™ (pat. pend.) heat sinks
cool PowerPC™ 601 and 604 surface mount
microprocessors. Aavid's omnidirectional or
bi-directional heat sinks include factory installed
clips which control the applied force to the CPU
and provide grounding for improved EMIRFI
shielding. Factory applied A-PLi™ thermal
interface material standard. From Aavid
Thermal Technelogies, Inc. 603-528-3400
+ FAX: 603-528-1478.
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ASME, EP&P, AND AAVID CO-SPONSOR
THERMAL ENGINEERING SEMINARS

These sessions bring practical knowledge

and tools on thermal engineering to engineers.
Participants interact with leading practitioners of
thermal design and manufacturing technologies
from a variety of companies and markets.
Participants will gain technical knowledge giving
them an edge in a highly competitive global
marketplace. From Aavid Thermal Technologies,
Inc. 603-528-3400 « FAX: 603-528-1478.
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Aavid Fast Facts™ Automated Fax Retrieval (603) 527-2169

INTRODUCING

HEAT SINK TECHNOLOGY
DESIGNED TO TAKE YOU
INTO THE NEXT
MILLENNIUM.

As microprocessor technology
accelerates into the 21st Century,
Aavid is up to speed with standardized
drop-in thermal solutions that are fully
optimized and tested for cooling
today’s hottest processors.

We provide designers
with impressive benefits,
including:
* Active and Passive
Heat Sinks
* Advanced Interface
Materials
* Applications Assistance
« Convenient Attachment Methods
* High Volume Production

Aavid offers the industry’s
widest selection of heat sink

technologies for all your design
requirements. Also, Aavid has the
most advanced thermal
development and design
verification facility in
the industry.

In addition, we offer
you a choice of interface
material and attachments.

Surface mounting is no
problem, either.

As the future heats up, call us at
(603) 528-3400. Aavid. We bring
cool, clear thinking to your design team.

S AAVID

One Kool Path - P.O. Box 400 « Laconia, NH 03247-0400 + USA
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Mixed Signal Exceltence

Picture higher

ADC

i mag i n g performance
lower

3V power supply.

with a

When selecting A/D converters for imaging, video
or communications, you no longer need to choose
between performance and low power. Exar's design
and process technologies give you the best of both
worlds.

We offer up to |2 bit resolution while featuring
some of the lowest power dissipation in the industry.
In addition to 3V operation, the latest additions to
our family of converters also offer a 4to| mux and

a serial output option. And all of our converters are
available in surface mount packaging.

Color Coprers

Twenty-five years of mixed-signal expertise goes
into every product we offer. Our entire line of data
converters, along with our applications support,
have one single goal in mind: to simplify your

Vdeo Conferenci
" product development effort.

Part ¢ Resolution Speed Power Supply Power

MPB7L7S 8 bits 6 MSPS
XRD64L15 10 bits 15 MSPS
XRD66L92* 12 bits 1 MSPS

XRDB7L94 12 bits 1 MSPS W 40mw $17.4
All devices also available in § volt supply. *Serial output

To learn more about our full line of
converters and sub-systems give us a call.
Or simply download our datasheets at
http://www.exar.com. Either way, you'll find
our products the picture of performance.

Digtal Cameras

22 EAR
. /N
http://www.exar.com = email: converters@exar.com - 1-800-782-5167
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SO 7816-compliant “synchro-
nous” smart cards (such as those
used for prepaid telephone
| cards) are simply secure serial

 IDEASFORDESIGN

EPROMs or EEPROMs and can be
read without the need of intricate

hardware or software.
Shown is the simplest possible ar-
rangement, based

upon a direct con-

4§ O nection of the
3 O smart card socket
s o to the parallel
printer port of any

ne. [0 | 4 PC (Fig. 1). Only a
1o 1 3 spare 5-V power |
m s/ GRD 2 supp}y is needed,

% O e 5 l 1 possibly borrowed
L| : | from an unused

{ LPTI1' “joystick”  port.
DB 25 100F The 15-ohm resis-
" tor ' (is needeg to

avoid any short-

3 circuits when any-

- gy ? RO — thing but a true

o smart card is in-

serted into the

1. THE SIMPLEST APPROACH for synchronous connector.

cards uses a direct connection socket to the PC parallel port.

Two layouts can |

Simple PC Smart Card Reader

PATRICK GUEULLE, B.P. 279, 76055 Le Havre Cedex, France.

be found for the flat contacts on the
card itself. Figure 2a shows the oldest
one (AFNOR), mainly used in France,
and figure 2b, the internationally ap-
proved one (ISO). It should be
stressed that on most modern cards
with their contacts in the ISO posi-
tion, contacts #4 and #5 are not used,
and are often omitted.

Smart card connectors are usually
fitted with a full set of sixteen wipers;
eight for the contacts in the AFNOR
position, and eight for the contacts in
the ISO position. It is a good practice
to parallel the wipers with the same
number in both sets.

Read operations can be performed
by means of very simple software.
For example, the short Turbo-Pascal
program shown in figure 3a. It uses
the LPT1 port to send “micro-instruc-
tions” to the smart card, and to sense
the bits that the card outputs on its
data line (contact #7).

The instruction set used here is the

| T
73
62
51 AFNOR
I |
(a)
4
37 IS0
48
(b)
I
2, TWO LAYOUTS are attrib-
uted for the flat contacts on smart

cards. fig. 2a shows AFNOR (the oldest

ally-approved ISO layout.

Send your Ideas-for-Design to: l
Ideas-for-Design Editor
Electronic Design
611 Route 46 West
Hasbrouck Heights, NJ 07604 ‘

one), and Fig. 2b shows the internation- ’

(a)
uses crt;
var a,e,f,g:integer;
beg;n
clrser;
port [(888] :=0;
pKI([RPHI 4”50
port [888] :=248;
clrscr;
for f:=1 to 8 do
begin
fcr g:=1 to 32 do
begin
port[888]:=249;
delay(l);
e:=port[889];
a:=e and 128;
if (a=128) then write(’0 ’) 2lse write(’ )
port[888] :=251;
end;
writeln;
end;
end.
(b)
v I 140 ¥ 17000000 0:1°1.6° 1 6,00 20250 001
2 100405000 1 2050 20 1510 0.0 0000000 10
1100001310101 1%1210060102000:000000:11
50 0% oo NS W0 S8 1ol grs S35 B Tl K U8 6 (5 s 19 b B B S S 60 T 5 150 W 00 e Rl S &
o T D U Ta s T 08 T S e i T Ry SRl S 1 M i SRR ¢ 112112 09000
00RMROO0O0O0OODOOODOOOODOCODOOODOOODOODOOODOODO
000D00O000O0OODODOOOOOOCDOOOOO0OO0QDOO0O ) 0
000000 0000O00O0 ooCoO0O00O0O0O0O0O01111111

3. A SHORT TURBO-PASCAL PROGRAM can perform read operations.

Fig. 3b's program lists all 256 bits of memory.

ELECTRONIC DESIGN/JULY 8, 1996
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uses crt;
rar a,e,f,g:integer;
begin
clrscer;
I port [888]:=0;
port [888) :=252;

port (888] 254;
j port[888]
| port [888)] :=248;
clrscr;
for f:=1 to 16 do
begin
for g:=1 to 32 do
begin
port[888] :=248;
delay(1);

e:=port[889];

a:=e and 128;

if (a=128) then write(’0 ’)
| port [888] :=250;

end;
writeln;
end;

| end.

(b)

‘ 35059170040 050402300521 -1 3102
31°31:0°%-'0:1 0031010 1 0:0-1.0 %
00000000DO0O0D0ODOODOOOO
01020:0::0:0:0:0 .1 33001 391 =1 511
r g o T S S ol o @ KT Rk B 0 T 7 15 Y% 15

| : G s N A K Uit A (O D% 8% S K D P B W I 0
 Gop D T BT R R Bl IS S0 % T BN S8 9 I . K
> o Gl Bgh | T S T WO (5 Tt 0 55, Wi W50 S5, Tt
0000 0100000000000
0000O0 0100000000O0O00O

| 00000000000000OO0O0QO0OO
0000000ODOODOODOODOODDODOO

| 000000000CO0O0OO0COOODOOD
00000000000000DO0O0O0O0
0O00O0OOOOOOOOOOOODODOO

else

write('l 7);

1D S 4 5 S B i S el A ¢
070,073 % 031000
00000O0CO0DODOO
: Qb D Ui L% B 3% B TR e |
000 Wl 2 L Tk M A o it
s R B T Sak o R KOs 0 |
5 e U OF OO 18 0 B U0
D ) B g B TR 0% LS
00 0100000
0010100000
000D00D0O0O0ODOO
000O0OO0OODODCOODO
0000000000
0000DO0CO0O0OOCOO
0o00OODODOODOOO

o

COO0OOOCO O M

01

O

o000 O
o

oo

' [ 4 FIG. 4a IMPLEMENTS THE INSTRUCTION SET of most smart

cards used in Europe. Fig. 4b shows the results obtained with a recent German phonecard.

|

| one for Gemplus GPM256-type cards,

256-bit OTP EPROMs used as token
holders in many applications (for ex-
ample, prepaid telephone cards in
France and in most countries of the
world). The program lists all 256 bits
of the memory (Fig. 3b). The second
program listing implements the in-
struction set of “Eurochip” cards, se-
cure EEPROMs that are widely used
for third-generation prepaid tele-
phone cards in some European coun-
tries using the German system (Fig.
4a). Figure 4b shows the results ob-
tained with a recent German phone
card, the extra bits of which are used
to implement some type of crypto-
graphic protection.

It is worth noting that even such a
simple reader could well be used to
grant access to a PC or software or
data files, only to the bearer of a suit-
able smart card (used prepaid tele-
phone smart cards usually still con-
tain a unique serial number that can-
not be forged easily). O

IFD Winner for
February 5, 1996

Rea Schmid, Comlinear Corp,
4800 Wheaton Dr.,, Fort Collins,
CO 80525-9483; tel: (970) 225 -
7421; fax: (970) 226 - 0564. The
idea: “Wideband AGC Loop”

| critical element in state ma-
chine design is the state en-
coding. A fully encoded
[ scheme that is either se-
| quential or gray uses the least number
of flip-flops for holding the state infor-
mation, while a one-hot-one encoding
| employs more flip-flops and reduces
the next state and output logic. In
some cases, however, using registered
outputs as part of the state encoding
provides a solution that lies between
these two alternatives.
Consider the state machine as de-

scribed in the state table (see the ta-
| ble). (This may be familiar since it is

| PREP benchmark #3, the small state |

| machine.) The XX
entries in the
IN[7:0] column in-

dicate a “don’t
care” input condi-
tion. Figure 1

shows the block
diagram for this

state machine
where eight out-
puts are regis-

tered. With eight
states, sequential
encoding would re-
quire three macro-
cells within a
CPLD. The eight

ELECTRONIC DESIGN/JULY 8, 1996

Registered Outputs In State Encoding

CHRIS JONES, Cypress Semiconductor, 3901 N. First St., San Jose, CA 95134-1599,

RST
CLK

Conditioning
logic

Registered
outputs

RST

e Stale bits
RST

1. THREE STATE BITS are required for fully encoding

the state information, and the eight outputs are registered.

|
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registered outputs require -eight

more macrocells, bringing the total

macrocell requirement to eleven.

When this state machine is imple-

mented in a Cypress CY7C371 32-
macrocell CPLD, 11 macrocells and

| 41 product terms are required, with

I some macrocells utilizing the T flip-

| flop and others the D flip-flop that is
provided.

l Since the outputs are registered,
they can be utilized to help encode
the states. This requires that the

| OUT[7:0] bus should be an input into
the conditioning logie, but there is no

| adverse impact on performance in a

l CPLD (Fig. 1, again). If the output

vector is unique under every condi-

tion, then these registered outputs | to the table, the 8-bit outputs are not

~ IDEAS FOR DESIGN

l STATE TABLE

Current IN[7:0]
state _(hex)
START /3C
3 START S R0 L
SA F*/2A
SA 1F
B SA_ o, T
SB AA
_SB_ | BB 5/
oL ge XX
e SD_ = el .2, Sl oSS
SE XX
SRR SF XX e
SG XX

can also be used as the entire state
information. However, referring back

/AR nF
| o ‘
020

|
| I 2. THE 8-BIT OUTPUT VECTOR is use in the state encoing with one add ’

" tional bit that differentiates state SC from state START when the output is 40.

Next OUT[7:0]
State | (hex) |
START 00
iy OASE | 82
SA 04
SB 20
LR SO, - ! 40
SE "
SF o 30 =]
SD | 08
$G" = 'S 80
Bt e S L STARTE S & SE) = 40 ety
SG 553 02 =
START 01

unique, since 40 is the output when
transitioning either from SA to SC or
from SE to START. This then re-
quires one extra state bit to differen-
tiate these two identical outputs in
the two different states. If any output
vector value oceurs in more than two
spots, enough additional state bits are
required to uniquely identify the dif-
ferent states.

The equivalent state diagram
shows the first two of the three digits
in each state are the hexadecimal rep-
resentation of the 8-bit output vector
(Fig. 2). The last digit in each state
is the single bit that differentiates the |
two states that have identical “40” |
outputs—state SC and state START
(arriving from state SE).

The implementation in a CY7C371 |
now requires 9 macrocells and 44
product terms, so less macrocells are
required at the expense of more prod-
uct terms. The product term expense
is quite small, and in part is due to
more macrocells using the T flip-flop.
The real gain is that three of these
state machines will now fit in the 32- |
macrocell CY7C371, since only 27 |
macrocells are required for the three |
instances. OJ

| CIRCLE R ® F _ P FI °
‘ ecovering From Power Fluctuations
ALFREDO CHINGCUANCO, Z-World Engineering, 1724 Picasso Ave., Davis, CA 95616; (916) 757-3737;

fax (916) 753-5141.

mbedded systems often | Analog Devices), monitors a simple |

employ power-failure-de-
tection circuits like that
shownin Figure 1a. A com-
mon power-management [C, the 691

voltage divider. The IC generates a |
nonmaskable interrupt (NMI) to the f
systemmicroprocessor whenthe raw |
de input falls below a certain level

| (Maxim, Linear Technology, and | (1.3 V for the 691). R1 and R2 are |

ELECTRONIC DESIGN/JULY 8, 1996

(

chosen such that the power-manage-
ment IC generatesan NMI beforethe
unregulated dc input droops low
enough to shut down the system mi-
Croprocessor.

This simple setup can fail when mul-
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350 mV, 50 amp, pass regulator using Micrel's new MIC5156 family of Super LDO™
Regulator Controllers and a 7m(2 N-channel power MOSFETL

Tired of wasting power and generating excessive Vou  functions you would expect in a high performance,
heat with your current voltage regulator? Doy high current linear regulator.
your portable equipment stop working because For LDO needs of 3 amps or more, investigate

your regulator “drops out” too soon? Now, there is a
simple, low cost solution from Micrel, the leader in
power management solutions, The MIC5156/7/8

the system cost of this solution versus monolithic LDOs;
below 3 amps look at the unbeatable performance.

So whether your need is in post-regulating a noisy

family of linear voltage regulator controllers can W high-current switching power supply or extending

handle an almost unlimited range of out- battery life of power hungry portable

put currents at negligible drop-out voltages. 40 . equipment, the Micrel family of Super LDO™
With the addition of a single, low vin regulator controller ICs should be your first

cost N-channel power MOSFET, the 3 " choicein power management.

MIC5156/7/8 Super LDO™ controllers £ For information, call Micrel Semiconductor,

provide all the control and protection a 1849 Fortune Drive, San Jose, California 95131

e e (408) 944-0800. Fax: (408) 944-0970.

SEMICONDUCTOR

High Performance Analog Power 1Cs
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IDEAS FOR DESIGN

tiple power fluctuations fol- | DCin +5V V)R1/1.3 V(R3 + R4)]
low each other rapidiy—a R1 €691 Micro l
l common occurrence in the — R4 processor where R1 = 51 kQ; R2 = kQ;
| real world. Many microproc- 3 ol ' R3 =300 kQ; R4 = 10 kQ; and
essors overwrite vital state oer i Vhysteresis= 830 mV.
! registers as a part of their % i - I Having the system micro-
nonmaskable-interrupt  re- — processor read the state of
| sponses. If a second NMI oc- AAN the power-management IC’s
|

curs before the micro | @ R3 (optional)
processor finishes its power-
failure-interrupt routine, the

DCin 5V

PFO line is the key to han-
dling multiple power fluctua-
tions. Figure 1b shows the

microprocessor can't restore R 1C691 Micro
processor

its original, pre-power-fail- = R4
ure state. Also, depending on R 1—* i
the number of fluctuations of { PFO —o— \Mi

the raw dc input (and, hence, |

PFO connected to an 1/0 line
of the system microproces-
| sor as well as its NMI input.
As a result, the microproces-
sor can determine if the raw

the number of stacked 7=

de input either is still in a

NMIs), the microprocessor’s L)

low-voltage (or “brownout”)

stack could possibly over- A COMMON POWER MANAGEMENT IC can  state or has returned to the

l flow, corrupting your pro- fail when multiple power fluctuations follow each other rapidly normal operating level.
| gram’s code or data. (a). Allowing the system microprocessor to sample the state of The program (see the list-
Following the manufac- the power-fail signal (PFO) protects the system from errors ariss  ing) is for the Zilog Z180 but
turer’s recommendations to ing from multiple NMIs during brownouts (b). can be adapted easily to other
add an optional hysteresis processors. In response to a
resistor (R3) around the 691 won't Vhysteresis= VH — VL, power-failure NMI, the Z180 saves its

solve the multiple-fluctuation prob-
lem if input-power excursions exceed VH =13 X [1 + R1/R2 + R1/R3]
’ the hysteresis band. The hysteresis

| voltage is: VL=13X[1+RI/R2-(56V -1.3 |
main() {
}
char dummy(24] ; temporary stack for interrupt routine
#define PFO_BIT 6 ; test bit for checking /PFO’‘s state
#JUMP_VEC NMI_VEC myint ; declare interrupt vector
#asm
myint:: ; label for interrupt routine
1d sp, dummy+24 ; force stack pointer to top of array dumny

; to prevent overrunning stack

Do whatever service possible here, within allowable ex=acution time.

Then:
loop:
call hitwd ; “hit” watchdog o prevent its timing out
; during brownout
1d be, PFO ; set up for reading /PFO'’s state
in a, (c) ; read /PFO state
bit PFO_BIT, a ; check state of /PFO
ir z, loop ; wait until the brownout condition clears
timeout: ; then...a tight loop to force a watchdog timeout
ip timeout ; This loop will eventually reset the Z180
I #endasm
If your watchdog is not enabled or your system lacks cne, you can force
the microprocessor to restart execution at 0Ox0000. Substitute this Dbrogram
fragment for the '‘timeout’’ fragment above.
restart:
14 a, 0xe2 ; set up 2180 MMU
ip 0000h ; jump to 0x0000

‘ out0 (CBAR),a
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program counter on its processor
stack. It copies its maskable interrupt
flag (IEF1) to another internal register
(IEF2) and zeros IEF1. The Z180 later
restores saved state information when
it executes a RETN (return from NMI)
instruction. To prevent corrupting the
system stack, the routine reserves
memory for its own stack.

The program assumes that sys-
tem’s watchdog timer (if any) has
been enabled. When the 691 detects
a brownout and asserts PFO, the sys-
tem microprocessor begins executing
the interrupt-service routine in the
program. The routine first takes care
of saving the system’s vital state data.

While responding to a power-fail-
ure interrupt, the interrupt-service
routine can save only a finite amount
of state information. The amount of
code the microprocessor can execute

to save the data depends on the de- |

crease rate of regulated dc voltage
after the raw dc voltage drops below
the power-failure threshold.

The routine then enters a loop,
checks the status of the PFO line and
resets the watchdog timer. When the
power returns, the program exits,
either allowing the watchdog timer to
reset the system or jumping to a Re-
set routine, as needed. The routine
never returns from the first NMI,
eliminating concerns about multiple
NMI interrupts. O

i
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You might say
it’s the smallest
product line in
high performance
Y analog ICs. But
z N it's also the biggest.
- N Micrel ICs are so
4 tiny we named them
‘Itthmles "And
@ ecven though they're
¥ sub-miniature. it's fair
AE8Y 1o say no one offers a
broader line of analog
" W C solutions for meeting
- W your space efficient
e design challenges.
4 For battery-powered
B portable applications.
IttyBitties are a perfect fit
." } for a wide variety of analog
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even the prices are Ity Bitty.
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a‘:p\c" Enhanced VHDL Synthesis for $99
50\“60“ & It's surprising, but true. For only $99,
ot 0"‘\ Cypress's new Warp2"™ Release 4.0 offers

better behavioral synthesis than tools
/q\ costing more than $20,000! New
e UltraGen™ technology uses module

@ \ generation to provide the best VHDL
é synthesis for FPGAs and CPLDs, as
o well as providing area and speed
optimization for precise synthesis control.

Everything You Need for

20,000 VHDL SYNTHESIS FOR $99% :=2:..

development system for all
War 2 RELEASE 4 U high-performance Cypress
(] PLDs, CPLDs, and FPGAs.

The Warp2 kit includes:
* IEEE standard behavioral VHDL synthesis
» Automatic fitting and place-and-route
* VHDL & Verilog timing simulation output
* NOVA functional waveform simulator
* “VHDL for Programmable Logic” book

[ttt ] e
[}
[}

Order the New $99 Warp2 Kit Now!
! Platform:
U PC (Windows 3.1, Win‘95, NT)
O Workstation (HP-UX, SunOS, Sun Solaris)

Please bill my:

Q “Visa 082

b e r—————————

1
1
1
1
1
1
1
1
1
1
)
Warp2 Release 4.0 Supports: ]
1
PASIC380"  7C381/2 (1000 gates) g Name -
LS s, JOBHO | Title
Schale 1
: Company S
FLask370i” 7C371i (32 macrocells) : Address
t
Order Warp2 today and i city State Zp
receive a free copy of :
“VHDL for Programmable 1 Phone
Logic,” a comprehen- :
) sive college textbook : FAX — E—
k@) written by Cypress ! E-Mail _ o
and published by :
Addison-Wesley. ' Credit Card # —
: Exp. Date — S
: (Sales tax will be added as appropriate. $10 shipping & handling in the U.S., $15 in Canada)
1
f Uhtr d Warp2 ; |
e e sar o ] FAX to: 1-408-943-6848

orai:(800) WARP-VHDL, Kit #U021
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PEASE
PORRIDGE

WHAT’S ALL THIS
TRAINING STUFF,

ANYHOW?

ver the years, the British
Royal Navy always had a
good number of ships. In
1796, about 600 ships were
in their fleet, including Ships Of The
Line, Frigates, and Sloops. All powered
by sails. In 1896, there were about, 220
ships—all steam-powered. Those num-
bers are approximate, per my 1894
Encyclopedia Britannica.

In those days, every ship needed a
navigator. You couldn’t go out on the
open seas and get where you were
going without a good navigator. So
every ship in the Royal Navy had a
Navigator. Young gentlemen spent
five years in the
Navy’s War col-
lege, getting a fine
education. After
graduation, Navi-
gators were typi-
cally assigned to
small ships, and
after considerable
seasoning, became
qualified to be the

BOB PEASE Navigator ona Ship
OBTAINED A Of The Line.
BSEE FROM MIT A Navigator was

IN 1961 ANDIS entrusted with a

STAFF ship worth hun-
SCIENTIST AT dreds of thousands
NATIONAL of pounds, with
SEMICONDUCT- hundreds of sail-
OR CORP,, ors. Everybody re-
SANTA CLARA,  spected the Navi-
CALIF. gator. The enlisted

men couldn't just
overpower the officers, and mutiny,
and kill or cast off the Navigator.
Without the Navigator and his five
years of education, they would never
get home. So, the mystique of the
Navigator was one contributor to the
stability of life aboard ship.

About 1936, the Royal Navy faced a
serious problem. With the winds of war
whipping up all around Europe, the
Royal Navy had to make plans to ex-
pand. The Navy would need hundreds
of new ships. And, thus, it would need
hundreds of new navigators. Ahem.....

How could the Navy get hundreds
of navigators in such a short time? If
the lead time is five years, then they
would have had to start teaining edu-
cating their navigators two or three
years previous to that. What to do?

In the end, pragmatism won out over
tradition. Bright young men good at
math and science were thrown into a
newly-planned crash course in naviga-
tion. After six months, some pretty
good navigators came out of the Naval
College and were assigned to ships.
Perhaps these navigators were not
quite as well-grounded or well-rounded
as the traditional ones, but they re-
ceived some very good training. They
were supplied with good reference
books, good tools, sextants, and charts,
and with good radio navigational aids.
The advent of radar didn’t do any harm.
So when war came down on Europe in
1938, the Royal Navy had lots of prob-
lems, but a shortage of Navigators
wasn't a significant one.

John Christensen, one of our Apph-
cations Engineers who is an experi-
enced sailor, pointed out that any good
Community College can teach you a
course in navigation in six or eight
weeks, with just one evening of
classes per week. Any fairly thought-
ful person can, with a small modern
calculator, master the art of naviga-
tion in a whole lot less than 6 months.

In fact, John said he taught his wife
Felicity the art of navigation in one
morning. However, that’s an unfair
comparison: She is intelligent, and

ELECTRONIC DESIGN/JULY 8, 1996

| Processing (DSP) to Doing Business in

John was sober (or so he claims).
Here at National Semiconductor, we
have some very good training pro-
grams. We also have, as I'm sure you'l
suspect, some mediocre ones, and a few
outright lousy ones (remember “Apples
and Oranges”?). Still, our training pro-
grams have expanded, and the number
of things you can learn cover a wide |
range from Solid-State Physics to The
Path of Dialogue, from Digital Signal

India (or China or Japan). We have 8-D
Problem Solving, and we have Elec-
tronics for Non-Technical People. There
are courses in Team Leadership, and in
Team Followership. (Heck, if you have
a team with “All Chiefs and No Indi-
ans,” that usually doesn’t work well.)
Still, every time I see a catalog of
courses from our Training Center, I
think abeut trained bears. And trained |
monkeys. Yes, training is sometimes |
suitable for animals. And sometimes it’s
suitable for people to do certain jobs.
But, as you may have noticed by now, I
prefer Education. I like to see people
think about what they’re doing and un-
derstand it so when something goes
wrong, they can figure out what todo, or
call in the right experts. If the guys at
Chernobyl were EDUCATED instead
of merely trained, would they have
made less of a botch? Or at Three Mile
Island? (Maybe they were educated just
a little, and we should all be aware that
a little education is a dangerous thing...)
I wasrecently invited by our Training
Center to help plan the training of tech-
nical people in various analog tech-
niques. First, we were told we should
make some plans to have an Analog
Forum, so that Analog Experts could
lecture to Analog people on Analog top-
ics. Some parts of that plan sounded like
good ideas, but we really have to make
the program open to all NSC employees.
People who have never worked with
analog circuits or analog systems need
to learn about this strange analog world.
Okay, I got some approval on that.
Next, I'll have to go discuss with
our Training experts, Sharadon
Smith and some other people, the idea
of offering some Analog Education. 1
can’t think of many things I know
that I could TRAIN people about |
Analog. But there are a lot of topics |




We look for church organists
with typing experience!

Turn your excess inventory into a
substantial tax break and help
send needy Kids to college as well.

Call for your free guide to learn how
donating your slow moving inventory can
mean a generous tax write off for your company.

Call (708) 690-0010
Peter Roskam
Executive Director

A
]
/

P.O. Box 3021, Glen Ellyn, IL 60138
FAX (708) 690-0565

Excess inventory today...student opportunity tomorrow

ELECTRONIC DESIGN/JULY 8, 1996

PEASE
PORRIDGE

where I might educate people.

Sharadon and I aren't far apart, not in
any big disagreement, as we discussed
by phone and e-mail. We agree that
there’s a continuous spectrum of grada-
tions between training and education,
and we're interested in all of these, as
appropriate. We agree on the need for
learning, so that people can apply their
knowledge—especially in ambiguous or
unexpected situations where you can’t
expect training to tell you what to do.
That sounds like education to me.

We also agreed that any such learning
is best when you can start using it right
away. Education that will only be useful
in the far future isn't likely to stick and
may be of doubtful value (don’t get me
started on how I took Fourier Analysis
as an MIT freshman, and that it wasn't
until a couple of years later when my
engineering instructors told us it was
supposed to be useful for something....)

Don't take what I said the wrong way,
though. If kids are learning to drive,
they need Driver Training as well as
Driver Education. They need to learn
situations on when it’s correct to slow
down and think about a problem. They
also must learn when thinking or cogi-
tating is WRONG, when they must re-
spond reflexively, and do what they
trained themselves to do. Ifa dog jumps
out in front of you on an EMPTY free-
way, you do one thing. If a dog jumps
out in front of you on a CROWDED
freeway, you do something different. If
a DEER jumps out in front of you, you
do something different yet. You must
know in advance what to do in each of
these cases.... | wrote about this back in
December of 1991, and I'll write about
it some more in a few months.

Still, there’s a real difference be-
tween Training and Education. Think
of the difference if your kid comes
home from school and says, “We had
Sex Education Class today,” as com-
pared to “We had Sex Training Class
today.” Vive la différence!

All for now. / Comments invited!
RAP/Robert A. Pease / Engineer

Address:

Mail Stop D2597A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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Victory over the analog/digital
simulation challenge.

The conflict’s ended. And you're the
winner—with this fifth generation of
Micro-Cap, the industry’s premier
PC-based interactive CAE design tool.
Incorporating a native digital simu-
lator with PSpice*compatible syntax,
Windows-based Micro-Cap V"™
seamlessly integrates
analog /digital simu-
lation and begins a
whole new era.
Micro-CapV gives
you a sketch and sim-
ulate environment
that’ easier to learn,
easier to use. Aided by

massive device library with models
for over 7500 parts, you work quickly
and smoothly —one keystroke}or
example, initiates on-line simulation.
Further, this triumph comes at a
very acceptable cost—$3495 —less than
half the price of would-be contenders.
Yet, while cost
is strictly contained,
| design power is
prodigious. A few
samples? Analog
i behavioral modeling.
t Parameter stepping.
Monte Carlo analy-
sis. Nonlinear

familiar SPICE models ™
and extensions, a multi-page
hierarchical schematic editor and a

" magnetic modeling.
An optimizing model generator. Lossy
transmission lines. On-schematic
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node voltage/state display. Real-time
waveform plotting. Individual device
temperatures.

We could go on, but our free
brochure and demonstration disk can
give you all the details. Ask for them.
And begin reaping the rewards of
total victory.

A—  — oy W - W
Cr—

——
Ll Wi
Spectrum Software
1021 S. Wolfe Road
Sunnyvale, CA 94086
(408) 738-4387

FAX (408) 738-4702

Micro Cup ¥~ is a trademark of Spectrum Software
r 1
All athes names are trademarks of their respective holders
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IT YOURSELF |
| AND HOPE YOU
SAVE A
LITTLE MONEY.

BUY A
COMPLETE
INTERCONNECT
SYSTEM AND KNOW
; YOU SAVE THE
ENTIRE PROJECT.

At Precision Interconnect, we offer more than cable and connectors. We provide complete interconnect systems,
using our experience to overcome challenging price/pertormance requirements as well as electrical and mechanical
demands. With an array of components we have taken many times through the design, documentation and
testing phases, we can deliver faster prototypes and lower design costs.

We can also fully custom-design, manufacture, test, and deliver complete high performance ’ ’
assemblies, particularly for applications requiring micro-miniature cables and high density
terminations. Either way, the whole is greater than the sum of the parts. Also completely ~ PRECISION

tested, guaranteed, and ready to go. RC:vOMlPann],(‘u‘T

Precision Interconnect, 16640 $.W. 72nd Avenue, Pordand, OR 97224 (503) 620-9400 Fax (503) 620-7131. Sales offices in U.S.. Europe and Japan
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Gonfiguring An Off-The-Shelf PFG

supply

Here's how to design IEC-compliant compact supplies using
readily available components.

BY RICHARD OKADA and STEVE KELLER
RO Associates Inc., 246 Caspian Dr., P.O. Box 61419, Sunnyvale, CA 94088, (408) 744-1450.

peeding up the design cycle

has long been a crucial goal

of design engineering, and
configuring pawer supplies with
proven, modular components can
help. Power-supply design cycles
are generally 75% to 85% shorter
with modules than with the more
traditional approach that uses dis-
crete ICs, transistors, and mag-
netics. What’s more, choosing
modular components that already
meet UL, CSA, and other agency
standards makes certification of
the supply as a whole a much
quicker process.

Module-based power supplies
offer a number of benefits that
ultimately result in lower cost of
ownership. For instance, the
modules are already debugged,
so field rehability is higher. Out-
put-power capability, hot-plug-in
capability, redundancy, and other
features can be configured to the
customer’s exact needs (Fig. /).
Serviceability is enhanced and
maintenance costs are reduced
because modules can be readily
replaced. And you can easily
keep up with the shifting sands
of IC operating voltages by sub-
stituting modules with alternate
output voltages.

Another factor favoring the
modular approach is the arrival
of the IEC specifications that
took effect last January. They
place tight restrictions on the
EMI and power-factor perform-
ance of power supplies sold in
Europe. Many modular power-
supply component suppliers, in-

cluding RO Associates, offer
power-factor-correction  (PFC)
modules and EMI-filter modules
that enable designers to quickly
meet the latest IEC regulations.
The fallowing configuration
suggestions were derived from
the design of a 5-V power supply
with PFC. N+1 redundancy, and
current sharing. We’ll begin by
examining a schematic that
shows one of the redundancy
blocks for this supply (Fig. 2).
This block is repeated N+1 times
to obtain the required output
power with redundancy. The de-
sign is based entirely on off-the-
shelf modules, which are shown
in the schematic with heavy out-
lines. As with most supplies, this
design can be divided into two
sections—an input stage and an
output stage. The input stage con-
verts the ac-input power into
high-voltage dc power. The out-

1. The modular
building-block ap-
proach to power-sup-
ply design enables
designers to config-
ure power supplies
teat meet the latest
international specifi-
cations for power-fac-
tor correction. By
using modules that
have already been
UL-approved, the de-
sign and qualifica-
tion cycle is
dramatically short-
ened.

put stage then converts the high
voltage dc power into isolated,
low voltage output power.

First, we’ll look at the input
stage in some detail. The PFC
module is the main component of
the input stage. Its primary func-
tion is to convert the ac input
power into dc output power. The
difficult part of this conversion is
meeting the constraint that the in-
put power factor must be near
unity. This requires that the in-
stantaneous input current be pro-
portional to the instantaneous
input voltage. In other words, the
PFC module has to look like a
resistive load to the ac power
source. Power-factor regulations
are set forth in the new IEC speci-
fication, IEC 1000-3-2. Most
PFC modules contain a diode
bridge to convert the bipolar in-
put voltage into a unipolar, half-
sine wave. They then convert the
rectified voltage

EMI filter

Universal input
85 to 265 V ac,
50 to 60 Hz

PFC module
*Provides power-factor correction
*Rectifies alternating current
*Meets requirements of [EC1000-3-2

Hold-up capacitor

De-to-dc modules
Used individually,
connected in parallel,

to a higher dc
output  voltage
using a boost-to-
pology dc-to-dc
converter. A sim-
| plified diagram
of this approach
is shown (Fig. 3).

There are two
characteristics of
the boost-topol-
ogy dc-to-dc con-

or connecled inseries lomeet | YETer that  sig-
the system's requirements | nificantly affect
the PFC module’s

design and appli-
cation. First, the
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output is not isolated from the in-
put. This means that the high-
voltage bus is considered to be a
“primary circuit” by the safety
agencies, and that all of the safety
regulations that apply to primary
circuits also apply to the outputs
and status signals of the PFC
module.

The second characteristic is
that the output voltage must al-
ways be higher than the input
voltage. This characteristic has
two consequences in a PFC mod-
ule: The output voltage must be
very high to operate from a utility
line, and the converter is not in-
herently protected against short
circuits or current limited. A
benefit of the first consequence
is that if the output voltage is high
enough to operate from the high-
est utility voltage, the module can
then operate from any utility volt-
age. Currently, the highest utility
voltage is 264 V ac, which has a
peak voltage of 373 V. Therefore,
for a PFC module to have a truly
“universal” input range, the regu-
lated output voltage must be
higher than 373 V, and is typically
set around 380 V. The fact that

CONFIGURING PFC SUPPLIES

the boost converter is not short-
circuit protected requires the
module manufacturer to add a
protection circuit. This is typi-
cally accomplished by placing a
solid-state series switch in the
output stage of the PFC module
(Fig. 3. again).

Paralleling PFC modules for
higher-power applications must
be approached with great care.
When PFC modules are paral-
leled, the internal bridge rectifi-
ers will not share current equally
between the modules. In some
applications this may be accept-
able as long as the total input cur-
rent for the system doesn’t
exceed the current rating of one
of the PFC rectifier diodes. High-
power applications, however, re-
quire special techniques to
parallel PFC modules.

There’s a simple, cost effective
way to force the paralleled recti-
fiers to properly share the return
current (Fig. 4). This approach
places a resistor (Rg) in series
with the return pin of each PFC-
module output. The resistor im-
proves the current sharing by
reducing the sensitivity of the re-

2. This modular
power supply can be
easily expanded to
provide more power
by adding more re-
dundancy blocks.
The parallel decou-
pling modules
(PDMs) instantly de-
couple a dec-dc mod-
ule if it should fail,
enabling the power
supply to continue
performing without
interruption.

turn current to the voltage drop
across the diode-resistor combi-
nation. Load sharing between the
PFC modules is enhanced in this
approach by using parallelable
dc-to-dc converters. The ap-
proach shown in Figure 4 ensures
PFC-module load sharing by con-
necting the same number of out-
put modules to each PFC module.
The fact that the output modules
are sharing the load will force the
PFC modules to do the same. This
approach can even be extended
to provide N+I redundancy.
Other approaches to load sharing
use PFC modules that have built-
in current-sharing provisions.
These approaches are similar to
those used to parallel dc-to-dc
modules, which are discussed
later in this article.

PFC modules require an input-
EMI filter for proper operation.
The filter performs two func-
tions: It protects the external
world from the switching noise
generated by the PFC module,
and it filters externally generated
noise before it can reach and dis-
turb the PFC module. The EMI

_ filter should have one or more

redundancy block of the supply. The full
supply consists of N+1 redundancy blocks.

"
To other Mix
redundancy

blocks

Input stage Outpel siage
’ l ‘ 4.70F HANeS
o-dc
I e converter | 0.68,F
+In  +Sense o
+Sense
220F 2204F PAR
450V 450V ol
v+2u1 -‘ _T: 1000F 0.68,.F
| ux PP i) § -n -0t Tro
@‘u ,ﬁ{" PFC600 hooks T T T L :
Wer | |PFC module 4TuF 250V Tl
L% i BV * o Y PV T
250Vac LD ENA _L * ]
_I_n.mpr [ L 470 P26 i
250V ac o)
0t} AN s V3005
0.25 de-dc converter
e 250 Vac 160k
—s Y YT +In  +Sense
£ +Sense
" 0.1F
Parallel | &
decoupling F_WJIV & ! PAR
! module _]'_ +0ut
i 'F.uzpf
1 .
Note: This schematic shows only one § _L 47;; i

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = JULY 8, 1996



O D

"Gl

pgrading boards
already in
production used
to be a nightmare.
Then I discovered
ARIES Correct-A-Chip”

technology. Now it’s a dream.”

THE PROBLEM

“Things change fast in this business...too fast, sometimes. Just when I'd
get a new board into production, my phone would ring. The chief designer
just had a vision! The boards must change!...we had some pretty hot
discussions, let me tell you. They had a new toy - I had a new headache.

THE SOLUTION

“A friend at another company told me she used to have

the same problem, and solved it with Aries Correct-A-Chip
technology. She said Aries could let me change from
through-hole to SMT, work with any kind of footprint, even
crank up performance in the same board space. And she was
right! Those design changes don’t bother me anymore. In fact,
now that I'm plugged into Correct-A-Chip, [ sleep like a baby.

Thanks, Aries!”

ARIES’
ELECTRONICS, INC. THE PROOF +-+oeevoerecerarciencnisiceianns
Look in the Correct-A-Chip Catalog, visit us on the

[nternet, or call our fax-on-demand at (908) 996-6841.
You'll find plenty of sensible solutions to your

problems...FAST.

P.O. Box 130 Frenchtown, NJ 08825
(908) 996-6841 FAX (908) 996-3891
e-mail: info@arieselec.com

Visit us on the Web: www.arieselec.com

-~ -
M:, [T: f-" -.'_"-"' = T ‘\\-

Sensible Solutions. . . Fast!
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Diode bridge

Boost-topology
de-dc converter

Solid-state
series Iwﬂch

|
| i

PFC-600 power-factor-correction module

|5

I < Regulator current Load
; protection
Ac input
from )
EMI filter b - 22N =
pasitil

capacitors on its output (the PFC-
module side) to ensure that it pre-
sents a low source impedance to
the PFC module at the module’s
switching frequency. If the EMI fil-
ter doesn’t have sufficient capaci-
tance, or if the EMI filter is
remotely located, an agency-rec-
ognized X capacitor' should be
added across the line at the PFC
module’s input. Because a PFC
module can generate significant
amounts of high-frequency noise,
it’ll require a fairly large EMI filter.
As arough estimate, the volume of
the filter will be two to three times
the volume of the PFC module.
For proper operation, PFC
modules require holdup capaci-
tors in addition to an EMI filter.
The amount of holdup capaci-
tance across the PFC module’s
output is based on the required
holdup time. The holdup time is
determined by the length of time
that the supply must be capable
of running without any input
power. A typical range of holdup
times is 20 ms to 50 ms. The re-
quired capacitance is calculated
by balancing the energy lost by
the capacitor with the energy
used by the load (including the
dc-to-dc converters) using:

172

where C is the required holdup
capacitance in farads, P is the
load power (including the dc-to-
dc converters) in watts, Thold is
the holdup time in seconds, V1 is
the output voltage of the PFC in
volts, and V2 is the minimum in-
put voltage of the dc-to-dc con-
verters in volts.

When selecting capacitors to

provide the required holdup ca-
pacitance, pay attention to the ca-
pacitors’ voltage and
ripple-current ratings and to the
minimum capacitance over the
operating temperature range of
the supply. Capacitors, especially
electrolytics, can lose a signifi-
cant percentage of their capacity
at low temperatures.

We’ll now turn our attention to
the supply’s output stage, which
is made up of one or more dc-to-
dc modules that convert the high
voltage from the PFC module
into the desired output voltages.

3. This simplified
PFC-module diagram
shows the basic
structure of a PFC
converter. Most PFC
modules contain a
diode bridge to con-
vert the bipolar in-
put voltage into a
unipolar, half-sine
wave.

output voltage and current re-
quirements. Once the designer
has determined those parameters,
the next step is to select the mod-
ules that will fulfill them from a
supplier’s catalog. Dual- and tri-
ple-output modules are more
cost-effective than multiple sin-
gle-output modules. The most
important features to consider
when selecting a module are:
Cost, efficiency, footprint,
agency approvals, reliability, and
power density. Some other mod-
ule features to consider are:
Maximum operating tempera-
ture, thermal protection, paral-
lelability, input and output
overvoltage protection, short-cir-
cuit protection, and available
status signals.

High-power systems can bene-
fit from the advantages of modu-
lar components by connecting
several dc-to-dc modules in par-
allel. The parallel connection al-
lows a group of modules to
§ achieve higher current levels than
'L':);'aes;e;:'i:";‘:gtgh_ are available from a single unit.
hanced by using cur- To ensure that all of the modules
rent-sharing share the load current equally, it’s
s WIOUIAL necessary to connect a control

4. A simple ap-
proach for parallel-
ing PFC modules
forces the diode
bridges to share cur-
rent by placing a
small resistor (Rs)

load.
The first step in selecting the out- signal to each module.
put modules is to determine the — Output trimming allows the de-
PEC-600  *[ Y ‘L > * De-dc converter
power-factor-
correction + eqepr
e 9 Paraleln
—_ = ]
oI+ 7 moEuIe ¥
A ey . G
inpat Vaux s L
Load enable Rs T T - =
o - AANN—2 § De-de converter
| Parallel decoupling { §_| paralleiing
module
: .
PFC-600 ki {{T} < + Do
—{ power-factor AL Dc-dc converter
cor;ec'liun i
module ;
Parallel decoupling ;
[ ity P Paralleling

Vaux —a—/\/\/\l s -

Load enable

—D § * De-dc converler
Paratle decoupling

module
I

P
T

Paralleling
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DSN17N5S3.3 o
- { 1nPUT
- ine [4 | DFCt10ENZSS
DPR1N12DS

= ‘ y { DFA20E24S12
oPOLIer-one ‘ A e
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* CNR|

-
IM:": DFCY0E1285

@Power-one: |
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E *  DGP30E48S15 " ey sePeLieS
- DPR1N12D5 | DSN17N583.3
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POwET SUPPLIES . 23 CONVERTER
DSN17N5S3.3 — +

* 48

Introducing DC/DC from the number one
name in AC/DC... Power-One.

POWER-ONE DC/DC CONVERTER AVAILABLE GUTPUTS * 100% dynamic load burn-in.

Vout Vout Vout Vout Vout  Vout Vout Vout

Series v'i':{; R:llr’;e 33V 5V &V v 1v v 15y v @ CE Markmg pendlng.
il s e [SO 9000 approved quality.

DSN17 17 4.5-6,6.5-15.5
DFA20 21 9-18, 18-36, 36-72  *

DGP30 30 36-72 o . .
Dual Output products provide the indicated Vout as one positive and one negative output -
DSP1 1 4.5-5.5 +/- - - - 4/ +/.

DFCI0 10 9-36, 18-72 A +- s | Power suprpLIeS

DSP1 1 4.5-5.5 . . . . . . s -
DFA6 6  9-27,20-60 I . . e Stocked by your distributor. ‘<, i
DFC6 6 35-16 . - . . : :

SR PRTRT 2 T B - - * Industry standard footprints

DGPI2 12 3516 . g ; and pinouts.

o LB 8158 e L) ‘ 8 ’ ¢ Over 100 models.

DGP12 12 3.5-16 +- +/- +/-

DR (20, i 78 I8 S Visit our web site at http:Hwww.power-one.com
DFA20 20 9-18, 18-36, 36-72 +/- +/- +- ]

Triple Output products provide a main output (+) and two symetrical outputs (+/-) 740 Calle Plano’ Camanllo, CA 93012 (806) 765-7418 ¢ FAX (805) 338-0476
D(zTZO ~20 9f’8' 18-36, ;3_{’:_72 o +/- | #/- Power-Dne lago and IS0 9000 fogo are wademarks ef Power-One. Inc.
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signer to make adjustments in the
output voltage. Almost all mod-
ules that have an output-trim fea-
ture can be trimmed by +10%.
Some modules can be trimmed
down by as much as 40%, albeit
with slightly reduced output per-
formance. The upper end of the
adjustment range is usually lim-
ited by the overvoltage-protec-
tion circuit in the dc-to-dc
module. The most common use of
the trim feature is to obtain non-
standard output voltages. This al-
lows designers to achieve nearly
any output voltage while stocking
only a few standard modules.
Other uses include distribution-
loss compensation, voltage mar-
gining, and remote programming.
When designing for an applica-
tion requiring a trimmed module,
the designer must observe both
the maximum output power and
the maximum output current rat-
ings of the module. For example,
a 200-W, 5-V, 40-A module
trimmed to 4 V will only be capa-
ble of providing 160 W because
of its maximum current rating.

Remote sensing moves the
point of voltage regulation from
the module’s output to the load.
This allows the module to com-
pensate for voltage drops in the
power-distribution system. The
voltage drops are generally due
to resistive losses in the PCB
traces and connectors as well as
voltage drops across ORing di-
odes. Most modules can compen-
sate up to 0.5 V or 10% of the
nominal output voltage, which-
ever is greater. The limiting factor
in how much drop can be com-
pensated is the module’s overvol-
tage-protection circuit.

Remote sensing is usually
straightforward, but there are a
few caveats to observe:

¢The sense leads of the module
must always be connected. If the
design is such that the sense leads
can fail open or can be left un-
plugged, then connect 100-L re-
sistors from each sense pin to the
corresponding output pin (such as
from +SENSE to +OUT).

*Do not sense around a low-
frequency output filter. Sensing
around an output filter will place
the filter in the module’s feed-
back loop and can cause instabil-

Il CONFIGURING PFC SUPPLIES I

Output
i G
T 1 i Load
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ity. Consider using trimming in-
stead of remote sensing if your
application requires an output fil-
ter whose corner frequency is
near, or below, the loop-crossover
frequency of the module. If both
remote sensing and a low-fre-
quency output filter are needed,
it may be necessary to use a fre-
quency-selective steering net-
work (Fig. 5).

eProtect the sense signals from
noise sources by bypassing the
sense signal at the load and
shielding the sense lines. For best
performance, the bypassing
should consist of both an electro-
lytic (or tantalum) capacitor and
a ceramic capacitor in parallel.
Shielding can be accomplished
by using shielded twisted-pair or
coax cable, or by burying the
sense traces between ground
planes in applications where they
are routed through a PWB.

Fault tolerance is a power-sup-
ply feature that is being required
much more often these days. In
a fault-tolerant system, the out-
puts are unaffected by one or
more component failures. The
best way to achieve fault toler-
ance is to use N + M redundancy.
It’s here that the modular ap-
proach has the most advantages.
In this scheme, N is the number
of modules required to provide
full power to the load, and M is
the number of extra modules used
in the system. M typically ranges
from 1 to 3. That way, if one of
the modules fails, the system still
can supply full power to the load
until the damaged module can be
replaced. For this scheme to
work, the failed module(s) must
decouple from the input power,
the output power, and the current-
sharing control busses without

5. If both remote
sensing and a low-
frequency output fil-
ter are required, it
may be necessary to
use a frequency-se-
lective steering net-
work.
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any significant effects.

Input-bus protection is accom-
plished by placing a fuse in series
with the +IN pin of each module.
The fuse should have a current
rating that’s higher than required
by the dc-to-dc module, but is
lower than the output-current rat-
ing of the PFC module. This en-
sures that the fuse will open if the
modules fail.

The output bus can be protected
by placing an ORing diode in series
with each module’s output. There-
fore, if a module fails with a short
on its output, the diode will be
back-biased and the output bus will
be protected. Choose diodes that
exhibit a very low forward-voltage
drop such as Schottky diodes. One
important thing to note about a di-
ode is that the forward voltage de-
creases as the diode temperature
rises. Therefore, to improve effi-
ciency, it’s better to allow the diode
to run a little warm under normal
operating conditions. A good com-
promise temperature is 70°C. This
allows a low forward-voltage drop
without degrading reliability.

Good pc-board layout prac-
tices are critical in realizing all
of the benefits of using modular
components. The three key fac-
tors governing the layout of a
modular power supply are
grounding, noise prevention and
abatement, and component
mounting and placement. Keep-
ing these factors in mind when
creating the layout will speed the
overall design and debug cycle.

We recommend using a four-
layer board to implement a good
grounding strategy. Use the two
outer layers for split power and
ground planes, and the two inner
layers for low-level signals.
Where necessary, add extra
planes to the inner layers to beef
up the high-current paths. The top
layer, located closest to the mod-
ules and components, should be
divided into four sections. The
goals in providing all of these
sections on the top layer are: (a)
to minimize the loop area of any
generated noise; (b) to shield the
low-level signals from noise
emitted by the modules; and (c)
to provide a safe place on which
to mount the modules and com-
ponents. The remaining layers
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should be designed around the
top layer. Note that there
shouldn’t be any traces or planes
crossing the gaps between the
sections of the top layer. If there
are, then those signals may be
quite noisy and could couple
noise to other traces.

The four sections of the top
layer are: (1) the chassis ground
plane; (2) the dc-to-dc-converter
input-return plane; (3) the dc-to-
dc-converter case ground plane:
and (4) the power-supply output-
return plane(s). The chassis
ground plane provides a ground
path to the EMI filter as well as
shielding for the PFC module.
The PFC module’s case should
be connected to the chassis
ground plane through an inductor
or ferrite bead. The dc-to-de-con-
verter input-return plane shields
any input-referenced control sig-
nals and provides a sate mounting
point for the holdup capacitors.

The case ground plane for the
dc-to-dc converters provides a
safety ground and shielding for the
converters. If all of the converters
are from the same series of a given
manufacturer, then use a single
plane for all of the module cases
and connect it to chassis ground.
Otherwise, to prevent crosstalk be-
tween the modules. you may have
to isolate the converter cases from
each other with inductors or beads.
The output return plane is the most
difficult to design. If your ground-
ing design calls for a common re-
turn from the load to the power
supply, then the output return plane
should be connected to it. Other-
wise, you must choose the return
plane(s) carefully to avoid ground
loops. This is especially true if
there are output-referenced control
signals that are common to all of
the modules.

Noise prevention and abate-
ment also are important facets of
board design. The most effective
noise-prevention strategy is to
keep signal traces short. Doing so
is facilitated by using SMT com-
ponents where possible to reduce
spacing and lead inductance.
Careful planning in the place-
ment of the modules and compo-
nents can also reduce the trace
length, as well as improve the
routability of the board. Keep the

' CONFIGURING PFC SUPPLIES
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PWB is supported by standoff;
heat sink remains effective

loop areas of all signals, espe-
cially the high-current signals, as
small as possible. Large loop ar-
eas will increase the magnetic
coupling between traces. Mag-
netic coupling is difficult to coun-
teract because magnetic shielding
is usually required instead of cop-
per shielding. Because a pc board
only uses copper conductors, the
traces and ground planes may be
ineffective as shields against
magnetic coupling.

Loop areas can be reduced by
routing signal traces next to their
return paths and by shortening the
length of the traces. Loop areas can
also be reduced by placing bypass
capacitors as close to the noise
source as possible. When laying
out the pc board, always leave pro-
visions for as many noise-abate-
ment capacitors as  possible.
Consider this as risk reduction for
the debug phase of your design.
The most effective noise-abate-
ment capacitors are connected
from the input pins to the case and
from the output pins to the case.
Also effective are capacitors be-
tween the sense lines in remote-
sense applications and capacitors
from the parallel pin to its return
pin in paralleling applications.

Proper module mounting and
placement is paramount to the re-
liability and performance of the
power supply. Improper mounting
techniques can strain the leads of
the module or reduce the thermal
coupling between the module and
its heat sink. The most common
mounting method uses screws that
pass through the heat sink, module,
and board with either the heat sink
or the board having built-in threads
to secure the screw. When using
this mounting method, be careful

6. Proper module
mounting is essen-
tial to maintain per-
formance over the
life of the system.
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not to rely on unreinforced pc-
board matenal to maintain the
torque on the screw.

While some modules have a
flat surface on the side against the
board, most have recessed mount-
ing holes or slots 1o allow for
more mounting versatility. Under
compression, the board material
will cold-tlow into the recess. re-
ducing the tension on the screw
(Fig. 6). The result will be a loss
of thermal coupling between the
module and the heat sink, leading
to higher module temperatures
and lower reliability. To avoid this
scenario, a standoff should be
placed between the pc board and
the module. A swaged standol is
preferred because the barrel passes
through the board and contacts the
screw head. This completely re-
moves the compression force from
the board. Another benefit of using
standoffs is that their height can be
selected toslightly raise the module
oft the board for cleaning.

Notes:
1. An X capacitor is a capacitor
that is approved by US and for-
eign safety agencies for use from
line to neutral or line to line in
non-isolated applications.

Richard Okada has for 22 vears
been vice-president of marketing at
RO Associates. Okada received a
B.S. in physics from the University
of California, Berkeley, in 1970,
and an MBA from the University
of Culifornia, Los Angeles, in 1972.
Before joining RO Associutes,
Okada worked at Hughes Aircraft
as a nember of the technical staff.

Steve Keller develops power-
supply products and supports cus-
tomer  applications  for RO
Associates. Keller earned a BSEE

from  Aricona  State  Universiny,

Tempe, in 1986, and an MSEE from
Santa Clara Universitv in 1993,
Before joining RO Associates, Kel-
ler spent nine vears at Kaiser Elec-
tronics  designing analog and
power circuitry for military air-
borne display systems.
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in-house design resources, make us
the undisputed BGA leader. As the
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POWER SOURCES

LOW-PROFILE SWITCHERS
OPERATE WORLDWIDE
The PSA-10L Series comprises four 10-
W switching power supplies designed
for worldwide operation. Input range
is from 85 to 264 V ac, 47 to 440 Hz.
Four versions are available with de-
output ratings of 5 Vat 2 A, 12 V at
08 A, 15V at 0.65 A, and 24 V at 04
[ A. All ratings are at 50°C operation
with convection cooling. Overvoltage
protection is standard and short-circuit
protection is provided on all outputs.
Total height for the supplies is 18 mm
and board dimensions are 50 by 105 mm
(about 2 by 4 in.). The series meets UL
standard 1950, CSA 222 234, and TUV
IEC 950. An on-board EMI filter pro-
vides total compliance with FCC Class
| B, VDE 0871B, and EN 55022B emit-
ted-radiation standards. MTBF is pro-

4

| MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

Output
power (W)

10 to 5000

__ Manufacturer

Absopulse Electronics
Carp, Ontario, Canada
(613) 836-3511
| | CIRCLE 630

Advanced Power Solutions S to 500
Pleasanton, Calif.

(510) 485-1280
http://www.advpower.com

e-mail: msaps@aol.com

CIRCLE 631

American Reliance Inc.
Arcadia, Calif.

(818) 303-6688
http://www.amrel.com

| | e-mail: amrel@amrel.com
| | CIRCLE 632

{ 1t

30 to 1050

Applied Kilovolts 5 to 250 1
Portslade, Sussex, U.K.
(44) 1273 439440

l CIRCLE 633 1

i
Ascent Power Technologies 10 W to 4 kW |
Concord, Ontario, Canada {custom)
(905) 660-9814
e-mail: harryt@ascent.com
CIRCLE 634

' Astec America Inc. 25 to 350
Carisbad, Calif.

(619) 757-1880

http://www.astec.com

CIRCLE 635 |

e — +

Astrodyne Corp. 1510300 |
Taunton, Mass.
(508) 823-8080

CIRCLE 636

| | Bertan High Voitage
‘ Hicksville, N.Y.

(516) 433-3110
http://www.bertan.com
e-mail: info@bertan.com
CIRCLE 637

N.A. = not applicable; N.S. = not specitied

3.

Jjected at 100,000 hours, depending on
the model. Pricing is $22 in lots of 500
with delivery from stock.

Phihong USA

1585 McCandless Dy

Milpitas, CA 95035

(408) 946-7838

» CIRCLE 709

¥ 350-W SWITCHER
HAS SMALL STANCE

The Easymod family of modifiable
switching power supplies has been
joined by the AN 350 model, a 350-W,
60-A peak unit with a footprint of just
9 by 5in. and height of 2 in. The Easy-
mod supplies offer from one to four
outputs and feature IEC-555.2-com-
pliant power-factor correction. All
outputs are isolated, adjustable, inde-
pendently regulated, and capable of

high peak currents without lockup for
powering high-capacitance loads.
With their small size and high power
density, the AN Series supplies pro-
vide major-agency safety approvals
and CISPR EN60065 (CE) filtration
on any output combination from 2 to
148 V de. The compact U-channel sup-
plies are offered with a wide choice
of options such as a cover and fan as-
sembly. 9-to-380-V dec inputs, and
many others. Modificatoins can be
performed on as few as 100 pieces
with no NRE charges. OEM pricing
starts at under $350 with delivery in
eight to 10 weeks.

Power Solutions Inc.

4699 N. Federal Huwy.

Pompano Beach, FL 3306

(954) 943-4110

» CIRCLE 710

Output Input range EMI Power factor Industry-
voltages Number of (V ac) shielding correction standard Cooling
(V dc) outputs (Type?) available? available?  footprints? options
12 to 260 One to four 90 to 240 Yes Yes Yes Fans,
(autoselecting convection,
depending on conduction
IS | model) | 3%
3.5,12,15. Onetofive ' 100to500W Yes Yes Yes Convection or
28, 36, 48 autoselecting; (on suppiies tan
5to 100 W from 80 to
universal 500 W)
5 to 250 One to three 115/230 V No No Halt- and Fans |
manual full-rack supplied as '
styles standard |
|
I
kV to 60 kV Two 24 V and Cover No Yes Convection or
110V ac included fan ’
15Vto Up to 20 85 to 260 Yes Yes Yes Free
100 kV convection or
forced-air
conduction
5to 60 One to four 85 10 264; Yes Yes Yes Convection
autoselecting and fan
)
SIS + 1
51024 One to four 85 to 264, Yes No Yes Convection or
autoselecting fan
500 V to Four or more 120/240 Yes No No Air
125 kv
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Two ways to fit a 100 MHz
benchtop scope in your hand.

Bigger hands.

TekScope”

Got huge hands? Then you can probably lug a benchtop scope around the field. For the rest
of us, there’s TekScope:" the first hand-held with true 100 MHz bandwidth and 500MS/s
sample rate on both channels. It's got the familiar Tek interface, a bright, backlit display and
is priced at just $2195 MSRP. Call 1-800-479-4490, action

code 709, or visit our Web site at http://www.tek.com. Tﬂktron/ix




POWER SOURCES

| ¥ OPEN-FRAME SUPPLIES

ACHIEVE HIGH DENSITY

Power densities of up to 5.3 W/in3 are
offered by two additions to the M Series
of Moduflex open-frame switchers. A
250-W model comes with from one to
four outputs, while the 425-W unit of-
fers one to five outputs with a 5-V, 50-A
main output. All outputs are highly
regulated, adjustable, and floating.
They’re also protected against over-
load, short circuit, and overvoltage.
Based on a modular system concept,
each M Series supply consists of a
motherboard with 90-to-132-V or 180-
to-264-V input and a choice of three
output-module types that provide
nominal outputs of 75, 150, or 350 W.
Other options include an autoranging
input. Pricing ranges from $0.55/watt
for 425-W units in OEM quantities.
Modules with most commonly used
voltages and ratings are stocked for
two-week delivery. Non-standard
types take from six to eight weeks.

Deltron Inc.

290 Wissahickon Ave., Box 1369

North Wales, PA 19454-1369

(215) 699-9261

» CIRCLE 711

Vv SWITCHMODE SUPPLIES
FEATURE REGULATION

Up to 48 W of regulated de output
streams from the CSL and CSZ Se-
ries open-frame switchmode power
supplies. The units feature a low-pro-
file design and measure 4.5 by 3.0 by
1.95 in. (CSL) and 6.25 by 3.5 by 2.375
in. (CSZ). Other features include a
wide-range input of 90 to 260 V, 47 to

63 Hz with outputs ranging from 5 to
48 V dc. Multiple-output versions are
also available. The supplies carry the
CE mark and are UL-recognized. Call
for pricing and delivery information.

Jerome Industries Corp.

730 Division St.

Elizabeth, NJ 07201

(908) 353-5700

» CIRCLE 712

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

| Output | Input range EMI Power-factor | Industry-
Output voltages = Number of (Vac) | shielding correction = standard Cooling
~Manufacturer ___power (W) (Vde) | outputs | (Type?)  available? | available? | footprints? = options
CEC Electronics Corp. } 10Wto 1 kW i 3331048 One to five i 110/220, | Yes 1 Yes ‘ Yes i Convection
Hauppauge, N.Y. ; | 50/60 Hz; | (single- and (custom and
(516) 582-4422 208, 40 to three-phase types also conduction
CIRCLE 638 400 Hz active PFC available)
23] | o ! | | available) om0
Celestica Inc. | 800Wto 5t048 | Onetoeight | 90 to 264, ‘ Yes ‘ Yes Yes | Fansare
North York, Ontario, | 2 kW autoselecting | (standard) optional
Canada
(416) 448-4524
CIRCLE 639
Computer Products | 25 Wto 1 kW 33t0 48 One to five ‘ 8510264, | Yes ’ Yes Yes Optional fan
South Boston, Mass. | autoselecting | or convection
(617) 464-6656 cooling
| CIRCLE 640 | |
Condor DC Power Supplies 20 to 400 33,5, 12, 15, Up to five 8510264, | Yes Yes Yes Convection or
Oxnard, Calif. | 24,48 universal input (on 350-W fan
(805) 486-4565 | units)
e-mail: condordc@ | |
condorpower.com
CIRCLE 641 | _ | } ‘
Conversion Equipment | 85W 1o 1kW | 210250 | Uptoseven | 8510265, | Yes Yes | Yes Convection
Corp. | ‘ | autoselecting | (nofan).
Orange, Calif. | | | or universal | fan-cooled,
(714) 637-2970 | inputs | | and
CIRCLE 642 | L available i | conduction
Converter Concepts Inc. ’ 10 to 350 51048 One to four | 90 to 264, | Yes Yes Many models Fans
Pardeeville, Wisc. | standard universal (on select | have (optional)
(608) 429-3000 | (more on | models) standard
_C_I«filCLE 643 | 5 | custom basis) | S R } footprints | |
N.A. = not applicable; N.S. = not specified

V OPEN-FRAME UNITS

SPORT UNIVERSAL INPUT
Based on a 3-by-5-in. format, the PPO
Series of open-frame switching power
supplies features a universal input
and outputs of from 20 to 65 W. All
configurations are convection cooled

and come in single- as well as multi-
ple-output versions. The series car-
ries UL, CSA, and VDE approvals.
Typical 40-W, multiple-output units
sell for $20 in OEM quantities. Call
for delivery information.

Advanced Power Solulions

1040 Serpentine Lane, #201

Pleasanton, CA 94566

(510) 485-1280

» CIRCLE 713
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STRATEGIC PARTNERS
WﬂRI(ING TOGETHER

n today’s competitive global marketplace, customers need
to bring their supplier’s enabling technology in alignment
with their own systems requirements. Systems designers
want to know, not just where their strategic suppliers are
today, but where they are going.

But systems designers have another working-together
partner, an objective strategic information partner who not
only reports on what’s available today, but who is constantly
scanning the technology horizon to help engineers and
engineering managers plan for their next designs; helping
them figure out which technologies will be useful and which
will end up on the serap heap.

Electronic Design is that strategic information partner. By
providing the information that helps the system designer
walk the line between leading edge and bleeding edge,
Electronic Design helps the engineer get a more competitive
product to market, faster.

A Technology Road Map

PERFORMANCE

TIME

Your Strategic Information Partner.

ELECTRONIC DESIGN
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| Poie SOURCES

V¥ MINIATURE SUPPLIES
DELIVER 15-W QUTPUT
The high power densities and low
costs demanded for telecom, embed-
ded controls, and instrumentation

power supplies are met by the O Series
of miniature open-frame switchers. The
15-W supplies aceept a universal input
from 85 to 265 V ac and provide voltage
outputs of from 5 to 24 V de in single-
and dual-output configurations. Meas-
uring 4.2 in. long by 2.4 in. wide by 1.1
in. high, the miniature supplies are

suited for low-to-medium-power ap-
plications where space is at a pre-
mium. Features include reliable
single-board construction and stand-
ard Molex-style connectors. Line/load
regulation is +0.3%, ripple and noise
is specified at 50 mV p-p, and there’s
continuous current-limit protection.
Typical operating efficiency is 77%.
Pricing starts at $15 for lots of 1000
with delivery in six weeks.

Aslrodyne

300 Myles Standish Blved.

Taunton, MA 02730

(508) 82.3-8030

» CIRCLE 714

V¥ THREE-OUTPUT SUPPLY
SUITS COMPUTER USES

The SW Series of low-cost, industry-

standard 3-by-5-in. open-frame power

supplies is suited for applications in

computers, peripherals, and office-
automation equipment. The series
comprises ten fully regulated, triple-
output models with either universal
or auto-selectable ac input for world:
wide operation. Available in 30-, 40-,
65-, and 100-W packages, the supplies
feature OEM-type input/output con-
nectors for ease of wiring and instal-
lation. System-filtering requirements
are simplified because the supplies
meet VDE 0871, Curve B for EMI.
The supplies also offer output surge-
current capability, which ensures re-
liable operation in applications with
highly capacitive or inductive loads.
Pricing starts at $0.39/watt.

Lambda Electronics Inc.

515 Broad Hollow Rd.

Melville, NY 11747

(516) 694-4200

» CIRCLE 715

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

Output

Manufacturer power (W)

Custom Power Custom

Ronkonkoma, N.Y.

{516) 467-5328

hitp/ivww.custompower.com

| e-mail: sales@cps.mhs.
compuserve.com

CIRCLE 644

Deitron Inc. 40 W to 2 kW
North Wales, Pa.
{215) 699-9261

CIRCLE 645

’ Digital Power Corp. 50 to 750
Fremont, Calif.
{510) 657-2635

CIRCLE 646

| |
ETA-USA | 10W 104 kW
San Jose, Calif.
‘ (800) 382-7697 |

CIRCLE 647 |

| | GlobTek Inc.

Northvale, N.J.

(201) 784-1000

| http://gramercy.ios.com
/~globtek

e-mail: globtek1@chelsea.
ios.com

‘ CIRCLE 648

10Wto 1 kW

Integrated Power Designs 45 to 300
Wilkes-Barre. Pa.
(717) 824-4666

CIRCLE 649

International Power 15 to 200
Sources Inc.

Ashland, Mass.

i (508) 881-7434

CIRCLE 650

N.A. = not applicable; N.S. = not specified

[T

Output Input range EMI Power factor Industry-
voltages Number of (V ac) shielding correction standard Cooling |
(Vdc) outputs (Type?) available? available? footprints? options |
Custom Custom 24 10 31 0.‘1 Yes Yes Yes Convection,
autoselect is (custom conduction, |
optional types also hquid
available) ‘
5to 48 One to seven 115/230. Yes Yes Yes Fan standard/
optional optional
autoranging
from 80 to
264 V
+2 to +60 One to four 90 to 132 or Yes Yes Yes Convection
180 to 264 and internal |
{some units or external fan
autoselecting;
others true
universal input
21052 One to five 85 to 254, Yes Yes Yes Convection or
autoranging forced air
31048 One to five 90 to 260, Yes Yes Yes Convection
autoselecting and forced air
21048 One to five 85 t0 264 Yes Yes Yes Convection
51048 One to four 85 to 264: Yes No Yes Fan or
universal optional cover
with fan on
unit
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We didn't just
write the book on
LED indicators.

We wrote two.

Get Dialight's two FREE books, and you'll have
hundreds of circuit board and panel mount
indicators to choose from — including LED and
neonfincandescent, in horizontal, vertical,
gang-mounted, or surface-mounted configurations
— all available and ready for your application.
We'll even make indicators for you that aren't in
the books, using the same exacting optics we've
incorporated in all our products for over 50 years.
Call Dialight today or circle the reader service
numbers for your FREE Panel Mount Products
catalog and Circuit Board Indicator data book...
and you'll have everything you need to

choose your ideal indicator.

Call 800-835-2870 ext. 2665

1913 Atlantic Ave., Manasguan, NJ 08736
Tel.: (800) 835-2870 ext. 2665
Fax: (800) 835-2875

Reader No. 132- For Panel Mount Products Catalog
Reader No. 208- For Circuit Board Indicator Data Book



IS B
_POWER SOURCES

WV 500-W SWITCHERS
OFFER MODULARITY

Thanks to a flexible, modular design,
the Z Series of switching power sup-
plies can be quickly assembled at the
factory in a large variety of multi-out-
put configurations from three basic
auxiliary-output modules. The 2.45-
by-5.0-by-10.5-in. supplies feature
power density of 3.8 W/in.? as well as

‘ ’}4,.4: SR
input power-factor correction. The
output modules have wide-range, ad-
justable outputs of 2to 6 V,5t0 15V,
and 15 to 26.5 V. They also feature
independent overvoltage and over-
current protection with adjustable
OVP. Both single- and multiple-out-
| put models are offered with up to four
| tota! outputs in either 400- or 500-W

versions. Unit prices start at $475
with OEM pricing starting at $309.
Samples are available in two weeks
and production lots ship in eight
weeks from receipt of order.

Unipower Corp.

3900 Coral Ridge Dr.

Coral Springs, FL 33065

(954) 346-2442

» CIRCLE 716

V¥ MODULAR SUPPLIES
HAVE WIDE INPUTS

With its universal input of 90 to 264
V ac, the model M500 open-frame
power supply is suitable for all domes-
tic and international electrical power
conditions. The modular 500-W sup-
ply provides a main output of 5 V de
at 55 A. Up to three auxiliary modules
may be used to provide adjustable
outputs of 4.5to 8 V at 10 A, 8to 16
Vat 10 A, and 16 to 28 Vat 5 A. In
addition, the M500 supply enables the
selection of any two of the following
fixed voltages: 5, 12, 15, or 24 V at 1
A. Thus, the supply may be config-
ured with any combination of auxil-
iary modules with up to seven

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

Output Input range EMI Power factor Industry-
Output voltages Number of (V ac) shielding correction standard Cooling
g ~ Manufacturer . power (W) = (Vdc) outputs (Type?)  available?  available?  footprints? =~ options
Jerome Industries Corp. Up to 250 51048 Uptoseven | 85to 264; Yes Yes Yes Convection
Elizabeth, N.J (plus muttiple autoselecting and fan
{908) 353-5700 | | outputs)
e-mail: jeromelND@aol.com
CIRCLE 651 !
Keliron Power Systems 10 to 600 5V1050kV  Onetofour | Autoranging Yes Yes Yes Convection
Waltham, Mass. ‘ac or dc inputs or air flow
(617) 894-8700
e-mail: keltron@tiac.com ' ! }
CIRCLE 652 | | ‘
Kepco Inc. 3 to 1500 3to 48 Up to four 85 to 264 ‘Ves Yes Yes <300 W:
Flushing. N.Y. wide range convection:
(718) 461-7000 >300 W:
http://www.kepcopower.com forced air
e-mail: ) !
hg@kepcopower.com | | |
CIRCLE 653
LZR Electronics 1to 500 1to 200 One to four 90 to 265. Yes Yes Yes N.S.
Gaithersburg, Md. autoselecting
(301) 921-4600
CIRCLE 654 | i ' l | l {
Lambda Electronics Inc. 10 to 450 21048 One to four 85 to 264, | Yes Yes Yes ! Convection or
Melvilie, N.Y. autoselecting forced air
| | (516) 694-6206
| http:/iwww.larmbdapower.com
CIRCLE 655 | | { |L.8
Lutze Inc. 0.041050A | 24Vdc 15 24 t0 575 Yes No ! Yes | N.S.
Charlotte, N.C.
(704) 357-8835
e-mail: info@lutze.com
CIRCLE 656
| | N-A_=not applicable; N.S. = not specified

load, the supply is rated for operation
from zero to 50 C. The supplies are
UL-, CSA-, and VDE-listed and are
offered with FCC Class B filtering.
Pricing is $0.85/watt in OEM quanti-
ties., Delivery is in eight to 10 weeks.

Xentek Inec.

1770 La Costa Meadows Dr.

San Marcos, CA 92069

(800) 493-6835

» CIRCLE 717
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har-pak® 2.5 MM
o gigh Detnsity .
onnector system
Ao % ’

f Developed for back-
= % glaneé:‘j and Ic_iautghter;
ol oard applications in
eI g = modern rack sys-
e’ tems. The ? rz);w 25
) mm connector de-
A gl sign offers solder-
? less PCB_termina-
tions, optimum uti-
> i lization of space
~ dthree dimensiona
modularity, high con-
tact density, EMI
protection, and the
ability to double-side
sudace mount com-
ponents on daughter cards without loss
of a 15 mm card pitch. The har-pak con-
nector system permits using a three
dimensional 2.5 mm grid. With the
exceptional capabilities of the connector,
only one connector style is required to
solve your power, sighal, ground, and
high data rates; simplifying the design
and manufacturing of future systems.
The compliant pin technology utilizes the
same 1mm ﬁla ed through hole standard
for many DIN 41612 compliant pin tech-
nologies. The consistency in design uses
the many years of manufacturing and
design experience already available.
These attributes combined can lead to
new advancements in board-level
designs: 16 mm card pitch with double-
sided suface mounted daughter cards,
butterfly or mld-?‘lane techniques, modu-
lar design both horizontally and vertical-
ly, low number of system components
combination with other standardize
packaging systems, and lower applied
costs.
READER SERVICE 204

75 Ohm Coaxial Contacts for
DIN Connectors

Es?_ecially suited for use in telecommuni-
cations, medical imaging equipment
and/or video receiving/transmission
equipment. Can be used with the DIN
41612 Style “M” connectors. This coax
contact can handle video signals either
on a board-to-board application or a /O
agghcatlon. Temperature range from -
55°C up to +125°C. Working voltage:
250 V eff/5S0Hz. Maximum contact cur-
rent: 1.5A SDCd Frequency Range;
bisDC up to10 GHz. Most popular con-
figuration to date is the board-to-board
arrangement with the nght Anfqnle
Female on the PC board and the
Straight Male Pin Crimp on the back-
plane.

READER SERVICE 205

har-link New Modular Metric
/0O Connector System

har-link’s space saving design offers
more than twice the densng of man
other connector systems. Designed to
meet the requirements of high contact
density, integrated board fux.mgl quick
efficient locking devices, shielding with
ground continuity and reliable wiring

techniques, har-link also provides a low
installed cost. Fully shielded to provide a
resistant se(s_tem against E.M.I. emission
or suscepfibility. Sequenced mating lev-
els have been included to satisfy require-
ment for “Hot Swapping.” Unique, reli-

able positive latch system has easily
operated “push-pull” mechanism that
prevents free cable connectors from
vibrating loose or being inadvertently
unplugged. Simple, but reliable polariza-
tion system prevents the mating of con-
nectors in the wrong orientation.

READER SERVICE 206

har-mik
1DC Flat Cable Connector
Circle No. 1e¢ B

NEW HIGH DENSITY
MICRO-COAXIAL CONTACTS
|

Designed for high speed data transfer
rates.Can be used in the iec 1076-4-2

2.5mm iggm Density connector system,
har-ﬁak . Provides more s&ace efficien-

c¥, igh frequency capability, easy han-
dling, low applied cost and application
with current equipment and emergmg
metric equipment practices. Designed for
PCB termination on both daughter card
to backplane connection; allowing users
to bring signal directly into the backplane
without a cable transition.

READER SERVICE 207

CONNECT

FOR A WINNING
PERFORMANCE
WHEN IT COUNTS

HARTING can put a winning
line up on your team. The compre-
hensive line of high quality, depend-
able connectors can h&p assure 0
superior system performance for you.
HARTING's innovative designs can help
find effective and efficient solutions, and
ARTING's modern manufacturing focilities
Fprogressive production fechniques assure
promp; dependable delivery of high quality
conneclors When you need them.
IDC flat cabie mount SCS| 2 & 3 connectors are the
newest additions 1o HARTING's har-mik growing
fomily. The shielded or non-shielded 50 and 68 contact

A

connedlors can be “daisy chained” for connecting drives and
providing 1/O in RAID, dis{
slorage sysiems

orray, servers, PC.'s and other
applications.

“"_HARTING's new
Bl . Han-Modular Sysiem

iz enables you fo-assemble o \\\ P
connector fo meet your specific v A

needs. Different modules permit trans-

o
and ex) ication
assistance :eal

machine

mitting eleciric signal, power, RF, coax, optical,
pneumaic and liquid combinations in the same connector.
High flexibility allows using combinations of different >
mﬁles for varied applications. System s ideal for use
in asser:)t}( machines, factory automation,legistics,
s, ra lway and robotic applications.
HARTING's har-bus 64 connector series satisfies

=

—

5

the new 64-bit computer architecture’s requirement for

higher

s, more /O and addifional functionality. Offering a five row connector solution

that is 100% backword campotible with the popular 96-pin Eurocard connectors, the new

is known
Call 847-519-7700, Fax 847/519-9771 or Wnite:

Available from authorized
HARTING Distributors

har-bus 64 has 160 pins with preleading conacts for live inserfion. New contact rows can be
used fo improve signal speed of VME bus and as ground contocts. Current 96-pin Eurocard connec:
tors mate to the 160 pin connectors, o lowing all PCB's to be used in new or existing backplanes.

HARTING's Han-Drive Series of connectors makes three'rhose motor inferchange as fast and easy as
disconnecting/reconnecting a plug. 3ased on the design of the original Han heavy duty industrial connec-
tors, this new series of compact connectors offers proven contact fechnology, high working voliage, superior
operating security and afractive pricing. Designed for @ working voltage of 400V contact to conlact, and 230
V from contoct to ground (per VDE 01 lla. Rated at 16 A, the Han E crimp contacts will accept wire sizes fo 14
AWG max. Insulator is glass fiber reinforced polycarbonate. These new connectors are ideal for applications in
three-phase motors and high omperage electr ¢ heating elements.

Toke od’:moge of the high quality, dependable performance and service that HARTING

ide. Let us make a winning connection for you.

YOUR FUTURE IN INTERCONNECTION

HARTING Elektronik, Inc. of North America
2155 Stonington Ave., Suite 212
Hoffman Estates, lllinois 60195-5211

READER SERVICE 138



| PowER SOURCES

| ¥ MEDICAL SUPPLIES
SPORT ISOLATION
| Input-to-output isolation of 4000 V ac
is featured in a family of medical
switching power supplies. The family
l includes four series from 40 to 200 W.
Each series includes single-output

models (5. 12, 15, and 24 V) as well as
several multi-output models with a
variety of output combinations. Other
| key electrical features include low
safety leakage current of 50 uA maxi-
mum at 1100 V ac and 100 pA maxi-

mum at 240 V ac. The supplies also
feature a wide universal-input range
of 85 to 240 V ac as well as output
overvoltage and overcurrent protec-
tion. They carry major safety-agency
approvals and are built to meet the
conducted limits of EN55011
(CISPR11) Level B. Pricing in OEM
lots is from $37 (40-W models) to $117
(200-W models). Samples are deliv-
ered from stock; production quanti-
ties ship in eight to 10 weeks.

International Power Sources

Inc.

200 Butterfield Dv:

Ashland, MA 01727

(508) 881-7434

» CIRCLE 718

v 150-W SWITCHERS

HAVE LOW PROFILES
An overall height of just 1.38 in. is
featured in a series of 150-W, convec-
tion-cooled switchers. The FDA150

Series includes nine single- and dual-
output models that come in a rugged
aluminum U-channel chassis. Users
have a choice of quick-disconnect or
serew I/0 terminals. Single-output
models provide tightly regulated out-
puts of 3.3, 5, 12, 15, 24, or 28 V de.
The 5-V primary of the dual-output
models is rated at 25 A maximum with
an auxiliary output of 12, 15, or 24 V.
The supplies’ autoranging input cir-
cuit supports operation from 90 to 265
V ac at 47 to 440 Hz. Other features
include a built-in EMI-suppression fil-
ter that'’s typically 10 dB better than
EN55022/FCC Class B requirements,
and 5300-V input-to-output isolation.
Pricing is from $96.25 in lots of 1000.
OEM orders ship in eight weeks.

Power General

152 Will Dr., Box 189

Canton, MA 02021

(617) 828-6216

» CIRCLE 719

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

' Output Input range EMI Power factor Industry-
Output voltages Number of (V ac shielding correction standard Cooling
’ ___Manutacturer power (W) (Vdc) _outputs  (Type?)  available? available? .. tootprints? options
Modular Devices inc. 150 W to 1.210 400 As required ~ Autoselecting Yes Yes Yes As required
| Scotts Valley, Calif. 4 kW (select
(408) 335-3562 models)
| | e-mail: tommdi@aol.com
| CIRCLE 657
| | Multicomp 3 to 600 5t075 Up to six 90 to 264, Yes Yes No Convection
Beaverton, Ore. autoselecting and forced arr |
(503) 626-4200
CIRCLE 658
Oryx Power Products 30 to 400 +5 to +24 One, three, or 90 1o 264, Yes Yes Yes Convection
| Mt. Prospect, lll. four N.S. and forced air
(847) 635-6222
CIRCLE 653
Phihong USA 10 to 200 +5to +24, Up to four 90 to 264 No No Yes Convection or
| Milpitas, Calif. -15t0 -5 universal; 20- or 30-cfm
[ (408) 946-7888 90 10132/ fans
| | httpdiwww.phihongusa.com 180 to 264
CIRCLE 660 autoranging
“ Pico Electronics 30 to 200 5t0 24 Up to four 85 10 264, No Yes Yes Fan
Power Supply Div. autoranging
| Mt. Vernon, N.Y.
| (914) 699-5514
e-maik:
HLSC73@prodigy.com
CIRCLE 661
Power General 20 to 250 3.3t028 Up to four 85 to 265, Yes Yes Yes Convection
I Canton, Mass. universal; and forced air
(617) 828-6216 90 to 265,
e-mail: powergeneral@ autoranging
\ nidecpg.com
CIRCLE 662
Power-One 30 W to 4 kW 210 120 Upto 21 85 to 264, Yes On some Yes Fan or
1 Camarillo, Calif. N.S. products convection
(805) 987-8741
http://www.power-one.com
| | CIRCLE 663
N.A. = not applicable; N.S. = not specified
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This is our power output. If you're waiting for it to waver,

we suggest you order some pizza and find a good place for your sleeping bag.

There's no use looking for a spike, surge, or any imperfection in the output of a
Techron power amplifier. We offer the cleanest power available in the industry.
As well as frequencies up to 40,000 Hz, and our well-known total reliability,
which has made Techron the choice for major MRI manufacturers. For our complete
catalog of specs or to discuss custom applications, call 1-800-933-7956.

1=CHION.

1718 W. Mishawaka Road, Elkhart, Indiana 46517
(219) 294-8300 » Techron is a division of Crown® International Inc.

READER SERVICE 185



I PowER SOURCES

1

Vv 65-W POWER SUPPLY

FIXES POWER FACTOR
Models with or without power-factor
correction can be had with the NLP65
line of 65-W switching power sup-
plies. The high-density units offer a

standard 3-by-5-in. footprint and
maximum height of 1.4 in. The low
profile enables the supplies to be used
in 1U rack designs. They accept uni-
versal inputs over the range of 90 to
264 V ac and are offered in single-,
dual-, and triple-output models. Com-
pliance with UL, CSA, VDE, BABT,
and CE Mark safety standards is fea-
tured, as is adherence to EMI, FCC,
and CISPR 22 Limit B specs. The
supplies also offer overload and short-
circuit protection. Call for pricing and

delivery information.
Computer Products
Power Conversion America
7 Elkins St.
South Boston, MA 02127
(800) 733-9288
» CIRGLE 720

Vv 1-kW SWITCHER
PACKS MANY FEATURES

Power-factor correction, current shar-
ing on all outputs, and N+1 redundancy
are among the many features designed
into the NMX 1000 Series of 1000-W
switchers. The supplies offer third-wire
forced current sharing on main outputs
and precision regulation or slope pro-
gramming on auxiliary outputs. They
have no minimum load requirements,
are self-cooled, and offer high efficiency
and MTBF. When used with external
ORing diodes, the NMX 1000 supplies
are readily configured as a multiple-
output, redundant system.

Todd Products Corp.

50 Emjay Blvd.

Brentwood, NY 11717

(516) 231-3366

» CIRCLE 721

MANUFACTUHERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

v SEMI-CUSTOM SUPPLIES
OFFER MODULARITY

A line of semi-custom modular power
systems is fabricated using standard
modules and custom packaging. Noise
and heat loss have been characterized
and controlled at the module level, re-
sulting in fast prototyping. Models can
be specified from 200 W to 2 kW in cus-
tom form factors. Some custom features
include cooling, special logic, margining,
and more. The high-density units sport
high reliability with MTBF specifica-
tions of 3 million hours being typical.
Flexible inputs can be single-phase uni-
versal ac, three-phase, ac, or dc. Other
features include power-factor correc-
tion to IEC specifications, EM1 filtering,
active current sharing/parallel opera-
tion, cascaded boost/half-bridge topol-
ogy, zero-current and zero-voltage
switching, and soft-start characteristics.
Prototypes are delivered in four to six
weeks after ordering.

Celestica Power Systems

844 Don Mills Rd.

North York, Ontario M3C 1V7

(800) 461-2913

» CIRCLE 722

Output Input range EMI Power-factor  Industry-
Output | voltages Number of (Vac) shielding correction standard Cooling

__ Manufacturer | power (W) %_(‘Lds). . outputs | (Type?) available? | available? | footprints? | options
Power Solutions Inc. 15 to 350 +2 to +60 Onetofour | 85 to 264, I Yes 350-W ‘ Yes Fan optional
Pompano Beach, Fla. universal models only on most
(954) 943-4110 models
| CIRCLE 664

f e 8 S . - e s = = |

Power Switch Corp. 10 to 400 3.31048 ( One to five 85 to 264, Custom Yes Yes Convection
Lodi, N.J. N.S. and forced air
(201) 478-0800
e-mail: pwrswitch@aol.com |
CIRCLE 665 | |
Rantec Microwave & 10 Wto 1 kW ‘ 5t028 Multiple on 85 to 270 Yes Yes Yes Baseplate
Electronics Inc. custom (on HDM cooling

Power Systems Div. | models; three | high-density
Los Osos, Calif. [ on standard |  modules)
(805) 528-5858 [ |  products
CIRCLE 666 (s | = el | FoeRe k- |
Shindengen Amerloa 510 130 5 fo48 | One tofour | 8510264 Yes Yes Yes Convection
Rolling Meadows, Il | P el |
(708) 593-8585 w
- CIRCLE 667 |
Sierra West Power Systems = 5 W to 3 kW 210300 | One tofive 90 to 135, Yes Yes Yes Conduction or
Las Cruces, N.M. ’ | 18010270, | convection
(505) 522-9928 | ; autoselecting
~ CIRCLE 668 i did g PRt
Switching Power lnc 100 to 800 21048 Five 90 to 264, Yes Yes Yes Side fan,
Ronkonkoma, N.Y. selectable or | \ | top fan, or
(516) 981-7231 autoselecting customer
http://www.switchpwr.com ‘ cooling
e-mail: options

sales @switchpwr.com |
CIRCLE 669 | _ |
N.A. = not applicable; N S = not speclﬂod
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INCREASE YOUR REACH

into important wireless markets...
...with WIRELESS SYSTEMS DESIGN.

WRELESS
SYSTEMS DESIGN

HE P
!N\V\\lll(lk

Wirveless Systems Design is in a class by itself. The first

design magazine to serve the wireless industry, it is the

only monthly magazine devoted to the wireless systems

designer—that engineer tasked with creating some of the hottest new elec-

practical, time-saving ideas.

Published since April 1994 Wireless Systems Deszgn rmches more tlmn
50,000 design engineers. Stavting '

with the April 1996 issue, you can P P i rs®
reach these wireless systems designers S Ny :r."".a;:ri;“ -3

Wy, e = |

every month. You’ll find more of them ¥ o
reading Wireless Systems Design than any other monthly publication.

For advertising rates call Matt Carey National Sales Manager at (201)393-6229

WIRELESS
SYSTEMS DESIGN

FOR DESIGNERS OF COMMUNICATIONS AND COMPUTER SYSTEMS
A PENTON PUBLICATION

611 ROUTE #46 WEST

HASBROUCK HEIGHTS, NJ 07604

TELEPHONE 201-393-6229 FAX 201-393-6297



POWER SOURCES

| 'V COMPACT SUPPLIES
SUIT AUTOMATION TASKS

Clean, stable de power for industrial-

automation applications is provided by

a line of compact power supplies. Sev-
| eral versions are available, including
single- and three-phase types; filtered
and non-filtered units; series-regulated
types; short-circuit and under- and
over-voltage protected units; and sec-
ondary-switched supplies. Output
power ranges up to 1200 W with output
currents of up to 50 A and supply volt-
ages to 500 V. The units’ compact pack-
aging conserves space on crowded
| control panels. Supplies of up to 60 W
can be snap-mounted on DIN rails. Ab-
solute isolation between primary and
secondary circuits is featured as stand-
ard, and separately mounted terminal
screws eliminate the possibility of sup-
ply voltages reaching the circuit board.
All supplies come with status-indica-
tion lights. Call for pricing and delivery
information.

Lutze Inc.

1911-A Associates L.

Charlotte, NC 28217

(800) 447-2371

» CIRCLE 723

¥V QUAD-OUTPUT SUPPLY
DELIVERS 500 W

The 170 Series of 500-W, multi-output

power supplies offers outputs of 5 V

at 50 A, 12or15 Vat8 A, -12 or -15

V at 8 A, and either 2.1 or 3.3 V at 3
A. The supplies feature an autorang-
ing input from 90 to 264 V ac, 47 to
63 Hz, and the unit holds regulation
down to 8 V or 170 V ac. They're
designed for N+1 redundant opera-
tion with the 5-V and 2.1- or 3.3-V
outputs current sharing with like out-
puts on similar models. Operating at
a fixed frequency of 80 kHz, the sup-
ply has a built-in cooling fan and de-
power-good indication as standard
equipment. Size is 11 in. long by 5 in.
wide by 2.5 in deep. Pricing is from
$289 in lots of 1000 with delivery in

six to eight weeks.
Conversion Equipment Corp.
330 W. Taft Ave.
Orange, CA 92665
(71}) 637-2970
» CIRCLE 724

V¥ HOT-SWAP SUPPLY
HAS BROAD INPUT

The latest in a series of hot-swappable
power supplies is the 250 HP series.
The units offer universal inputs with
built-in ORing diodes for N+1 redun-
dancy. They can be delivered with
from one to four outputs and with
built-in current sharing and status in-
dicators. Their hot-swap DIN connee-
tor plugs easily into any system
backplane. Standard four-output
units are configured with outputs of
5Vat30A,12Vatl12A, -12V at
12 A, and -5 V at 2 A. These standard
outputs can also be customized to
meet specific requirements. Pricing is
$329 for lots of 500.

Switching Power Inc.

3601 Veterans Hwy.

Ronkonkoma, NY 11779

(516) 981-7231

> CIRCLE 725

I MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES

Output
| _power (W)

Tamura Corp. 10 to 500

| Temecula, Calif. w
(909) 694-8350

CIRCLE 670

Tectrol Inc.

Downsview, Ontario,
Canada [

(416) 630-8108 ‘ '

CIRCLE 671v a wdbyrs|

Technology Dynamics
Bergenfield, N.J.

(201) 385-0500
CIRCLE 672

| | Tektris Electro Corp.
La Mesa, Calif.

(619) 593-5000
http://www.tektris.com
| | CIRCLE 673

| | Todd Products Corp.
| | Brentwood, N.Y.
(516) 231-3366
CIRCLE 674

Manufacturer

SWtod4 kW |

25 to 600

5 to 600

150 to 1500 {

Transistor Devices Inc. 500 and up
Cedar Knolls, N.J.
| (201) 267-1900 |
http://www.transdev.com
e-mail: info@mailer.

transdev.com

CIRCLE 675

| N.A. = not applicable; N.S. = not specified

Output Input range EMI Power-factor  Industry-
voltages Number of (V ac) shielding | correction standard Cooling
(V dc) outputs (Type?) | available? | available? = footprints? | options
3.21048 Onetofour | 8510264, | No ‘ Yes Yes Convection,
‘ N.S. | ‘ ’ forced air
210400 Oneto 15 85 to 265, Yes Yes Yes Natural
autoselecting convection
‘ | and fan
i | cooling
—— | —
310 500 Four 90 to 264, Yes No Yes Forced air,
autoselecting (on select | hard mounting
| ‘ models)
el [ vhis] [
— —
2 to 300 One to five 85 to 265, Yes Yes Yes | Convection,
‘ autoselecting ‘ fans
| o athar™ i Lot 1.0 L
210 60 Up to four 90 to 264, ‘ Yes Yes ‘ Yes ‘ Self or
universal external
21056 One to five 85 to 265, Yes Yes N.S. Free air or fan
‘ | autoselecting
| |
r |
|
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engineers of portable,
nomadic, mobile and
transportable products.

rom low-power system design to low-cost solu-

tions, the Proceedings of the Third Annual
Portable by Design Conference offers over 600
pages of vital, timely and usable information for
the portable OEM designer.

For the price of $160 per copy plus $10 shipping
and handling fee, you can receive the Electronic
Design magazine-sponsored conference proceed-
ings bound in one volume for handy reference. If

you order now, you can receive the 1994, 1995 and

1996 Proceedings for only $260 plus $22 S& H.
A single copy of the 1994 or 1995 Proceedings is
available for $100 plus $10 S& H. Stay on the

cutting edge of today’s innovative portable technol-
ogy and order your copies now, while supplies last.

1996 Proceedings
NOW AVAILABLE

A valuable tool for design

PROCEEDINGS

OF THE

THIRD

ANNUAL
IERIe
CONFERENCE

MARCH 25-29, 1996

PORTABLE DESIGN SOLUTIONS

The following is a sampling of topics from the 1995
Second Annual OEM Designers’ Conference:

Power-Control Circuits

Connectivity and Communiecations
Display and Input Devices

Design Team Management
Expandability, PCMCIA, and Mass Storage
Time-To-Market

High-End Low-Power Microprocessors
Power Management Techniques
Operating Systems and BIOS Issues
Battery Technology

Low-Power Analog Design

Packaging and Assembly

Battery Management

System Design Issues

| Portable by Design Proceedings Order Form

| O 1996 Proceedings:
| O 1995 Proceedings:
| O 1994 Proceedings:

$160 + $10 s/h; # of copies
$100 + $10 s/h; # of copies
$100 + $10 s/h; # of copies

| O 1994, 1995 and 1996 Proceedings: $260 + $22 s/h; # of copies

| NAME -
| TITLE

| compaNY

| ADDRESS N
| crry

| Please return this form to:

STATE _____ ZIP.

Make checks payable to:
PORTABLE BY DESIGN

O Check Enclosed
0O MasterCard DO Visa O American Express

ACCT.NAME
EXPIRATION DATE
ACCT. #
SIGNATURE

L PORTABLE BY DESIGN ¢ 611 Route 46 West * Hasbrouck Heights, NJ 07604 or call: 201/393-6075 « Fax: 201/393-6073 .



| INTERCONNECTIONS'

" v DIP ZIF SOCKETS
SPEED DEVICE TESTS

A line of quick-release, zero-insertion-
force DIP test sockets speeds produc-
tion-test applications. The Series X57X
test sockets feature a spring-actuated
release handle that remains in the off

position until manually depressed. In
operation, the handle is pushed down
and the IC device inserted and tested.
Then, by releasing the handle, it
springs back to the off position so that
! the device may be moved. The quick-
release handle, which is offered in
short, long, or loop configurations, can
be mounted on either side of the test
socket. The sockets accept devices on
pitches of 0.300 through 0.600 in. cen-
ters with 24 through 48 pins. A 40-pin
socket with tin-plated contacts goes
for $8.30 in lots of 500. Delivery is in

Aries Electronics Inc.
P.O. Box 130
Frenchtown, NJ 08825
(908) 996-68,1

» CIRCLE 726

V BATTERY CONTACTS
SUIT MOLDED CASES

Designed with spring-tension capa-
bilities, a line of battery contacts and
springs offers a self-adjusting feature
to accommodate a variety of battery
lengths. The contacts and springs are
made for use with molded cases

and/or portable products with
molded-in  battery compartments.
They're offered in AA, AAA, and N
sizes. Furnished with or without sol-
der tabs for pe-board or wire-lead
mounting, the devices include base
plates made of steel with a nickel fin-
ish. The spring contacts incorporate
steel-coil springs with nickel finishes
for a low contact resistance. Delivery

ing information.
Keystone Electronics Corp.
31-07 20th Rd.
Astoria, NY 11105-2017
(800) 221-5510
» CIRCLE 727

V¥ SPRING CONTACT PROBES
OFFER LONG WORKING LIFE

A myriad of uses is possible for a line
of spring-loaded contact probes includ-
ing simulated connectors, battery con-
tactors, and custom contactors. The
spring-loaded contacts replace solid,
stationary pins or stamped metal in ca-
ble-connector, battery-contact, or cus-
tom-contactor designs, increasing the
life cycle of both the connector itself
and the mating connector. The low in-
sertion force of each individual spring-
loaded contact and the contact’s travel
along the Z axis only assure that very
little torque is exerted at the mating
interface. The probes offer gentle but
consistent force at interface bounda-
ries. The probes can be designed with
a radius, spear, cup, crown, flat, or
other-shaped tip, while stamped metal
provides only a radius tip.

Synergetix

210 8. 51st St.

Kansas City, KS 66106

(913) 342-0404

two to four weeks. is from distributor stock. Call for pric- » CIRCLE 728
MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES
Output Input range EMI Power-factor  Industry- |
Output voltages Number of (Vac) shielding | correction standard Cooling
__Manufacturer | power (W) |  (Vdc) outputs (Type?) | available? | available? | footprints? | options
Tri-Mag Inc. |  10to 350 2.7 to 350 One to six 85 to 265, Yes Yes Yes Convection or
Visalia, Calif. ‘ autoselecting forced air
(209) 651-2222 : or universal
CIRCLE 676 | ‘
Tri Source Inc. | 5OWto1 kW | 33Vio4kV | Five 90 to 130, Yes Yes Yes Convection or
| | Shelton, Conn. | | 180 to 264, internal fan
(203) 924-7030 [ autoselecting
| | CIRCLE 677 ‘
Unipower Corp. 150 to 500 21048 One to five 90to 132, | Yes Yes No Open frame
Coral Springs, Fla. 180 1o 264, | (cover (to 0.99) | with forced air
(954) 346-2442 jumper or includes fan) ‘ or cover with
CIRCLE 678 autoselecting; fan
also 90 to
264,
| universal |
Wilmore Electronics Co. 51to 700 ‘ 510 130 One to five 86 to 264, Yes \ Yes Standard and | Convection
Hillsborough, N.C. wide range (offerboth | custom
(919) 732-9351 open-frame
CIRCLE 679 ’ and enclosed
I ‘ | units)
| Xentek Power Systems Upto500 | 5;45108: ‘ Uptoseven | 9010264, Yes No Yes Fan
San Marcos, Calif. 810 16; autoselecting
[ (619) 471-4001 16 to 28;
CIRCLE 680 5,12, 15, or
24
N.A. = not applicable; N.S. = not specified
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INTERCONNECTIONS

V¥ MALE POWER TERMINAL
CUTS JOINT FATIGUE

A quick-disconnect, 0.250-in. male
blade power terminal sports a built-in
stabilizing feature. The Rigitab termi-
nal ensures that stresses placed on the
blade are safely dissipated without
damage to pc boards or solder joints.
Conventional male blades typically cre-
ate direct stress on the solder joint.
Often, service personnel rock power
terminals to disengage them, and built-
up oxidation can make disconnection
difficult. These stresses can cause in-
termittent faults or opens, which may
be difficult and costly to detect. The |
Rigitab terminal overcomes this prob-
lem by safely dissipating these forces,
reducing rework and repair fre-
quency.As a result, the Rigitab blade
provides extended pe-board life and in-
creased reliability Call for pricing and
delivery information.

Autosplice Inc.

10121 Barnes Canyon Rd.

San Diego, CA 92121

(619) 535-0077

» CIRCLE 729

V¥ HARD-DRIVE CONNECTOR |
SUITS SCSI UNITS

A three-in-one integrated connector
simplifies the manufacture of hard-disk
drives by incorporating power; SCSI,
and user-control lines in one unit. The
connectors come in straddle-mount,
SMT, or through-hole styles for pe-
board thicknesses of from 0.036 to 0.067
in, Their high-temperature resin con-
struction makes them well suited for use
in high-volume IR-reflow processing.
Connector contacts are rated at 1 A for
data lines and 3 A for power lines. Con-
tacts are made of phosphor bronze, cop-
per alloy, or brass. The mating contact
areas are plated with a gold flash over
50uin. of palladium nickel. The solder-
connection areas are plated with a mini- |
mum of 100 pin. of tin-lead solder over
nickel. Power-line contacts are located
on 0.200-in. centers. Data-line contacts
for 50-pin SCSI and 6-pin user inter-
faces are located on 0.100-in. centers. In
lots of 200,000, the connectors sell for
about $0.01/contact, according to con-
figuration. Delivery is in two weeks for
existing connector configurations.

Ranoda Electronics Inc.

2315 N.W. 107th Ave.

Miami, FL 33172

(305) 593-0129

» CIRCLE 730 |

Not a bird.
Not a plane.
Just an awesome rf amplifier.

It sweeps. It pulses. It levels. It
blanks. It operates manually or by
remote control. But most important,
it delivers at least 500 watts of rf
power, regardless of load VSWR.

We designed the new all-solid-
state Model 500A100 broadband
of amplifier to be used wherever
you need reliable rf power over
a 10 kHz to 100 MHz bandwidth,
including test situations where
nothing less than 500 watts will do.

We tested the 500A hard, first by
reflecting nearly all forward power
back into the amp — it still put out
500 watts (minimum). We shorted
its output terminals, then left them
open. We couldn't hurt it. It didn’t
even shut down.

So if you need 500 watts mini-
mum, you're sure to get it, which is
where we start with any amplifier
we build. But just look over the
Model 500A100 front panel: gain
control; threshold/leveling; pulse
input; detected rf input and output;
mode selector. A front-panel power
meter measures either forward or

O Resennch

reflected power. And a back-panel
connector makes it easy to interface
to a computer or other remote
controller.

The Model 500A100 is one of
thirteen economical broadband rf
amplifiers in our A-Series line, which
reaches up to 1,000 watts and
250 MHz. One model, the 40AD1,
goes all the way down to dc.

Put your wish list together
(including all the accouterments)
and call us. One of our friendly AR
applications engineers will take the
call directly. They enjoy challenges.
1-800-933-8181.

Model 5004100

POWER (watts)

1 10
FREQUENCY (MHz2)

160 School House Road * Souderton, PA 18964-9990 USA
TEL 215-723-8181 * FAX 215-723-5688 * www.ar-amps.com

For engineering assistance, sales, and service throughout Europe, call EMV. ;
Munich, 89-614-1710 « London, 01908-566556 e Paris 1-64-61-63-29. g

READER SERVICE 120
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r. PASSIVES & OPTOELECTRONICS

V¥ POWER RESISTORS

ARE NON-INDUCTIVE
Constructed of a ceramic substrate
with an embedded thick-film cermet re-
sistive element, the Power-Q non-in-
ductive planar power resistors are
intended for applications like inrush-
current limiters, power-supply pre-
loads, telecommunication T-1 cards, and
snubbers in switching supplies and
UPSs. The 0.1-in.-thick, 1-in. tall resis-
tors mount vertically on pe boards, dis-
sipating  power upwards and
preventing heat from propagating to
other components or into the pe board.
Dissipation is as high as 40 W/in.2. Not
only are the planar resistors able to
handle instantaneous current surges up
to 20 times their nominal ratings, they
react well in high-frequency applica-
tions. Standard parts range from 1 kQ
to 200 kQ with tolerances from 1% to
10%. Call for price and delivery.
Spectrol Electronics Corp.
4051 Greystone Dr.
Ontario, CA 91761
(909) 923-3313
» CIRCLE 731

WV SURFACE-MOUNT LEDs
WITHSTAND PROCESSING
The high temperatures of SMT solder-
ing won't faze the AND4AXX family of
surface-mount LEDs. The family com-
prises four different colors of ultra-mini-
ature LEDs. Measuring just 2.0 by 1.25
by 1.1 mm, the AND4RA (red),
AND40A (orange), AND4YA (yellow),
and AND4GA (green) LEDs all require
about 20 mA of forward current. The
devices are said to be very bright for
their size and emit light at a wide 150°
viewing angle. The red LED has a lu-
minous intensity of 40 med. The orange
and yellow types are typically rated at
60 med, and the green device is rated
at 15 med. Target applications include
keyboard lights on cellular and cordless
phones, automotive panel lighting, cam-
era in-viewer indication, and others.
Prices range from $0.36 to $0.59 each in
lots of 10,000. Delivery is from stock.

Purdy Electronics Corp.
720 Palomar Ave.
Sunnyvale, CA 9,086
(408) 523-8210

» CIRCLE 732

V INTEGRATED NETWORKS

MELD PASSIVES, ACTIVES

Thin-film passive components such as
resistors and capacitors can be com-
bined with active devices such as diodes,
charge pumps, voltage references, op
amps, analog multiplexers, mixed-sig-
nal elements, and logic circuits on a sin-
gle silicon chip, thanks to CMD%s
integrated passive network (P/Active)
technology. Rather than using tradi-
tional ceramic materials for substrates,
CMD’s process uses semiconductor-
manufacturing technology. These de-
vices save pe-board space and costs in
SCSI terminators, where precision ter-
mination networks must be combined
with active switching circuitry while
providing a voltage source. Operating
up to 3 GHz, the networks are designed
specifically for use in Pentium, Pentium
Pro, and RISC-based processor envi-
ronments. Call for pricing and delivery.

California Micro Devices

215 Topaz St.

Milpitas, CA 95035

(408) 263-321}

» CIRCLE 733

Our standard
product for over
30 years.

1SO 9001
CERTIFIED

Gilway

800 W. Cummings Park, Woburn, MA 01801-6355 USA

T%, T-1 + T-1%.

Wire lead, Bi-pin,
Wedge base,
Neo-wedge and
flanged based.

Aircraft, automotive and
display applications.

Engineering Catalog
available on request.

e-mail: sales@gilway.com
Fax: 617-938-5867
Telk: 6179354442

READER SERVICE 87

The Trudel Group
BUSINESS INNOVATION

Management consultants
high tech clients since 1988. Books,
reprints, newsletters, and workshops
are available. See our columns or read
High Tech with Low Risk.

There is normally no fee for the first visit to
explore your needs and how we can help.
Results are guaranteed and client confidences
are respected. References on request. Send your
biz phone and address for free newsletters.

John D. Trudel CMC

to selected

(503) 640-5599 or FAX 543-6361
http://members.aol.com/johntrudel/index.htm
<JohnTrudel@aol.com>
The Trudel Group

33470 Chinook PL.
Scappoose, OR 97056
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V¥ CHIP RESISTORS

OFFER LOW VALUES
Two series of true full-Kelvin, four-ter-
minal, low-value chip resistors are suit-
able for current-sensing applications.
The S2512FK Series measures 0.250 by

St

0.125 by 0.030 in. and is rated at 2 W.
The S2010FK series measures 0.200 by
0.100 by 0.030 in. and is rated at 1 W.
Both series offer resistance values from
0.10 to 1.0 Q and feature tolerances as
tight as 0.001 Q. Standard features in-
clude marking of resistance value and
current/sense terminals as well as wrap-
around nickel barrier terminations. Op-
tions include high-reliability screening
and epoxy-bondable terminations. Pric-
ing for the S2010FK Series is $0.82 in

lest Companion Jor Tektronix

includes oscilloscope probes,

leads, grabbers, clips and
minispring needle tips in a
rugeed, weather-resistant
Cordura briefcase

PASSIVES & OPTOELECTRONICS |

lots of 10,000. Call for delivery.
State of the Art Inc.
2470 Fox Hill Rd.
State College, PA 16803-1797
(800) 458-3401
» CIRCLE 734

V¥ ULTRA-BRIGHT LEDs
COME IN THREE COLORS
The DDP 200T Series of LEDs comes
in amber, orange, and red and feature
upwards of 8000 med luminous intensity
at 20 mA. Packaged in the model
PMR200 panel light housing, the lamps’
8° viewing angle is significantly en-
hanced for maximum visibility in high
ambient-light conditions. Besides panel-
mount configurations, the lamps come
in a wide variety of styles for replace-
ment of incandescent bulbs of any volt-
age. They provide reliable 100,000-hour
lifespans in applications requiring ultra-
bright illumination of switches, lenses,
and legends. Pricing is $3.50 for the
PMR200T-XXK style in lots of 1000.
Delivery is in six to eight weeks.
Data Display Producls
445 S. Douglas St.

El