tLEGTRONIG DESIGN

FOR ENGINEERS AND ENGINEERING MANAGERS-WORLDWIDE

A PENTON PUBLICATION $10 00 MARCH 17 1997

.

« 9 g vena}
v

visual D) gurvemt ¢ K

ookt vt T ITINI 3%
L PATT SOSGRR TR 97 {1 Y ) ’

0928-86148 WN INBAINLNETV
0928 X049 0d

1T¥ g13IHS
R ona saa aeTudhIMTIIN%E N

v S %I?LSLO') 59 200‘792209 a3

148 1I910-%

nuL Graphical Design Entry Tool Converis 'I'ext To Graphics p. 41

Top-Performing CPUs Deliver No-Compromise Multimedia p. 67
Dynamic Software Reconfiguration Keeps Critical Systems Running p. 97
56-kbits /s Modems: Hey! How’d They Do That? p. 121
Software Modems: The Crossing Of A Communications Threshold p. 132
The DSLs: Sorting Out The Issues Behind The Technologies p. 138
Probing High-Speed Digital Designs p. 155



When only the biggest will do.
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g Density to knock down tools are compatible with leading EDA tools. And the
your biggest design challenges. industry’s largest selection of megafunctions is available
Withithie,Jorgest programmdblB logic deviass to help speed your designs to market. From PCI functions

to UARTSs to FFTs, Altera’s MegaCore functions and AMPP

in the industry, only Altera provides the density
to handle your biggest designs. Altera is committed to

offering the greatest selection of high-density devices
both now and in the future. EPFI0K10 EPFIOKT EPFIOK30 EPFIOKA0 EPFIOKSO(V) EPFIOK70 EPFI0K100

FLEX 10K. The high-density breakthrough.
Our FLEX 10K family broke the density barrier with the Put behind desi
industry’s first 100,000-gate programmable device. This BSOiig PENCL DORIDN YOu DEsIgne.

family was also the first to feature an embedded array ~ To put high density and greater performance to work
architecture. The fast and efficient FLEX 10K embedded  for you, contact Altera today. We'll send you our free
array blocks let you pack up to 24K bits of RAM on-chip, ~ megafunction technical literature package. Find out

network combine to give you the building blocks you need
to crush design schedules.

TYPICAL GATES 10,000 20,080 30,000 40,000 50,080 70,000 100,000

MEMORY (bits) 6,44 12,288 12,288 16,384 20,480 18,432 24,576

with plenty of room to spare for complex logic functions. ~ how Altera can helo you knock down 7 o

i : your biggest design challenges! =
Whether you use Verilog HDL or VHDL, the design flow Av- o n’YA\T
is smooth and efficient — our MAX+PLUS Il development 1-800-9-ALTERA A Avardag:

X 10K, MAX: M MPF
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Fast IR.
Faster delivery.

Count on volume shipments of
HP’s IrDA 4 Mbps IR module to
build all the cableless applica-
tions your customers have been
waiting for. Right away.

The next generation of IrDA - compliant
modules has just arrived - and in the
quantities you need. Introducing the 4
Mbps HP HSDL-1100.

Following on the success of our 115 Kbps
module, HP has leveraged our proven
R&D and high-volume IR module manu-
facturing expertise to deliver the new 4
Mbps product in quantity. That means you
can now build products that enable access
to LANSs, fast graphics file transfer to and
from computers and printers, transfer of
digital camera imaging data to PCs and
printers, and file transfer to and from
phones and other mobile equipment. All
without cables.

HP designs products to the IrDA standard
to ensure that your investment is pro-
tected through the past and future
generations of IrDA products. What's
more, HP cooperates with our partners to
test our module with their interface ICs
and software to guarantee full
compatibilty.

The result? Leadership you can count on
for consistent quality, reliability and
responsive service and support.

Call 1-800-537-7715 ext.1058 for
JSree product literature and our
special offer for IR evaluation kits.

Call 1-800-450-9455 for a list of technical literature

available by fax (U.S. and Canada).
HEWLETT®

() Pyt
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Fast IR from HP-
still easy to use.
What are you
waiting

for?

CG0C9602
5964-6257EUS



WHAT'S OUR STRATEGY FOR
DELIVERING THE BEST PROGRAMMABLE LOGIC?
DIVIDE AND MULTIPLY.

Introducing Vantis. the programmable logic company

,' from AMD that today delivers the most advanced and
cost-effective programmable logic devices in the industry.
The proof is in the product. Vantis MACH® devices
are the highest-performing family of CPLDs money can buy.

Armed with the world-class manufacturing might and global scope
of its multi-billion dollar parent. Vantis is committed to be the world’s
best programmable logic company.

A tall order? Perhaps. but not when you consider all Vantis has to
offer. Vantis knows more about PLDs than anyone. After all, we
invented them.

Vantis. People you know. Technology you trust. Service you
value. Get to market before your competition.
Contact Vantis for more information.

And watch your opportunities multiply.

1-888-826-8472 http://www.vantis.com  ComPaANT FROR SRS

©1997 Vanus (orporatron. Yantss 13 a trademark and AMD and MACH are registered trademarks of Advanced Micro Devices. Inc. All other product names are the property of their respective holders
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25 to 1910MHz

SURFACE MOUNT VCO’s ... 513%

Time after time, you'll find Mini-Circuits surface mount voltage ﬂo?jsl/JCOS SPI}E:CIFICF)RATIONSPh - . e .
. . . P .. e
controlled oscillators the tough, reliable, high performance ° T e W @nvDe S
solution for your wireless designs. JTOS wide band models S5B®@ 10khzTyp.  Typ Max, (5-49)
span 25 to 1910MHz with linear tuning characteristics, low ﬁggso 325”47; -:og ;? 15x }ggg
R = -75 7.5-75 1 y 16
-120dBc¢/Hz phase noise (typ. dt.‘lOOkHZ offset), anq excellent 108100 50-100 %65 85 AoV e 1995
-25dBc (typ) harmonic suppression. JCOS low noise models JTOS-150 75-150 -106 -23 16V 20 13.95
typically exhibit -132dBc/Hz phase noise at 100kHz offset, and ﬁgg 5% :gg—gg@ -}82 gg :gx g; }&gg
f f i - -280 - -2 d )

phase noise for all models is characterized up to 1MHz offset. TOS-400 200-380 102 55 18y % 15.95
Miniature J leaded surface mount packages occupy JT0S-535 300-525 97 28 20 15.95

ini i JT0S-765 485-765 -98 30 16V 20 16.95
mln.lmu.m boarq o while tapg and reel JTOS-1025 685-1025 -94 -28 16V 22 18.95
availability for h!gh speed producthn can JTOS-1300 900-1300 95 26 20V 18.95
rocket your design from manufacturing JTOS-1650 1200-1650 -95 -20 13V 30 19.95
to market i Ighening speea e o T R 1o oA
Soar to new heights...specify JCOS-820BLN  807-832 112 24 14V 25 (G10V) 49.95
Mini-Circuits surface mount VCQ's. JCOS-1100LN  1079-1114 -110 15 20v 25 (@3V) 49.95

ACTUAL SIZE

Notes: *Prices for JCOS modis are for 1 to 9 quantity. **Requared to cover fraquancy range.
See “RF/F Desgner's Guide™ or “VCO Designer's Handbook™ for complete specsfications,

DESIGNER'S KITS AVAILABLE

A Rt ), i ; ’ K-JTOS1 1 of each (10 pleces): JTOS-50, 75, 100, 150, 200, 300, 400, 535, 765, 1025, arly $149 95
Mini-Circuits...we're redefining what VALUE is all about! K-JTOS2 1 of 6ach (7 pieces): JTOS-50, 100, 300, 400, 535, 765 1095, ooy 35
K-JTOS3 2 of each (6 pieces): JTOS-1300, 1650, 1910, orfy $113.95

m Mil‘li-CiI’GUits® 151 s

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http/Awww. minicircuits. com  C/FCLE AEADER SERVCE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK « INTERNET - THOMAS REGISTER - MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEERS...Let Our Experience Work For You. F 234 Rev Orig
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EDITORIAL OVERVIEW

TECH INSIGHTS

HDL Graphical-Design Entry Tool Converts Text To
Graphics .....oovveiiiiiiiiiiiiiiiii e 4]

Text-to-graphics conversion preserves design legacy,
supports code reuse, and enables insight into results of
behavioral synthesis.

Conference Shows The Lighter (And Low Power) Side Of
Products 48
Portable By Design Conference and Exhibition gives
designers a path toward portable-related components.

----------- s s s 000 es 0000000000000

Product Features

DIGITAL DESIGN
Top Performing CPUs Deliver ise Mulfimedia . 67

Enhanced architectures allow the latest CPUs to
execute multimedia algorithms with ease.

Digital Design Watch
¢ DSP functions, memory generators, top semicon
industry licensing deals

EMBEDDED SYSTEMS

Dynamic Software Reconfiguration Keeps Critical Systems
Running .....coviieiniinnnenienneneennns .97
Many systems contain large amounts of code that must be
maintained and updated without shutting down. On-the-
fly software replacement helps maintain a running
system with minimal interruption of service.

Update On Windows/RTOS . 108
¢ Windows API features look attractive to real-time and
embedded systems

Update On ASIC Tracking 112
 Paths opening to real-time trace capability on ASIC
cores

Embedded Systems Products . . . .. Creiieeseeeas 116
COMMUNICATIONS TECHNOLOGY
56-kbit/s Modems: Hey! How’d They Do That? . . . .121

PCM-based modems are on the scene, promising to
operate at near-ISDN speeds over POTS lines.

Software Modems: The Crossing Of A Communications

ConferenceReview . . .......covvvnnnnn Ceeeeanns 84 1 Threshold ................ccoiinttt. ... 132
* Hot systems, cool software in Compcon *97 spotlight Large market shift eases modem accessibility for end
users by making them available as software.
Digital Design Products ......... 500000000 R -4
!
| Upcoming Meetings ......... 10, 16, 64Z, 65,118  * Step-and-scan system delivers 96 wafers per hour
[ ¢ ACL middleware allows DSP tools to produce executable
i Edtorial .ooic it eiis Sisiate ss S O ..18  code
| ® The curse of normality e Libraries help to eliminate lengthy download times
* Project looks to merge antifuse technology into CMOS process
Tochnology Brigling. ....ccovecessssesoscssses 22
* VXI and PCI Will Coexist Quite Nicely Technology Breakthrough ................... 35
* Specialized algorithms, combined with supercomputer
Technology Newsletter .................. 27,28 technology promise improved cancer radiation therapies

* Novel image-stability system takes the shakes out of pictures
* Low-voltage DSP chips trim power to milliwatts
¢ Advanced silicon-nitride tool runs at high temps

eVertically-stacked multichip modules promise low-
cost miniaturization of electronics in 3D
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If you've been bitten by a bad optocoupler, we can help you recover from the trauma. m

Our proprietary Optoplanar” structure ensures reliable performance, and our IPTOELECTANNICS
expanded capacity enables us to deliver on time and at competitive prices.
Don't get bitten again. Choose an optocoupler that behaves the way it should
Germany 49 089/96.30.51

from a company you can depend on.

Call 800-LED-OPTO for more information and the phone number of your nearest

QT Optoelectronics distributor, or see our on-line catalog at www.qtopto.com.

Our OptocoupLERS DoN'T BiTE
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and software for computer-telephony integration. ' 40 Years Ago In Electronic Design .............. 64 1
| '
| Communications Technology Products . ... ..... ve...152 | JustForTheKids ........ et 64 ‘
| |
1 TEST & MEASUREMENT | Trudel ToForm ............... U 64D |
. . . . . | \
Probing High-Speed Digital Designs ...........155 | OffTheShelf ....................coooolt. 64D |
Fast digital circuits are hard to probe accurately, but |
there are alternatives available, even an inexpensive | Flipping Through The Internet Rolodex . ......... 64E |
shop-built probe that will work into the GHz range. E '
1 Engineers Of Tomorrow Meeting In Canada Today . . 64G |
ConferencePreview .........coovevveeennns .165 ! ‘
1' » European Design and Test Conference ‘97 ' Y2K Update ...... e eecetceenseanennnanan 64}
| Test & Measurement Products . . . .. feeescacesracas 170 1 Security At The Touch Of AFinger .............. 64L |
[ ] | When There’s APC, There’s AnA .............. 64L |
IdeasForDesign ..........cccoevnvnnnn cerenees 179 | InternetNews............... PP 64P |
* Constant power load needs only a few parts E ‘
* Single-supply microprocessor supervisor monitors bipolar ' Quick News ............. eteeneenaas eee.. 64U |
rails : |
| o Precision DC motor speed controller ' |EEE EndorsesBill ............. Ceeeeieeeaaas 64U |
¢ Dual-output voltage regulator converts 5 Vto 12 V | ,
and3.3V E EyeOniSO9000........cvvvvveinnnnnnnnn. 64V
Pease Porridge ...... Ceeieenee Creeeeeaees .187 | HotPCProducts ........... e, 64v
¢ Bob’s Mailbox !
! The Envelope, Please .............. Ceriaeees 64X
Straight Talk For Serious Digital Designers ...... 191 .
 Ten reasons why I love the BGA : DEPARTMENTS
New Products ......... e e 102 | HHOPUGD ovivcsioinisiasitinsiamaissisioinoinswin wasnmnies e
! (how to find us) ‘
European Products ............ TR ..197 \ EECurrents & Careers .............ceuenn 199
New Literature ........... 50Q800000 vesss.198 i Index of Advertisers ...................... 208 3
, ' Reader ServiceCard .................. 208A-D |
': COVER ILLUSTRATION BY: JOE DRIVAS ;
) o
Permission is granted fo users _regis’erod wivh. the Copyright Clearance Center Inc. (CCC) E Jesse H. Neal Editorial Achievement g
mﬁ‘:’:’:ﬂgm&‘ﬁ 'f'lh mmp:;:zm”;:if:le, ?wmwmhcsgopz"& Z?’;’;'gz ' , 1967 First Place Award 1978 Certificote of Merit =
copy of the article plus $1.00 p:; porge i(s)o p;usc.i4 %l;ezc% 4'05"; O%CCI' (2)3)2 gosewgg H 1968 First Place Award 1980 Certificate of Merit §
Drive, Da , MA 01923 (Code No. .00 +1.00). Can. 1 .. . .
#;7;643?;’6':. Conada Post( InternoﬁZnal Publications Mail (Canadian Distribution | e e . 1986 First Ploce Award %
Sales Agreement Number 344117). Copying done for other than personal or internal | 1975 Two Certificates of Merit 1989 Certificate of Merit | =
;ﬁ:ﬁ‘&wmrn?&:g’;“bﬁ:':ﬁ:mﬁw od':;‘rm"% .L":’,;?,f’hibi"d' ! 1976 Certificote of Merit 1992 Certificate of Merit §




Low Profile .2" ht.
Surface Mount

Transformers &
Inductors

All PICO surface mount units
utilize materials and methods
to withstand extreme
temperature (220°C) of vapor
phase, IR, and other reflow
procedures without
degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response *+2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power F|Itenng Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—
stock to one week

g L—‘ See EEM

- or send direct
/ for Free PICO Catalog.
Call toll tree 800-431-1064
in NY call 914-738-1400
FAX 914-738-8225
P , Co Electronics, Inc.
143 Sparks Ave., Pelhem, N.Y. 10803-1889
E Mail-HLSC 73A @prodigy-com
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BODMYGY - KEY

Call, write, X OT@Isit us'On the Internet
for your FREEXATALOG today!

Dini:ken

Digi-Key Corporation, 701 Brooks Ave South,
Thief River Falls, MN 56701-0677
Toll-Free: 1-800-344-4539 » Fax: 218-681-3380
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Visit us on the Internet « http://www.digikey.com
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BLILEY SC CRYSTALS

have special performance features that can be combined with, and
customized to, your specific design needs.

Bliley SC - “stress compensated” - crystals yield a unique combination of

enhanced performance charactegistics:

« Improved frequency stability- during
accclcranon and vibration. -

* Faster warm- -up and less frequency
overshoot than coaventional AT cut
crystals. Ideal for ovenized oscillator
applications.

* Excellent aging.

* Low phase noise.

* Greater drive capability.

* Excellent frequency stability at the
turning point - another feason

for OCXO use where tighter Available in a variety of holder
frequency stability over temperature configurations, they yield enhanced
xs‘rcqulred design opportunities for you.

Pbone, FAX, or visit our world wide Website and get the SC Crystal
answers you're looking for. Bliley bas set the standard for innovative
design concepts tn doubly rotated cut crystal technology.

BLILEY ELEC TRIC COMPANY -

2545 West Grandview Bivd,, PO. Box 3428, Erie PA 16508
(814) 838-3571(» Fax: (814) 833.2712 ¢ hetp:/www bliley.com

E-mail: info@blileycom ~
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TFT Color
Displays

Immediate Availability

Sizes (up to 250 nits):
Modules: 7.8", 9.5", 10.4",
Full Monitors: 4", 5", 6"

12.1"

408.523.8200

purdy

READER SERVICE NUMBER 173
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| 877-2668 ext. 243; fax (310) 641-5117;

|
|
|
|

| Chan, Miller-Freeman Ine., (415)

| ton Convention Center, Washington,

MARCH 1997
Communication Design Engi-
neering Conference, Mar. 24-26.
Washington, DC. Convention Center,
Washington, DC. Contact Denise

278-5231.

Portable By Design Confer-
ence and Exhibition, Mar. 24-
27. Santa Clara Convention Center,
Santa Clara, CA. Contact Betsy
Tapp, (201) 393-6075; fax (201) 393-
6073; e-mail: portable@class.org.

Communication Design Engi-
neering Conference, Mar. 25-27.
Washington Convention Center,
Washington, DC. Contact (617) 821- |

9219; e-mail: cdec@exporeg.com. ‘

DSP World Spring Design
Conference, Mar. 25-27. Washing-

DC. Contact Denise Chan, Miller
Freeman Inec., (415) 278-5231; e-mail:
dsp@exoreg,com.

SOUTHCON ‘97, Mar. 25-27.
Raleigh Civic and Convention Center,
Raleigh, NC. Contact Electronic Con-

ventions Management, 8110 Airport
Blvd., Los Angeles, CA 90045; (800)

e-mail: southcon@ieee.word.org.

New Integrated Service Provider
(Supercarrier ‘97), Mar. 26-28.
Washington Vista Hotel, Washington,
DC. Contact (800) 822-6338 or (202)
842-3022 ext.

http//www.brp.com.

317;

Second Conference on The ‘
Internet:

|

[

Sixth International Verilog
Conference, Mar. 31-Apr. 2. Santa |
Clara Convention Center, Santa
Clara, CA. Contact MP Associates,
5305 Spine Rd., Suite A, Boulder, CO
80301; (303) 530-4562; fax (803) 530-
4334; e-mail: ivcinfo@iveconf.com.,

APRIL
INTERMAG ‘97, Apr. 14. Hyatt |
Regency Hotel, New Orleans,
Louisiana. Contact John Nyenhuis,
School of Electrical Engineering,
Purdue University, West Lafayette,
Indiana 47907-1285; (317) 494-3524; fax
317) 494-2706; e-mail:
nyenhuis@ecn.purdue.edu.




IF YOUR BRAIN WAS 95% EFFICIENT,
YOU COULD PROBABLY DERIVE TT TO A BILLION PLACES, ORDER PIZZA
TELEPATHICALLY, AND LEVITATE SMALL PETS. SO JUST IMAGINE WHAT YOU CAN
po witH MOSFET TECHNOLOGY THAT ENABLES 95% EFFICIENCY.

Inside all of our craniums lies three
pounds of sophisticated, highly-developed and
utterly inefficient equipment. Luckily, however, a
few of us at TEMIC harnessed some of the power
in our grav matter and created something infinitely
more efficient-PW M-optimized LITTLE FOOT
MOSFET technology.

Our MOSFETSs can significantly raise
DC/DC conversion efficiency from 85% to as high
as 96.2843%. And what can you do with that?
Create smaller, lighter products, extend battery
life of current praducts, or develop something in
between. In other words, anything your cerebel-
lum can come up with.

Something else to keep in mind: Using our
optimized MOSFETS is a virtual no brainer. In fact,
they can easily be used as drop-in improvements
for your current smali-outline MOSFETSs.

You can drasticalty improve DC/DC con-
verter efficiency with lower switching losses at fre-

! quencies up to 2 MHz. Lower losses also mean

fewer thermal problems, a huge plus for today’s

> portable designs. And, of course, issues of size

and speed have been successfully addressed.
Part of a suite of products from TEMIC
(which includes the trusted Siliconix brand),
LITTLE FOOT MOSFETs are used by some of the
top portable companies in the world. Just imagine
what you can do. Call 1-800-554-5565 ext.533
for your LITTLE FOOT design kit. It could truly be
one of the most infelligent things you've ever done.

www.temic.com

TEMIC

Semiconductors

TEMIC is a compazw of Daimier-Benz. Members of TEMIC Seminconductors: Telefunken Semtondustors, Siticonix, Matra MHS, Dialog Semiconductor. 2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 108-567-4995
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It's no longer
system-on-a-chip
or time-to-market.

With SPGAs,
1t’'s both.

System Programmable Gate Arrays...
The new direction in high-level logic design.

Scream onto the new design highway called System
Programmable Gate Arrays (SPGAs). Designing with
programmable logic has never been like this!!

Talk about open road, SPGAs will begin at 50,000
gates and go up to 1,000,000. That’s big enough to handle
a complete system—logic, memory, and processor cores—
on a single chip.

Take the express lane to fast time-to-market. SPGAs
will be the most advanced, cost-efficient programmable
targets for reusable soft IP blocks or hard-wired IP cores.

Drive your next system level design onto an SPGA.
Feel the functionality, performance and cost-effectiveness
never before achievable on a single programmable device.

Follow the signs to SPGAs. It’s the high road to
fast time-to-market and system-on-a-chip design.

@ To learn more about SPGAs,
call 800-228-3532 or visit our web site.

u
Take it to a higher level.

©1997 Actel Corporation. All rights reserved. Actel Corporation, 955 East Arques Avenue, Sunnyvale, CA 94086.
Actel Europe Ltd. Daneshill House, Lutyens Close, Basingstoke, H. hire, England RG24 8 AG. The Actel logo is a trademark of Actel Corporation.
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Think small and the future’s in your
hands. Because tomorrow small things will
make a big difference. Hand-held communica-
tions are bringing us new freedom.To be more
productive, wherever work may take us. To

enrich our personal lives too, by keeping us

closer to people we care about. If that's the

highway your imagtnation’s taking, you're in

good company. Because at Philips we're well

down the road, with off-the-shelf chipsets that
can cut product development times and risk
dramatically. Like the TwoChipPIC, a power-
ful MIPS based solution that's the most inte-
grated option for PICs/ PDAs and related
devices - complete with fax/data modem
software to reduce system costs. And a
single chip solution, the OneChipPDA. that's

ideal for advanced organizers. Plus reference

USA tel. +1-800-447-1500. ext 1314, Europe fax. +31-40-272-4825, quote "cm”. Asia fax. +852-2811-9173, quote “ED"




put communications

in the palm of our hand
v

designs that will help turn your ideas into

L J
products faster. Add our support for major ,
PIC and PDA operating systems, such as s 6 E

Microsoft's new Windows CE", as well as our
related technologies - GPS, wireless communi-

cations - and you can imagine the possibilities.

So see the future today at www.semiconduc- PHILIPS
tors.philips.com. Because together we can iz
get in touch with tomorrow.
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MEETINGS

APRIL
Surface-Mount Technology
Association, Apr. 2. Gwinnett
County Civic Center, Atlanta GA. Con-
tact (770) 569-1822; e-mail: smta-info@t-
tech.com; Internet: http//www.smta.org.

IEEE International Reliabil-
ity Physics Symposium, April 7-
10. Adams Mark Hotel, Denver, CO.
Contact IRPS Publishing Services,
P.O. Box 308, Westmoreland, NY
13490; (315) 339-3971; fax (315) 336-
9134; e-mail: 103227.2074@com-
puserve.com.

IEEE Conference on Computer
Communications (INFOCOM 97),
Apr. 7-11, Kobe, Japan. Contact Tat-
suya Suda, Dept. of Information &
Computer Science, University of Cali-
fornia, Irvine, CA 92717-3425; (714)
824-5474; fax (714) 856-4056; e-mail: in-
focom@ics.uci.edu; Internet:
http//www.ics.uci.edw/infocom/ (North
America); http//arpeggio.ics.es.osaka-
u.ac.jp/infocom.html (Japan).

Fourth ASAT Conference,
Apr. 14-16. San Francisco Airport
Marriott, San Franeisco, CA. Con-
tact Suzanne Graf, Project Manager,
(541) 984-5204; fax (541) 343-7024; e-
mail: SGraf@Advanstar-Expos.com.

IEEE International Confer-
ence on Acoustics, Speech, and
Signal Processing (ICASSP 97),
Apr. 21-24. Gasteig Cultural and Con-
vention Center, Munich, Germany. Con-
tact Bernd Girod, Lehrst.f Nachrichten-
technik, Univ. of Erlangen Nuremberg,
Cauerstr. 7, D-91058 Erlangen, Ger-
many; (49) 91-3185-7101; fax (49) 91-
3131-30840; e-mail: b.girod@ieee.org.

Sixth System Administra-
tion, Networking, & Security
Conference, Apr. 21-26. Baltimore
Inner Harbor, MD. Contact USENIX
Conference Office, 22672 Lambert
St., Suite 613, Lake Forest, CA
92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org;
Internet: http://www.usenix.org.

IEEE International Confer-
ence on Robotics and Automa-
tion, Apr. 21-27. Albuquerque Con-
vention Center, Albuquerque, NM.
Contact Jerry Stauffer, Intelligent

Systems and Robotics Center, Pro-
gram Office, MS0949, Sandia National
Laboratories, Albuquerque, NM
87185-0949; (505) 845-8966; fax (505)
844-6161; e-mail: jdstauf@isrc.san-
dia.gov.

First Convergence Technol-
ogy & IC Expo, Apr. 22-24. Info-
Mart, Dallas, TX. Contact Electronic
Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045;
(800) 877-2668, ext. 243; fax (310) 641-
5117.

15th IEEE VLSI Test Sympo-
sium, Apr. 27-30. Hyatt Regency
Monterey, Monterey, CA. Contact Y.
Zorian; (408) 543-0146 ext. 227, e-
mail: zorian@lvision.com.

MAY

IEEE Vehicular Technology
Conference (VTC), May 5-7.
Hyatt Regency at Civic Plaza,
Phoenix, AZ. Contact Wendy
Rochelle, IEEE Conference
Services, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331;
(908) 562-3870; fax (908) 981-1769; e-
mail: w.rochelle@ieee.org.

International Test Synthesis
Workshop, May 5-7. Santa Bar-
bara, CA. Contact K. Wagner; (415)
694-4386; e-mail: kwagner@symop-
sys.com.

IEEE Custom Integrated Cir-
cuits Conference (CICC ‘97),
May 5-8. Santa Clara Convention
Center, Santa Clara, CA. Contact
Melissa Widerkehr, Widerkehr & As-
soc., Suite 270, 101 Lakeforest Blvd,
Gaithersburg, MD 20877; (301) 527-
0902; fax (301) 527-0994; e-mail:
cice96@aol.com.

Electronics Industries Fo-
rum of New England, May 6-8.
World Trade Center, Boston, MA.
Contact Summit Exhibition Manage-
ment Inc., Norwalk CT; (800) 322-
9332; (203) 855-3000; fax (203) 855-
3003.

IEEE Power Industry Com-
puter Applications Conference
(PICA), May 11-16. Contact T.C.
Wong, American Electric Power, 1
Riverside Plaza, Columbus, OH

43215; (614) 223-2235; fax (614) 223- |
2205; e-mail: t.wong@ieee.org. \

IEEE/IAS Industrial & Com-
mercial Power Systems Techni-
cal Conference (1&CPS), May |
12-15. Wynham Hotel, Philadelphia,
PA. Contact Barry Hornberger, Phil-
adelphia Electric Co., 2301 Market
St., Bldg N3-1, Philadelphia, PA ‘
19101; (215) 841-4619.

|

Fifth IFIP/IEEE Interna-
tional Symposium on Inte-
grated Network Management
(ISINM ‘97), May 12-16. Hotel Del
Coronado, San Diego, CA. Contact Ann
Marie Lambert, BBN Systems & Tech-
nologies, 10 Moulton St., Cambridge,
MA 02138; (617) 873-3819; fax (617) 873- |
37776; e-mail: isinm97@bbn.com.

IEEE Particle Accelerator
Conference, May 12-16. Vancou-
ver, BC, Canada. Contact M.K. Crad- |
dock, TRIUMF, 4004 Wesbrook Mall,
Vancouver, BC V6T 2A3 Canada;
(604) 222-7341; fax (604) 222-7309; e-
mail: craddock@triumf.ca.

Antennas: Principles, De-
sign, and Measurements (Short
Course), May 13-16. St. Cloud, FL.
Contact Kelly Brown, NCEE, 1101
Massachusetts Ave., St. Cloud, FL
34669; fax (407) 892-0406.

IEEE Radar Conference, May
13-15. Sheraton University Hotel &
Conference Center, Syracuse, NY.
Contact Michael Wicks, Rome Labo-
ratory, 26 Electronics Pkwy., Rome,
NY 13441; (315) 330-4437; fax (315)
330-2528; e-mail: wicksm@rl.af . mil.

Sensors Expo Boston, May
13-15. Hynes Convention Center,
Boston, Massachusetts. Contact Ex-
pocon Management Associates Inc.
(203) 256-4700; e-mail: sensors@ex-
pocon.com; Internet: http://www.ex-
pocon.com.

47th Electronic Components
& Technology Conference, May
18-21. The Fairmont Hotel, San
Jose, California. Contact Jim Bruor-
ton, Electronic Industries Associa-
tion, 2500 Wilson Boulevard., Arling-
ton, Virginia 22201-3834; (864)
963-6621.




Our PCI Test Engineers

want to take a moment

to thank the folks who

inspired us along the way.

*U.S. list price

**In Canada call 1-800-276-8661, Dept. 289.

We really admire these guys, because they exist
for one reason: the crash. In a strange way,
that's what we're about, too. You see, our PCI
series offers you a unique opportunity to stress
your design to its limits. And beyond. Before
your customers get a chance to. The HP E2920
PCI Series of computer verification tools
generates a wide variety of traffic across your
design. So you can start verifying your design
while you're still in the development stage.

It’'s also fully programmable for complete

integration in your validation test environment.

Which means you don’t have to piece together
a test system from other PCI products. You've
waited long enough for a product that can
give you confidence in your design’s real-world
performance. The wait is over. Thanks to HP.
And a little help from our friends. HP’s E2920
PCI Series of computer verification tools starts
at $7000* For more information on HP’s PCI
Series or other digital verification tools, call
1-800-452-4844 ** Ext. 2244, or visit our web
site at http/www-europe.hp.com/dvt.

3

HEWLETT
PACKARD
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EDITORIAL

The Curse Of Normality

f you watch television or read some of the business magazines, you may have
Inoticed a new advertising campaign for Hewlett-Packard printers in which

the tag line is “Built by engineers. Used by normal people.” At first, I was put
off a little by the contrast implied between engineers and “normal people.” How
could this company, founded by two of the best engineers of modern times—Bill
Hewlett and Dave Packard—which has been a bastion of engineering strength
since its founding, issue an ad that could be interpreted as being demeaning to
the very people who built, not just the printers, but the whole company? But
then, after some thought, I came to another conclusion, and I'd like to be among
the first to thank the folks at HP and their advertising agency for calling atten-
tion to the far-from-normal capabilities of engineers.

It’s clear that they mean for us to interpret the word “normal people” as “av-
erage people,” because, as I have often pointed out in the past, it’s a well-known
fact that engineers are well above the average person in terms of intelligence,
taste, and in making sensible choices in lifestyle. With an intelligence level resid-
ing in the upper reaches of the intellectual spectrum (to complete the analogy,
somewhere up around the ultraviolet would seem to be about right), from the
time they were children, engineers demonstrated their talents: They always col-
ored within the lines (except, of course, when it was necessary to improve upon
the design of the picture), they always printed their names neatly (so that the
sure-to-come award certificates would have no unfortunate misprints), and they
accepted all the academic accolades with humility. Having survived a rigorous
technical education, continually solving “given-nothing, calculate-everything”
type problems by invoking the Law of Conservation of Energy, and attributing
spurious effects to Coriolis forces, which are much too complex to explain here
(actually, we leave those mundane explanations to the physicists), engineers
have changed the world, and even created today’s world (there’s that humility
again).

So once again, a tip of the engineering earflap cap to the people behind HP’s
advertising. Thanks again for reminding people of the absolute lack of normality
among engineers at Hewlett-Packard and everywhere else. We worked hard to
develop our reputation, so let the rest of the people out there look on in awe or
amusement—it doesn’t matter, because we enjoy being the way we are.

P.S. One other thing we did for everyone: Long before the buttoned-up MBAs
ever thought about it, we were carrying the banner for wearing casual clothes at
work— comfortable shirts with soft collars (neckties only when necessary), sen-
sible shoes (when necessary), and well-creased trousers (lots of creases).

Stephen E. Scrupski
Editorial Director

Electronic Design
Information Group




In Wireless

Gommunications, P>

s

tl Competition is relentless in wireless deslgn. So the best place to start is far
4 g ahead. With Oki. Whether you design products for use around
Tnalls the home, around town or around the world, only Oki has the
: advanced 3 Volt technology you need. Everything from CMOS
nkl. baseband to the most efficient GaAs RF— complete system ,.\ A
solutions for 3 Volt cordless, cellular and wireless LAN applications. ‘$ 0k| samlcmu"ctop
No surprise. Oki's been offering wireless communications products from the
L industry's inception. That's why you find Oki’s leading-edge technology In
ﬁ products from major communications manufacturers worldwide. Once you
fl‘ begin partnering with the wireless leader, you'll never look back. To find out
more, visit our communications products corner, with application notes, on
the Oki Web site at http:/www.okisemi.com. Or call 1-800-OK)-6388.

1983 Ok Seswcontuctor, 785 Horth Mary Aweaue, Sunpwsie. CA 94033 2909 Priowe 4 f
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MANUFAGTURING

CONTRACT MANUFACTURING

GOMMITMENTS.

OR PROTOTYPING

Orbit Financially Guarantees
Quickturn Prototyping

+ 15, 20, 28, Calendar Day
Cycle Times

Orbit
Semiconductor -
A totally committed

ASIC manufacturing
service provider
since 1985

FOR PROCESSING

Multiple CMOS Technologies

*  Submicron-0.5y, 0.6p, 0.8p
¢+ 0.8y Double Poly, Double Metal
* 0.5p, 0.6 Triple Metal

» “Sunset” Technologies 1.2p to 5p
¢ Double Poly, Triple Poly,
Double Metal

» High Voltage 12V to 15V
» Low Voltage 1.0V to 3.3V

» High Reliability Processing
for Aerospace/Defense or
Medical Implants

We guarantee success. For more information contact
Betty Newkirk, Vice President Customer Service
or visit our web page at www.orbitsemi.com.

Orbit Semiconductor, 169 Java Drive, Sunnyvale, CA 94089, 408-744-1800, Fax 408-747-1263, www.orbitsemi.com
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FOR ALL VOLUMES

OF PRODUCTION

10 to 10,000,000 Units

Just in Time Deliveries
-Financially Guaranteed-

Complete Turnkey Provider

» Any Commercial Package
« Bare Die (For MCMs)
» Tested or Untested Wafers

T

SEMICONDUCTOR, INC.
A Dt GROUP COMPANY

800-331-4617
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Need some help
with that?

Turn your
excess inventory
intoa
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

E/:\L,

P. O. Box 3021
Glen Ellyn, IL 60138

Fax (708) 690-0565

Excess inventory today....
student opportunity tomorrow

TECHNOLOGY BRIEFING

Dumbing Down Designs

e frequently hear of the increases in speed, the reductions in size, and
WOther benefits of the ever-improving digital IC, whether in a processor

or some form of memory. It’s easy to measure those changes in a nice
ratio in that clean, digital world. These days, analog IC designers and process
engineers don’t get the opportunity to be patted on the back quite so easily:
Calculations as to the improvement of performance are complicated, and are a |
long way past the simple gain-bandwidth product we used a few years ago.

Things are happening in most device areas—op amps, ADCs, DACs, communi-
cations circuits, and filters. Some improvements directly affect how other circuits
are implemented. In the data-acquisition world, for example, sampling speeds and
resolutions are improving with literally every new announcement from every
manufacturer. The improvements are such that the thinking behind both receiver
and transmitter implementation is moving solidly to direct conversion. And ADC
implementation is limited because the serial interface cannot cope with the data
speeds that ICs can now produce.

The continuing development of technology in
op amps might seem a bit silly in light of the low
dollar return from each product, but the total
dollar return from the sheer volume is critically
important, and the op amp is a cornerstone for an
enormous range of products. Recent develop-
ments in op amps are quite staggering, and in
just the last six months, we have seen enormous
jumps in architectural style and performance
with almost every possible parameter looking
better. Improved mirror techniques, lower-volt-
age operation, enormous gains, staggering input
impedances, higher drive abilities, lower power
consumption, and smaller packages are things

we are listening to and learning about every day. PAUL McGOLDRICK
While obvious that a large amount of design engi- Wasten Rogionsl Edtor

neering is concentrated on consumer applications with operation at lower voltages
and powers, there is strong evidence that analog engineers will not give up 15-V
rails when still practical to use them. With power IC products being manufactured
to take telecommunications’ 48-V lines directly down to 12 and 15 V, there is likely
to be some expansion of such circuits in the future. Since most industrial applica-
tions require a 100% rating protection, there are still analog circuit techniques and
devices needed with 40-V and higher designs.

But the most noticeable thing about many of today’s devices is that they
are not being used as designed. This is not the normal edge-of-tolerance stuff
that allowed designers to create solutions that work, but which are not sup-
ported by specifications from the tested characteristics on the data sheets (a
generally foolish activity), but a kind of dumbing-down of designs. A lot of ap-
plications engineers on the telephone service lines are seeing this as being the
start of a new design era: The lazy design.

For example, we usually don’t see the increased resolution of data-acquisi-
tion components being used in that way. Instead, the resolution is being used
to increase the available dynamic range, helping designers avoid level shift-
ing or gain modifications before driving a conversion circuit. A lot of the avail-
able resolution can be wasted, but the circuit design becomes much simpler. ‘
There also are an increasing number of op amps that can be described as de-
sign-easy, with little to do around the device itself. If the layout is done on a
reasonable, clean basis, the circuit will achieve good results. '

Asacurmudgeon who has done it the hard way, there are feelings of regret about the \
dumbing down of analog designs. As a practical person, it is good that analog design is
widened to allow design engineers to get impressive results quicker. (Paul Mc-
Goldrick’s e-mail address is 1024 7.346@compuserve.com.)

—
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We Have Valuable Services
For OQur Customers!
Allied Catalog

o
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b BN . 24-Hour
b < ~— Modem Access

- ,.(:1-800-433-5003
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NEW 1997

IS0 9002

4

= aNg e i
Local Offices g 3  Extended
Nationwide == # ‘ = Sales Hours

Internet ‘I‘\'ﬁ‘dress:
Q http:l}/www.allied.avnet.com
Keeping In Touch With Our Customer’s Needs!
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Where can you go to meet and converse
with two of the electronics industry’s
most respected personalities?

The Fourth Annual

Pnrt able
Desig

CONFERENCE & EXH!BITION

: {148 1. HVINE ;
LG AN 3
. P {
25 R, {
f ) R
A | \ e A

Come meet Jack Kilby, world-renowned inventor of the integrated circuit,
and Bob Pease, analog guru and author of the famous Pease Porridge column in
Electronic Design magazine, read by design engineers worldwide.

TUESDAY, MARCH 25, 5-8 PM. WEDNESDAY, MARCH 26, 11 A.M.
Mr. Kilby will present the first ~ Mr. Pease will enlighten

annual Electronic Design attendees with a unique
Award For Technical presentation in the
Innovation at the Portable Portable by Design Product
by Design Industry Reception ~ Demonstration Area. At 1:00
which will be held in the p.m. that same day, Mr. Pease
Exhibit Hall. will be on hand to speak with
Industry Reception attendees and autograph
sponsored by copies of his Electronic

. Design Compendium of
Intel Pease Porridge columns.



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 photomicrasensors.

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 choice
of design engineers

and specifiers
worldwide.

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. Plus you'll
see your design go into production that
much faster.

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

And everything Omron makes is

100% tested, available to you world-
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wide, and backed up hy 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 site 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



No Modular Connector

Keeps Better Tabs on
EMI than Stacklack™

Enhanced Tab Design Delivers Superior Shielding

Performance is everything.

That's why we designed our
shielded StackJack™ harmonica jacks
using enhanced, spring-action tabs to
provide the best shielding available.
Better shielding translates into
interference-free, high-speed networks
that outperform the
competition.

The spring-action
feature provides
better, more
tolerant contact

with the panel The spring-action of
the StacklJack

) . enhanced tabs provides

installation, lower superior shielding,

assembly costs. and producing fast,
interference-free
network performance.

to allow easier

greater long-term
reliability.

Our contacts are as good as gold.

Thanks to the only selectively
gold-plated, wire-formed contacts in
the industry, you get constant normal
force and low-contact resistance. All
this adds up to high performance and
reliability. And if you're looking for
higher hub density, specify StackJack
in the industry’s lowest profile, with
up to 16 ports in a two-row configura-
tion. And if you don't need shielding.
try our unshielded StackJack modular
connectors.

We challenged our people to make
the best harmonica jacks in the world.
They did. To tind out more about
Stewart’s StackJack, call 717-235-7512.

Stewart Connector
///////////4

Stewart Connector Systems, Inc.
Insilco Technologies Group

North America
RD2 Old Trail, Glen Rock, PA 17327
Phone: 717-235-7512 « Fax: 717-235-7954

France

Tel: 33-1-47-55-1640 » Fax: 33-1-47-55-16-50
Germany

Tel: 06172/9552-0 » Fax: 06172/9552-40
United Kingdom

Tel: 0702 433777 » Fax: 0702 431444
Japan

Tel: (045) 943-5177 » Fax: (045) 943-5178
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TECHNOLOGY

NEWSLETTER

Novel Image-Stability System
Takes The Shakes Out Of Pictures

mage-stabilization techniques in cameras typically con-
Isist of gyro-systems to stabilize the whole camera and

effectively isolate its positioning from the external vi-
bration. In a completely different approach, an image-sta-
bility system developed by Canon neutralizes the shakes
in optical instrumentation. Its first use was in a camcorder,
and has now extended to binocular optics and other lenses.

The system consists of a standard lens with an addi-
tional optical plane in the form of a sealed variable-angle
prism system. Two sides of the prism are connected by
bellows that are motor-driven to open and close the
spacing between the faces of the unit. The prism is filled
with a high-refractive-index fluid. When the lens sys-
tem is horizontal, the two sides of the prism are parallel
and the light beam is unaffected. If the lens is tilted for-
ward or backward, the prism’s walls are moved, bending
the rays of light back to the same, correct focal position.
Sensing for movement is from horizontal and vertical
sensors that feed a microprocessor, which in turn sends
control signals to the motors. Any movement or vibra-
tion resuits in control and changes in the shape of the
prism almost instantaneously.

An alternate technology from Canon has a specially-
modified group of lens elements that are surrounded by a
magnetic coil. Signals in the coil move the lens elements
vertically and horizontally with drives through a miero-
processor-control system that uses miniature gyros.

For more information, contact Canon USA Inc. at 1-800-
OK-CANON; Web: at http://www.usa.canon.com. PMcG

Low-Voltage DSP Chips
Trim Power To Milliwatts

y scaling the 0.6-mm design rules used to implement
Ba 16-bit DSP chip down to 0.35 mm, operating volt-

age was able to be scaled to just 1 V, dramatically re-
ducing operating power drain. The low-voltage DSPis a
scaled functional duplicate of the TMS320LC545, a 3.3-
V circuit previously created by Texas Instruments Ine.,
Dallas, and described at last month’s IEEE Interna-
tional Solid-State Circuits Conference.

To shrink the circuit, design teams from several T1 facil-
ities collaborated to readjust the transistor thresholds,
convert the analog phase-locked loop to a digital PLL, and
scale the features to 0.35 mm and gate dimensions to 0.25
mm. At low supply levels, the digital PLL provides more
reliable operation and is less sensitive to voltage varia-
tions. The resulting chip operates at 1 V and at speeds of up
to 60 MHz while consuming just 17 mW. In comparison, the
3.3-V version of the DSP chip consumes 15 times as much
power at the same clock speed.

The chip actually has a wide operating range—down
to as little as 0.6 V, and at the high-end when biased at
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1.35 V the chip can run at 100 MHz. Two threshold lev-
els are employed for the transistors to optimize their
performance—memory cells are implemented using a
300-mV threshold to minimize leakage, while more
time-critical logic blocks were built using faster transis-
tors that employ thresholds of 100 mV. Functionally
identical to the original 320L.C545, the 1.6-million tran-
sistor chip employs a modified Harvard architecture
with a six-stage instruction pipeline. Although this ver-
sion of the low-power chip is a test vehicle, a commercial
version being developed.PMcG/DB

Advanced Silicon-Nitride
Tool Runs At High Temps

perating at high temperatures to perform silicon-
nitride deposition, a tool developed by Applied Ma-

terials Inc., Santa Clara, Calif., deposits films with
superior characteristics over that deposited by batch
furnaces. Consequently, pre-metal-layer films such as
used in 64-Mbit and 256-Mbit DRAMs, flash memories,
and dual-gate CMOS circuits can be formed with high
uniformity levels thanks to the precision control possi-
ble with the high-temperature processing system.

The high-temperature processing chamber in the HT
Silicon Nitride Centura system has a 20°C/second ramp-
up and cool-down rate to permit high wafer through-
puts, which would make the tool cost-competitive with
batch processing systems. The single-wafer, multi-
chamber (up to three chambers) tool also can be clus-
tered with other high-temperature chambers to create
integrated processing systems that form oxide-nitride-
oxide stacks, and poly-nitride and nitride-RTP films.

For example, when used to implement DRAM capac-
itors, the system can produce a low-leakage element.
This is done by providing in-situ chamber cleaning and a
hydrogen-bake process for native-oxide removal, and
then depositing the films. During the procedure, the
wafer is never exposed to oxygen or moisture. Film de-
fects can be reduced by as much as 50% compared to
batch furnaces, while still permitting a throughput of
more than 40 wafers/hour in a two-chamber system.
Within-wafer thickness variations of deposited films can
be kept to less then 1% (1 Z at a 50 A thickness). Contact
Dr. Stephen Schwartz at (408) 727-5555. DB

Step-And-Scan System
Delivers 96 Waters Per Hour

romising greater lithography throughput, a Step &
PScan system combines deep ultraviolet imaging
with a high-speed, step-and-scan stage to deliver
one of the highest imaging throughputs for 200-mm
wafers—more than 96 wafers/hour. The PAS 5500/500
system designed by ASM Lithography, Velfhoven, The
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Netherlands, accomplishes the task by projecting a 248-
nm wavelength UV light through an illumination slit and
onto a retical that scans at speeds of up to 1000 mmys.

What results is an aerial image that’s scanned onto a
wafer, moving synchronously with the retical stage at
up to 250 mmy/s. That forms a 26-by-33-mm image (large
enough to pattern two 1-Gbit DRAMs or advanced mi-
croprocessors in one exposure field) as “one” exposure
site. Thus, field sizes can be extended without requiring
larger-diameter, more-expensive lens systems.

Furthermore, the scanning approach reduces low
residual lens aberrations by effectively averaging them
along the path of the scan. The system also incorporates
the company’s fourth generation of laser-beam delivery
systems and the Aerial illuminator. A continuously vari-
able numerical aperture and 4X projection optics (de-
veloped by partner company Carl Zeiss) are extensions
of the systems used in the PAS5500/300 deep UV step-
per released last year.

The high throughput gives the system one of the low-
est operating costs in the industry, and with a typical list
price of $7.65 million per system, cost-efficiency is key.
Contact Dr. Richard George, (602) 438-0559. pB

ACL Middleware To Allow DSP
Tools To Produce Executable Code

One problem confronting users of DSP algorithm pro-
totyping tools is that their generic C code output can’t be
compiled to run on a multiprocessor platform. Therefore,
the code is unable to leverage the multitasking, inter-
process communications, interrupt, and I/0 facilities
that are available in run-time environments such as
SPOX.

To address this shortcoming, Spectron Microsys-
tems, Santa Barbara, Calif., recently signed a $1.1 mil-
lion dollar contract with DARPA to develop ACL (Ap-
plication Configuration Language) middleware. The
middleware will enable DSP software-development
tools to produce executable code for multiprocessor
DSP hardware platforms running the SPOX real-time
operating system. The ACL middleware will act as a
software layer to provide a hardware-independent in-
terface between development tools and multiprocessor
platforms equipped with real-time OSs.

In the first phase of the project, Spectron will work
directly with Mercury Computer Systems, the original
developer of ACL technology, to develop SPOX ACL
middleware. In the final phase, the company will collab-
orate with Sanders, a Lockheed-Martin company, to
produce a specific ACL/SPOX implementation for high-
performance embedded computers.Known as HPSC
(High-Performance Scalable Computers), it will be
based on a distributed network cluster that uses proces-
sors. For further information, contact the company at
(805) 968-5100, e-mail: info@spectron.com; or surf the
web at: http//www.spectron.com. cA

NEWSLETTER

Libraries Help To Eliminate
Lengthy Download Times

s graphics, audio, and video get more play on the In-
Atemet, downloading and storing these files becomes

:n increasingly time-consuming task. The Redis-
tributed Internet Objects (RIO) Platform offers a high-
bandwidth solution that enables users to store graphics
and audio data directly on a hard-disk drive. This tech-
nique, developed by S3 Inc., Santa Clara, Calif., elimi-
nates the need for lengthy downloads over the Internet.

RIO consists of standardized libraries of graphics
textures and audio samples that would be shipped as
part of the graphics accelerator IC. Developers can use
these standard libraries to create 3D-enabled Web
sites. As users enter the site, textures and sounds can
be downloaded directly from the hard drives, rather
than from the Internet, thereby improving the users
experience with that site.

RIO is VRML 2.0-compliant and will be initially sup-
ported by Internet 3D designers, Microsoft Internet
Explorer 3.0, Netscape Navigator 3.0, and other
browsers, authoring tools, and texture and model li-
braries. S3 will bundle RIO texture and audio data-
bases with future 3D accelerators. Existing customers
can download RIO from the company’s Web site
(http//www.s3.com). For more information, contact the
company at (408) 588-8000. RN

Project Looks To Merge Antifuse
Technology Into CMOS Process

uickLogic Corp., Santa Clara, Calif., under part-
Qnership with the TSMC (Taiwan Semiconductor

Manufacturing Company) semiconductor foundry,
will work jointly to incorporate amorphous silicon anti-
fuse technology into TSMC'’s 0.5-um, three-layer metal
CMOS process. The ViaLink metal-layer antifuse tech-
nology hosted on this 0.5- um CMOS process will make
it possible to manufacture very-high-density members
of QuickLogic’s pASIC 2 family with die sizes smaller
than what is currently available. Subsequently, FPGA
users can exploit significant increases in speed. As de-
vices are migrated from a 0.65-um to a 0.5-um process,
users can take advantage of die size being reduced by
up to 44%.

In addition, designers will be able to cost-effectively
obtain FPGAs over 10,000 usable gates without sacri-
ficing performance or usability. On top of that, the two
companies are working to shrink the ViaLink metal-
layer antifuse technology onto geometries even smaller
than 0.5 um.

For more details, contact QuickLogic at (408) 987-
2000; (800) 842-FPGA; e-mail: infor@quicklogic.com. Or
you can check out the company’s web site at
http//www.quicklogic.com. cA
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Your Batterys R For A Long Lite

Achieve the highest level of performance and life span for your battery The UC(3941 Advantage
with the new UCC3941 Integrated Synchronous Boost Converter. With only 1.0V of ¢ Integrated Synchronous Boost Converter with
500mW Output from a Single Cell

input, startup is guaranteed under full load with a blast of 500mW output power - :
¢ 5.0, 3.3V or Adjustable Output Voltage

from just a single cell. Even in high current mode, its unique control scheme stops ¢ 1.0V Startup Guaranteed Under Full Load
the life from draining out of your battery, and delivers the greatest efficiency. 4 Operation Down to 0.4V Input

¢ Output Fully Disconnected During Shutdown
Maximize the performance of your pager, PDA or portable instrument ¢ Additional 9v/100mW Supply
power source by calling us today for FREE samples and application information. ¢ Adjustable Power Limit Control

@ UNITRODE

{The Linear IC Company Everyone Follows

TEL: (603) 429-8610

http://www.unitrode.com « FAX: (603) 424-3460 « 7 Continental Boulevard + Merrimack, NH 03054
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| Hey: this is big. |

It you think 32MB
then you're not

istered trademarks of Intel Corp. Winstone 32 Benchmark data. Research contracted by Samsung




Specs on the amount of memory PC
mikers include with their products have
gone up recently.

[Here's the big news: it stillisnt enough.

Because with the price of memory down,
memory itself is now the most cost-ettec
tive single ingredient in PC performance.

For instance: even it you've already got
32m8 of memory in a 200 Muz Pentium
Pro-based system, benchmarks show that
vou can still increase its performance by an
additional 13%, just by adding another 32ms
of memory—at a refai/ cost of under si3o.

Windows NT .0 Benchmark Performanice

140

1
100

Chueck 1t ont: gorng from 32N8 (0 04 M3 of micmor ¥ makes
a 200 MUtz Pentinm Pro-based system 135 faster
Which leads us to the simple question:

at prices that low, can you really aftord nos

to be up to speed?

To learn more about why 64n5 is the
amount of memory your PCs need, the
leader in memory invites you to visit our home
page today. http://www.more.memory.
samsung.com. Or call 1-800-446-2760.

You'll find we have pretty hard-
hitting news.

More Memory
Changes Everything.

SAMSUNG

SEMICONDUCTOR

IS enough memory,
up to speed.
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On February 3, 1997
Tl redefined

tne future o DSP

Introducing the
revolutionary
TVIS320G6X witr

1600 IVIIPS.




A single-chip DSP with 1600 MIPS that
cuts development time by 50%. All under $100*
And it’s available now.

Texas Instruments introduces the TMS320C6x
generation of digital signal processors, the highest
performing single-processor DSP ever. The 'C6x
fixed-point DSP delivers 1600 MIPS at 200 MHz
and will be available at a price you'll find equally
amazing — under $100* And you can order sam-
ples for evaluation now.

To make this possible, TI developed VelociTI™,
the 'C6x DSP's advanced Very Long Instruction

TMS320C6201 Features

Performance

* 1600 MIPS
-Eight 32-bit instructions per cycle X 200 MHz

o 1-Mbit on-chip RAM

Development Environment

» Assembly optimizer — industry first — optimizes
assembly code

 C compiler — optimizes key loops for 3X the code
efficiency of fixed-point DSP C compilers

Word (VLIW) architecture. This simplified design
gives you software-based design solutions of
exceptional flexibility, especially critical for
tomorrow’s breakthrough multichannel and multi-
function voice and data applications.

Plus, you'll get the easiest to use DSP ever
developed. The 'C6x’s new C compiler, accompa-
nied by TI's assembly optimizer (an industry
first — available only from TI), will make pro-
gramming easier than ever. Add thousands of
pages of on-line documentation and hardware and
software tools, as well as third-party products, and
you'll speed your designs to market in record time.

And start a revolution of your own.

For more information on the revolutionary
TMS320C6x DSP call 1-800-477-8924,
ext. 4073, or contact us at http.//www.ti.com/sc/c6x

{‘ TEXAS
INSTRUMENTS

* 25K unit production price.
06-2198
© 1907 T



A Variety of EL Drivers for
a Varlety of Appllcahons

Team up with the world
leader in EL Lamp drivers for your
next product design. Simplify the
lighting task with easy to implement,
low cost, power efficient solutions from
Sipex. Choose from a large array of
Sipex EL Lamp drivers which operate
over a wide range of system supply
voltages and deliver high light output.

Let our application engineers show
you a new look to your backlit
display. Sipex application engineers
work closely with customers in the

- ———g ..

Available in both 8 pin NSOIC and new
USOIC with 67% more board savings

-
B
»
)
»
»

E!.drhcrplusaDC—DCMM
bebaledﬂg;
33V-50V01mmk

L0 ag I,
Fr ey
A.0Pd
<
<3.3v @ 100mA

development of prototypes, full
volume production, and semi-custom
or full custom opportumhes. Call Sipex
to ELluminate™ your products today!

ELlumination 13 o irademark of Sipex Corporation. TIMEX is o regisiad trademark of
Timex Corporation. INDIGLO # a regustered trademark of Indiglo Corperation

22 Linnell Circle, Billerica, MA 01821

Tel. 508-667-8700 Fax 508-670-9001
web site: www.sipex.com
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TECHNOLOGY BREAKTHROUGH

Specialized Algorithms, Combined With
Supercomputer Technology Promise Improved
Cancer Radiation Therapies

ermore National Laboratory, Liv-

ermore, Calif., combining super-
computing power in PCs with
specialized algorithms, are raising
hopes for more accurate radiation
treatments of cancer patients. The
work is being performed in the Lab’s
Physics and Space Technologies Sec-
tion. Scientists there have developed a
new technology, named Peregrine (for
St. Peregrine, to calculate the radia-
tion dose in the body using micro-
scopic particle-interaction data.

By comparison, present clinical cal-
culations treat the patient as a mass of
water, with only simple corrections for
air cavities, lungs, organs, and bones.
Using a patient’s Cat scan, medical
doctors can employ their own knowl-
edge of radiation therapy to map out a
plan of attack by determining where
and how much radiation should be
given. The radiation treatments are

Recent advances at LLawrence Liv-

then delivered. Because this method is
inaccurate, patients typically suffer a
number of side effects from too much
radiation, or worst of all, not enough,
allowing cancers to spread.

Recent estimates suggest that of
the more than 300,000 cancer patients
inthe U.S. who are treated today, over
100,000 die with active tumors at the
primary site. Improved dose calcula-
tions through Peregrine could poten-
tially save tens of thousands of these
patients each vear, according to the
Livermore scientists.

Peregrine’s advanced-modeling
technology is made possible through
the use of the Monte Carlo mathemat-
ical technique to track radiation.
Monte Carlo code has been available
for some time, and often is used by the
Electronic Design Automation (EDA)
industry for simulation purposes (see
“Monte Carlo Analysis In Opera-
tion,” p. Below). While the basic code

and implementation of the Monte
Carlo analysis is the same, Liver-
more’s researchers have developed
specific models to make it radiation-
treatment specific.

By sampling millions of the trillions
of particles that enter the body, oy, in
effect, simulating the transportation
of energy, Peregrine can develop an
accurate representation of the dose in
the body. In this way, the radiation
dosage can be adjusted to attack the
cancer cells while sparing healthy tis-
sue.

principal researcher leading the Liv-
ermore team explains, “The process is
like trying to predict the pattern of a
spilled pail of sand. It is impossible to
tell where each grain of sand is going
to go, but you can still predict the
shape of the pile.” This process en-
ables doctors, in a clinical setting, to
one day predict damage to tumors
with a greater chance of eradication.
Until July 1996, the process of per-
forming a single Monte Carlo calcula-
tion on a Cray computer would have
taken about a month to complete.
Now, though, with supercomputer
technology available on a PC, the en-

Christine Hartmann Slantar, the

Monte Carlo Analysis In Operation

with statistical analysis capabilities, and only running

basic de-time or frequency-domain simulations for de-
sign verification. In such a scenario, the use of Monte Carlo
statistical analysis, provides a large amount of crucial in-
formation on how a design will operate in the field.

Monte Carlo simulation works by performing muitiple
simulations. During each simulation run, a group of com-
ponent parameters are varied within their statistical dis-
tributions. The results are a representation of the way the
design will operate over a number of design builds. From
these simulations, decisions can be made on how tight tol-
erances of components should be, or whether a device
should be replaced in favor of a more accurate one.

In operation, the designer first must choose which pa-
rameters should be varied for the Monte Carlo runs. The
chosen devices should be those that affect the design.

Once the parameters are identified, the designer must
assign and/or verify the distributions for each parameter
to be varied. These assignments usually can be done on
the schematic or the models themselves. Verifying the
distributions ensure that the designer is accurately re-
flecting real-world devices.

Next, a number of runs to simulate over are chosen,
and simulation begins using known test vectors. Some

T(lay many engineers are using analog-simulation tools

A T e e bl 3 sl W R R TR GRSl TR AL TR TR TS a2 = s ‘

simulation runs may have convergence problems in areas
where others will not. Certain simulations may not run at
all. While this situation is usually rare, on critical designs,
the Monte Carlo simulation may have chosen device val-
ues that will cause a design problem or failure. When this
occurs, it is typically a good indication that build problems
may appear later in the design cycle.

Once the simulation runs are completed, the results files
can be plotted against a known-good simulation run. From
these graphs the designer can look for points where the
outputs fall from the specification requirements, or regions
where the outputs drop out altogether. The designer can
choose one of these points and view the parameters that
caused the problem. If the simulation tool has a sensitivity-
analysis function, it can be used to find out which devices
are going to affect a given output more than others.

At this point, the designer has identified which element
needs to have its tolerance tightened, or whether a device
needs to be replaced entirely. In rare cases the designer
may need to redesign some circuitry. Consequently, using
Monte Carlo analysis, the designer can obtain a valuable
level of reassurance for predicting a design’s operation in
the customer’s hands.

Contributed by Lee Hansen, analog product market-
ing engineer, VeriBest Inc., Boulder, Colo.
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ELECTRONIC DESIGN / MARCH 17, 1997

TECHNOLOGY BREAKTHROUGH

tire process is estimated to be any-
where from 20-to-50 times faster, us-
ing radiation specific Monte Carlo
codes.

The Monte Carlo radiation-specific
code of Peregrine is processed on an
operating system that supports a sym-
metric-multiprocessing (SMP) archi-
tecture. In this manner, numerous
computations can be performed in par-
allel. Since there is no particle interac-
tion, each memory component can
process a single particle. The results of
each processed particle are then sent,
in parallel, to a single collection point,
where the data is brought together to
form an accurate depiction of the re-
quired radiation dosage.

What began over three years ago as
a laboratory-directed R&D program,
now has become one of the facility’s
strategic initiatives. It is hoped that a

proposal for commercial use of the
technology will soon be presented to
the U.S. Food And Drug Administra-
tion (FDA).

The Peregrine technology shows
potential for implementation, not only
because it promises greater dose cal-
culation accuracy and is low in cost,
but because it does not alter the estab-
lished treatment-delivery mechanism.
Rather, it significantly improves the
ability to target tumors by tailoring
precise radiation-dose calculations for
each patient based on the patient’s
anatomy and disease, potentially lead-
ing to significantly higher cure rates.
Basically, doctors will be able to treat
patients with a higher dose of radia-
tion, with the confidence that it will
not affect the normal tissue structure,
and that the patient will be able to tol-
erate the treatment.

While a clinical Peregrine technol-
ogy-based product is still years away,
Livermore hopes that it will one day
become the standard for dose calcula-
tion in all clinical environments. One of
the biggest misconceptions, though, in
seeing this become a reality is that 10
million computers would be needed to
make the technology work properly,
and quickly enough for everyday use.
To answer this concern, researchers
are continuing to integrate faster and
cheaper technology with advanced
calculation tools. This endeavor will
ensure that Peregrine technology
finds its way into clinics at an afford-
able cost.

For additional information, contact
the Public Affairs office of Lawrence
Livermore Laboratory at (510) 422-
1100.

Cheryl Aijluni

Vertically-Stacked Multichip Modules Promise
Low-Cost Miniaturization Of Electronics In 3D

chip-stacking technique promises

to allow the construction of low-
cost high-density electronic assem-
blies to satisfy a variety of specialized
electronic functions. Developed by
Societe 3D+, Buc, France, the method
employs MCM-V technology (the V
stands for “vertical”) to allow the inte-
gration of DRAM chips, portable tele-
phones, and miniature cameras among
other things.

After several years with the French
electronics company Thomson CSF,
3D+’s founder Christian Val started
3D+ two years ago and began using the
patented Thomson technology. MCM-
V involves stacking layers of electronic
circuitry to produce complete mi-
crosystems. The layers may contain
identical or heterogeneous components
such as sensors, micropumps, memory
chips, and microprocessors.

Chips are mounted on flexible pc-
board substrates, using a technique
very similar to that used to produce
“smart cards.” Each device is fully
tested before stacking.

Stacking of the chips is performed
with an accuracy within 10 pm using a
system of pre-drilled holes. The com-
pleted stack is then placed in an epoxy
resin, hardening to form a block that is

An innovative three-dimensional

sightly larger than the size of the fin-
ished components. The faces of the
block are then sawed at a distance of 0.2
to 0.4 mm from the edges of the largest
chip, revealing the copper tracks on the
printed-circuit substrates.

The blocks then undergo several
metal deposition operations. First,
nickel is deposited to improve surface
adhesion. This is followed by a 5- to 7-
pum deposition of copper, which in turn
is protected by a layer of nickel, then a
top layer of gold. Insulating corridors
between the conductive strips are cut
using a Yag laser. Any type of bare or
encapsulated chip can be stacked.

The MCM-V method joins other
popular multichip module (MCM) tech-
nologies like MCM-L (laminated de-
vices), MCM-C (ceramic devices), and
MCM-D (deposited devices) have been
used for miniaturization. However, the
latter three are 2D techniques.

A 32-Mbyte memory stack pro-
duced by the MCM-V method is
smaller and lighter than an MCM-C
component of the same capacity (a vol-
ume of 4075 versus 26,625 mm?, a foot-
print of 214.5 versus 4053 mm?, and a
weight of 9.1 versus 64.5 g).While de-
sign and manufacturing costs are
slightly higher than for surface-mount

much lower than for a hybrid module.

3D+ has used the MCM-V tech-
nique to build a 256-Mbit memory con-
sisting of a stack of sixteen IBM 16-
Mbit DRAM chips in a volume of just
4.1 cm3, The memory was built for the
French telecommunications giant Al-
catel Espace. For British Telecom,
3D+ built a microcamera with a total
volume of just 1.5 em? for video-capa-
ble portable telephones. The micro-
camera integrates a micro-sized lens, a
312-by-287-photodiode array, an im-
age-processing module, and various
data-storage chips. And 3D+ also is
developing a computer module made
up of a Texas Instruments C40 micro-
processor and flash SRAM chips. New
uses are being developed, including
automated drug-delivery systems in
medical applications.

This stacked-chip technology has
attracted interest from two major
worldwide research projects. One is
the Barmint (basic research for mi-
crosystem integration) program un-
der the European Esprit project. The
other is the 10-year micromachine de-
velopment project being funded by
Japan’s Ministry of International
Trade and Industry (MITI).

For further information, contact
Christian M. Val, Societe 3D+, 421
Rue Helene Boucher, 78532 Bue,
France; telephone (33.1) 39 56 24 96;
fax (33.1) 39 56 25 89.

technology on a pe board, they’re | Roger Allan




Introducing MicroSim Designlab:

Imagine what it would take to design a better circuit foster. You'd have a single EDA system — not a collection of point tools. Your new system
would have a single interface to all facets of your mixed analog/digital design. No more wasted time or errors from converting, translating
or re-entering designs. With a click of the mouse, you could go back and forth between design stages, making a change and seeing the results,
continuously improving your design from start fo finish. Now it's here. Now you can. Introducing MicroSim® DesignLab™ — the new standard
for desktop EDA. It's the worlds first and only comprehensive, fully-integrated start-to-finish desktop EDA system. See how easy it is to design

a better circuit faster. Call for our MicroSim DesignLab evaluation software. It Wi“ change the wav
you think about circuit design—from start to finish.
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OVER 40%

OF OUR BUSINESS

COMES FROM
OMMUNICATIONS

Since 1979, AMD has helped communications com-
panies build better products. Our communications ICs
improve PC systems, laptops, routers, hubs, cellular
phones, ISDN modems, central office switches, and
practically every other kind of wired or wireless
communications hardware imaginable. Today, we can
put that technology and expertise to use in your
products. We’'ve worked in concert with Cisco, Bay
Networks, 3Com, HP and Siemens, to build innovative
solutions that are used everyday. It's a technical edge
that AMD provides through our wide breadth of net-
working and telecom products. Call us today, and tell

us how we can employ them to help you succeed.

1-800-222-9323 http://www.amd.com
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TECH INSIGHTS ADVANCED HDL TOOL |

ing the input code to identify any

| structure. When the structure has

been identified, Visual HDL then
looks for any state machines, and
subsequently, any algorithms that
may be present in the code. Once
these have all been found, they are
broken down and recursively rebuilt
using the design's hierarchy.

During the text-to-graphics con-
version process, any code that cannot
be translated is flagged for the user’s
attention. The rest of the code is con-
verted as is to a graphical represen-
tation. The designer then has the op-
tion of leaving the unconverted code

, the way it is or rewriting it in a form
E that the tool can understand. The
' rewritten code can then be rerun and
' subsequently converted to graphices.
. While the tool currently supports
i HDL code from all the major synthe-
E sis vendors, additional support will
' be added.

* Once the text-to-graphics process
| is completed, the user can edit, mod-
i ify, view, and print the converted
| text design just as if it were origi-
nally created using Visual HDL's
graphieal editors (Fig. 2). The graph-
ical specifications can even be used to
regenerate optimized code. Addi-

tionally, during the text-to-graphies
conversion process, Visual HDL re-
tains all the documentation and com-
ments included in the design source.

Tool Features

Of the many features offered by
the Text-to-Graphics tool, the most
important is its ability to allow
preservation of legacy designs, and
design reuse. With designs becoming
ever more complex, it’s almost im-
possible for the typical designer to
start from scratch and reinvent the
wheel. Rather, they are forced to
reuse internal designs or buy pieces
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1. Summit Design’s Text-to-Graphics tool, accessed 'lh;ou;;hkthe <ompuny’;—Visuol HDL tool environment, generates IC or system gruhhigs_from
existing Verilog or VHDL code. In doing so, it improves design-team communication, highlights design changes not apparent in the code, enables
easy design reuse, and helps designers reclaim lost intellectual property.
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1nput 8:
wire a:
input cp:
wire cp:
output x:
reg xi

input rat:
wire rot:
input rst_ssyn:
wire rst_ssyn:
output inatete:

2. The 'I;ext-;o-Gfuprhi;sr téorl, accessed through Visual HDL, allows designers to write in code and

still leverage the benefits of graphics. Once the text has been to converted to graphics, it can be
manipulated as if it were just created to provide, for example, @ more effective design flow for

behavioral synthesis or RTL optimization.

of intellectual property from other
companies. While this sounds easy
enough, the difficulty boils down to
one thing—documentation. And
many would agree that while it cer-
tainly is one of the more essential
pieces of a good design, designers at
every level avoid it like the plague.

There are a number of reasons
why documentation has gotten such
a bad rap in the past. Consider the
fact that most designers today don’t
stay on the same project long enough
to see it completed. So, for the aver-
age designer who is already under
great pressure to crank out a quality
design at lightning speed, there is no
real motivation in taking the time to
document a design. And, even if the
design is documented, there are no
guidelines in place to dictate how it
should be done. This dilemma means
that the quality of the documentation
can, and does, differ according to the
designer. In many cases, if the docu-
mentation is done after the design
has been completed, it may not even
match the code.

The result of this documentation
quagmire is a loss of design legacy. In
the end, many designers end up ei-
ther rewriting a design from scratch,

| or investing huge amounts of time

pouring over the existing code trying
to understand the original designer’s
intent. This effort doesn’t always
work, though, because many design-
ers don’t have the time to choose ei-
ther option.

The Text-to-Graphics tool elimi-
nates all of these concerns by provid-
ing automated documentation, and
reuse of manually-written code. By
capturing the designer’s intent by
means of a universal graphical repre-
sentation, the design can be reused
by designers other than the original
creator. And, because the graphical
specification is closely linked to the
HDL code, the designer can make
changes to the code and use the tool
to automatically update the corre-
sponding graphics.

For large companies or design

Most designers today
don’t stay on the

same project long
enough to see it
completed.

teams that want to leverage existing,
poorly-documented HDL code, Text-
to-Graphics gives designers a way to
understand the design intent of ex-
isting text files so that they can be
enhanced in future designs. For ex-
pert coders, it provides an automated
process for graphically documenting
their manually-written HDL text.
And, for engineering management,
work done by a designer on a project,
such as any engineering changes, can
be quickly deciphered, allowing the
higher-ups to sign-off on the design
with a complete understanding of
what it’s all about.

While graphical documentation
improves the designer’s ability to un-
derstand and reuse designs in subse-
quent projects, it also provides de-
sign security. It ensures that the
design is preserved for later reuse in
an easily recognizable format, even if
the original designer is long gone
from the company.

The Text-to-Graphics tool also al-
lows for simple and fast debugging.
By today’s conventional means, de-
bugging can often be quite difficult,
requiring the designer to look at the
source code or documentation, to find
any changes made to the design. The
problem is that once the designer in-
vests the time examining the code
and documentation, there’s no guar-
antee the bug will ever be located.
With a graphical representation of
the design, on the other hand, most
bugs, along with any design changes,
can be spotted quickly. In addition,
the tool also can be used to quickly
implement engineering change or-
ders (ECOs).

One of the unique features of Sum-
mit’s Text-to-Graphics graphical de-
bug capabilities is its close link be-
tween simulation of the HDL code
and the associated graphics. Implied
in this link is a cause and effect rela-
tionship between the HDL code and
the graphics. Consequently, as op-
posed to having to simulate the HDL
code within a design and then exam-
ine the source code line-by-line, de-
buging can be accomplished in a com-
pletely graphical environment. The
designer simply views the HDL code
in its graphical format for any bugs,
and once these are located, all
changes can be made graphically.
The associated HDL code is auto-
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matically updated.

The Text-to-Graphics tool also |

provides insight into the results of
the post-synthesis analysis of behav-
ioral synthesis. Today, behavioral
synthesis is still an emerging tech-
nology. Its widespread use and ac-
ceptance has been hampered by the
inability of designers to adequately
figure out the output of a behavioral
synthesizer, and how to interpret it.
In effect, it’s a black box, and the only
way to really understand it is to sim-
ulate the code.

Text-to-Graphics aims to take
some of the mystery out the tech-
nology by providing insight into the
optimized RTL-code output from a
behavioral-synthesis tool. It accom-
plishes this by converting the black
box RTL code into graphical repre-
sentations. Designers can then ex-
amine the synthesis tool’s effect on
control and data flow logic. And, by
analyzing the behavioral-synthesis
output data, designers can adjust
their behavioral source code to im-
prove synthesis results, or simply
edit the design graphically in Vi-
sual HDL to make the necessary
design improvements.

While today the Text-to-Graphics
capability can work well with behav-
ioral synthesizers, the real issue is in-
tegration. Behavioral synthesizers,
therefore need to output RTL that
can be read and converted by the
Text-to-Graphics tool. And, in turn,
the Text-to-Graphics tool must be ca-
pable of reading and converting the
behavioral synthesizers’ style of
code. By doing so, Summit believes
that Text-to-Graphics will have a ma-
jor effect on the adoption rate of be-
havioral synthesis.

PRICE AND AVAILABILITY

The Text-to-Graphics add-on option to
the Visual HDL tool is currently in beta test
and will be available for both PCs and work-
stations. Pricing is set at $10,000. The Ver-
ilog Text-to-Graphics option will be avail-
able soon, while the VHDL version will be
available later in the summer.

Summit Design Inc., 9305 S.W. Gemini
Dr., Beaverton, OR 97008; (503) 643-9281;
Internet: hitp://www.summit-design.com.

CIRCLE 540

How VALUABLE CIRCLE
HIGHLY 541
MODERATELY 542
SLIGHTLY 543
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TECH INSIGHTS

CONFERENCE PREVIEW

Conference Shows The Lighter (And
Low Power) Side Of Products

Portable By Design Conference And
Exhibition Gives Designers A Path
Toward Portable-Related Components.

Richard Nass

ou’ve just been assigned the task
of designing a portable system.

That shouldn’t be a problem—
you’ve been designing desktop sys-
tems for years. Think again! There are
many aspects of a portable design that
differ from their stationary counter-
parts. To get your questions answered
and to find some of the products that
are built just for portable applications,
check out the Portable By Design
Conference and Exhibition, to be held
at the Santa Clara Convention Center,
Santa Clara, Calif., Mar. 25-27 (see
“Want To Go?” p.56).

In addition to being exposed to some
of the latest portable-related products,
there will be some special events tak-
ing place, such as presentations by Jack
Kilby, inventor of the integrated cir-
cuit, and Bob Pease, renowned analog
engineer and columnist for Electronic
Design. The keynote luncheon also will
feature four individuals who
will offer their views on the fu-
ture of the portable industry:
Tom Beaver, Vice-President
of Worldwide Marketing, Mo-
torola Inc.; Philip Wennblom,
Director of Strategic Plan-
ning, Mobile and Handheld
Products Group, Intel Corp.;
Robin Saxby, President and
CEOQO, Advanced RISC Ma-
chines (ARM); and Vaughn
Watts, Director of Mobile
Computing Architecture,
Texas Instruments (see
“Portable By Design: Special
Events,” p. 50).

Over 80 portable-product
manufacturers will display

their wares at Portable By 1.The FKB7600 series of 85- key keyboards has a vertical height of
Design. Products include ijust 6.5 mm. However, it retains a 3-mm, full-travel keystroke by

memory chips and cards, batteries,
thermal-management devices, trans-
ceivers, voltage regulators, and in-
put devices.

With the unveiling of the Windows
CE operating system, which is
geared toward low-power, portable
systems, the VR4101 microprocessor
becomes an attractive CPU choice.
Developed by NEC Electronics Inc.,
Santa Clara, Calif., the 64-bit RISC
processor features 33 VAX MIPS
performance and 132 MIPS/W at 3.3
V, as well as DMA capability. A high-
speed multiply-and-accumulate
(MAC) feature enables the chip to
run DSP-like instructions. As a re-
sult, the chip can replace external
hardware by running some of the re-
quired functions in software.

The NEC device also integrates
many of the functions required by a
handheld platform. These include a mo-

microprocessors, chip sets, employing a gear-link mechanism in the keyswitch.

dem and interfaces to an LCD, audio, a
keyboard, and an infrared (IR) port.
With a power consumption of 250 mW
at 33 MHz, the VR4101 contains sev-
eral power-savings modes. In standby,
with the pipeline frozen, the part con-
sumes 30 mW, while the suspend mode,
which shuts down the pipeline and bus
clocks, requires 10 mW. Hibernate
mode freezes the internal phase-locked
loop and requires just 240 W.

CSEM IC Design, Neuchitel,
Switzerland, will show its CoolRISC
family of microcontrollers. The chips
are designed from the get-go for low
power dissipation. This comes from
the use of gated-clock techniques and
low-voltage cell libraries. The archi-
tecture allows for the execution of all
instructions, including branch in-
struetions, in just one clock cycle.
The result is a performance level of
12 MIPS while consuming just 2.4
mW at 3.3 V. Other features include
support for hierarchical memories,
variable frequency modes, and multi-
controller operation.

Connecting The Bridges

A series of chips that connect to
the microprocessor help form a com-
plete system, including the
bus interfaces, real-time
clock, 1/0 ports, and docking
connections. The chip set,
called the Mobile System
Solution, hails from National
Semiconductor Corp., Santa
Clara, Calif. The chip set
. consists of the PC87550 PCI
system controller (North
~ Bridge), the PC87560 sys-
/" tem I/O controller (South
- Bridge), and the PC87570
' keyboard and power-man-
- agement controller. The
| parts also can connect to the
. company’s previously-an-
. nounced PT80C525 PCI-to-
PCI bridge chip.

The North Bridge part is
designed to work with Pen-
tium-class processors. It
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| supplies a CPU-to-PCI-bus inter-
face, secondary cache and DRAM
control, and active and passive
power-management modes. It also
| supports hot, warm, and cold dock-
ing. The South Bridge provides PCI
l bus mastering for the chip’s two En-
| hanced IDE channels, a USB host
| eontroller, and a 4-Mbit/s infrared
controller. Lastly, the PC87570 can
replace up to five chips. Based on an
embedded RISC processor core, the
chip handles power management and
keyboard and system control. It also
supplies analog-to-digital and digital-
‘ to-analog conversion.

A pair of 3-V pen-input processors
| deliver the low current consumption
| required for battery-powered hand-
| writing recognition and verification

produects. Designed by TriTech Mi-
| eroelectronics International Inc., San
[ Jose, Calif., the TR88L&03 and
| TR88L804 can detect when pen input
| has stopped, then automatically
| places the system into a sleep mode
until pen input resumes. The differ-
ence between the two ICs lies in
their interfacing options—the
TR88L803 offers a serial interface,
while the TR88L304 eomes with an 8-
bit parallel interface.

The two parts contain all the cir-
cuitry needed to interface with the
low-cost resistive digitizers employed
in PDAs, electronie organizers, and
feature phones. Using a 10-bit analog-
to-digital converter (ADC), the
TR881.803/L804 can resolve up to
| 1024 voltage levels, resulting in better

than 200 dots/in. resolution on a - by
| 5-in. touch pad. Two additional ADC
input channels are available under a
multiplex mode to allow portable
products to include such features as a

sure sensing. Positional transfer rates
of 200 coordinate pairs/s are typical
using a 1.8432-MHz crystal. A higher-
frequency crystal increases the trans-
fer rates.

On a subsystem level, the Cardio-
486D4, which is a credit-card-sized PC-
AT, now supports Windows NT 4.0.
Designers taking advantage of the
Cardio-486D4, developed by S-MOS
Systems Inc., San Jose, Calif., can real-
ize a savings in resources, develop-
ment costs, and time to market. The
embedded version of Windows NT 4.0
is offered by VenturCom Inc., Cam-

battery gauge and handwriting pres- |

bridge, Mass. The memory require-
ment for the operating system is 8
Mbytes, while the Cardio-486D4 can
hold up to 16 Mbytes.

The SMX/386, designed by ZF Mi-
croSystems Inc., Palo Alto, Calif., is a
2.2- by 3-in. module that combines
standard motherboard functions in a
240-pin package. The device contains a
33-MHz 386SX microprocessor, core
logic, a DRAM controller, an 8- or 16-
bit ISA bus, serial and parallel ports,
floppy- and hard-disk eontrollers, and
256 kbytes of flash memory. It also
holds an AT-compatible BIOS and an
embedded version of DOS.

One of the ways designers are im-
plementing an embedded operating
system or BIOS is with flash mem-
ory. Nexcom Technology Inc., Sunny-
vale, Calif., offers a pair of high-den-
sity serial flash memories.
Employing the standard 4-pin serial
peripheral interface (SPI), the
NX25F040 and NX25F080 memories
hold 4 and 8 Mbytes, respectively.
Based on the company’s NexFlash
technology, the chips are suited for
such applications as digital cameras,
voice and data pagers, voice
recorders, and handheld terminals
and data loggers.

Operating at either 3.3 or 5 V, the
NX25F040 and NX25F080 are built
with 536-byte sectors that program
quickly, thereby maximizing battery
life. Data can be transferred to and
from the devices at 20 MHz. Typical

program times are 2.5 ms/sector, allow-
ing for sustained programming rates of
over 200 kbytes/s, including erase time.
Other features include byte-level ad-
dressing, double-buffered sector
writes, auto-erase before write, and an
advanced write protection.

The Miniature Card Implementers
Forum, Folsom, Calif., will be display-
ing a host of products from its member
companies. These products include
storage devices that fit various con-
sumer electronics products such as a
digital camera, an audio voice recorder,
and a handheld computer. The Minia-
ture Card is a PC-compatible digital
media that stores data in nonvolatile
removable memory. The cards mea-
sure 38 by 33 by 3.5 mm and can hold
up to 64 Mbytes.

The Miniature Card specification
calls for both 3.3- and 5-V voltage
levels, with lower voltages expected
in future revisions. The specification
is a subset of the standard PC Card
interface. As a result, transfers from
a Miniature Card to a PC can be
made with a low-cost Type II PC
Card adapter. In addition, the Uni-
versal Serial Bus (USB) provides a
means of transferring data to and
from a card.

A similar form-factor product
comes from Duel Systems, San Jose,
Calif. The company offers a sonically-
welded CompactFlash card package.
Manufactured from insert-molded
stainless steel and plastic, the rugged

Portable By Design: Special Events

with the manufacturers and suppliers of portable procucts on the exhibit

For the first time, attendees will have an opportunity to mix and mingle

floor during the Industry Reception, which takes place on Tuesday, Mar.
25, from 5:00 p.m. to 8:00 p.m. The casual atmosphere will provide a great fo-
rum for attendees to glean the information they need.

An added highlight to this year's Industry Reception: Jack Kilby, inventor
of the integrated circuit, will present the First Annual Electronic Design
Award For Technical Innovation. This award will be given to the author of

Portable By Design's “Best Paper.”

Simon Ellis of Intel Corp. also will make a presentation at the Industry Re-
ception. He'll unveil his “Portable Videoconferencing Center” which will give
attendees a peak at the future of one of the more anticipated technologies.

On Wednesday, Mar. 26, at 11:00 a.m., Bob Pease, renowned analog engi-
neer and author of Electronic Design's “Pease Porridge” column, will en-
lighten attendees with a unique presentation that only he can give. He’ll come
back at 1:00 p.m. on the same day to talk to the attendees and autograph copies
of his Electromic Design Compendium of Pease Porridge columns.
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PRESENTING

THE

LOW-COST,

ONLY

100% PCI-COMPLIANT
VOLTAGE MONITORING
SOLUTION ON

CHIP, FROM NATIONAL.

1996 National Seniconductor Corporation. All nghts reserved

and MOVING AND SHAPING THE FUTURE are trademanrks of National Semiconductor Corporation

NATIONAL SEMICONDI CTOR

INTRODUCING THE LMC6953

LOCAL BUS SUPERVISOR. THE

ONLY CHIP THAT SAVES YOU
TIME, MONEY, AND SPACE.

LMC6953 Voltage Monitoring Functions

Fault Conditions

| Response Time

+5V over Voltage Vg>5.75
——  490nS max
+5 under Voltage Vg<4.25
+3.3V over Voltage Vi3> 4.1
+3.3V under Voltage Vi3<25
+3.3 > +5V Supply Reversal V33> Vg+300mV 1S max
Reset Recovery All Supplies in Tolerance 100mS lw—li
—

All Conditions Meet or Exceed Requirements
of PCI Specifications Revision 2.1

Until now, there were two ways of dealing with
power integrity on PCI-based systems. You monitored
the power supply using a highly complex, board-gob-
bling set of components. Or, you simply crossed your
fingers and hoped it wouldn't be a problem.

But now there’s the LMC6953. The indusiry’s
only low-cost, 100% PCI-compliant chip that moni-
tors the 3.3 and 5 volt supplies to the bus. If either
reaches an out-of-tolerance condition as defined by
the PCI spec, the LMC6953 automatically generates a
reset within the spec’s precise timing parameters.

Because the chip is self-contained, the LMC6953
saves you a bundle in both time and money when
designing and building this critical PCI bus compo-
nent. And with virtually no external connections
required, you get the boardspace you need to keep
your design clean and efficient.

The LMCG6953. Tt's the only way to go.
FREE SAMPLES—FAST

For datasheets, free samples, and
application support, contact us at:
CALL: 1-800-272-9959 Exi. 711
INFO CARD: Mail or Fax

WEB: http://www.national.com/see/ LMC6953

In Europe. fax us at +49 2-12
in Southeast Asi, fax us A

National Semiconductor

Moving and shaping the future



~
o~
o~
—
~
—
xr
-/
o
=
=
~
z
I
v
==
a
=
4
[=]
o
g
-t
b

TECH INSIGHTS

——

I supplies a CPU-to-PCI-bus inter-
| face, secondary cache and DRAM
control, and active and passive
power-management modes. It also
| supports hot, warm, and cold dock-
ing. The South Bridge provides PCI
| bus mastering for the chip’s two En-
| hanced IDE channels, a USB host
controller, and a 4-Mbit/s infrared
| controller. Lastly, the PC87570 can
replace up to five chips. Based on an
embedded RISC processor core, the
l chip handles power management and
keyboard and system control. It also
| supplies analog-to-digital and digital-
to-analog conversion.
f A pair of 3-V pen-input processors
| deliver the low current consumption
required for battery-powered hand-
writing recognition and verification
products. Designed by TriTech Mi-
| croelectronics International Inc., San
| Jose, Calif., the TR88LS803 and
TR88L.804 can detect when pen input
l has stopped, then automatically
' places the system into a sleep mode
until pen input resumes. The differ-
ence between the two ICs lies in
| their interfacing options—the
TR88L803 offers a serial interface,
| while the TR88L804 comes with an 8-
bit parallel interface.

The two parts contain all the cir-
| cuitry needed to interface with the
| low-cost resistive digitizers employed

in PDAs, electronic organizers, and

feature phones. Using a 10-bit analog-
| to-digital converter (ADC), the
1 TR88L803/L804 can resolve up to
1024 voltage levels, resulting in better
than 200 dots/in. resolution on a 3- by
5-in. touch pad. Two additional ADC
input channels are available under a
multiplex mode to allow portable
products to include such features as a
battery gauge and handwriting pres-
sure sensing. Positional transfer rates
of 200 coordinate pairs/s are typical
using a 1.8432-MHz crystal. A higher-
frequency crystal increases the trans-
fer rates.

On a subsystem level, the Cardio-
486D4, which is a eredit-card-sized PC-
AT, now supports Windows NT 4.0.
Designers taking advantage of the
Cardio-486D4, developed by S-MOS
Systems Inc., San Jose, Calif., can real-
ize a savings in resources, develop-
ment costs, and time to market. The
embedded version of Windows NT 4.0
is offered by VenturCom Inc., Cam-

CONFERENCE

PREVIEW |

bridge, Mass. The memory require-
ment for the operating system is 8
Mbytes, while the Cardio-486D4 can
hold up to 16 Mbytes.

The SMX/386, designed by ZF Mi-
croSystems Inc., Palo Alto, Calif., is a
2.2- by 3-in. module that combines
standard motherboard functions in a
240-pin package. The device contains a
33-MHz 386SX microprocessor, core
logic, a DRAM controller, an 8- or 16-
bit ISA bus, serial and parallel ports,
floppy- and hard-disk controllers, and
256 kbytes of flash memory. It also
holds an AT-compatible BIOS and an
embeclded version of DOS.

One of the ways designers are im-
plementing an embedded operating
system or BIOS is with flash mem-
ory. Nexcom Technology Inc., Sunny-
vale, Calif., offers a pair of high-den-
sity serial flash memories.
Employing the standard 4-pin serial
peripheral interface (SPI), the
NX25F040 and NX25F 080 memories
hold 4 and 8 Mbytes, respectively.
Based on the company’s NexFlash
technology, the chips are suited for
such applications as digital cameras,
voice and data pagers, voice
recorders, and handheld terminals
and data loggers.

Operating at either 3.3 or 5 V, the
NX25F040 and NX25F080 are built
with 536-byte sectors that program
quickly, thereby maximizing battery
life. Data can be transferred to and
from the devices at 20 MHz. Typical

program times are 2.5 ms/sector. allow-
ing for sustained programming rates of
over 200 kbytes/s, including erase time.
Other features include byte-level ad-
dressing, double-buffered sector
writes, auto-erase before write, and an
advanced write protection.

The Miniature Card Implementers
Forum, Folsom, Calif., will be display-
ing a host of products from its member
companies. These products include
storage devices that fit various con-
sumer electronics products such as a
digital camera, an audio voice recorder,
and a handheld computer. The Minia-
ture Card is a PC-compatible digital
media that stores data in nonvolatile
removable memory. The cards mea-
sure 38 by 33 by 3.5 mm and can hold
up to 64 Mhytes.

The Miniature Card specification
calls for both 3.3- and 5-V voltage
levels, with lower voltages expected
in future revisions. The specification
is a subset of the standard PC Card
interface. As a result, transfers from
a Miniature Card to a PC can be
made with a low-cost Type 11 PC
Card adapter. In addition, the Uni-
versal Serial Bus (USB) provides a
means of transferring data to and
from a card.

A similar form-factor product
comes from Duel Systems, San Jose,
Calif. The company offers a sonically-
welded CompactFlash card package.
Manufactured from insert-molded
stainless steel and plastic, the rugged

Portable By Design: Special Events

with the manufacturers and suppliers of portable products on the exhibit

For the first time, attendees will have an opportunity to mix and mingle

floor during the Industry Reception, which takes place on Tuesday, Mar.
25, from 5:00 p.m. to 8:00 p.m. The casual atmosphere will provide a great fo-
rum for attendees to glean the information they need.

An added highlight to this year's Industry Reception: Jack Kilby, inventor
of the integrated circuit, will present the First Annual Electronic Design
Award For Technical Innovation. This award will be given to the author of

Portable By Design’s “Best Paper.”

Simon Ellis of Intel Corp. also will make a presentation at the Industry Re-
ception. He'll unveil his “Portable Videoconferencing Center” which will give
attendees a peak at the future of one of the more anticipated technologies.

On Wednesday, Mar. 26, at 11:00 a.m., Bob Pease, renowned analog engi-
neer and author of Electronic Design’s “Pease Porridge” column, will en-
lighten attendees with a unique presentation that only he can give. He'll come
back at 1:00 p.m. on the same day to talk to the attendees and autograph copies
of his Electronic Design Compendium of Pease Porridge columns.
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MICROPROCESSORS/PERIPHERALS WICROCONTROLLERS TELECOM LSIs VOICE SYNTHESIS LSIs VF DRIVERS/CONTROLLERS LCD DRIVERS/CONTROLLERS ASICs MEMORIES
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‘ [
triple-layer metal process S A ‘
?Iec/mﬂ/  Vidi=33, f "
4 / msm 7603 ¢
v o r

tpdd=170ps,
) Maxgate=720K6 Ad

MI2R Family Customer
Structured Array and Sea-of-
Gate CMOS. O Sumhigh-density

4
-
A

Al

MSM 7717, Single-rail PCM
Codec, u/A-LAW, 20-pin
SSOF, +3V
MSM 7705, Single-rail,
4-channel PCM Codec, A
LAY, 44-pin OFF, +5V
MSM 7570(L), Single-rail
ADPCM Codec, w/A-LAW,
32-pin TSOP, +3V

b4
MSM 9552/3 FM
Multiplex Demoduiator,
SWIFT (Europs) and
FMSS (U.S.) compatible,

= 44-pin OFF, +3V/45V

~=l)

MSM 7712 ( XI) . {
Wireless LAN Baseband (A SRR DR D )
Controller, IEEEBO2.11- Y/ 5
D.3.1 compatidle,
144-pin TOFP, +3V45V

f MSM 6658A-XX. Speech
Synthesizer, 48foit ROM, 12-bit
DAC, LPF, melody, 127 plirases,
24-pin SOP

------------------------

Optimizing products for a wireless world

In digital cordless phones, digital and telecom LSis and 3-5V flexible
analog cellular communications, interface ASIC devices with equally
wireless LAN, PCS and more, Oki flexible design support.
devices enhance product value with We will assist your effort with
special features that end users notice close, person-to-person partnership
and appreciate. You'll find features plus product development and field
OKI such as clear and natural ADPCM engineers dedicated to serving your
sound, high-efficiency, high-output, needs. Call Oki and finish on the
People to People Technology  ultra small GaAs chips; small, 3-V winning side of wireless.
For more information, Contact:
Oki Electric Industry Co., Ltd. Oki Semiconductor Group Oki Electric Europe GmbH Oki Electronics (Hong Kong) Ltd.
Electronic Devices Group, Overseas Mzrketing Dept. 785 Norh Mary Avenue, Sunnyvale, Head Otfice Suite 1901-9, Tower 3, China Hong Kong City 33
10-3, Shibaura 4-chome Minato-ku, Tokyo 108, Japan CA 94086-2909, U.S.A. HellersbergstraBe 2, C-41460 Neuss Germany Canton Road, Tsim Sha Tsui, Kowloon Hong Kong
Tel: 81-3-5445-6000 Tel: 408-720-1900 Tel: 49-2131-15960 Tel: 852-27362336
Fax: 81-3-5445-6060 Fax: 408-720-1918 Fax: 49-2131-103539 Fax: 852-27362395

MEMORY MODULES MEMORY CARDS HRODEM CARDS GaAs DEVICES OPTOELECTRONIC DEVICES OPTICAL MOS RELAYS FIBER OPTIC PRODUCTS LED PRINT HEADS REED RELAY/REED SWITCHES
READER SERVICE 162
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Solution Site
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Dual Synthesizer

MRFIC1818 , : MRFIC0916
PA 4 PA Driver + UpMixer
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»
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Data Conversion
Mixed Signal Processing

Power Management
{MOSFETs, BRTs, Diodes, TVS)

MC683xx
Protocol Processing

MC145230 *
w/ V-Doubler
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MRFICIBIB‘_ MRFIC0001
12 Mod

Building the best in RF and baseband components.

We have more than just the
blueprints for your success. Built
from decades of leadership in ICs
for the communications industry,
our diverse portfolio of RF,
baseband and discrete devices

ofters superior solutions for a wide
range of wireless systems.

Not only do these components
award unequaled compatibility and
flexibility, each has Motorola’s years
of experience built right in — from

the antenna switches to the PLLs
to the baseband processors.

So, no matter what wireless
application you’re designing, let
Motorola’s Wireless Solution Site
go to work for you.

« and Motorola are registered trademarks of Motorola, Inc. © 1997 Motorola, inc. Al rights reserved. *Production planned in 1997. Please cal! 1-800-201-0293 for product avaiability updates.
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for a comprehensive package of
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packages give designers the maximum
real estate, and clean and rapid assem-
bly. Before being welded, the package
can be snapped together for testing
purposes. Duel Systems also offers a
line of PC Card packages, with a Type
I1T card coming shortly.

One of the limiting factors of a note-
book computer’s size is its kevboard.

That limit will shrink thanks to the
FKBT7600 series of kevboards from Fu-
jitsu Takamisawa America Inc., Sun-
nyvale, Calif. (Fig. 1). Despite the key-
board's vertical height of 6.5 mm, it
retains a 3-mm, full-travel keystroke
by employing a gear-link mechanism in
the keyswitch. Combined with an op-
erating force of 55 g and a 20-g tactile

force. the FKB7600 keyboard gives
the user the needed key feedback. The
85-key model weighs 120 g and mea-
sures 287 by 109 mm. |

Using a single IC, an operating sys-
tem and BIOS can control any SMBus-
compatible device that’s connected to
the IC's SMBus port. Developed by ‘

AVX Corp.
Myrtle Beach, S.C.
{803) 946-0414

Internet: hitp://www.avxcorp.com
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Battery Technologies Inc. (BTI)
Ontario, Canada

{(9205) 881-5100

Internet: http://www.bti.ca
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Benchmarq Microelectronics Inc.
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Bourns Inc.
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Internet: hitp://www.bourns.cocm
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CSEM IC Design
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Dallas Semiconductor Corp.
| Dallas, Texas

(972) 3716167
| Internet: http://www.dalsemi.com
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Duel Systems

San Jose, Calif.
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Internet: hitp://www.duel-systems.com
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{ Energizer Power Systems
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ispLSI 2032V
7.5ns
321/0

32 macrocells

ispLSI 2064V
7.5ns

32 or 64 1/0

64 macrocells

ispLSI 2096V
10ns
96 1/0

96 macrocells

ispLSI 2128V
10ns

64 or 128 I/0

128 macrocells

Smash the 3.3V high-density PLD speed barrier with Lattice’s new in-system programmable ispLSI® 2000V
Family—the first 3.3V programmable logic devices to deliver 5V performance. Featuring logic densities {from
32 to 128 macrocells and /O options from 32 to 128 pins, this new family gives you all the logic options you
need to design 3.3V systems with breakaway speed.

FREE
ISP Design Software
& Lattice ISP”
Encyclopedia

. Includes: Software,
Data Book, Handbook,
ISP Manual on CD-ROM

All ispLSI 2000V devices are available in space saving thin quad flat
pack (TQFP) packages that maximize PCB space. And every ispLSI 2000V
device is in-system programmable using only a 3.3V power supply—an
industry first! So manufacturing with high-density ispLSI devices saves
you both time and money.

Give yourself a break and come up to

speed with ispLSI 2000V PLDs. Call us today Laﬂi G e

at 1-888-ISP-PLDS and ask for information Semiconductot
packet 331 or check out our web site at Corporation
www.latticesemi.com. The Leader in ISP” PLDs

Copyright ©1997, Lattice Semiconductor Corp. IspLS) 1S a registered tradeark of Lattice Semiconductor Corp. ISP is a trademark of Lattice Semiconductor Lorp
All brand or product names are trademarks or registered trademarks of thesr respec:ive holders

Corporate Headquarters: Tel: (503) 681-0118, Fax: (503) 681-3037 = France: Tel. (33} 1 69 33 22 77, Fax: (33) 1 60 19 05 21 « Germany Tel (49) 039-317-67-81
Fax. (49) 089-317-87-830 » Hong Kong: Tel: (852) 2319-2929, Fax. (852) 2319-2750 « Japan: Tel: (81) 3-5820-3533, Fax: (81) 3-5820-3531 - Korea: Tel (822

Fax (822) 583-6788 « Taiwan: Tel: (8862) 577-4352, Fax: (8862) 577-0260 « Untled Kingdom: Te': (44) 1932 831180, Fax: {44) 1932 831181
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system and BIOS can control any SM-
Bus-compatible device that’s con-
nected to the IC’s SMBus port. Devel-
oped by USAR Systems, New York,
N.Y., the URSHCSMB BatteryCoder
achieves its SMBus implementation
through a set of PS/2 protocol exten-
sions. Through these extensions, com-
mands can be sent from the host
through the 8042 port to the Bat-
teryCoder. The subsequently sends
the commands to the appropriate SM-
Bus device. These devices include
smart batteries and chargers, digital
potentiometers, EEPROMs, port ex-
panders, temperature sensors, and
power-plane controls.

| Powering The System

One of the most essential compo-
nents of a portable system is its batter-
ies. As one would expect, there’ll be no
shortage of batteries at Portable By
Design. For example, GP Batteries,
San Diego, Calif., has developed a
1/3AA A NiMH battery with a nominal
capacity of 100 mAh. The GP10AAAM
has a diameter of 10.25 mm, a height of
13.7 mm, and a weight of 5 g (F'ig. 2).
The recommended discharge current
limits are from 10 to 300 mA with a
typical service life of 500 cycles.

A second offering from GP Batter-
ies is the GPS8OAAAH, which fits the
7/5 form factor. With a capacity of 800
mAh and a AAA diameter (10.5 mm),
the NiMH battery is a candidate to
replace prismatic batteries. In a cel-
lular telephone, the expected talk
time is 140 min., with a standby time
of 22 hours.

Battery Technologies Inc. (BTI),
Ontario, Canada, has developed a

2. With a typical service life of 500 cydes, the GP10AAAM 1/3AAA
NiMH battery offers a nominal capacity of 100 mAh.
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rechargeable alkaline manganese
(RAM) battery available in AA, AAA,
C, and D sizes. In addition to selling the
batteries themselves, BTI will sell li-
censes and production equipment for
third parties to build and sell the RAM
batteries. According to the company,
the batteries will hold a charge for up
to five years and won’t exhibit any
memory effect, regardless of the usage
pattern.

High energy density is the hallmark
of the ELI-18650 rechargeable
Lithium-Ion (Li-Ion) battery, devel-
oped by Energizer Power Systems,
Gainesville, Fla. (Fig. 3). The 18- by
65-mm cell produces 3.6 V and 1350
mAh. Suitable applications include
portable computers, cellular tele-
phones, camcorders, and other hand-
held electronic devices. The battery
contains a graphitic carbon anode
and lithium-cobalt-oxide cathode in
an organic electrolyte. Intelligent
charging and fuel-gauge options are
available. Because Li-Ion batteries
require a specific charging technique
for proper charging, Energizer will
offer comprehensive technical and

3. The ELI-18650 rechargeable Lithium-lon battery offers a high energy
density—1350 mAh in an 18- by 65-mm cell.

design support.

Portable Energy Products Inc.,
Scotts Valley, Calif., has developed an
auxiliary battery pack that can power
a notebook computer or a camcorder
for up to 10 hours or a cellular tele-
phone for a week. The battery is rated
at 12 Vand 5 A (60 Wh).

The LifeX BR1632DK2 computer
back-up battery for notebook com-
puters is available from Rayovac
Corp., Madison, Wis. The lithium coin
cell offers a 130-mAh rating and can
withstand rigorous thermal environ-
ments. Also from Rayovac is a
charge-discharge controller, which
lets designers test, measure, and
evaluate the performance of the com-
pany’s Renewal Rechargeable Alka-
line batteries in their own devices.
Co-developed with Benchmarq Mi-
croelectronies Inc., Dallas, Texas, the
bq2902 and bq2903 work with up to
two or four cells, respectively. The
chips combine sensitive full-charge
detection with a low-battery cutoff to
provide overcharge protection. By
maintaining proper charging charac-
teristics, battery life can be pro-

Want To Go?

Santa Clara Convention Center, Santa Clara, Calif. The technical ses-

The Portable By Design Conference and Exhibition will be held at the

sions run Mar. 25-27, while the workshops take place Mar. 24. The ex-
hibition area is open Mar. 25-27. The keynote address and luncheon, fea-
turing speakers from Advanced RISC Machines (ARM), Intel, Motorola,
and Texas Instruments, will take place on Mar. 25 at 12:00 noon. For more
information, contact Betsy Tapp at (201) 393-6075, or send an e-mail to

portable@class.org.
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Introducing Siemens optical DAA.

Because you never know.
what might come throug
the phone lines.
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The opto solution that shrinks
interface/isolation problems.

Today's increasing modem
speeds and decreasing device
sizes can make the traditional
transformer and circuitry solution
seem like an unwieldy monster.
Now the leader in optocoupler
technology breaks through the
transformer barrier with the new
DAA2000 and DAA2100.

Smaller size. Giant capability.

The Siemens DAA2000 is ideal
for applications in PC modem
cards with muitimedia capabili-
ties and extremely tight real
estate requirements. The
DAA2100 is the lower-cost

solution for internal and stand-
alone modems where space is
not an issue. The DAA2000
utilizes two 24-pin TSSOPs,
while the 2100 uses two 24-pin
SOICs. And both kits include
two 8-pin Slimline 1L388 linear
optocouplers, with specifica-
tions to easily assemble the
DAA tunction directly ento the
mother board.

Special features tame distor-
tion and power management.

The DAA2000 and DAA2100
are all-analog solutions, operating
down to 2.7 V on the modem
side, with distortion numbers flat
across the whole band. And both
include built-in ring detect and

hook-switch control. In addition,
the DAA2000 offers extra features
such as snoop mode and built-in
overcurrent/thermal limiting.
So whether you have a tight
space or a tight budget, with
Siemens DAA2000 and DAA2100
you'll find a perfect fit.
See how our DAA optical
solutions can help you avert
disastrous line problems — and
M@ create designs that are
a gargantuan success.
Call Siemens for a

—
free interactive demo

diskette and literature kit.
Ask for Lit Pack #V124A002.

1-800-77-SIEMENS
http://www.sci.siemens.com

© 1997 Siemens Optoelectronics Division, Cupertino, CA  1SO 9001 Quality Systems Certified.
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longed.

Benchmarq also offers a series of
products to monitor and supervise up
to four Li-Ion cells. The bq2153,
bq2150L, and bq2165L modules enable
battery makers and system OEMs to
implement protection circuits and bat-
tery electronics for Li-Ion packs with-
out the lengthy design times typically
associated with custom solutions. The
2153 is a pack supervisor; the 2150L is a
power gauge; and the 2165L combines
the functionality of the 2153 and 2150L.
The three products are intended for
such products as cellular telephones,
portable PCs, handheld terminals, and
other wireless communications de-
vices. Each board can be configured to
meet the specification of the particular
battery pack, including the number of
cells, the nominal pack capacity, and the
battery type (coke or graphite anode).

The on-chip series FET built into
the UCC3911 battery-pack protector
helps to reduce manufacturing costs
and increases reliability. Designed by
Unitrode Corp., Merrimack, N.H., the
chip works with Li-Ion batteries. The
part safeguards applications against
battery-output short circuits and pro-
tects both Li-Ion cells in two-cell packs
from overcharge and over-discharge.

The UCC3911 employs a bandgap
voltage reference that detects when ei-
ther cell is in an overcharged or over-
discharged state. The series FET
switch then opens, protecting the cells.
A negative feedback loop controls the
FET switch when the battery pack is
in either the overcharged or over-dis-
charged state and allows for pack re-
covery. In the overcharged state, the
feedback loop only allows discharge
current to pass through the FET
switch, while in the over-discharged
state, only charging current is allowed
to flow. In addition, the chip enters a
sleep mode in the over-discharged
state until it senses the pack is being
discharged.

A series of battery-management
products from Dallas Semiconductor
Corp., Dallas, Texas, can be placed into
two categories—battery chargers and
battery instrumentation and identifi-
cation. The DS1333 charger works
with Li, NiCd, NiMH, and lead-acid
batteries. The part is programmed to
attain any current-vs.-voltage curve
the designer requires and uses either
Vmax or an on-chip timer to determine

charge termination.

The DS2434, which falls into the
Dallas Semiconductor’s battery instru-
mentation and identification category,
features an ID code that users can de-
fine so that the supporting electronies
can identify the battery pack. The chip
also removes the need for a thermistor
in the pack because it contains a direct-
to-digital thermometer. In addition, an
integrated nonvolatile memory lets de-
signers enter data such as gas-gauge
levels and warranty information.

There’s now a cure for ill-behaved or
power-unfriendly software applica-
tions and drivers—the Intel Power
Monitor (IPM). The free utility, devel-
oped by Intel Corp., Santa Clara,
Calif., can be downloaded from the
company’s Internet site: http://
www.intel.com/ial/ipm. Two versions
are available, one for end-users and
one for developers.

A second initiative resulted in a
power-management specification—the
Advanced Configuration and Power
Interface (ACPI). When implemented,
the ACPI allows a PC to instantly
power up when accessed by the user or
perform automated tasks when turned
off. In other words, the ACPI enables
PCs to enter a “sleep” state, rather
than off. The specification, which can
also be downloaded from the Internet
at http://www.teleport.com/~acpl/., is
fully compatible with existing power-
management and configuration inter-
faces, while providing a processor- and
operating-system-independent imple-
mentation.

In a typical portable design, board
space is at a premium. The MultiGuard
Series of four-element transient volt-
age suppressors (TVS), developed by
AVX Corp., Myrtle Beach, S.C., can
help save some of that valuable space.
According to the company, the device
consumes less than 10% of the board
area required in an alternative solution.
The part’s multilayer construction pro-
vides protection from voltage tran-
sients caused by ESD, lightning, and
induective switching. The TVS arrays
can be used on any electronic printed-
circuit board that contains multiple
chips of the same voltage (energy) rat-
ing. The most frequent use for such a
device is the I/O data lines in a portable
computer or the RF amplifier in a cellu-
lar telephone.

One of the keys to a portable com-

puter is its ability to communicate with
other platforms. To facilitate this
process, Temic Semiconductors, Santa
Clara, Calif., has developed an IrDA-
compatible transceiver that offers a
transmission rate up to 4 Mbits/s.
Housed in a top-view, surface-mount
epoxy resin package, TFDT6000 mea-
sures just 13 by 7.5 by 5.65 mm. Inte-
grated components include the diodes,
emitter, and analog circuitry needed
for a complete IrDA implementation.
The TFDT6000 is aimed at designers
that can’t accommodate a side-view
transceiver because of board-layout is-
sues or packaging limitations. By inte-
grating the receiver’s preamplifier and
the transmitter’s driver stage, the
TFDT6000 combines the functions of
two ICs.

A second wireless communica-
tions product comes from Lucent
Technologies, Murray Hill, N.J. The
WaveModem 2.4-GHz wireless LAN
module lets system integrators offer
high-speed data communications to
their platforms. The device is suited
for such applications as factory-floor
monitoring, mobile point-of-sale ter-
minals, scanning systems, bar-code
readers, or notebook and handheld
computers.

The WaveModem module incorpo-
rates Direct Sequence Spread Spec-
trum (DSSS) technology to provide re-
liable high-speed transmissions. The
device incorporates a dual-antenna de-
sign to improve signal quality. Modem
connections to the host platform are
made using the WaveModem Modem
Interface.

A standard solution for various
telecommunications and portable
electronics devices comes from the
70AD male and female modular bat-
tery contacts. The contacts, designed
by Bourns Inc., Riverside, Calif., are
available in two- to six-pin configura-
tions, with surface-mount or
through-hole mounting. High-tem-
perature molded plastic maintains
the 7T0AD’s integrity for surface
mounting, while captured contact
springs prevent contact from being

inadvertently damaged.
How VALUABLE CIRCLE
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IMPROVE Need a high performance first stage LNA for your PCS,

Your PCS ReCEiver,S GPS, or WLAN receiver? Our new NE34018 GaAs HEMT

PERFORMANCE delivers! You get low noise and high output IP; all in

a low cost, superminiature SOT-343 plastic package.

L] , L] L]
Wlth NEC S N €W Mlnlature Nearly half the size of a conventional SOT-143 device,

99¢ GaAS HEMTS the NE34018 can help miniaturize your handheld

wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of new
INTRODUCING THE New NE34018... miniature plastic transistors from NEC.

W +30dBm Output IP3 @ 2Gliz If you'd like more information, call our CEL/FAX automated
W -/8dB Input Return Loss @ 2GH:
B 08dBNF 16dB Gain @ 2GHz

B 99¢ in [00K quantities

line. We can put data into your hands in minutes.

NE34018 NOISE AND GAIN PERFORMANCE
...IN ULTRAMINIATURE PACKAGES:
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Housed in SOT-343 packages (right), these new HEMTs ¥ - . §
are nearly balf the size of conventional SOT-143 devices. = [ - 3
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PLus Two New SOT-343 MESFETSs! ( , -
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Frequency (GHz)

m 0.84B Noise Figure @ 2GHz

B /3.5dB Associated Gain @ 2GHz For instant Product Data by fax, call:

a l(flz“gj;g’] Z_’S)cl‘g/(lfl)f. 2nd stage LNA, 8 0 0 - 3 9 0 g 3 2 3 2

w 72¢ in 100K quantities

For a data package call our ™.
) 24 hour automated Fax =
NE25118 Dual Gate MESFET
number and request /i
B 204dB Power Gain @ 900MHz Document #144 S|
m /./dBNF @ 900)MHz (U.S. and Canada) v
Use as Mixer, AGC Amp, or LNA b o —
) - ...OF Visit us at
® 57¢ in 100K quantities A 1 http ://www.cel.com
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Wireless
Show

NEC California Eastern Laboratories

4590 Patrick Henry Drive w Santa Clara, CA 95054 = 408 988-3500 = http://www.cel.com
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Pentium-Based Single-Board Computer
Promises Long-Time Product Availability

ne of the key attributes of the
OMarl baseboard is that it will be
around for a long time. That

| sounds peculiar, but unlike the desk-
top-computer market, in which prod-

| uct life maybe only one or two years,

| system integrators in the embedded
market often demand as much as ten
years of product availability. That’s

what RadiSys is pledging for its
Marl board, which is a Pentium-
based product that’s built with a PCI
local-bus interface. The baseboard is
100% mechanically, electrically, and
BIOS compatible with Intel’s Ad-
vanced/ML ATX board. As a result,
designers can migrate to the Marl
board and stay with the product for a
long time.

In addition to the board’s long-
term hardware commitment, soft-
ware maintenance also is reduced by
the long life because the same code

! can be employed over a long period

of time. Standard gold-plated con-
nectors and headers are employed
on the Marl board to help ensure
long-term reliability. Targeted em-
bedded applications include medical
devices, telecommunications, and
automation equipment.

The Marl board supports Pentium

| microprocessors running at speeds

up to 200 MHz. It also can be pur- |

| chased without a microprocessor.
' The board holds a 256-kbyte sec-

ondary cache memory and has four
SIMM sockets to support various
memory configurations. Connectors |
are available for parallel, serial,
mouse, and keyboard ports, as well
as power and hard- and floppy-disk
drives. The board also contains three
or four PCI slots and two or three
ISA slots. Its AMI BIOS comes in a
boot-block flash-memory chip that |
supports such features as IDE con-
figuration, PCI autoconfiguration,
ISA plug-and-play, multiple lan-
guages, and advanced power man-
agement. Without a microprocessor,
the Marl board sells for $386 in quan-
tities of 100.

RadiSys Corp.

15025 S.W. Koll Pkwy.

Beaverton, OR 97006

(503) 646-1800

http://www.radisys.com

CIRCLE 490

RICHARD NASS

Leave it to Meritec to solve the LCD
connector “disconnect” problem and to do
it in a cost-effective package that can be
customized to any length.
Owur Signal
(MSI™) Terminated to Flat Flex Cable
for LCDs provide high-strength molded
relief that

new Multi Interconnects

strain

MERITEC’S NEW LCD MULTI SIGNAL INTERCONNECTS .

eliminates stress

on the connection cable termination.
That greatly increases reliability and dra-
matically reduces connector headaches

and “fall out.”

Meritec’s unique molding process creates
extra-strong connector terminations on
flat-flex cabling designed for interfacing
with liquid crystal displays and printed
circuit boards. The result is no sttain on
solder joints virtually eliminating “opens”

and “shorts”




PRODUCT FEATURES

Libraries And IC Design Kits Support

‘ 'Migration To 0.35-um Technology

portability without compromising

design goals, and enabling exist-
ing 0.6- and 0.5-um customers easy mi-
gration to the next generation 0.35-um
technology, are the prime goals of the
library set introduced by Compass
Design Automation. The 0.35-um
Passport logical and physical libraries
works hand in hand with a suite of
front-end IC design kits. The com-
pany’s Passport Foundry Program
provides a crucial link between model
performance and silicon.

To that end, the IC design kits are,
for the first time, being offered to de-
signers at no charge via the World
Wide Web. This move will ensure de-
signers the fastest possible access to
library technology. Through the Pass-
port Foundry Program, a large selec-
tion of physical libraries is coupled

Providing designers true foundry

| with multi-foundry cooperation to pro-

vide a support network for designers
making silicon-optimization-related
decisions. Those supporting the 0.35-
um libraries include Chartered Semi-
conductor, LG Semicon, Taiwan Semi-
conductor Manufacturing Co., and
United Microelectronics Corp.

The 0.35-um Passport logical and
physical libraries include the com-
pany’s Optimum Silicon (OS) standard
cells, RAM and ROM compilers, high-
density datapath compilers, and a
complete package of I/Os with approx-
imately 100 different interface func-
tions. The Passport OS standard cells,
targeted for deep submicron design,
offer designers high silicon area effi-
ciency while still meeting power and
performance requirements. Based on
Optimum Silicon Library technology,
optimized for both synthesis and
place-and-route tools, Passport OS of-
fers over 300 standard cell functions.

What's

As opposed to traditional libraries,
the Passport libraries allow designers
the flexibility to specify their foundry
of choice much later in the design cycle |
than previously possible. This inher-
ent flexibility is crucial in the link be-
tween model performance and silicon
because it acts as a guide when mak- |
ing silicon optimization decisions. In
other words, the libraries enable de-
signers to optimize silicon by choosing
the fab that will provide them with the
best price/performance ratio, most ad-
vanced features, intellectual-property |
(IP) blocks, and the shortest time to
market without sacrificing design in-
tegrity. The 0.35-um IC design kits are
available on the Web. The 0.35-pym
Passport libraries will be made avail-
able during the fourth quarter of 1996.
Inthe U.S,, cost will start at $350,000.

Compass Design Automation

1865 Lundy Ave.

San Jose, CA 95131

(408) 434-7820

Web: http://www.compass-da.com.
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more Meritec’s MSI'™™  LCD

conneclors save space and are simple to
install. Their folding and flexing features
solve difficult routing problems. And they
are much more economical than today’s
commonly used board-to-LCD intercon-
or 41
mating with 1 mm connectors.

nects. Available in 31 positions

.. STAY CONNECTED WHEN OTHERS DON’T. Let Meritecingenuity

and engineering solve

your connector problems. For more
information and detailed specifications
on Meritec’'s MSI'™ LCD connectors,

call 1-800-860-9014.

MERITEC"

A DIVISION OF ASSOCIATED ENTERPRISES

Where quality assures performance

—
MADE IN
CmCwC——

216.354.3148 FAX: 216.354.0509
USA.

Internet: 76311.2313 @compuserve.com

=5 READER SERVICE 139




IC Packaging Thin Enough To Hold A.Conversation.

Amkor Electronics’ revolutionary ~ EMI/RFI shielding. Moisture

SuperBGA IC packaging is
the talk of the industry. Small
wonder! Thinner, lighter and
more powerfuf than any
standard BGA (ball grid
array) package, ;
patented SuperBGA
is poised to bring a :
whole new generation of
down-sized handheld and
portabie electronics on line —
all with improved performance.
Advanced materials and
multilayer capabilities enable
SuperBGA to handle signal
speeds beyond 1.0 GHz. Direct
attachment of the die to a built-
in heat spreader substantially
increases power handling
capabilities while providing

sensitivity exceeds JEDEC
level 2 requirements.

Semiconductor manufacturers
as well as OEMs can capitalize

on SuperBGA’s tremendous

potential. Ball counts from
20 to 680, and body

~~" dimensions from 7x7mm

~ o 50x50mm, mean SuperBGA

measures up to the most
demanding device design
requirements — even with
ultra-low-profile 1.2mm and
1.4mm mounted heights.

Find out about technology’s
hottest topic of conversation.
Call the Amkor service center
nearest you or (602) 821-2408
ext. 2000 and get in touch with
the future.
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Mounted Signal Thermal
Height Inductance Resistance
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AMKOR Electronics, Inc.

Defining Tomorrow’s
Technology Today.
Asia

Tel: 6328154777
Europe

fel 33504049797
Korea

Tel: 82.2 404) S2RONS2KT
Jupan

Tel: 813 3446 1881
Singapore

Tel 65.3240722
Tuiwan

Tel: 88635733717
USA West

Tel 308406 0303

LSA Southwest

Tel 6D2X2) St

USA Midwest/East

Tel. 214 580 1879

BalllLead Count: 204 SuperBGA [ 208 Plastic Quad Flatpack [} 223 Ceramic BGA
71 28x28mm 47

Pkg. Body Size:

27x27mm

x47mm
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high-speed video games know what it’s like to wait

for the higher-powered system to be released. Behind
all of it is the embedded controller. A new report from
Frost & Sullivan, “The World Embedded Controller Mar-
ket,” discusses the growth of the market since 1992, and
projects the future for the market through 2002. Infor-
mation included in the new report is the result of inter-
views with semiconductor indus-
try professionals, research from
the World Semiconductor Trade
Statisties organization, and other
sources such as company financial

Those readers with kids, or perhaps a penchant for

Worldwide Revenues
of Embedded Controllers

bit, 32-bit, and 64-bit embedded controllers. Further seg-
menting the market, embedded controllers are classified
as either microcontrollers, as in the case of reprogram-
mable devices, and microprocessors, as in the case of de-
vices that are not likely to need reprogramming. The re-
port sees the fastest growing segments of the total
embedded-controller market as the 16-bit at 23.2%, 32-bit
at 25.6%, and 64-bit at 53%. Those percentages were mea-
sured as Compound Annual
Growth Rates (CAGRs). In-
cluded in the report is a look at
the migration to higher-perfor-
mance embedded controllers.
Two factors come into play when

16-Bit 32-Bit 64-Bit
% (%) (%)

¢ 4-Bi
reports and product literature. Yo (%)' '62;'
The report st.lppli.es details on 1992 | 227 570
revenues, unit shipments, and

prices for five segments of the 1993 | 195 555
embedded controller market. 1994 | 168 53.6
There also is a geograp}}lc break- 1995 | 143 517
down and end-user industry

breakdown of revenues in the re- 1996 | 122 498
port. The world market, in this 1997 | 105 479
report, is broken up into four seg-

ments: North America, which in- 1998 | &9 460
cludes Canada and the United 1999 | 7.5 440
States;dEEm};e, corélprising \Xe.st- 2000 | 62 420
ern and Eastern Europe; Asia-

Pacific, made up of Japan, South 200805.1 400
East Asia, Russia and the former 2002 | 43 383

Soviet Republics, India, Austra-
lia, and New Zealand; and Rest-
of-World, which is made up of Central and South Amer-
ica, Africa, and the Middle East. The end-user industries
are categorized as six different industries. They are: busi-
ness computing, telecommunications, consumer electron-
ics, transportation, industrial, and other. The highest em-
bedded-controller-consuming industries in 1995 were the
consumer electronics end-user industry with 32.6% of the
total market revenues, and the telecommunications end-
user industry with 26.2% of the total market revenues.
Business strategies are outlined, and 30 companies in the
market are profiled. In 1995, the value of the world em-
bedded controller market was tagged at $11.34 billion.
Frost & Sullivan’s projection for 2002 has the embedded
eontroller market pegged at $33.7 billion. Divided ac-
eording to the width of the controller’s data bus, the em-
bedded controller market has five classes: 4-bit, 8-bit, 16-

it comes to the migration to

124 79 0.0 . g
higher-performance devices.
154 95 01 First, there’s cost. As it stands
181 110 05 today, the prices of low-end 8-bit
204 125 % controllers is in the same range
g g il as high-end 4-bit controllers. The
222 140 138 same goes for low-end 16-bit con-
236 153 27 trollers and high-end 8-bit con-
trollers, and so on. Second, com-
| 409 J&5 37 panies are looking at
262 176 47 performance. They will choose to
276 186 5.6 upgrade when the end-use prod-
uct demands higher-perfor-
29 196 44 mance, or when the price of that
295 208 7.1 product is low enough to redesign
S Focd & Suivan for a wider bandwidth. But, as

the report states, in the case of
' the toaster, it’s unlikely that the company will upgrade to
! 32-bit processing no matter how low the price goes. The
| technological trends in the embedded-controller market
': point to the future development of smaller, faster, and
' more functional embedded controllers. On chip develop-
! ments include faster clock speeds, integration of more pe-
| ripheral functions, lower operating voltages, and new
1 process technologies. Additionally, the report exposes
E the best business strategies for vendors in the embed-
' ded-controller marketplace, the most significant end-
' user industries, and the major competitive factor in the
| industry.
For more information contact Frost & Sullivan,
12525 Charleston Rd., Mountain View, CA 94043;
'(415) 961-9000; fax (415) 961-5042; Internet:
| http//www.frost.com.—DS
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Midget Field Computer

RECOMP, a midget computer that can add, subtract, multiply and divide sev-
eral times faster than the familiar desk type calculator, has been designed and
developed by Autonetics, a division of North American Aviation Inc. To be used
by the Air Force, RECOMP had to have the features of a true field instrument,
for use where data transmitted over long distances to and from a central com-
puting facility is too inaccurate or
late. It weighs 200 Ib, can be carried
suitcase fashion by two men, or it can
| be transported, without bracing or
M padding, in a jeep or weapons carrier.
Power dissipation has been held to
600 w, and the computer can be
plugged in to any standard source of
115 v, 60 to 60 cps ac. RECOMP is a
serial, single address, internally bi-
nary computer, having from 12 to 16
arithmetic instructions, 17 logical and
transfer instructions and from 5 to 8
input-output instructions. It was de-
signed to utilize a rotary magnetic
disc memory with a main memory ca-
pacity of 2048 words and 4 arithmetic
registers (a new model has a 40322-
‘ word capacity). Transistors are used

exclusively and the circuits in the computer are so designed that component val-
ues are not critical. (Electronic Design, March 1, 1957, p. 7)

A first reaction might be to chuckle over that line about this “midget” compu-
ter being carried by two men, but don’t forget that the invention of the IC was
still mare than a year away. This meant that not only were individual transis-
tors used for the logic, but the DRAM IC was unknown, so it had to use a mag-
netic-drum memory, which probably accounted for much of the weight.—SS

Cryotron—Computer Revolution

The first useful application of superconductivity is embodied in the Cry-
otron, a new device that may upset transistor use in computers. The Cryotron
operates only at the temperature of liquid helium within a eryostat. The ad-
vantages of the device are extremely small size—100 of the units will fit into a
thimble—and small use of electric power. The complexity of computer circuits
required for such applications as language translation are well suited to the
size and simplicity of the Cryotron. Built-in multiplication tables in the mem-
ory unit would free the arithmetic section for higher mathematical or logical
problems. Developed for practical application by the Arthur D. Little ad-
vanced science laboratory in Boston from research at M.L.T. by Dudley A.
Buck, a Cryotron memory device could have all elements searched simultane-
ously, improving speed and efficiency of access.

The Cryotron comprises a single straight wire around which a wire coil is
wrapped. The straight wire conducts current with no resistance. In the control
winding a current produces a magnetic field which destroys superconductivity
in the straight wire—and resistance is returned. Control winding current can
also cut off current in the straight wire. One disadvantage is the slow speed in
switchir.g current among multiple paths, but the Cryotron itself can switch from
one condition to another as rapidly as a transistor or vacuum tube. Present Cry-
otrons use tantalum and niobium wires. New metals and alloys may make possi-
ble a faster operation of the Cryotron. (Electronic Design, March 15, 1957, p.5)

A lot of work has gone into attempting to exploit superconductivity in com-
puters, but silicon has been hard to beat out.—SS

Just For The Kids

tumped by questions like “Why

is the sky blue?” or “How are
bridges built with the water in the
way?” If you find yourself promis-
ing answers, but not delivering,
write down all the questions be-
tween now and April 23.

Sponsored by the National Sci-
ence Foundation, the “Ask a Scien-
tist or Engineer Hotline,” (800)
682-2716, will be up and running
from 9 a.m. until 9 p.m., Eastern
Standard Time on April 23. This
year will be the third successive
year of the hotline in honor of Na-
tional Science and Technology
Week.

Aside from answering ques-
tions, the scientists and engineers
(supplied by the federal govern-
ment) will be explaining how the
answers were found. They’ll also
give the adult callers some tips on
how to better share science and en-
gineering with their kids.

During the entire week of April
20-26, the scientists and engineers
may be reached by via e-mail:
asknstw@nsf.gov.

little kids, ages three to eight
might enjoy two new releases of
Junior Arcade games from Humon-
gous Entertainment.

Freddi Fish and Luther’s Maze
Madness and Freddi Fish and
Luther’s Water Worries are avail-
able on hybrid Windows and Mac-
intosh CD-ROMs, and are priced at
$14.95 each.

Both games have a Junior
Helper feature which is activated
when the cursor is at the bottom of
the level-selection screen. In Maze
Madness, it gives Freddi Fish the
option of a bubble shooter, and in
Water Worries, it gives Luther a
Codfish Commando Action Urchin
Suit. In both games, Junior Helper
gives kids Unlimited Tries.

There also is a Custom Level
Editor to build, save, and play
mazes in the Maze Madness game.

For details, contact Humongous
Entertainment, 16932 Woodinville-
Redmond Rd. NE, Woodinville,
WA 98072; (206) 486-9258; fax (206)
486-9494; Internet: http://www.hu-
mongous.com.—DS
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suppliers does it take to
meet your logic needs?

.....

Tl offers the widest selection of logic products.

P

T! has the worldwide manufacturing and service
to support your needs.

4=800-477-8924
ext. 3053

Call Tl, or for free on-line information visit us at
http://www.ti.com/sc/3053

Whatever your performance needs, TI has a logical solution. Whether your '
design demands are high performance, low cost or a price/performance combi-

nation, T offers more than 20 logic families, from TTL to ABT and LV to
ALVC. Choose from over 5,000 logic products, including specialty products b
such as clock drivers, boundary scan logic and GTL bus interfaces. No matter TEXAS

how big or small your logic needs, call TI, your One-Stop Logic Shop. INSTRUM ENTS
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TRUDEL TO FORM

enever I discuss good practices and name
Wompanies as examples, it usually leads to a
ripple of comment. For the last year or so, I
have noticed a new tone. A few readers asked if I
owned stock in the companies I touted. One para-
noid New Yorker demanded written, signed assur-
ance that I did not.
Let's address that. As a Certified Management
Consultant, I am sworn to a “squeaky clean” code
of ethics. (The IMC code is on my web page, along
with information about my practice and business
philosophy. I have just added “selected read-
ings,” including the preface to my forthcoming
book, Engines of Prosperity.) Among other things, I am required to avoid
conflicts of interest and to always act in my clients’ best interests.
[ avoid impropriety or the appearance of impropriety. How ean I consult

| for C ompany A if I hold a stock position in Company B, a competitor? Even

owning stock in a client could pose similar problems. The leaders of winning
companies—Andy Grove of Intel, Bill Gates of Microsoft—are conspicuous
for making the right decisions, even if it causes a hit in their stock price. So,
for reasons like that, I avoid direct stock ownership.

When you stand in your truth and do what you think is right, it often re-

| flects back to your benefit. Since I have avoided direct stock trading and

moved to mutual funds and trusts, I have prospered. I pick funds, and let the
fund managers decide what to buy and sell.

I view my readers as clients, and feel that 1 owe them the same integrity.
My columns are as correct and honest as I know how to make them. I spent
time on the Patent Sell Out because the mainstream press is clueless, because
this issue affects my readers and clients, and because I think the winners of
the Patent Wars will own future prosperity. Was I paid for this? Well, one
reader sent me a check for $25. I was so frustrated that I kept it and bought a
nice dinner.

But, you were right to ask, dear readers. My resultant awakening is un-
derstanding that in the Information Age, honesty and knowledge are pre-
cious and scarce.

Alvin Toffler, the futurist, now says, “The sophistication of deception is in-
creasing faster than the technology for verification. That means the end of
truth.” Political, executive, corporate, and governmental flacks and lawyers
are exceptionally effective at misdirection and covering up unpleasant
truths. It is hard to fix problems when much of what we believe to be so is not.

It is refreshing to live in a state like Oregon, for here the deceptions re-
main folksy. For example, a brain-dead political appointee squandered over
$50 million on a database for drivers’ licenses that never worked. Since very
few people live in Oregon, a PC-server and some standard software would
probably have done the job. We are talking basic incompetence here.

Laughably, Oregon hired a PR firm and mounted a campaign pointing out
that several other states have wasted just as much money on defective dri-
vers’ license databases. I suppose that makes it OK?

Episodes like the Patent Sell Out, Donorgate, and the O.J. trial move de-
ception onto a different plane, one where expert testimony and judicial
process is almost worthless. The solution: Deep knowledge and knowing
whom you can trust. Take the time to learn truth. Then take informed action.

Jolmn Trudel, CMC, provides business development consulting and is the author

of “High Techwnth Low Risk.” Heis founder and director of the Trudel Group, 33470

Chinook PL., Scappoose, OR 97056; (503) 650-5599; fax (503) 54.3-6361; e-muail: john-
trudel@aol.com; Internet: http:/members.aol com/johntrudel.

 OFF THE SHELF

“Video Engineering, Second Edition”
provides full coverage of the many
growing nonbroadcast applications of
video, such as computer display sys-
tems and multimedia applications. At-
tention is given to high-density televi-
sion (HDTV) technology, as well as
uses of digital video technology in the

generation and display of computer |

images. Other sections address funda-
mentals of both analog and digital
video systems, basic criteria for speci-
fying image quality, and application of
colorimetric theory to video systems.
Contact McGraw-Hill Companies Inc.,
11 W. 19th St., New York, NY 10011.

“Tolerance Design: A Handbook for
Developing Optimal Specifications”
addresses the upstream process of de-
veloping specific tolerance values, en-
compassing the analytical and experi-
mental steps used in this process. The
book emphasizes tolerance design us-
ing Taguchi’s Quality Loss Function in
harmony with Motorola’s methods for
Six Sigma quality. The 448-page book
is priced at $55. Contact Addison-Wes-
ley Publishing Co., Corporate & Pro-
fessional Publishing Group, One Jacob
Way, Reading, MA 01867; (617) 944-
3700; Internet: http://www.aw.com/cp.

FEEDBACK TIPS

If you haven't used snail mail in a

while, the new postage stamps no

longer have that yucky-tasting adhe-

sive on the back (they also have

some really cool comics stamps, |
too). They're ready to stick on an
envelope, making it even easier for
you to send in your comments about
material you've seen here in Quick-
Look. Of course, we'd love to send
positive reinforcements back to the
professors who doubted we’d make
it through the semester, back in col-
lege, but we welcome all correspon-
dence. Try stuffing our e-mailboxes:
Mike Sciannamea’s is mike-
mea@class.org, and Deb Schiff’s
is debras@csnet.net. Then
again, there's always our friends in
the mailroom: The Copy
Desk/Quicklook, Electronic De-
sign, 611 Route 46 West, Has-
brouck Heights, NJ 07604. Our fax
number is (201) 393-0204. |
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'/ [www.digikey.com: Click

is URL to find Digi-Key Corpo-

n’s new on-line order form. The

.ew form has links from the page to

other information pages explaining

the various entry spaces. Also at the

site, visitors can use their Adobe Ac-

robat application to view Digi-Key’s

Electronic Catalog. For engineers in

search of information from other

companies, there is an extensive list
of industry links.

into the Xentek Power Systems
home page for quick updates on their
line of de-power supplies, de/ac in-
verters, extreme-isolation trans-
formers, ac-power conditioners, and
UPS systems. Visitors seeking notes
on the company’s newest line, the
Mosaic Series, a group of modular,
open-frame, switching power sup-
plies, will find them here. In addition,

http://www.xentek.com: Stop E
the PowerGuard industrial-grade i

IPPING THROUGH THE INTERNET ROLODEX

and LifeGuard medical-grade ex-
treme isolation transformers, power-
line conditioners, LCD backlight dri-
vers, and custom power supplies can
be found at the site. There are per-
formance specification tables, appli-
cation notes and case studies, graphi-
cal illustrations of products,
diagrams and descriptions of product
functions, and technical articles.

http://www.payneng.com:

Visitors to Payne Engineering’s
home page will find information on
the company’s line of solid-state
power and motor controls. For World
Wide Web surfers who don’t like
waiting for all those graphics to load,
Payne Engineering has designed
their site to be light on the graphics
and heavy on the text. At the site vis-
itors will discover an application
guide for motor controls. There also
is a descriptive listing of 11 different
solid-state power controls, complete

with the product’s dimensions, pric-
ing, and ratings.

http://www.national.com: Pull
into National Semiconductor’s site
for a complete and up-to-date library
of the company’s 27,000-plus product
line. The product listing is set up as a
series of application notes, design
tools, electronic datasheets, and soft-
ware behavior models. There’s a
Java-based parametric search engine
for searching by keyword, part num-
ber, or product type. The Java tech-
nology also is used to produce prod-
uct abstracts instead of forcing the
surfer to wait for complete PDF file
downloads. Also at the site, visitors
will find the latest information on
events and seminars. Links at the
site lead to sales contacts and techni-
cal support. A unique feature at the
site is the sample ordering capability.
Here, visitors who order samples can
have them within three days.

£
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ns, our fastest 3.3 V

family can really move you.

Need extremely fast functions for applications like
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For fastest performance, call 1-800-477-8924, ext. 3053.
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memory interfacing? TI's innovative ALVC logic family
offers specialized solutions to speed up system perfor-
mance and move your data faster. And with over 40
ALVC products available now, TI meets your needs fast.

o 2 ns typical propagation delay,
3.0 ns max ('16244/'16245)

o Low static current at 40 pA

“ @

 m

o Bus hold circuitry eliminates
need for input pull-up resistors

o Specified for 3.3 Vand 2.5V
operation

o Second sourced by Philips and

‘4‘ TEXAS
INSTRUMENTS

08-22704
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ETOKO & PENSTO

K

RF/MICROWAVE DISTRIBUTION
T COMPY

YOuUR RF DESIGN TEAM

And how much board space can you gain?

Such a micro size may seem impossible, but not
to Toko engineers. The LL1005 (inductance range
1.0 to 27.0 nH) is merely the latest addition to
Toko’s micro-miniature line of ceramic multilayer
chip inductors available from Penstock. With an
0402 footprint and an 0.05 profile, the LL1005 is
the world’s smallest-by far.

Toko’s cutting edge design and leadership in
ceramic multilayer technology helps in other ways,
too. Toko chip inductors offer higher current hand-
ling capabilities (up to 1 amp) and tolerance as low
as 3% on some values. Plus:

e Available 0402, 0603 and 0805 packages
assure wide flexibility

» E-12 series inductance from 1.0 to 470 nH
makes design modification easy

« Reflow solderable

» Tape and reel packaging to ease manufacturing
* Pricing that's always competitive

¢ Quick delivery

As the world's largest RF/microwave distributor,
Penstock is the design engineer’s link to Toko's ad-
vanced technology. We inventory more than 5 million

Toko parts —in stock— and serve the engineering
community from over 25 sales offices throughout
North America and Europe. With Toko and Penstock,
you always know, there’s nothing more advanced—or
more readily available— anywhere in the world.

[ 1T | twisosen any
]
‘ 171 wioos+ 2w7

, e T — T

100 L)
Frequency (MHz)

Toko LL Prototyping € LL1005-F
Kits Available & @ LL1608-F, LL1608-FH
&7 LL2o12-F

ca: 1=-800-PENSTOCK

In Northern California call: 1-408-745-8190
In Canada call: 1-800-PENSTOCK

READER SERVICE 166
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Engineers Of Tomorrow
Meeting In Canada Today

n late January, approximately 125 young women from
IMontreal high schools met at Concordia University,

Montreal, Canada to discuss their possible futures as
engineers. The fifth annual Engineers of Tomorrow Con-
ference was organized by Concordia’s Engineering and
Computer Science Student Association.

Opening up the school’s laboratories, Concordia ex-
posed the teens to what was probably their first look at a
Human Factors lab, a Biomedical lab, a Robotics lab, or a
Light Twin-Engine Aircraft Flight Simulator lab. The
Human Factors lab hosts experiments in ergonomics.
The Biomedical lab, during the lab tours of the confer-
ence, was used in researching the applications of ultra-
sound in speech-language pathology. The Robotics lab is
the scene of research on construction of light-weight ro-
bots, and the motion of robotics. Through the work of the
Fluid Power, Control & Simulation Research Labora-
tory, the flight simulator training system is based on a
pneumo-hydraulic, active, force-feel mechanism.

The visiting high schoolers also saw the concrete to-
boggan which student teams built out of concrete and
other building materials. The toboggan competes annu-
ally in the Great Northern Concrete Toboggan Race
which sees over 48 teams from around Europe and North

America. The race this year was held in Ottawa, Ontario.
During the conference, the young women were in-
volved with three hands-on workshops, “Eggstravagant
Contraptions,” “Unbreakable Bridges,” and “Photoelec-
tric Sensors.” “Eggstravagant Contraptions” was an ex-
ercise in mechanical engineering which took the teens
through designing a crack-proof shelter for an egg that
would be dropped from a significant height. “Unbreak-
able Bridges” was a study in civil engineering, with a fo-
cus on designing the strongest possible bridge. The “Pho-
toelectric Sensor” workshop gave the teens a basic look
at electrical/computer engineering, with an emphasis on
connecting photoresistors, diodes, and dc power.

Speakers included Corinne Mount Pleasant-Jetté, as-
sistant professor in engineering and computer science at
Concordia; Jane Norsworthy, project manager, Ericsson
Research; Bernice Lamb-Sénéchal, manufacturing engi-
neer, SPAR Aerospace; Ruxandra Botez, research engi-
neer, Canadair; Zsuzsanna Bencsath-Makkai, biomedical
engineer, McGill University; Jana Simand], professor of
chemical engineering, McGill University; Maria Elek-
torowicz, assistant professor of civil engineering, Con-
cordia; Maria Corsi, technology transfer consultant,
SIRICON; and Yimina Boumahdi, research engineer, Er-
icsson Research.

For more information, contact Concordia Univeristy,
1455 de Maisonneuve Blvd. West, Suite H880-10, Mon-
treal, Quebec, Canada H3G1MS; (514) 848-7408; fax (514)
848-4535.—DS

M L O G I C

Conquer the 3.3 Vworld,

remain 5 V tolerant.

TI's LVC logic family offers you the broad spectrum of func-

tions you need, at the price/performance you want. From
gates to octals and Widebus;" TI has more than 50 LVC
products available now. It's easier than ever to get your pure

3.3 Vand mixed 5 V/ 3.3 V applications to market faster.
T1 Low-Votage Logic

* 5V tolerance enables reliable
5V/ 3.3V interfacing

* 4 ns typical propagation delay,
6.5 ns max (244/°245)

» [ow static current at 20 pA

o (Optional bus holds eliminate
need for input pull-up resistors ]

« Second sourced by Philips and s 10

Hitachi
P Texas
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Introducin
the world’s smallest
wirewound inductor

Our new 0603 surface mount in-
ductor is the industry’s smallest
wirewound coil, measuring just .067”
x.045" x.040".

Like all Coilcraft chip inductors, it
has exceptionally high Q values, with
many parts topping 75 at 1.7 GHz.

And because of its ceramic body,
SRF's are also very
high — over 4.8 GHz
 on a typical 10 nH
inductor.

Compare our new
0603 coils to compa-
rable non-wirewound

Va‘ - —
Q vs frequency

parts, and you’ll Coilcraft 0603 Vs

fi d sieni fi t competitor's inductors |

Ina signircan L SRF DCR

performance | 39 5600 25
6.8 nH

advantages. | oy

33 nH
Our Q factors o

are often twice

as high, SRF’s are 50 to 70% higher,
and DC resistance is three to four
times lower!

For complete specifications on our
new 0603 inductors, check out the
Coilcraft Web site or call for a cata-
log. For prototyping, order our C112
Designer’s Kit with samples of all 19
values from the series.

Now you don't have to sacrifice performance
tor a small form factor.

ORDE ER D‘2645

y 5 CST.
VERNIGHT DE\.NERY\ CALLB
(e)

Cotleraft

Cary IL 60013 800/322-2645 Fax 847/639-1469
WWWhitp:/www.colouit.com - DINUEFAX 800/651-6974

READER SERVICE 108
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stumbled upon a call for members

for the New Jersey Year 2000 User
Group on the Year 2000 Information
page, run by Peter de Jager
(http://www.year2000.com/cgi-bin/
y2k/year2000.cgi). I signed up, and
within a month, or so, I received an
invitation to the first annual meeting
of the group, which was held at Mat-
sushita Electric Corp. of America
(Panasonic), in Secaucus, N.J.

Mike Cervine, manager of applica-
tion administration at Panasonie, had
sent me, along with approximately 40
others, the e-mail. Of that 40, 20 in-
terested Y2K-compliance profes-
sionals showed up at the meeting, in
addition to the presenters from PKS
Information Systems, Omaha, Neb.,
(402) 496-8500; Hexaware, Prince-
ton, N.J., (609) 951-9195; and Prince-
ton Softech, Princeton, N.J., (609)
497-0205.

The vendors were given the morn-

In my searches around the web, I

ing session of the meeting to present
their services and tools, and take
questions from the group. They also
stayed for lunch, participating in a
much more informal question and an-
swer setting.

According to Brigante Hill, direc-
tor of sales for PKS, the two most im-
portant facets of choosing a Y2K ser-
vices vendor are “trust and talent.”
Basically, companies that plan to ex-
ist past 2000 are putting their busi-
nesses in the hands of a vendor they
hardly know.

The answer to that issue is asking
the vendor to perform a pilot study.
Donna Agnew, sales manager at
Hexaware, explained that some of
their clients decided to try the pilot
program of their solution because
their service is primarily based off-
shore in India. One of Hexaware’s
clients, The Equitable Life Assur-
ance Society, used the pilot project
system, testing Platinum’s Sys-

temVision Year 2000 tool to project
cost and resources, and determine
impact analysis.

Version Merger from Princeton
Softec was presented at the meeting
as a reconciliation tool to organize
Y2K changes. The tool is not de-
signed for change control (or for PCs,
for that matter). Version Merger
works with MVS applications to
identify all multiple versions of
records and programs.

The afternoon session of the user
group saw Y2K compliance ap-
proaches from Cervine and James
Kinder, Y2K program manager for
ADP, Roseland, N.J. Both discussed
with the group the “two-versus-four”
argument, weighing the merits and
the drawbacks of working around the
two-digit date field or changing to a
four-digit date field.

Any interested Garden Staters
can e-mail Mike Cervine at
cervinem@panasonic.com.—DS

©1997 T

To advance your designs, call 1-800-477-8924, ext. 3053.

Advanced HCMOS

without advancing costs.

AHC. Advanced because you need higher speed. HCMOS
because you need easy. Low priced because you need the
competitive edge. Best of all, with a rapidly advancing
family of over 40 devices, AHC products are available now.

* Low noise; high-noise immunity |
* (ates, flip-flops and bus functions Ik

o Available in TTL and CMOS
compatible versions

o 201055V supply voltage

® 5ns typical propagation delay,
8.5 ns max ('244/245)

o Second sourced by Philips

*5‘ TEXAS
INSTRUMENTS
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RISC performance
without scrapping code.
And you thought
engineers were
a lowkey bunch.

Engineers haven’t been exactly giddy about moving from CISC to RISC.

Rewriting code, blowing a ton on memory to support it, and delaying time to

market. ColdFire™ technology from Motorola offers an exciting alternative. The
cost-effective ColdFire architecture is derived from Motorola’s 68K microprocessor family, and
is supported by industry-leading development tools. So you can build on current product designs
and programming experience to get to market faster, with a smaller investment. Plus, the ColdFire
microprocessor’s variable-length RISC instruction set maximizes code density, thereby reducing the
amount of costly memory required to store it. All of which delivers a new level of price/performance
for cost-sensitive applications. For more information on ColdFire microprocessors, call your Motorola
representative at 1-800-521-6274 (ref. #HP002). Or visit

www.mot.com/coldfire. You’ll see a dramatic difference.

@ MOTOROLA

© 1996 Motorola, Inc. Al rights reserved. Motorola and ® are registered trademarks and ColdFire is # trademark of Motorola, Inc. What you never thought possible.m
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Security At The Touch Of A Finger

ogy today is security. More indi-

viduals and companies are taking
steps to protect their most valuable in-
formation. For individuals, that may
mean their credit cards, and for com-
panies, that may mean access to their
computer network and databases.

However, using a secret password
or giving someone a key to the office
simply is not enough. People can and
will find ways to get that information.
But there is a much more secure form
of identifying someone, and it can be
found at the tip of your finger.

A new fingerprint identification
and verification system has been
patented that uses an electronically-
scanned fingerprint interpreted by a
new software program.

PrintScan International Inc.’s
PrintScan Core software is written in
ANSI-C and is portable to any hard-
ware and software program. It can be
used for any number of applications
that require identification and verifi-
cation, including ATMs, smart cards,
computer and home security, and fi-
nancial services.

Utilizing PrintScan’s patented
Conicident Sequencing technology,
the system accomplishes, in millisec-
onds, the same fingerprint identifica-

One of the hotter topics in technol-

i tion and verification that normally
' takes hours of manual analysis by
i trained experts—with the same de-
gree of accuracy. Minutiae from a

' scanned fingerprint are encoded and

which the minutiae are pointing, and
the intervening ridge counts (see the
Sfigure).

For law enforcement applications in
the U.S. and most countries, a minimum
of 8 minutiae in full coincident sequence is
required. But for commerecial applica-
tions, if a minimum of 8 minutiae are in full
coincident sequence and

Fingerprint Core Area

Delta Area

Ridge

alley

Minutia

Bifurcation

the minutiae are not all in
the core or delta areas of
the fingerprint, then the
two images are of the
same fingerprint. This is
the only internationally
accepted method of com-

paring fingerprints when
confirming identity.

PrintScan software
stores only the algo-
rithm; it does not store
the entire fingerprint,
and the entire finger-
print cannot be recre-
ated. The PrintScan
technology embodied
in the core software is

Ridge End

Source: Printscan
International Inc.

stored, then compared to the image of
the actual fingerprint being pre-
sented. Coincident Sequencing refers
to the information that is extracted
and used to compare the fingerprints.
This includes the type of minutiae (i.e.,
a ridge end or a bifurcation), the loca-
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i tion of the minutiae, the direction in

extremely accurate,
with a 0% false accept rate,and a 1 out
of 100,000 false reject rate.

For more information on the tech-
nology, contact PrintScan Interna-
tional Inc., 101 College Road East,
Princeton, NJ 08540-6601; (609) 452-
1716; fax (908) 302-9510; Internet.:
http//www.printscan.com.—MS

When There’s A PC,

he days of kids only using comput-
ers to play games are effectively

over. According to two new sur-
veys, the computer is now an essential
educational tool in both the classroom
and the home, leading to more effec-
tive teaching methods, and most im-
portantly, better student grades.
Both surveys, conducted by the
Consumer Electronics Manufacturers
Association (CEMA), indicate that
students between ages of 12 and 18
and full-time teachers of grades K-12
agree that not only are computers be-
coming more important in education,
but that both groups alike prefer to
use computers, and feel they perform
better with them. Dick James, chair of
CEMA’s multimedia division, says,
“When deciding whether to purchase
a PC for the family, parents should

There’s An A

i consider potential improvements in
i their children’s education as yet an-
E other reason to make the investment.”
' Of the teachers surveyed, 56% said
! that computers were “very effective”
i as a teaching tool, while 40% re-
E sponded “somewhat effective.” Stu-
1 dent responses reflected similar
' views. Of those who use a computer to
i do homework, 66% said they enjoyed
i computer assignments than those not
E done with a PC, with nearly 50% say-
' ing that they liked PCs “alot better.”

' CEMA says that grades is one rea-
1 son why the positive responses are so
i high. Forty-five percent of students
E said that their grades have improved
' since they started doing assignments
! on the computer, while 54% said that
i their grades stayed the same. Teachers
i saw similar improvement—68% said

that grades on computer assignments
are better than those assignments that
do not require a computer’s use.

The surveys also indicate that com-
puters in the classroom are being used
much more frequently. Over half of the
teachers asked said that they and their
students use computers in class at least
10 hours a week, with 33% responding
that they used them at least four hours
a week. The numbers directly reflect
the greater accessibility of computers
in school—50% of teachers said that
there are over 50 computers in their
particular school, and 82% of the stu-
dents said that they use computers at
school. In addition, over 60% of schools
have Internet access, either through a
direct connection or an on-line service
(Compuserve, Prodigy, etc.).

For more information on the sur-
vey, contact CEMA, 2500 Wilson
Blvd., Arlington, VA 22201-3834; (703)
907-7674; fax (703) 907-7690.—MS




SuperH

RISC engine

IC solutions
Jor the hottest
applications from
2-way wireless
paging to
Windows" CE

Handheld PCs.

Hitachi ICs bring

your biggest

These days, the biggest ideas in con-
sumer electronics are all about the same
size: Handheld. They're now the “Wow”
of Wall Street; the “Egad” of editors. And
they're the electronics industry offering a
hand to millions who have not yet “gone
digital.” For OEMs of successful Personal
Access products, their ever-increasing
integration within the size, power and
cost constraints of handheld systems is
good reason to shake hands with Hitachi.

How to get bigger, better, smarter,
smaller. Thanks to Hitachi’s ability to
combine its best-selling line of MPUs,
MCUs and advanced memory devices,
and deliver these as integrated solutions,

ideaS down to size.

we have become the leading IC supplier
for handheld systems. In fact, Hitachi’s
SuperH RISC Engine is the processor of
choice for the overwhelming majority of
the new Windows CE Handheld PCs.
Hitachi helps you hit the small
time. To learn how you can get small
fast, phone 1-800-446-8341, ext. 800. Or
visit our web site at www.hitachi.com.
At Hitachi, we understand that the
trick is not to think big; the trick is to
think big, then to think really, really small!

HITACHI
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And if you like our itsy-bitsy ball grid amay chip-size Flash-as small as 8x8mm in its 8Mb 42-pin package-you should check out the whole huge colony of Flash products



The smallest footprint in Flash.

from Sharp-one of the largest producers of Intel-compatible Fash in the world. Visit our web site or call 1-800-642-0261, ext. 406, for product data.

SHARP

FROM SHARP MINDS
COME SHARP PRODUCTS"

www.sharpmeg.com/flash

Capyoght 199, Shanp lecoomcs Cop. MM gt esevved K-406
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etwork, a free news network
N making its home on many cor-

porate monitors these days, is
now being packaged with Mi-
crosoft Internet Explorer 4.0 Ac-
tive Desktop. In addition, the joint
venture news product of the ‘90s,
MSNBC will be joining the Point-
Cast Network as a news and infor-
mation provider.

Another part of the deal was
PointCast’s choosing the Microsoft
Active Platform for its strategic
development and delivery system
in the new PointCast Network 97
release. With the new release, of
course, the preferred browser will
be listed as Internet Explorer.

Currently, the PointCast central
broadeast facility boasts over 40 million
hits a day. The company’s servers run
on Microsoft Windows NT.

Other wheelings and dealings at
PointCast include a partnership with
Compaq Computer Corp. to include a
customized version of the broadcast
software in Deskpro 2000 and Deskpro
4000 commercial PCs. Compaq also has
its own channel, the Compaq Channel
on PointCast, that distributes articles,
software update news, and other infor-
mation to users.

For example, a Compaq user
will turn on his or her system in the
morning to check their e-mail, and
there might be an announcement
about a driver update, product en-
hancement, new product, or sup-
port information.

Recently, PointCast opened up
its doors to Macintosh users. By
visiting the World Wide Web site,
http:/www.pointcast.com, Mac-
intosh owners can download the
software for free. When the Mac is
idle, PointCast’s SmartScreen
technology automatically runs the
network, turning the screen into a
news and information center.
Headlines, stock quotes, weather
reports, ete., seroll across the
screen, waiting for the user to click
on a word for the full story.

For more information, contact
PointCast, 2475 Augustine Dr.,
Suite 101, Santa Clara, CA 95054;
(408) 253-0894; fax (408) 235-8590.
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technology, a recent memorandum

and executive order from Presi-
dent Clinton has sent companies to
the Commerce Department for the
details on export controls.

One company in particular, Trusted In-
formation Systems (TIS), has garnered
approval from the Commerce Depart-
ment for the company’s RecoverKey
technology-laden products. The very-
strong cryptography technology is found
in the TIS Gauntlet Internet Firewall,
with both the 56-bit Data Encryption
Standard (DES) algorithm and Triple-
DES; and the TIS Cryptographic Service
Provider which supports the Microsoft
Cryptographic Application Program-
ming Interface using both DES and
Triple-DES encryption.

Licensing arrangements have blos-
somed as a result of the Key Recovery Al-
liance formed by 40 information technol-
ogy vendors and users, including TIS.
TIS has licensed its RecoverKey technol-
ogy to Hewlett-Packard for the com-
pany’s International Cryptographic
Framework.

The company’s Internet firewall,
Gauntlet Version 3.2, uses a “Crystal
Box” technique, which distributes
source code for assurance reviews.
It’s built on a hardened BSD/OS op-
erating system, and runs on Intel’s
Pentium-based platform. TIS does
offer the software in Hewlett-
Packard, Windows NT, Solars, Sun
MicroSystems, and Silicon Graphics
capable platforms.

In the dynamic world of encryption

Other features include transpar-
ent access, firewall-to-firewall en-
cryption, integrated management
tools, built-in “smoke alarms” (de-
signed to go off when connections to
unsupported services are at-
tempted), and an audit tool.

A Gauntlet spin-off from TIS is
ForceField. It’s a transparent web
server security system that prevents
the nasty graffiti that hackers can
leave on web sites. ForceField comes
ready to install on Apache, Netscape,
or Open Market webservers.

Features of the security system
include operating system hardening
(prevents IP spoofing, OS attacks,
Syn Flooding, etc.), access controls
(“authorized only” users may change
site contents or enter server admin-
istrative areas), Virtual Private Net-
works (secure, remote administra-
tion and content development), and
smoke alarms.

For more information, contact TIS
Inc., 152 Omega Dr., Rockville MD
20850; (888) FIREWALL, fax (301)
527-0482; Internet: http/Avww.tis.com.

introduced its SecureFile personal information security tool.

Also in the protection game is Querisoft Inc. The company has recently

The software uses the beta release of Microsoft’s CryptoAPI 2.0 to in-
terface with cryptographic technology. SecureFile is seamlessly integrated
into the Windows 95 and NT 4.0 Shell Interface, and provides a Wizard-
based GUI for users creating secure documents.

The user has a wide variety of encrypting algorithms from which to
choose, depending on their security needs. Compliant with security stan-
dard X.509 v3, SecureFile also supports PKCS#7 file formats. In addition,
the tool allows multiple pluggable cryptographic engines and multiple algo-
rithms. Secure operations may be performed using Java scripts or Visual

Basic language.

The application has a SecureFolder feature that allows users to drag and
drop single or multiple documents into the folder for convenient security.
There are features for certificate storage, exporting, and importing.

For more information, contact Querisoft Inc., 3475 Oak Valley Rd., Suite
1210, Atlanta, GA 30326; (404) 812-6272; (404) 841-9377; Internet:

http://www.querisoft.com.




It’s Shindengen For Surface Mount Innovations

Power ICs for STEPPER MOTORs

Enable function
Direct CPU control

Built-in heatsink

Constant current drive —
Four-phase input clock

Darlington & H Bridge Outputs g — Overheat protection

]
]
(]
1
Designed for major i
1
Japanese consumer ]
)
manufacturers '
Now offered as

standard products Q * Global Technology—Local Presence

Power Diodes and Transistors in—— ——— D & D’type packaging

MOSFET families
30V & 60V
500V & 900V

354

Single/Dual Diode Versions
Schottky - Vg = 0.4V
Fast Recovery -t = 35ns

6 4

Extensive product selection of Diodes with wide range of rectified forward currents
MOSFETs with wide range of drain currents

Industry’s Smallest 1A Diode Package ——

Outline Dimensions

General Purpose - 600V . '
Schottky - 30V, 40V & 60V ——
Fast recovery - 200V mm 4

Much easier to handle than the MELF package

- ---

Shindengen ' America.Inc.

Toll Free 800-543-6525
5999 New Wilke Rd.. Suite 400, Rolling Meadows, 1L 60008 READER SERVICE 180
www.Shind¢agen.com



SGS-THOMSON MICROCONTROLLERS ARE
MAKING THEMSELVES RIGHT AT HOME
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LET OUR MICROS
MAKE YOUR
PRODUCT A

HOUSEHOLD WORD

The reason SGS-THOMSON's 8-bit ST62 family of MCUs is making
itself at home in so many household appliances can be summed up
in one word: Vulue. ST62 devices deliver more performance in less

space for less money. Even the core is optimized tor cost-effective

operation. Add ESD protection and unmatched noise immunity and ST6
. . . The 8-bit MCUs of
you begin to understand why the ST62 is opening doors to consumer  hoice in automotive

and industrial as well

applications that remain closed to ordinary MCUs. as consumer apphi-

All ST62s contain ROM, RAM. an 8-bit timer Cationz. Irzjztruction
o 0 b : = v t H
Additional with 7-bit programmable prescaler and multifunctional ;eOda;s ;axiﬁfzséng
5162 MCU individually programmable /O ports. Also available: ~ €0de efficiency.

Applications

Devices with high-current buffers to directly drive ~ ST7
Powerful industry

washing LEDs or TRIACs. along with a wide range of standard 8-bit core,
: ipherals as PWM & fivers. i surrounded by
machine perip .erals Tuch as | MdmdbLCl()l dflver:l A \Vld(; TGS el e
operating voltage range and robust design allow ST62  peripherals. 3K to
power tool : b morrecal bl o afb 48K of ROM with
microprocessors to be powered directly from a battery  igtarent RAM sizes.
heater or the main with minimum external components. Choose EPROM
. . e and OTP versions
UPS In addition to the exiensive ST62 family, for proto-typing.
s 27 SGS-THOMSON offers other 8-32 bit micro solutions gr;gy%\?:ig%gw
r pol ;
e such as ST7, ST9. STI0 and ST20 families. All of these 10" integrated data
rage.
scale products are fully supported with extensive devel- ¢
. ; . e ST9
programmable opment tools including C compilers for most families. 8/16-bit micro family
timer So why not let our micros help make your product a  fills rteq(t;nremegts of
i most advance
' household word. To tind out more fax 617-259-9442.  computer, consumer,
vacuum cieaner y s i i
write SGS-THOMSON. 55 Old Bedford Road. Do g i
and automotive
home bus Lincoln, MA 01773, or e-mail: info@stm.com. And  applications.

visit our web site at http://www.st.com

)/ 4

Eervice and lechmology

©1996 SGS-THOMSON Microelectronics. All rights reserved

For
More Info
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OUR 8-BIT MICROS
ARE BECOMING
HOUSEHOLD WORDS

[ PROGRAM A/D SERIAL OTHER
| DEVICE MEMORY RAM EEPROM INPUTS TIMERS INTERFACE 1/O’s PACKAGE FEATURES

%| ST6200 1K ROM 64 4x8-Bit 1x8-Bit 9 DiP/SO16

%( 516201 2K ROM 64 4x8-Bit | 1x8-Bit 9 DIP/SO16

%[ ST6203 1K ROM 64 1x8-Bit 9 DIP/SO16

% ST6208 1K ROM 64 1x8-Bit 12 DIP20/5S020

%/ 516209 1K ROM 84 4x8-Bit | 1x8-Bit 12 DIP20/S020 |1 o0 TRIAC driver

k| ST6210 2K ROM 64 8x8-Bit 1x8-Bit 12 DIP20/5020

*|ST6215 2K ROM 64 16x8-Bit 1x8-Bit 20 DIP28/5028

%| ST6220 4K ROM 64 8x8-Bit | 1xB-Bit 12 DIP20/5020

5| ST6225 4K ROM 64 16x8-Bit 1x8-Bit 20 DIP28/5028
ST6240 8K ROM 214 128 12x8-Bit 2x8-Bit SPI 16 QFP80 -
$T6242 8K ROM 152 o8Bt | 1xBBit SP1 10 QFpga 10 e begmentl s LD o
ST6245 4K ROM 140 64 7x8-Bit | 2xB-Bit SP 1] QFP52 ’

5| ST6253 2K ROM 128 7x8-Bit 2x8-Bit 13 DIP20/5020

% | ST6260 4K ROM 128 128 7x8-Bit | 2xB-Bit SP 13 DIP20/SO20 | uio-rekood fimer + LED or

| sT6263 2K ROM 128 64 7x8-Bit | 2x8-Bit 13 DIP20/SO20 | TRIAC driver + PWM

sk| ST6265 4K ROM 128 128 13x8-Bit 2x8-Bit SPl 21 DIP28/5028
ST6280 8K ROM 320 128 12x8-Bit 2x8-Bit SPI, UART 22 QFP100 LCD driver {dot molrix} + auio-relood
ST6285 8K ROM 288 8x8-Bit | 1xB-Bit SPI, UART 12 QFPBO simer + LED or TRIAC driver
$17291 8/16/24K ROM 256/384 1x16-Bit 19 | DIP2B/SO28 | P hnoin B o
§17294 6K ROM 224 256 1x16-Bit 22 | DIP28/SO28 | g seredy focion ¢ power sning
ST9036 16K ROM 2244256 8x8-Bit | 2x16-Bit SP1+SCI 56 Lcces WDG + handshoke + Direct
579040 16K ROM 2244256 512 8x8-Bit | 2x16-Bit SPI+SCI 56 LCcCes Memory Access
ST9ORS0 224 8x8-Bit | Ix16-Bit | SP+2xSCI 56 LCC84 WDG + 2 hondshokes + Direc
ST9ORS52 224 ax5Bit_ 3x16Bit | SPe2xSl | 52 QFPBO | Memory Access + 16 M Bit address
Abbreviations: Packages:
ADC = Andlog to Digital Converter SPl = Serial Peripheral Interface DIP = Dual In Line LCC = Leaded Chip Carrier
SCI = Serial Communications Interface USART = Universal Synchronous/ QFP = Quad Flat Pack SO = Small Outline
WDG = Watchdog AsynchronousReceiver/Transmitter S = Shrink

Also check out our new ST62 REALIZER
The ST62 REALIZER is a user-friendly tool that assists designers in developing applications based on the ST62 family. A
graphical schematic description of the application is used to automatically generate the executable code for the ST62 and to run
simulations for verification of the program function. The complete tool set runs under Microsoft WINDOWS® environment.

d
65‘»“‘“’ st For more information fax 617-259-9442
GOV gro™ . .
MO a0 Complete product information at hitp://www.st.com
62""°es:’ qe‘s.‘o“?

o < ™
\ LSIND ™

1) :
OB TR - i

© 1996 SGS-THOMSON Microelectronics. All rights reserved.
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Source Code Solution Sold—
Cygnus Solutions has announced the
company’s acquisition of multiX Soft-
ware GmbH, Stuttgart, Germany,
the developer of Source-Navigator
cross-platform graphical source code
browsing and editing software.
Cygnus plans to integrate Source-
Navigator into its existing GNUPro
CDK product line.

The Source-Navigator tool is tar-
geted at new engineers, designers
working on cross-platform porting or
re-engineering, and managers who
need a logical look at the source code
structure. The software is UNIX-
and Windows NT-compatible.

According to Cygnus, Source-
Navigator has been well-suited to
applications where code line counts
are above 100,000.

MultiX will still serve as the tech-
nology developers and sales staff,
while Cygnus will distribute and sup-
port the tool.

For more information, contact
Cygnus Solutions, 1325 Chesapeake
Terr., Sunnyvale, CA 94089; (408)
542-9600; fax (408) 542-9699; Inter-
net: http://www.cygnus.com.

Stream Of Consciousness—Sup-
porting high-speed data from Direct
Broadcast Satellite (DBS) providers,
ComStream’s satellite receiver
transmission technology has been
chosen by Microsoft as a component
in the PC/TV product strategy.
ComStream’s background in-
cludes delivering approximately two
million digital satellite receiver sub-
systems to DSS TV set-top manufac-
turers. The technology uses indus-
try-standard MPEGZ2 decompression
and display interface. It’s packaged
in a standard PCI-bus architecture.
For more information, contact
ComStream Inc., 10180 Barnes
Canyon Rd., San Diego, CA 92121,
(619) 657-5416; fax (619) 657-5404; In-
ternet: http://www.comstream.com.

A Removable Feast—Mitsubishi
Chemical America Corporation has
made the move to use the Advan-
SCSI ABP960 PCI host bus adapter
from Advanced System Products in
its MCA2600 5.25-in. removable me-
dia magneto-optical drive.

The large-capacity, high-perfor-
mance drive boasts a 39 ms seek
time, 3000 RPM rotational speed,
and transfer rates of 3.3 Mbytes/sec.

The ABP960 bus adapter uses a
jumper switch to alternate between
PC or Power Mac settings. It also is
soft-configurable.

The PCI-host bus adapter is based
on a 50-MHz RISC processor, giving
the CPU’s I/0 load a break. It sees
transfer rates of 133 Mbytes/sec. Ad-
ditionally, the adapter is Plug-and-
Play capable, and meets SCAM and
PCI local bus standards.

For more information, contact Ad-
vanced Systems Products Inc., 1150
Ringwood Ct., San Jose, CA 95131;
(408) 383-5709; fax (408) 383-9612; In-
ternet: http://www.advansys.com.

The Fax Of Life —Seeking to widen
the reach of electronics companies,
Xpedite Systems has recently intro-
duced its International Fax Service.

The service is designed to deliver
the most up-to-date information to
customers and prospects worldwide.
Manufacturers, brokers, and distrib-
utors can send product availability,
product announcements, and sale in-
formation to their targeted audience
in a timely and inexpensive manner.

The International Fax Service
works through the Xpedite System.
Companies dial their international
numbers from their fax machine
which routes the call through Xpe-
dite’s worldwide fax network. No di-
aling procedures change.

Additionally, Xpedite offers users
the option of broadcasting docu-
ments to multiple fax and/or Internet
addresses. The user just faxes the
document to Xpedite and they dis-
tribute the information.

Another feature of the service is
the 24-hour access to stored docu-
ments. It’s a Fax-On-Demand ser-
vice that requires a touch-tone
phone, but leads the user through
voice prompts and menu options. Us-
age reports track the requested in-
formation.

For further details, contact Xpe-
dite Systems Inc., 446 Highway 35,
Eatontown, NJ 07724; (908) 389-
3900, fax (908)-544-0407; Internet:
http://www.xpedite.com.

IEEE Endorses Bill

’s a bird, it'’s a plane, it’s a Super
RA! Recently, legislation has been
troduced in both the House and
Senate concerning opening up Indi-
vidual Retirement Accounts (IRAs) to
more Americans. The Institute of
Electrical and Electronics Engineers,
United States Activities (IEEE-
USA) has endorsed the proposed bill.

According to the IEEE-USA
career policy chair, Paul J. Kostek,
most Americans’ retirement in-
come security depends on savings
from Social Security, employer-
sponsored pensions and personal
savings. Given the current vul-
tures circling Social Security, and
the downsizing of business and
government, personal savings are
becoming the safety valve for
many people, especially IEEE
members.

Between the years of 1982 and
1986, personal savings held in
IR As skyrocketed from $5 billion
to over $38 billion. But, when gov-
ernment regulation tightened in-
come-eligibility requirements in
1987, that figure dropped to $14
billion.

The Roth-Breaux Savings and
Investment Incentive Act looks to
restore universal eligibility, allow-
ing IRA holders to make tax-de-
ductible contributions over a four-
year period. There also will be the
option to choose between con-
tributing to a deductible IRA or to
a new non-deductible IRA Plus
Account.

Additionally, the IEEE-USA
feels that the bill’s provisions to
repeal current restrictions on con-
tributions by spouses of active
pension-plan participants, and in-
dex annual IRA contribution lim-
its for inflation are also positive
moves for the Legislative branch.

Overall, the IEEE’s worldwide
membership comprises 315,000
electrical, electronics, and compu-
ter engineers. Of those members,
220,000 happen to live in the U.S..

For further information, con-
tact the IEEE, 1828 L Street
Northwest, Suite 1202, Washing-
ton, DC 20036-5104, (202) 785-
0017, fax (202) 785-0835, Internet:
http://www.ieee.org.—DS
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EYE ON ISO 9000

Vectron Technologies Inc. has received ISO 9001 certifi-
cation. Part of the Vectron International Group, the com-
pany is a supplier of frequency generation and control prod-
ucts. Contact Vectron Technologies Inc., 267 Lowell Rd.,
Hudson, NH 03051; (603) 598-0070; fax (603) 598-0075; In-
ternet: http//www.vectron-vti.com.

CIRCLE 489

Endicott Research Group (ERG) Inc. was awarded [SO
9001 certification. The company designs and manufactures
inverters and converters for various display backlighting
technologies, including CCFT-backlit LCDs, electrolumi-
nescent (EL), VF (vacuum fluorescent), and gas plasmas
for use in consumer, industrial, instrumentation, automo-
tive, and commercial applications. Contact ERG Inc., 2601
Wayne St., Endicott, NY 13760; (607) 7564-9187; fax (607)

2

754-9255; Internet: http//www.ergpower.com.
CIRCLE 485

G&H Technology Inc. has achieved ISO 9001 certification.
The company designs and manufactures ultra-high-reliabil-
ity components and subsystems for military, aerospace, un-
dersea, and other mission-critical and industrial/commer-
cial applications. Contact G&H Technology Inec., 750 W.
Ventura Blvd., Camarillo, CA 93010; (805) 484-0543; fax
(805) 987-5062. CIRCLE 487

GTE’s Government Systems and Worldwide Telecom-
munications Services units have achieved [SO 9001 regis-
tration. Both deliver telecommunications services to gov-
ernment, military, and commercial markets. Contact GTE,
77A St., Needham Heights, MA 02194. CIRCLE 486

HOT PC PRODUCTS

CDPD/cellular 3-W mobile mo-

dem with a Trimble Global Posi-
tioning Satellite (GPS) receiver mod-
ule. Aimed at the vertical market,
Sierra Wireless’ newest modem pro-
vides a GPS-based solution for auto-
matic vehicle location.

Normally, vehicle installations of
GSP-devices require an in-vehicle
PC to connect the wireless modem to
the GPS receiver. A major problem
that installers run into is that most
portable PC don’t feature two serial
ports. The MP200-GPS has the GPS
receiver module integrated within
the mobile modem, eliminating the
external unit problem and bringing
the serial interface requirement
down to one.

The MP200 end of the unit uses ei-
ther 19.2 kbits/s CDPD or 14.4
kbits/s circuit-switched cellular data
and fax with ETC. It operates in
temperatures that range from -30°C
to 60°C, and can be stored in temper-
atures that sit in the -40°C to 80°C
range.

The modem is packaged with Win-
dows and Macintosh Watcher soft-
ware. Watcher is Sierra Wireless’
graphical user interface application
for modem mode switching, monitor-
ing, and operation.

The host interface is DB-9 with
RS-232 signal levels capable of
reaching 57.6 kbits/s. The antenna in-
terface is a 50-Q RF connector.

Inside the MP200-GPS lives a mi-

The MP200-GPS is a rugged,

crocontroller, allowing the modem to
operate without a mobile data termi-
nal or PC. It also gives the unit the
ability to function as a standalone
tracking monitor. In this capacity, a
host computer wirelessly programs
the modem to report its position on a
preset timeout.

For more information, contact Sierra
Wireless Inc., #260-13151 Vanier Pl.,
Richmond, British Columbia, Canada
V6V 2J2; (604) 231-1100; (604) 231-1109;
Internet: http/Avww.sierrawireless.com.

oving ever-closer to bringing
Mtruly fast modem technology

to reality, Boca Research has
begun testing Rockwell Semiconduc-
tor’s K56Plus technology.

Boca is testing the end-to-end loop
of the 56.6 kbits/s modem response
on both client and central cites.

Boca’s 56.6 kbits/s upgrade policy
allows end-users of any brand name
28.8 or 33.6 kbits/s modem to up-
grade to a Boca Research “interim”
56.6 kbits/s modem at a reduced
price. This part of the policy only ap-
plies to modem owners who choose to
deal with retail locations. For those
individuals with Boca Research 33.6
kbits/s modems, an option to send the
modem directly to the company ex-
ists. Once the company has received
the modem, Boca will send out an “in-
terim” 56.6 kbits/s modem. Addition-
ally, as soon as an industry standard
of an 56.6 kbits/s Boca Research mo-
dem exists, owners of “interim”

modems are eligible for the 56.6
kbits/s product.

Contact Boca Research Inc., 1377
Clint Moore Rd., Boca Raton, FL
33487; (5661) 997-6227; fax (561) 997-
7189; Internet: http://www.bocare-
search.com.

a lower-priced keyboard-video-
mouse (KVM) switch from Rari-
tan Computer.

The unit is capable of controlling
up to four PCs, any combination of
PS/2 and AT systems, from one key-
board, monitor, and mouse. To accom-
plish this control, CompuSwitch uses
Raritan’s proprietary emulation
technology. The emulation technol-
ogy dedicates individual keyboard
and mouse emulators to each PC, en-
abling smooth booting and operation.

CompuSwitch supports hot-key
commands, and features a user-ad-
Jjustable Scan function. Also included
on the switch are a front-panel selec-
tor and control buttons.

The switch chassis measures 1.75
in. The company also offers an op-
tional 1U rack mount kit. Com-
puSwitch is priced at $595. Connec-
tor cables run $40 for 6.5 ft. and $50
for 13 ft.

For more information on the Com-
puSwitch, contact Raritan Computer
Inc., 10-1 Ilene Court, Belle Mead,
NJ 08502; (908) 874-4072 ; fax (908)
874-5274; Internet: http://www.rari-
tan.com.

The four-channel CompuSwitch is

000000




Behold!
We've turned plain old telephone wire
into something magical.

Motorola's CopperGold™ADSL Transceiver delivers the
information highway of tomorrow on today's copper networks.

Motorola Semiconductor’s CopperGold ADSL ADSL semiconductor needs. In addition to the
Transceiver is a highly integrated single chip CopperGold Transceiver, we offer the CopperGold
solution, designed for high speed broadband , Line Driver, microprocessors, software, and
access. This flexible DMT- Y '”f unparalleled customer support for
based transceiver is g, ,"\§{ ,4} applications such as Ethernet,
engineered to achieve low COPPEF; ,:/'f\ alp ATM, TCP/IP, and ISDN.
C(,)St’ while maintaining ///Z/‘I{“ R For technical information on the
high performance. 7€

CopperGold family call 1-800-201-0293

. . . ) "
Designed to be comp liant with category two and refer to ad #BB001 or visit our website at

of the ANSI standard, the CopperGold Transceiver

utilizes echo cancellation and trellis coding for a www.mot.com/ads}.

high performance, future-proof product capable of

8 Mbps simplex and up to 1 Mbps bi-directional. @ MOTOROLA
Motorola is dedicated to providing systems

solutions to create a one-stop-shop for your Semiconductor Products Sector

* Without 26 dBm transmit power boost ) -
ta and (%) are registerad rks and CopperGokd is a trademark of Motorola, Inc. What you never thought possible.
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THE ENVELOPE, PLEASE

standardization with the British
Standards Institution. During his
tenure there, the also held the post of
technical advisor to the Saudi Ara-
bian Standards Organization.

The Standards Engineering Soci-
ety can be contacted at 1706 Darst
Ave., Dayton, OH 45403-3104; (513)
258-1955; fax (513) 2568-0018.

eceiving an award is always an
honor, but it’s especially reward-
ing when the recipient is recognized
for a lifetime of contributions to a sin-
gle field. In this case, the Standards
Engineering Society (SES) awarded
Stephen P. A. Marriott with its Hon-
orary Life Fellow.
According to SES, the Awards
Committee gives the Honorary Life
Fellow to non-SES members for
their “unusual professional distine-
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and Sciences Academy award
wouldn’t make it into Quick Look, but
one of this year’s Technical Achieve-
ment Awards merited this mention.
Kenneth Perlin, the director of the
Center for Advanced Technology
(CAT), associate professor of compu-
ter science, and director of the Media
Research Laboratory at the Courant
Institute of Mathematical Sciences at
New York University (NYU), re-
ceived the award for the develop-
ment of his “Perlin Noise.”

Generated mathematically by

ment or special contribution to rec-
ognized associations or committees
in the field of standardization.” One
past honoree was former U.S. presi-
dent Herbert Hoover.

Marriott, currently the Secretary
General of the European Committee
for Electrotechnical Standardization
(CENELEQC), earned the award for
his more than 20 years of work fields
of the standards and standardization.
In 1976, Marriott began his career in

computer, Perlin Noise statistically
creates a random texture, producing
naturally-appearing textures on
computer-generated surfaces for vi-
sual effects. The tool gives computer-
effects designers the means to pro-
duce a gritty, or grainy shot. Another
of Perlin’s technologies, Turbulence,
can be used with Perlin Noise to cre-
ate animated atmospheric effects,
such as mist, fire, marbling, smoke or
oil slick patterns. Perlin’s texture al-
gorithms have been used in “The
Lion King,” “Jurassic Park,” and “In-
dependence Day,” among other fea-
ture films.

Perlin received his Ph.D. in com-
puter science from the Courant Insti-
tute at NYU, and his B.A. in theoret-
ical mathematics from Harvard
University.

For more information, contact
New York University, 25 West
Fourth St., New York, NY 10012-
11990; (212) 998-6838.—DS
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AKM'’s New Audio HiDS Captures the Loudest Louds and the Quietest Quiets

A jet engine roars. A pin Our HiDS product line includes: AKM HiDS Audio ICs
drops. Both are sounds, both 24-bit ADC at 113dB DR tAKS391)  ["ADC [AK5350 [Enhanced dual bit A 2 channel ADC
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Now, AKM a worldwide ADC (AK5352), 20-bit 100dB DR AK5391 |113dB 24-bit AS. 2 channel ADC

q i CODEC (AK4520), and the highest DAC | AK4320 |High Performance 20-bit 2 channel DAC|
leader in the design and manu- H IGH DY\'A\!IIC P g

; . performance multimedia CODEC AK4321 |High Speed (96kHz sampling),
facture of professional audio (AK4531) 20-bit 2 channel DAC
ICs, covers both ends of the S 0 “ " I' ' AK4323 |20-bit 2 channel DAC with analog PLL |
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CODECs. capacity, and numerous audio patents, we are stereo mixer, 4 channel DAC 2 &
Th . . N the audio supplier to look for now and in AK7712 |24-bit DSP+2 20-bit stereo DACs &
ese wide dynamic range, low distortion, the future 20-bit stereo ADC

single supply, dual-bit audio ICs are known as

HiDS converters. Wherever the HiDS logo is And just to ensure that your experience is For HiDS ADCs, DACs, and CODEC:s that let
seen, be assured of the highest performance soothing, AKM stands behind its products with  you deliver the lowest lows and the highest
and quality. world-class service and support highs in audio, look to AKM.

Call 408-436-8580 today for our Product

A KM AKM Semiconductor, Inc. Guide and more information on HiDS...

http:/lwww.akm.com
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MEETINGS

JUNE

IEEE Power Electronics Spe-
cialist Conference (PESC 97),
June 22-27. Regal Riverfront Hotel,
St. Louis, MO Contact Philip T. Krein,
University of Illinois, 1406 W. Green
St., Urbana, 1L 61801; (217) 333-4732;
e-mail: krein@uipesl.ece.uiuc.edu.

IEEE International Sympo-
sium on Information Theory,
June 29-July 4. Ulm, Germany.
Contact Han Vinek, Institue of Ex-
perimental Mathematics, University
of Essen, Ellernstr. 29, 45326 Essen,
Germany; (49) 201 3206458; fax (49)
201 3206425.

Sixth IEEE International
Fuzzy Systems Conference,
June 30-July 5. Barcelona, Spain.
Contact Ramon Lopez de Mantaras,
IITA-CSIC Campus U.A.B. 08193
Cerdanyola del Valles, Spain; (34) 3
580 95 70.

JULY

Fifth TCL/TK Workshop, July
14-17. Tremont House Hotel, Boston
MA. Contact USENIX Conference
Office, 22672 Lambert St., Suite 613,
Lake Forest, CA 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet:
http://www.usenix.org.

IEEE Power Engineering So-
ciety Summer Meeting, July 20-
25. Intercontinental Hotel, Berlin,
Germany. Contact Executive Office,
IEEE Power Engineering Society,
P.O. Box 1331, Piscataway, NJ 08855-
1331; (908) 562-3864; fax (908) 981-
1769.

IEEE Signal Processing
Workshop on Higher Order Sta-
tistics, July 21-23. Banff Centre
for Conferences, Banff, Alberta,
Canada. Contact Keh-Shin Lii, De-
partment of Statistics, University of
California, Riverside, 900 University
Ave., Riverside, CA 92521; (909) 787-
3836; fax (909) 787-3286; e-mail:
ksl@uerstat.ucr.edu.

IEEE Nuclear & Space Radia-
tion Effects Conference
(NSREC ‘97), July 21-25. Snow-
mass Conference Center, Snowmass,
CO. Contact Dennis B. Brown, Naval
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Research Laboratory, Code 6612,
Washington, DC. 20375; (202) 767-
5453; fax (202) 404-8076; e-mail: db-
brown@cefnrl.nvy.mil.

AUGUST

IEEE International Geo-
science & Remote Sensing Sym-
posium (IGARSS ‘97), Aug. 4-8.
Singapore International Convention
Exhibition Centre, Suntec City, Sin-
gapore. Contact Kwoh Leong Keong,
CRISP, National University of Sin-
gapore, Faculty of Science, Lower
Kent Ridge Rd., S 119260 Singapore;
(65) T727838.

Memory Technology, Design,
& Test Workshop, Aug. 11-12. San
Jose, CA. Contact F. Lombardi; (409)
845-5464; e-mail: lombardi@cs.tamu.edu.

IEEE International Sympo-
sium on Electromagnetic Com-
patibility (EMC ‘97), Aug. 18-22.
Contact John Osburn, EMC Test
Systems LP., 2205 Kramer Lane,
Austin, TX 78758; (512) 835-4634 ext.
669; fax (512) 835-4729,

SEPTEMBER

Fifth European Congress on
Intelligent Techniques and Soft
Computing (EUFIT ‘97), Sept. 8-
12. Aachen, Germany. Contact Prom-
enade 9, 52076 Aachen, Germany; (49)
2408 6969, fax (49) 2408 94582; e-mail:
eufit@mitgmbh.de; Internet:
http//www.mitgmbh.de/elite/elite/eu-
fit.html.

ICSPAT/DSP WORLD 1997,
Sept. 14-17. San Diego Convention
Center, San Diego, CA. Contact
Denise Chan, Miller Freeman Inc.
(415) 278-5231; e-mail: dsp@ex-
poreg.com.

MCM Test Workshop, Sept.
14-17. Napa Valley, CA. Contact Y.
Zorian, (408) 453-0146 ext. 227; e-
mail: zorian@lvision.com.

Therminic Workshop, Sept.
21-23. Cannes, France. Contact B.
Courtois; (33) 35 76 7 46 15; e-mail:
bernard.courtois@imag.fr.

AUTOTESTCON ‘97, Sept. 22-
25. Disneyland Hotel, Anaheim, CA.
Contact Robert C. Rassa, Hughes

Aircraft, P.O. Box 92426, MS
R07/P553, Los Angeles, CA 90009-
2426; (310) 334-4922; fax (310) 334-
2578; e-mail: rerassa@ccgate.hac.com.

Fifth China International
Electronics Exhibition (CIEE
‘97), Sept. 24-28. China Interna-
tional Exhibition Centre, Beijing.
Contact Gu Jinjing, CEIEC, P.O.
Box 140, Beijing, 100036 China; (011)
8610 6822 3909; fax (011) 8610 6821
3348

Embedded Systems Confer-
ence, Sept. 29-Oct. 3. San Jose
Convention Center, San Jose, CA.
Contact Miller Freeman Ine. (415)
278-5231; e-mail: esc@exporeg.com.

OCTOBER
OEMed Northeast, Oct. 1-2.
Bayside Expo Center, Boston, MA.
Contact Exposition Excellence Corp.,
112 Main St., Norwalk, CT 06851;
(203) 847-9599; fax (203) 854-9438.

OEM Electronics Northeast,
Oct. 1-2. Bayside Expo Center, Bos-
ton, MA. Contact Exposition Excel-
lence Corp., 112 Main St., Norwalk,
CT 06851; (203) 847-9599; fax (203)
854-9438.

IEEE Ultrasonics Sympo-
sium, Oct. 7-10. Marriott Hotel,
Toronto, Canada. Contact Stuart Fos-
ter, Dept. of Medical Biophysics,
Room S-658, Sunnybrook Health Sci-
ence Ctr., 2075 Bayview Ave., Toronto,
Ontario, MAN 3M5, Canada; e-mail:
stuart@owl.sunnybrook.utoronto.ca.

Sixth IEEE International Con-
ference on Universal Personal
Communications, Oct. 12-16. Ho-
tel del Coronado, San Diego, CA. Con-
tact Gail Weisman, IEEE Communica-
tions Society, 345 E. 47th St., New York,
NY 10017; (212) 705-7018; fax (212) 705-
7865; e-mail: g.weisman@ieee.org.

Sixth IEEE International
Conference on Universal Per-
sonal Communications (ICUPC
‘97), October 13-15. Contact Tony
Acampora, MC 0409, Bldg EBU1,
UCSD, 9500 Gilman Drive, La Jolla,
California 92093-0409; (619) 534-5438;
(fax) (619) 534-2486; e-mail: acam-
pora@ece.ucsd.edu.
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A WORLD OF
PROCESSING
POWER IN ONE
COMPACT UNIT

MODULAR

The Microprocessor Solution
INTRODUCING A NEW CONCEPT IN SYSTEM DESIGN

MODULAR X MULTICHIP MODULES

68020, 68040, Power PC general processors
320C30, 320C40, 21060 digital signal processors

) ASIC/FPGA for application specific functions {bus interface, A/D, D/A, FFT, 1553, 1/0)
High-censity SRAM, EEPROM, Flash options
2 Built-in self-test capability (BIST)
Industrial or military screened
Ceramic hermetic packaging
Easily upgradeable for future requirements
Standard Commercial-0ff-The-Shelf (COTS) MCMs
Higher reliability, saves space, less weight,
shorter design times than conventional PCB Systems

@ WHITE MICROELECTRONICS DIEHL mhaco.

4246 E. Wood Street W Phoenix, Arizona 85040 W USA  Fischbachstrale 16, MM-EE

TEL 602-437-1520 W FAX: 602-437-9120 D-90552 Rothenbach/Peg. M Germany

e-mail: modularx@whitemicro.com TEL: (49) 0911/957-2282 W FAX: (49) 0911/957-2108
http://www.whitemicro.com http://www.modularx.de
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Exploring the world of digital, logic, memory, and microprocessors

Top Performing CPUs Deliver
No-Compromise Multimedia

Enhanced Architectures Allow The Latest CPUs
To Execute Multimedia Algorithms With Ease.

Dave Bursky

mance demands, high-end CPUs are being en-

hanced with faster clock speeds, new instruc-
tions, and on-chip logic to accelerate the
computations needed for multimedia algorithms.
These enhanced CPUs will replace today’s
processors, which, with their clock speeds of up to
166 to 200 MHz, are just able to handle some low-
to-moderate com- . e
plexity multimedia
tasks—softmodems,
audio play-back, and
even MPEG decom-
pression.

The need to en-
hance the multime-
dia processing capa-
bilities of systems
stems from the in-
creasing use of multi-
media in many appli-
cations. Thus,
multimedia systems
must now handle
JPEG, MPEG, full
video, videoconfer-
encing, 3D graphics,
data modeny/ fax, and
even speech-recogni-
tion functions. To ad-
dress these needs in
today’s systems, ad-
ditional coprocessor
circuits or cards are
often required to as-
sist the host processor. That’s because many multi-
media functions require more compute cycles than
the host CPU can deliver, especially when the host
is expected to run all other applications at the
same time. The additional logic results in a signifi-
cant increase in system complexity and often ends

In response to increasing multimedia perfor-

SPECIAL
REPORT

Art Courtesy:
Sun Microsystems.

up requiring multiple local memory spaces to hold
intermediate data.

On the low-end of the CPU spectrum, chip ar-
chitects have added DSP support blocks such as a
hardware multiplier or multiplier-accumulators,
speeding up single computations. CPUs that in-
corporate this simple enhancement include the

Piccolo processor from Advanced RISC Machines,

the StrongARM from
Dlgltal Equipment, the
SH-DSP from Hitachi,
and the M32R/D from
Mitsubishi (see “Multi-
media without exten-
sions,” p. 70). Such CPUs
# are finding their way into
¥ web appliances such as
# dedicated browser hard-
8 ware, set-top boxes, and
B4 portable computer sys-
8 tems.
#  But there is a second
¥ wave coming as the man-
M ufacturers of RISC and
M CISC processors used in
B4 desktop computers incor-
B porate multimedia sup-
% port hardware or soft-
# ware extensions. These
@ capabilities will, in the
e long term, reduce the
kg complexity of the system
hardware and lower sys-
tem cost. In the PC (x86)
world, Intel has already
released the enhanced Pentium processor that in-
cludes the 57 new MMX (multimedia extensions)
instructions, and both Advanced Micro Devices
and Cyrix are in the final stages of completing
their enhanced CPUs that will offer code-compati-
ble instructions.

~
o~
o~
—
-~
~
—
x
~/
oz
T
=
~
=
o
v
v
(=]
-4
=
o
o
=
e
s
—
brv)




ELECTRONIC DESIGN / MARCH 17, 1997

DIGITAL DESIGN MULTIMEDIA CPUs |

Prefetch and dispateh unit

| Instruction cache and buffer : ]

P |

L -t

Grouping logic I Integer register and annex

Memory management unit (MMU)
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Load store unit (LSU)

Integer execution unit (IEU)

A

Floating-point unit (FPU)

FP multiply
FP add
FP divide
Graphics unit GRU)

FP reg.

Data cache | Load queve | Store queue

External

External cache unit =—= tache
RAM

—————

Memory interface unit (MIU)

UltraSPARC-I bus

1. Graphics support hardware and the visual instruction set are key additions to the 64-bit
UltraSPARC 1 and Il architecture from Sun Microelectronics. In the UltraSPARC |, the graphics
support block was incorporated into the CPU’s floating-point unit, while the VIS commands
perform many of their operations in the 64-bit integer ALU.

Incorporating multimedia capabili-
ties on the CPU is not a PC-original
concept. It started with Hewlett-
Packard (H-P), who embedded hard-
ware enhancements in the ALU of one
of its PA-RISC processors. Since that
first effort, almost every other RISC
manufacturer also has incorporated
these enhancements—Digital Equip-
ment, Silicon Graphics/MIPS Technolo-
gies, and Sun Microelectronics all have
members in their processor families
with multimedia support capabilities.

Aid For Multimedia

The extent of hardware and soft-
ware support varies according to CPU
type. For example, x86 CPUs include
a minimal number of hardware
changes, but 57 additional instruc-

| tions. RISC CPUs include a few more

hardware modifications to increase
the computational acceleration and
limit the number of new commands
that must be added. In addition, the
CPUs themselves have been en-
hanced, typically with a combination
of clock-speed increases up to—and in
some cases over—500 MHz. There
also have been improvements in the
microarchitecture—larger caches,
better branch prediction, wider regis-
ters, and many other changes that all
improve performance.

When H-P first modified its ALU, it
did so to let the processor execute mul-

tiple byte-oriented operations in paral-
lel. Such operations are a key part of
the discrete cosine transform (DCT)
algorithms used during MPEG image
decoding.While a single CPU can per-
form one multiplication or addition per
cycle, the HP-7100L.C CPU can per-
form four operations per cycle. That in-
creased throughput allows the proces-
sor to decode MPEG-1 data streams.

H-P has since evolved that scheme
with its PA-RISC 8000 series CPUs
and the multimedia acceleration exten-
sions (MAX). The CPU’s 64-bit ALU
can be subdivided into as many as
eight 8-bit sub-ALUs that can perform
the byte additions and multiplications.
Blocking the carries at the 8- or 16-bit
boundaries in the ALU allows individ-
ual operations to be done in parallel,
producing independent results. The
only internal overhead in the ALU de-
sign is a slight increase in logie to de-
code the new instruction, and the
equivalent of three AND gates to
block the carries at the appropriate
sub-word boundaries in the ALU.

For parallel operations, new in-
structions, Parallel Add and Parallel
Multiply, were added to the CPU’s in-
struction set. These operations have
three variations, with each operation
set to deal with overflows. The opera-
tions include modular arithmetic that
discards the overflow, signed satura-
tion (an overflow causes the resulit to

be clipped to the largest or smallest
signed integer in the result range),
and unsigned saturation (an overflow
causes the result to be clipped to the
largest or smallest unsigned integer in
the result range). And, to deal with
multiplications by a constant, Parallel
Shift Left and Add, and Parallel Shift
Right and Add operations also were
added to the instruction set. Just a mi-
nor change in the preshifter portion of
the ALU was required to implement
these operations.

One commonly performed opera-
tion, divide-by-two, also can be done
very quickly by a new command—
Parallel Average. This command adds
two operands and then divides by two
(right-shift by one bit). Also, when the
ALU is subdivided, the same divide-
by-two operation can be done in paral-
lel on all subwords. The same, of
course can done for multiplications—
just shift in the other direction.

Additional changes to the CPU in-
clude a completely redesigned core
with a 56-entry instruction reorder
buffer, a capability to execute up to
four instructions/cycle, dual load/store
units, a 32-entry branch-target cache,
branch-prediction hardware that in-
cludes a 356-entry branch history
table, and static or dynamic prediec-
tion. On the core is a high-bandwidth
system bus that can transfer up to 768
Mbytes/s and supports multiple out-
standing memory requests. Overall,
that gives the chip a throughput of
11.8 SPECint95 and 20.2 SPECf{p95,
when running at 180 MHz.

The latest version of the processor,
the PA-8200, further improves perfor-
mance—it can clock at 220 MHz and
can deliver a throughput of 15.5
SPECint95 and 25 SPEC{p95. That al-
lows the chip to decode multiple
MPEG-2 data streams simultaneously
and perform other tasks. Planned for
1998 release is the PA-8500, which will
operate at even higher clock speeds
with more improvements to the mi-
croarchitecture.

Solar Power

Designers at Sun Microelectronics
have gone a bit further than H-P.
They’ve incorporated what they call the
visual instruction set (VIS) into the ba-
sic architecture of Sun’s UltraSPARC
64-bit superscalar processor unveiled in
1994. In the UltraSPARC I processor,

—J
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| the company added on-chip graphies
| and imaging suppott hardware and the
VIS commands (Fig. 1). The support
allows the processor to decompress
video streams and manipulate video in-
formation with broadcast resolution in
real time. That allows system designers
| toeliminate a dedicated video processor
that might otherwise be needed.

The 30 VIS commands drastically
reduce the number of clock cycles re-
| quired for complex graphies or imag-
| ing operations—in many cases, the in-

structions can execute in a single cycle

DIGITAL DESIGN _MULTIMEDIA CPUs |

what might take tens to hundreds of
clock cycles to perform with standard
instructions. The three-operand in-
structions break down into several
groups—pixel format and conversion,
image processing, real-time video
compression, and data-transfer and
animation speed-up. They execute in
the chip’s 32-register floating-
point/graphies unit.

Pixel operations allow the proces-
sor to directly operate on pixel data,
which can be stored as 8- or 16-bit inte-
gers. The Pixel Expand command, for

instance, converts four 8-bit integers
to four 16-bit integers and then stores
the result as one 64-bit word—all with
one instruction. Pixel Pack does the
opposite—it converts four 16-bit or
two 32-bit values to four 8-bit or two
16-bit values and also stores the result
as one 64-bit word while using a single
instruction. The efficiency of these
commands reduces the number of in-
struction cycles by a factor of 34,
greatly improving compute efficiency.

One of the more powerful opera-
tions, Pixel Distance, compares eight

- Multimedia Without Extensions

ithout software or hardware extensions to di-
Wrect]y handle multimedia algorithms, micro-

processors are often not able to execute the com-
plex and the overwhelming number of computations
(needed by algorithms for JPEG or MPEG decoding)
and still have bandwidth available to handle the system
control or data-processing tasks. The minimal function-
ality required on the CPU chip to help speed computa-
tions would be a block such as a single-cycle multiplier
and an accumulator, so that efficient multiply-and-accu-
mulate (MAC) operations can be done. Such functions
are a key part of most multimedia algorithms for image
and audio processing.

Lack of a dedicated MAC capability means that the
CPU must perform equivalent operations using multi-
cycle add, shift, and other instructions. Such operations
can certainly be performed.But with CPUs that exe-
cute at clock speeds of less than 120 or even 166 MHz,
there is no bandwidth left over to perform other tasksin
parallel. Consequently, as a first step, several CPU sup-
pliers, especially those companies that want to support
multimedia-like functions for embedded applica-
tions—such as in personal digital assistants (PDAs),
network appliances, and other performance- and cost-
sensitive applications are moving to higher CPU clock
speeds and packing multipliers, full MAC capabilities,
or even dedicated DSP blocks onto the CPU chips.
These are the first steps that can provide performance
boosts at minimal cost.

For instance, both the Strong ARM chip developed
by Digital Equipment and the M32R/D combination
RISC engine and 16-Mbit DRAM from Mitsubishi in-
corporate hardware multiplier support to handle the in-
teger computations that might typically be needed for
handwriting recognition, speech processing, and graph-
ics operations. At the other end of the spectrum, proces-
sors such as the Piccolo developed by Advanced RISC
Machines, and the SH-DSP created by Hitachi, incorpo-
rate full DSP engines on the chip in addition to the 32-
bit RISC CPUs.

The StrongARM chip is a high-performance version

of the ARM processor that is implemented by DEC
with a 0.2-um process. The tight process rules and good
architectural implementation allow the StrongARM to
operate at clock rates of 150 MHz—triple to quadruple
that of the best performing ARM processors. The sheer
speed of the StrongARM, coupled with the MAC capa-
bility, allows the chip to perform well in PDA applica-
tions such as the recently unveiled Newton Mes-
sagePad 2000 from Apple Computer.

Also finding a home in PDA-like applications is the
M32R/D with its on-chip MAC. It can readily imple-
ment functions such as a softmodem, or perform tasks
like handwriting recognition. One added bonus on this
chip is that Mitsubishi offers substantial amounts of ad-
ditional storage capability; it packs up to 16 Mbits of
DRAM and several kbits of static-RAM-based cache on
the same chip as the CPU, allowing the processor chip
to hold large programs or arrays of data without requir-
ing off-chip memory. A wide internal DRAM-to-
cache/CPU interface allows the rapid movement of
large blocks of data.

More complete DSP support, such as included on the
SH-DSP or the Piccolo chips, provides designers with a
32-bit RISC engine and a 16-bit fixed-point DSP core,
all on a single chip. The ARM7TTDSP can deliver 40
MIPS of DSP computational throughput in addition to
about 25 MIPS of standard ARM CPU throughput in
the first chip implementation being done with 0.6-um
design rules. When shifted to a 0.35-um process, the
performance can be upped to 66 DSP MIPS and close to
50 MIPS for the ARM core.

The SH-DSP chip also provides high throughput, de-
livering 60 MIPS on the SH CPU core and 120 megaop-
erations/s on the DSP engine. Depending on the appli-
cation, the chip can serve nicely as a standalone 32-bit
SH-family CPU, or as a relatively powerful 16-bit inte-
ger DSP chip. A typical application for a chip like the
SH-DSP is in a GSM telephone handset, where the
processor can perform all the handset and call-manage-
ment functions, while the DSP core would handle all the
speech processing.
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| pairs of 8-bit values simulta-
neously, using a sum of ab-
solute values of differences.
This operation provides a 20-
to-50X performance im-
provement for the inner-loop
computations in MPEG com-
pression algorithms and is

matching applications. Ma-
trix computations, such as
performed in volumetric cal-

-

15

culations and 3D image ma-
nipulation, can be done
quickly thanks to the Array
instruction, which loads the

(]
l acc+axb I
1S4 sk

color conversion.

As with any new instruction
set, the hardest task is to de-
velop the programs that take
full advantage of the com-
mands. To make that task eas-
ier, Sun engineers created me-
diaLib, a library of over 400

useful in motion-estimation, : low-level C-language modules
| cross-correlation, character- axb of commonly used functions
recognition, and pattern- employed in multimedia algo-

rithms. The modules will be
available in both C and VIS-
accelerated C forms, provid-
ing full CPU independence.
When the VIS commands are
available, the programmer
can exploit the accelerated

cache with cubes of data,
rather than lines of data. This
capability greatly speeds up

ume in real time.

Although the VIS commands were
developed with multimedia applica-
tions in mind, the instructions are use-
ful in many other applications, as Sun’s
designers found out when customers
began putting the commands to work.
In cryptography, the bit-matrix multi-
plication operations can be accelerated
by 11 to 14 times; in genome sequenc-

ing, the sequence-comparison algo-
rithm can execute twice as fast; net-
work data transfers were accelerated
thanks to the Block-Load-and-Store
instructions that can transfer 64-byte
blocks of data without displacing the
data in the caches (cache bypass); and
in printers, a six-fold speed-up can be
achieved in look-up table accesses for

2. In one 8-bit slice of the MIPS V datapath from MIPS Tecmologies,

two 8-bit integer values can be multiplied to form a 16-bit product that
can then be accumulated in a 24-bit segment of the 192-bit
the ability of MRI scans to accumulator. Thus, one slice can accumulate up to 256 8-by-8-bit or
take arbitrary slices of a vol- 65,536 16-by-16-bit multiplies.

performance by linking in the
VIS-accelerated modules.

Some examples of what’s
available in mediaLib include
imaging routines (data for-
mat conversion, spatial oper-
ations, image generation and copying,
arithmetic and logical operations,
color-space conversion, etc.), linear al-
gebra, audio and video routines (digi-
tal filtering, signal generation, and the
basic elements used in JPEG and
MPEG processing), and graphics op-
erations (2D and 3D primitives, ren-
dering, and texturing). The modules

Predecode Level-one instruction cache T - -
ligk — iy s pretecoied | 64-entryinsiruction translation lookaside butter |
Level :e 4 %M beih 8152 B':m Hic bl
2 i ; -gniry branch history table
cache controller Oual instruction decoders 1 s-e:my tla
rget cache
{x86 to RISC8H) ey RAS
RO
870:“1 l < Out-of-order execution engine ‘ Four RISC 86 decode
us 2

i Scheduler buffer Instruction
e (24 RISC36) control uni

Load Store Infeger X Multimedia Integer Y Floating-point Branch
unit unit (register) unit {MMX) Unit (register) unit unit resolving unit
Store
“1 queue
Y
Level-one dual-port data cache 128-entry
2 khyles) data translation lookaside buffer

3. Mointaining the Socket 7 compatibility, the K6 processor from Advanced Micro Devices can execute all the MMX operation codes that Intel
incorporated into its just-released PS5C version of the Pentium. Dual 32-kbyte caches and RISC86 sub instructions allow the K6 to deliver
throughputs better than the 200-MHz P55C without having fo run ot 200 MHz.
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work on a wide range of computing en-
vironments. Sun is currently working
with industry partners, including Ap-
ple Computer, to ensure that opti-
mally-tuned versions are available on

| other platforms.

In addition to the VIS commands,
the UltraSPARC-I packs many fea-
tures that give it its high through-
put—a wide instruction fetch (128 bits
per fetch), dynamic branch prediction,
a nine-stage pipeline that issues up to
four instructions per cycle, and a 12-
entry prefetch buffer that decouples
the instruction prefetching from in-
struction dispatch, thus preventing
pipeline stalls.

Speedy Clocking

More recently, Sun’s designers up-
dated the processor with the release of
the UltraSPARC II processor, de-
tailed at last month’s International
Solid-State Circuits Conference
(ISSCC). This latest version will clock
at 330 MHz and has numerous en-
hancements to the microarchitecture

that improve instruction efficiency
and the execution time of multimedia
algorithms.

Architectural enhancements are
the key to performance improvements
in the Alpha processor family from
DEC as well. the latest version of the
chip, unveiled at last year’s Micro-
processor Forum, the Alpha 21264,
not only operates at a clock frequency
of over 500 MHz, but incorporates
what the company calls its Motion
Video Instructions. These MV com-
mands allow the Alpha processor to
perform real-time MPEG-2 encoding
of video data in addition to the ex-
pected decoding capabilities. This is
the first general-purpose CPU that
can perform real-time MPEG-2 encod-
ing. Previously, such a capability re-
quired multiple, dedicated image pro-
cessing chips that execute several
gigaoperations per second.

The MV instructions on the Alpha
were jointly defined by design teams
at DEC and Mitsubishi Electric Corp.,
Itami, Japan. A low-cost version of the

Alpha processor, detailed at the
ISSCC by Mitsubishi, also incorpo-
rates the 13 MV instructions opti-
mized for MPEG-2 encoding and de-
coding and can operate at clock speeds
of up to 550 MHz. The 21164PC packs
only 3.5 million transistors and deliv-
ers a throughput of 15 SPECint95 and
20 SPEC{p95 while consuming about
35 W from a 2.5-V supply when
clocked at 500 MHz. The MV com-
mands combined with the overall high
throughput of the CPU allows the chip
to deliver 30-frame/s digital versatile
disk (DVD) playback with stereo-
quality audio without any other sup-
port circuits, or to perform 30 frame/s
videoconferencing.

The instruction extensions include
operations for motion-video estima-
tion, which provide an order-of-magni-
tude improvement in computational
throughput. There are three single-in-
struction/multiple-data instruction
classes—Pixel Error, Max/Min, and
Pack/Unpack—that allow the CPU to
perform multiple sub-word operations
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in parallel. The Pixel-Error operation,
for example, computes the sum of the
absolute differences of groups of eight
bytes in just two CPU cycles. Vector-
ized Max/Min operations are used to
clamp the values of groups of eight
bytes or four 16-bit words with a sin-
gle instruction. And the Pack/Unpack
commands are used to expand or com-
pact the data width on vectors of bytes
or words.

MYV instructions are fully pipelined
and all execute with a two-cycle la-
tency. Since the instructions are fully-
integrated into the integer unit of the
processor, operands are received di-
rectly from the other integer unit out-
puts or the integer register file, The
integer unit can then bypass the re-
sults directly into other integer in-
structions.

The high-end 21264 version of the
Alpha processor achieves its high
level of performance thanks to the
15.2-million transistors packed onto
the chip with six levels of metal inter-
connections. The resulting CPU per-
forms four-way out-of-order instruc-

tion execution and can issue up to four
integer instructions and two floating-
point operations every cycle. Dual 64-
kbyte on-chip caches hold the instrue-
tions data; and both caches are
two-way set-associative.

The system interface to the chip can
sustain a total data-transfer band-
width of over 2 Gbytes/s with both the
64-bit system and 128-bit cache buses
active. These features result in a chip
that delivers an overall throughput es-
timated to be better than 30
SPECint95 and 50 SPECfp95. A fur-
ther improvement on the process side
described at the ISSCC allowed DEC
to further up the clock frequency to
600 MHz. That translates to improved
SPEC ratings of 40 SPECint95 and 60
SPECfp95—the highest numbers to
date for a RISC processor.

The latest company to enhance its
RISC architecture with multimedia
support, Silicon Graphics, through its
technology subsidiary, MIPS Technol-
ogy, unveiled the MIPS V instruction
set that includes the MIPS digital me-
dia extensions (MDMX). One key ad-

Instruction J
ling cache Vi Duakoor
256 ual-poi
128 unified cache
(64 kbytes)
Branch ;
prediction Address refectch buffer
T
gl
Fetch and decode -} ;‘
\\
MMU 54
Floating-point queve
= . X-pipe Y-pipe ___t
FP instruction Address
FP instruction 3
FPU/MMX T Register 12 Load data
file
-
uy 2x 32/
Write
buffers
[ l l Store data

4. A unified dual-port 64-kbyte cache on Cyrix’s M2 processor provides designers with a different
architectural implementation that still lets Cyrix achieve P55C or better performance. Designers at
the company incorporated the MMX capability into the floating-point block on their chip.

dition to the general instruction set is
a Paired Single-Data Type, which dou-
bles the performance of floating-point
applications by processing two 32-bit
operands in parallel in the CPU’s 64-
bit data path.

Prepped For 3D

Although the company has not yet
released actual details of the chip
that’s under design by its silicon part-
ners, it estimates it will execute the
multimedia signal processing algo-
rithms at close to twice the speed of
most of the other SIMD implementa-
tions. The MIPS V commands will de-
liver significant performance in-
creases for 3D geometry processing,
allowing the CPU to accelerate
VRML applications, including those
based on Cosmo Open GL and other
visual environments.

The additional MDMX instructions
take advantage of a dedicated, extra-
wide 192-bit accumulator. This gives
the processor true on-chip high-perfor-
mance DSP capabilities, allowing it to
execute algorithms for real-time video
decompression, digital audio surround
sound (Dolby AC-3 decoding), and
fax/modem functions. For register
space, the MDMX extensions share
the 32 64-bit floating-point registers
and eight single-bit condition codes.

The 64-bit registers can be subdi-
vided into eight 8-bit integers or four
16-bit integers that can be processed in
parallel with the SIMD MDMX com-
mands. The wide accumulator can hold
eight unsigned 24-bit results or four
signed 48-bit integers, permitting mul-
tiply-and-accumulate computations to
retain maximum precision until the
very end (Fig. 2). In asingle slice of the
ALU that performs an 8-bit operation,
two 8-bit integer values are multiplied
and the result accumulated in a 24-bit
sub register. As a result, ina DCT or
other algorithm, the registers can ac-
cumulate the results of 256 8-bit-by-8-
bit multiplications, or 65,536 16-by-16-
bit multiplies with only a single shift or
round error at the end.

Mirror, Mirror

For the last 12 months, Intel has
been professing the benefits of its
MMX instruction set extensions—57
new commands and four new data
types targeted at supporting multime-
dia applications. The first of the CPUs
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KEY FEATURES OF MMX-CAPABLE CPUs

Feature/CPU Type Intel Pentium Intel Klamath AMD K6 i Cyrix M2
- Wl |  dne Al SRS N UL Y T A VRIS
Interface Pentium P&+ : Pentium Pentium
L2 cache bus l
MMX rYes 8 L} Yes . _119_5 _____ JaE _|T_Ye_s 0 4
L1 cache /D 16k/16k 16k/16k _132k/32k _!§4k unified
L2 cache Not on chip 256k/512k in Not on chip f Not on chip
module
= - 4 - " —— e o e et e
L2 cache bus None 1/2 CPU speed None TNone
: ! ] g -
Basic pipeline 6 stages ND 16 stages | 7 stages
! ! = >
Out ot order No I  Yes 1Yes - ___:Eimited
Peak decode rate 2 instructions ND 2 Instructions | 2 instructions
! : 2 £ s 2 A
BTB 256 entry ND i8192 BHT ‘}512 entry
TLB /D 32/64 entry ND ' 128/64 entry |16 entry L1
I 1384 entry L2
! . e’
Return stack 4 entry ND [16 entry J8 entry
Write buffer 4 entry ND ;ND 8 entry
2 S A i 2LV R
Core voltage 28V 28V l2gv Tz.s \
(2.5 V mobile) _ ; i
Typical power 55t07.3W ND IND JED sl
Maximum power 9510 15.7W ND IND - ]ND o=
IC process ) 28-um CMOS 0.28-um CMOS 0.35-um CMOS 10.35-um CMOS
4-level metal 4-level metal _#5~|evel metal SA-IeveI metal |
Transistors 4.5 milkon 7.5 million {8.8 million }6 million
Die size 140 mm* 203 mm? 162 mm2 WS7immess et
Normalized gl 1E36 1145 I1 3
performance |
{non-MMX ‘ |
Pentium=1) !

BHT = branch history table; BT8 = branch target buffer; TLB = translation lookaside buffer; /D

instruction/data; ND = not disclosed.

This 1s a simplified version of a table that appeared in the Dec. 30, 1996 issue of the Microprocessor

Repont, published by MicroDesign Resources.

to incorporate the MMX commands,
known by its internal name the P55C,
was released this past January, and
provides system designers with the
first new x86 instructions in almost a
decade. But Intel won't be alone for
long—both Advanced Micro Devices
and Cyrix are close to delivering sam-
ples of their respective MMX-capable
CPUs (see the table).

In addition to including MMX in the
P55C, Intel plans to incorporate the
MMX commands in a Pentium Pro
CPU code-named Klamath, scheduled
for release later this year. Intel expects
these chips to eventually replace all
non-MMX CPU production within the
next few years. Intel even expectstore-
lease a family of OverDrive processors
that incorporate the MM X commands,
allowing users with older systems to
upgrade with minimal cost impact.

Although Intel expects the P55C to
execute the multimedia algorithms 10
to 20% faster than a Pentium without

the MMX commands, the MMX com-
mands are not the only reason the 200-
MHz P55C delivers outstanding per-
formance. To boost basic CPU
performance, the on-chip cache size
also was doubled—the chip now packs
16 kbytes each of data and instruction
cache. It also includes improved the
branch prediction, an enhanced
pipeline, and deeper write buffers.

To maintain 100% software compat-
ibility with previous Pentium and
older x86 processors, Intel's designers
carne up with a scheme that gives the
MMZX commands their own registers,
and shadows those registers in the
same address space as the floating-
point unit’s register file. As a result,
programmers have an either-or situa-
tion: Either the FP unit goes inactive,
or the MMX commands are not used
when floating-point computations are
needed. This situation does cause
some system overheads, since when
one operation is interrupted, there are

a number of cycles of overhead opera-
tions to store the current state and
then load in the new state, and finally
restore the original state.

The 57 new MMX commands can be
loosely grouped into six categories—
Data Transfer, Pack and Unpack; Arith-
metic; Shift; Logical; Compare; and mis-
cellaneous—with many of the
instruetions capable of executing multi-
ple operations on data (SIMD style).
One integer and one MMX instruction
can be issued simultaneously (with a few
restrictions), and as long as MMX in-
structions do not use the same function
units, two MMX commands could also
be issued simultaneously. At its peak,
the P55C could caleulate up to 16 results
(of one byte each) per cycle. Floating-
point instructions cannot be paired with
an MMX or integer instruction.

All MMX commands have a single-
cycle latency except for the multiply
and multiply-add commands, which
have a three-cycle latency. The soft-
ware model for MMX gives program-
mers eight new registers along with
the new instructions. Those registers
are actually mapped onto the floating-
point registers, and that mapping
locks out the possibility of doing any
floating-point operations in parallel
with MMX operations.

When a4 multitasking operating sys-
tem or other application executes an
FSAVE instruction, the contents of the
MMX registers are saved in place of
the floating-point registers if the MMX
instructions are in use. On rare occa-
sions, there might be a problem with
the inability of the CPU to perform
floating-point operations interspersed
with MMX commands without any sig-
nificant overhead. Fortunately, in most
x806 application code, floating-point op-
erations are rare. Therefore, Intel’s de-
signers felt that the occasional state-
save overhead encountered when
switching out of the MM X mode and
switching back again would not greatly
impact processor throughput.

Although demonstrations show
that the impaet is minimal on some ap-
plications, the overheads must be re-
duced to provide a better margin for
the application software. Future ver-
sions of the processors will have more
efficient state changes to reduce such
overhead challenges.

Both Advanced Micro Devices and
Cyrix have developed enhanced ver-




What you need is a logic analyzer that can manage time.

Dealing with the pressures of today’s deadlines means having to get things done
yesterday. And the fastest, most accurate way to debug your designs is with the TLA 700
Series logic analyzer. We've combined micraprocessor trace with 500-picosecond timing

through the same probes simultaneously, as well as 500-picosecond resolution across all

-

channels and an optional 5GS/s DSO. No logic analyzer is better or easier to use for iden-

The quickest, most tifying elusive hardware/software problems. Test Drive a TLA 700 logic analyzer and
accurate way to identify decide f I£. Call 1-800 b . d da 3

i 5 1-800-426-2200, w. t 35 t 000
S Iy ecide for yourself. Ca when prompted press 3, and request code

today, or visit us at www.tek.com/mbd/tla700

For a free Test Drive, contact:
AT&T Capital; Continental Resources; Electro Rent Corp

GE Capital; McGrath Rent Corp.; Telogy Tﬂktrorl/lx
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Tomorrow’s Technology. Today’s Batteries.
* Capacity Matched -
* Rigid Flame-Retardant Cases
* Resists Thermal Runaway

Eagle-Picher, the power behind
telecommunications satellites, brings
their experience down to Earth with
Carefree® and HE® rechargeable VRLA

batteries. Designed to meet the
specific requirements of the
telecommunication industry, these
maintenance-free batteries are both
durable and dependable. Available with
various terminations including wire
leads and connectors, Carefree® and
HE® batteries are resistant to thermal
runaway and are housed in rugged
flame-retardant cases. Eagle-Picher
alone screens every battery, selling
them only in capacity matched sets,
resulting in longer life and more
reliable service. From outer space
to cyberspace, count on
Eagle-Picher batteries to keep
the lines of communication open.

CONF

For more information on
these or other products call
417-776-2256
or FAX 417-776-2257

=S EAGLE PICHER

Eagle-Picher Industries, Inc.
Commercial Products Department
P.0. Box 130, Seneca, MO 64865
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sions of the their respective Pentium-
compatible CPUs with commands
that execute all the MMX operation
codes. Until some legal wrangling is
over, neither company has an official
sanction from Intel to use the MMX
notation, which Intel has trade-
marked. In the meantime, the AMD
K6 processor, and the Cyrix M2 CPUs
are starting to emerge as competitors
to the P55C.

The AMD K6 was described last
month at ISSCC and is now being
sampled by several customers. The
chip maintains the Socket 7 system
bus and electrical compatibility, which
will let system manufacturers bring
their hardware to market very
quickly. Fabricated with a five-level
metal, 0.35-um CMOS process, the
processor employs 8.8 million transis-
tors to pack dual 32-kbyte caches (dou-
ble the size of those on the P55C), both
with 32-byte line sizes and 2-way set
associativity onto the chip along with
the enhanced CPU. The data cache is
dual ported and supports simultane-
ous loads and stores in a single cycle.

Internally, the K6 microarchitec-
ture is an extension of the previous K5
architecture, which employs the
RISC86 sub-instructions to execute
x86 CISC operations (F'ig. 3). In the
K6, the instruction control unit in-
cludes a centralized scheduler that
buffers up to 24 of the RISC86 opera-
tions, performs full register renaming
for the six-issue out-of-order execu-
tion engine, and issues up to six
RISC86 instructions and performs in-
order retirement.

Building on its 6x86 core, Cyrix has
enhanced the core to create the M2, a
chip that will execute the MMX in-
struction codes. Like the K6, the M2
will contain 64 kbytes of cache. How-
ever, unlike the AMD part, designers
at Cyrix opted to use a unified dual-
ported cache rather than separate in-
struction and data caches (Fig. 4). Ad-
ditional enhancements over the 6x86
CPU include an improved translation
look-aside buffer that uses a two-level
approach—a 16-entry first-level and a

384-entry second level.
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Increased system

functionality adds up
to a single DSP.

With a road map to 100-MIPS performance, the new TMS320LC548

fixed-point DSP from Texas Instruments lets you integrate muiti-
chip solutions into a single chip. It also enables reconfigurable
systems due to 32K words of on-chip SRAM with 4M word
address range, which allows multiple algorithms to run from
on-chip memory while minimizing off-chip accesses.

The efficient 'C54x delivers the lowest milliwatts-per-function
rating in the industry. And on-chip peripherals, such as two
buffered serial ports and a host port interface, speed up signal
transfer and simplify design. Plus we have a complete line of
TMS320C54x solutions backed with proven development tools.

Request your free 'C54x Information Kit today.

PR U8 F § 50 8 ¢

TMS320LC548

* 50/66/80/100 MIPS

¢ 3-V gperation

32K x 16 hits on-chip program/data
RAM

¢ 3 senal ports, timer and host
port inte?face Tﬁsi':zt::cs;

* 3 power-down modes

¢ 80% improvement in traditional '
‘C’ compiler efficiency I

To request a free 'C54x Informatian Kit, visit
http:,/Avvw. b comy/sc/4054 or call 1-800-477-8924, ext 4054

\
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DIGITAL DESIGN

CONFERENCE REVIEW

Hot Systems, Cool Software
In Compcon ‘97 Spotlight

Speedy Microprocessors, Java Software, And
Multimedia Took Center Stage At Compcon’97.

Dave Bursky

outing a theme of Hot
T Systems/Cool Software, the 1997

edition of the IEEE Compcon
conference delivered an array of tech-
nical sessions, plenary speakers and
tutorials covering the latest high-per-
formance microprocessors, advanced
multimedia technology, new operating
systems, and advanced networking
topics such as electronic commerce,
Java, and wireless technology. Held
from Feb. 23 to 26 at the Hilton Hotel
and Towers in San Jose, Calif, the con-
ference provided some intereseting
historical perspective on advances in
digital computing as seen by one of the
plenary speakers, Federico Faggin,
CEOQ of Synaptics Inc.. San Jose,
Calif., and the founder of Zilog (and re-
sponsible for the development of the
Z80 microprocessor).

Additional plenary presentations
by Prof. Hector Garcia-Molina of Stan-
ford University, Stanford, Calif. exam-
ined the concepts of meta-searches
across the Internet. A trio of plenary
speakers—David Gifford of the Mass-
achusetts Institute of Technology,
Cambridge, Mass., Ted Laliotis of
Laliotis and Associates, Los Altos,
Calif,, and Dave Nagel of AT&T Labs,
Basking Ridge, N.J.—each discussed
different aspects of electronic com-
merce. And Professor Randy Katz, of
the University of California at Berke-
ley, followed with an examination of
the future of wireless technology.

In microprocessors, the sessions
detailed a host of the latest high-per-
formance processors from the leading
manufacturers: The PA-8500 from
Hewlett-Packard, Cupertino, Calif,
the next-generation PowerPC micro-

processors by Motorola and IBM, both !

in Austin, Texas, advanced Pentium
processors with the MMX enhance-

ments from Intel, Santa Clara, Calif,
and the next-generation Alpha
processors from Digital Equipment,
Hudson, Mass., and Mitsubishi Elec-
tric Itami, Japan.

Multimedia-related sessions exam-
ined the developments in 3D graphics
technology from 3Dlabs Inc., San Jose,
Calif., and Intergraph Corp., Hunts-
ville, Ala.; digital versatile disk (DVD)
advances from Matsushita Electric Co.
Ltd., Osaka, Japan, Pieneer Corp., and
Toshiba Corp., Tokyo, Japan. Related
to multimedia, a session on imaging
over the Internet provided an over-
view of digital photography and digital
cameras from Live Picture Inc., So-
quel, Calif., and Hewlett-Packard
Labs, Palo Alto, Calif. A session on im-
age quality had papers by Hewlett-
Packard and Stanford University on
video/color image quality metrics.

The Java Brew

Java-related sessions also took cen-
ter stage this year, with session topics
including Optimization and Bench-
marking for Java,Java Enabling Com-
pilers and Translators, and a session
on Internet Security that included
several discussions of security archi-
tectures for Java. The optimization
session presentations from Motorola,
Sun Microelectronies, Mountain View,
Calif., and Arizona State University,
Phoenix, detailed Java optimizations
for embedded environments, Java
performance and benchmarking, and
bytecode optimizations, respectively.
The compiler session included presen-
tations by IBM Corp., Cygnus, the
University of Rochester, and SunSoft
that examine NetRexx, an alternative
to the Java language, a GCC-based
Java implementation, Briki: A flexible
Java compiler, and Java math li-

braries, respectively. And in the Inter-
net Security session, both JavaSoft
and the University of California at
Berkeley covered security architec-
tural directions aspects of Java, while
a third presentation in the session
from Microsoft Corp., Redmond,
Wash., discussed the company’s Inter-
net Security Framework.

Database-related technology also
received a great deal of attention at
the conference. A full session was de-
voted to Object-Relational Database
Systems and contained presentations
on the evolution of DB2 as an Object-
Oriented Database System by IBM
Corp., San Jose, Calif.; the new Oracle
universal server technology, Oracle
Corp., Redwood Shores, Calif.; and
DataBlade Snap-Ins for Informix-
Universal Server, by Informix Soft-
ware Inc., Oakland, Calif.

Tying many of the database, net-
work, and CPU technologies to-
gether, a session on Network Com-
puting examined a broad range of
topics including Agent Technology
from 1BM; the use of Acorn Technol-
ogy for Web Computing by Acorn
Computers Ltd., Cambridge, Eng-
land; The Information Appliance
Revolution by Diba Inc., Menlo Park,
Calif., A View of the Convergence of
Services and Devices by the Philips
Multimedia Center, Palo Alto, Calif.,
and a look at the P200 Telephone
Client, also from Philips.

Copies of the conference proceed-
ings for Compcon’97 can be ordered
through the Compcon home page at
hittp:/fwww.compeon.org, or through
the IEEE. For a copy of the final pro-
gram listing all the papers, contact
Dave Hunt at (510) 422-2199; fax (510)
422-2495: e-mail: compcon@lbl.gov.
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Benchmarq supplies the chip
that monitors the battery

that runs the notebook

that calculates the damage...

|| [ Power Nanagemenl ™

Advanced :l

Cancel ]

Heip

a PC ix curtently batterp powered ’
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The Beachmarq Gas Gauge IC continuously monitors charge and [ 3 ]

discharge of the notebool: battery enabling the ‘Power Manag y ‘
window to skow battery charge level at any time. thoh

that helps Don settle claims fast.

One look at the battery display on Don’s notebook They require very little board space. And a variety of gas

computer tells Don he’s got the power to prepare all gauge ICs are available to meet your specific needs.

his customers' claims this busy afternoon. Convenient, Talk to a Benchmarg product support specialist and

efficient operation is the reason why Don uses a note- find out how you can differentiate your product, improve

book computer. And that's its performance, and shorten

possible because the Gas Gauge IC Selection Guide your time to market with

makers of Don’s computer . Benchmarq battery manage-

d Bench Fag Einey e ment solutions. Call 1-800-

used bencnmarq gas No. Description Technology Package i

gauge battery manage- . 966-0011 today. And

ment technology. ba2010 | GasGaugelC | ,rawiey | 160.150°S0iC | claim more of your
Benchmarq gas gauge market tomorrow.

ICs accurately monitor the | bg2011/y | (835 Gauge IC icia 16/0.150° SOIC .

S A GHIA NI € | bg for Power Tools and NiCd 3 1
battery charge in comput- -
ers, power tools, cellular | be2012 | GasGaugelc | MM | 160150 s0ic
phones, and other elec- PSS 3.53 Somgy et o ]

f ~ a5 Gauge 1L wi { | , NI 1
tronic devices. DG2014 | Charee Control | and Lilon | 16/0.150"SOIC BENCHMARQ
X BENCHMARQ Microelectronics, Inc. MARQY'S Message:
Benchmarg is a registered
trademart, ard Power Gauge and bq2050 | Rower Gauge™iC |  Li-lon L S A e “Ask about our ready-

“Benchmarg ..the brains behind
the banerg"are trademarks of 800-966-0011 or 972-437-9195 to-use gas gauge

i ics, | SMBus v.85 NiMH, NiCd N Fax: 972-437-9198
Sepc g IRe ey inc bq2091 Gas Gauge IC and Li-lon 16/0.150° SOIC Email:benchmarq@benchmarq.com modules and reduce

NASDAQ=BMRQ WWW:http://www.benchmarg.com design time!”
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Still

Discretes

On Your L
P-6 Board For Ternhna{mn"

Meet our cost-cutting
stress reliever. PAC RG"”

- Mounts FIVE tlmés faster than
~ thick film discretes

. 2 Highr stability over a wide tempera-
ture range and applied voltage
(actual size)

lCovered by ore or more of US. Pat. Nos. 5,355,014,
5,370,766, and 5:514,612 and other pending
applications. ©1997 CMD Corp. All rights reserved.
P/Active™ and PAC RG™ are frademarks of California
Micro Devices. Intel, and Pentium Pro are registered
frademarks of intet Corporation.
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California Micro Devices

Let Us Relieve Your Pentium® Pro Stress

e Call 1-800-325-4966 or (408) 263-3214 for a cost-cut-
ting price quote.

e Call 1-800-896-3406 or (415) 596-4469 for data sheets.
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Single-Chip Multimedia Accelerator
Shoehorns In 10 Mbits Of DRAM

ombining multimedia support
functions such as MPEG-1 video

and audio decoding, video-cap-

|

multiple surface display, and
video/MPEG playback.

The graphics engine includes a
high-performance, 2.5D graphies ac-
celerator and a 135-MHz RAMDAC,
business audio support, and a Direct-
Draw accelerator. In addition, it can
perform video overlays. An expansion
bus on the chip allows an additional 1-
Mbyte of memory to be attached, and
a 32-bit PCI bus master interface ties
the accelerator into the host system.

The Magic F/X 256 and MSM7680
are the same chip, but offered inde-
pendently by Silicon Magic and Oki
Semiconductor, respectively. They are
both 100% VGA-compatible and in-
clude additional display modes that of-
fer resolutions of up to 1280 by 1024
pixels by 8 bits/pixel with no addi-
tional memory, and 1024 by 768 pixels
by 24 bits/pixel with 1 Mbyte of exter-
nal memory.

]

]
ture and business-audio applications, E
the Magic F/X 256/MSM7680 crams 10 !
Mbits of synchronous DRAM into a sin- |
gle-chip solution. Jointly developed by |
| Silicon Magic and Oki Semiconductor, |
| the accelerator chips provide a highly-
integrated solution that makes multi- !
media subsystems easy to implement. !
The 10 Mbits of DRAM, imple- E
]

I

I

]

| mented with Silicon Magic’s MaxE-
Mem (modular and extensible embed-
ded memory), ties into the multimedia
logic via a 256-bit-wide bus. When
clocked at 80 MHz, the 64-bit on-chip
graphics engine achieves a memory
transfer bandwidth of 2.5 Gbytes/s.
That high transfer rate should elimi-
nate many bandwidth concerns plagu-
ing other graphics solutions attempt-
ing to offer high-quality scaling,

Chip power is minimized because
the device is housed in a 208-lead plas-
tic QFP and operates from a 5-V sup-
ply for the PCI I/O lines and a 3.3-V |
supply for the logic and memory.

In lots of 10,000 units, the F/X 256
sells for $35 apiece. The MSM7680 also |
sells for $35 each in similar quantities.
Both companies have available evalu-
ation cards and a design-guide pack- |
age that includes schematics, a bill of |
materials, and information about |
BIOS software and drivers/installa- |
tion utilities. ‘

Silicon Magic Inc.

4500 Great America Pkwy.

Santa Clara, CA 95054

Angelo Matthews, (408) 969-3200
http://www.simagic.com
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Oki Semiconductor
785 N. Mary Ave.
Sunnyvale, CA 94086
Sam Sambasivam, (408) 737-6441
http://www.okisemi.com
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= LSI LOGIC'S GIGABLAZE"™ SERIALINK®

TECHNOLOGY WILL DO
TWO THINGS:
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ABSOLUTE VALUE

High performance LCR meters from SRS.
Absolutely lowest price. Starting at $1295.

Value. It means getting your money's worth.

For passive component measurement, the new

standards in value are the SR720/715 LCR
meters from SRS. Meters that offer significant
advantages in performance and price.

Performance like .05% basic accuracy, 100 kHz
test frequency, and fast measurement rates up
to 20 per second. Features like a built in Kelvin

fixture, averaging, binning and limits, stored

setups, and quick calibration. With the standard
RS232 and optional GPIB and Handler interfac-

es, the SR720/715 solves your incoming
inspection and automated test needs. All for a
price well below what you'd expect.

The SR720/SR715. Absolute values in a com-
plex world. Call (408)744-9040 today for more
information about the SRS advantage.

SR720 $1995

* 0.05% basic accuracy

+ 100 Hz to 100 kHz measurement frequency

+ Two 5 digit displays for simultaneous readout
of major and minor parameters.

« Auto, R+Q, L+Q, C+D, C+R, Series and
Parallel measurement modes

« 100 mV to 1.0 V test signals

* Internal and External Bias

» Binning and Limits for production testing and
component inspection.

« RS232 interface

+ GPIB and Handler interface (optional)

SR715 $1295.

Same as SR720 except:
* 0.2% basic accuracy
+ 100 Hz to 10 kHz measurement frequency

STANFORD RESEARCH SYSTEMS

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049
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First Of MCU Family Line Packs 8-Bit
Features, 16-Bit Performance

ell known as a supplier of low-
Wpin-count 8-bit microcon-

trollers, Microchip has now
gone in the other direction by introduc-
ing its highest pin-count/performance
MCU to date, the PIC17C756. The
chip, which comes in a 64- or 68-lead
package, is the first in the PIC17C75x
family and will provide designers with
a higher-performance microcontroller
versus processors such as the
MC68HC11 series from Motorola, and
the H8 series from Hitachi. The
PIC17C1756 delivers a throughput of
about 8.25 MIPS when running from
an internal clock of 33 MHz.

On-chip resources include a 12-
channel, 10-bit ADC with +1 LSB ac-
curacy, a single cycle (120 ns) 8-by-8-
bit hardware multiplier, and dual
high-speed serial channels, each capa-
ble of synchronous data-transfer rates
of up to 8.25 Mbits/s (500 kbits/s asyn-

chronous). The microcontroller in-
cludes a 16-kword-by-16-bit, one-time
programmable, EPROM-based pro-
gram memory and 902 bytes of user
RAM. As a result, the chip is able to
store and execute longer and more
complex programs than previous PIC-
family processors.

To round out the feature set, the
chip also packs up to 50 I/O pins, all in-
dividually configurable as an input or
output, four pins that can be config-
ured as capture inputs (120-ns resolu-
tion), three pins that can be set to pro-
vide pulse-width-modulated outputs
(1-10 bits resolution with 130 kHz at 8
bits, or 32 kHz at 10 bits), four timers
(two 8-bit and two 16-bit), and local se-
rial expansion interfaces (SPI and
12C). In addition to the active operat-
ing mode, the controller includes sev-
eral reduced-power modes when idle
or standing by.

TRANSFER 1.25 GIGABITS
OF DATA
(THE EQUIVALENT OF

SEVENTY-FIVE 350 PAGE NOVELS).

The on-chip ADC’s standby mode

allows it to convert even when the cir- |

cuit is in the sleep mode—that permits
the processor to perform power-man-
agement functions with minimal
power drain. On full standby, the chip’s
current drain drops to less than 1 pA
from a 5-V supply, while at 4-MHz the
active current is less than 5 mA.
Available in 64 or 68-lead packages,

the OTP 64-lead plastic DIP version of |

PIC17C756 sells for $13.28 each in lots

of 1000 units. A reduced-memory ver- |

sion, the 17C752, will be available later
this year. The chips are supported by
the company’s PICMaster-17B univer-

sal development system that runs un-
der Microsoft Windows. The software |

will be available this summer, selling
for $2490 without the PRO MATE II
device programmer, $3345 with the

programming tool.
Microchip Tech Inc.
2355 West Chandler Bivd.
Chandler, AZ 85224-6199
Ron Cates, (602) 786-7609
CIRCLE 628
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CHANGE THE WAY
YOU THINK
ABOUT CMOS.

Faster than you can say “breakthrough,” our GigaBlaze™ SeriaLink®core
is achieving unprecedented speeds in data transfer. This system-on-a-chip
solution can be integrated with multiple GigaBlaze cores or other building
blocks from our extensive CoreWare® library. So when it comes to serial

interconnect solutions for storage subsystems, switching, clustering or
high-speed backplanes, LSI Logic’s GigaBlaze core gives you low-cost
gigabit performance. Now that’s something to think about.

For your free booklet on evaluating gigabit serial interconnect technology,
call 1-800-574-4286 dept. GAW65S or visit www.lsilogic.com/gigablaze.

LSI LOGIC

THE SYSTEM ON A CHIP COMPANY™




Audio Solufions

Audio testing requires specialized solutions.
Audio Precision offers three lines of audio analyzers.

ATS-1
< Analog audio test system - 2 channel
< Advanced LCD front panel display and controls
< Smart GPIB interface w/HP 8903B
compatible mode
< High performance,
cost effective:
Residual
Noise 1.5uv,
22H2z-22kHz
System THD+N
<0.0025%+3uv

System Two
< A new standard for today’s digitai
and analog systems

< Analog and digital audio testing

< Digital interface testing and measurement

< PC/Multimedia audio testing

< Reduced bit-rate codec testing for audio
& telecom

< Digital converter testing

< Analog residual THD+N <0.0004% (<-108dB)

< Digital analyzer noise <-140dBFS, wideband

System One
< The Recognized Standard for analog & digital audio
< versatile and fast
« PC or GPIB interface
- APWIN for windows 95™
- GPIB drivers for
National Instruments

X LabView/Labwindows

< High speed FASTTRIG
synchronous multitone
testing on DSP versions

< Dual Domain™ version
includes digital 170

< Total analog system
THD+N residual
<0.001%+1.5v,
22Hz-22kHz

Thousands of customers worldwide choose
Audio Precision analyzers because we offer
a complete family of audio testing solutions.

Our worldwide force of Audio Precision
representatives will be pleased to provide
further information and heip you find
solutions for your audio testing.

Audi
cision

Beavertcn, OR 97075-3070
(503) 627-0832, 1-800-231-7350

FAX: (503} 641-8906 READER SERVICE 101
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DIGITAL DESIGN PRODUCTS

veloped by Advanced Micro De-
vices provide highly integrated
CPU solutions for both 16- and 32-bit
system needs. They offer high
throughput and a very familiar pro-

|
I gramming interface.
i

Apair of x86-family processor de-

Coming in at the high end is the
Elan SC410, a cost-reduced version of
| the previously released SC400, which
‘ is based on the integer-only Am486
CPU core. For systems that don’t
| need full DOS/Windows compatibility,
the company also released the
Aml186ED, a new member to the
Am186/188 embedded-controller fam-
ily that includes a full DRAM con-
| troller to simplify the support of large
but low-cost memory subsystems.
To lower the cost of the SC400, de-
signers removed the SC400’s LCD
controller and the PCMCIA interface

"PRODUCT FEATURE

’ Embedded x86 CPUs Save Cost Yet Still
 Contain Most Key System Functions
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all other features of the SC400 remain
intact on the SC410—full DOS/Win-
dows compatibility, local bus and ISA
bus interfaces, a bidirectional EPP
parallel port, dual 16550-compatible
serial ports, an IrDA-compatible in-
frared port, a keyboard controller, a
DRAM controller, a glueless interface
to burst-mode ROMs and flash memo-
ries, and comprehensive power man-
agement (a superset of the APM 1.2
feature set).

A fully-static design, the SC410 can
operate at clock speeds of 33 or 66 MHz,
and is powered by a 2.7- to 3.3-V supply,
but offers 5-V tolerant 1/0 lines. The
chip comes housed in an ultra-small 292
contact ball-grid array and sells for $33
apiece in lots of 10,000.

For high-end 8- and 16-bit applica-
tions, the Am186ED includes all of the
functionality of the company’s
Aml186EM and ES integrated micro-

processors, plus a full DRAM con- |
troller. Previous 186/188 family mem-
bers included refresh support for
DRAMs, but didn’t include full con-
trollers. Thus, with the 186ED, a
DR AM-based memory subsystem, us-
ing the low-cost, 16-bit-wide DRAMs
can provide more memory at lower |
cost than memory subsystems built 1
with static RAMs. The 186ED can de-
liver zero-wait-state performance at
40 MHz using 50-ns DRAMs, 70-ns
SRAMs, or 70-ns flash memories for
program/data storage.

In addition, since a '188 version of
the chip won’t be available, the
AM186ED includes a programmable |
bus-sizing option that allows design-
ers to mix 8- and 16-bit peripherals. In
the boot mode, an inexpensive 8-bit-
wide ROM can be used to boot the sys- |
tem and place speed-critical routines
into the DRAM. Features carried
over from the EM and ES versions in-
clude two 9-bit asynchronous serial
ports, two DMA controllers, three 16- |
bit timers with pulse-width modula-
(continued on page 93)

i_blocks to create the SC410. However,

THE SWEET SMELL OF SUCCESS

HOYO DE MONTERREY

You deserve it, so enjoy the superior smoking pleasure of the magpnifi-

cent

’/s” x 48 ring Natural wrapper, Hoyo Double Corona.

Handmade in Honduras of select Cuban-seed tobaccos,

Hoyos are a favorite of diplomats, thought leaders,

trend setters and those smokers from whom
others take their cues in fine cigar selection.

MY INTRODUCTORY OFFER

TO NEW CUSTOMERS

8 Hovo de Monterrey Double
Coronas for $15.00;
Regular Retail $24.00.

7975
THOMPSON

America’s Oldest Mail Order

1995, Thompson & Co., Inc. (‘,“\,,”- (-”’”l"””" Est. 1915

P.O. Box 1 74 « Tampa, FL 33633—0537 Depl %
Send me 8 Natural wrapper, Hoyo Double Coronas (N24855) For $15.00 + $3.85 shgna
{Florida residents add 6% sales tax + appropriate county tax). ONE ORDER PER CUST

City State Zip

Daytime Phone # ( )
0 $18.95 Enclosed. Charge to my () ViISA (] MasterCard (] AmExpress () Discover

Signed

Credht Card No. (Print All Digits) Exp. Date
OFFER EXPIRES 8/97 + OFFER NOT AVAILABLE TO MINORS « OFFER GOOD ONLY IN THE USA

1-800-237-2559 Dept-T367 Fax: 813-882-4605
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KNOWLEDGE
IS POWER.

AMD-Logic Products Division
Advanced RISC Machines
AER Energy Resources
Analog Devices
Annabooks
Annasoft
AVX
Battery Engineering
Battery Technologies
Benchmargq Microelectronics
Berg Eledronics
Bourns
Chips and Technologies
Crystal Semiconductor
(SEMSA
Dollas Semiconductor
Duel Systems
EE Produd News
Electronic Design
Eledronic Design China
Energizer Power Systems
Fujitsu Microelectronics
GP Batteries
Hodo
HEl
Hewlett Packard, Optical Comm. Div.
Intel

Jbro Batteries
LCO Tech Rep
Linear Technology
Linfinity Microelectronics
Lucent Technologies
Megatel Computer
Micrel Semiconductor
MicroModule Systems
Microwaves & RF
Miniature Card Implementers Forum
Motorola, HPESD Div.
Nationol Semicondudor
NEC Eledronics
Nexcom Technology

Panasonic
PCMCIA
Phihong USA
Rayovac
S-MOS Systems
SAFT Americo
Samsung Semicondudor
Sanyo Energy
Sharp Elecronics
Temic Semiconductors
Texos Instruments
TriTech Microeledronics
Unitrode Integrated Circuits
USAR Systems
VESA
Webcom Communications
Wireless Systems Design
WSI, and more

DISCOVER THAT POWER AT
Paortable
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CONFERENCE & EXHIBITION

MARCH 24-27,1997

SANTA CLARA CONVENTION CENTER » SANTA CLARA, CA

Over 100 Exhibitors
of Technology, Products,
and Services

Only PORTABLE BY DESIGN can offer you
this great opportunity to expand your knowl-
edge, and hence, further your career in the
fast-growing portable-product market. Take
advantage of the latest design technologies
for portable products—Tlive demonstra-
tions—hands-on product samplings—sys-
tems solutions—discussions with the ex-
peris—independent software and hardware
vendors, and much more. Join the commu-
nity of design engineers, manufacturers,
and suppliers at this fourth annual exhibi-
tion where hundreds of produds are shown
and discussed for the first time. Meet the
experts face-to-face and explore the many
innovative avenues to design solutions for

portable products.

EXTRA ADDED
ATTRACTIONS

KEYNOTE LUNCHEON

for Conference Attendees, March 25, Noon

INDUSTRY RECEPTION

March 25, 5-8 PM.
JACK KILBY

inventor of the integrated circuit, March 25, 5 PM.

BOB PEASE

outhor & columnist, March 26, 11 AM.

TECHNOLOGY CONFERENCE.

For the fourth straight year,

the Portable By Design Conference will present innovative design
solutions and highly focused new products for today’s fast-growing

portable-product market.

Corrference Topies:

* Designing with Future

* System Management s,
* PCCard Issyes

* Low-Power Analog Circy

Keynote Luncheon
sponsored by

* MCUs & CPys For Portaple Devices

* (PU Power~Supply Voltages

* RF-Based Wireless WAN & LAN

y ,Smart-Batrery Architectures
R-Based Wireless Commum'(arions

* Thermal & Mechanical Consideraﬁons

* Ending End-yser Battery Frustrations

BENCHMARQ

MICROELECTRONICS

PORTABLE AFTER DARK
for Conference Attendees, March 26, 6-9 PM.

Battery Technologies

ftware

it Design

Industry Reception
sponsored by

intgl.

For more information call 201/393-6075; Email: portable@class.org
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PRODUCT FEATURE

(continued from page 91)

tion, 32 programmable 1/0 lines, 12
chip selects, 16 interrupts, and a
watchdog timer.

The AMI86ED is available in speed
grades of 20, 25, 33, and 40 MHz, and
housed in 100-lead PQFPs or TQFPs.
Prices start at $9.70 each in lots of
10,000 units for the 20-MHz version in
a PQFP. Samples are immediately
available. A board demonstrating a

full system will be available in the
third quarter for $186.

Advanced Micro Devices Inc.

One AMD Place

PO. Box 3453

Sunnyvale, CA 94088-3453

David Sandys for the Am186ED,
(512) 602-4073. CIRCLE 629

John Hansen for the SC410, (512)
602-4155. CIRCLE 630

DAVE BURSKY

Digital-Signal-Processor Engine And 32-Bit
RISC CPU Merged Onto One Chip

DSP processor—the latest member

of Hitachi’s SH CPU family—com-
bines a 60-MIPS, 32-bit RISC CPU
and a 120 mega-operation/s DSP en-
gine on one chip. The dual processor
will initially be implemented in a 0.35-
pum CMOS process and will be able to
clock at speeds of up to 60 MHz. When
executing DSP operations, the DSP
engine can perform up to four inde-
pendent operations during each clock
cycle. As a CPU, the chip executes the
single-cycle 16-bit instructions at the
clock rate, thus delivering a 60-MIPS
throughput.

Going for $25 each in lots of 10,000
units for a version with an on-chip 48-
kbyte mask-ROM and 8-kbytes of
SRAM, the SH-DSP is cost-effective
against CPU-only chips on one hand,
and against dedicated DSP chips on
the other. The dual personality of the
chip suits it well for applications in
various types of portable communica-
tions devices. The DSP portion of the
chip performs the speech coding and
decoding, echo cancellation, and other
signal processing, while the RISC en-
gine performs the internal data man-
agement, keyboard control, and proto-
col handling.

Internally, the SH-DSP shares
many on-chip resources to maximize
the performance/watt rating. There’s
a single unified memory space to sim-
plify addressing, and no duplicated cir-
cuits or functions, thus minimizing
wasted chip area and power. The CPU
core employs 16-bit instructions and
executes on 32-bit data words. It's a
superset of the SH-2 CPU and in-
cludes a 32-bit multiplier-accumulator
as well as upward code compatibility

In its first implementation, the SH-

with the SH-1 and SH-2 CPU families.

The DSP logic includes a single-cy-
cle, 16-bit MAC as well as a barrel
shifter and exponent detect logic. Un-
like the CPU core, the DSP block em-
ploys 32- and 16-bit instructions to
achieve the maximum amount of par-
allelism during each instruction cycle.
The DSP block also performs zero-
overhead looping, reducing system
overheads during DSP operations. To
move data quickly, a four-channel
DMA controller minimizes the over-
head operations to shift data between
the external devices, memory, and on-
chip peripheral functions.

The chip also contains two synchro-
nous/asynchronous serial-communica-
tions channels for full-duplex commu-
nications, and three synchronous
serial I/0 ports that provide simple in-
terfaces for off-chip peripheral func-
tions such as codecs. A 32-bit I/0 port
provides a connection to a host system
or to peripheral control lines. Also on-
chip is a complement of various timers,
an interrupt controller, and clock gen-
eration circuits.

Operating with 3.3-V power sup-
plies, the chip typically dissipates
about 200 mW. To conserve battery
life in portable systems, the processor
incorporates several power-down
modes that drop the power drain to
the microwatt level. Housed in a
space-saving 176-lead low-profile
QFP, the ROM-based version of the
SH-DSP sells for $25 each in lots of
10,000 units. Volume production will
begin in the third quarter. Available
now is a RAM-based development
version that replaces the on-chip ROM
with SRAM.

(continued on page 94)

Power
Supplies as
Diverse as
Your Needs

from I.owcost
Standards

50 & 100 watt
external power
supplies

to Fully
Customized

Tektris Electro Corp. designs and
manufactures a full range of power
supply products for computers,
thermal printers, office automation,
telecommunications and industrial
appiications.
B Over 175 standard

models available from

5 watts to 250 watts
M Delivery from stock

to 6 weeks
B Modified standards

available with 2 to 4

week turnaround

# A full range of cus-
tom capabilities from
5 watts to 750 watts

B Worldwide agency
approvals

Call Today!

TEKTRIS

ELECTRO CORP

j—

LA

Tektris Electro Corp.
8130 La Mesa Blvd.
La Mesa, CA 91941
TEL: 619-593-5000
FAX: 619-593-5014
http://www.tektris.com

© 1997 Tektris Electro Corp.
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Fower up for
total-system testing

Whether you're testing an automobile up close or a cell
phone from a distance, AR offers microwave amplifiers that
let you do it.

With output power from 1 to 1000 watts and frequencies
from 0.8 to 18 GHz, our microwave line offers more power, more

bandwidth, and more reliability for EMI/immunity applica-

tions than you're likely to find
anywhere else.
So test the subcomponent or
the car. The PCB or PCS.
HDTV or telemetry. Do it all
with the reliable power of a

microwave amp from AR.

€O (" Resennc

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 * Paris: 1-64-61-63-29
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DIGITAL DESIGN PRODUCTS

(continued from page 93)

Software support for the processor
comes in the form of various tools and
library routines to speed program de-
velopment. In addition to its own de-
velopment tools, Hitachi has arranged
for software tools from Green Hills
Software Inc., Santa Barbara, Calif.;
CARDtools Systems Corp., San Jose,
Calif.; and a DSP library from En-
sigma Ltd., Chepstow, England.

Hitachi America Lid.

Semiconductor and IC Div.

2000 Sierra Point Pkwy.

MS-080

Brisbane, CA 94005-1897

David Pelavin, (415) 589-8300.

CIRCLE 631
DAVE BURSKY

Four-Port Hub Control

Chip Simplifies Systems

A hub controller for the universal ser-
ial bus, the AT43311, allows up to four
individual computer peripherals to be
connected to the computer’s USB
port. The hub can be implemented as a
self-powered device with the con-
troller powered from the power lines
in the USB cable. Therefore, in the
event of a power failure, the hub con-
troller may still be able to communi-
cate if any of the systems tied into the
USB are supplying power to the USB.

Contained on the AT43311 are four
downstream ports and one upstream
port; the four downstream ports can
transfer data at either the low- or
high-speed USB data rates (1.5 or 12
Mbits/s). As a hub, the chip serves as a
repeater between an upstream host
computer and a downstream periph-
eral. It also can function as a hub con-
troller, during which it records the sta-
tus of the hub, performs bus
enumeration, and transfers data over
the downstream ports. Moreover, the
chip can drive status LEDs to indicate
when ports are in use.

Although the chip operates with an
external clock frequency of 6 MHz to
reduce EMI, internally that clock is
multiplied up to 48 MHz to perform
the four-port hub functions. In lots of
1000 units, the AT43311 sells for $6.50
each. pB

Atmel Corp., 2325 Orchard Pkwy.,
San Jose, CA 95131, John Bryant, (408)
441-0311. CIRCLE 632




Instrumentation Amp Solutions

for Signal Acquisition”

NEW

175pA
Instrumentation Amp

INAT26

VUE B ?50“\,
3pV/°C

G=51010,000
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microPOWER, Low Cost IA in Tiny MSOP

INA126 is a precision instrumentation amplifier for accurate, low noise differential signal
acquisition. Its low quiescent current and wide operating range of £1.35V to 18V makes
it ideal for portable instrumentation and data acquisition systems.

© OFfSEt VORAGE ...ttt 250uV max
« Offset Drift. ......... 3pv/°C max
* Low Noise. OO 35nV/VHz
« Input Bias Current.................. e .25nA max

* 8-pin DIP, SO-8, MSOP-B Surface-Mount
« INA126 is priced from $1.60 in 1000s.

Reader No. 80 o FAXL/NE 11365

Low Power IA Has Wide Bandwidth, 200kHz at G=100
INA128 and INA129 are general purpose instrumentation amplifiers offering a 3-op amp
current-feedback design. They are suitable for a wide range of precision applications such
as industrial measurement and control, and medicaf and scientific instrumentation. Wide

supply range (+2.25 to +18V) and 700pA quiescent current make them ideal for battery
operated systems. Products feature two industry standard gain equations.

o Oftset Voltage............ 50pV max
O LOW Dt L.t 0.5uV/°C max
¢ INPUL BIaS CUITENE ........ooveeeeerereeeecrceee e esereisesac e ssses e sesanesenesesees 5nA max
¢ HighCMR.......... veereeenn.120dB at G=100

* 8-Pin Plastic DIP and SO-8
+ INA128 and INA129 are priced from $3.37 in 1000s.

Reader No. 82 ¢ FAXLINE 11296

Burr-Brown Corporatlon For Technical Information: http://www.burr-brown.comv/Ads/INA126-Ad.htmi

“Instrumentation Amplifiers are
more than just precise op amps. They
are complete closed loop amplifiers
with built-in precision feedback
components.”

microPOWER,
Low Cost
Difference
Amplifier

INA132 is a microPOWER, |
unity gain difference g R
amplifier consisting of a
precision op amp with
a precision resistor network. On-chip tesistors are trimmed
for accurate gain and high common-mode rejection. The

internal op amp’s common-mode range extends to the
negative supply—ideal for single-supply applications.

« Wide Supply Range .................. Single Supply 2.7V to 36V

or Dual Supplies £1.35V to 18V
* Quiescent CUITENt ..o 160pA
* Gain Error +0.075%
S HIGh CMR.......oooicrieeeere s sesennes 90dB
« 8-pin DIP and SO-8

* INA132 is priced from $1.40 in 1000s.
Reader No. 81 e FAXLINE 11353

Precision Switched Integrator
Transimpedance Amplifier

IVC102 is a precision FET-
input integrating amplifier
with on-chip integration
capacitors, and low leakage
analog switches that convert
low-level input current to an
output voltage. IVC102 is
ideal for amplifying low-
level sensor current from
photodiodes and ionization
chambers. Transimpedance gain is determined by user-
provided switch timing signals.

o Input Bias Current.............ccouevevereereeeereccceeecenae 100fA
* NONNNBAMItY.....o.eoveeec e 0.005%
* 14-Pin DIP and SO-14 Surface Mount
« IVC102 is priced from $4.25 in 1000s.

Reader No. 83 e FAXLINE 11329
BURR - BROWN®

Burs-Brown Corporation « P.0. Box 11400 « Tucson, AZ « 85734-1400  Call (800) 548-6132 or use FAXLI/NE (800) 548-6133 « http://www.burr-brown.com/
Distributors: Anthem: (800) 826-8436 * Digi-Key Corp: (800) 3384105 « lnsight Electronics: (800) 677-7716  J.L.T. Supply: (800) 246-9000 + Sager Electronics: (800) 724-3780 « SEMAD (Canada): (800) 567-3623
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Our tantalum chips are still dieting.

Higher capacitance in smaller cases. [ ] responding to this need by improving the cathode

That's the relentless challenge for NEC tantalum chip layers of our tantaium chips.

capacitors. Our 4.7uF/10V rating, for example, once 4-7 Reliability is another strong point of our tanta-

came in a B case (4.7 x 2.6 x 2. Imm). it now fits 0 lum chip capacitors. They assure reliable perform-

into an A2 case (3.2 x 1.6 x 1.2Zmm). This device ance over a wide temperature range: -55°C to

has lost 3/4 of its volume in ten years. The secret of +125C. Tantalum chips far surpass ceramic capaci-

our success? Finer tantalum powders and the con- tors in reliability and miniaturization.

tinuous improvement of production technologies. = NEC is the world leader in tantalum capacitor
Noise tolerance declines as circuits go digital and 2 technology and production. We maintain our edge

operate at lower voltages. This creates a demand by offering you larger capacitance, smaller cases,

for low ESR® in tantalum chip capacitors. NEC is and higher reliability. *Equivalent Series Resistance

The right components to build your reputation

just imagine

On the Internet at http:/WWW.ic.nec.co.jp/index_e.html NEC MULTIMEDTIA
For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tet:0211-650302.Fax:0211-6503490.

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Te|: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. ITALY Tel:02-667541. Fax:02-66754299. UX Tel:1908-691133.Fax:1908-670290.

HONG KONG Tel:2886-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tek02-551-0450.Fax:02-551-0451.

SINGAPORE Tel:253-8311.Fax:250-3563. AUSTRALIA Tel:03-8876012.Fax:03-8878014, JAPAN Tel:03-3798-6148.Fax:03-3798-6149.
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Many Systems Contain
Large Amounts Of Code
That Must Be
Maintained And
Updated Without
Shutting Down. On-The-
Fly Software
Replacement Helps
Maintain A Running
System With Minimal
Interruption Of Service.

STEFFEN HAUPTMANN and JOSEF WASEL,
Philips Research Laboratories, D-
52066, Aachen, Germany; 49-241-
6003-538 fax 49-241-6003-518.

any large and complex systems
M such as PABXs (private auto-

matic branch exchanges) are
required to be constantly in service,
yet contain enormous amounts of soft-
ware that changes continuously. De-
spite adherence to stringent quality
procedures during development, such
system software inevitably harbors
faults. In fact, the need for software
repairs, upgrades,and extensions
never stops.

On-the-fly software replacement al-
lows for maintaining a running system
with minimal interruption of service.
For example, in a telephone switching
system, the software must be up-
graded during normal operation. Such
replacement is done remotely over the
telephone network from a centralized
maintenance center and—in the case
of fault repairs—simultaneously

Dynamic Software Reconfiguration |
Keeps Critical Systems Running

throughout the entire installed base.
On-the-{ly replacement also can be |
used in software for mass market elec-
tronics products such as televisions
and set-top boxes.

The approach detailed in this article
does not require any modification to
compilers, linkers, or other software
development tools. It does require a
modification of the applications to
make them replaceable. This entails a
separate step in the software develop-
ment process. There are rules, pre-
sented here, for doing this in a formal-
ized way, so the process can be
supported by tools.

Achieving on-the-fly software re-
placement depends largely on the un-
derlying operating system and pro-
gramming language abstractions. |
Since concrete concepts cannot be
given in an operating-system and lan- |

/i I

|

@33

Port

Site

Messages

A Seh

g Actors
3 Thread ‘

Site

Communication network

1. Two hardware nodes represent an extract of a distributed system. On each node, there is an
arbitrary number of “actors,” each of which can contain an arbitrary number of threads. Threads
within an actor communicate using various mechanisms like semaphores and mailboxes. Actors
communicate only through message queves called “ports.”

ELECTRONIC DESIGN / MARCH 17, 1997
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EMBEDDED SYSTEMS SOFTWARE REPLACEMENT |

guage-independent way, the Chorus
operating system was chosen because
it has characteristics that provide for
dynamic software reconfiguration.
This software reconfiguration ap-
proach could be used with another op-
erating system provided it has the fol-
lowing characteristics: Message-
passing based communications, trans-
parent redirection of communication
paths, the ability to interrupt or abort
a blocked thread that is blocked be-
hind a semaphore or a message-re-
ceive system call, and a facility for dy-
namically loading and starting new
processes (called actors in Chorus) on
arunning node.

C++ was chosen for programming.
It supports a combination of the fol-
lowing requirements: The availability
of development tools for nearly all
platforms, good suitability for real-
time applications, and support for ob-
ject-oriented software design.

The replacement methods do not
introduce much run-time overhead in
the application. They have a determin-
istic timing behavior that makes it
possible to estimate an upper bound
for the duration of the replacement
process. The applications are designed
to do all the communication between
exchangeable units via message pass-
ing. There is no need to end any trans-
action, not even in the replaced mod-
ule, because each module to be
replaced transmits its complete state
to its successor.

In The Abstract

The major abstractions of interest
in Chorus are actors, ports, and
threads distributed across nodes (Fig.
1). A node or site is a unit of tightly-
coupled resources, such as a worksta-
tion, which is connected to other nodes
by a network, such as an Ethernet. An
actor is the unit of resource allocation.
It is similar to a full-weight process. It
contains a shared or protected address
space, manages its own set of ports as
a communication resource, and con-
tains any number of threads. Ports
serve as the points of communication
between actors. Threads are the com-
putation context. By comparison, a
thread is a light-weight process that
executes sequentially.

Since ports are globally-named mes-
sage queues, they can provide for loca-
tion-transparent communication and

Management port for
“replacement communication”

iy

Special thread for
component internal

“replacement organization”

Thread

s

Port

2. To be replaceable, an actor must have code to manage the replacement process. This involves
designing applications so each actor has a dedicated thread, a dedicated port for replacement

operations and a special management port.

for building distributed systems. An
actor can receive messages only via its
own ports. Ports can migrate between
actors and thus support programming
for reconfiguration.. Threads in the
same actor can communicate via differ-
ent mechanisms such as ports, mutexes
(mutual exclusions), semaphores, mail-
boxes, or even shared memory regions.
Messages in Chorus are untyped byte
streams of variable length and can
carry any context.

In Chorus, an actor is the unit of
configuration. It has a strong internal
linkage and a clearly defined external
interface. Therefore, it is well-suited
to act as the smallest unit of software
replacement.

To repair a software bug, it is usu-
ally sufficient to replace one, or in
some cases, a very limited number of
software units (actors). But to bring
updates into a bigger program, it is
often necessary to replace a certain
number of related actors. This can be
simplified by breaking the process
down into a sequential replacement
of single actors, which has the follow-
ing advantages:

sThe different components can be re-
placed independently in time, making it
easier to meet real-time requirements.

oIt is easier to control the replace-
ment process (e.g., in case of a fault).

eThe memory needs of the pro-
gram are smaller because during re-
placement we only have to provide
free memory for one additional actor
at a time.

There is no problem to divide the
replacement of a set of actors into a

sequence of single replacements, if
the interfaces between the replaced
actors remain unchanged. However,
bigger changes often make it neces-
sary to alter interfaces and protocols
within the set of replaced actors. The
solution in this case is to guarantee
the compatibility of the new inter-
face(s). This means a new actor has to
provide the interface of the older
variant as a subset of its new inter-
face. This requirement for downward
compatibility is not difficult for the
following reasons:

Oftentimes, the natural way to im-
prove something is to extend it.

Even the complete change of an in-
terface can be modeled with this ap-
proach by setting the new interface
beneath the old one.

The new actor has to provide both
interfaces as long as there is a client in
the system that can make use of the
old interface. If all such clients are
eventually replaced, the old interface

part could be invalidated by definition |

or by a second replacement procedure
for the new component.

Replacing An Actor

As arule, it is assumed that it is
necessary to replace multi-threaded
actors. The single-threaded case can
be handled with simpler means. An ac-
tor replacement has to be totally
transparent to the rest of the system.
The replacement procedure consists
of the following steps:

1. Load the new actor into the ad-
dress space (but do not start it).
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2. Stop all application
threads of the old actor.

3. Collect the state of all
objects of the old actor.

4. Transmit these states to
the new actor.

5. Migrate all ports (com-
munication end points) of the
old actor to the new one, in-
cluding all pending request
messages.

6. Map (possibly different)
object structures between
the old and the new actor.

7. Start the threads of the
new actor at corresponding
points.

8. Delete the old actor
from memory.

A multi-threaded actor
contains an arbitrary number
of threads and ports. For the
replacement process, “some
additional processing” has to
be done within such an actor.
Any of the application threads
could be chosen to organize
the replacement, but the goal
is to keep changes in the appli-
cation as small as possible.
Therefore, it was decided to
extend the actor model. Each
replaceable actor is given an
additional thread which orga-
nizes the replacement proce-
dure within the actor. It also
is given an additional manage-
ment port that is used for all

, Message transfer during replacement phase:

|
|

(1) Replace request
(2) State transfer

(3) Transfer completed
(4) Port migration

Situation after replacement:

Management
port

N~al Management
Bos port

Server
port

3. At the start of the replacement process, a dlient actor not involved in
the replacement is communicating with the old actor. The old ador is
stopped by halting all its threads and their states are transferred to the
new actor. When the old actor’s server port migrates to the new actor,
it can be started and the messages that have queved at that port during
the replacement process will be read by the new actor.

threads such as ports or sem-
aphores. The method—Ex-
cThread::set ExcInfo—has to
be called once by each thread
after the thread has been
stopped for the replacement.
This method is used to deliver
the current state of this
thread to its counterpart in
the new component.

The state transfer from the
old to the new actor is called
for because the new actor
takes charge of the operation
of the stopped one, the old ac- |
tor. Therefore, the state |
transfer must take place be-
tween stopping the old actor
and restarting the new one.
The minimum message flow
during the replacement
process between the old and
the new actor (server) and a
possible client is shown (Flig.
3, again). |

To transmit the state of an
actor means that we have to
transmit the state of all its ob-
jects. To do this, each object
has to provide two methods,
one to get and one to set, to
transmit its state. We need
only know all the objects at a
given point of replacement |
and call the state transmis-
sion methods for all these ob-
jects. For static objects and
dynamic objects referenced
through a static pointer ob-

replacement specific commu-
nication (Fig. 2).

The exchange thread provides the
application an interface that contains
the whole functionality necessary to
make an application replaceable. It
helps to separate whatever is neces-
sary for the replacement management
from the application. The C++ imple-
mentation of the interface is a class de-
finition. The application must set up
exactly one instance of this class Ex-
cThread. The ExcThread object has to
be created within one application
thread or outside a thread with a static
object declaration. The class provides
three methods: getExcInfo, setEx-
cInfo and restartPoint Reached.

The method ExcThread::getEx-
cInfo has to be called up once at the be-
ginning of each thread. It delivers the
information on whether the applica-

tion component is started from scratch
or if it replaces an older version of this
component. In the latter case, Ex-
cThread::getExcInfo delivers the
state of the complementary thread of
the older component and a parameter
that describes the point at which the
thread has to be restarted.

As soon as the thread has re-estab-
lished all the objects making up its
state from the received image, it must
call the method ExcThread::restart-
PointReached.

This method is used to synchronize
the start of all threads. It is imperative
that no thread leave this method until
all threads have entered it. This en-
sures that all objects are initialized
properly before any thread uses them.
It is especially important for any ob-
Jjects that are shared by several

Ject, this can be done by any
thread. For all local (stack-based) ob-
jects the corresponding thread is re-
sponsible for calling the state trans-
mission method. The predefined types
of C and C++ are regarded as special
objects. Since it is impossible to extend
their set of methods, a corresponding
set of simple functions is provided to
transmit their states.

The new actor will often be differ-
ent from the old one in code and object
structures, but it has to provide corre-
sponding restart points. At this point,
the number and/or structure of ob-
jects need not be exactly the same as
in the old actor. Some objects can dis-
appear, some may be added and some
can be changed. The same is true for
the function call sequence that de-
scribes how a restart point is reached.
This requires some kind of object state

J
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EMBEDDED SYSTEMS SOFTWARE REPLACEMENT |

transformation function.

The application programmer must
define so-called state transformation
functions for all changed and added
objects that occur in an object set.
These functions construct a new or
changed object from zero, one, or more
existing objects. In practice the num-
ber of changes in the object set is often
very small. If the function call se-

quence at the exchange point changes, |

the application programmer has to
provide information on what the cor-
responding call sequence looks like in
the new object. However, this will only

be necessary if functional structures |

are changed.

Exchange Points

The replacement process is started |

by stopping all threads at points
where they can block. These points
are called “exchange points.” A thread
is exchanged by aborting its normal
operation after reaching an exchange
point and then executing some re-
placement-related code. Bear in mind
that the code of the new actor can be
different from that of the old actor.
Therefore you cannot choose an arbi-
trary point in the old actor as an ex-
change point. Each exchange point
needs a (a-priori unknown) corre-
sponcling point in the new actor.
Choose as exchange points all the
synchronization and communication
points where a thread potentially can
block. Therefore, the maximum execu-
tion time between two of these points
determines how fast all threads of an

actor can be aborted. This is a worst- |
case scenario. In a “normal” system, at |

any point in time, the overwhelming
majority of all threads are blocked at
svnchronization points. They can be

aborted immediately. If the execution |

time between two exchange points is
too long we can insert artificial ex-
change points. The replacement
process depends on the following sys-
tem restrictions:

R1. The application is running on a
single-processor platform. This is still
the common case for most applica-
tions. An algorithm for the multi-
processor case is under investigation.

R2. The CPU load is not always

100%. This is not really a restriction |

because if the system load were al-
ways 100% the system would fail to do

ABORT MECHANISM CODES

Listing 1

buf.clear( );

errCode = ipcReceive (buf.msgDsc ( ) , servicePort, TimeOut);
if (errCode == K_ETIMEOUT ) {
error (my Name , “Server is timed out “) ; / / no return
}
Listing 2
ExcThread ExcThread (...) ;

/ / create an exchange thread object

buf. clear ( );
errCode = ipcRecelieve (buf. msgDsc ( )
if (errcode == K_EABORT {/ / signals
Bin state; state << objectl
../ / clean up what is needed
excThread. set ExchangeInfo (
ThreadName, ReceiveExcPointId,
/ / no return to this point

servicePort, TimeOut);
replacement

<< object 2 «<<....
state);
}

if (errCode = =
error

K_ETIMEOUT) {

(myName, “Server is timed out”); / / no return

}
Listing 3

static int restart

void fctB ( ) {

if (restart) goto ExcPointX; / / only this one is ‘fctB’

ExcPointX:

if (restart) “reset state”
./ / 1local exchange point in function ‘fctB’

}
void fcta( ) |

if (restart) goto ExcPointX; / / only this one is ‘fctA’

ExcPointX: fctB ()
)
void ThreadBody } {

restart get ExcInfo (ThreadName, excPointld, deliveredState) ;

if {restart)

switch excPointId) {
ExcPointIdX: goto ExcPointX;
ExcPointIdY; goto ExcPointY;
ExcPointX: FAA (¥

}
Listing 4
ReceiveExcPoint;

if (restart) {
deliveredState >> objectl >> object2 . . ...:;
restartPointReached (deliveredState);

excThread.
)
buf. clear ( );
errCode = ipcReceive (buf. msgDsc ( ), servicePort, TimeOut);
if (errCode == K EABORT) {/ / signals replacement

/ / see Listing 2

}
Listing 5

Bin state;

state «<<...<< migrate(servicePort) «<<...;

excThread.setExcInfo(Threadname, ExcPointId, state);
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all its work.
R3. The total system de-

Function call depth

sign guarantees that within a
given time interval an actor
requesting CPU time gets a
guaranteed share of it. This is

if (restart) {...; goto ExcPointX; |

ExcPoiniX: fetA();

a normal restriction; other-
wise the threads of the actor
would not be executed.

RA4. A thread must not be
explicitly suspended asyn-
chronously. An external sus-
pension is a questionable pro-
gramming style since we
normally do not know at
which point another thread
really gets suspended. It is a

Time

i (restart) ...; goto ExcPointX; |

ExcPointX: fetB();
) if (restart) {...; goto ExcPointX; |
ExcPointX: ¢ Restart
point

better style to use a sema-
phore to block a thread at a
well-defined point.

Therefore, we should avoid
making a mutex a potential
exchange point.

It has now become evident
where to put exchange points
in a thread. They can be im-
plemented using the abort
mechanism supported by the
Chorus operating system.
This abort system call un-
blocks a blocked thread and
returns from the blocking
system call with a special re-
turn code indicating the abor-
tion situation. To avoid pro-
hibiting the use of the thread
abortion at the application
level for replaceable actors,
an additional flag variable to
indicate an abortion is needed

R5. All blocked system
calls can be aborted in such a
way that the thread immedi-
ately leaves the call and con-
tinues operation.

Now you can set up the fol-
lowing proposition: If R1
through R5 are valid, then all threads
of an actor can be aborted within a de-
terministic time. This time starts at
the point where an application is wait-
ing for replies from an actor under re-
placement (replacement starting
point) up to the point where the new
actor has completely taken over the
computation of all requests.

If we have one CPU (R1), and this
CPU has a load of <100% (R2), then
there exists a point in time when all
threads of an actor are blocked. If we
introduce an additional exchange
thread with a priority lower than the
priority of all other threads of this ac-
tor, then the exchange thread becomes
active at this point, because the actor
always gets a share of the available
CPU time within a given interval (R3).

At this point, it is guaranteed that
all “normal” threads of this actor have
blocked themselves at blocking syn-
chronization points, since an external
suspension of a thread is not allowed
(R4). The exchange thread now uses

the guaranteed actor CPU time (R3) :

to carry out the replacement opera-
tion. It consists of the following
phases: Unblock all threads (deter-
ministic due to R5), collect state of all
objects (deterministic due to finite
number of objects), transfer state (de-

terministic due to the finite size of
state), rebuild objects (a finite num-
ber), and restart new actor (almost in-
stantly).

The upper limit of this time can be
estimated by adding the processing
time available for this actor, the time
to collect, deliver and rebuild all ob-
Jjects plus some minor processing time
intervals.

Examples of blocking points with
respect to the underlying operating
system are:

-ipcReceive: (asynchronous IPC)
-semP: (semaphore P-operation)
-mutexGet: (binary semaphore)
-threadDelay: (sleep a while)

Firing An Exchange Point

If each blocking point is declared to
be an exchange point, then sometimes
you get huge numbers of exchange
points. Most of them will be simple
mutex operations that prevent the
parallel access to shared data. Some
operating systems do not allow
threads blocked in a mutex to be easily
aborted because mutexes are based on
very efficient and fast mechanisms.

4. The goal in restarting new threads is to take up where the old actor
left off without repeating a function the old actor has olready executed.
For nested functions, this is done by jumping to the point where a
function is called and testing to see if it contains the restart point. This
is repeated inside this function until the function is reached which
contains the restart point. Then a goto command takes us to the restart
point and execution can resume.

for a replacement. Assume
for the following examples
that the abortion return code
can be directly interpreted as
a signal for a replacement
(see “Abort Mechanism
Codes,” p. 102).

Listing 1 shows an example
with an ipcReceive statement. First,
the buffer for the received data is
cleared. Then the ipcReceive fills the
buffer with new data available at the
servicePort. The third parameter of
the receive statement is a time-out
value used to avoid an infinite waiting
time e.g. caused by a client crash. Af-
ter the ipcReceive statement, the er-
ror code is checked for a time-out con-
dition. This should never occur and is
seen as a fatal error.

To turn this blocking point into an
exchange point, the extensions shown
in Listing 2 (in boldface) are intro-
duced.

The error code K_EABORT has to
be checked as it signals a replacement
condition.

In the case of a replacement the
state of the thread local objects must
be collected first (objectl, object2, ob-
ject3, ...). The state is collected within
a special object of type Bin that de-
fines the operators << to append the
state of an object and >> to restore it.

The thread then can delete dynami-
cally-created objects or do other
things to avoid resource wasting.

Finally the collected state is trans-
ferred via the call excThread.setEx-
changelInfo.

The first parameter of this call is a
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name identifying the calling thread,
the second parameter is an integer
identifying the current exchange
point within this thread, and the third
parameter is the state to be delivered.
The thread never returns from setEx-
changelnfo.

Go To The Restart

Stopping the set of threads in the
old actor is one thing. The other is to
restart the set of threads in the new
actor at a corresponding point. The
main problem is that a restart point
could lie in a function that does not lie
on the top level of the function call
chain. Therefore, it is necessary to re-
construct the function call chain to
reach the restart point. This is not a
trivial task with a stack-oriented lan-
guage like C++ because there is no
simple method available to start a pro-
gram in the middle of a function.

The goal is to go to the restart point
without having to execute a statement
before this point because, logically,
these statements were already exe-
cuted in the old actor. The well-known
“Goto” command can help here. The
basic idea is to jump from the begin-
ning of a function to the point where
another function is called that con-
tains, directly or indirectly, the restart
point. The same is then done inside
this function. This goes on until the
function is reached that contains the
restart point. Here, you jump to the
restart point, reset state variables,
and continue with the same statement
that was aborted at the corresponding
point in the old actor (Fig. 4).

Listing 3 gives a general idea of
how this works in practice:

Function threadBody calls fctA,
and this calls fetB, which contains the
restart point. The example code first
checks to see if the restart condition is
true (if (restart)). Then, the appropri-
ate corresponding restart point is cho-
sen (here reflected in the jump target
ExcPointX). There the function fetA
is called. Inside the function fctA, the
same procedure is repeated. The final
jump target ExcPointX is directly in
front of the restart point within FetB.

The local variables of a function,
which can be part of a calling chain at
an exchange point, also have to be
saved and restored. This is done by in-
troducing a container object holding
all these local variables. The container

object also has a constructor that
serves two purposes: First, it sets a
pointer to itself whenever the function
is entered. Second, it allows the recon-
struction of the containing objects
whenever a restart is made. Another
method is provided to collect the state
of the containing objects. During a re-
placement, this method is called via
the pointer that was registered during
object construction.

The only overhead during the nor-
mal operation are three if-statements:
One at the beginning of each affected
function, one in front of a restart point,
one within the container object for the
local variables. In addition, there is one
pointer assignment! Now, return to
the previous example of an exchange
point. The code illustrated in Listing 4
gives the picture of the additional code
prior to the ipcReceive statement:

We have the jump target for the
restart entry and the statements nec-
essary to rebuild all objects. This guar-
antees that they come up with the
same state they had at that point when
the old component was stopped. This is
normally not the same state it is set to
during the default initialization.

The rebuilding of the state in the re-
placement case has to end with a call of
the method ExcThread::restart-
PointReached as shown in the previ-
ous example with excThread.restart-
PointReached. This ensures the
simultaneous start of all application
threads. The parameter of restart-
PointReached is used to check
whether the state was read correctly
by the application. If there are multi-
ple restart points within one thread,
then the set of relevant objects is
made up for each restart point.

The restart code can be inserted
semi-automatically. The application
programmer has to declare the corre-
sponding exchange points, and in case
of data changes, one or more state
transfer functions. Then all the re-
placement specific code can be in-
serted into the application by a pre-
processing tool.

Actors communicate with one an-
other via ports that they own. Al-
though ports can be used for communi-
cation within one actor, most ports are
also used to provide services to the
outer world. These ports are the
known entry points of external clients.
Therefore, you must guarantee that

these entry points stay alive during
the replacement process and that they
migrate from an old component to a
new one.

Because the underlying Chorus op-
erating system supports port migra-
tion, this behavior is easy to imple-
ment. The state of the port is
transmitted in a manner similar to the
way the states of other objects are
transferred. The only difference is that
the state of a port is delivered with the
special method migrate() which starts
port migration on the old actor as in
the code example of listing 5.

The migrated port is then set up di-
rectly from the delivered state in the
new actor. During the time needed for
port migration, no external request is
lost. All requests are still queuing be-
hind the port and are delivered to the
new actor together with the port. So
after rebuilding the port the process
can be continued at the same point
that it was stopped.

In the last phase of the project, our
application was ported to the
STREAM v2.2 kernel. This kernel not
only supports location-transparent
communication via ports, but also via
global mailboxes. Using these commu-
nication abstractions requires no redi-
rection of communication paths, be-
cause these mailboxes are not
attached to a special actor.

Josef Wasel studied computer sci-
ence at the Technical University of
Aachen, Germany, from which he
graduated in 1986 and received his
doctor’s degree in 1989. Since 1990, he
has worked at Philips Research Labo-
ratories, specializing in dynamic soft-
ware reconfiguration and software ar-
chitectures for telecommunication
systems.

Steffen Hauptmann studied com-
puter science at the the Technical Uni-
versity of Dresden, Germany, from
which he graduated in 1986 and re-
cetved his doctor’s degree in 1990. He
joined Philips Research laboratories
in 1991 and has worked on distributed
real-time systems, dynamic software
reconfiguration and software archi-

tectures for hybrid systems.
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the InstaVu family
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is giving you a live, real-time
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Most digital scopes
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waveforms or so a second, missing all the rest.
So you could miss an infrequent glitch simply
because your scope is “blind” when it happens.
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solving your problems faster than ever before.
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$10,000. So, for the price of other DSOs, you
can get one that’s several orders of magnitude
faster and more accurate.
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site at www.tek.com. And open
your eyes to a new standard in

digital oscilloscopes.
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UPDATE ON WINDOWS /RTOS

Windows API Features Look Attractive
To Real-Time and Embedded Systems

with real-time and embedded sys-
tems. Even in the case of systems
that will ultimately be deployed with-
out a user interface, there are com-
pelling reasons for having a connec-
tion with the Win32 API. The
dominating motivation for a link with
Windows is the wide availability of
tools and compilers, at very low prices.
Windows, then becomes attractive, if
only as a eross-development environ-
ment. A further incentive is the ability
to have a supervisory Windows-based
user interface that can run on the
same processor as the real-time sys-
tem. Still another goal is to be able to
run Windows applications along with
the user-interfaced and real-time
code. Getting all of these goodies in
one package is difficult, inspiring sev-
eral different approaches to connect-
ing Windows with real-time systems.
Neither Windows 3.x, 95, nor NT,
however, were designed to be real-

The push is on to mate Windows

time operating systems. The best can-
didate for adoption to real-time, Win-
dows NT, has several mechanisms
that must be overcome to achieve de-
terministic real-time performance.
One of these is the deferred-procedure
call (DPC). The DPC was designed to
ensure responsiveness by ensuring
that only critical code is executed at
the interrupt level, and the rest of a
service routine deferred if there are
other critical interrupts. This proce-
dure makes the actual timing of an in-
terrupt-service routine unpredictable,
and requires extreme care in writing
well-behaved device drivers.
Another problem is that all Win-
dows NT interrupts are at a higher
priority than user threads. A routine
that is critical to a user can be pre-
empted by 1 mouse movement unless
that routine is written at kernel level.
Any code written at the kernel level
has access to the entire Windows NT
address space, and is not restricted by

Application

Non real-time

processes

Real-time
processes

p

Win32 API

Real-time API

NT executive

NT kernel

AR ERR

NTX driver

Real-time
kernel

| HAL

Hardware

1. In The INtime Approach by RadiSys, the real-time kernel resides in its own protected-memory
space and communicates with the Windows NT kernel via a special kernel-level driver and the
operating-system extension mechanism (OSEM). A crash in Windows NT does not affect a real-

time process running under the real-time kernel.

any protected memory. It is very easy
to get into trouble by unintentionally
writing over or operating system
code, and very difficult to find what
went wrong. There are other issues
with the NT kernel, such as overcom-
ing priority inversion and synchro-
nization, that must be overcome to im-

plement an actual real-time version of

Windows NT

Microsoft will not license the kernel
source code, so developers are left to
find workarounds. One approach
taken by RadiSys, Hillsboro, Ore.,
(503-646-1800) is to add a real-time
kernel and corresponding API onto
Windows NT 4.0. The RadiSys INtime
product ensures that real-time tasks
will always have priority over any NT
task, because all of NT is made a sin-
gle, low-priority INtime task. All
tasks under Windows NT run as they
normally would, however, when the
real-time portion receives an inter-
rupt, all of NT is suspended and the
higher priority real-time task runs.

The real-time side of INtime has its
own protected memory space, sepa-
rate from that of Windows NT, thus
real-time tasks and drivers cannot
overwrite NT memory and vice versa.
In addition, each real-time task is as-
signed its own protected-memory seg-
ment at the hardware level, using the
descriptor-table registers in the
processor. RadiSys did write one ker-
nel-level driver as part of the INtime
package. The NTX driver provides
cross communication via the operat-
ing-system extension mechanism
(OSEM). (Fig. 1).

Given the separation and protec-
tion between Windows NT and the
real-time side of INtime, it is possible
for NT to crash completely without
damaging an ongoing real-time
process. While such a crash will even-
tually affect system operation, it pro-
vides an opportunity for graceful shut-
down. Contingency routines on the
real-time side can be invoked when
there is a crash of NT. avoiding poten-
tially dangerous situations. The cur-
rent implementation of INtime is de-
signed to run on a single CPU, but
future releases will be designed to al-
low the real-time portion to runona
remote node and communicate with
the NT side over a network.

Rather than building on an addi-
tional real-time kernel, VenturComm,

—
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EMBEDDED SYSTEMS WINDOWS/RTOS |

Cambridge, Mass., (617-661-
1230) has made modifications

to the hardware-abstraction
layer (HAL) of Windows NT.
While Microsoft does not li-
cense the source code of the

661-1510) wanted to address
systems with a smaller mem-
ory footprint, yet take advan-

NT applications

NT kernel, the HAL is a por-
tion of code that was meant to

NT kernel

tage of the familiarity and
stability of the Win32 API,
and the availability of devel-
opment tools. Par Lap chose
to write a real-time operating

be modified by OEMs to
adapt NT to various hard-
ware environments.

Real-time scheduler DLL

Hardware abstraction layer (HAL)

system from the beginning,
based on Win32.
Phar Lap’s Real-Time Em-

The HAL normally passes

bedded Tool Suite (ETS) was

interrupts to the Windows | |

Hardware

| designed to be a smaller, sin-

NT scheduler to be handled

in the standard way. The
modifications let the HAL
pass selected interrupts past
the NT mechanism to Ven-
turComm’s scheduler DLL,
which sends them to the ker-
nel for execution (Fig. 2). The
highest priority is a real-time thread |
that runs ahead of all other NT inter- |
rupts. The real-time scheduler is part E
of the real-time API (RTAPI) that can |
be linked to Windows NT using Ven- |
turComm’s Component Integrator ,
tool. Nonreal-time interrupts will be
scheduled according to NT’s standard E
mechanism, but can be preempted by !
the hard real-time. !

Modifications tothe HAL allow for |
the selection of certain interrupts that :
may be critical-to-normal, off-the-shelf !
NT applications such as serial commu- |
nications. It is possible to select suchin- |
terrupts—like a serial interrupt for re- |
ceiving data packets—for special E
treatment as high-priority real-time in- !
terrupts. This flexibility provides a |
finer degree of control than simply rele- |
gating all NT operations to the lowest 1
rung on the real-time scale. On the E
other hand, all drivers are written in !
kernel mode which gives them access |
to all of NT’s memory space. Essen- |
tially, extra care must be taken to see
that drivers do not intrude on other dri- E
ves or NT functions, because there is |
no segmented protection at that level. |

While the RadiSys INtime approach |
requires a kernel-level device driver to |
communicate with the real-time side, !
Imagination Systems, Virginia Beach, !
Va., (804-497-8200) is currently ship- |
ping a real-time kernel called the Hy-
perkernel. The Hyperkernel talks di- |
rectly to the hardware and works with !
an unmodified version of Windows NT |
3.51 or 4.0. Like INtime, it loads first |
into its own segmented and protected 1

memory space, then loads NT as a low-
priority task. However, it does not com-
municate with NT at the kernel level,
but at the user level through a real-
time access subsystem.

The real-time access subsystem,
called Hyperlink, forms a link between
the Win32 API and the kernel’s APL.
Imagination’s parent company, Nema-
tron, Ann Arbor, Mich., (313-994-0501)
supplies a wide selection of Hyperker-
nel drivers for industrial devices and
industrial communications such as
Profibus and Interbus. The drivers let
users build applications at the Win32
and the Hyperkernel API level.

Compatibility Versus Size

One of the attractions of the above
implementations of real-time with
Windows NT, is the binary compati-
bility of Windows applications that
can run with and cooperate with real-
time applications. While the real-time
API’s from all three companies are
different, spreadsheets, user inter-
faces for process control, data acquisi-
tion applications, etc., can be pur-
chased, and set up to communicate
with real-time processes. The prob-
lem, however, is one of footprint. It is
difficult to get a system under 10
megabytes, and that’s before adding
the application code.

Smaller real-time systems can still
take advantage of the wide variety of
tools and compilers for development,
but they sacrifice binary compatibility
with Windows applications. Phar Lap
Software, Cambridge, Mass., (617-

2. In the approach token by VenturComm, the hardware-abstraction
layer has been modified to trap selected interrupts before they go to
the Windows NT kernel, and redirect them to the real-time scheduler
DLL. This design works around Windows NT's priority spectrum and
delayed-procedure calls. Real-time tasks run at the kernel level in
Windows NT memory space.

gle-task, multi-threaded op-
erating system. A minimum
configuration fits in about 28
kbytes of memory, while a
fully-featured system with
TCP/IP, C run-time library,
and a mini-web server takes
up roughly 300 kbytes. ETS
uses a subset of the Win32 API, and
has added 148 additional real-time
APT’s..

Approaching the problem from the
opposite direction, some established
RTOS vendors are seeking to add
Win32 functionality to their operating
systems. Making use of a cross-plat-
form porting tool provided by Willows
Software, Saratoga, Calif. (408-777-
1820), both Wind River Systems
Alameda, Calif., (510-748-4100) and
QNX Software, Kanata, Ontario (613-
591-0931) have added Win32 APIs to
their real-time operating systems, Vx-
Works and QNX, respectively.

Willows has introduced a new ver-
sion of its tool called WillowsRT for
real-time systems. WillowsRT con-
sists of library that can be embedded
in all the RTOSs, Unix, and Macintosh
operating systems it supports. In ad-
dition there is a platform-abstraction
layer with all the system-dependent
code. Porting a Windows source-code
application involves compiling the
Windows-specific resource elements,
using a language compiler to compile
the application code, and linking to the
Willows library.

This use of WillowsRT enables Win-
dows source code to be compiled and
run on the native RTOS and processor.
It does not provide binary compatibil-
ity with Windows applications. It does,
however, let developers use the famil-
iar tools and port applications like
databases, graphics, and office tools to
work with their real-time applications.

TOM WILLIAMS
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EMBEDDED SYSTEMS

N UPDATE ON ASIC TRACKING

Paths Opening To Real-Time Trace
Capability On ASIC Cores

i been pressed into service as a debug-
i ging aid. The thing that all JTAG vari-
E ants have in common is that execution
' of the CPU must be stopped to shift
! out the internal data from internal
. buses and registers.

JTAG support such as Em-

Tracking ASIC (in tracking mode)

have the feeling of grad-
ually losing their sight.
As more functionality gets
| integrated onto the same die,
the ability to see internal
states in real time seems to

Developers of ASICs must

Processor

vanish. This situation is espe-
cially true of ASICs based
around 32-bit RISC cores,

bedded ICE and BDM can be
a definite aid in the debug-
ging process. A computer
running a source-level debug-
ger can work with a logic ana-
lyzer to control a processor
core on an evaluation board.

Processor
core

This design gives it control
through the embedded-JTAG
interface, and thus the ability

where not only cache, RAM,
ROM, timers, and 1/0O ports
| are included, but where en-
tire peripherals such as

to set hardware and software

1
I;

[T

breakpoints and trigger a

UARTSs, modems, LCD dis-

play drivers, and all kinds of
custom designs (along with
their interconnect busses)
are put on a single die. It’s al-
most like taking an entire

Processor
core

£

Emultator

VME board and shrinking it

down onto a slice of silicon. ;m',
The ability to debug by | board

plugging an in-circuit emula-

1

tor pod into the CPU socket
has disappeared because the
| CPU core is buried on the

die, surrounded by peripher-

1

To
target
board

logic analyzer trace. The de-
bugger can even show what is
happening in the CPU regis-
| ters.

However, this stop-and-
probe approach using a mock-
up of the ASIC design on an
evaluation board falls short
when there are critical timing
issues.

The timing relationships
between discrete parts on an
evaluation board and the real
peripheral modules on an

als. Very few, if any, of the

Target ASIC (plugged into board)

ASIC are quite different.
Getting a real-time trace out
of a core-based ASIC re-

chip’s external pins actually
lead directly to the core. Un-
til recently there have been
two ways of getting an idea of
what activity is going on in-
side a core-based ASIC while
developing application code.
One of these has been de-
scribed by Norbert Laen-
grich, president of Embedded Perfor-
mance (Milpitas, CA) as the “brute
force” method.

“Brute force” entails using a pack-
aged-CPU core on an evaluation
board, turning off the cache, and im-
plementing the other peripherals in
gate arrays and EPROM. Evaluation
boards have connections for attaching
a logic analyzer that can work with a
debugger, develop the code, and then
go to an ASIC implementation. A sec-
ond approach takes advantage of some
of the debug support supplied with the
processor cores.

In most cases this debug support is

When set to tracking mode, the tracking ASIC connects the input signals
to the processor to output pins on the ASIC (red line). The ASIC in the
target board is identical to the tracking ASIC, but has not been set to
tracking mode, so its output pins drive the system. Input signals routed
to a bonded-out processor core in the emulator pod generate the same
output as the core within the ASIC, making both input and output visible
to the emulator.

an extension of the JTAG boundary-
scan technology, such as Motorola’s
background-debug mode (BDM), and
the Embedded ICE supplied with the
Advanced RISC Machines (ARM)
core intellectual product. The debug-
ger running on a workstation controls
the processor core via its JTAG port.
Embedded ICE, for example, consists
of an ICE breaker module which al-
lows users to set breakpoints, and
three scan chains that allow users to
clock data out of the chip and load data
into it.While the JTAG technology was
originally incorportaed into processor
designs for testing purposes, it has

quires cooperation between
silicon manufacturer and in-
strument vendor. It means
more than simply bringing
enough pins out of the pack-
age, it means there must be
more on-chip support for de-

bugging.

. Beyond JTAG

: Motorola has gone beyond JTAG
E in putting debug support on its Cold-
' fire family, which will soon include the
' Flexcore for custom designs. While
i Coldfire still supports BDM, several
« emulator vendors are taking advan-
E tage of the real-time-trace (RTT) ca-
' pability built into its debug module.
' The debug module is actually its own
i little mierocoded processor that,
i among other things, detects change of
i flow in execution. When it detects a
! branch, it outputs the destination ad-
! dress to the four DDATA lines that
\ connect to an emulator.
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EMBEDDED SYSTEMS ASIC TRACKING|

Unlike traditional trace, however,
emulators, such as VisionICE from
Embedded Support Tools (Canton,
MA), ADVIiCE by Orion Instruments
(Sunnyvale, CA), and emulator prod-
ucts for Coldfire that are still under
development by Applied Microsys-
tems (Redmond, WA), do not record
data on every cycle. Rather, emulators
record each branch address that is
output from the debug module, and
count the number of cycles between
branches.

According to Applied Microsys-
tems' product marketing manager Jeff
Payne, there are four databases that
need to be “stitched together” to re-
construct program execution. There is
the program flow data from the debug
module, the symbolic information gen-
erated by the compiler, the source
code, and knowledge of target mem-
ory. This last piece of data tells which
opcodes were located at the change of
flow addresses. A register-tracking
trace disassembler is then used to
work backwards to reconstruct the
program flow.

A source level debugger, running
on a PC or workstation, can correlate
the emulator’s data with the compiler-
generated symbol information to re-
construct the code with data that has
been captured in real time. In the case
of VisionICE, the emulator contains a
copy of the program that is running on
the target system. It can compare the
branch addresses and cycle counts
with the internal copy, and know ex-
actly where it appears in the code.

Given the four DDATA lines on the
debug module, it takes eight clocks to
shift out each branch destination ad-
dress. Since the same clock that is
stepping the processor also is stepping
the debug module, the two operate
concurrently. According to Payne, “If
a program jumps in less than eight cy-
cles, it can affect performance.” The
contents of internal registers are not
available during real-time trace, but
according to Payne, AMI’s emulators
will be able, on a breakpoint, to stop
the processor, clock out register con-
tents via the BDM interface, then
restart the processor. The debug mod-
ule also can trigger the emulator on an
internal core event.

Since the debug module is moni-
toring the Coldfire’s internal bus,
it sees what passes between exter-

nal memory and the CPU, as well as
between the CPU and the cache.
There is no need to turn off the cache,
because cache hits and misses can be
followed as well as external memory
accesses.

In order to have any kind of emula-
tion, it is necessary to have the cooper-
ation of the silicon vendor to build de-
bug support for their cores.
Motorola’s step beyond JTAG, with its
debug module, may be catching on
among other core suppliers. Working

The ability to debug
by plugging an in-

circuit emulator pod
into the CPU socket
has dissappeared....

with its Japanese partner, Yokagawa
Digital Computer, Orion Instruments
has developed a 5000-gate macrocell
called the integrated debug block
(IDB). The IDB works on the same
principle as the Motorola debug mod-
ule, and also offers the ability to break
on internal events. The initial target
for the Yokagawa/Ovrion IDB is the
ARM architecture, but according to
product manager Jack Neithardt, the
technology can be adapted to other ar-
chitectures.

Full Trace On An ASIC

For cores other than the Coldfire
(including ARM’s), the field is wide
open for alternative solutions to em-
ulation. Embedded Performance has
been working with ARM to develop
a way to capture all the reads and
writes performed by the processor
core in real time. The result is a
technology called TrackerICE that
uses a pod to plug into the ASIC
socket on a board.

The TrackerICE technology uses a
pod with two identical ASICs—one
that is plugged into the target board
and, a second that reads the input pins
of the first. The emulator also uses a
bonded-out version of the processor
core used in the design of the two
ASICs (see the figure). The first

ASIC, that is plugged into the target
board, runs exactly as it would in the
final application. Its input pins take in
external signals, and its output pins
drive the target board. This arrange-
ment assumes that none of the bus sig-
nals of the processor core are visible
on external pins.

The second ASIC, however, while
identical to the first, is set to a differ-
ent mode. TrackerICE requires that
ASICs be designed with a set of gates
that can be set via the JTAG port.
These gates can connect the signals on
the chip's internal input bus lines to
output pins on the ASIC. Thus, the
second ASIC is reading the internal
inputs to the processor core (which
may come from on-chip peripherals,
cache, etc.), and making them visible
on its output pins. The input bus sig-
nals are redirected to the output pins
on the second ASIC. Since these pins
are not used to drive the target board,
there is no need for additional pads or
pins in the ASIC design.

Instead, these internal bus signals
are fed from the output pins of the sec-
ond ASIC into the input of the proces-
sor core. The isolated-processor core
on the emulator pod is, therefore, re-
ceiving exactly the same input signals
as the core buried inside the ASIC. It
then follows that the output signals of
the isolated core will be exactly the
same as those of the core on the ASIC.
The emulator now has access to all the
input and output signals of the ASIC
core in real time.

According to EPI’s Laengrich,
there is obviously some propagation
delay from chip to chip, but once the
isolated core is running, all its timing
relationships are identical to that of
the core on the target ASIC. Since all
the processor signals are seen, users
can detect which addresses control on-
chip peripherals, and have a clear pic-
ture of all reads and writes to cache
and peripherals.

The use of a separately-packaged
processor core as the basis of the
TrackerICE technology adds a cer-
tain economy to debugging custom
designs. Given the compatibility of
packaging, any design built around
a given core could be debugged us-
ing the same ICE pod. Just plug two
target ASICs into their sockets on
the pod.

TOM WILLIAMS




At fast edge rates, the wrong interface
takes on unexpected quallties.

As clock rates rise, signal integrity can fall. Interconnects that worked last
time at board-to-board or board-to-cable suddenly treat signals like flippers.
Fortunately, expert interconnect help, and sub-nanosecond interface solutions,
are available.

We'll help you combine performance and features to meet tough cireuit
requirements. And our design and manufacturing experience can confirm your
choice works in production, too.

Our high-speed and controlled-impedance interconnect solutions provide
AMP high-speed connectors offer diverse signal reliable implementation, even with edge rates pushing 250ps. For board-to-
e e board, there’s high-density open pin field types (including shielded), plus
stripline and microstrip styles that match characteristic board impedances to
minimize crosstalk, reflection, and groundbounce. For board-to-cable, we have
precision miniature coax and transmission line solutions to maintain signal
integrity with minimum propagation delay.

And we offer simulation services .
to predict performance, before you Conﬂec’[mg
prototype. Talk with your AMP Sales ata
Engineer. Or just call.

AMP is a tradenvark.

level

Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incosporated,
Harrisburg, PA 17105-3608. In Canada, call 905-470-4425.0n the Internet:http://www.amp.com.
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EMBEDDED SYSTEMS PRODUCTS

"PRODUCT FEATURE

Visual Development Tool Accelerates
‘Building Of Java Applets

} new rapid-application-develop-

ment environment for Java sup-

ports visual programming meth-
ods with drag-and-drop component
placement and property definition. Vi-
sual Café Pro, developed by Syman-
tec, lets you place user-interface com-
ponents such as buttons and dialog
boxes onto a form to begin building a
Java applet. For each component,
there’s an underlying source window
with a pre-built code frame.

The source windows let you edit
Java event handler code associated
with each component. As you build the
applet, Visual Café Pro dynamically
builds a source file that can be later
| compiled to Java byte code. Any
| change to a component, either in the

source code or by selecting a property

‘ in the property list, is automatically
reflected in the form.

Visual Café Pro features extensive

Q.E.D. The Secret of x86 Success.

support for major database servers as
well as compliance with the Java data-
base client (JDBC) API. It includes
the dbANYWHERE workgroup
server that acts as a transparent mid-
dleware connection. With this server,
Java-based clients can access a variety
of different databases, such as Oracle,
Sybase, or MS Access through a single
server.

The dbNAVIGATOR tool provides
a hierarchical view that lets develop-
ers see dAbANYWHERE servers and
available databases ,as well as the ta-
bles and columns in each database.
Forms Wizards aid in constructing
custom forms for accessing any of the
supported databases from a single
Java applet.

Visual Café Pro’s class browser al-
lows you to select a class and then
view a list of the methods and data
within that class. Clicking on a method

More and more
engineers are creating
successful x86 designs
with Beacon’s new
Q.E.D". Guaranteed to
run in target, QED.is a

will display the code implementing the
method in an editing window. Syman-
tec implemented a source parser tech-
nology that automatically creates a |
map of the objects in the source code. |
This map is used by the hierarchy edi- |
tor to present a graphical display of
the class relationships in an applet.
With the hierarchy editor, you can
change them or click to go to the sec-
tion of the program that is desired at
that time.

An integrated visual debugger pro-
vides windows to display calls, vari-
ables to watch and a list of calls by
method and class. In addition, a re-
mote debugger lets you debug an ap-
plet that’s running on another machine
across the network.

Visual Café Pro, available now, goes
for $499.

Symantec

10201 Torre Ave.

Cupertino, CA 95014

(408) 253-9600

Web: http//-www.symantec.com
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small footprint, full-
featured emulator for
about half of what you
would expect to pay.
The secret is Q.E.D."s
dual processor design.
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New Tools Design
Object-Oriented Software

Graphical Designer version 2.0 intro-
duces three new software design tools
for both Unix platforms and Intel-based
PCs running Windows 95 and NT.
GDProPlus and GDPro allow develop-
ers to create object-oriented software
designs using a range of design method-
ologies, such as Rumbaugh, Booch, Uni-
fied, and Use Cases. GDProPlus also
features true meta-CASE capabilities
for creating customized object-oriented
dlesign methods.

Both products generate source
code for all supported design method-
ologies in one or more languages, in-
cluding C++, C, and Java. They also
can reverse-engineer source code to
automatically produce detailed design
diagrams and produce a variety of re-
ports on design- quality and code met-
rics. Other features include collabora-
tive multiuser development support,
multiplatform support, and easy inte-
gration with other development tools
such as debuggers, compilers, and con-

figuration management tools.

The third family member, GDDraw,
is a template-based engineering draw-
ing tool. Organized in application-spe-
cific palettes, the templates provide
symbols for many applications, includ-
ing software design, computer net-
work layout, and organizational
charts. Graphical Designer 2.0 runs on
Unix workstations from Sun, HP, Sili-
con Graphies, and IBM, as well as In-
tel-based PCs running Windows 95
and Windows NT.

GDProPlus pricing starts at $8995
for the Unix version and $3495 for ei-
ther Windows version. GDPro pricing
starts at $3495 for the Unix version
and $995 for either Windows version.
GDDraw pricing Starts at $995 for the
Unix version and $495 for either Win-
dows version. Prices include a hyper-
text-based on-line help system and tu-
torials. ML

Advanced Software Technologies,
Inc., 7800 South Elati St., Suite 205, Lit-
teton, CO 80120; (303) 730-7981.

E-mail: info@advancedsw.com
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 Analysis Tool Works

. With Experimental Data
! Experimental Data Analyst is a soft-
ware tool developed for physical scien- |
tists, engineers, experimental psychol-
ogists, students, and anyone else
working with experimental data. The
software is used for fitting, error
analysis, and visualization. Error-
analysis capabilities allow users to ob-
tain estimated errors in the fit parame-
ters, and examine graphical informa-
tion about the fit, including residuals.
Users can handle errors in both coordi-
nates of the data, and import and ex-
port ASCII and binary data. Experi-
mental Data Analyst is available for
$495 and runs on the following plat-
forms: Microsoft Windows, Macintosh,
08/2, IBM RISC, Linux, Sun SPARC,
Solaris, HP, SGI, Digital Unix, Open
VMS AXP, and NEXTSTEP. ML
Wolfram Research, 100 Trade Center
Dr., Champaign. IL 61820-7237; (217)
398-0700; /gx: (217) 398-0747; e-
mail: info@wolfram.com, Internet:

http://www.wolfram.com CIRCLE 635
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So if you're interested

Tivo processors work-
in x86 success, call 800-

) . Microprocessors Supported
ing togetherin a s L
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OCTOBER

Conference on Domain-Spe-
cific Languages (DSL), Octo-
ber 15-17. Red Lion Resort, Santa
Barbara, California. Contact
USENIX Conference Office, 22672
Lambert Street., Suite 613, Lake
Forest, California 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet:
http://www.usenix.org.

ICSPAT/DSP World 1997, Oct.
15-17. San Diego Convention Cen-
ter, San Diego, CA. Contact Denise
Chan, Miller Freeman Inc. (415) 278-
5231; e-mail: dsp@exporeg.com.

IEEE Holm Conference on
Electrical Contacts, Oct. 18-22,
Wyndham Franklyn Plaza, Philadel-
phia, PA. Contact Wendy Rochelle,
IEEE Conference Services, 445 Hoes

 Z

Select RTXC for your
next 8, 16 or 32 bit
Embedded Application:
Motorola 680x0,
683xx, 68HC11/16
Coldfire, PowerPC

MOTOROLA

Features

EMBEDDED

PLATINUM DEVELOPER

Intel MCS51, MCS251
80x86/88/96,
386/486 PM

Philips 8051, XA
Siemens 16x

AMD E86 Family

RIXC

REAL TIME KERNEL

OUT OF THE BOX,
INTO YOUR PRODUCT!

2 Close Infegration Between Hardware and Software.
¢ Works With Your Tools on Your Processor...Every Time!
% 2¢ Ready to Use—Install, Make and Go!

¢ Compact, Fast, FullFeatured, Scalable.

2 Source Code Included.

' Low Cost, Royalty Free.

2 Great Support and Documentafion.

¢ Training Classes.

ARM 6/7, Thumb
National NS486
Hitachi H8/300H
IBM PowerP(

71 (16, (3x, (5x, (2xx

RIXCnet™ Out of the Box

Optimized for RIXC

TCP/IP
SUPPORT

\

Embedded System Products, Inc.

10450 Standiff, Suite 110
Houston, Texas 77099-4383

* Embedded Systems Progromming 1996 Subscriber Survey

Call Today For Your FREE Evaluation Package!

Fox: (281) 561-9980

Phone:  (800) 5254302 or (281) 561-9990
email:  sales@esphou.com

web: www.esphou.com

Embedded
System
Products
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Ln., P.O. Box 1331, Piscataway, NJ
08855-1331; (908) 562-3870; fax (908)
981-1769; e-mail: w.rochelle@ieee.org.

IEEE Telecommunications
Energy Conference INTELEC
‘97), Oct. 19-23. World Congress
Centre, Melbourne, Australia. Con-
tact Robert N.K. Thuan, Network
Products-Telstra Corp. Level 14, 242
Exhibition St., Melbourne, Victoria
3000, Australia; (61) 3 634 6216; fax
(61) 3 632 3607

Sensors Expo, Oct. 21-23. Cobo
Convention Center; Detroit, MI.
Contact Expocon Management Asso-
ciates Inec., (203) 256-4700; e-mail:
sensors@expocon.com; Internet:
http://www.expocon.com.

Fourth IEEE International
Conference on Image Process-
ing (ICIP ‘97), Oct. 26-30. Fess
Parker’s Red Lion Resort, Santa Bar-
bara, CA. Contact Sanjit K. Mitrea,
Electrical & Computer Engineering,
University of California, Santa Bar-
bara, CA 93106-9560; (805) 893-3957,;
fax (805) 893-893-3262; e-mail:
mitra@ece.ucsb.edu.

11th Systems Administration
Conference (LISA ‘97), Oct. 26-
31. Town & Country Hotel, San
Diego, CA. Contact USENIX Con-
ference Office, 22672 Lambert St.,
Suite 613, Lake Forest, CA 92630,
(714) 588-8649; fax (714) 588-9706; e-
mail: conference@usenix.org; Inter-
net: http:/www.usenix.org.

19th Annual International
Conference of the IEEE Engi-
neering in Medicine & Biology
Society, Oct. 29-Nov. 2. Sally
Chapman, Secretariat, National Res.
Council of Canada, Bldg. M-55 Rm.
393, Ottawa, KIA ORS8, Canada; (613)
993-4005; fax (613) 954-2216.

19th International Confer-
ence of the IEEE Engineering
in Medicine & Biology Society,
Oct. 30-Nov. 2. Chicago Marriott
Downtown, Chicago, IL. Contact Meet-
ing Management, 2603 Main St., Suite
690, Irvine, CA 92714; (714) 752-8205; fax
(714) 752-7444; e-mail: embs97@ieee.org;
Internet: http://www.eecs.uic.edu/-
embs97.




Digital performance at an analog price.

Featuring an unbeatable combination of performance, price and functionality,
the TDS200 Series digital oscilloscopes make it easy to transition from analog to
digital technology. In fact, no other digital scopes offer as much bandwidth and

sample rate in one affordable package.

For more information, please contact your Tektronix distributor or call
60 MHz and 100 MHz
in a lightweight,
small package.

1-800-479-4490, action code 322, or visit us at www.tek.com

I you probe signals greater than 300 VRMS, you should be using the right probe.

Free probe worth $199.

Simply buy the TDS220 by July 31, 1997, and Tektronix will give you a P5100

passive 100x probe free. Call your local distributor for details. *Suggested retai price, US0. TEktronix
/

©1997 Tektronix inc. MW1722
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TA GUZZLERS
FROM SMART

Your customers need speed. They crave information.  need and the high performance they expect. And our
They want modems that guzzle data in great gulps.  flash-upgradable firmware ensures compatibility—
They're tired of little data-sipping modems that make  now and in the future.

WWW mean “World Wide Wait" and FTP stand for SMART's 56K data/fax modems are designed and
“File Transfer Procrastination.” They want 56K-bps  manufactured in-house by the same engineers
modems, and they'll think that no self-respecting whose design, surface-mount technology, and 100%
computer package should be sold without one. testing expertise has made SMART the technology

That means you need a source— leader in modular solutions for OEMs
SMART Moxlular Technologies, Inc. [ htp://www.smartm.com | yn( other high-volume markets.
SMART's new 50K-bps modems come in two forms:  Contact SMART today—or visit our web site—to get
ISA expansion board and PCMCIA Type 11 card. more information and to find out if your company
They both feature the reliable design vour customers  qualifies for free evaluation samples.

= SMART'

== Modular Technologies

Memory Modules Flash Cards 1/0 Products Embedded Systems

1ISA phone (+1) 510623 1231 USA fax (+1) 510623 1434  Europe (+44) 1908 234030 Asia (+61) 9 3619705 E-mail info@smartm.com
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Highlights and insights from the frontline of the communications revolution

56-kbit /s Modems:
Hey! How’d They Do That?

PCM-Based Modems Are On The Scene, Promising To
Operate At Near-ISDN Speeds Over POTS Lines.

Lee Goldberg

echnology has a way of making fools out of
T even the smartest people. For example,
back in October (“Advanced POTS
Modems: Mr. Moore, Meet Mr. Shannon,”
ELECTRONIC DESIGN, Oct. 1, 1996, p. 77), we
cheerfully used Shannon’s law to prognosticate
that the 33-kbit/s modems were probably the
last generation of POTS-based carrier technol-
ogy to hit the market.
During our research,
we had queried many
of the major players
in the modem-chip
world (Luecent Tech-
nologies, Rockwell
Semiconductors, and
Texas Instruments) if
they had any near-
term developments
which might break
through the Shannon
limit. Of course, they
all solemnly shook
their head “no,” and
told us to wait for
asymmetrical digital
subscriber line
(ADSL) if we wanted
more speed over a
copper pair.
Within two weeks of the article’s publication, §°Ck.we" d
" . emiconductor
our magazine was deluged with letters from ob-
servant readers who called our attention to the
newly-introduced 56-kbit/s technologies that were
being introduced by those same major players (see
the box, “A Reader Gets Lucky,” p. 124). How
could such breakthrough technology slide in under
everybody’s radar sereens?
We can, at least partly, explain the unexpected
and sudden appearance of 56-kbit modem technol-

SPECIAL
REPORT

Art Courtesy:

ogy as the result of an unusual confluence of cir-
cumstances and technology which would have
taken even Nostradamus by surprise. It seems
that several companies realized that pulse-code
modulation (PCM) could be used to get faster
downstream data rates. They all had been work-
ing quietly on similar solutions which they in-
tended to announce some time in 1997. These
plans were derailed
when U.S. Robotics’
unexpected announce-
ment of its 56-kbit tech-
nology brought PCM
modems into the spot-
light one half-year or
more ahead of schedule.
This activity has grown
from the unexpected
and unrelenting de-
mand for fast digital
connections by many
customers who, until
recently, were content
with a simple dial tone.
Since most telecom
providers have fumbled
the rollout of ISDN dig-
ital lines so miserably,
their subscribers have
been left to make connections to the Internet over
their plain-old telephone service (POTS) lines.
The increasing size of data transfers (and gen-
eral disgust with long waiting times for down-
loads) provided ample incentive for development
of several generations of increasingly sophisti-
cated modems. These little speed demons used
various flavors of quadrature-amplitude modula-
tion (QAM) to squeeze as much digital data as pos-
sible, down lines which were heavily optimized for

analog human speech. With QAM-based modems
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COMMUNICATIONS TECHNOLOGY

56-kBIT/s MODEMS |

é e Central office [grede | | | _[Decode Central office Z\
f | ) ] g
; g Local
End user 'i:::’ 64 kbit/s PCM 64 kbit/s PCM loop | End user
V.34 0AM |Hybﬂl ue 01 Aclaw, w-or Alaw, | Hybrid V.34 0AM
modem | A Bz, Bk, ~nc| modem
Analog 8 bits per level 8 bits per level Analog
Decode | _ | || Encode
(D/A) (AD)
(@)
'3 Central office
& il Encode| [ Remote
= (D) access
End user m‘ 64 kbiys PCM | [ THILTL Service i
PCM [W p- or A-law, Digial site
modem | AL 0Kz, with PCM
Analog 8 bits perlevel | "= . | | modembank | |nternet service
provider
nﬂ“ L or on-line
(o) (0/A) service provider

beginning to approach their theoreti-
cal limits at 33.6 kbits/s, technologists
began to look at PCM-based schemes,
which enjoyed significantly higher
data rates under certain circum-
stances.

|
' There’s A Catch
Of course all this technology
| sounds great, but there’s a catch. The
reason PCM hadn’t attracted atten-
| tion until now is that it only works
| well when at least one end of the con-
nection is digitally terminated (see the
box “PCM 101" p. 128). PCM is not
meant for ordinary analog phone con-
nections. When you place an ordinary
call, your voice travels over the phone
lines as an analog signal, and gets as
far as the local exchange (Fig. 1a).
Once there, the analog signal is fil-
tered, digitized by a codec, and folded
into a trunk line for transport to the
switch closest to its final destination.
Then, the digital stream is pulled off
the trunk line and passed to a codec,
which turns it back into analog signal,
sending it onto a set of twisted pair
wires connected to your friend’s
phone or modem.
Now, the problem with PCM con-
nections is that any time an analog sig-

Conventional V.34 modems use sophisticated analog modulation techniques to maximize the
amount of information carried across the phone network (1a). The modem’s signal is digitized at
the sender’s central office, transported across the network, and reconverted to an analog signal
at its destination, adding at least 36 dB of quantization noise in the process (1b). PCM modems
rely on the digitally-terminated lines used by ISPs to eliminate the downstream A/D conversion.
The lower noise floor makes it practical to employ PCM encoding to handle higher data rates.

nal is digitized with a standard p-law
codec, some of the finer details of the
waveform fall between its digital
cracks, adding about 36 dB of quanti-
zation noise to the signal. Unless elab-
orate processing is used, this noise can
be significant enough to prevent reli-
able detection of sufficient discrete
voltage levels to give it any real speed
advantage over conventional QAM-
based modems.

Luckily, most big-time Internet
service providers now use digitally
terminated lines to bring traffic off of
the public-switched telephone net-
work (PSTN) and onto the ‘Net. This
allows downstream digital traffic from
a server or the Internet to be sent di-
rectly to the local exchange, where it
undergoes a single D/A conversion to
PCM levels (Fig. 1b). Since the D/A
process introduces little or no noise
into the signal, most of the codec’s
sampling points can be used. A better
DAC will be required to synthesize
the output cleanly enough. The pre-
vailing wisdom is that a 16-bit con-
verter will be sufficient, providing
that its noise floor is 85 dB or more be-
low full-signal level.

A PCM modem’s receiver will use
clock-recovery techniques to extract

the 8-kHz master clock from the sig-
nal, and synchronize the incoming data
to it. In theory, the first generation of
commercial PCM modems will take
advantage of the lower noise floor and
synchronous data transfer to provide
up to 70% more downstream through-
put than today’s best QAM-based
modems. Of course, your mileage may
vary depending on the modem you
buy and local line conditions.

In other words, you won't be able to
use your PCM modem to play net-
worked Doom or exchange files with
your friend’s computer next door, but
you will be able to download from your
commercial Internet-access providers
(IAPs) at near-ISDN speeds. Busi-
nesses using T1 lines or other digi-
tally-terminated connections will also
be able to take advantage of these
faster modems to strengthen ties with
home and mobile workers, as well as
on-line customers.

Both Lucent Semiconductors,
Berkeley Heights, N.J., and Rockwell
Semiconductors, Newport Beach,
Calif., seemed to be deeply shocked
when U.S. Robotics, Skokie I11., an- |
nounced its X2 PCM-modem technol- |
ogy late in the fall of 1996, many
months ahead of the two semiconduc-
tor houses’ planned rollouts. In the en-
suing panic, both Lucent and Rock-
well nearly tripped over each other to
see who announced their embryonic
56-kbit technology first.

After the smoke settled, both com-
panies agreed to work together to
make their products interoperable, al-
though they would not work with
products from U.S. Robotics and its al-
lies. While this classic standoff will
eventually resolve itself, it may take
some time for market forces to erode
the two parties’ entrenched positions.

A Work In Progress

If the specifications and technical
information presented about PCM
modems seems a little vague, it’s be-
cause they are works in progress. Un-
der better circumstances, there wouid
be time to attend to the details that
surround a new communication tech-
nology hashed out behind closed
doors. In this case, market pressures
drove all parties to play their hands
very early in the game, leaving lots of
questions to be answered later.

Like any promising technology,
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With the largest selection of single, dual, and multi-protocol serial transceivers in the
industry, call Sipex for information on the latest breakthrough of low power, single 5V
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supply RS-485 ICs... the SP400 series.

22 Linnel! Circle, Billerica, MA 01821 Tel. 508-667-8700 Fax 508-670-9001
web site: www.sipex.com
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PCM modems have attracted more
than one group that wants to exploit
their potential. The original 3-way
split has boiled down to two camps,
with Lucent and Rockwell combining
forces. Both camps are locked in a
struggle to have their technology be
declared a standard, since it would
give the winner a time-to-market ad-

T TN T 56-kBIT/s MODEMS |

vantage of many months. Neverthe-
less, they are actively participating in
both the Telecommunication Industry
Organization’s (TTA’s) TR-30 fast-
track committee, and the Interna-
tional Telecommunication Union’s
(ITU’s) study group 14 to resolve their
differences. Both sides are close to
agreement on most of the key points

necessary to implement a downstream
PCM channel, but many other issues
are far from resolved at the time of
this writing.

The realities of the marketplace
seem to be driving the standards
process at a surprisingly brisk clip.
The TR-30 group is now predicting a
North American interoperability |

A Reader “Gets Lucky”

oon after I predicted an upper limit of 35-to-40 kbits/s
Sfbr POTS modems in “Advanced POTS Modems: Mr.
Moore, Meet My. Shannon" (ELECTRONIC DESIGN, Oct.
1, 1996, p. 77), the magazine received many questions from
surprised readers, asking about the recent announcements
of 56-kbit technology. I did some research and answered
them as best I could, but one astute reader, Jack McDonald,
went one better and contacted Bellcore’s renowned commu-
nications researcher. Bob Lucky. Thanks to both Messrs.
MecDonald and Lucky for sharing their insights with us in
the e-mail exchange below:
Date: Thu, 28 Nov 1996 13:43:38
From: Jackmedon@aol.com
To: leeg@class.org
Subject: Fwd: Rockwell’s Claims

Lee,

I have been thinking about our correspondence regard-
ing Shannon and the PCM channel and contacted the
world’s best on the subject, Bob Lucky at Bellcore. I have
attached our correspondence. Seems that Shannon does
not apply to the PCM channel since the noise is not white
Gaussian (which Shannon’s theorem assumes) but is
quantizing due to the PCM process.

Using this knowledge, Rockwell has predistorted its
carrier, thereby minimizing the quantizing distortion, and
gets direct access to the 64Kb/s channel (which becomes
56Kb/s because of bit robbing and digital-switch synchro-
nization issues, unless, of course, clear-channel 64 Kb/s line
rates are used).

Best regards,

Jack McDonald
Past President
IEEE Communications Society

Forwarded message:

From: lucky@bellcore.com
To: Jackmedon@aol.com
Date: 96-11-21 20:00:53 EST

Jackmedon@aol.com wrote:
Bob,

I have been reading about 56 Kb/s speed claims for
new modems from Rockwell and have a basic question.
What does Shannon have to say about the maximum ca-
pacity of the public network, i.e. that of a single hop u-
255 PCM channel? I recognize that this is not the sub-
scriber-loop capacity which is set by paired cable, which
people using ISDN and XDSL are exploiting at mega
bits per second. But end to end, the PSTN has band-lim-
iting devices like PCM codecs which modems must ad-
dress.

I am just a switehing guy and you are the expert, but
according to my calculations, the maximum bit rate for
such a channel is around 45 Kbps. This is from:

C= W log2(1+S/N)

and a single PCM channel with W= 3.4 Khz and S/N=
40 dB. I recognize that N is assumed to be Gaussian and
the PCM channel noise is from quantizing distortion, but
don’t know the impact on the formula.

How does Rockwell get 56 Kb/s and are their claims
valid?

Jack McDonald

e sk st o sk ke e Sl sk seoleske ok ok sje sk ol ek ok dekokoske ok

Jack,

Funny you should ask. I really consider the 56kb mo-
dem my own invention. At a meeting about five years ago
at Bell Labs, I observed that the Shannon capacity of a
phone channel was not 30 kbps or so, as had been calcu-
lated for years, but was really closer to 64 kbps.

The reason is that the local loop is simply a copper wire
with “infinite” bandwidth, which has a capacity of, say 1.5
mbps, for a distance of a couple of miles. After that, the
channel is digitized, and sent as a 64-kbps stream on a dig-
ital carrier. Thus we cascade a channel with a capacity in
excess of a megabit per sec with a channel of capacity 64
kbps.

What is the resulting capacity? Should be about 64
kbps. Because of various timing considerations, the capac-
ity is really about 56 kbps. The way you get that capacity
is to send a signal that is “pre-quantized,” so that it flows
through the quantizer without change. Bell Labs started
working on this at that time five years ago, and finally the
work is paying off.

Bob Lucky
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standard by June 1997, although the
smart money is betting on seeing a so-
lution in the late fall or early winter.
The ITU will take a bit longer ( per-
haps one-to-two years) to produce a
global standard.

Since these technical issues have
become politicized as part of corporate
marketing strategies, it may be much
more difficult to converge on a single,
working standard. Despite the confu-
sion, it’s not a bad idea to get some
sense of the issues being kicked
around in the TIA’s and ITU’s subcom-
mittees. If nothing else, it may help in
sorting through some of the conflict-
ing claims that the competing inter-
ests are eagerly tossing out like trin-
kets at a Mardi Gras parade.

An Upstream Debate

While they differ on many smaller
issues, their disagreement over how to
implement this upstream channel
(from the subsecriber to the central of-
fice) is the most controversial part of
the technical debate. PCM traffic in
the upstream direction faces more dif-
ficulty, having to pass through the
codec’s A/D converter on the way to
the trunk line. The p-law encoder adds
the aforementioned 36 dB to the noise
floor, making it much more difficult to
achieve high data rates.

While there are several other chal-
lenges limiting upstream-data speed,
one of the most pernicious is the re-
flected energy known as far-end echo.
It is introduced to the upstream signal
by the central office’s codec. This re-
flected energy is quite complex, and
work is still in progress to develop the
very sophisticated noise-cancellation
techniques to reduce, if not eliminate
this noise source. Synchronization of
the upstream data to the 8-kHz net-
work clock also is somewhat more
problematic.

Because of the difficulty involved,
U.S. Robotics chose to use simpler,
proven V.34, 28.8-kbit/s QAM modula-
tion and protocols for its upstream
channel. This technology has allowed
them to bypass a potential stumbling
block and get their X2 technology to
market first.

Lucent has more experience with
the subtleties of digital phone lines,
and has aggressively pursued a PCM-
based upstream-channel technology.
While their development is not quite

complete, Lucent anticipates that a
first-generation PCM modem using
their V.flex2 technology will achieve
around 40 kbits/s in the upstream
channel. It is difficult to know whether
the Lucent/Rockwell contingent is
making valid claims that their 30%
speed advantage is critical for ad-
vanced modem applications with sym-
metrical bandwidth requirements
(POTS video-conferencing), or
whether it is simply an attempt to gain
marketing advantage with a propri-
etary technology.

There also are several issues sur-

Even if they don’t live

up to all the claims,
PCM Modems will

play an important role
in extending the life of
the copper pair ...
infrastructure.

rounding the protocols that assure
modems from different manufacturers
can interoperate. Perhaps the most
significant of these is the handshuke
protocol. The ITU’s V.8 negotiation
protocol is the worldwide standard
which governs how modems recognize
each other, and establish a connection.
Among other things, V.8 provides
guidelines on how to cooperate while
probing line conditions, negotiating
data rates, and selecting the error cor-
rection protocols to be used.

To accommodate PCM modems,
V.8 will have to be modified to include
recognition and signaling for 56-kbit
service, new line probing techniques,
rules for backwards compatibility to
QAM-based modems, and a robbed-
bit signaling protocol. Since many
countries use a codec-compression
scheme called A-law, provisions also
must be made for negotiating the use
of the p-law and A-law codec algo-
rithms. It is likely that the ITU will al-
locate some of the unused bits in the
current protocol exchange to control
these features.

Even though the ITU is working

hard to track the evolving technology,
the global scope of the problem may
delay final versions of the update to
V.8 and the other appropriate modem
standards until mid-to-late 1998. In
the interim, PCM modems will be
forced to rely on de facto industry
standards to permit the new modems
to talk with themselves as well as V.34,
and other ITU-compliant, QAM-based
devices. One ray of hope in this tan-
gled mess is that it is almost certain
that all parties will agree to have their
modems fall back to V.34 (28.8 kbits/s)
operation in the event that they can-
not establish a PCM connection.

Hidden Gotchas

Beneath the hoopla surrounding 56-
kbit modems lie a series of less-obvi-
ous technical problems which also
must be addressed before the technol-
ogy is rolled out for mass consumption.
Efforts toward resolution of these is-
sues are not limited to the three most
prominent players. Cirrus Logic, Fre-
mont, Calif., among others, has made
substantial contributions to the stan-
dards effort, especially in the areas of
symbol encoding and mapping. Cirrus
also has worked extensively with
techniques for DC suppression in
PCM transmission.

Cirrus’s vice president of DSP de-
velopment, Dr. Carl Nordling ex-
plained that the PCM community
must adopt a DC-suppression tech-
nique in order for their modems to
work with the majority of line cards in
today’s networks. According to
Nordling, a random PCM bit stream
does not always average to 0 V within
a short time. This condition results in
the generation of a DC component
which could create non-linear effects
in the coupling transformers found in
many line cards and modems. One
way to alleviate the problem would be
to break the transmission into 8- or
16-pulse frames and add a DC-correc-
tion pulse at the end, which brings the
DC average of the frame to zero.
While using a DC-suppression proto-
col would drop a modem’s useful
throughput around six percent, it may
be necessary to ensure compatibility
with the existing PSTN.

Another gotcha that Nordling
pointed out was the fact that FCC
part 68 regulations on EMI/RFI may
not permit all PCM-voltage levels to
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be used to transmit data. The -9 dBm
limit for signal strength at the modem,
and -12 dBm at the central office could
keep a few of the higher-voltage PCM
sample points from being used. This
limitation could result in an effective
raw-data rate of as low as 53 kbits/s.
Other potential solutions include a
protocol to keep certain noisy bit pat-
terns from being transmitted, or a re-
laxation of the FCC regulations.

Mike Henderson, director of mar-
keting for Rockwell’s network-access
products division, points out that PCM
technology will encounter similar
problems to those faced by QAM-
based products when dealing with
lines that are extremely long or of
poor quality. While PCM will be able
to deliver superior performance in
most situations, the actual speed they
can support will be a direct function of
the length of the line back to the cen-
tral office.

Henderson also notes that both
PCM and QAM modems will func-
tion poorly on lines that use exten-

der coils. These are devices which
are inserted into extra-long (usually
over 18,000 feet) lines to keep their
high-end frequency response at an ac-
ceptable level. Depending on which
field study results you choose to be-
lieve, long-line effects will limit mo-
dem performance for 5-to-20 percent
of U.S. subscribers.

Conclusions

Because PCM is a new technology,
the subtleties of line characteristics
that affect its performance are still
something of a mystery. The solutions
to these problems must be developed
using theoretical techniques, then
fine-tuned using experience gathered
from real world situations. For exam-
ple, during a series of wide-ranging
field trials they conducted jointly with
America On Line, U.S. Roboties dis-
covered that line characteristics var-
ied so widely that a single DC-sup-
pression scheme would not work for
all lines. To better assure compatibil-
ity with most users’ telephone net-

works, they developed an adaptive
DC-suppression algorithm.

Even if they don’t live up to all the
claims, PCM modems will play an im-
portant role in extending the life of the
copper pair in the telephone system
infrastructure found in nearly all of to-
day’s local loops. Fragmented stan-
dards will be a problem in the short
run, but intelligently negotiated fall-
back standards will ease early
adopters’ pain by assuring interoper-
ability at V.34 rates. The same frag-
mented standards will drive most
companies to develop software
upgradable products, which either use
on-board flash ROMs, or rely on RAM
downloads from the host system on
each startup.

The road to interoperability will be
a rocky one, but it should smooth out
relatively quickly, if Rockwell’s plans
are any indicator. Henderson indi-
cated that Rockwell intends to put
nonprogrammable, noninteroperable,
modem chips, with their original
K56Plus protocol, into developer’s

PCM 101

CM is a mature technology, used in ISDN local loops,
Pswitched-56 kbit data services, and countless digital-

PBX systems worldwide. It uses analog signals to
represent 8-bit digital words by dividing the line’s rail-to-
rail voltage swing into 256 discrete levels. Each data
word is passed through an encoder ( essentially a special-
ized D/A converter), and clocked out across the system
using the tightly-synchronized 8-kHz master clock that
forms the heartbeat of a traditional phone system. Within
each 125-usec window, the voltage on the line is sampled
by a decoder and converted into a digital number, repre-
senting 7 or 8 bits of data.

Theoretically, one could expect that a PCM stream
would transmit 64 kbits/s worth of data (8 bits of data x 8
ksamples/s = 64 kbits/s). Unfortunately, this isn’t the case
in the real world, partially because modems must be able
to signal each other to control traffic flow, exchange error
detection information, and renegotiate transmission rates
as line condition changes. They accomplish this communi-
cation by using an in-band, or robbed-bit signaling
scheme, which borrows some of the modem’s data capac-
ity and uses it to establish a dedicated control channel be-
tween the two modems. Most PCM protocols take 8 kbits
off the top, because signaling leaves 56 kbits/s for the pay-
load data stream.

Much like traditional modems, there’s no guarantee
that a PCM connection will be able to support its full 56
kbit/s rate. Part of the problem lies in varying line condi-

tions, and part of the problem lies in the characteristics of
the codecs used in PCM systems. PCM encoders and de-
coders employ a specialized compression algorithm called
p-law which was originally developed for digitally-encod-
ing human speech.

If you've ever wondered why people sound as good as
they do over phone lines with their relatively narrow
bandwidth, it’s due in good measure to p-law codecs.
These codecs take advantage of the fact that many of the
nuances of human speech occur relatively close to the
zero-voltage point. The p-law algorithm is nonlinear, plac-
ing a greater percentage of its sample points closer to-
gether around the zero point, and fewer, more widely
spaced sampling points at the extremes of its range.In
PCM, it is the samples of the signal that are compressed
and not the signal itself. This arrangement allows the
most-often used portions or samples of the line’s voltage
range to enjoy a highly-effective resolution, while allow-
ing higher amplitude portions of the signal take on a
grainier character.

When a line’s noise floor goes above a certain threshold,
it becomes difficult to distinguish between different PCM
levels, especially at the lower amplitudes where they are
closest together. To combat this, the PCM codecs selec-
tively remove some of the 256 available sample points
when the bit-error rate goes above a preset threshold.
While nobody knows precisely how they will actually
work in real world conditions, some early studies per-
formed by Texas Instruments indicate that we can expect
the current generation of PCM modems to typically de-
liver 48 to 53 kbits/s.
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hands as soon as possible. Next, they
will offer a programmable chip set
that will run the Rockwell/Lucent in-
teroperability standard. The same
chips could be upgraded, via software,
to support the TR30 and ITU stan-
dards. Once the standards firm up,
Rockwell intends to offer a less expen-
sive, nonprogrammable chip set. This
strategy should help get PCM
modems out into the world as quickly
as possible without burdening the
standards process.

For the most cost-conscious appli-
cations, it will be possible to imple-
ment software-only PCM modems
with host signal processing. It takes
approximately the same (and in some
cases fewer) MIPs to perform the
PCM encoding and decoding. Prod-
ucts like PCTel’s soft modem will find
their way into laptops and other appli-
cations where power and space also
are at a premium.

Charley Gonzales, marketing man-
ager for telecommunication products
at Texas Instruments, cautions, how-
ever, that a fully-host-based modem
(PCM or V.34) can soak up 30% of the
computing power of a 200-MHz Pen-
tium processor, and up to 50% if it’s
only running at 133 MHz. This
arrangement might not be suitable
when you are performing computa-
tionally-intensive tasks while using
your modem to communicate over the
phone line (i.e. 2-way telegaming,
telemedicine, or desktop publishing
from a remote site).

Finally, it’s hard to tell how much of
the promised 56-kbit/s throughput
rate the first generation of modems
will actually deliver. It depends on
many variables, including how the DC
suppression problem is handled, what
robbed-bit signaling protocol is cho-
sen, and whether the FCC relaxes its
EMI/RFI specifications for PCM in
the local loop. One thing we can almost
guarantee however, is that there will
be at least incremental improvements
in both upstream and downstream
data rates as technologists gain real-
world experience with this new appli-
cation of PCM.
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(Cyyp) is inserted into the voltage
divider that sets the loop gain neces-
sary to achieve a specific output voltage.
Although gain is a necessary part of the
feedback that makes a regulator work,
it also “amplifies” noise. The capacitor
reduces the loop gain at high frequen-
cies to reduce high-frequency noise.
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Software Modems: The Crossing
Of A Communications Threshold

Large Market Shift Eases Modem Accessibility
For End Users By Making Them Available As Software.

| Larry Gerstner, Motorola, Information Systems Group, Software Products Div., 20 Cabot Blvd., Mansfield, MA 02048.

dustry generally add new funec-

tionality to the platform at mini-
mal or no cost, or provide existing
technology at a lower cost. This usu-
ally is true with electronic products,
but is especially apparent in the PC in-
dustry, a large, highly visible entry
point for many new technologies. Be-
cause microprocessors double in per-

Successfu] products in the PC in-

| formance every 18 months, opportuni-

ties to trade-off hardware for
software, thereby reducing cost, are
continually arising. However, a major
threshold in this regard was passed
recently when PSTN modem func-
tionality, previously provided in
largely dedicated hardware, made an
initial move onto the PC’s main micro-
processor. This signaled a large shift in
the market for modems and other
communications products, which can
now be delivered almost completely as
software.

The last major shift in the modem
market occurred in the 1980s, her-
alded by the advent of digital signal
processors and the growth of the DSP
industry. DSP technology delivered as
chips became the building block that
made high-speed (at that time 9600
bps) echo-canceling modems possible.
There were many modem companies
developing their own technology and
adding value by tuning modulation al-
gorithms and thereby differentiating
products based on performance. This
triggered the quick advancement of
industry standards for high-speed
modems starting with V.32 in the late
1980s, V.32bis in 1991, and then V.34 in
1994. In those early years, payback
was fast regardless of the price and
users were early adopters who de-
rived much value from any increase in
modem speed.

As sales volumes grew in the 1990s,

another important milestone occurred
as modem chip set vendors dramati-
cally reduced the cost of modems by
integrating the functionality of the en-
tire modem into a handful of inte-
grated circuits. Classic modem archi-
tecture included a DSP and associated
SRAM for the data pump, a microcon-
troller and its associated SRAM for
controller functions, and an analog
front-end chip. Chip set vendors mar-
keted these parts with their firmware
and a reference design to show modem
manufacturers how to put it all to-
gether. Until now, this was the preva-
lent architecture and business model.

The modem chip set era has been
characterized by changing modem
standards and the addition of related
features. Voice and telephony features
became modem functions, thus provid-
ing more potential for adding value. To
deal with new standards and features,
vendors have promoted various up-
grade schemes. At worst, this meant
physically changing a ROM chip on the
modem. At best, they involved down-
loading new firmware to flash. Up-
gradeability in this situation is best
suited for bug fixes and incremental
feature improvements, because the
horsepower on the modem’s proces-
sors is fixed, upgradeability is limited.

Chip cost denies modem manufac-
turers the luxury of shipping DSPs
with lots of processing power to spare
for future functionality. This limitation
practically disappears with purely
software modems, which are as simple
to upgrade as any other software. Sys-
tem limitations can still affect up-
grades, but a relatively large pool of
processing power and memory is
available to perform many tasks of
which communications is just one.

In addition to the classic modem ar-
chitecture, some vendors tried other

mixes of hardware and software as
DSP-based modems evolved. A few
put some or all of the control functions
on the DSP with the data pump. Oth-
ers moved all the controller functions
to the PC’s host CPU. This latter ar-
chitecture, known as a controllerless
modem, represents the last evolution-
ary step before software modems.

The software modem runs con-
troller and data pump code on the host
CPU (see the figure). This is an archi-
tectural shift that represents a major
new step function in the evolution of
modem technology. Derived is a major
reduction in system cost as well as a
change in philosophy about communi-
cations functionality. While there is
nothing new about the underlying mo-
dem technology, the move to the host
processor of the PC is radically new
and based upon the increasing power
of the platform.

Powerful Processors Are Key
The Windows 95 Pentium platform
is a powerful multipurpose machine
optimized for data processing applica-
tions. Although the most common uses
of the PC do not require real-time per-
formance, users expect the PC to oper-
ate quickly and perform many tasks.
The state-of-the-art PC has large pro-
cessing resources on which to draw to
satisfy users’ requirements by and
large. When the Pentium crossed the
100-MHz speed threshold, the possibil-
ity of using it to handle real-time appli-
cations such as modem operations
without disrupting the end-user expe-
rience became a reality. To achieve
this, developers had to work within the
constraints of the PC architecture to
meet user performance expectations.
Modem data streams require im-
mediate attention from the processor
when they arrive in the PC, making
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them truly “real-time.” Furthermore,
the processor must perform all re-
quired operations on that data before
the next series of data samples ar-
rives. On a PC, user applications must
execute in a timely fashion as well, or
the user experience is unacceptable.
Because the modem processing must
be dealt with first, there must be suffi-
cient processing overhead for the in-
tended application.

A road warrior using his notebook
computer for e-mail needs relatively
scant Pentium resources. Two interac-
tive gamers communicating by mo-
dem are probably at the other end of
the spectrum. Software modem archi-
tecture can accommodate both types
of users and all those in be-
tween. This is accomplished
by carefully crafting the V.34
modem to the Windows PC
architecture. The design
makes judicious use of the
system’s cache, floating point
processing, and plans for long
latencies that can be encoun-
tered. The software modem
works well in what is now an
inhospitable environment—
and this environment will
only get more friendly in
time, with MMX, the win-
dows driver model, and other
enhancements.

another excellent case for software-
based communications. For years, al-
ternating voice and data, several pro-
posals of digital simultaneous voice
and data, and a couple proposals for
analog simultaneous voice and data
have slugged it out to be the chosen
standard. The result has been market-
place confusion and little application
development in an area where end
users see compelling value.

Now if the hardware interface were
simple and standard and all the vari-
ous protocols could be provided as
software, end-user application devel-
opment could proceed unabated with-
out worry about communication pro-
tocols. In this environment, when the

moving modem functionality controller and data pump code on the host CPU.

to software? There are sev-

eral, but again, one of the most impor-
tant is ease of upgradeability for vari-
ous reasons.

Communications speeds and stan-
dards have continued to change. Re-
cently, 33.6 modems were touted as
absolutely, positively, the fastest that
analog modems could possibly get.
Then came 56-kbits/s modems. At pre-
sent, in the 56 kbits/s pre-standard pe-
riod, no one is certain which imple-
mentation will be adopted or when.
But software modems, with their
small hardware interfaces, can be
purely software upgradeable to any
and all versions of 56 kbits/s modem up
to and including the final ITU stan-
dard. With the software modem archi-
tecture, obsolescence is avoided, a
welcome change in the PC and com-
munications arena.

The changing landscape of simulta-
neous voice and data protocols makes

application on each user’s PC is ready
to use a voice and data protocol, they
query each other to decide the best
one, load it in, and proceed.

Pushing The Envelope Further

A key influence on the move of soft-
ware modems into the market is multi-
media. Multimedia PCs as a category
have been around for several years,
but early multimedia PCs had scant
audio I/0 and little else. Only recently,
driven by games and the Internet, has
the industry become serious about
multimedia and real-time functional-
ity. Soft modems will benefit from sev-
eral structural changes being made to
the PC platform to better support
multimedia.

Key is a move made recently by In-
tel, which released its MMX exten-
sions, adding 57 new instructions for
signal-processing intensive applica-

This typical software modem from Motorola signifies a major step in
What are the benefits of the evolution of modem technology. It has the ability to run both

tions. These instructions will greatly
reduce the load of the software modem
on the host processor. Similarly they
reduce the load on the processor of
other multimedia functions, leaving
more room for all. MMX and analogous
enhancements on other host miero-
processors both acknowledge the im-
portance of the DSP function for signal-
processing functionality and signals its
demise as a standalone component.

Another influence is AC97 (Audio
Codec 97), developed by a consortium
of PC audio technology providers and
Intel. AC97 creates a standard archi-
tecture for controlling how audio
comes in and out of the PC. The speci-
fication also defines an option for ana-
log modem signals. This is ap-
propriate since PC audio and
analog modems require simi-
lar high-performance analog
conversion. The resulting au-
dio-modem codec will stan-
dardize the modem interface
to the PC and drive down its
cost. The modem codec prac-
tically rides along for free and
makes soft modems even less
hardware-dependent.

Microsoft also is taking
steps to improve the PC’'s mul-
timedia performance. Its Win-
dows Driver Model for com-
munications represents the
most significant development
for modem functionality. This
model provides facilities for
dealing with modem data streams in
real-time. It defines the software mo-
dem interfaces at low levels as well as
at the application level. These enhance-
ments, along with the use of ActiveX
components for signal processing, will
make software modems even more
welcome on the PC platform.

Other Opportunities

The PC is only the most prominent
example of the opportunity for soft-
ware modems. With the Internet as
the key catalyst, demand for being
connected is exploding. Network com-
puters, T'V-based web browsers, and
handheld PCs challenge the PC’s do-
minion over data communication to
end users. This is especially true in the
wireless communications arena where
diverse protocols exist depending on
service providers and national bound-
aries, software-based communications
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has added importance.

Powerful, low-cost CPUs such as
the MIPS, Hitachi SH and PowerPC
families are more than capable of pow-
ering these new communications de-
vices and running software modems.
These devices, like all microproces-
sors, grow in power and shrink in cost
with each succeeding generation.
They, too, are extending their instruc-
tions sets to include DSP-type func-
tionality and further ease soft commu-
nications integration.

Summary

The case for software communica-
tions is compelling. Software is easy,
it’s cheap, and it can be downloaded
over the Internet. Software thereby
addresses the end-user’s fear of obso-
lescence by extending the life of their
communications equipment. Process-
ing power in host microprocessors has
reached the point where soft analog
modems are possible.

Processing power will continue to
double every 18 months and communi-
cations modes and media will continue
to proliferate. In the near future, one
can envision desktop PCs with 500+
MHz microprocessors on them and all
manner of specialized instruction sets.

It’s easy to picture a cable modem or
an xDSL modem provided largely as
software. Users pick the best one
based on service provision and their
needs. Communications delivered as
software will enhance the value and
utility of the hardware on which it runs
and help preserve people’s initial sys-
tem investment.

Larry Gerstner joined Motorola in
1996 as Marketing Manager for the
Information Systems Group. He is re-
sponsible for planning, and market-
ing for new software-based communi-
cation products. Prior to joining
Motorola, he was in charge of market-
ing at HTI Voice Solutions.He also
worked at Analog Devices Inc.as a
product manager for audio and com-
munication solutions. Gerstner holds
a BSEE from Brown University,
Cranston, R.1., and an MBA from Co-
lumbia University, New York.
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loop—is used to describe a vari-

ety of technologies that deliver
digital data over twisted-pair lines at
rates far higher than ever envisioned
by the network’s original architects.
The original DSL was, of course, the
Integrated Services Digital Network
(ISDN), developed in the early 1980s.
It squeezes 160 kbits/s into an 80-kHz
bandwidth of local loop. ISDN uses a
simple four-level phase/amplitude
modulation (PAM) scheme with a
“2B1Q” line code to reach a standard
range of 18,000 feet, although more
recent products use smarter signal
processing to achieve longer range.
ISDN has not been very successful in
the U.S,, but it has done very well in
other countries, with Germany being
a prime example.
| ISDN was soon followed by HDSL
| (high-bit-rate DSL), which used the
| same 2B1Q modulation but on a
larger bandwidth and with a lot more
sophisticated DSP, to deliver much
faster rates over a carrier-serving
area (CSA) range of 12,000 feet of 24
AWG wires. HDSL most commonly
operates with two pairs to deliver
symmetric TI or E1 rates (1.544 or
2.048 Mbits/s), which it does by send-
ing half the data on one pair and half
on the other, both operating as full-
duplex echo-cancelled links (with ei-
ther 768 kbits/s for T1 and either
1168 or 1024 kbits/s for E1).

DSL—short for digital subscriber

An Improved Pipeline

HDSL is a lot simpler and more ro-
bust than the old T1 service, which re-
quired repeaters every few hundred
yards and was consequently difficult
to install and maintain. As a result, it
has essentially replaced T1, and the
odds are good that if you have re-
cently gotten a “T1 line,” it was actu-

TECHNOLOGY PERSPECTIVE

The DSLs: Sorting Out The
Issues Behind The Technologies

An Insider’s Guide To The Confusing Galaxy Of x DSL Technologies.
Join Us As We Update Theiwr Current Status And Compare Claims.

Rupert Baines, Analog Devices Inc., MS 116, Box 804A, Wilmington, MA 01887;.

ally HDSL. (To be strictly accurate,
you should refer to DS1—digital sub-
scriber rates 1—for rates or services,
while T1 refers to the older physical
implementation using alternate mark
inversion (AMI)—line code on two
simplex connections). As well as high-
speed data connections, HDSL is pop-
ular for connecting wireless base sta-
tions into the public switched
telephone network or PSTN (multiple
connections and a lot cheaper than
fiber) and for “pairgain” applications,
i.e., squeezing many voice channels
onto one piece of copper.

In Europe, the standards body,
ETSI, defined in their HDSL techni-
cal report what was essentially a
family of HDSLs, all delivering E1
rates using the same 2B1Q line code,
and operating on four, three (old but
still used), two (nowadays the usual)
or one pair of wires. (There also are
definitions for 1- and 2-pair CAP sys-
tems). This has the advantage of be-
ing straightforward and simple, but
each implementation would have a
different reach, with a single pair
falling perhaps 10 to 20% short of the
CSA range. In Europe, where loops
tend to be much shorter than in the
U.S. (especially in Italy or Germany),
this is acceptable.

ANSI is leading the discussions on
next-generation HDSL—HDSL2 (al-
though ETSI has opened discussion
on an enhanced HDSL, which perhaps
will support some rate-adaptive ap-
proach, they are most probably prob-
ably going to wait and look at ANSI’s
proposal before making too many de-
cisions). This has the target of being a
technology that will last, delivering
T1 rates over a full CSA range with
the reliability that has been proven
with HDSL (it is possible that this
should support rate-adaptive services

e-mail: rupert.baines@analog.com.

too, allowing lower-speed access even
on longer loops).

The difficulty is in meeting the
range and strict latency require-
ments while still maintaining spec-
tral compatibility and coping with
real-world noise and interference.
Latency of less than 500 m s is
mandatory for many existing ser-
vices—a tough requirement. A
clearly defined CSA range is neces-
sary for operational reasons, since
the telco’s customer databases often
only classify distances as “within
CSA? yes-no.” If a customer re-
quests a service, that is the only test
if they can get it or not.

The expectation is that agreement
will be reached over the next few
meetings, with Pairgain, Level 1,
Globespan and others close to a con-
sensus. Due to latency, a multi-carrier
system is unlikely, and the discussion
on line code seems to have converged
in favor of a single carrier technology
(e.g., coded 64-point carrierless ampli-
tude/phase modulation (64-CAP) or
quadrature/amplitude modulation
(QAM)). The uncertainty is more over
error-correction and coding tech-
niques, but all of the proposals exhibit
impressive performance, with demon-
strated achieved coding gains of some
510 6 dB (at least one vendor is using
Turbo codes—probably the sexiest
idea in information theory today).

A Galaxy Of DSLs

While the above are all standards (or
quasi-standards), several companies
have lower-speed/lower-price variants
being proposed. Many simply consist of
using half an HDSL chip set on a single
line (e.g., to give 768 kbits/s, while others
are new developments, targeting slower
applications, such as 512 or 384 kbits/s).
These are discussed for Internet ac- J
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DSL TECHNOLOGIES |

cess or low cost pairgain—especially
in less-developed countries—and ex-
amples include MDSL (moderate-
speed), PCM-n or Brooktree’s
DSL/384. Most importantly, all of
these technologies are loop-powered
(i.e., they receive their power from
the central office), and all use the
POTS band for data. While you can
have voice, it needs to be incorpo-
rated digitally, and is not the trans-
parent/backwards-compatible ap-
proach of ADSL.

Although some people use SDSL
(symmetric DSL) to describe single-
pair HDSL, it may preferable to use
the somewhat-oxymoronic symmet-
ric-ADSL by changing the up/down
allocation of normal ADSL chips to
give the same rate in each direction.
Significantly, this interpretation
means it operates over POTS and
need not be loop-powered (both un-
like HDSL).

Depending on crosstalk, this could
deliver 1+ Mbits/s in each direction,
and operate over the full CSA dis-
tance; however, it has not yet been
standardized or widely available. As
mentioned earlier, crosstalk is a
VERY big “it depends” for the fu-
ture of symmetric ADSL, since
crosstalk more than any other factor
limits how well a service will operate.
There also are important issues sur-
rounding general spectral compati-
bility that would need to be resolved.
The standards bodies have not de-
cided on this although at least one
supplier is marketing such a product.

Standards Issues Abound
DMT-based ADSL has been stan-
dardized by both ANSI and
ETSI—the T1.413 was published in
late 1995 and is a very comprehen-
sive specification, describing all man-
ner of issues with ADSL from physi-
cal modulation, to coding, framing
and management type operations.
Discussions are now very well ad-
vanced on Issue 2 of this specifica-
tion, and all the substantive items
are likely to be frozen in the next few
weeks, leaving editing and organiz-
ing before the new edition of the
standard is published next year.
Most of the changes have been in
updating the standard with the bene-
fit of the last two years of practical
experience, and updating it to reflect

changes in the market. For example,
incorporating more support for data-
mode services and Internet, rather
than the video-focus of the first ver-
sion. Despite some comments, the
standard is extremely well suited to
data services without major change,
but the document will be updated to
include more details.

Another change is to describe
rate-adaptive ADSL (in a marketing
coup, one manufacturer appropri-
ated the acronym “RADSL” for this;
a bit of a surprise for the rest of the
industry which had always had a
rate-adaptive ADSL!). The omission
is not in the technology, as T1.413 has
a good description of how discrete
multitone modulation (DMT) adjusts
the rate in 32 kbit/s steps, but rather
in standardizing the training and
management protocols to ensure in-
teroperablity between different
rate-adaptive modems.

The other change in the standard
will be to follow the lead of the ATM
Forum and to separate the standard
into parts dealing with PMD (physi-
cal media-dependent) and TC (trans-
mission convergence) sub-layers.
This may only be an editorial change
in Issue 2, but it paves the way for
more detailed specifications of ATM
over ADSL or packet-mode opera-
tions in future texts.

The big debate within ANSI is
over the introduction of a second line
code: whether the standards body
should stay with DMT only, or should
support two flavors of ADSL and
document a version of the CAP sys-
tem (see “Line code debates,” p.142).
The situation at the time of this writ-
ing is that the main group of TIE1.4
decided to stick with the status quo,
but that a parallel ad hoe group has
been established and is working on
documenting the CAP system.

A Fat Upstream Pipe?

Some people have discussed “Re-
verse ADSL”—simply swapping
two modems so that the high-capac-
ity direction is from the home to the
central office (CO). Unfortunately,
this is not going to work in most
cases. ADSL relies on all the “loud”
signals being located together (e.g.,
downstream transmissions are all to-
ward the CO), and all the weak re-
ceived ones being located in a differ-

ent frequency area, and physically
separated. If you reverse this, then
at the CO, the loud “send” of every-
one else’s downstream will be right
where your reversed system is, try-
ing to listen to a very weak signal
with the attenuated noisy weak high-
capacity “upstream” signal drowning
it out. Conversely, your transmit sig-
nal will swamp everyone else.

Given spectral compatibility con-
straints and considerations for “good
citizenship,” this will limit reverse
ADSL to perhaps 1000 ft. Of course,
up and down are arbitrary—what
matters is everyone has to operate in
the same direction. It is a little like
driving; in the U.S. people drive on
the right; in the U.K. they drive on
the left—either is fine, so long as you
are consistent!

Pipelines With VDSL

Finally, there is VDSL (very high-
speed DSL). While there is still much
debate over the specifics, the gist is
clear enough. VDSL is intended as
the last drop, operating over copper,
in applications such as fibre-to-the-
curb (FTTC) or fibre-to-the-building
(FTTB), where the head-end will be
located in an optical network unit
(ONTU) at the end of a length of fiber.
It operates with very high data
rates, but over short distances: 51
Mbits/s over 1000 ft. or 25 Mbits/s
over 3000 ft. are typical. Intriguingly,
even though the data rate is higher, it
is likely that the shorter distance and
more controlled environment may
make this easier (and potentially
cheaper) to implement than ADSL.

Various bodies are discussing how
to actually implement VDSL, includ-
ing ANSI, ETSI and DAVIC. This
has resulted in virtually every com-
bination of line code, specification
and access method being suggested.
For example, while most suggest
that an asymmetric system with per-
haps 10:1 ratio is adequate, some pre-
fer a fully symmetric system, and
others are flexible. Within ANSI,
there are a few main proposals. Am-
ati is championing “synchronous
DMT”—a ping-pong modulation
method that uses time-division du-
plexing, where the transmitter and
receiver alternate roles.

The attractions are that various
asymmetries can easily be supported,
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Line Code Debates

The line code (modulation method) for ADSL has
been a topic of heated discussion among engineers, with
people taking steadfastly rigid sides on the subject. In
January 1993, Bellcore (with BT and NYNEX) orga-
nized the “ADSL Olympics™ as a test, to compare the
three main candidates: DMT (discrete multitone), CAP
(carrierless amplitude/phase), and QAM (quadrature
amplitude modulation).

While they were perhaps not completely authorita-
tive (there are continued complaints it was not a fair
test), the results of the trial indicated DMT had better
performance, and the ANSI committee made its
choice on that basis. Had the stakes not been as high
as they are, that might have been the end of it, but that
was not to be...

AM is a very well understood and widely-used mod-
Qulation technique. In essence, it is a single carrier

signal, where the data rate is split in two and modu-
lated onto two orthogonal carriers (I and Q) using sine/co-
sine mixers, before being combined and transmitted.
CAP s very closely related to QAM—indeed, the two can
be considered identical and compatible; the difference is
primarily in the implementation.

Instead of the two signals being generated by a sine/co-
sine mixer, the modulation of the orthogonal signals is
performed digitally using two digital transversal band-
pass filters with the same amplitude characteristics and a
p/2 difference in phase response (Hilbert pair), before be-
ing combined, fed to a digital-to-audio converter (DAC),
and transmitted. The advantage over QAM is that the
digital implementation can be realized very elegantly in
silicon, and there is great scope for flexibility or efficiency
in the implementation.

Being a multicarrier modulation system, DMT is a
very different animal. DMT (essentially the same as
OFDM—orthogonal frequency division multiplexing)
divides the frequency range up onto a large number of
discrete bands, or sub-channels. Each of these is inde-
pendently modulated—with a carrier frequency corre-
sponding to the center frequency of the bin—and the
system uses them all in parallel, all at the same time.

The multi-carrier modulation technique requires or-
thogonality between all the subcarriers. A very elegant
way to achieve this is by using fast Fourier transforms
(FFTs). In ANSI standard DMT, there are 256 subcarti-
ers, each with 4-kHz bandwidth, that can be indepen-
dently modulated from zero to a maximum of 15 bits/Hz.
This allows up to 60 kbits/s per tone. At low frequencies
where the copper’s attenuation is low and there is a good
signal-to-noise ratio (SNR), it is easy to use a very dense
constellation—10 bits/Hz is typical. Where the line is in
worse condition, the modulation can be relaxed to allow
for the lower SNR—perhaps to 4 bits/Hz or less, to give
the necessary noise immunity. Furthermore, as the mo-
dem measures the line, it can avoid or compensate for
crosstalk or interference. For example, an adaptive sys-

A T 5 e s S S BT i T e o e e TR A

tem can reduce the modulation in the band where an AM
station is causing RFI.

The two techniques can be considered as duals:
QAM/CAP techniques are frequency domain-based, as
they have fast symbols, each lasting a short time, with a
big bandwidth (see the figure). For example, in a 6-Mbit/s
DSL scheme, the symbol rate is 1088 baud— roughly
about a symbol per microsecond—modulated to 256
points, with a bandwidth of 1.4 MHz. The short symbol
time increases CAP’s susceptibility to time-domain noise
interference.

DMT is a time-domain approach, with symbols lasting
a long time but only occupying a narrow frequency band
(see the figure, again). With a leisurely 250-ms symbol
time, a 256-tone DMT system (4 kHz per tone, 1.1 MHz
total bandwidth) needs only a 4-kbaud symbol rate to de-
liver 6 Mbits/s! This long symbol time makes it less sus-
ceptible to time-domain noise.

As duals, the two should, in principle, achieve the same
throughput on a channel (Shannon’s law does not specify
line code). In practice, they will have implementation dif-
ferences and will be affected differently by noise in the
time domain or frequency domain—so real performance
and complexity will differ. A single RF tone will be aver-
aged across the wide band of a single carrier system—ef-
fectively rendering these systems highly resistant to nar-
row-band interference.

In contrast, a narrow-band signal will directly hit a
subcarrier on a DMT system. This effect is clearly seen in
VDSL, where the higher frequency range overlaps with
the amateur radio (“Ham”’) operator’s bands and a system
must cope with strong pulses of narrow-band RFI. The
reverse is true for a wideband noise signal—for example
impulse noise burst from lightning, a hair-dryer or an
electric light dimmer—which will be averaged across a
short time on many DMT symbols, but will seriously clob-
ber a single carrier symbol.

Both use error correction and interleaving to deal with
these problems, and both are very effective. DMT claims
an advantage in that time-domain noise is hard to predict,
while RF1 tends to be more stable and can be measured
and adjusted for during training or operation.

There are many discussions on the relative advan-
tages/disadvantages of CAP & DMT. A reasonably impar-
tial summary of these is:

*DMT can direct information to subcarriers and modulate
them independently, while CAP has a single carrier which
has to be treated as a whole, even though the channel
characteristics vary widely. As a result, DMT may deliver
better performance or be more spectrally efficient. DMT
has more complex initialization and needs more start-up
time than CAP.
*DMT is inherently and straightforwardly rate-adaptive,
delivering the maximum data for any given line. This
(continued on page 144)
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(continued from page 142)

method offers the tlexibility to support higher rates over
shorter loops (e.g., 8 Mbits/s), or sub-rate connections at
very long reach.

eWhile CAP can support rate adaptation (by varyving the
constellation and the bandwidth), it is less obvious and re-
quires more careful design of the analog circuitry. In ad-
dition, the rates have much lower granularity

*DMT steps in 32-kbit/s steps from 64 kbits/s to 8 Mbits/s,
versus CAP’s 320 kbit/s steps from 320 kbits/s to 7
Mbits/s. “DMT can be compared to a first-rate mountain
bike—it has more gears to cope with the move different
terrains it will encounter”

*DMT has much greater latency. This may actually be in
violation of some specifications for particular services
(e.g., ISDN).

*CAP is more resistant to RFI, although it is possible that
DMT is more adept at coping with multiple or varying
RF1I sources. C AP has a lower peak-to-average ratio, sim-
plifying the design of the analog stage and reducing its
power needs.

o[t is simple for DMT to meet an arbitrary or variable
power mask spectrum for spectral compatibility.

*Echo cancellation in DMT is more difficult.

oDMT has greater immunity to impulse noise than CAP

One symbol
Frequency
\— Time
Frequency /7 One symbol

/

7

\— Time

e e e e A P e . 4

(as the symbols are longer).

*CAP can be simpler or optimized to a specific applica-
tion. DMT is more complex, but this supports more versa-
tility and flexibility (important in ADSL with many appli-
cations and a wide range of environments).

*DMT's analysis and measurement functions can be used
as diagnostics and testing (e.g., to detect out-of-spec sys-
tems, or for preventive maintenance of the copper lines.)
eEngineers have more experience with CAP (QAM) and
more specialized equipment exists—this may accelerate
design and test of systems.

*Both are patented techniques, and intellectual property
situation is comparable.

To give readers an idea of how these advantanages and
disadvanteges translate into real-world implementations:
CAP chip sets and DMT chip sets are approximately the
same price, and will draw similar power. However, DMT
is almost 50% more efficient than CAP, requiring 1.1 MHz
for 6 Mbit/s throughputs, rather than 1.5 MHz. It is hard
to compare performance as few results have been made
public at the present time. . The only independent public
tests I know of were conducted by GTE Labs and the
magazine tele.com on an a number of ADSL systems. In-
terestingly, not a single CAP supplier was willing to sub-
mit modems for such impartial testing, but we can assume
they’ll be similar.

In summary, there is no single answer. This is an engi-
neering decision. and the best technology depends on the
needs of the application, and the tools to implement it. In
general, while CAP can be simpler and is easy to optimize
(in cost and power) for a particular situation DMT is more
complex and more versatile. Given the wide variety of ap-
plications and environments ADSL faces, this can deliver
several benefits in real implementations (obviously CAP
can be designed to incorporate similar flexibility, but then
it ends up with additional complexity!). However, for the
more defined constraints of HDSL and VDSL, single-car-
rier approaches look more suitable.

To a large degree, it doesn’t matter. Both technologies
could work reasonably well, and will deliver roughly simi-
lar performance at roughly similar costs. It is fair to say
that to date, most systems have been based on CAP, sim-
ply because as a single-source proprietary product, it had
a significant time-to-market benefit (no need to wait for
painfully slowly standards to thrash out a consensus) and
hence was available sooner.

On the other hand, DMT is defined as ADSL—it is the
only method that has been selected as the international
standard (for good reasons), defined, and documented by
non-proprietary groups supported by multiple manufae-
turers and interoperability. In an industry as international,
as standards focused, and with the need for interoperability
that characterizes the telecommunications industry. that
may be all that is necessary to carry the day. In any case, the
public will most likely be the biggest winner as DSL and
CAP begin to give more and more citizens high-speed ac-
cess to the information networks shaping our future.
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by simply varying the duty cycle of
send/receive. Secondly, the complex-
ity is lower: little effort is needed to
separate signals (i.e., no filters are re-
quired), and hardware can be shared
at each end—swapped between trans-
mitting and receiving as required.

On the other hand, DMT is per-
haps more power-hungry than is de-
sirable in the power-limited environ-
ment of an ONU. Secondly, the
ping-pong system must be very
tightly controlled between all sys-
tems (if there is any difference or jit-
ter, a transmitter will swamp a re-
ceiver)—this might be difficult in a
deregulated environment with com-
petitive access. Finally, there is some
concern that the proposed ping-pong
frame rate (2 kHz) might be demodu-
lated into an annoying audio-fre-
quency signal (perhaps in an adjacent
pair, which might not have a VDSL-
splitter or filter). This has been
claimed to occur with TDMA digital
cellphones, where the burst fre-
quency is detected in hearing aids.

A number of manufacturers are
supporting a frequency division du-
plex system, with CAP for the down-
stream. This has the advantage that it
is a low-power solution, and can be op-
timized to give a simple transmitter.
Being a high-capacity broadband sig-
nal, it also is resistant to RFI and can
be placed in a region where there is
less concern with impulse noise.

Manufacturers including Analog
Devices, Aware, Orckit, BBT, Globe-
span, Broadeomm and others all are
developing a common draft standard
based on this technology. (Impor-
tantly, the first three have all devel-
oped DMT solutions for ADSL, show-
ing that line-code choices can be
decided by technical criteria and are
not unchanging). However, the con-
sensus breaks down for the upstream.
Some manufacturers are proposing
single carrier techniques (CAP or
QPSK) which have the attractions of
low power and simplicity. On the
other hand, in the home (where the
upstream signal starts), low power is
not as critical as it is in the ONU, so
this is of less use.

Coping With Noise

Then there is the problem of noise,
and how to deal with it. The low-fre-
quency bands can be very noisy, with

a lot of impulse noise and ingress
from sources like electric light dim-
mers, vacuum cleaners, and the like.
This can inflict a lot of grief on a sys-
tem, in the form of noise that is very
hard to filter out or work around. To
get around this, some systems (for
example, DAVIC 1.0’s FTTC) place
the up stream signal high in fre-
quency—above the downstream.
Here the system avoids the low-fre-
quency wideband noise, and the fil-
tering can be easier (reducing the
waste from a large guard band).

Unfortunately, this region has lots
of attenuation in the copper, reducing
the useful capacity of the system; the
DAVIC system only has 1.6 Mbits/s
upstream and it is doubtful if the
same arguments would work for
higher rates of say 3 Mbits/s. In addi-
tion, the (narrow) high-frequency up-
stream link is now very vulnerable to
notches in the channel caused by
bridge taps.

Recognizing the very different
characteristics of downstream
(power constraints, high-speed/high-
band-width) and upstream (lots of
impulse noise, concern on frequency
plan), Analog Devices, Aware, and
BBT have proposed a hybrid solu-
tion, that uses very different tech-
niques for each direction—hopefully
getting the best of both worlds.

By adopting a CAP single carrier
for the down-stream channel, the ben-
efits listed above are achieved. The
upstream is located at low frequen-
cies, and uses a new multi-carrier
technique—discrete wavelet multi-
tone (DWMT). This copes extremely
well with impulse noise, so the fre-
quency plan can use the “good” low-
frequency copper without worrying
about noise. In addition, the technique
easily lends itself to support multi-
drop in-home wiring (multi-point to
point/passive network architectures).

Rupert Baines is the product
manager for the ASDSL Products
Division at Analog Devices Inc. He
joined ADI in 1993, and holds a
MSEE degree from Hull University,
England, and an MBA from IESE.
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COMMUNICATIONS TECHNOLOGY

New Architecture Promises “Object-

Oriented” Hardware And Software For
Computer-Telephony Integration

multiprocessor, multiresource ar-

chitecture may bring some har-
mony to the tumultuous world of com-
puter-telephone integration (CTI).
Until now, applications such as voice
response services, fax-back services,
and automatic call processing have
been pretty well tied to a specific
processor, and often a specific hard-
ware platform. Dubbed “DM3” (Dia-
logic Mediastream 3rd Generation) by
its creator Dialogic Corp., Parsippany,
N.J., the new architecture is a collec-
tion of specifications that
can be used by independent
technology and application
developers to develop spe-
cialized media stream pro-
cessing elements for use on
the Dialogic platform.

Much like semi-custom
cells used in ASIC chips,
these specially-developed
CTI functions can be com-
bined with off-the-shelf soft-
ware to create custom-fea-
tured applications with a
minimum of development
time and cost. Thanks to a
nearly object-oriented inter-
face between each layer, ap-
plications and resources can
be easily combined and run
on hardware platforms with
a variety of processors and
bus architectures.

DM3 was developed to
simplify development for
CTI systems based on the
signal computing system ar-
chitecture (SCSA) standard.
SCSA treats CTI systems in
a,Jayered manner, breaking
them down into applications,
CTI firmware resources,
and hardware platforms.
DM3 operates at the re-
source level, providing a uni-
form interface between the
applications they serve and
the hardware platforms
they run on. It can be used to

T he introduction of a highly layered

build embedded media stream pro-
cessing resources, which reside below

the application level, or service |

provider interface (SPI).

Some typical processing functions
running on the DM3 architecture
may include types such as speech
recognition, call control, text-to-
speech, audio player/recorder, fax,
text-to-speech, or processing of SS-
7 protocols. These CTI firmware re-
sources can be accessed and shared
among higher-level applications via
a standard or custom “middleware”

Up to 18 Motorola 56030x DSP ICs, or up to eight Motorola 603e
PowerPC RISC chips can be mounted on this detachable daughter board,
allowing independent application developers to design specialized media
stream processing elements. The DM3 interface board from Dialogic
makes possible object-oriented hardware and software for the
integration of computers and telephones.

interface. By using a layered ap-
proach, the DM3 architecture con-
cerns itself with the lower layers of
the system and isolates the firmware
resources from the vagaries of a spe-
cific platform.

On the hardware side, DM3 uses a
pair of memory-mapped interfaces be-
tween the host system bus and the
board’s control processors, and a simi-
lar interface between the controller
and whatever DSP resources are
placed on the board. By establishing a
uniform interface between them, any
portion of the system can be replaced
or upgraded at will.

The glue that ties the processors to-
gether is a collection of standard sub-
routine calls known as the “DM3 ker-
nel.” This standardized interface
permits a controller to pass a media
stream to a processor, along with a de-
scription of the operations it
wants performed, without
knowing its specific location or
characteristics. Resources
written to run on the DM3
kernel can be easily ported to
more advanced processors as
they become available.

Libraries of these resources
can be obtained from Dialogic
or other developers. From
these resources, platform-in-
dependent applications can be
developed on a variety of host
systems. These may include
telephone functions such as a
voice-driven personal assis-
tant, an automated call-pro-
cessing center, or a voice-over-
Internet system. These would
be created on the host using
high-level programming lan-
guages such as C or C++. The
applications can be used “as
is,” or can be further cus-
tomized by systems integra-
tors using Visual Basic, C,
Java, or commercially avail-
able custom toolkits.

The first DM3 board to be in-
troduced during the first
quarter of this year will sup-
port an array of up to 18 of Mo-
torola’s 56030x DSP units, or
up to eight Motorola 603e
PowerPC RISC chips. The
processors are mounted on a
detachable daughterboard
and communicate via a mem-
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i 0GP12 12 35-16 . ; : and pinouts.
e i E : * Over 100 models.
DSNI7 17 45665155 + -+
DFA20 21 918, 18-36,36-72 = » . .

DGP30 30 36-72 . e . ®
Dual Qutput products provide the indicated Vout as one positive and one negative output ™)

DSP1 ! 4555 +/- o\ ) o L 4

DFC10 10 9-36, 18-72 +/- +/- +/-

b6z 12 3515 o e L Powier surpLies

Sfela, J 90 ik Ll il Visit our web site at http:llwww.power-one.com

DFA20 20 9-18, 18-36, 36-72 +/- +/- +/- A
Triple Qutput products provide a main output (e} and two symetrical outputs (+/-) 740 Calle Plano! Camanllo, CA 93012 (800) 765-7448 » FAX (805) 383-0476
DGP20 20 ) 9-18, 18-36, 36-72 . +/- +/- | Power-One loyo and 1S0 9000 loga are trademarks of Power-One, Inc.
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We look for church organists
with typing expertence!

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
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Excess inventory today...student opportunity tomorrow

[T TELEPHONY |
l

ory mapped interface, permitting the
easy addition of more processors or
the integration of other processor
types as the need arises (see the fig-
ure).Depending on the particular
model, the motherboard contains the
bus interface for a PCI, compact PCI,
or VME host system, as well as line in-
terfaces for multiple T1, E1, and
ISDN primary rate interface (PRI)
lines. A standard SCbus interface per-
mits the transport of up to 2048 call
channels between boards. This scaling
process arrangement permits a de-
signer to process as few as four and as
many as 120 voice channels using just
a single card.

Opportunities exist for developers
with unique telephony or signal pro-
cessing expertise to create their own
DM3-compliant modules. This one-
time development effort creates a
product which can be sold for use on a
variety of processors and host plat-
forms under both Unix and Windows
NT environments.

Competitively-priced development
kits provide the hardware and soft-
ware that will enable resource tech-
nology developers to rapidly create
and integrate high-performance RISC
and DSP-based firmware resources.

Bearing the moniker “DM-Fast,” a
complete set of integrated develop-
ment tools is available for creating re-
sources that run in standard real-time
operating-system environments.
Tools are included for writing DSP
code under the SPOX operating sys-
tem, and code for RISC machines un-
der Wind River System’s VX works.

OEM integrators will benefit from
DMS3’s open computing environment.
This allows them to directly interface
their CTI application to Novell or Mi-
crosoft network resources and indus-
try standard management tools. Be-
sides eliminating the need to
redevelop basic network resources, a
CTI system that adopts this open-sys-
tems approach can be configured,
managed, and upgraded like any other
network resource. This greatly re-
duces time-to-market, development
costs, and the cost of ownership for
customers.

For further information, contact Dia-
logic Corp., 1515 Rte. 10, Parsippany, NJ
07054; (201) 993-3000; fax (201) 993-3093;
Internet: http//www.dialogic.com.

Lee Goldberg




5V & 3.3V FCT LOGIC » QUICKSWITCH?® PRODUCTS * CLOCK MANAGEMENT * SPECIALTY MEMORIES

-Bit Logic

i
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QST — 33-bif logic in the world’s smallest footprint package!

The need for 32-bit FCT logic has become critical in Manufacturing Flexibility.
today’s advanced multimedia, computing and networking The new 32-bit logic from QSI offers the unique advantage
applications. QSIs latest small-foetprint MillipaQ" 80-pin of being ready for automated manufacturing processes. The
design has made it possible to fit FCT logic and QuickSwitch®  devices come loaded in either 1ape-and-reel or tubes. They
devices into the world‘s smallest 32-bit footprint. have a standard 150-mil body width and 0.5mm pin-piich,
Package Advantage. which makes the devices immediately ready for the manu-

The new small-footprint MillipaQ offers facturing process.
the designer unique advantages over Seeing is Believing.
other packages. These advantages go For the latest 32-bit product brochure, call 1-800-609-3669,
§ beyond the obvious board space advan-  or fax 408-496-0773. Check out our World Wide Web page
tage (only 124 mm?) and cost savings. at www.qualitysemi.com.
These include enhanced performance QSI — your logical choice for 32-bit FCT logic and

WSS characteristics. Low thermal resistance for QuickSwitch products . . . in the smallest possible footprint.
high reliability, guaranteed low skew for tight timing budgets,
and flow-through pinouts for easy board layout.

Quality Semiconductor, Inc.

0 =—=

U.S.A. Headquarters: 851 Martin Avenue, Santa Clara, CA 95050, 408-450-8000, Fax: 408-496-0773, www.qualitysemi.com
European Headquarters: Suite A, Uni: 6, Mansfield Park. Four Marks, Alton, Hampshire, GU34 5PZ United Xingdom, 44-{0)1420-563333, Fax: 44-(0)1420-561142
U.S. and Canadian Distributors: Arrow Electronics, Bell Industries, Nu-Horizons, Zeus Electronics, Inc.
OCaproghn 196 Quallly S oondncun Tuc. Q. Q51 QVAUR MuktdWdth. QuuekSwitch sod Milliw) wre tademarks o Quality Semicomdnetar Ing
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COMMUNICATIONS TECHNOLOGY PRODUCTS

PRODUCT FEATURE

Software PCM Modem Delivers Low-Cost 56-kbit Speeds,
Speakerphone, and Simultaneous Voice /Data

can now be implemented at a frac-

tion of their previous cost, thanks
to an almost all-software solution that
uses surplus MIPs from its host
processor for most critical functions.
The PCT388P is a high-speed host-sig-
nal- processing (HSP) modem chip
that supports both the established
ITU-T V.34bis protocols and the
newer 56 kbit/s technology.

The chip can perform all standard
data, fax, and voice communications
functions without the DSP data pump,
controller, UART, and memory com-
ponents found in most modems. In-
stead, it uses an inexpensive ASIC
and specially optimized processing
software that will run on any Pentium-
class processor of 100 MHz or faster.
On a typical 200-MHz Pentium ma-
chine, the modem requires around
25%, and less than 20% on an equiva-

T he new breed of 56-kbit/s modems

lent machine with MMX architecture.

Capable of operating under a wide
range of operating systems, (Win 3.11,
Win 95, NT 4.0, and 0S/2), the first
samples of the modem software will ini-
tially support a propriety “HSP 56,” 56-
kbit/s PCM modem protocol. Upgrades
will support the TIA’s “V.PCM” and the
evolving ITU standards within two to
three months of their release. Besides
its modem and line interface circuitry,
the PCT388P includes all of the logic
required to attach it directly to the host
system’s ISA bus. The only other hard-
ware required for a complete PCM mo-
dem are a set of off-the-shelf codec and
line-interface chips, and a handful of
passive components.

Advanced modem features, such as
simultaneous voice/data and speaker-
phone, can be supported using either
the host system’s full-duplex sound
card, or by adding the PCT1441 DSVD

We Make The Connections!

Receptacles for PC Auto Blade Fuses
* For miniature and standard sizes

* Press-fit mounting ideal for wave soldering
* New design prevents solder wicking

* Choice of horizontal or vertical styles

* Request engineering catalog #990
/so 9002 CERTIFIED

31-07 20th Ra., Astoria, NY 11105-2017 » (800) 221-5510 © Fax: (718)956 -9040
Web: wwwkeyelcocom » e-mail: kec@keyelco.com

www.keyelco.com

m—m-x:t-nun-
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vocoder/speakerphone adapter chip.
The PCT388P features on-chip logic to
support the plug-and-play (PnP) inter-
face and its associated 16-bit PnP ad-
dress, making it easy for the end user to
install. The modem also can perform
auto-selection of the computer’s COM
ports and IRQs necessary for its opera-
tion. The software is configured to re-
spond to the full body of Ties AT modem
commands. A virtual UART allows
data-transfer rates as high as 115 to 200
kbits/s between host and modem.

In addition to supporting the newer
PCM technology, a modem using the
PCT388P and associated software re-
mains backwards-compatible with all
ITU and industry standards for data
modem and fax equipment. This in-
cludes ITU-T V.34bis specifications
for data rates including 28.8 and 33.6
kbits/s. Fax modulation is supported
under ITU-T V.17 and V.29 for speeds
of up to 14.4 kbits/s. Data compression
using both the V.42bis and MNP Class
5 protocols is supported, along with
V.42 LAPM and MNP 2-4 error-cor-
rection protocols. For video-confer-
encing applications, the software also
features a V.80-compliant interface.

The PCT388P’s low (75 mW at 5V)
operating power and low component
count make it ideal for applications such
as laptop computers, where both space
and power are at a premium. Automatic
power-management functions make
further energy conservation measures
easy. Packaged in a 100-pin PQFP, the
PCT388P is sampling now, with full pro-
duction scheduled for June, 1997. Its
companion, the PCT1441 DSV D/speak-
erphone ASIC, is available now. The to-
tal cost of a basic 56-kbit modem should
be under $35, including pc board, pas-
sive components, and assembly. Adding
speakerphone/DSVD capability with
the PCT144I will bring up the price to
around $40.

PC-Tel Inc.

630 Alder Dr., Suite 202

Milpitas, CA 95035

(408) 383-0452

fax (408) 383-0455

Web: htip:// www.pctel.com

CIRCLE 636
LEE GOLDBERG
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GOLFING NEWS

by Mike Hensen

Two New Driving Irons Challenge B
Woods on Distance. One Sets a World ‘» ‘
Record; the Other Is One Yard Short.

Patented Surfaces Automatically
Correct Hooks and Slices

Trouble with Woods?
These Are for You

YALESVILLE, CT- The same small Connecticut
company that created a golf ball that flies too far
has introduced two new driving irons that /iir too
far: way too far if you happen to sell woods.
Mike Smith. a PGA Pro. recently set a World
Record off the grass with the company’s 17°
driving iron. and stopped just one yard short of
matching the record for a driver with its 12.5°
counterpart. His shots were 335 and 358 yards
respectively.

These are troublesome distances for wood manufac-
turers. but that may not be their biggest worry. These
clubs keep the ball on the fuirway, a characteristic
drivers and fairway woods sorely lack. Official statistics
show that even the top ten money-makers on the Tour

Conforms to The /
Rules of Golf PATENTED
Pabune S “INVISIBLE” CURVE
( AUTOMATICALLY
\ / CORRECTS HOOKS
' AND SLICES

miss the fairway with their driver 25% of the time. So
don’t feel alone if you have trouble with your woods,
relief is on the way. A company spokesman told me this.

“We made these clubs for golfers who are ted up
spraying shots left and right with their driver and
3-wood. And millions do. If the best ten golters in the
business have trouble with woods, imagine how tough
they are for the rest of us. So we designed the
Controllers (the clubs’ name).

“Qur initial test with the Controllers showed that a
mid-80’s golfer could get 30 to 50 more yards off the
grass with our 17° Fairway Controller. and match or
beat his driver with our 12.5” Tee Shot Controller.
Mike’s World Record and comments from other pros.
including a former Master’s champ, confirm that these
are the clubs of the future.

“But power without accuracy doesn’t cut strokes, and
that’'s where we have wood manufacturers by the throat.
Our Controllers have patented accuracy.”

The Controllers’ patented accuracy comes from a
scientific head design that reduces hooks and slices. No
other iron has it. Indeed. can have it.

It works like this. If you hit a ball off the toc ot an
ordinary iron, it will start oft to the right. as the impact

Controller® Driving Iron

World
Record

“opens’ the clubface. But then a stronger force. called
the gear effect. takes over and spins the ball violently 1o
the left. The reverse happens with a heel shot. It “closes™
the club face and starts off to the /eft, then the gear
effect slices it wildly to the right.

The Controller driving irons have a patented “invisi-
ble”” curve (you can feel it. but barely see it) across their
hitting surface that tames the stronger gear effect and
draws off-center shots back to the middle of the fairway.
It’s a major golfing breakthrough and. along with their
massive power. probably makes the Controllers the
longest and straightest clubs in golf today.

One golfer told me. it was “...the first time I've
played 18 holes and never left the fairway.” Another
said he cut six strokes. and vowed he would never play
with his driver or 3-wood again.

Top Ten Money-Makers on the Tour Miss the
Fairway with Their Driver 25% of the Time

So let me ask you. Do you have trouble with woods? If
you do. there’s no risk testing one or both of these new.,
super irons. The company will refund their price. if their
unique combination of World Record power and patented
accuracy doesn’t cut 5 to 10 strokes of! vour score, and
you return them undamaged within 30 days.

To try one or both Controllers. call the company
direct at 1-800-285-3900 anytime or day, or send your
name, address and check (or cc number and exp. date)
10 NGC Golf (Dept. DS-568), 60 Church St.. Yalesville.
CT 06492. The steel shatt Controller Tee Shot (12.5°)
and Fairway Controller (17°) cost $69.00 each. Both
cost $119.08). The graphite shaft models cost $89.00
each. Both are only $159.00. Add $10.00 s/h/ins. CT
and NY add sales tax. No P.O. boxes. All shipments
UPS. Specity right or left handed. regular or stiff flex,

men’s or ladies’. © Bost Enterprises, Inc. 1997 Dept. DS-568

i



Now,
single output
with 120 watts
of power.

desagn

0. TMEMD7TI2E [

ard (

1997 Hewlett-Packa

But programmability and clean power at
this price is at least interesting, isn’t it?

Getting more than you expect  And low noise and tight 0.01% regula- I e¢’s talk power supplies.”

for less than you expect is tion give you clean power you can 1-800-452-4844** Ext. 5165
never boring. count on for better measurements. ! )
We don't think you'll jump up and This family’s full of interesting
dance at the news, but we do think characters.
you'll recognize the great value The HP E3631A and E3632A are
) part
offered by the HP E3631A triple dc ¢ the HP E3600-series, value-priced
output and the new E3632A single bench power supplies that offer a wide
output, 120-watt supply. range of functions and power ratings.
The triple outputs with 80 W total The “Within Budget Without Compro-

power {0 to 25V, 0 to —25V, 1A; 0 to 6V, mise” HP E3631A and HP E3632A:
5A) of the HP E3631A give you lots of ~ more than you expect for less.
flexibility. And the new HP E3632A HP DIRECT: the fast, easy
provides you with increased power way to put more power on
and single output (0 to 15V, 7A; 0 to your bench.

30V, 4A). Both supplies also feature o

built-in HP-IB and RS-232 ports. i Canaa ol 1 800-357-3154, program number THU0L

[bﬁ HEWLETT®

PACKARD
Check out our on-line HP Basic Instruments (BI) Catalog at
http//www.hp.com/info/e3632a

Faxback: 1-800-800-5281, Document 12298
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M Improving designs while turning them out faster and less expensively

Probing High-Speed

Fast Digital Circuits
Are Hard to Probe
Accurately, But There
Are Alternatives
Available, Even

An Inexpensive
Shop-Built Probe That
Will Work Into

The GHz Range.

HOWARD JOHNSON, Signal Consulting
Inc., 16541 Redmond Way, Suite 264,
Redmond, WA 98052; (206) 556-0800;
fax: (206) 556-0800; e-mail:
howiej@sigcon.com.
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ave you ever tried to debug a bro- |

H ken signal that only worked when 1
your scope probe was touching it? i
Join the crowd. It’s like a badge of |
honor. It means that you work on re- |
ally fast systems. Then again, it may |
just mean you need a better probe. |
The one that you’re using may not be i
up to par, or the way it is being used is !
inappropriate for the task at hand. '
To help solve such problems, this |
article will explore how probes work,
some ways to characterize their be- E
havior, and the trade-offs inherent in |
various probe styles. It will even de- |
scribe how to make a resistive-input |
probe that performs well into the giga- |
hertz range. E
Basically, all probes work the same !
way. When applied to a logic trace, a |
probe “siphons” off a portion of the sig- |
nal energy and conveys it to the scope’s |
vertical amplifier input. From there, E
the scope amplifies the signal and then !
displays it on the instrument’s screen. |
The siphoning process always dis- |
torts the signal being measured, be- i
cause any probe loads down the circuit E
to which it is connected. Even witha 1- |
pF probe, the loading can be substan- |
tial. A 1-pF probe looks like a 160-Q |
load at 1 GHz, which is the frequency

Digital Designs

associated with a 0.5-ns rise or fall
time. (The effective upper band edge of
a digital signal with a rise/fall time T is
0.5/T Hz. See High-Speed Digital De-
stgn, H. W. Johnson and M. Graham,
Prentice-Hall, 1993.) Technically, the
complex impedance is —j160 €, but
that’s splitting hairs because the phase
doesn’t matter as much as the fact that
the 160-Q magnitude is noticeable to a
50-€) cireuit.

Think about it. If you connect a 160-
Q load to your circuit, it would change
the termination conditions. Wouldn't
the levels shift? Wouldn'’t the signal’s
shape change slightly? Might it not
ring, or overshoot differently, or cross
the switching threshold at a different
point in time? These same effects occur
when probes are connected.

Room For Improvement

Some engineers assume that these
effects are a manifestation of the
Heisenberg Uncertainty Principle, but
that is not the case. For ordinary digital
problems, probe performance is
nowhere near its fundamental physical
limits. The problems are simply a mani-
festation of the rather crude state of
the art of probe design. Better probes
will do less damage to the signal under
test. The industry

9 M(2 and 11 pF
hidden in the tip

Short coaxial cable

Tip .

-—l

Ground

50 pF parasitic C
to ground in cable

Equalizer box at
end of cable

can anticipate sev-
eral more genera-

probe designs be-
fore encountering
limitations due to
the immutable laws
of physics.

You may be inter-
ested to know that

L g

50 pF and 1 MO
at scope input

1. The capacitive-input probe, originally developed for use with
vacvum-tube equipment, offers o high-input impedance at dc, but does

not work well on very fast digital circuits.

electrical engi-
neers in many
other fields of

tions of improved |
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TEST & MEASUREMENT HIGH-SPEED PROBES |

study also are concerned with

Some FET probes come with

the general effect of probes Fﬁ;‘d"‘:‘m‘a’a‘:l“";" qu'u'aelflzg;’nd power adapters that permit
on the device under measure- 50-0) coaxial cable atend of cable their use on older scopes that
ment. (A good general refer- i have 50-Q inputs but no
ence on the subject is Electri- Tip power connections. But the
cal Measurements by Frank - engineer must make sure that
A. Laws, first published by P‘,’:;.'.i;:o':: g;’,’:d the scope has a true internal
McGraw-Hillin 1938.) We are | ground 50-Q input terminator. An ex-
not dealing here with any fun- 50-0) ""':"'W ternal terminator connected
damentally new problems. st with a “T” type BNC fitting

Besides the loading prob-
lem, a probe can introduce its
own distortion, often in the
form of additional ringing or
overshoot. Even if it doesn’t load down
the circuit under test, a probe whose in-
ternal workings are ringy will fail to
convey to the oscilloscope a faithful re-
production of the incoming signal. The
actual waveforms in the circuit under
test may be ideal, but what the scope
sees may look completely different. I
can’t count the number of times I’'ve
seen engineers chase down presumed
ringing problems in a circuit, trying
every termination trick in the book,
only to discover that the ringing was
not present in the system, but was only
a ghost image created by poor probing.

Three Basic Styles

There are three popular oscilloscope
probe styles in use today:

¢ 10:1 capacitive-input probes,

* FET-input probes, and

® resistive-input probes (also called
Z, probes).

The capacitive-input probe was
originally developed for use on vac-
uum-tube equipment (Fig. 1). This
probe provides a very high input im-
pedance (about 10 MQ) at de, which
was a nice feature when engineers
spent a lot of their time probing grid-
bias circuits. Nowadays, digital appli-
cations don’t require a 10-MQ input
impedance at de. For digital applica-
tions, the probe’s impedance

performs correctly. A little box of com-
pensating components at the end of the
cable often includes a circuit to reduce
this effect, but because of the funda-
mental limitations of the connecting
cable few capacitive-input probes are
rated for more than 500 MHz.

The FET-input probe has an active

A probe can introduce
its own distortion,

often in the form
of additional ringing
or overshoot.

amplifier built into its tip (Fig. 2). This
circuit, which incorporates an FET-in-
put buffer stage, amplifies the incom-
ing signal and prepares it for its jour-
ney down the 50-Q connecting cable to
the scope. To use this probe, the scope
must be equipped with a 50-Q-termi-
nated input circuit, and a power con-
nection to feed bias power to the FET
amplifier. The user must ensure that
the power from the scope is compatible
with the FET probe.

2. An FET-input probe employs an FET amplifier incorporated at the
source end to improve performance, but this type of probe requires
power, either from the scope or externally.

substantially degrades signal
quality in the 300-to-1000-
MHz region.

The resistive-input, or Z,,
probe, combines characteristies of both
of the other types (Fig. 3). Like the
10:1 capacitive-input probe, the resis-
tive-input probe is a passive device.
That means that it will work with prac-
tically any scope. Like the FET-input
probe, the resistive-input probe makes
optimal use of its 50-Q connecting ca-
ble. Once the input signal is coupled
into the cable, it flows in a linear, time-
invariant, almost lossless, and practi-
cally distortionless fashion all the way
to the scope input termination, where
reflections are damped. The scope
must be set for a 50-Q termination.

The resistive-input probe is inex-
pensive, has a terrifie bandwidth, and
is more tolerant of long ground wires
than the other probes. These advan-
tages come at the cost of a higher Iy
in the digital circuit in order to drive
the 1-kQ resistor. Fortunately, in mod-
ern high-speed systems, the extra
drive current is almost always readily
available,

Characterizing Probes

Probes come in many different
styles, shapes, and sizes to suit a wide
variety of applications. Not all are ap-
propriate for digital use. Engineers
should consider several parameters
when choosing probes for use on high-
speed digital designs. The fol-

at high frequencies is much
more important.

Proper operation of the ca-
pacitive-input probe hinges
on the assumption that the
center conductor of the con-
necting cable has an aggre-
gate capacitance to ground of
50 pF. At frequencies for
which the cable begins to act

Tip

Ground

k=) resistor
exposed at tip

)|

50~} coaxial cable

50-() terminator
at scope input

lowing is a discussion of those
parameters.

Input loading—As noted,
probes can load down a cir-
cuit, substantially distorting
the signal under test. This
happens when the probe’s in-
put impedance is comparable
to (or less than) the driving
impedance of the device un-

like a transmission line (that
is, frequencies in fast digital
designs), the probe no longer

3. The resistive-input probe provides excellent performance even ot
very high speeds. The trade-off is the need for a higher Loy, but this is
not normally a problem in high-speed digital systems.

der test.
To demonstrate the effects
of probe loading, a high-qual-




Think it.

It’s just that easy — with LabVIEW. If you need to
make measurements and analyze your data but don’

have a lot of time, LabVIEW is just what you need.

Wire i.

Create measurement and analysis systems
in a fraction of the time it takes with any other
software. Virtually every industry survey has shown
that the G language in LabVIEW is the most popular
development tool available for data acquisition,

analysis, and presentation.

Run Iit.

More scientists and engineers are getting

results faster and easier with LabVIEW.

Call today, and turn your ideas into reality.

INSTRUMENTS

The Software is the Instrument
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U.S. Corporate Headquarters
Tel: (512) 7940100 ¢ Fax: (512) 794-8411

info@natinst.com ¢ www.natinst.com
Worldwide network of direct offices and distnbutors.

Point your Web browser to www.natinst.com (o get a
complete schedule of upcoming technical seminars
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TEST & MEASUREMENT

HIGH-SPEED PROBES |

—

ity reference probe was in-

| waveform. If the rise-fall

stalled at the end of a long, §
source-terminated 50-Q

times are comparable, expect
to see a substantial deteriora-
tion of observed rise-fall

trace. The signal used in the 4
demonstration had a rise time
of about 2 ns. Three acquisi-

times, but few other deleteri-
ous effects. Don’t use a scope

tions were made, each with
the addition of a scope probe:
One acquisition with a 1-pF 2

1-pF FETp

with a rise-fall time slower
than that of the logic.
Most commercial probes

FET-input probe, another
with an 8-pF capacitive-input

1K) resistive probe. ¥

also come with a bandwidth
rating. The conversion from

style probe, and the third
with a 1-kQ resistive-input

their bandwidth to 10-90%
rise-fall time is, depending on
the form of the bandwidth

probe (Fig. }). A separate
trigger circuit was used to
maintain time-synchronism

2 3 4
Time (ns)

§ specification, the same as for

between the three measure-
ments. These and all other
measurements for this article
were made on a Tektronix
TDS 540B digital storage oscilloscope.

Even at the rather pedestrian rise
time of 2 ns, the 8-pF probe clearly
loaded down the cirecuit, delaying the
rising edge by about 200 ps. In systems
with little or no timing margin, this de-
lay can easily be enough to cause a no-
ticeable change in system behavior: At
the frequency associated with this ris-
ing edge (250 MHz), the input imped-
ance of the 8-p¥F probe is a mere §0 Q,
hardly good enough for working on
fast digital circuits.

In contrast, the 1-pF FET prabe
and the 1-kQ resistive-input probe did
not materially affect the transition
time, although the 1-k<2 probe did scale
the signal amplitude to 95% of its nom-
inal open-circuit value (1k/(1k+50) =
95% ). The input impedance of both
these probes at the frequency of inter-
est (250 MHz) is much higher

4. In measurements of a signal with a 2-ns rise time, an 8-pF probe
caused a 200 ps delay. The 1-pF FET probe and 1-k<) resistive probe
did not significantly offect the transition time.

the vertical amplifier and display cir-
cuits have largely been conquered. The
primary limiting factor that remains,
for digital applications, is bandwidth.

For very fast input signals, an inad-
equate bandwidth will, at the mini-
mum, distort measured rise-fall times,
skew timing measurements, and un-
der-represent the extent of ringing
problems. At worst, it may cause you
to miss important features of the sig-
nals under test. Narrow pulses,
glitches, and other effects can go unno-
ticed and untreated.

Given a scope’s rated bandwidth,
you can estimate its characteristic 10-
90% rise-fall time (see the table). If the
scope’s rise-fall time is at least three
times faster than that of the logic being
tested, you can expect to see little mea-
surable distortion in any observed

end scope (one for which you
purchase the scope and
probes separately), you must
then combine the scope rise-
fall time and the probe rise-fall time to
get an accurate picture of how the
whole instrument will perform. The
formula for this combination is:

_ 2 2
t'ovvrull Y tscn]w i t‘prohe

Note that a 500-MHz scope and a
500-MHz probe does not a 500-MHz in-
strument make. When a 1-ns edge en-
ters a h00-MHz probe, the edge speed
is degraded to 1.208 ns, in accordance
with

0339 :
\/ —— | +(1 ns)z - 1.208 ns
500 MHz

Similarly, when the resulting 1.208-
ns edge from the probe is processed by
the scope, it deteriorates further to
1.38 ns. The net result is the

than 80 Q. §
At higher frequencies,

processed by a cireuit with an

Lol

eventually the 1-pF probe 4
will run into difficulties. At

D T o R4

overall bandwidth of 353
MHz. For best results, plan

signaling rates faster than 2
about 300-ps rise-fall, only a

=
T

for a combined overall rise-
fall time that is three times

resistive-input style probe
can maintain a high enough

Volts

A/

faster than the signal to be
measured.
Because of the transmission-

line effects inherent in capaci-

input impedance to remain -2 s
useful.
Bandwidth—Four classic | 4
criteria for evaluating an os- v i B 3 - i =
cilloscope measuring system |A 1-9F FET probe Time (ns)

are sensitivity, linearity, gain
flatness, and bandwidth. In

B: 1-pF FET probe with 6~in ground wire
C: 1-k€1 resistive probe with 6-in ground wire
D: 8-pF probe with 6-in ground wire

tive-input probes, they are
generally not made with a
bandwidth rating higher than
about 500 MHz. The FET-in-
put probes are limited today
to around 1 GHz. Resisitve-in-

modern high-performance os-
cilloscopes, problems with
sensitivity, nonlinear distor-
tion and ringing internal to

5. Without a ground wire, all three types of probes performed similarly
in measuring a 37-MHz clock. Trace A is representative. But with 6-in.
ground wires attached, the resistive probe offered the least ripple.

put probes are available with
bandwidths as high as 10 GHz.
Gain—For applications with

an oscilloscope. For a high- |

same as if the signal had been |
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TEST & MEASUREMENT HIGH-SPEED PROBES |

very low-level signals (fiber-optic re-
ceivers, for instance), the probe gain
becomes important. All three probe
styles introduce signal loss.

The capacitive-input probe, as de-
picted in Figure 1, has an attenuation
ratio of 10:1 (20 dB). If the scope has a
minimum input sensitivity of 1
mV/div., then with this probe, the ef-
fective minimum input sensitivity will
be 10 mV/div. Popular FET probes
have an attenuation ratio of about 20:1
(-26 dB). Insisting on 1:1 performance
at the probe level would require addi-
tional stages of amplification. Most
manufacturers don’t do this. They
choose to build one tiny FET amplifier
in the probe tip and then boost the sig-
nal back up to full strength at the
scope. The 1-kQQ resistive-input probe
also has an attenuation ratio of about
20:1 (depending on the exact resistor
values used).

Ground wires—Capacitive-input
probes, and to a lesser extent FET-in-
put probes, sometimes perform poorly
when connected to drivers with low
source impedances. This effect is
greatly exacerbated by the presence of
any significant length of ground wire
between the sensing end of the probe
and the board under test. This effect
can be analyzed by looking at the dri-
ver source impedance, the probe input
capacitance, and the ground-wire in-
ductance as an RCL series-resonant
circuit. The following analysis of each
probe type assumes a 6-in. ground wire
(about 200 nH).

For a 10-pF capacitive-input probe,
as the drive impedance drops below
100 ©, the probe develops a nasty reso-
nance at about 110 MHz. This reso-
nance is right in the heart of digital ter-
ritory, and is the primary reason why
ground wires are not used with 10-pF
probes when accurate measurements
are needed.

The resonance in the 1-pF FET-in-
put probe becomes evident at an even
higher impedance level, 300 Q, which is
a worse problem for low-impedance
digital circuits. Fortunately, the reso-
nance is at a higher frequency, about
350 MHz, so you won't notice it unless
your circuit rise-fall times are 3-ns or
faster.

A resistive-input probe with a six-
inch ground wire doesn’t have a reso-
nance. Its first-order circuit parame-
ters form an RL network, which

CALCULATING SCOPE
RISE/FALL TIMES

FROM BANDWIDTH

3-dB

0.339
BW

doesn’t ring. To the first order, then,
this circuit is always damped. That’s
one of the nice things about it: A resis-
tive-input probe is less troubled by
ground wire length than any other
probe style.

An instructive demonstration of
these effects in the time domain was
made by measuring the same signal
four different ways. The probes were
applied one at a time, and the results
stored, scaled, and time-shifted to fit
the display. All four waveforms clearly
show a 37-MHz clock (Fig. 5). If that’s
all the detail you need, then the wave-
forms are essentially identical. If, on
the other hand, you have been chasing
glitchy bus ringing problems and need
to quantify the undershoot, the differ-
ences are substantial.

In the absence of a ground wire
(that is, with the shiny metal probe
ground barrel directly connected to
the PCB ground using a wire not
longer than 0.100 in.), all three probes
gave the same result. In that sense,
they all performed reasonably well
(except for the 200-ps timing shift
noted above). Since all three results
without ground wires were practically
the same, only one, that using the FET
probe, is shown (top trace).

The capacitive-input style probe,
rated at 8 pF and 500 MHz and with a
six-inch ground wire, had a resonance
at 125 MHz, which showed up clearly
as an 8-ns ripple (bottom trace). This
configuration is not suitable for fast
digital work. The FET probe with a 6-

A resistive-input
probe is less troubled

by ground wire length
than any other
probe style.

in. ground wire was better. The reso- ‘
nance was at about 350 MHz, which
showed up as a noticeable, but smaller,
3-ns ripple (second trace from top).
The best performer was the resistive-
input probe with a 6-in. ground wire
(third trace from top). This probe is
clearly the least sensitive to ground
wire distortion.

In summary, when probing low-im-
pedance circuits, a capacitive-input
probe is highly sensitive to ground-wire
length, an FET probe less so, and a re-
sistive-input probe performs best of all.

Making A 1-KQ Probe ‘

Fortunately, a 1-kQ resistive-input
probe is inexpensive and easily con-
structed. For reasonable performance
up to 1 GHz, use a 1-m piece of RG-174 |
for the connecting cable. Terminate the
scope end of the cable with a BNC con- |
nector, and solder a 1/8-W, 1-kQ car-
bon-composition or carbon-film resis-
tor to the center conductor of the
sensing end. Dress the braid at the
sensing end for soldering directly to
the pe-board ground plane.

Some engineers like to solder a
dozen or so resistive-input probes onto
a board, and then connect them to the
scope in various combinations as
needed. They like this approach be-
cause the probes stay put and can be
operated hands-free.

Alternatively, you can adapt this
probe for free-roving operation by
tacking a solid ground wire onto the
end of the RG-174 ground braid. A
number of ground-wire attachments
made for other probes can be adapted
for use with a resistive-input probe. On
the end of the 1-kQ resistor, try apply-
ing the erimp-on center-conductor con-
tact from a male BNC connector. It
makes an excellent permanent plated
tip. In this form, the shop-built probe
works well up to 1 GHz.

The resistive-input probe presents
a flat 1-kQ impedance all the way up to
about 1 GHz. Above that, the input im-
pedance begins to roll off, dominated
by the unavoidable parasitic capaci-
tance of about 0.17 pF that shunts end-
to-end across the resistor. Using two |
1/8-W, 470-Q resistors in series in-
stead of a single 1-kQ component will
reduce the parasitic capacitance, im-
proving the roll-off characteristics by
a factor of two.

Also, pay attention to the position of |
I
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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’s easier to learn,
easier to use. Aided by
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massive device library with models
for over 7500 parts, you work (}uickly
and smoothly —one keystroke, for
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
behavioral modeling.
Parameter stepping.
Monte Carlo analy-
sis. Nonlinear

+
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hierarchical schematic editor and a

* magnetic modeling,
An optimizing model generator. Lossy
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the sense resistor. It should be kept up
off the board under test, away from the
ground plane. If it’s pressed down near
a solid ground plane, the resistor will
pick up another 0.5 pF of parasitic ca-
pacitance to ground, substantially af-
fecting the probe’s performance. Kept
at least 0.5 in. away from ground, this
effect will be negligible.

As you move toward 10-GHz, the
resistive-input probe is still an excel-
lent choice, but it requires more care in
its construction. For example, the 10-
| GHz probes offered by Tektronix use a
well-erafted multibraided, low-loss
coax; gold-plated SMA connectors; and
very nice, long, skinny 950-€2 resistors,
which have less end-to-end parasitic
capacitance than short, squat resistors.
These features extend the useful
range of the probe easily into the 10-
GHz region.

l The resistive-input probe incorpo-

rates a fixed degree of signal attenua-
tion. This is not usually a problem, as-
suming that the scope has adequate
vertical sensitivity to make up the dif-
ference. The unit described above pro-
vides a 20:1 attenuation ratio.

If you need to make exact measure-
t ments, calibrate the resistive-input

probes. Being made from carbon-com-
position or carbon-film resistors, they
may not be too accurate. If you order
up a bateh of custom-select 950-Q car-
bon-composition resistors, you can
tune in a more precise 20:1 ratio. Be-
ware of the temptation touse a 1%
metal-film resistor at the tip unless
l you are certain of its construction.
Many metal-film resistors incorporate
an internal serpentine pattern in the
metal film that will destroy the probe’s
high-frequency properties.

Practical Issues

Now we get down to some of the is-
sues that can make or break your day.
Things like flexibility of the connecting
cable, size of the probe head, and cost.
Here are some practical factors to
think about:

e Will the probe fit between the
cards in your chassis? It had better, be-
cause most truly fast bus systems
won’t function with extender cards,
which add too much bus capacitance
and screw up critical elock timing.
Probes need to be squeezed between
cards, with a right-angle bend at the
tip. The shop-built resistive-input

probe is a good candidate for this type |
of abuse.

e Wil it stay on your bench, or get ‘
stolen? If you have invested in some-
thing nice, consider taking defensive
actions to protect your property. I've
seen more than one really good probe ‘
with a little tag on it saying: Flaky con-
nector—do not use. In this respect, the ‘
shop-built 1-kQ probe takes the cake;
it’s truly ugly.

¢ Will the probe help you meet
higher-ups in the organization? Only
the FET-input probe meets this re-
quirement. Try ordering 50 of them,
and you'll get to meet plenty of higher-
level executives while they grill you
about the cost.

For high-speed digital system de-
signs, the ubiquitous 10-pF 10:1 capac-
itive-input probe is already inade-
quate. The two alternatives are the
FET-input probe and the resistive-in-
put probe. Of the two, the resistive-in- |
put probe is cheaper, has as good or ‘
better bandwidth, and is more toler- L
ant of long ground wires. These ad- |
vantages come at the cost of a higher
Iy required resistor. But in today’s
high-speed systems the extra drive |
current is almost always readily avail- |
able, so the resistive-input probe |
makes a lot of sense. ‘

As operating frequencies continue ‘
to rise, FET-input probes will run into
increasing difficulties. For rise-fall |
times faster than about 300-ps, only a
resistive-input probe can maintain a ‘
high enough input impedance to re- |
main useful. |

Howard Johnson is the president of
Signal Consulting Inc., a high-technol-
ogy consulting firm that specializes in
solving high-speed digital design prob- i
lems. He regularly presents technical
workshops for digital engineers, in- |
cluding courses for Oxford University
and the University of California at ‘
Berkeley. Johnson received his BSEE,
MSEE, and PhD from Rice Univer-
sity, Houston, Texas. He is the author
of “High-Speed Digital Design: A
Handbook of Black Magic” ( Prentice- |
Hall, 1993). ‘
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The most efficient photovoltaic
relays you can get.

International Rectifier photovoltaic relays offer outstanding load voltage
and current specs, providing unparalleled load current density. While
reducing on-resistance to levels as low as 40 milliOhms.

All are available in SMD terminal styles, and even more important, all
are available. Delivery lead time is only six to eight weeks.

( More Power To You. )
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Packed with nine technical
articles featuring valuable
design tips and methods,
as well as data on hundreds
of IR Microelectronic Relay
products, this free data-
book is a powerful resource.

B Sy

For telecommunications, industrial control
and instrumentation applications with loads
of up to 4.5 Amps, and up to + 400V,
explore the performance and availability
advantages of photovoltaic relays from

And, you can get them. I(\

Solve your photovoltaic relay sourcing problems. Right now. Log on
to our Website or use our Fax-On-Demand service to get your free data
book or have your IR MER questions answered today.

50
10K ™ 10M 100M

Number of Operations

Contact resistance as low as 40 milliOhms, with no
wear, no bounce, no noise. IR photovoltaic relays
offer significant performance advantages when
compared to both electromechanical and reed relays.

Available from these IR Distributors: ACI Electronics, Arrow/Schweber
Electronics, Capstone Electronics, Bell Industries, Digi-Key, Electro Sonic Inc.,
Future Electronics, Hammond Electronics, Insight Electronics, Newark Fax-On-Demand: 310-252-7100 Internet: h"p://www_irf_com
Electronics, Nu Horizons Electronics
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A VARIETY OF NEW SOLID STATE RELAYS

As the technology leader in or Bi-Directional switching, from as well as down stream
solid state relays, Teledyne milliamps to 1000 amps, and components. Enhanced
Relays continues to add new from millivolts to 1600 V. maintainability results from
SSR varieties to serve its Our fail-safe solid state relays available switch, trip and
expanding customer base. We have reliability second to none. flow status indication.
now offer one of the industry's The relays' superior thermal So, if you have cultivated
broadest lines of solid state management is a result of the a taste for superior products,
relays from SIPs and Mini-DIPs Fused Copper™ process while you'll never be satisfied with
to Hockey Puck packages. You transient protection is lesser brands. For information
can look to us for all your provided by Trans AX™. Short on Teledyne's superior
commercial and industrial SSR circuit protection from The products and services, call
applications involving AC, DC, Sentry protects the relay (800) 809-3297.

“/\“TELEDYNE RELAYS

12525 Daphne Avenue, Hawthorne, California 90250
Phone: (800) 809-3297 FAX: 602-443-1408 http://www.teledynerelays.com
A business unit of Teledyne Electronic Technologies and Allegheny Teledyne
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John Novellino

ixed analog-digital systems con-
M tinue to hold the spotlight at the

1997 European Design and Test
Conference (ED&TC). But new low-
overhead design-for-test (DFT) tech-
niques and innovative system-level de-
sign techniques also are areas of major
interest. The number of papers on
mixed analog-digital systems has
again gone up, reflecting a particular
strength of the European design com-
munity, according to conference orga-
nizers.

Those mixed-signal papers include
new methods for on-chip testing of
data converters. Other papers discuss
synthesis techniques for delta-sigma
converters and analog sensor inter-
faces, automated place and route for
analog systems, and advances in sym-
bolic analysis of large analog circuits.

Once again, the ED & TC will be
held at the CNIT Conference and Ex-
hibition Centre, Paris La Defense,
France. The event will run from Mar.
17-20, starting with eight half-day tu-
torial sessions on Monday, Mar. 17 (see
the table). The accompanying exhibi-
tion will open with a preview session
Monday evening (5:00 to 10:00 p.m.)
and run Tuesday through Thursday.
Besides the traditional scientific pa-
pers (93 this year) for oral presenta-
tion, the conference will include 23
poster presentations and 24 user fo-
rum papers, which will be published
separately. The popular “Hot Topies”
sessions, added last year, will continue.

Research into test technology will
occupy 11 of the conference’s technical
sessions. Conference organizers note
that the trend is to move testability
concepts to the register-transfer and
behavioral levels. Besides the low-
overhead DFT techniques, papers will
present new ways to estimate the

CONFERENCE PREVIEW

European Design And
Test Conference ‘97

Low-Overhead Design-For-Test Techniques, System-
Level Design Issues, And Mixed-Signal Systems
Take Center Stage At This Year’s Conference.

testability of behavioral specifications.
Several papers will discuss the design
of self-checking data-path operators
with less than 20% overhead. Other pa-
pers describe advances in built-in self-
test that allow generation of tests for
delay and CMOS stuck-open faults.
Also covered is Ippq testing, including
very sensitive on-chip current moni-
tors and ways to use Ippq on deep sub-
micron designs.

About a third of the conference’s pa-
pers discuss system design techniques.
Conference officials note that system-
level CAD no longer focuses on simple
applications, but rather now attacks
state-of-the-art design problems. Au-
thors use examples from video to mul-
timedia and networking applications to
show how executable specifications in
C or C++ can be systematically refined
into synthesizable VHDL modules.
Academic research in this area is dom-
inated by new techniques and compu-
tational models for software synthesis
in embedded systems with real-time
constraints, say organizers. Papers il-
lustrate these methods using exam-
ples in MPEG, video, and digital com-
munications. Also discussed are ways
to synthesize and optimize memory ar-
chitectures in data-intensive applica-
tions like video and multimedia.

The three Hot Topies sessions are
designed to offer a combination of tech-
nical presentations and discussions on
matters of current interest. They’re
more technical than panel sessions and
offer more than just position state-
ments. The discussions focus on the
practical state of the art for each topic
in an attempt to demystify it and pre-
sent its practical implications, say con-
ference organizers. Eric Van Utteren
of Philips, Eindhoven, The Nether-
lands, coordinated the sessions.

One topic, “Networked CAD sys-
tems” (Session 5A), takes note of the
increasing use of the Internet and of in-
tranets to allow designers to work in
geographically dispersed locations,
without design tools and component li-
braries on site. The session, moderated
by G. De Micheli of Stanford Univer-
sity, Stanford, Calif., looks at recent de-
velopments like simple and uniform
protocols for design tasks, data visual-
ization, and animation.

Another topie is “Deep submicron
CAD” (Session 6A), moderated by
Ralph Otten of the Delft University of
Technology, Delft, The Netherlands.
Speakers will discuss their first experi-
ences with deep submicron design and
their ideas on the new challenges for
synthesis, simulation, and testing that
this technology creates. Among the is-
sues addressed are metrics, new para-
digms, hueristics, and short cuts.

“Multichip packages for consumer
applications” is the third Hot Topic
(Session 7A). The session will center
on consumer applications, in which
multichip packages offer size, weight,
and cost advantages. Subjects include
known-good die issues, design, testing,
substrates, ppm budgets, and market-
ing. Moderating the discussion will be
M. Muris of Philips Research Labs,
The Netherlands.

The Future Of Test

A panel session entitled “What will
be the right test methodology for the
year 2005?” (Session 4A) should be in-
teresting. It’s always difficult to make
technology projections that far into the
future, but work has to begin if test de-
velopment isn’t to consume the large
majority of the design cycle as ICs get
larger and larger. The panel, led by
Keith Baker of Philips, will raise ques-
tions about the impact of high-level de-
sign and synthesis techniques and how
the quality of the test process can be
improved for devices of more than a
hundred million transistors. The hope
is to help academic and research insti-
tutions to identify future test needs.

A second panel is entitled, “How to
introduce advanced design technology
in qualified industrial design flows”
(Session 2A). Its moderator, Patrick
Dewilde of the Delft University of
Technology, notes that a new method-
ology that lowers cost, leverages de-
sign flow, and uses leading edge tech-
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nology would offer a competitive ad-
vantage. Such factors, however, are
too hard to quantify, too vague to
spend money on, and too simple to
guide decisions, according to the ses-
sion description. As a result, EDA
users look more at whether a new
product fits their current design ap-
proach rather than at the potential

incompatible goals of the participants
in [P-based design. According to the
session description, these groups in-
clude semiconductor houses that want
to lock designers into proprietary
processes, and fabless IP-vendors who
prefer to license their technology to as
many foundries as possible. System
houses, on the other hand, want to be
able to choose plug-and-play IP com-
ponents from a variety of sources. Fi-
nally, EDA vendors tr'y to make them-
selves attractive by offering access to

as many IP components as possible.
The panel will try to reconcile these
conflicting points of view.

The user forum papers take a dif-
ferent tack than the scientific papers,
offering descriptions of new CAD
produects and actual designs in a for-
mat that allows for intensive discus-
sions with the authors. Among the
topics covered are “FPGAs and dy-
namie reconfiguration” (Session 1D),
“ASIC designs and design for testabil-
ity” (Session 8D), and “CAD rules and

EUROPEAN DESIGN AND TEST CONFERENCE TECHNICAL PROGRAM

advantages of a new methodology.
The third panel, “Are there con-
flicts of interest in IP-based busi-
ness?”’ (Session YA) looks at the often
) 9:00 AM. t‘o 7 ——lﬁormal'vé}i—ﬁcativc;n :
12:30 AM. (Tutorial)
2:00 AM. to Hardware/so&tware codeéiénﬂ of
5:30 PM. embedded systems
(Tutorial)
8:45 AM. to
10:30 A.M.
11:00 A.M. to 1A
12:30 P.M. System analysis techniques and
applications
2:30 PM. to 2A
] 4:00 PM. How to introduce advanced
| design technology in qualified
industriai design flows
(Panel)
4:30 PM. to 3A
6:00 PM. Software generation for
emqu_dﬂj processors
|
9:00 AM. to 4A
10:30 AM. What will be the right test
methodology for the year 20057
11:00 A.M. to 5A
12:30 PM. Networked CAD systems
{ (Hot Topic)
2:30 PM. to 6A
4:00 P.M. Deep submicron CAD
(Hot Topic)
4:30 PM. to 7A
| 6:00 PM. Multichip packages for consumer
applications
(Hot Topic)
~ 9:00 AM. to 8A
o 10:30 AM. Embedded tutorial: Hardware and
5 software codesign in Europe and
£ the U.S.A—A collaborative
¥ | initiative
=8| | 11:00AM 10 9A
; 12:30 PM. Are there conflicts of interest in
) IP-based business?
4] (Panel)
a
- 2:30 PM. to 10A
- 4:00 PM. System-level design
E representation and transformation
=
=
=
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Monday, March 17
Systems-on-a-chip: From de-

Rapidrpr_ototyping of digital signal

Low-power circuit design for

sign validation to system test
({Tutorial)
Built-in self-test for embedded
cores
(Tutorial)

processing systems
(Tutorial) -

Multimedia architectures
(Tutorial)

Tuesda'y, March 18
Opening and keynote addresses

1B
Sequential ATPG

2B
Advances in built-in self-test

3B
Register and transfer-level test
synthes_is

iC
Design and design meth-
odology for analog circuits

2C
Synthesis of controtlers

3C
BDDs and formal verification

Wednesday, March 19

4B
High-performance architectures
for multimedia & communication
ASICs
5B
Progress in Ipoa test technology
6B
Testability solutions for regular
structures
7B
Extensions and acceleration of
discrete event simulation

4C

| Decision diagrams and diagnosis

5C
Architecture exploration

6C
Data converter test issues

7C
Analog design and layout tools

Thursday, March 20

8B
Power modeling and estimation

9B
Concurrent checking

10B
Diagnosis and test generation

8C
Formal methods in synthesis and
verification

9C
New ideas in scheduling

10C

multimedia LSIs
{Tutorial)
CAD tools for analog and
mixed-signal ASIC design
(Tutorial)

1D
FPGAs and dynamic
reconfiguration
(User Forum)
2D
Microsystems design |

3D
Microsystems design Ii

4D
Performance modeling

5D
Layout design

6D
Test equipment and lopo
{User Forum)
7D
Design flows and deep
submicron circuits
(User Forum)

8D
ASIC designs and design
testability
(User Forum)

9D

CAD tools and design rules: From

circuits to microsystems
(User Forum)

10D

Logic synthesis for low power Use of macroblocks in FPGA

synthesis and design migration
(User Forum)



If you require

we will supply

the hest

for your application!

As one of the world'’s leading manufacturers
of metallic materials with exceptional
magnetic properties, VACUUMSCHMELZE
develops and produces a wide range of high
quality inductive components. Typical uses
are in communications technology/ISDN,
electric drive technology, as well as in pulse
power supplies.

Our own amorphous and nano-crystalline co-
res make our components ever more com-
pact and functional. An intensive technical
customer service, and dimensioning based
on an in-depth knowledge of applications, will
provide competent specialist solutions to any
problem. Modern manufacturing and inspec-
tion processes, as well as a certified quality
management system to DIN EN ISO 9001,
enable us to provide economic and technical
optimization of components to your exact
requirements.

For more information call or fax to:

VACUUMSCHMELZE GMBH
P.O.Box 2253 - D-63412 Hanau, Germany
Tel. (*"49) 6181/ 38-0

Fax (**49) 6181 / 38-27 80

SIEMENS COMPONENTS PTE LTD
Passive Components & Electron Tubes, Div. VAC
164 Kallang Way # 05-01/12 - Singapore 349248
Tel. (**65) 7447768 - Fax (*"65) 74467 97

VACUUMSCHMELZE CORPORATION
4027 Will Rogers Parkway

Oklahoma City, OK 73108, JUSA

Tel. (**1) 405/ 943-9651

Fax (**1) 405/ 942-4238

VA

VACUUMSCHMELZE
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ALL RIGHT ALREADY, so 3 .S. Savings Bond isn't the most
exciting thing in the world. GUUD FOR YUU' After all, this is your
hard-earned money we're talking about. Do you really want your investments
to be thrilling? Breathtaking? NO WAY Wouldn't you rather have an
investment that's guaranteed to grow, one that's backed by the full faith and
credit of the United States government?
Sure you would.

U.S. Savings Bonds.
Yawn all the way

to the hank!

mzvoawq | 1t faces, and how these challenges

1:0000%000 M4

OxNt 1

Take SAVINGS (2
inAmerica o K, BONDS S

A public service of this magazine

Ml PREVIEW |

-
| design rules: From circuits to mi-
' crosystems” (Session 9D).

| A forum entitled “Test equipment
| and Ippq” (Session 6D) discusses new
concepts in automated test equipment
and off-chip and on-chip Ipyp monitors.
Session 7D, “Design flows and deep
submicron circuits.” presents design
flows that focus on testability, mixed-
signal applications, and deep submi-
cron circuits. The final user forum,
“Use of macroblocks in FPGA synthe-
sis and design migration” (Session
10D), provides three examples of how
to take advantage of existing mac-
roblocks during eircuit synthesis.

Once again, the conference’s plenary
opening session will feature three
keynote addresses. According to Lud-
wig Eggermont, general chair, the
speakers will build on last year’s pre-
sentations, which discussed the conse-
quences in design and test that could
result from implementation of the Na-
tional Roadmap for Semiconductor
Technology from the U.S. Semiconduc-
tor Industry Association:

¢Jim Meindel of the Georgia Insti-
tute of Technology takes a eritical view
of technology predictions and discusses
system design issues from the point of
view of physical limitations in semicon-
ductor development. His talk is enti-
tled, “Intrinsic (but not insurmount-
able) barriers to gigascale integration
(GSI).””

e Aart DeGeus, president and CEO
of Synopsys Inc., Mountain View, Calif.,
will present “System on a chip: The
electronic industry at a crossroads.” He
will talk about the direction that the
CAD industry must take, how the
roadmap will affect it, what challenges

| might become affordable solutions for
designers.

*Bjorn Pehrson of KTH, Stockholm,
Sweden, will talk about the “Evolution
of telecom and multimedia and their
impact on system design require-
ments.” He will show how these two
major industries will profit from ad-
vances in process technology, how this
will affect people’s lives, and what de-
sign challenges the industries will face.

| How VALUABLE CIRCLE
HiGHLY 831
MODERATELY 532
‘ SLI(}HEAL - 5_33




PICO’s low profile
DC-DC Converters

100 Watts 200 Watts
for AC-DC MILITARY: Outputs 3.3 to 100 VDC
18-60 VDC Input Tt_ampgratures ;::\e?e’zelguelngyt t
3.3 10 100 VDC Outputs T s eyt i
Single/Dual Isolated Outputs Humidity
Altitude

36-170 YDC Inputs

Terminal Strips/PC Board Mount

68 Stardard Single and Dual
Models -

Isolated Qutput Voltages

3.3 to 1000 Outputs Standard Only 0.200° Height
0.500" X 0.500"” X 0.340” No Output Capacitor Required
Surface Mount 64 Standard Models

=

S to 500 VDC Quiputls
Military Temperatures
Military Components

75 Watts

Single & Dual Outputs
t o 18-300 VDC Input
Wide Input Range 5-36 VDC
Single and Dual isolated Outputs
Miitary Components/Military Temp Range
Output Veltage to 5,000 VDC tt

7 Different irput Voltages
1.120" X 2.250" X 0.500"

COTS/Industrial/Military
All with PIN to PIN Compatibility
Whether Your Requirements Are Board Level Or An Entire Power System,
PICO Can Meet Your Needs With Our Catalog ltems Or Optimize Your
Circuit With Special Designs— Over 1500 Standard Models

Send direct for Free PICO Catalog.

For engineering assistance or to place an order Call Toll Free 800-431-1064

Tz & @0 PICO Electronics, Inc.

Viss and Master Charge Accepted
453 N. MacQuesten Pxkwy., Mt. Vernon, N.Y. 10552 914-699-5514 FAX 914-699-55€65
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Software Verification Tools Speed Test

And Analysis In VME System Development

verification toolset that speeds

up the test and analysis of VME-
bus system software. The tools can
trace the code execution of one CPU
in detail or follow the intricate inter-
actions of multiple CPUs with a high-
level view of code using a VME sys-
tem trace.The package offers a
| better picture of code execution than
| bus analyzers, which provide a lim-
ited view.

As an interactive, in-target set of
tools, CodeTEST-VME can monitor
as many as 32,000 C or C++ functions
with the embedded-system micro-
processors running at full speed. The
package measures performance, test
coverage, and memory allocation si-
multaneously.

The package consists of a single-
slot 6U VMEbus card and four inde-
pendent software modules (Trace,

COdeTEST-VME is a software

|

Performance, Coverage, and Mem-
ory). A software instrumenter pre-
pares the user’s program for in-cir-
cuit verification. The utility reads
program source files and automati-
cally inserts test point instructions
into the code. The instrumenter
processes programs written in C and
C++ in compliance with K&R C,
ANSI C, and the emerging ANSI
C++ standards.

The card monitors the programs
as it executes and communicates
measurement results to the user’s
workstation or PC via an Ethernet
connection. Run-time information
may be viewed while the test is in
progress.

The tools track application pro-
grams that are single-threaded or
multitasking. The tools easily con-
nect to a commerecially available real-
time operating system (RTOS), like

“Sturdi-Mount” PCB termi

1SO 9002 CERTIFIED

£ ® Rated 15 Amps
® Anti-wicking Design

" @ For High-Density Packaging
® Accepts 14-22 AWG Wire
nals with 6-32 screw. Horizontal and vertical
with snap-in or press-fit mounting. A practical economical alternative to
pc screw type connectors, barrier blocks, screw terminal boards and
strips. Available unassembled or with screw installed and captivated.

EYESTONIEE 3728, Ao Ny 111052017
TLF: (800) 221-5510 Fax: (718) 956-9040

e-mail: kec@ keyelco.com

‘® Low Profile

READER SERVICE NUMBER 133

VxWorks from Wind River, pSOS
from Integrated Systems, or VRTX
from Microtec Research Inc., or to a
custom RTOS.

The CodeTEST Trace module
combines deep trace capability with
software-oriented features that sim-
plify use. It displays execution at
three levels of abstraction: high
level, control-flow level, and source
level. The trigger and storage fea-
tures are specifically designed for
software engineers.

CodeTEST Performance makes
nonsampled measurements of up to
32,000 functions at a time, so it can
monitor the entire application and
pinpoint bottlenecks. The nonsam-
pled measurements allow the module
to display true worst-case and best-
case times at the task or function
level.

CodeTEST Coverage highlights
the exact source code that has been
executed, making it easy to see the
program conditions that haven’t
been “forced” during the test
(continued on page 172)

INDUSTRIES, INC.

PO Box 630, Yankton, SD 57078-0630
1-800-762-8800 FAX 605-665-1709
www.mtron.com

Over 30 years of looking to the future with frequency control products
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PENTON'’S

Electronic Design
Product Mart

Software System Testing
and Quality Assurance
Boris Beizer

This guide shows readers how to
create and maintain reliable,
robust, high-quality software.
Using non-technical, easy-to-
follow language, the author
covers the gamut from unit
testing to system testing and
provides new and effective
techniques for security testing,
recovery testing, configuration
testing, background testing, and
performance testing. Integration
testing strategies ensure that software components
are compatible, while a wide range of techniques find
and repair bugs at the unit and system levels.

358 pages, hardcover book, $55.95, Item B2454PM

Smalltalk/V: Practice and Experience
W. Lalonde & J. Pugh

Devoted to applications
programming in Smalltalk. {
Each chapter is based on a '
column published in JOOP and |
Smalltalk topics are addressed
within the context of practical
and useful case studies, such
as the design of classes with
multiple representations, the
importance of generalization,
and the use of multi-level
facilities and encapsulators. The accompanying disk
provides full source code.

185 pages, softcover book, $39.00, Item DB2566PM

Encyclopedia of Electronic
Circuits on CD-ROM
R. Graf & W. Sheets

Instant access to 1,000 of the most
popular circuits. Access this giant
collection of circuits with schematic
viewer. Every type of electronic
device is included. This CD will
help you design optimum circuits
with less time and effort.

CD ROM, $99.00, Item C111PM

SMALLTALK

I

PRAETICE 430 EAPERIENCE

WILF LALONDE + JOHN PUGH

|

| Effective Software Customer Support
Richard S. Gallagher

e
| B qhardS Gt~

[ providing high-quality, cost
; effective customer support
| § Ere
| & Examines the relationship
’ ; between a software support
support data in the product
marketing and development
3 forums and support automation.
i Features include software problem
customer feedback to the rest of the organization;
practical suggestions for running day-to-day

A fundamental resource to
services in today’s mass-
market software industry.
§ operations and its surrounding
i organization, the role of
process, and recent issues
such as electronic support
diagnostics procedures; coverage of support
automation tools that help control costs and provide
operations in a support center; and guidelines for
| dealing with software customers.

l 320 pages, softcover book, $39.95, item B2459PM

r--————--—————-————--—-——-

ORDERING AND INFORMATION
800-223-9150 by phone Mon. - Fri. 910 5 EST. 216-696-6023 fax us anytime

For a free catalog ONLY call 800-585-1515

and your request will be answered electronically.
1. DesignMechanical Engineering/Manufacturing
2. Electronic Engineering/Wireless Communication
3. Office Ergonomics/Safety/Govemment
4. Foodservice/Lodging/Hospitality and Tourism
5. Industry Week
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| would like to order Item Numbers:

Method of Payment:
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add shipping, $5.00 for first ltem, plus $1.00 for each additional Item
and tax where applicable.
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PRODUCT FEATURE

(continued from page 170)

process. It uses interactive displays at
the program summary, function, and
source level while the program runs.

CodeTEST Memory tracks dy-
namic memory allocation in embed-
ded programs so users can detect
memory leaks in their code long be-
fore any symptoms appear in the sys-
tem, It reports how many bytes have
been allocated by each allocation
statement and identifies more than
20 specific allocation errors.

The CodeTEST-VME measure-
ment card costs $9800. Shareable,
network floating software licenses
are $5000 each for the Trace, Perfor-
mance, Coverage, and Memory mod-
ules. Delivery is within two to four
weeks.

Applied Microsystems Corp.

P.O. Box 97002

Redmond, WA 98073-9702

(206) 882-2000

e-mail: info@amc.com

Internet: htip://www.amc.com

CIRCLE 496

Upgraded Analog-Digital Scopes Feature
Increased Functionality, Performance

ive new CombiScope models feature

increased functionality and perfor-

mance. The instruments, which com-
bine analog-oscilloscope and digital-
storage-oscilloscope capabilities, have
higher sampling rates on some models
and deeper acquisition memories, along
with built-in software for mathematical
processing of waveforms.

The CombiScope B Series includes
two four-channel models: the PM
3384B and PM 3394B; with 100- and
200-MHz bandwidths. It also contains
three two-channel models: the PM
3370B, PM 3380B, and PM 3390B; with
60-, 100-, and 200-MHz bandwidths. All
versions have 200-Msample/s single-
shot sampling rates. The PM 3390B
and PM 3394B also have a repetitive
sampling modes. The four-channel
models come with a 32K deep memory.

The scopes offer a multiple single-

ture a series of single-shot waveforms
and automatically store them for later
analysis or comparison. This feature
helps find all long-term malfunctions in
a circuit under test without having to
constantly watch the screen.

The scopes feature add, subtract,
and multiply functions. The Math+
packages adds advanced functions, in-
cluding FFTs, integration, differentia-
tion, and histograms. Users can run two
operations at a time on any waveform.

U.S. list prices for the CombiScope
B Series are: PM 3370B, $2995; PM
3380B, $3575; PM 3384B, $5850; PM
3390B, $4790; and PM 3394B, $6925.

Fluke Corp.

PO. Box 9090

Everett, WA 98206

{800} 443-5853

e-mail: Auke-info@tc.fluke.com

CIRCLE 497

JOHN NOVELLINO shot mode, which allows users to cap- JOHN NOVELLINO
ERTie
CERTIFIED ENGINEERING IUNTRRLL B H

HALOGEN

Lamps and Sockets

MR16 Halogen Lamps: 50mm
Diameter Reflectors, 12 Volts,
20-75 Watts.

MR11 Halogen Lamps: 36mm

Diameter Reflectors, 12 Volts, 10-35Watts
Sockets are available for these lamps and

other halogen lamp types.

“Ask the principle of the halogen cycle.”

Gilway

Technical Lamp

Tel: 617-935- 4442
Fax: 617-938-5867
e-mail: sales@gilway.com

800 W. Cummings Park Woburn, MA 01801-6355 USA
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The Most Important
Number To Solve Your
Enclosure Problems:
P N\

Reader Service/” « /

This number gives you quick access
to General Devices’ Vent Rak®
enclosures. Made of cold rolled steel
or aluminum, they meet demanding
commercial and military requirements,
including all EMIV/RFI and seismic
Standard or custom designed Vent Rak
| enclosures meet your specific

8 aesthetic, ease-of-maintenance,
accessibility, seismic, shock, vibration
or cooling application requirements.

All cabinets can easily be fitted

with a variety of conductive gaskets,
removable cover panels, cable
penetrations, vents and intemal
grounding points.

Call now for a fully-illustrated catalog:

VER 1.800-626-9484

!B unono  OF, fax your request to: 1-317-898-2917




JACK KILBY

IS COMING
TO0 Partable

s design

[ ]
Come to Portable by Design and meet the experts.
bIBrt' le R . .
vi Jesion will once again make an appearance at the Portable
By Design Conference & Exhibition. Two years ago, Mr. Kilby

CONFERENCE & EXHIBITION  was the keynote speaker—this year, he will present the first
MARCH 24-27, 1997 annual “Electronic Design Award For Technical Innovation.”
Sponsored by The award will be presented the author of 1997’s most
Elﬂ:'"“'mc n[smN innovative conference technical paper. The award
represents the first of its kind given annually. The ceremony
GoninibUlinglSponsors: will take place at the Industry Reception, held on the show

Benchmarq Microelectronics floor at the Santa Clara Convention Center in Santa Clara,
Intel Corporation Calif., on Tuesday, March 25, 1997 ot 5:00 p.m.

evered by engineers worldwide as the inventor of the
IC and o pioneer of solid state technology, Jack Kilby

Also at this year’s gathering. . .

KEYNOTE SPEAKERS:

TOMBEAVER  PHILIP WENNBLOM ROBIN SAXBY ~ VAUGHN WATTS

Vice President Director, Strategic Plonning President & CEQ Diretor of
Worldwide Marketing  Mobile and Handheld Produds Group ~ Advanced RISC Machines Mobile Computing Architecture
Motorolg, Inc. Intel Corporation (ARM) Texas Instruments

and a presentation from BOB PEASE, author of “PEASE PORRIDGE”

Exhibitor Information: Contact Lisa Zurick, Director of Show Sales, ot 847/263-6837; fox 847/263-6854
Conference Information: Contact Rich Nass, Program Chairman, at 201/393-6090; fax 201/393-6073;
or call Betsy Tapp, Exhibition Manager, at 201/393-6075; fox 201/393-6073
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PRODUCT FEATURE

VLSI Testers Check Complex Chips
At Up To 400 MHz On 1024 Pins

tems uses a proprietary Pattern

Integrator architecture. The re-
sult is fast, efficient testing of de-
vices like microprocessors, audio and
video controllers, and high-perfor-
mance ASICs with complex, fast
processor cores, embedded memory,
specialty processes, and other mega-
cells for custom functions.

The Pattern Integrator allows J973
systems to seamlessly interleave logic
patterns with memory or scan pat-
terns on any pin, at full speed. For de-
vices with embedded analog macro-
cells, analog waveforms are
synchronized with digital patterns.
J973 systems are equipped with from

T he J973 family of VLSI test sys-

128 to 1024 pins, in 32-pin increments.
Maximum data rate is 200 or 400 MHz.
Minimum pulse width is 2.0 ns and
edge placement accuracy is +225 ps
(1.0 ns and £150 ps in Advanced Per-
formance models). The testers have
one timing generator per pin, with six
edges pin to pin and 64 local edgesets.

A typical 200-MHz version with
384 pins costs $6000 per pin. Delivery
isin 13 weeks.

Teradyne Inc.

VLSI Test Div

30801 Agoura Rd.

Agoura Hills, CA 91301

(818) 991-2900

CIRCLE 498
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Upgraded Graphical Test Language
Is Now Faster, Easier To Use

ical programming language for

developing test and measure-
ment applications, offers major en-
hancements over previous revisions.
A new compiler executes typical com-
putation-intensive routines 40 times
faster than older versions and typical
test applications between 150% and
400% faster than applications without
a compiler.

A new professional development
environment features a program ex-
plorer, a multiple document interface,
and debugging tools. The graphical
user interface offers navigation tools,
including find, that facilitate the man-
agement of large programs.

VEE 4.0 also increases productiv-
ity by simplifying and automating rou-
tine tasks, such as instrument configu-
ration and control, operator-interface
development, test sequencing and de-
bugging, and final test program distri-
bution. The software’s instrument
manager searches for instruments
connected to the computer and auto-
matically handles addressing,
whether the engineer is using drivers
or controlling instruments directly.
Furthermore, users now can employ
HP VEE programs to create distrib-

Version 4.0 of HP VEE, the graph-

uted applications without having to
buy additional run-time versions of
HP VEE.

Also new is the ability to integrate
HP VEE objects into other commer-
cial applications and proprietary sys-
tems written in standard text-based
languages, like C. An ActiveX control
encapsulates the HP VEE 4.0 user
functions for integration into OLE-
compliant applications like Excel and
Visual Basic.

HP VEE 4.0 for Windows 95/NT
(HP E2120E) costs $1295. The HP-
UX version (HP 2111E) is $2495. A
site license for 50 or more users costs
$34,900. Evaluation copies, as well as
application notes, user tips, and tech-
nical information, can be downloaded
at http://www.hp.com/go/hpvee.com.

HP VEE 4.0 also is available from
Computer Boards, CyberResearch,
Data Translation, and Meilhaus as a
companion product to those compa-
nies’ plug-in boards.

Hewlett-Packard Co.

Test and Measurement Organization

PO. Box 50637

Palo Alto, CA 94303-9512

(800) 452-4844 ext 5032
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Digital Scopes Deliver
High Sample Rates

he three members of the LC574
T family of digital oscilloscopes offer

four channels with 1-GHz band-
widths, 1-Gsample/s digitizing rates,
and acquisition memories ranging from
100 kbytes/channel to 2 Mbytes/chan-
nel. Resources can be combined to de-
liver up to 4-Gsample/s sampling and 8-
Mbyte records on one channel.

To handle the long data arrays
quickly and keep good front-panel re-
sponsiveness, the scopes employ a 96-
MHz PowerPC microprocessor and up
to 64 Mbytes of processing RAM. A
memory-management system dynami-
cally assigns maximum acquisition
memory to each active trace to keep
the sampling rate high. The system ap- |
plies a patented min-max sorting algo-
rithm to data records to quickly create
a display that shows the signal’s impor-
tant features. It also assigns resources
of computational or storage RAM to
tasks requested by the user.

The scope’s Analog Persistence mode
allows users to display multiple signals
with either opaque or transparent trace
colors on the unit’s 9-in. CRT display
area. The full-screen mode displays a
signal using the entire screen area.

Standard features include an ad-
vanced math package with integration,
differentiation, square root, absolute
value, exponential, and log functions,
and six selectable digital filters. Multiple
functions can be daisy-chained. Also |
standard is an FF'T package that can re-
solve 4 million time-domain samples into
the frequency domain, and histogram-
ming capability. A floppy drive, IEEE-
488 and RS-232 interfaces, and a high-
speed graphics printer are all included.

The LC574A (400 kbytes total ac-
quisition memory) costs $26,490; the
LC574AM (2 Mbytes), $29,490; and
the LC574AL (8 Mbytes), $37,490.
The 64-Mbyte processing RAM costs
$2000 on the LC574A and LC574AM.
A 1-GHz active FET probe costs $990.
Delivery is in four weeks.

LeCroy Corp.

700 Chestnut Ridge Rd.

Chestnut Ridge, NY 10977

(914) 425-2000
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INCREASE YOUR REACH

into important wireless markets...
..with WIRELESSSYSTEMS DESIGN.

Wireless Systems Design [2%&ad is in a class by itself. The first

designer magazine to serve the wiveless industry, it is the only
monthly magazine devoted to the wiveless systems designer—that
engineer tasked with cveating some of the hottest new electronic

systems on the market, including

portable computers,
personal v‘/:\ COMMUNICALLONS %tems, cellular

telephone\s, satellite video systems, and wireless data communica-
tions systems. Wiveless Systems Design’s applications based techni-

cal articles and product reviews guide these engineers to

market with practical, time-saving ideas.

Published since April 1994 Wireless Systems Design

reaches more than 50,000 design engineers. Starting with the
April 1996 issue, you can reach these wiveless systems designers
every month. You’ll find more of them reading Wireless Systems
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TEST & MEASUREMENT PRODUCTS

PRODUCT FEATURE

Automated BIST Solution Allows Testing
Of IC Logic, Embedded Memories At-Speed

solution, icBIST, offers fault cov-

erage up to 100% and true at-
speed testing of IC designs, even at
more than 100 MHz. As a next-genera-
tion product, icBIST features a new ar-
chitecture to support high-speed de-
signs, enhanced automation tools, and

A comprehensive, automated BIST

a memory BIST technology for em-
bedded DRAMs, SRAMs, and ROMs.

The package bundles proprietary
BIST design objects (RTL hardware
objects) for logic testing, memory
testing, and IEEE-1149.1 boundary
scan with automation software de-
signed for use during the front-end of
the IC design cycle. It automatically
generates synthesizable RTL code for
the BIST design objects and the
IEEE-1149.1 boundary-scan chain
and test- access port, making BIST in-
sertion transparent to the user.

The logic-BIST controller employed
has been designed to efficiently man-
age clock skew and multicycle paths, so
that icBIST supports multifrequency,
multipath designs. The controller ar-
chitecture is scalable so that it can han-
dle an unlimited number of scan chains
for better control of test time, and it of-

fers user-selectable pattern genera-
tion. Other features include back-end
checking and analysis with stream-
lined, single-pass design rule checking,
and fault simulation, signature genera-
tion, and BIST-control pattern se-
quencing and formatting.

New diagnostics include a standard
pass/fail mode to determine whether a
BIST test is successful. Also, a clock-
freeze feature permits users to stop the
clock during a BIST operation and de-
termine the activity taking place in the
internal scan chain for debugging pur-
poses. Another feature allows scanning
out of the system state during system
mode operation for design debugging.

The new memory test technology,
called memBIST-IC, replaces the com-
pany’s ICRAMBIST product. A fully
automated solution, memBIST-IC uses
only one small (1000-gate) controller
that can accommodate any type, config-
uration, mix, and number of embedded
memories. Also included are significant
enhancements to improve support and
fault coverage for multiport memories.

The icBIST product is licensed on a
per-design basis, starting at $46,500
per design for the first three designs.
The memBIST software is available
separately starting at $16,700 per de-
sign for the first three designs. Both
products are available for Hewlett-
Packard and Sun platforms.

LogicVision Inc.

101 Metro Dr.

Third Floor

San Jose, CA 95110

(408) 453-0146

e-mail: info@lvision.com
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Memory Test System Handles 64 Devices
In Parallel At Speeds Up To 250 MHz

he J996 memory test system, the
first model of the new Marlin plat-
form testers, is a high-perfor-
mance system for engineering charac-
terization and volume test of packaged
RAMs operating a up to 250 MHz, in-

cluding standard or synchronous
DRAMs and synchronous SRAMs.
The system features overall timing ac-
curacy of up to +375 ps and edge place-
ment accuracy of up to £175 ps.

Using the company’s System-per-

Site architecture, the J996 offers a
higher operating frequency and faster
throughput than previous systemsin a
smaller footprint. For package test,
the unit can handle up to 64 devices
with 16 I/0 pins each in parallel. The
tester also provides high throughput
for devices with wider I/0 capability.

The J996 does this while using 20%
less floor space than the previous-gen-
eration J994 system. The improve-
ment is made possible by a new liquid
cooling design that allows test sys-
tems to be placed closer together on
the customer’s test floor. The fully en-
closed J996 does not interfere with the
laminar flow in memory test facilities.

The Marlin systems use the IG900+
software system and are fully compat-
ible with other J990 memory test sys-
tems. The G900+ software offers a
full suite of graphical engineering
tools and templates optimized for pro-
duction testing. Parallel testing is in-
tegrated in the IG900+ executive soft-
ware, which allows rapid program
development and efficient control of
test flow and binning.

The system includes 512 I/O chan-
nels and 640 address/clock channels per
test head. It features up to 32 indepen-
dently programmable I/O functions and
up to 40 independently programmable
address/clock functions. It has one para-
metric unit per site. Two test heads can
be employed with the system. Mini-
mum pulse widthis20nsat 2 V.

The J996 includes several features
aimed at reducing the test cost per de-
vice. The high throughput reduces the
number of systems needed, thus re-
ducing capital costs. Also, the system
can be purchased in several configura-
tions and later upgraded as needed on
the customer’s test floor. Operating
costs are reduced by the smaller foot-
print and by a new test head that does
not have to be undocked from the han-
dler when a circuit board is replaced.
Finally, the system’s overall accuracy
and a high-fidelity handler interface
increase the yield of tested devices.

Typical pricing for the J996 system
is under $2 million for volume pur-
chases.

Teradyne Inc.

30801 Agoura Rd.

Agoura Hills, CA 91301

(818) 991-2900
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Only PORTABLE BY DESIGN can offer you
SANTA CLARA CONVENTION CENTER ¢ SANTA CLARA, CA

this great opportunity to expand your knowl-
TECHNOLOGY CONFERENCE. For the fourth straight year,

edge, and hence, further your career in the
the Portable By Design Conference will present innovative design

fost-growing portable-product market. Take
advantage of the latest design technologies

solutions and highly focused new produds for today’s fast-growing
portable-produd market.

for portable products—Ilive demonstra-
tions—hands-on product samplings—sys-

Conference Topics:

MCUs & CPus For Portable Deviges

tems solutions—discussions with the ex-
perts—independent software and hardware
* Designing With F
L uture Battery Technoloqi
Py Power-Supply Voltages Pl

vendors, and much more. Join the commu-
nity of design engineers, manufacturers,

* System Management Software
* PC Card Issyes

and suppliers at this fourth annual exhibi-
tion where hundreds of produds are shown

* RF-Based Wireless wan & LAN
Sma”'B""efY Architectyreg

and discussed for the first time. Meet the
experts face-to-face and explore the many
innovative avenues to design solutions for
portable produds.
: IR-Based Wireless Communicoﬁons
) Thermal & Mechaniga) Consideratigns
Low;Power Analog Circyit Design
* Ending End-yser Battery Frustrations

EXTRA ADDED
ATTRACTIONS

KEYNOTE LUNCHEON

for Conference Attendees, March 25, Noon

INDUSTRY RECEPTION
March 25, 5-8 PM.

JACK KILBY
inventor of the integrated circuit, March 25, 5 PM.
Keynote Luncheon Industry Reception
il BIOB tpmsb 1AM sponsored by sponsored by
auinor & columnist, marc b .M. BENCHMARQ F
PORTABLE AFTER DARK MICROELECTRONICS lntelm

for Conference Attendees, March 26, 6-9 PM.
For more information call 201/393-6075; Email: portable@class.org
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Circle 520

ten used in portable or battery-

backed projects because of their
broad input voltage range and high ef-
ficiency. These converters present a
constant-power load to the battery—
their input current increases as the
battery voltage decreases.

By definition of current, charge is
removed from the battery faster as
the discharge progresses. Naturally,
it’s imperative to know how long the
battery will keep the electronics alive,
and the best way to find out is to test it
on the actual product. If it’s early in
the product-development cycle, how-
ever, a prototype may not yet be avail-
able for testing, so a dummy load of
some sort is required.

Using a constant-current or con-
stant-resistance load risks overesti-
mating the capacity of the battery, be-

Switching de-dc converters are of-
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Constant Power Load
Needs Only A Few Parts

TIM R. BENGTSON
Rose Electronics, 1991 Concourse Dr.,
| San Jose, CA 95131; (408) 943-0200; fax (408) 943-0360.

cause the current never increases. The
error can be significant, particularly
when using batteries without a very
flat discharge voltage profile, such as
lead-acid or alkaline. This design uses
only two inexpensive chips, a handful
of passive components, and a power
transistor to provide a true constant-
power load (see the figure). The key
component is the LM3900 current-dif-
ferencing (Norton) amplifier. It’s simi-
lar to, but still distinctly different
from, the familiar op amp.

An op amp connected in a negative
feedback circuit follows the time-hon-
ored axiom that the amplifier’s high
open-loop gain causes the voltage dif-
ference between the inputs to be ap-
proximately zero. There’s a similar rule
with a Norton amp, except that it’s the
input currents, rather than the input
voltages, that are made equal by the

high gain of the amplifier. This mode of
operation makes using the MC1494
analog multiplier easy, since the output
is a current proportional to the product
of its inputs.

The user applies an input current to
the noninverting Norton amp input
through R3. This causes the amplifier
output to go high, which turns on Q1
and draws some current from the bat-
tery under test. By virtue of R7, the
battery current causes a voltage to be
seen at the multiplier Vy input; the Vy
input has been looking at the battery
voltage all along. Consequently, the
multiplier output current will increase
until the Norton amp decides that the
input current is equal to the multiplier
output current, at which point the op-
eration stabilizes.

The MC1494 data sheet gives the
multiplier output current as:

LR
T T RyRy(500 pA) W
= K1(V, Vy) (1
Vx = R7(Ipa) ©
and R6
Y " Rb+ RG( Via)
=K2(V,,,) @) |

25V
) +15V Q l:t
gk _lin R4 10 uF
R1 AAN—————{~{_LM3900 1k
10k C_ AAYAY 2"5“3
2 4 i
5“ b
R
l Ry Ry 9.53k
A wr 45V -5V 9.1k 18k -
15T Ts 11| 12| |1 Ia R
Battery
g under
14 | lgyr MC14%4 Yy test
10
)
Vo Yy
ey 43V ADJ ADJ
) YRS R AN D) 1 R7
|_,\M,_| MA__l = | o 0.1
R9 R8 1.07k 0.1 uF
8.2k 16k T

differencing Norton amplifier.

This low-cost design for a constant-power electronic load requires a minimal amount of parts, the most important being the LM3900 current-
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Due to the high Norton amp gain,
Ipwr = Iin, which is constant. Substitut-
ing this and Equations 2 and 3 into
Equation 1 gives:

Iin = (KDRT) T (K2)( Vi) @)

The power delivered by the battery
is (Ipat)(Vpat):

Iin
oa) Vo) = s R’

a constant. %)

Capacitor C1 acts as a filter, and
C2 kills the frequency response of
Q1, assuring stable closed-loop oper-
ation. Note that while the noise in the

voltage-sensing circuit can be fil-
tered because it isn’t under feedback
control, attempting to filter the cur-
rent-sensing circuit may slow down
the feedback path enough to cause
oscillation.

The component values shown
give load maximums of about 30
Volts, 5 Amps, and 35 Watts. The
scale factor of 1/10 for voltage and
current sense is arbitrary, but modi-
fying the scaling may require
changes in Rx and Ry (consult the
MC1494 data sheet if modifications
are necessary).

The MC1494 typically is used
with potentiometers to zero out the
input offsets, but as a practical mat-

ter, this circuit performs well with-
out them. If extreme accuracy is re-
quired, and thus the potentiometers,
then be aware that they must be
temperature-stable. In fact, it’s a
good idea to ensure that all resistors
associated with the multiplier have
good temperature coefficients, par-
ticularly Ry, Ry, and R8.

If R1is a 10-turn potentiometer,
then the load will be about 3.5
Watts/turn. A bias adjustment is neces-
sary to account for a 10- to 15-nA out-
put offset current from the multiplier.
To adjust the bias, R1 should be set to
the “zero input current” position, and
R2 should be adjusted until current
just starts to flow from the battery.

Circle 521 |
Single-Supply Microprocessor
Supervisor Monitors Bipolar Rails

ROGER KENYON
Maxim Integrated Products, 120 San Gabriel Dr.,
Sunnyvale, CA 94086; (408) 737-7600.

he circuit shown monitors both
T rails of a bipolar power supply
with respect to user-defined
threshold voltages (see the figure).
It will produce a reset signal when
either rail passes the associated re-
set threshold. IC2 provides both ac-
tive-low and active-high reset signal
outputs.
The positive rail is monitored by a

comparator and 1.7-V reference volt-
age internal to IC2, plus the R1/R2 di-
vider. The negative rail is monitored
by the internal power-fail comparator,
which compares the same 1.7-V refer-
ence voltage against a signal produced
by the R3/R4 divider. The required
positive voltage for this divider,
higher than 1.7 V and relatively inde-
pendent of Vg, is provided by the 2.5-

Vs Voo Reset out
0.1 uF Q
Rt |:|_
z 5o
v . S eeserv  vee 1 3
o RESET
kit i PET E
L4
Fil ”
o [ | g _Is o
Maxim b 4 PFO
v PRI 2N3904
MAXgr2 | TOUT GKD ok
GND R4 3
S i
= & =

This supply-voltage monitor asserts a reset in response to the loss of either rail.

V reference IC1. V¢ can range be-
tween3.0 Vand 55 V.

These connections produce an ac-
tion opposite to the usual one—PFO
(pin 5) goes high instead of low when
the negative rail fails. This transition
is inverted by transistor Q1 to pull
Manual Reset low, which in turn sig-
nals a power failure by triggering the
reset outputs.

To set the threshold voltages, first
select values for R2 and R4. Lower
values waste power, and higher val-
ues produce error due to leakage cur-
rent into the comparators. Then, cal-
culate R1 and R3 as follows:

Rl= RZ{Y—;— 1), where Vp is

the positive threshold. )]

R3= R4{ _08 , where V)
\[Vy|+17

is the negative threshold. 2

Thresholds can be set to any rea-
sonable level greater than 1.7 V.,
For precision threshold values, the
voltage-divider resistors should have
a tolerance of +1% or better.

Send in Your Ideas for Design
Address your Ideas for Design
submissions to Ideas for Design
Editor, Electronic Design, 611
Route 46 West, Hasbrouck
Heights, NJ 07604.
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AMPLIFIERS

WDCto 8GHz 5119

(up to +18.5dBm 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, and lots to...gain/

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

T Him-Creuts

*Freq.  Gain Max. Power Out Dynamic Range @Device ®Price
Model (MHz2)  (dB) (dBm, @ 1dB Comp} NF(dB) IP3(dBm) Current(mA) $ea.(10Qty)
E DC-8000 11.8 17 53 26.0 40 1.80
DC-8000 118 13 55 260 40 1.85
DC-6000 15.6 128 47 260 40 1.95
DC-6000 152 124 46 %0 40 200
DC-3000 208 12.1 38 230 35 210
DC-3000 202 15 38 230 35 215
ERA-& DC-4000 135 al70 55 a325 65 415
ERA-4SM  DC-4000 135 4168 5.2 4330 65 420
ERA-S DC-4000 188 a184 45 4330 65 415
ERA-55M  DC-4000 185 al84 43 a325 65 420
ERA-6 DC-4000 113 at85 84 4365 70 415
ERA-3SM  DC-4000 113 all9 84 a36.0 70 420

Note: Specs typical at 2GHz, 25°C. Exception: a indicates typ. numbers tested at 1GHz.
* Low frequency cutoff determined by external coupling capacitors.
@ Price (ea.) Qty.1000: ERA-1 $1.19, -2 $1.33, -3 $1.48, -4, -5 or -6 $2.95. SM option same price.
DESIGNER'S AMPLIFIER KITS:
K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95
K1-ERASM: 10 of each ERA-18M,-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,-55M (20 pieces) only $69.95
Chip Coupling Capacitors 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, .08, .1 pf
R
Typical Biasing e
Configuration ERA | Ve
poT = 3
. 4 RFC{Optional)
ﬂ ﬂ c (6 (
ERA. ERA. gM J ©
-1 o1 1 block
B e, ACTUAL |~o—|~1« -’4>—«» *-y—o out

SiZE

[JMini-Circuits ® .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com
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 Experience Work For You. F 214 RevC
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| Circle 522/

Precision DC Motor

ptical tachometers that pro-
0 duce a frequency proportional
to RPM are popular feedback
sources for precision analog motor
speed control. This usually involves a
frequency-to-voltage converter
(FVC) to convert the tachometer
output to a voltage that’s then input
to a conventional servo. Though it
typically works fine, it’s unnecessar-
[ ily complicated and requires a
| tachometer with a relatively high
pulse/revolution characteristic to al-
low for both a reasonably fast loop
response and adequate ripple filter-
ing in the FVC.
The circuit shown circumvents
those problems by replacing the usual

Speed Controller

W. STEPHEN WOODWARD
Venable Hall, CB3290, University of North Carolina,
Chapel Hill, NC 27599-3290; Internet: woodward@net.chem.unc.edu.

FVC with period-to-voltage con-
verter A2. The motor speed setpoint is
adjusted with R1 as follows: The volt-
age on integrator A2 (V,) is a nega-
tive-going sawtooth with slope given
by I,/C1. 1, = (V3 - V1)R1/(R2R3), so if
1/F, is the period of the tachometer
pulses, the peak-to-peak swing of V,. =
(V3 - VDRI/F,,R2R3C1).

During the positive half-cycles of
the tachometer square wave, S3 con-
nects C3 to A2 so that the voltage on
C3 tracks the sawtooth. On every neg-
ative square-wave transition, C3 is
connected to the summing point of A4.
This happens in such a way that if V. <
(V3 - V1), then a positive increment of
charge is deposited on the summing

point. This tends to drive A4 negative
and thus reduce the voltage applied to
the motor, slowing it down. ‘

By contrast, if V. > (V3 - V1), then
a negative increment is dumped onto
C4 and the motor voltage and speed
are increased. The net result is for
A4 to converge on the single motor
voltage that makes Fp =
R1/(R2R3C1) because only thenis V,
= (V3 - V1). Consequently, the equi-
librium tachometer frequency and
therefore motor speed is directly
proportional to R1 and independent
of the absolute values of V1 and V3,
removing any requirement for preci-
sion voltage references. Only the sta-
bility of the ratios of R1, R2, R3, and
C1 contribute significantly to the er-
ror budget of the controller. There-
fore, V supply voltages from 20 V to
35 V give the same accuracy.

De stability of the controller is as-
sured by the relationships derived
previously and by the error integra-
tion performed by A4. But, as in all
servos, dynamic convergence is an-
other matter. Damping of the system
response and stable, over-shoot-free

+30V

Optical
tashometer 0.01 PF

output I
20k

>4Vp~p-{ =

i {1+
' fm i 100k*

T.T.W/Dial % 1'\’\;{3\'
2
0ouF 2y

=)

' +20V
1 G )
3
19.1k* 240
Rq o V2
CAL 150

d
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*1% tolerance

470 uF@3BV

TIP41C
Heat sink ~ 10W

Tachometer

A period-to-voltage converter is used in place of a frequency-to-voltage converter to reduce complexity in this optical tachometer.
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VIDEO DISTRIBUTION AMP

Replace Discr

ete Designs with One IC—Save Board Area, Power, and Cost

[\

| 7 ,O\~ ¢ 185MHz Full-Power and
| - < \h -3dB Bandwidth
j .7 +A40MHz0.1dB Bandwidth
: .ﬂf w\h :_‘f‘ ¢ 0.1% Diff. Gain, 0.02° Diff. Phase
e O j ﬂ\u ¢ 25ns Channel Switching
frh et e qﬂ\P ¢ Outputs High Impedance in
o B Shutdown

Four Options

The MAX4135 family of distribution amps are ideal for
broadcast video routing applications. A unique double-

for Video Routing

|

| —-—

o= buffered design isolates the gain-setting resistors from the

NO. OF -[ GAIN BANDWIDTH outputs, making the outputs t.ruly high impedance when

 PART OUTPUTS | (VAV) (MHz) shut down. This enables a video router to be made by

e o e o R simply tying together the outputs of two or more MAX4135s.
MAX4135 6 +2 Fixed 185 . . L

! e SR I The ICs have either four or six outputs. Gain is either set at

MAX4136 6 _2Extema| 140 2V/V or is resistor programmable. Each output amplifier

M&;37 ) 4 +2F|xed i 185 swings =2V and delivers more than 65mA. The parts

bl ) d operate on x5V supplies and are available in 24-pin wide

MAX4138 4 22External 140 SOIC packages.
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FREE Op Amp/Video Design Guide —Sent Within 24 Hours!

includes: Data Sheets and Cards for Free Samples

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
For Small-Quantity Orders Call (408) 737-7600 ext. 6380
6:00 a.m. - 6:00 p.m. Pacific Standard Time
http://www.maxim-ic.com

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders.
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IDEAS FOR DESIGN

response to perturbation are pro-
vided by the C4/C5 ratio and R4 x C5
time constant. The values for these
parts, shown in the figure, worked
well in the prototype. Different mo-
tors connected to different loads
might require tweaking of these val-
ues. In general, the greater the

1 C4/C5b ratio and R4 x C5 time con-
i stant, the greater net damping and
i tolerance of high load inertia.

t  One additional consideration is
' what happens if the motor stops and
' F, = 0. Because the feedback path
. depends on charge transfers be-
i tween C3 and C4, and since these

transfers cease if F,, = 0, some means
is needed to “jump-start” the servo.
Comparator A3 does this by slewing
A4 positive whenever V. is allowed
to ramp below V4. Accurate charge
transfers in normal operation are
promoted by the crisp square wave
produced by Schmitt trigger S1.

Circle 523
Dual-Output Voltage Regulator
Converts 5VTo 12V And 3.3 V

PETER GUAN
Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95305-7487.

regulated 3.3-V supply that can

provide several amperes of cur-
rent. To obtain this, a synchronous
switching regulator (LTC1266-3.3)
using a 5-V supply is usually used
with a p-channel top-side MOSFET
and an n-channel bottom-side MOS-
FET. However, because a p-channel
MOSFET has higher Rpgon) and
higher gate capacitance than that of
a comparable n-channel MOSFET,

Today’s microprocessors need a

i there would be a higher voltage
i drop across the MOSFET. This con-
i tributes to higher overall power
' loss. Such a drop in efficiency be-
! comes even more obvious under
. high current situations. The ideal
E configuration would use n-channel
1 MOSFETS for both top- and bottom-
' side switches.

' To replace the p-channel MOSFET
i with an n-channel, a secondary input
i voltage capable of fully enhancing the

Ve
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A 5-V supply powers both the switcher and a compact charge pump. The charge pump’s 12-V
output drives the Vi, pin of the switcher, allowing use of a dual n-channel MOSFET configuration.

n-channel MOSFET is needed. Be-
cause this secondary input only drives
the gate of the charging MOSFET, lit-
tle current would be drawn. A simple
and compact charge pump (LTC1263)
that converts 5 V to 12 V does the job.
As shown, both the switcher and the
charge pump are powered by the 5-V
supply while the 12-V output of the
charge pump drives the Vj, pin of the
switcher.

The charge pump has a somewhat
lower efficiency than that of an induc-
tor-based switcher. However, it’s pre-
ferred over a boost switching regula-
tor because of the charge pump’s
simplicity and its need for fewer and
smaller external components. These
advantages outweigh the drawback of
its lower efficiency.

Since both the LTC1266-3.3
switcher and the LTC1263 charge
pump have shutdown pins, both of
them can be connected directly to an
1/0 line from a microprocessor. This
way, the system can save much cur-
rent and power during standby
mode.

With these two new regulated
supplies of 12 V/60 mA and 3.3 V/5 A
generated from the original 5-V sup-
ply, many previously tough power-
supply problems are eliminated.

IFD WINNERS

M. J. Salvati, Flushing

Communications, 150-46 35th

Ave., Flushing, NY 11354. The

idea: “High-Frequency Loop
| Antenna.” July 22,1996 Issue.

| Jerry Steele, National |
Semiconductor Corp., Tucson
Design Center, 940 Finance
Center Dr., Suite 120, Tucson,
AZ 85710, (602) 751-2380. The
idea: “Diff Amp Digitizes Small
Signals” Aug. 5,1996 Issue.




FINALLY, YOUR RS-232 PORT CAN
RUN AT 1Mbps—GUARANTEED!

New 5-Tx/3-Rx Transceiver Meets RS-232 Specifications with Vgg = 3.0V

Maxim’s new MAX3237 is the first RS-232 transceiver to run at data rates over 1Mbps—4
times faster than the closest competing device! The MAX3237 uses only 500uA supply

current and operates from a +3.0V to +5.5V supply.

1Mbps RS-232 Operation with Vgc = 3.0V!

Tek Stopped: 140 Acquisitions
‘ ; —F—3
\
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|
-f
f
E 200V M d00ns Chi 7 240mV
¢ +3.0V to +5.5V Vcc Range

¢ Guaranteed 1Mbps Data Rate
¢ 28-Pin SSOP Package

¢ 500pA Supply Current
FREE Interface Design Guide —Sent Within 24 Hours!

INTERFACE ‘5!!:“’.‘? ;‘}
Includes: Data Sheets and Gards for Free Samples

'; CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
3 For Small-Quantity Orders Call (408) 737-7600 ext. 6380
oS 6:00 a.m. - 6:00 p.m. Pacific Standard Time
http://www.maxim-ic.com
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Deep Sync FIFOs
offer true
100MHz perfor-
mance, low first-
word latency, and
low power at
<$1/KByte

10T FWFT

- IDY Proprietary

Cypress Deep Sync FiFOs

STAY ON TRACK WITH
DEEP SYNG FIFOS

7

Deep Sync FIFO Feature Comparison

0T CYPRESS CYPRESS ADVANTAGE
Sync Architecture
Proprietary Industry All Cypress sync FIFOs
FWFT Standard are pi ibl
Frequency Select Pin
FSSelect  Clockscan  Does not limit
pin be async range of operation
Depth Expansi
Serial Token Low latency
cascade passing and low power
Power (f=20MHz)
«18: -180mA  -100mA Lower power
9 -150mA ~50mA Lower power
«9 Package
1010 1x7 Smallest x9 packaging
TQFP TQFP for all sync FIFOs

Deep Sync is a trademark of Cypress Semiconductor Corp. SyncFIFO and
SuperSync are trademarks of Integrated Device Technology, Inc.
Call now to

enter our monthly
drawing to win
& one of 10 free
lomega Zip Drives!

. http://www.cypress.com

Don’t Let Them Get You Off the Track
“They" said it couldn’t be done, but we
did it anyway—broke through the density

barrier with standard-pinout
synchronous FIFOs. Cypress’s
CY7C4261/71 16K/32K x 9 and

CY7C4255/65 8K/16K x 18 Deep
Sync” FIFOs offer the speeds and densi-
ties you need for high-bandwidth applica-
tions using the same industry standard
synchronous (clocked) architecture used for
lower-density sync FIFOs.

Upgrade Using Your
Existing Sockets

No redesign. No timing
issues. No pinout changes.
No need to learn a new
architecture. Just plug our
Deep Sync FIFOs into your existing board to
achieve the highest performance possible.
No other FIFO supplier makes it this easy to
upgrade your buffering solution!

The First-Word-Fallthrough Fallacy

Don't be fooled by FIFO features hype.
Why should you wait 12.5 clock cycles for
the first word of data when you can get it
(and all the rest!) in less than 2 cycles?
That’s a savings of almost 500 ns!

Standard Sync FIFO Buffering Solutions
for Today and Tomorrow

if you're looking for sync FIFOs offering
the highest densities, fast cycle times, small
packaging, low cost (less than $1/KByte),
and the fastest time-to-market, look no fur-
ther than Cypress. Our roadmap will keep
you on track with devices that are deeper
and wider, yet still socket-compati-
ble with standard sync FIFOs.
Break Through to
100MHz Now! @ B
Call today for free samples,

a Data Book CD-ROM, and enter to win an
lomega Zip Drive.

(800) 858-1810
FAX: 1-408-943-6848
Ask for Kit #D031
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PEASE PORRIDGE

BOB PEASE

Bob’s Mailbox

Hi, Bob:

So you don't like prepack-
aged team spirit. Your prob-
lem is, you prefer common
sense to hard science. For ex-
ample, the Fuller Brush Com-
pany has demonstrated over
the last 55 years that every

a human being.” (Honestly!
Copy enclosed!)

Here was the father of Artificial
Intelligence himself, back in
1971, at MIT no less! Well, arti-
ficial intelligence simply never
had a chance against natural
stupidity. That goes for soft-

buck spent on team spirit has ware as much as ANY kind of
yielded $2.47 in additional %" hardware. So don’t you retire
profit, or an increase of 21.397%! How | anytime soon!.

can you quibble with that? MAX J. SCHINDLER

Here’s my own favorite teamwork
tale from the waning years of the RCA
Microwave group. I had been working
on VERY advanced TWTs for many
years, then shifted to GaAs amplifiers.
One day, a former colleague who had
switched to the greener pastures of

Boonton Twp., N.J.

Yeah, one solid FACT is worth 10
buckets of wishful thinking. But are
TWT's still any better than solid-
state amplifiers, except for POWER
output? As for Genuine Stupidity vs.
Artificial Stupidity, that's a tough

management asked me whether I was | battle—RAP
participating in the “TWT Replace-
ment” meeting. Nope. “But you’re the 1 Hello, Bob:

only one in the building who has done
BOTH,” and Roy forced my presence
down our Princeton team’s gullet.
(Boy, was he still green!)

With the assembled luminaries, I
heard how our scientists were going to
replace 8 to 18-GHz, 25-W tubes with
solid-state amps. Then my turn came:
I just drew power/gain/frequency
curves on the whiteboard, first for my
old tubes, and then for my new GaAs
amp. (Singular—it was the only one
EVER SOLD by the whole outfit.)

The sudden end of the “TWT Re-
placement Project” and its funding
embarrassed even me. How can ONE
real engineer defeat a whole gung-ho
TEAM of EXPERTS in 5 min. flat!
About a year later, RCA sold the
TWT operation to Raytheon and
closed up our shop.

Speaking of EXPERTS: I just
came across a 1971 story in LIFE
magazine about Tom McCuster’s ro-
bot named Shakey. Seems its future
had been questioned by Datamation,
among others, but LIFE’s Mate Scott
was adamant about the “soundness”
of the report. “Both Dr. Marvin Min-
sky and his colleague Dr. Seymour Pa-
pert estimated a 3- to 8-year
timetable for the creation of a ma-
chine with the average intelligence of

I really enjoyed your Sept. 3, 1996
column. Measurements are my mania.
Measurements are the essence of engi-
neering and science; and I mean good,
repeatable, precise, rational, and stan-
dards-traceable measurements. For
the first two years of my engineering
career, all I ever seemed to be assigned
to do was repair equipment, track
down greund loops, and measure, mea-
sure, measure.

Now, I'm very happy my mentors tor-
mented me that way. I learned how to
make measurements and operate test
and measurement equipment. Often, I
did not get to use the latest and fanciest
gear, like the Fluke DVM. I had an old
Simpson 303 VTVM and a 206 VOM,
some old Tek 53X scopes, a GR R-L-C
bridge, and some passive standards.

Even today, I still prefer the sim-
plest approach when making measure-
ments, like measuring cable phase de-
lay with a vector voltmeter and
sinewave RF generator, rather than a
TDR. Moreover, I was taught to de-
termine the overall accuracy of the
measurements, and to compensate for
the measurement system’s accuracy.
All measurements that went to cus-
tomers or into my log were accompa-
nied by a calculation for, and a state-
ment of, the accuracy and traceability

of the equipment. I never see that
done today—by anybody.

I’'m always suspicious of test
equipment that purports to be self-
compensating of its own measure-
ment accuracy, as you so well pointed
out. It’s best to regard measure-
ments with some skepticism and to
validate against something of known
value. It just might save you from
disaster or disgrace!
via e-mail
JIM MEARS
Principal Engineer
Interface Products Group

Yes, there really is a difference be-
tween those who can measure, and
the rest of the world. —RAP

Dear Bob:

Re: The letter from Herb Perten
in the Nov. 18, 1996 Bob’s Mailbox.
Infinity Systems did have a speaker
with a servo loop—their “Servo-Sta-
tic 1,” ca. 1972, The servo loop was on
the combined channel subwoofer,
which covered from 20 Hz to 110 Hz.
The “Static” was in reference to the
electrostatic panels for covering 110
Hz to 2 kHz, and 2 kHz to 20 kHz. I
got a chance to hear one at the 1973
high-fidelity show in Burlingame.

The key parameter for the servo
loop is the speaker cone velocity, not
the position. The audio signal is pro-
portional to sound pressure, and the
pressure is generated when the cone
moves. One exception would be in a
small well-sealed car with large
speaker cones, but I’'m not really
sure about subjecting my ears to that
kind of abuse.

Even with a servo loop, there is
another kind of distortion to look out
for—Doppler shift from the moving
cone. This is actually worse for the
mid-range and above due to the
smaller cones. This may account for
my preference for electrostatic
speakers. The velocity of the panels
can be kept low due to their rela-
tively-large area. I ended up buying
a pair of Crown hybrids as a result of
hearing them at the '73 show, and
still have them.

ERIK MAGNUSON
Research Engineer
Quantum Magnetics
San Diego, Calif.

The theory on servo speakers leads
you to expect some nice advantages.
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www.pueblo.gsa.gov

/\

9 out of 10 mice
prefer it.

If there's a mouse in your house, catch the free Consumer
Information Catalog online. There you'll find the latest
info from more than 40 government agencies.

Just point and click your way to www.pueblo.gsa.gov to
nibble on hunks of useful information on saving money,
staying healthy, even educating your children. There are
more than 250 free publications ready for you to read or
download.

Or you can order the Catalog by mailing your name and
address to Free Catalog, Pueblo, CO 81009. But for the
fastest info running, scurry to the Consumer Information
Catalog online.

www.pueblo.gsa.gov (It's the cat’s meow.)

A public service of this publication and the Consumer Information
Center of the U.S. General Services Administration

PEASE PORRIDGE

| BOB PEASE

—

Bob Carver just brought out a great
new sub-woofer. Unfortunately, it re-
quires 2700 watts for full output. But
I'm told it sounds really nice.
—RAP

Dear Bob:

Once again, you have hit the nail
on the head with your column about |
smog check—"“gross polluters.” My |
wife's VW squareback, vintage 1971,
did not quite pass the high-speed test
(2500 RPM); it was way below the
maxim allowable at idle. It was
promptly dubbed a gross polluter re-
quiring her to leave the car with an
expert mechanic, who tried various
rebuilt computers (new ones aren’t
available any longer), as well as new
pressure sensors.

After screwing around with these
devices for a whole week, he finally
found a computer and pressure sen-
sor combination that allowed the car
to pass. However, we are now $850
out of pocket, and still have to take
the car to a so-called “referee” sta-
tion to have its good name cleared in
Sacramento.

Why isn't similar criteria applied
to trucks, busses (especially school
busses), and motorceyeles with and
without mufflers? They stink up the
environment at least as much as the
cars. I believe that there is, indeed, a
conspiracy to remove older cars from
the road. Could it be so that the deal-
ers can sell more new cars? Of course
not, they would never pull such a
dirty trick!

GERARD L. ZOMBER
Venice, Calif.

As I said, if it's really hard to get
to your car to pass smog, then sell it
out of state and buy something that's
easy to keep tuned. Now, the Feds do
want to crack down on particulates
(diesel smoke, etc.). And a lot of peo-
ple are bleating this will be very ex-
pensive, NOT cost-effective for im-
proving health or air quality. Who's
right? We shall see. —RAP

All for now. / Comments invited!
RAP/Robert A. Peuse / Engineer

Address:

Mail Stop D2597A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090




JOIN US AT

CHINA'’S LARGEST

ELECTRONICS
EXHIBITION

SEPTEMBER 24-28, 1997

The China International Exhibition Center
Beijing, China

CIEE '97 is known for its consistently
high-quality base of attendees. These
attendees are influenced by the show’s
organizers, CEIEC and CCPIT. The CEIEC is
the US$2.5 billion import-export arm of
the Ministry of Electronics Industry and the
seventh largest trading company in China.
Prior to the show, Exhibitors will be able
to utilize the CEIEC’s extensive network of
41 branch offices and over 100 affiliate
electronics companies in China to distrib-
ute information and literature to buyers
and specifiers of overseas electronics
products throughout the country. Exhibi-
tors will also have the inside track on
import/export information and be able to
take advantage of meetings and trade
negotiations during the show.

AT THE 1995 SHOW:
502 EXHIBITORS
from over 15 Countries

Over 200,000 Attendees
from China’s
electronics companies

Call your ELECTRONIC DESIGN CHINA sales
representative today for complete details.
Don’t wait. Reserve your company’s booth today.
408/441-0550, ext. 101; fax: 408/441-6052.

CHINA INTERNATIONAL ELECTRONICS EXHIBITION
CIEE "97 is sponsored by the Ministry of Electronics Industries
(MEI) of the Peoples Republic of China and organized by the

China National Electronics I/E Corp. (CEIEC) and the China
Council for the Promotion of International Trade (CCPIT).

WHO SHOULD EXHIBIT?

CIEE 97 will showcase a wide range of
electronic components, devices, and equip-
ment. The profile of exhibitors includes
manufacturers of the following:

* Surface-Mounted Components
* Semiconductor Devices

* Vacuum Devices

* Integrated Circuits

* Connectors

* Switches, Keys & Relays

* Wire & Cable

* Materials

* PCB

* Communications Equipment

* Production Assembly Equipment
* Test & Measurement Equipment
* Power supplies

* and more...

ELECTRONIC DESIGN N3 I1YT-Y

A PENTON PUBLICATION
Official U.S. Sales Representative for China’s Largest Electronics Show




delivers five million
high quality Surface Mount Ingredients
every single day!

AN SRIROR RN Ra R pgnRnnnes

, Audio » Video & more. . .

Availability:  Producer of 170 million ICs per month

Quality: Failure rate of one PPM typical

Performance: Consistent to specs from wafer to wafer & lot to lot
Pricing: Competitive

For information or to qualify for samples, please call our representative in your area.
NJR Representatives are located throughout the USA, Canada and Europe

Visit our web site: www.njr.com

NJR CORPORATION
A SUBSIDIARY OF NEW JAPAN RADIO COMPANY, LTD.
440 East Middlefield Rd. ¢ Mountain View, CA 94043

Phone (415) 961-3901 e« Fax (415) 969-1409 e e-mail: sales@njr.com
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STRAIGHT TALK FOR SERIOUS DIGITAL DESIGNERS

HOWARD JOHNSON

Ten Reasons Why
| Love The BGA

are taking the industry by storm,

and I'm glad to see it. This new
package style is suitable for any inte-
grated circuit you might previously
have put in a plastic QFP, PLCC, or
SOIC type package (plus probably
lots more stuff than that).

The BGA package is composed of
three basic parts: The bare chip, a
BGA substrate, and an interconnec-
tion matrix (see the figure). Depend-
ing on the package style, the bare
chip may be affixed to the BGA sub-
strate either face-up or face-down.
The interconnection matrix then con-
nects the bare chip to the BGA sub-
strate using wire-bond, tape-auto-
mated-bonding (TAB), or direct
attach flip-chip style connections.
The BGA substrate, which is really a
miniature multilayer PCB with
teeny-weenie traces and microscopic
through-hole vias, conveys the sig-
nals to the underlying printed circuit
board through an array of solder-
bump attachment pads on its bottom
surface. A metal cover or plastic en-
capsulation is then used to seal the
package.

Here are the 10 reasons why I love
the BGA packaging concept:

1) BGA packages are inherently
low-profile. There is nothing to it but
the chip, some interconnections, a
thin substrate, and a plastic encapsu-
lant. There are no big pins, and no
leadframe. The total installed height
above your PCB can be as little as 1.2
mm (0.05 in.).

Ball Grid Array (BGA) packages
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2) Their low profile and small size
means that the total loop area, from a
signal on the chip, through the inter-
connection matrix onto your PC, and
back into the chip through the
power/ground pins is very
small, as little as one-half to
one-third the size of the
same loop on a QFP or SOIC
package of equivalent pin-
count. This smaller loop
area means less radiated
noise, and less crosstalk be-
tween pins.

3) With all those bumps,
you can devise very effec-

{ n de HOWARD
tive distributed arrays of JOHNSON

to the more routable positions
around the edges. This is just one of
the ways you can use the pre-routing
inherent in the BGA substrate to
straighten out an otherwise messy
I/0 routing situation.

7) Advanced BGA packages can
cram all the solder-bumps right un-
der the chip, with very little package
overhang. That’s as good as can pos-
sibly be done for miniaturization.

8) The bumps on the bottom look
cool, and feel neat.

9) No fancy PCB technology
is involved. It’s not like C4
or direct attach flip-chip
technology, where you have
to carefully match the ther-
mal coefficient of expansion
between the PCB and the
chip in order to prevent die
cracking. With a BGA pack-
age, the interconnection ma-
trix provides sufficient me-
chanical compliance to
relieve thermal stress on

power and ground bumps.
Problems with ground
bounce diminish in almost direct pro-
portion to the number of power and
ground bumps used.

4) Most BGA packages have big,
fat, easy-to-work-with solder bumps,
much bigger than the ones that are
used for flip-chip connections. By
way of contrast, flip chip techniques,
which use solder-balls placed directly
on the face of a silicon die, require
solder bumps with much smaller di-
mensions, which can lead to trouble-
some and finicky manufacturing
problems. Flip-chip has given the sol-
der-ball technique a somewhat dark,
mysterious, and wholly undeserved
reputation—-one which I hope will
be redeemed by the rise in popularity
of the BGA.

5) BGA packages are sturdy. Com-
pare this with a 20-mil pitch QFP. On
the BGA, there
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are no leads to
bend or break.

Interconnection It’s like a little
:mm“ brick.
6) With a BGA

* Flip-chi
s package, [ can

place a lot of
the power and
ground bumps
in the interior
bumps, leaving
the 1/0 traces

the die. No expansion mis-
matches, and no hassles.

10) It is an inherently thin pack-
age, with reasonably good cooling
properties. With the die mounted
face-up, most of the heat flows down
and out through the ball-grid array.
In packages that mount the die face-
down, the back side of the die is in in-
timate contact with the top of the
package, making it an ideal arrange-
ment for heat sinking.

I'm sure there are plenty of other
really good reasons to love the BGA.
I'd like to hear your reasons. In the
meantime, if you want more informa-
tion about BGA packaging, check out
the book edited by John Lau entitled
Ball Grid Array Technology, pub-
lished by McGraw-Hill, 1995 (ISBN
0-07-036608-X). It’s a keeper.

Dr. Howard Johnson is president of
Signal Consulting Inc., a high-technol-
ogy consulting firm specializing in
solving high-speed digital design prob-
lem. He regularly presents technical
workshops for digital engineers, in-
cluding courses for Oxford University
and UC-Berkeley. He is the author of
“High-Speed Dngital Design: A Hand-
book of Black Magic” (Prentice-Hall,
1993). He can be reached at (206) 556-
0800; fax (206) 881-6149; e-mail:
howiej@sigcon.com. |
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NEW PRODUCTS

ANALOG

' ADC Links Optically

| For Remote Tasks
A low-cost eight-channel ADC and
controller, the Model RAD128 pro-
| vides an optically isolated serial in-
terface to any host computer with an
| RS-485 port. Typical applications in-
l clude remote data acquisition,
| process monitoring and control, en-
! ergy management, security systems,
| and other remote tasks. The unit, in a
} NEMA4 enclosure, may be used with
[

up to eight of the company’s 16-chan-
nel AIM-16P analog input multi-
plexer/conditioners, providing up to
128 single-ended or differential in-
puts. Each of the RAD128's eight dig-
ital I/O lines may be programmed as
either an input or an output. All pro-
gramming is accomplished in ASCII-
based software, allowing the
RADI128to be used with virtually any
host computer. On-board hardware
support includes a crystal clock and
three counter-timers for precision
conversion, and a watchdog circuit
for automatic reset on startup. ML

ACCESS 1/0 Products, 9400 Activ-
ity Rd., San Diego, CA 92126, (619)
693-9005. CIRCLE 825

Open-Frame TFT Monitors
Aim At Industrial Control

Four new open-frame TFT monitors
are constructed in a flexible sandwich
arrangement that provides enough
space for an additional level of pe
boards and fixed hard-disk drives. As
a result, OEMs are able to construct
integrated industrial computers or
control systems for use in panels, pro-
duction lines, and a number of other
space critical areas.

The monitors are 10.4, 12.1, 13.3,
and 13.8 in., and are compatible with
VGA, SVGA and XGA (that is, 640 by
480 through 1024 by 768 pixels) and
can be fitted with touch screens suit-
able for the final industrial environ-
ment. The manufacturer sees the
OEM starting with the TF'T monitor
instead of just the panel as a way of de-
mystifying the design and signal dri-
ving process, as well as saving on de-
velopment time. The customer adds pc
boards and a power supply into the
OEM monitor kit. The product also
can be supplied as a ready-monitor or
a man-machine interface; the design

service can supply a finished, cus-
tomized display with keypad or touch
screen with 486 or Pentium processors
inside. Even on small batch quantities
the front panel color, finish, and leg-
ending can be customized. PMcG

Kent Modular Electronics Ltd., 611
Maidstone Road, Rochester, Kent, ME1
3QL, United Kingdom, +44 (1634)
830123, fax +44 (1634) 830619.

CIRCLE 826

14-Bit, 3-MHz Sampling ADC
Targets Digital Communications

The ADS-943 is a 14-bit, 3-MHz sam-
pling ADC optimized to meet the dy-
namic-range and sampling-rate needs
of digital-communications applica-
tions. Peak harmonic distortion
reaches -83 dB and the signal-to-noise
ratio is 79 dB. The device requires +5-
V supplies and dissipates 1.7 W ina 24-
pin DDIP package. The power re-
quirements and size, together with the
ability to operate at the minimum 2.2
MHz sampling rate, suit the device
particularly well to ATM, ADSL and
HDSL applications.

The IC guarantees no missing
codes to the 14-bit level over the en-
tire military temperature range. Al-
though it’s optimized for frequency-
domain applications, the differential
nonlinearity (typically +0.5 dB) and
noise make it equally suitable for time-
domain applications like graphic and
medical imaging.

The ADS-943 architecture consists
of a fast-settling sample-and-hold am-
plifier, a sub-ranging, two-pass flash
ADC, an internal reference,
timing/control logic, and error-correc-

tion circuits. Input and output levels
are TTL while the circuit is edge-trig-
gered, requiring a rising-edge of a
start-convert pulse to initiate a con-
version. The input range is +2 V with
versions in both the commercial and
military temperature ranges using an
autocalibrating, error-correcting cir-
cuit. The IC is pin-compatible with the
8-MHz ADS-946 and the 10-MHz
ADS-947. Prices are $330 in 100-unit
lots for the commercial ADS-943MC,
and $412 for the military ADS-
943MM. PMcG

Datel Inc., 11 Cabot Bivd., Mansfield,
MA 02048; (508} 339-3000; fax (508)
339-6356. CIRCLE 827

Eight-Channel, 12-Bit ADC Has
Max Diff Error Of +0.75 LSB

The LTC1598L is a multiplexed 8-
channel, 3-V micropower, 12-bit ADC.
Supply current from the single 3-V
rail is typically 160 pA while the part is
converting and falls further to about 1
nA during conversions. The IC is a
switched-capacitor, successive-ap-
proximation device that comes avail-
able in a 24-pin SSOP package. The
maximum differential nonlinearity er-
ror of +0.75 least significant bit (LSB)
guarantees 12-bit resolution with no
missing codes.

The 8-channel multiplexer output is
brought to an outside pin on the IC so
that a single processing circuit can be
used externally. The input to the con-
verter from such a circuit is located on
the adjacent pin. The multiplexer and
ADC can be controlled separately, al-
lowing the continual conversion of a
single channel. On-board serial I/0 al-
lows three- or four-wire transfers with
the link compatible with Microwire
and SPI. Maximum sampling fre-
quency is at least 10.5 kHz, while the
inputs can be in a range of 0 to 3 V op-
erating with 1.5-V reduced spans. This
makes possible direct connection to
sensors and transducers. Applications
are expected to be in remote, isolated
acquisition and for battery and tem-
perature measurements. The
LTC1598L is priced at $5.80 in lots of
1000 pieces. PMcG

Linear Technology Corp., 1630 Mc-
Carthy Blvd., Milpitas, CA 95035; 1-
800-4-LINEAR, or (408) 432-1900;
Web: hitp://www.linear.com.

CIRCLE 828




NEW PRODUCTS

DIGITAL ICs

Speedy SRAMs Offer

Shortest Access Times ;
Operating in systems with clock rates !
of up to 250 MHz and 225 MHz, respec- |
tively, a 1-Mbit and a 4-Mbit SRAM |
deliver the shortest access times for |
commercial CMOS memories. The 1-
Mbit devices are available in either a !
32-kword-by-36-bit or a 64-kword-by |
18-bit configuration, while the 4-Mbit |
devices come in 128k-by-36 or 256k-
by-18 organizations. Because they op- E
erate at a cycle time of 250 MHz, the 1- !
Mbit memories offer a pipelined ac- |
cess time of 2.25 ns. The 4-Mbit chips |
have a 225-MHz cycle time and a 2.5- E
ns pipeline access time. !

All of the SRAMs can be had in !
processor-specific versions that incor- |
porate register-to-register, register-
to-latch, or flow-through modes, or of- |
fer a late-write cycle. The memories E
operate from 3.3-V supplies and can !
be had with either low-voltage TTL or |
HSTL interfaces. Active power for ,
the 1-Mbit chip is 2.3 W at 250 MHz, 1
while in the sleep mode the power !
drops to about 85 mW. The 4-Mbit chip !
has a slightly lower active power— |
2.25 W at 200 MHz, but a much higher |
sleep-mode power—520 mW. |

Both SRAMs are housed in plastic
ball-grid-array packages with a 7-row !
by 17-contact pad arrangement. The 1- |
Mbit SRAM (4-ns cycle time) sells for |
$95 each in lots of 1000 units, while the E
4-Mbit device (4.5-ns cycle time) sells !
for $425 each in similar quantities. DB !

IBM Microelectronics Inc., 1000 River |
Street, Essex Junction, VT 05452-4299; |
Roger Verhelst, (802) 769-6780. E

CIRCLE 829 :

USB Core Family Eases
Peripheral Design

A suite of synthesizable cores that im-
plement various Universal Serial Bus
(USB) interfaces provides designers
with building blocks that can simplify
the design of a custom interface circuit
as well as speed time to market. Ini-
tially available will be the SL100, a
USB core targeted at use in USB pe-
ripheral devices, and the SL75, a USB
transceiver that can be targeted to a
specific process technology. The SL100
core supports a wide variety of applica-
tions and handles all transfer types, in-
cluding isochronous transfers. The in-

terface to the peripheral is an 8-bit-
wide bus that also supports data burst-
ing. The licensing fee for the SL100 is
$40,000. The SL75 transceiver has a li-
cense fee of $35,000, and that includes
the targeting of the core to a specific
process technology. In addition to the
USB cores, the company is developing
a family of products to support the
IEEE-13%4 (FireWire) standard. DB

Innovative Semiconductors Inc., 444
Castro St., Ste. 405, Mountain View, CA
94041 ; Nabil Takla, (415} 968-3370.
CIRCLE 830

Flat-Pack-Housed SRAM

Quadruples Storage

With waning interest in the flat-pack
option for high-density static memo-
ries, designers have lacked a 4-Mbit up-
grade path to improve memory capac-
ity. However, the WMS512K8-XFEX
provides designers with a drop-in up-
grade that fits the exact footprint of ex-
isting standard JEDEC 32-lead ce-
ramic flat packs. The 4-Mbit monolithic
SRAM (512 kwords by 8 bits) in the
package offers access times as short as
17 ns, with other speed grades from 20
to 55 ns also available. The flat pack has
corner power and ground leads and op-
erates from a single 5-V supply. Inputs
and outputs are TTL-compatible, and a
low-power version with a low-voltage
data-retention mode also is available.
The SRAM comes screened for MIP-
PRF-38534 and can be obtained in in-
dustrial- and commercial-grade ver-
sions. Moreover, the SRAM is available
in 36-lead center power and ground flat
packs (often referred to as the revolu-
tionary pinout), both 32- and 36-lead ce-
ramic SOJ packages, and a 32-lead DIP.
In lots of 100 units the 4-Mbit SRAM
sells for less than $200 apiece. DB

White Microelectronics, 4246 E.
Wood St., Phoenix, AZ 85040; Philip
Farahmand, (602) 437-1520.

CIRCLE 831

Synchronous DRAM Modules
Pack Up To 128 Mbytes

Available in either SIMM or DIMM
configurations, a family of synchro-
nous DRAM memory modules pro-
vides users with capacities of up to 128
Mbytes in a single module. The mod-
ules include 144-contact SO DIMM
and 168-contact DIMMs, as well as

200-contact DIMMs for the high-end.
Memory subsystem operating speeds
range from 66 to 100 MHz.

The 144-contact, 64-bit-wide mod-
ules come in unbuffered, 3.3-V SO
DIMM form with capacities of 6, 8, 32
and 64 Mbytes, and include serial pres-
ence detect. The 168- and 200-contact
DIMMs also come in a 128-Mbyte ca-
pacity option and include either serial
or parallel presence detect. Word
widths are either 64, 72, or 80 bits, and
the modules feature either registered
or unbuffered 1/0 options. Prices for
the modules start at $7.50/Mbyte in
module quantities of 100 units. DB

SMART Modular Technology Inc.,
4305 Cushing Parkway, Fremont, CA
94538; Bill Jognsfon, (510) 623-1231.

CIRCLE 832

Integrated 3D /2D Multimedia
Accelerator Eases Design

The RealMagie3D multimedia acceler-
ator, the SD6430, was designed from
the ground up to meet the Microsoft
Direct3D and DirectDraw application-
program-interface specifications. The
chip combines 2D and 3D 64-bit graph-
ics acceleration and full-screen real-
time video playback thanks to an on-
chip, 200-MHz, true-color RAMDAC.

To minimize system redesign, the
SD6430 was made pin-compatible
with the popular Virge chip from S3.
Consequently, the same board layout
can be used; only new BIOS/driver
software is needed. For 3D applica-
tions, there’s support for Gouraud
shading and flat shading, MIP-map-
ping and bilinear filtering, Z-buffering
(16- or 24-bit), full perspective correc-
tion, Alpha blending and translucent
effects, and Fog and Depth cueing.

An on-chip video processor sup-
ports multimedia video acceleration,
which includes accelerated motion-
video playback, horizontal and vertical
scaling with linear X-Y interpolation,
color-space conversion, and smooth
scaling. These features all enable the
playback of 3D interactive multimedia
applications with MPEG video con-
tent on systems using a Pentium 120
or faster CPU. Housed in a 208-lead
PQFP, the chip sells for $25 each in lots
of 10,000 units. DB

Sigma Designs Inc., 46501 Landin,
Parkway, Fremont, CA 94538, Prem Tai
reja, (50) 770-0100. CIRCLE 833
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NEW PRODUCTS

|
l

PACKAGING

Silver Adhesive Cures Rapidly

At Room Temperature

The EP77TM-F is a two-part, silver-
filled, electrically conductive adhesive
that will set up at room temperature
within five to seven minutes, even
when mixed in small amounts. The

compound has a one-to-one mix ratio,
by weight or volume, and develops a
bond strength of 1500 psi tensile shear
when fully cured. Electrical conduc-
tivity is noted within 30 to 40 minutes
and volume resistivity is 0.010 Q-cm.
The epoxy adheres to metals, glass,
ceramics, vulcanized rubbers, and
many plastics, and is resistant to oil,
water, and most organic solvents. PM

Master Bond Inc., 154 Hobart St.,
Hackensack, NJ 07601, {201) 343-
8983; fax (201) 343-2132.

CIRCLE 834

Paste-Like Solder
Ensures Proper Fluxing

Packaged in a syringe-like container,
SolderPlus paste solder can be applied
either manually or with timed air pulse

dispensing to ensure proper amounts
are deposited prior to heating. Solder
melting can then be accomplished with
one contact at a time; or batch melting
using a hot air or furnace can be done.

Because each metal particle of Solder-
Plus is coated with flux, instead of an
internal core of flux, sticky adhesion
holds the deposited solder in place and
ensures proper fluxing to prevent cold
solder joints. The packaging also pre-
vents skin contact. PM

EFD Inc., 977 Waterman Ave., East
Providence, RI 02914-1378; (800) 556-
3484, or (401) 434-1680; fax (401)
431-0237. CIRCLE 835

Water-Soluble Flux Is VOC-
Free And Non-Corrosive

A water-soluble flux for electronics
applications, no. 40MM4, is non-haz-
ardous, VOC-free, and non-corrosive.
The flux can be used for tinning pe
boards and electronic-component

leads and for cleaning badly oxidized
leads. Its moderately high chloride
level doesn't attack ceramic packages
or most sealmg glasses. PM

Superior Flux, 95 Alpha Park, Cleve-
land, OH 44143; (216) 461-3315; fax
(216) 461-6846. CIRCLE 836

Coolers Are Targeted
For Electro-optics

The OptoTEC series of thermoelectric
products and services are designed
specifically for electro-optic applica-
tions, such as laser diodes, IR detec-
tors, or CCDs. The line comprises sin-
gle-stage modules with a temperature
difference of 60°C, or multistage mod-
ules with a temperature difference of
up to 90°C. The devices are solid-state
and use the Peltier effect to provide
cooling. Features include precision
temperature control, no acoustical or
electric noise, and dec operation. PM

MELCOR, 1040 Spruce St., Trenton,
NJ 08648; Kth Salvafore, (609) 393-
4178; fax(609) 393-9461.

CIRCLE 837

Heat-Sink Family Cools
Pentium Pro

The Allegro fan heat-sink family for
the Pentium Pro comes with A-Pli
thermal interface pads to deliver
0.9°C/W case-to-ambient heat dissipa-
tion. Combining a heat sink with a

ball-bearing fan rated at 50,000 hours
at 25°C, the assembly is available with |
either dual internally captivated Pen- |
tium Pro clips or one of the company’s
EZ Sink-to-Socket clips. Pricing is
$8.33 and delivery is four weeks or
less, depending on stock. PM

Aavid Thermal Technologies Inc.,
One Kool Path, PO. Box 400, Laconia,
NH 03247-0400; Patrick Rlley (603)
528- 3400 fax (603) 528-1478.

e-mail: nley@aawd com

Internet: http://www.aavid.com

CIRCLE 838
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Voltage-Variable Attenuators
Pad Mobile Wireless

Samsung’s voltage variable attenua-
tors (VVAs), the SM-515003 and SM-
516003, are HF-VHF and UHF attenu-
ator pads, respectively, for mobile
wireless communications. They can be
directly cascaded with additional 50-Q2
VVAs. The SM-515003, which provides
up to 70 dB of attenuation, is for use
from 3 to 300 MHz. The SM-516003, for
300 MHz to 3 GHz, provides up to 40-
dB attenuation. Both attenuators oper-
ate from 5 V de and require two analog
voltages per section with a range of -3
to +3 V at less than 15 pA. These de-
vices maintain linearity and digital
compression and act as an automatic
gain control for typical radio signals.
The SM-515003 is especially suited to
communications and data-transfer ap-
plications in post down-converter IF
processing. The SM-516003 is well
suited to 0.9-, 1.8-, and 2.4-GHz ISM
band applications. The SM-515003 is
available for $2.10 each in quantities of
10,000; the SM-516003 is $2.40. Both
come in a 16-pin SOIC, and are also
available in tape and reel. LG

Samsung Microwave Semiconductor,
1530 McCarthy BIvd., Milpitas, CA
95035. (408) 433-2222; fax (408)
432-3268. CIRCLE 839

Preamp “System” Conditions
Intelligent Speech

The new SSM2166 smart preamplifier
system-on-a-chip, aimed at audio sig-
nals up to 20 kHz, features variable
compression and automatic noise gat-

ANALOG
DEVICES

SSM2166

ing to yield microphone-level signals
with a higher degree of intelligibility.
With a single, user-selectable external
resistor, users can set the SSM2166’s
compression ratio from 1:1 to 15:1 to
produce an essentially undistorted au-
dio output level, despite a varying sig-
nal input. In microphone applications,

l

COMMUNICATIONS

for example, the SSM2166 will attenu-
ate very strong signals, and amplify
weak ones. The SSM2166 also contains
an automatic-noise-reduction circuit.
It serves as an excellent input condi-
tioner for the company’s AD18xx se-
ries of codes. The SSM2166 costs $1.50
each, in 10,000-unit quantities. LG
Analog Devices, One Technology
Way, P.O. Box 9106, Norwood, MA
02062, (617) 329-4700; fax (617)
329-1241. CIRCLE 840

LED Transceiver Drives
ATM/FDDI Networks

The MDX-19 Series of optical LED
transceivers for ATM (155 Mbits/s) and
FDDI (125 Mbaud) data-communica-
tions networks is suitable for universal
use with multimode fiber at 1300 nm.

Compatible with either 50 or 62.5-um
cable, these transceivers are utilized
for most backbone applications. The
MDX-19 uses a standard SC fiber con-
nector and wave-solderable attaching
post, and are pin-for-pin replacements
for the standard 1-by-9 footprint. LG
Methode Electronics Inc., 7444 W.
Wilson Ave., Chicago, IL 60656; (708)
867-9600; (708) 867-2130.

CIRCLE 841

IC Receiver Complies With
Digital Video Broadcasting

The VES1520 is a single-chip receiver
that’s compliant with digital video
broadcasting in cable systems. It com-
bines continuous, variable-rate QAM
demodulation (supporting symbol
rates between 0.87 and 8.7 Mbaud), for-
ward-error-correction functions, an
adaptive equalizer for echo cancella-
tion, digital antialiasing filters, and an
on-chip digital clock. It’s targeted for
use in cable set-top receivers, digital
cable modems, and terrestrial multi-
point microwave distribution systems.

The chip comes in a 100-pin MQFP.
Sample quantities are available, with
production quantities due in the second
quarter. Cost is $20 each in quantities of
10,000. LG

VLSI Technology, 1109 McKay Dr.,
San Jose, CA 95131, (408) 434-3000;
fax (408) 263-2511. CIRCLE 842

Voice Card Serves
Computer Telephony

The Infostar/VXC Voice Exchange
Card is a telephony-based communica-
tions server embedded in the com-
pany’s Integrated Digital System
(IDS) switch. It’s designed to support
computer-telephony applications in en-
vironments where a LAN may or may
not be present. It brings the computer
to the switch, reducing the need for a
standalone PC to run standard voice
mail/switch applications. The VXC
Card plugs directly into one of the slots
in the IDS cabinet to work as an appli-
cations server alongside the common
control, station, and network cards.
The first available application, voice
mail, is currently shipping with the
VXC card. VXC voice mail is available
in 4-, 6-, and 8-port configurations with
45 hours of storage. Prices range from
$4000 to $10,000, depending upon the
application. LG

Executone Information Systems,
Stamford, CT 06902; (800) 955-9866.
Internet: http://www.executone.com

CIRCLE 843

Codec Targeted At Consumer-
Telephony Applications

The KS8620 codec, a single-chip, PCM
encoder/decoder and line filter, con-
tains all of the functions required to in-
terface a full-duplex voice telephone
circuit to an analog phone line. The
KS8620 uses p-law coding with built-in
bandpass antialiasing for 8-bit PCM
processing, as well as provide signaling
and supervisory information. Other
features include an on-board precision
reference. It consumes only 60 mW
with dual 5-V supplies, and draws only
3 mW in the standby mode. Pricing is
set at $1 in quantities of 100,000. It’s
supplied in either a 16-lead DIP or a 20-
lead SOP. LG

Samsung Semiconductor Inc., 3655
North First St., San Jose, CA 95134;
(408) 954-7000. CIRCLE 844
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COMPONENTS

Fibre Channel Link
Module Eliminates OFC

Methode’s MGLM-1063 gigabit link
module (GLM), designed for Fibre
Channel arbitrated loop network appli-
cations, eliminates the need for an open-
fiber-control (OFC) safety protocol.
Utilizing the same footprint as standard

GLMs, the transmitter and receiver
pair form a high-speed serial link with a
date rate of 1.0625 GBaud. It provides a
20-bit-wide bus designed to transfer
data encoded with the 8B/10B encoding
scheme specified by the Fibre Channel
ANTSI X3T11 standards. The parallel
data bits to betransferred are serialized
by the card and transmitted through
fiber. At the receiver, a phase-locked
loop recovers the data clock and
processes the deserialized data. The
output launch power is below the acces-
sible emission limit as specified in the
IEC-825-1 requirements. Typical trans-
mission distance is up to 500 meters
over 50/125-um multimode fiber, and 10
km on singlemode fiber. The module op-
erates from a single 5-V supply. Pm

Methode Electronics Inc., 7444 W,
Wilson Ave., Chicago, IL 60656; (708)
867-9600; fax (708) 867-9130.

CIRCLE 845

Three Different Lens
Shapes For Three LEDs

Nova-Bright surface-mount LEDs, in
orange, yellow, and red, come in three
lens shapes: thin chip, ultra compact,
and right angle. Using an advanced
AlInGaP material, they achieve lumi-
nous intensities of 65 med (for 20-mA
drive) for orange and yellow chips, and
50 mcd for reds. Applications include
cellular cordless phones and pagers,
handheld personal computers, and

portable industrial/medical testing
and measuring equipment. In addi-
tion, they can replace incandescent
lights in applications where compact
design, longer life, and high reliability
are important. PM

L1 Stanley Co. Inc., 2660 Barranca
Pkwy., Irvine, CA 92606, (800) LED-
LCD1, fax (714) 222 0555. CIRCLE 846

Surface-Mount EMI Suppressor

Terminates in 600 W

The LCB-0603 suppressor, which
comes in a 0603 surface-mount pack-
age, provides an impedance of 600 Q for
applications in ISDN modems, multi-
media, and other high-noise environ-
ments. Maximum rated current for the
device is 100 mA. The direct current re-
sistance (DCR) is 0.90 Q. Operating
and storage temperature is -55°C to
125°C. The device may be either flow or
reflow soldered. It’s packaged in a stan-
dard 178-mm paper reel, with 8-mm
tape width and 4-mm component pitch.
There are 4000 devices on each reel.
The LCB-0603 is priced at $0.11 each
for orders of 100,000 pieces. Delivery is
stock to six weeks. PM

Associated Components Technology,
11576 Trask Ave., Garden Grove, CA
92843, (800) 234-2645; (714) 636-
8276 Infernet: hitp://www.actl.com

CIRCLE 847

HTSM Line Enables Horizontal
Mounting of Toroids

Mounting toroids to printed-circuit
boards is easier with the HTSM line,
which features two vertical locating
ribs for ease of positioning either with
manual or pick-and-place equipment.
Cored slots permit standardization of
pe-board surface-mount leads. Four
standoff feet allow for solder fillet for-
mation and flush cleaning of solder
flux residues from underneath the as-
sembly after installation to the pe

board. The 16 largest sizes feature a
recessed hex counterbored hole to ac-
cept a brass hex insert for securing the
assembly from beneath by a screw.
Four midrange sizes accommodate a
brass knurled insert that will accept
the screw from beneath the pe board

to secure the final assembly. Available
in 28 incremental sizes to accommo-
date most common toroid sizes, the
HTSM line is available from stock to
four weeks following receipt of order.
Prices for the mounts range from
$0.13 to $0.70, each depending on size,
in quantities of 1000. M

Robison Electronics Inc., P.O. Box
8121, San Luis Obispo, CA 93403.
(805) 544-8000; fax (805) 544-80911.

CIRCLE 848

Wirewounds Eliminate
EMF Problems

The RBR Series of wirewound resis-
tors developed by Ultronix are con-
structed to eliminate EMF. This is
achieved by forming the interface be-
tween wire and device termination so
that there’s a minimal difference in
temperature between them. In addi-
tion, these junctions are buried deep in-
side the body of the resistor. Full mate-
rials compatibility is ensured by using
bobbins fabricated in-house, and using
the same material for the resistor body.
Uniform resistance windings provide
consistency between products. Electri-
cal specifications include a resistance
range from 0.1 Q (x1%) and 10 Q
(£0.1%) to 1.37 MQ; temperature coeffi-
cient range of +10 to +90 ppm/°C,
power rating of 0.125 to 0.75 W, and a
short time overload that’s equal to
twice the rated power. Price for a 5K to
10K resistor with a tolerance of 0.1% is
$3.91 each in quantities of 1000. Avail-
ability is stock to 6 weeks. pM

Ultronix Inc., 461 North 22nd St.,
Grand Junction, CO 81502; (610) 644-
1300. CIRCLE 849




RF Power Modules Help Shrink

Cellular-Phone Design Time

esigners of AMPS/ETACS cellular phones now can
Dtake advantage of silicon RF power that are basi-

cally ready-made power amplifiers. By using the
BGY122A and BGY 122B modules, which require no ex-
ternal components, time-to-market can be shortened
because they significantly reduce the amount of design-
in effort. Not only are they easy to design in, but the
modules are currently the smallest 1.2-W modules on
the market. Packaged in SOT388As, they have a pe-
board footprint of 17 by 12 mm and a mounting height of
2mm.

The BGY122A covers the 824-t0-849 MHz (AMPS)
band, while the BGY 122B covers the 872-t0-905-MHz
(E)TACS band. Both modules provide a minimum
power gain of 27.8 dB, which means that only 2 mW of
RF drive is required to deliver an output power of 1.2 W
into a 50-Q antenna load. This eliminates the need for a
separate driver stage. In addition, both operate from a
single 4.8-V supply and require no external bias cir-
cuitry or power-control switches.

Operating efficiency is typically 556%, minimizing
power dissipation and improving device reliability.
Standby current consumption is usually less than 1 pA.
The modules are constructed with high-performance
npn silicon planar transistor chips mounted on a metal-
lized ceramic substrate, providing good thermal con-
ductivity to the mounting base. RE

Philips Semiconductors, PO. Box 218, 5600 MD, Eind-
hoven, The Netherlands, phone: +31 40 272 20 91, fax:
+31 40 272 48 25. CIRCLE 492

Low-Cost Function Generator
Has Arbitrary-Wavetorm Ability

v employing direct digital synthesis (DDS), the
BTGIOIO 10-MHz function generator can generate
both standard and arbitrary waveforms. The arbi-

trary-waveform-generation function uses a 28-MHz
clock, which allows harmonic information into the mega-
hertz region to be generated. Waveforms of 1024 sam-
ples can be loaded via the digital interfaces and then re-
played at any desired frequency and amplitude. Or,
waveforms can be entered manually into the generator.

As a function generator, the TG1010 offers sine, trian-
gle, square, pulse, multilevel, square-wave, and posi-
tive/negative ramp waveforms, as well as a set of quasi-
arbitrary waveforms like sin x/x. Output level is settable
between 6 mV and 20 V p-p, and output impedance is se-
lectable between 50 and 600 2. Resolution is 0.0001 Hz
with an absolute accuracy of better than 10 parts in 106.
Call the company for pricing and availability. RE

Thurlby Thandar Instruments Ltd., Glebe Rd., Hunting-
don, Cambs, PE18 7DX, England; phone: (01480)
412451, fax (01480) 450409. CIRCLE 493
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Photosensor Ignores Ambient-
Light Background Disturbance

argeted for safety- and performance-critical prod-
Tucts (e.g., medical applications), the iC-WQ photo-

sensor is designed specifically to ignore the back-
ground disturbance associated with ambient light. Its
monolithie design and construction with an integrated
photodiode ensures high noise immunity and technical
reliability.

Sensitive signal photocurrent changes are amplified
at the first stage, whereas de photocurrents caused by
background light are electronically suppressed. The in-
tegrated amplifier forms a bandpass characteristic
without using any external components. A highpass fil-
ter suppresses constant light and low-frequenecy alter-
nating light, while a lowpass filter reduces high-fre-
quency noise.

The iC-WQ operates with visible or near infrared
signals, with maximum sensitivity at approximately
100 kHz. The output signal coming from the iC-WQ is
typically amplified in the current stage by 50 dB. De-
signed for low-power consumption, the photosensor
will operate from a 5-to-12-V dec supply. The iC-WQ
comes in a four-pole TO-18 metal package with a glass
window, or in a surface-mountable SO-8 package. rRE

LaslIRvis Technology (Europe) Ltd., 26 Gosforth Close,
Middlefield Industrial Estate, Sandy, Bedfordshire, SG19
1RB, England; phone: +44(0) 1767 692727; fax +44 (0)
1767 692626, e-mail: lasirvis@kbnet.co.uk. CIRCLE 494

Display Case Has Easy-To-

Remove Battery Compartment

series of cases, dubbed “DATEC-CONTROL,” of-
Afers lots of space for large, graphic displays and a

battery compartment that can hold up to five
round cell 1.5-V (A A) or rechargeable batteries. The
part containing the batteries can be removed without
needing any tools, allaying the typically annoying pro-
cedure of removing “battery packs.”

For the first time, these cases can act as holders for
PCMCIA cards without carrying out subsequent, elab-
orate milling work. The PCMCIA slot is soldered onto
the circuit board; the card, which is removed below the
battery compartment, is protected against dust, dirt,
and water by an end cover with a snap-in mechanism.
Unintentional release is impossible, therefore loss of
data or failure of the program can be avoided.

With the PCMCIA capability, the case is suited for
data transfer via modem, ISDN, or infrared; or for flash
memory. Call for pricing information. RE

Odenwalder Kunststoffwerke GmbH & Co., Gehaus-
esysteme KG, Postfach 13 41, 74712 Buchen/Odw.,
phone: (06821) 404-00; fax (06821) 404-123; e-mail:
{06821) 4 04 00-00 0l@t-online.de; Web:
http://www.okw.com. CIRCLE 495
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NEW LITERATURE

1

Label Selector Guide Provides

 Extensive Materials Listings

The Label Material Selection Guide
from Imtec Inc., Bellows Falls, Vt,, is
designed to aid in choosing appropri-
ate labeling through a series of label-
material listings. Nine labeling-appli-
cation categories are represented,
such as shipping, abrasion resistant,
security laminations, and high-tem-
perature resistance. Detailed specifi-
cations cover everything from thick-
ness and adhesive type to color and
compatible surfaces. To obtain the free
guide, call (802) 463-9502; fax (802)
463-4334; e-mail: imtec@sover.net. RE
CIRCLE 670

Wire And Cable Guide
Helps With App Designs

The Cable Prod-
ucts Capability
Guide should help
engineers in their
cable, wire, assem-
bly, and high-tech
interconnect appli-
cations. Available
from Bay Associ-
ates, Menlo Park,
Calif.,, the guide details the variations
of coaxial, multiconductor, flat ribbon,
and high-voltage cables available. Op-
tions such as braids and tubing are
identified to give designers somewhat
of a “roadmap” when specifying cable
constructions for specific applications.
To get a free copy of the guide, call 1
(800) 552-0661. RE
CIRCLE 671

Two Epoxy Brochures
Stick To The Basics

Epoxy Technology, Billerica, Mass.,
has issued two separate brochures de-
| tailing their epoxy products. The first
brochure, “Epoxies for Semiconductor
Applications,” covers the complete ca-
pabilities for formulating and manu-
facturing sophisticated adhesives and
coatings for semiconductor packaging.
To help determine the optimal mater-
ial for both manufacturing efficiency
and product performance, technical
expertise and details on the selection
process are provided. The other
brochure “Advanced Epoxies and
Polymers for Demanding Applica-

tions,” delves into how the company’s
materials are optimized for bonding,
coating, encapsulating, and intercon-
necting in semiconductor packaging,
hybrid microelectronics, fiber-optic
cable assembly, and so on. To obtain ei-
ther or both brochures, call (800) 227-
2201 or (508) 667-3805; fax (508) 663-
9782. When calling, specify the
brochure. RE
CIRCLE 672

Electronic Catalog “Pumps”
Out The Answers

Quick and easy
identification of

pumps most
suitable for a
designer’s spe-
cific application
is the goal of %
Haskel Interna- §
tional Inc.’s
(Burbank, Calif.)
electronic catalog. Available on a com-
puter disk formatted for MS-Win-
dows, the catalog features interactive
displays that graphically illustrate
how the pumps operate. When a cus-
tomer specifies performance parame-
ters, such as flow rate, pressure, etc.,
the pump best meeting those specifi-
cations is indicated. Full technical de-
tails on dimensions, materials, and
connections, as well as performance
graphs, are displayed.The disk will be
exhibited at the Offshore Technical
Conference, Houston, Texas, in May.
For more information, call (818) 843-
4000; fax: (818) 841-4291. RE
CIRCLE 673

Company Claims Largest
Surface-Mount LED Selection

From chip-forms
to two-layered ce-
ramic packages, all
are covered in
what'’s claimed to
be the world’s
largest selection of
styles and options
in surface-mount
LEDs. Assembled
by Lumex Opto/Components Inc.,
Palatine, Ill., the 32-page catalog pro-
vides engineering drawings for each of
31 different basic product types. Full
electro-optical specifications are pre-

sented in charts color-coded to the
available LED colors. The LEDs all
come n reels for automatic placement.
Each package description also con-
tains a solder heat profile. For copies,
call 1 (800) 278 5666 or (847) 359-2790
and request catalog 2004-4. Web ad-
dress is http://www.lumex.com Imme-
diate design assistance is available
through fax at 1 (800) 944-2790 or (847)
359-8904. RE
CIRCLE 674

Catalog Focuses In On
Magpnifiers And Microscopes

Magnifiers, measuring magnifiers, mi-
croscopes, and other optical inspection
devices get an up-close look in GEI In-
ternational Inc.’s (Syracuse, N.Y.) new
full-color catalog. The range of prod-
ucts include magnifiers and micro-
scopes to measure dimensions of less
than one-thousandth of an inch, zoom
magnifiers, binocular and telescope
magnifiers, three-dimensional
sighters, and others. Six different reti-
cle scales are available, all of which are
illustrated. Call (315) 463-9261 for a
free copy, or fax (315) 463-9034. RE
CIRCLE 675

Test And Measurement Guide
Scopes Out Product Range

Covering 300 plus pages, Keithley In-
strument’s (Cleveland, Ohio) new 1997
edition of its Test & Measurement
Catalog and Reference Guide high-
lights many new products and goes
into depth on its mainstay items.
Among those being profiled is the
Model 2400 Digital SourceMeter, a
high-speed test solution for large-vol-
ume component manufacturers. An-
other is the SmartLink family of
miniaturized devices that make possi-
ble laboratory-grade measurements
virtually anywhere.

The Guide is divided into nine sec-
tions: General measurements, Sensi-
tive measurements, Sources, AC
measurements, Scanners and
switches, Semiconductor measure-
ments, accessories, Keithley’s Radia-
tion Measurements Div., and Order-
ing information. Call (800) 552-1115
or (216) 248-0400; fax: (216) 248-6168;
e-mail: product_info@keithley.com;
Web: http://www.keithley.com. RE

CIRCLE 676




Fresh Opportunities Beckon At
The Reinvented AT&T Labs

Gene Heftman

ven though it split itself into three
Eparts a year and a half ago, The

American Telephone and Tele-
graph Company, better known as
AT&T, remains the world’s largest
and most formidable telecommunica-
tions organization. And even though it
cast off a big chunk of its R&D unit in
restructuring itself, AT&T still retains
a distinguished laboratory that has
laid the foundation of the world’s com-
munications systems and is home to a
cadre of the leading experts in fields
such as network design, digital signal
processing. speech processing, soft-
ware engineering, and computer secu-
rity. The company may be “new” in
terms of its business objectives but its
appetite for fresh blood to keep the
ideas and innovations flowing at
AT&T Labs is as strong as ever.

As a company, AT&T is no longer
the ubiquitous giant that once con-
trolled every aspect of communica-
tions from basic telephone equipment
to local telephone service to long-dis-
tance dialing. The new AT&T’s focus is
on communications and information
systems services and is reflected in
the structure of its R&D organization.

In the restructuring, the company
spun off its systems and technology
units into a new and independent en-
tity called Lucent Technologies whose
mission is to manufacture and sell net-
work systems and telephone prod-
ucts—the hardware of communica-
| tions. This meant giving up
three-quarters of Bell Laboratories,
, its renowned scientific and technical
research facility. Those that remained
with the new AT&T Labs are concen-
trated largely in the field of informa-
tion sciences. Among the key areas
studied there are applications in net-
work technologies, service platforms,
interpersonal communications, elec-

tronic commerce, information for deci-
sion making, and on-line and transac-
tion services.

AT&T Labs comprises three dis-
tinct units, each with its own role in
the new corporate structure. AT&T
Research, also known as “Core Re-
search,” takes the long view with
some of its projects extending out
vears into the future. AT&T Applied
Technologies works the other side of
the research continuum, developing
technologies and services for projects
that are closer to realization. The third
group. AT&T Internet Services, is
concerned with developing new appli-
cations and services for the Internet.

Core Research consists of seven
laboratories that investigate a wide
range of communications areas to en-
hance the future performance of the
network and seek out new technolo-
gies that can be applied to make it bet-
ter, faster and less expensive for users.

The research effort covers fields
such as the evolving wireless and
lightwave technologies, speech syn-
thesis and recognition, network archi-
tecture to handle current and future
traffic on the AT&T Network, online
interactive services and numerous
others. Advanced mathematieal tech-
niques are used in statistical model-
ing, data analysis, probability and in-
formation theory to find new ways to
improve communications.

Applied Technologies has four labo-
ratories that study and support cur-
rent communications operations
through software development, per-
formance analysis and operations re-
search. It is also concerned with all
kinds of communications services in-
cluding cellular, private mobile radio,
personal communications services and
satellite systems

To staff these divisions, AT&T is on

the lookout for individuals who pos-
sess certain so-called critical skills and
talents. Among them are network
management and infrastructure, In-
ternet experience, digital signal pro-
cessing, audio, video, and multimedia.
Because of the swift pace of technol-
ogy, the network will look very differ-
ent than it is today and the company is
counting on the Labs to design it.

Who Qualifies?

The work at AT&T Research re-
quires a very high level of scientific,
mathematical, and computing skills, so
it’s no surprise that most of the people
recruited and hired for this group are
PhDs. Not only that, but the demand
for electrical engineers (EEs) is not as
great as in the past because of the
changed nature of the company’s busi-
ness which is now more software- and
systems-oriented and less hardware.

As Joan Ardizzone, director of Hu-
man Resources at AT&T Labs, Mur-
ray Hill, N.J., puts it, “Since the spin-
off of Lucent, EE demands are not as
high as previously. It’s now about a 60-
40 split of computer scientists to EEs.
And we look for highly academic
types, especially mathematicians.”
Even when the Labs has a need for so-
called critical market hires, individu-
als with special expertise and expetri-
ence in a particular discipline like
communications or mathematics, they
usually come with a PhD according to
Ardizzone, but not always.

While core research people almost
always have a PhD, that requirement is
not as critical in the other two divisions.
Since the projects at AT&T Applied
Technology and Internet Services are
more business-oriented and directed at
immediate customer solutions, mas-
ters- and bachelor-level engineers will
find a less rigorous demand for higher
educational attainment.

The centerpiece of recruitment ef-
forts at AT&T Labs, and particularly at
core research, is on college campuses.
In this respect, it bears a striking re-
semblance to Bell Labs, its former sis-
ter group (ELECTRONIC DESIGN, Jan.
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EE CURRENTS & CAREERS

AT&T LABS

20, 1997, p. 169). The concentration on
the top scientific and engineering col-
lege campuses is well developed and ac-
tive, and because of the technical de-
mands of interviewing prospective new
hires, all recruiters are from research
groups within the Labs and not from
Human Resources. Ardizzone says,
“HR people can’t do this kind of recruit-
ment; they don’t speak the language
and they don’t know enough.”

Up to 70 recruiters from the Labs,
all PhDs who volunteer for recruiting
assignments, and all with other jobs in
various research departments, are the
front-line warriors who fan out to vari-
ous campuses to win newcomers to the
Labs. Many of them are under the di-
rection of Amy Muller, co-chair of the
PhD Advisory Committee who de-
seribes it as, “A grass roots effort to or-
ganize PhD recruiting and to make
sure that we’re covering the right cam-
puses.” Although their primary mis-
sion is to recruit at the doctoral level,
they also have an eye out for promising
undergraduates who are in their grad-
uating class. And while computer sci-
entists and EEs comprise the bulk of
the recruits, Muller says they also are
looking for psychologists and behav-
ioral scientists and people who under-
stand human-computer interactions.

The role of the PhD Advisory Com-
mittee is to seek out candidates for all
of AT&T Labs, not just core research.
Over 50% of the openings are there, but
recruiters also try to fill spots in Ap-
plied Research and also are trying to
get people in the business unit of AT&T
interested in some of the candidates.

Recruiting at the Labs is not simply
a one-way street where PhDs go to
the universities to seek out the best
candidates. A significant dialog and
partnership has developed between
the Labs and its top universities by
which faculty members come to work
at the Labs for parts of the year and
then go back to teaching. Some of
these professors act as talent scouts,
identifying promising students to the
recruiting staff for consideration as
employees. In many respects, it works
like a farm system in professional
sports. Joan Ardizzone says that
“Some kids are followed by the Labs
from their freshman year in college
and when they complete their PhDs,
the lab tries to recruit them.”

To allow budding researchers to get

their feet wet, AT&T runs a big sum-
mer intern program for students. Over
100 young people spend the summer
working on different projects at labora-
tories in either Murray Hill, N.J., or
Holmdel, N.J. They are provided with
housing, are paid for their work, and
then return to school in the fall. To get
acquainted with the research environ-
ment, the summer interns are assigned
a mentor, usually a senior scientist or
engineer whose role is to show the
young student the ropes and teach him
or her what goes on at the Labs.

“Today’s languages
and applications

aren’t going to be
the same five years
from now.”

Who Gets In?

To get a job with AT&T Labs, a per-
son not only needs an outstanding acad-
emic record along with faculty recom-
mendations and a flair for independent
research; he or she also needs a set of
core skills applicable to the require-
ments of the type of research being
conducted and to the areas of work
they are interested in. Some candidates
have already demonstrated research
capabilities by publishing papers for
technical journals and conferences.

Computer science and mathematics
applicants should have a good general
background in their fields in addition to
training in some of the more specific
fields of programming languages, dis-
tributed computing, optimization tech-
niques, and just about any type of sys-
tem integration and networking skills.
According to Amy Muller, “We don’t
expect people to come in and redo their
thesis. They must be able to move on
and learn new stuff since today’s lan-
guages and applications aren’t going to
be the same five years from now.”

The mentoring approach used with
summer interns also is the method for
bringing new hires on board when they
arrive at the Labs. A mentor takes the
new person under his wing, serving as
an advisor in all aspects of adjusting to
the world of research. And the Labs

are replete with numerous experts in
every field of communications and com-
puters who can serve as mentors. For
example, the Labs are home to 26
AT&T Fellows, senior researchers who
have performed outstanding work in
their fields. One of them, Lawrence Ra-
biner, present director of the Labs, is
one of the leading experts on the appli-
cations of digital signal processing to
speech communications and speech
recognition. Other AT&T Fellows have
made significant contributions in fields
such as computer and communications
security, ISDN communications, light-
wave technology and systems, network
architecture, computer languages, and
database management systems.

In addition to the mentoring pro-
gram, the Labs provide incoming em-
ployees with an orientation program
that includes formal session and meet-
ings to get acquainted with how things
are done and to understand the overall
mission of the organization. Increas-
ingly, there is a move to put much of
the pertinent information on the
World Wide Web. For those inter-
ested in learning more about AT&T
and the work at the Labs, their Inter-
net address is http://www. att.com. The
company also uses magazines, news-
papers, and agencies in its recruit-
ment program.

Because the competition is steep for
the caliber of people the Labs seek,
compensation packages are generous
and the work atmosphere is not highly
regimented. As befits a university-ori-
ented institution with an open campus,
people are not forced into rigid work
rules. Flex time is the norm and staffers
are generally free to come and leave
any time they want. The buildings are
open 24 hours a day, seven days a week,
and all services are available.

The company offers a tuition-assis-
tance program and some individuals
are allowed to attend universities to
obtain an advanced degree while re-
maining on the payroll.

Gene Heftman is a free-lance tech-
nical writer specializing in advanced
electronic technology including ICs,
computer systems and software.
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THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES

Impedance Control Boards | PCMCIA
Buried & Blind Vias
Polyimide Multilayer

Full Body Gold

VISIT OUR H

Metal Core & Thermobonded PCB's
Up to 22 Layers
Multichip Modules

NEW WEB SITE

m

1108 West Evelyn Avenue, Sunnyvale, California 94086

Phone: (408)735-7137 - FA X: (408)735-1408 - MODEM: {408)735-9842
E-mail: protoexpress@internetmci.com

FTP Address: ftp:protoexpress.com

HIGHEST OVERALL CUSTOMER SERVICE RATING

CIRCLE 420

In Circuit

Emulators

» Over 50 Vanants Supported
» Symbolic and source Ievel debugging

» Supports alf major compilers

» 30-day money-back gusrantee

» Free single board computer with purchase
» Other processors available

|
{
| /Call 800-847-1998
i
l

1
14120 East Live Oak Ave Suite A2 |
Batdwn Park, CA 91706
Teephone. (818) 3374547 |
FAX: (818) 337-0889

CIRCLE 401

ELEGTRONIC
DESIGN

New Products/Services

Presented By The Manufacturer.

D Advertise,
Call Kimberly A. Stanger
At 201/393-6080

S80CI86

In-Circuit Emulators

80136 » 8051 » 80186 » 18
DSP » HPC » 8085 » 2380

PROG n -
DATA MMHV

REAL-TIME

FREE! TRACE FILTERING
10-DAY 7

TRIAL ¢ < —
TRY BEFORE s WINDOWS
YOU BUY ¢ & MOUSE

USER INTERFACE
FREE USER SUPPORT
EXTERNAL UNIT WITH NO PLUG-IN CARDS
OUTSTANDING PERFORMANCE AT A REALISTIC PRICE

TN RS
M 1-800-838-8012

SIGNUM SYSTEMS CIRCLE 423

In-Circuit Emulators

See EEM
'97- pages
D 1274-128

5 ft. cable r

- Plug-in boards or RS-232 box

- Choice of user inturface: DOS. Windows or Borland
keypress compatible. Hosted on PC's or Workstations

- Real-time emutation up to 16 MHz

- High-level C supgort

- 64 bit wide, 16K deep tracz with time stamp

- Supports ali 68H11 dervatives.

[ Fax-On-Demand . F"” 'g"’ T
Literature Request Service | "6 UEMO UIS

408-378-2912 (408) 866-1820
nOHaU 51 E. Campbell Avenue
Campbell, CA 95008-2053

CORPORATION  Fax (408) 378-7869

NOHAU CORPORATION

CIRCLE 416 IMAGINEERING

Single/Couble Sided

SAMIE DAY 3

You Modem Gerber Files
to us before 9AM,

We Plot, Fabricate &
Ship the Boards

SAME EVENING
Multi-Layer NEXT DAY 3
OTHER SERVICES £855 Sedd

¢ INSTANT QUCTES
s PROTOTYPE AND CRODUCTH

* GOLDMNCKEL PLATING

* SCORED PANELS

* BLIND & BURIED VAAS

* ELECTRICAL TESTING

* SMOBC and P

* BEST TURNARCUND TIME. WE
HELP YOU MEET YOUR DEADUINE

For Details Call:

4 ) imagineering ve.
TEL (847) 806-0003
FAX.(847) £06-0004 MODEM. {847} 8B06-C008

CIRCLE 408

Plug our C-programmable SmartCore™ Microprocessor

Core Module into your custom-designed application for

the fastest product deveiopment.

® On-board processor, power control, time/date clock, timers.
UARTS, DMA... Everything you need to design now!

® Flexible memory configurations allow for up to 20,000 lines
of C code.

® Our integrated Dynamic C™ development system eliminates

coslly emulators and debuggers $29 in volume

1724 Picasso Ave
Davis, CA 95616

WO RL D \I 67513737
N glgv?égxormxcom

Call for your Sman(,‘ore Evaluation Kit today!
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Tue WorLD's Most POWERFUL

PORTABLE PROGRAMMERS

Dataman-48

- “‘\\

Pinsmart® technology means true no-adapter programming up to
48-pin DIL devices. Connects to your PC's or laptop's parallel port.
$1249 Library contains over 1500 of the most popular programmable
devices. We even include a 44-pin universal PLCC adapter.

Dataman S4
3 Capable of programming 8 and 16-bit
Vtttngr, i ! EPROMs, EEPROMs, PEROMSs, 5 & 12V FLASH,
FRSAL ppye rt Boot-Block FLASH, PICs, 87515 and more.

Wi Emulates ROM & RAM as standard. Complete
with all emulation leads, organizer-style
manual, AC charger, spare library ROM, both
DOS and Windows terminal software, and

DATA“‘ An arrives fully charged and ready to go!

Tel: 800 328-2336 For more detailed information on these and other
Fax: (407) 649-3310  market leading programming products, call now and

www.dataman.com request your free copy of our new color catalog.
DATAMAN CIRCLE 405

DC/DC and AC/DC

SWITCH MODE POWER SUPPLIES

Available in hot-insertable, rack mount or stand-
alone versions, the complete line of Absopulse
converters and rectifiers provide efficient and
reliable power for any application. Features
include full electronic protection, compact size,
high efficiency and low EMI. The standard units
have safety approvals, custom designs avail-
able with short lead times.
ABSOPULSE ELECTRONICS LTD
110 Walgreen Road
Carp, Ontario
KOA 1LO
Tel: (613)836-3511
Fax: (613) 836-7488

ABSOPULSE CIRCLE 400

COMPONENT-SIZED DAS

we pUt 8“ this [ Special Functions

Parallel printer output

DAS capability in a PWM outout

Dallas iButton SIN
iny 28-pin package, Frequency input
and it still talks in | e

. = Parallel VO
simple English. 8 bits bidirectional
Keypad scanning
Jn. Direct LCD control
M‘M High-current outputs

‘49
Power

+5 V-only
or9-16V

actual size
15" x0.875"

*External
options
Answor MAN Jr

Answer
MAN

Communication
0-57.6 kbps
Direct RS-232* or
Networked RS-485* Analog Input
4-channel, 8-bit ADC
2-channel, 12-bit ADC*

Analog Outputs

WWW.MICROMINT.COM 2-channel, 12-bit DAC*

MICROMINT, INC.
1-800-635-3355 * (860) 871-6170

3 Hodm Your
Gerber Files To Us
Before 9:00am EST,
We Will Fabricate & Ship
The Boards Same Evening

Abse Auaifable:

a Prototypes & Production Quanttties 4 24 Hrs. Modems |
» SMOBC & LPI 4 Sebuective & Bondable GoM |

a Single Through Mutayer PCB's a Instant Quotations

NEXLOGIC
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URL http://www_kepcopower.com

WELCOME TO THE
KEPCO, INC. HOME PAGE

GO KEPCO.

B )
THE POWER SUPPLIER ™

A comprehensive reference source of
information on Kepco's d-c power supplies
is available on the Web. Browse the entire
Kepco catalog, technical articles, an
interactive demonstration of VXI soft panel
instrumentation power and news. Ask
questions of our technical support staff.
Download the latest drivers. Check out the
laugh of the week...by George.

COME FOR A VISIT AND STAY AWHILE.

KEPCO, INC., Dept. NWS-05, 131-38 Sanford
Ave., Flushing, NY 11352 USA « Tel: 718-461-7000
Fax: 718-767-1102 + E-Mail: hq@kepcopower.com

MICROMINT CIRCLE 414 NEXLOGIC CIRCLE 415 KEPCO INC. CIRCLE 412
H " e - — — -
Flashlite™ Tsmmsx The only | Ultimate DSP
PCI Bus Card Debugger
| w/eight ‘
(S:iongleu?;ard simultaneous . Package
with 'I)Jos and A/D channels |
Utilities $195 :’;l;board g

¢ 8 Mhz V-25 + Processor » 256 KB Flash
® 512 KB RAM ¢ 2 Serial Ports

Ideal for embedded controller applications:

2 fast DMA channels ¢ 8 analog inputs with programmable
comparator levels « priority interrupt controller with vector
or register bank switching,

Simple and quick software development:

Create on 2 PC compatible computer + download in .ext
or .coM format to flash disk + test and debug through the
console serial port * modify the startup batch file to load
and execute the application on resec or powerup.

]K microsystems I @

| 1275 Yuba Ave., San Pablo,CA 94806 » 510 236-1151 ‘
[ fax 510 236-2999  hitp:/www.dsp.com/Jkmicro

JK MICROSYSTEMS CIRCLE 411

e 60 MHz (30 MIPS) TMS320C32, 32-bit
foating point DSP
* Half-size, IBM PC Plug-in Card (PCl Bus) 132
Mb/sec, 32-bit Plug-n-Play” interface
* 128-512 Kbytes, zero-wait SRAM
* 4 Kb bidirectional FIFO
® |nslrumcnlation-5radc analog l{e]
* 16-bit digital YO
Elghl 100 kHz, 16 bit A/D channels
Programmable gain: 1,2,4,8
120 dB/dccaje anti-alias filter
8:1 S.E. muxes - up to 64 analog inputs

4:1 DIFF muxes - up to 32 analog inputs
Two 100 kHz, 16-bit D/A converters

WEB:http://www.

DATA I/O

innovative-dsp.com

* Works with all Texas Instruments DSPs - C3x, C4x, C5x
* ISA Plug-in JTAG controller included at no extra charge |
* Code Composer is an integrated DSP software development |

environment w/Debugger, Editor & Project Manager.

From concept to §
high-volume production... i
CALL 818-865-61500r §
fax818-879-1770 §
EMALL:techsprt@
innovative-dsp.com Innovative

Integration

CIRCLE 404




DIRECT CONNECTION ADS

(ESINAl A Tanner EDA Solutions

Design Software for IC, MCM & MEMS Applications

You've developed a strong image for
your market and you’d like to advertise
your message in the industry’'s - s
strongest publication. The recent 0 ) Bty T
Adams Study found that Electronic
Design has the largest average issue
audience among the industry’s twenty
leading publications-and Electronic
Design was found to be the leading
publication for technical information
among design engineers.
Now’s the time to project your image R\ . i Sm. Ta
and reach the strongest 2 www.tanner.com/eda I ok
specifying/buyer audience in the indus- 180 N. Vinedo Ave., Pasadena, CA 91107 » Tel: (818) 792-3000 « Fax: (818) 792-0300 Amumm /m
try 165,000 strong. That's 165,000 || yanNER RESEARCH CIRCLE 425
opportunities for qualified leads. If you
repeat your ad every issue (26 times),

you can have 4,290,000 opportunities Electrical Battery

200 MByte Per Second [ TIIIRY 13 K614

all qualified. i Auxiliary Bus Dsp
For more information, call contacts & Termmals
Kimberly Stanger advertising « CAD Design and Prototypes
representative at « Applications Engineering for
201/393-6080 Design Assistance
Fax: 201/393-0204 » Competitive Pricing
ot
ELECTRONIC DESIGN SP20 Digital Signal Processor
*ISA b tib) ' Cal
1997 CALENDAR - 33MHz ADSP.21020 [ASORER
|SSU9 Date ClOSing 3 128K-x-48 Program with one of our engtmeers
March 17 2/5/97 RAM (standard) A
April 1 2/20/97 : DA expue oy
Apl’l' 14 3/5/97 ~r o~ For turther able to 1 -x: 355 N. Shecidan St 4117
May 1 3/21/97 PacCNC intormation cai: *1K real FFT in 340 [FEESESICES
0-1640 Lake Michigan Dr Phene: 616 677-1268 usec Fav:(909)734-4356
May 12 4/2/97 Grand Rapids, MI 49544 FAX: 616 677-1269 * 32-bit external /'O :-':,.'".:‘?:o:.::::-
May 27 4/17/97
June 9 4/30/97 PacCNC CIRCLE 421 SIGNATEC CIRCLE 424
June 23 5/14/97
July 7 5/29/97 You already know that the Macintosh is
July 21 6/11/97 the friendliest and most productive
computer on the market. What you may
August 4 6/25/97 not know is that there is a full range of
August 18 7/9/97 ® software tools for electronic design
September 2 7/24/97 = available for the Macintosh or Power
September 15 8/6/97 Macintosh on your desk. If your
application involves schematic entry, digital
October 1 8/22/97 or analog simulation, RF analysis, FPGA design
October 13 9/3/97 or PCB layout, we have Mac-based tools for you.
October 23 9/12/97 —— The Mac-Based Electronic Design Experts
November 3 9/24/97 Cantane ot oo the lon : | ac °;e :c °“t‘° es‘r?“M Lo ;
apilano Computing has been the leader in Electronic Design Automation on the Macintos
November 17 [ 0/8/29/7 since 1985. Our products were built from the ground up for the Mac and you won't find any easier-
December 1 10/22/97 to-use or more cost-effective tools anywhere. And for those cases where you need cross-
December 15 11/5/97 platform compatibility, we also offer Windows™-based solutions.

—=* Capilano

(604) 522-6200 hnpyr/w?wg:i:no.oonvge;.hm 1' 8 0 0 5 4 44 & 9 06 4

Call today for a free demo kit

tax (604) 522-3972 info @ capilano.com
CAPILANO COMPUTING




DIRECT CONNECTION ADS

WI

\Wenl Higk

[Feriarnirnicn
neldeon
Maagnetics

o SMT mountable Semi- gull-wmg or
Inverted-gullwing style

@® 3521 North Chapel Hill Road
McHenry, IL 60050
Tel: B15-385-2700 » Fax: 815-385-8578
2 E-Mail- sales@premmag com
Prem Magnetics, Inc. Website: http/www.premmag.com

The power of ISON now [

ILS-2000
ISDN Line
Simulator
o Includes two ‘S/T" and ‘U inferfoces

o Supports NI-1, DMS-100, and AT&T 5ESS
» Supports ETS! layers 1-3 signaling protocal
* Qperates at 115/230 VAC 50/60 Hz

WLCELCONE’

AN ISO 9001 REGISTERED FIAM

AVAILABLE FROM:

Call: 800-1CS-STOEK
(800-427-7862) or
602-224-5322

Fox: 602-224-5014

Web: http: //www.icsstock.com

Intemational
Circuit Sales

RELIABILITY PREDICTION

SOFTWARE

ARE YOUR PRODUCTS RELIABLE?
The RelCalc 2 Software Package automates the
reliability prediction procedure of MIL-HDBK-
217, or Bellcore, allowing quick and easy
reliability analysis of electronic products on
your PC. Say goodbye to tedious, time consum-
ing, and error prone manual methods!

s NEW UPDATE! VERSION 3.1 now available.
® User friendly: pop-up menus, hypertext help.
= Very easy to learn and use; quick data entry.

s Part library for rapid recall of part data.

= Global editing functions for what-if? trials.

= Reports which clearly organize results.

® Save time & money as you design for quality.
® Try our Demo Package today for $25.

T-Cubed Systems, 31220 La Baya Drive,
Suite 110, Westlake Village, CA 91362
CALL: (818) 9910057 FAX:(818) 991-1281

PREM MAGNETICS CIRCLE 419 TELTONE CIRCLE 427 TCUBED SYSTEMS CIRCLE 426
T -
VDOS" Kit 199 ROPRC OR .
Software+Hardware Development Kit includes F R E E ®
DOS+BI0S, C library, samples, manual, cable, and one of 120
the controllers. Program on PC, Download EXE file, Run P.
standalone in final product. No hidden costs. q age
v Catalog
MiniDrive™ 3ILO10 SO0t
40 1/0 lines, “
ADC, UART, 34 Optics
timers, (D8 for
LCD interface. "
OEM boards - 'ndUStry
$49 D > 0900 )
« ore Lib ROLYN OPTICS supplies all types of “Off-the-
o Shelf" optical components. Lenses, prisms, mir-
Easy to program in BorlandMicrosoft C:Ce+. Use TERN's 20+ b rors, irises, microscope objectives & eyepieces
controliers with ADC, DAC, solenoid drivers, reley, PC-104, o D¢ plus hundreds of others. All from stock. Rolyn
PCMCIA, LCD, DSP motion control, 10 UARTs, 100 1/Os. ound also supplies custom products & coatings in pro-
Customer boards design. Save time and money. el | totype or production quantities. Write or call for
S our free 120 page catalog describing products &
216 F Street, Ste. 104, Davis, CA 95616, USA listing off-the-shelf prices. ROLYN OPTICS CO.,
TERN Tel: 916-758-0180 ¢ Fax: 916-758-0181 S 706 Arrowgrand Circle, Covina, CA 91722,
INC. Infernet email: WDC i,, o) (818)915-5707 & (818)915 5717.
sales@tern.com  tern@netcom.com O NS FAX: (818) 915-1379.
w B e ftp//ﬁp netcom.com/pub/te/tern 1 5
= [www.tern.com http/iwww c «~
TERN, INC. CIRCLE 428 WESTERN DESIGN CENTER CIRCLE 429 ROLYN OPTICS COMPANY CIRCLE 422

PROTOTYPE PC BOARDS

IN 12 HOURS

Modem your gerber files to us before 9 am EST
and receive your boards the next moming.

ALSO AVAILABLE:

* UL Approved

* Prototype & « Instant Quotes
o onE el FOR DETAILS CALL:

Tel: (847) 290-9500
Fax: (847) 290-9901
Modem: (847) 290-9915

*» Gold/Nickel Plating
*» Scored Panels

* Single to Multilayers
«Carbon Paste

« Electrical Testing

g. oM ot sm
\00 end (10 ‘
\nc‘“de:sk and‘ w1 ¥
we\uﬂ\ sided pCB Y
do!

nTime
ELECTRONICS, INC.

CIRCLE 417

ONTIME ELECTRONICS

PROTOTYPING ADAPTERS

BY THE HUNDREDS

* Quad Flatpack, PGA, PLCC, BGA
« Connectors, Interstitial PGA, DIP, Z1P
¢ LCC and DUT
* Soldertail or wirewrap pins
* Support all popular wirewrap panel types
* Gold pins and machined sockets
ighest quadity interconnect
* Quick Turnaround customs

IRONWOOD ELECTRONICS

CIRCLE 410

ADHESIVES

Designed To Your Specifications

MASTER BOND EP76M EPOXY

W High conductivity B Thermal shock resistant
@ Durable, strong bonds B Water & chemical re-
sistant B Convenient packaging I Long storage
stability without refrigeration Bl Repairability

Master Bond Inc.

Adbhesives, Sealants & Coatings

154 Hobart Street, Hackensack, New Jersey 07601
(201) 343-8983

MASTER BOND CIRCLE 413




DIRECT CONNECTION ADS

Simple. . ;
1997 i Chiplob
Affordable. |}l .
Mailing Closing R . e e o
Dates Dates WAGONSIMIERBEEr]  cevce o on 51 55
May April 1 o E{ﬁé’r';“n?sﬁ’ﬁ{{n']d"};:mm,
Call or fax: July June 2 \ 2 A
Kimberly Stanger September August 1 : [kt A
201/393-6080 November October 1 ﬂ forszogge. B
Fax:
201 /393-0240 To order, call 1-800-3-DatalQ Ext. (4
(1-800-332-8246)
ELECTRONIC DESICN <+ DATA 1/O
DATA I/O CIRCLE 404

1997
Direct Action Cards

Reach Over 130,000 Qualified Leads
With This Cost-Effective Medium.

BLACK & WHITE 1X RATE 3X RATE 6X RATE
Advertisers $2,842 $2,724 $2,627
Non-advertisers $3,059 $2,923 $2,794

COLOR =¥ P 2-Color, add $295 4-Color, add $588
ELECTRANE

FLLAT PANEL MONITORS

Replace your CRT with a flat panel display for
most any application. without changing your
system architecture. Connect directly to digital
& analog video signals (NTSC. composite.
synch-on-green), including custom. Displays
trom 6.47-13.8". many customized for high
ambient light. Optional touchscreens. NEMA
4/12 bezels & enclosures. Call for FREE 1997
catalog.

Visit Website www.cdynamics.com.
864-627-881M) FAX 864-675-0106. email sales @cdynamics.com

COMPUTER DYNAMICS CIRCLE 403

8 MEMBRANE KEYBOARDS/
8 KEYPADS SWITCHES
TOUCH CIRCU!ITS PANELS/
GRAPHIC FILMS

! ”?UR NAME
[ AYS T ALLY”

PANELS/ OVERLAYS +
NAME PLATES

Y >

P BOARD
9 LOW COST + TOP QUALITY +
1 FAST DELIVERY

N N /&
HENRI was found in 1985 is one of Professional Quantities Te!: (847) 290-8697
Membrane Switch Manufacturer in Taiwan for years of 222182&1?%;’;',@ :A%Zegﬂ z%oégg?g694
experience to provide you all needs of Keyboard/Keypad = Scored Panels )

in types of Tactile/Non-Tactile/Embossing/Flat Cable goingleoMililayers
Etcs. for using in all Consumer Products including

| «Blind & Buried Vias
| » Electrical Testing
Electrical, Electronics and Computerizing Industries.

* UL Approved ‘
* Instant Quotes S o

e
< OF
10685 q. 1
5oy

For further details, please contact:-
Johnny Lin/Marketing Manager
HENRI MEMBRANE SWITCH MFG. CO., LTD.
TEL: 886-2-299-0096
FAX: 886-2-299-0106
E-MAIL: HENRILIN @ms7.HINET.NET

HENRI MEMBRANE SWITCH MFG __ CIRCLE 406 OVERNITE PROTO'S

E PC
IN 12 HOURS*

Modem your gerber data to us before 9 am EST
and receive your boards the next morning.

| ALSO AVAILABLE: *FOR MORE DETAILS
* Proto-Type to Production  CALL: (800) 499-990!

S
rows - ganr ()

CIRCLE 418

industrial PC Power Supply

-

85-~265VAC,
-48VDC, +24VDC,
+12VDC input

® 70W-350W output

u 60KHz PWM control iC
m 0-55°C operating

® MTBF > 20 years

3" x 5° ‘
(designed for
LCD/EL panel PC)

¥4
s
ICP ACQUIRE INC. Z
CALL: 1-888-168-1688
P aisamir2 A ce
ICP ACQUIRE INC. CIRCLE 407




JOIN US AT

CHINA’S LARGEST

ELECTRONICS
EXHIBITION

SEPTEMBER 24-28, 1997

The China International Exhibition Center

Beijing, China

CIEE '97 is known for its consistently
high-quality base of attendees. These
attendees are influenced by the show's
organizers, CEIEC and CCPIT. The CEIEC is
the US$2.5 billion import-export arm of
the Ministry of Electronics Industry and the
seventh largest trading company in China.
Prior to the show, Exhibitors will be able
to utilize the CEIEC’s extensive network of
41 branch offices and over 100 affiliate
electronics companies in China to distrib-
ute information and literature to buyers
and specifiers of overseas electronics
products throughout the country. Exhibi-
tors will also have the inside track on
import/export information and be able to
take advantage of meetings and trade
negotiations during the show.

AT THE 1995 SHOW:
502 EXHIBITORS
from over 15 Countries

Over 200,000 Attendees
from China’s
electronics companies

Call your ELECTRONIC DESIGN CHINA sales
representative today for complete details.
Don’t wait. Reserve your company’s booth today.
408/441-0550, ext. 101; fax: 408/441-6052.

CHINA INTERNATIONAL ELECTRONICS EXHIBITION

CIEE 97 is sponsored by the Ministry of Electronics Industries
(MEI) of the Peoples Republic of China and organized by the
China National Electronics I/E Corp. (CEIEC) and the China
Council for the Promotion of International Trade (CCPIT).

WHO SHOULD EXHIBIT?

CIEE "97 will showcase a wide range of
electronic components, devices, and equip-
ment. The profile of exhibitors includes
manufacturers of the following:

* Surface-Mounted Components
* Semiconductor Devices

* Vacuum Devices

* Integrated Circuits

* Connectors

* Switches, Keys & Relays

* Wire & Cable

* Materials

* PCB

* Communications Equipment

* Production Assembly Equipment
* Test & Measurement Equipment
* Power supplies

* and more...

ELECTRONIC DESIGN N33 I1YT-Y

A PENTON PUBLICATION

Official U.S. Sales Representative for China’s Largest Electronics Show




ELECTRONIC DESIGN ENGINEERING CAREERS

RATES $180 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES

DEADLINES
Space reservation: 5th of month preceding issue date
Ad material to: Penton Publishing, Classifieds Dept.
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114

Test Engineer— Resp. for test program
generation, test program modification, test time
reduction, tester to tester correlation, & test
program conversions for a semiconductor
manufacturer. Duties incl. eval. of test
programs pkgs, changing specs., & resolution
of test related issues on a production probe
floor. Regs. B.S. in EE or equiv. + 1 yr. exp. in
job offered or in product engrg or sustaining
engrg. Also regs. exp. w/: semicond. test eqpmt,
trouble shooting techniques. Also regs. knowl.
of prgmmg concepts & systems operation, &
underst. of semicond. & their operation.
Resume and/or cover letter must reflect each
requirement above or it will be rejected. Salary:
$45,000/yr. 40 hrs/wk. Job/intrvw site: Nampa,
ID. Send ad w/resume to Case Number: 211 J.0.
ID 6259370 1daho Department of Labor, 317
Main Street, Boise, ID 83735 or fax to
(208)334-6430. Must have legal right to work.

CAREER OPPORTUNITIES
NATIONWIDE

Engineers * Mngrs ¢« Tech Specialists
Software (C.C++, Uni, et als) LAN/WAN e CAD/CAE

¢ ASICe[DSPe ATMeEmbedded Systemsn\nalo\;l
Mixed SignalseRFeSatellitceDigital IC'seCATVe
WirelesseNetworkseMany Others Resume to: Peter
Ansara. ¢/o ABF. PO Box 239, W. Spfld. MA 01090 Fax
(413) 731-1486 Te! (413) 733-0791. Web site: hup://
www ansara.com E-mail: pa@ ansara.com

PROFESSIONAL SERVICES

| DESIGN TEAM FOR HIRE |
*» ELECTRONIC DESIGN * PRODUCT DEVELOPMENT
*» TESTING & EVALUATION = IN-HOUSE CAD & CAE
+» COST REDUCTION FOR MASS MARKET

* ANALOG, AUDIO, & TELECOM
EFFECTIVE SOLUTIONS
908 493 9555 « FAX 908 493 9633
hilp //www_Effectivesol com

Circle no. 240 on reader service card

Place Your Ad on Th:\
INTERNET with PENTON
PUBLISHING CAREERLINK

Run your recruitment ads on the
INTERNET for ONE MONTH for only an
additional $100/ad!! Visit our site
today...
http://www .penton.com/corp/classifieds
Contact Jon Eggleton
at 216.931.9832
or fax 216.696-8206

SALES STAFF
Recruitment Sales Rep.: Jon Eggleton
(800) 659-1710, (216) 931-9832

| FAX: (216) 696-8206

CAREER OPPORTUNITIES

Just one company has the foresight to envision the future  Hughes
Sensors and Communications Systems, it's why we've become
the leader in relioble, high qudlity electrooptic and radar sensors, and
communications produets. And if's why the U.S. military and commercial progroms rely
upon us for exceptionol innovation, value and customer service every time. As we
approach the 21t century, Hughes Sensors needs your vision and teomwork to extend
our morket leadership beyond, and into the fulure. We are looking for the following
engineering professionals 1o fill positions in our Southern California
locations. Our ideal location affords easy access o recreational, educational and
cultural activities. Think of itt You can swim in the Pacific Ocean, attend o Broodway
perdormance af the Dorathy Chandler Pavilion and enjoy a meal ot a world<class
restaurant all in the some day

All positions require a BS, MS or PhD in Electrical Engineering,
Physics, Mathematics or Computer Science and up to 15 years’
related experience.

+ ANTENNA ENGINEERS (JoB CODE: MJB-27)

+ MICROWAVE CIRCUIT ENGINEERS (JoB CoDE: MJB-27)

« RF/OPTICAL ENGINEER (JOB CODE: S§$S5-27)

o RECEIVER/SYNTHESIZER ENGINEER (JoB CoODE: $S5-27)

+ ReEaL-TIME SOFTWARE ENGINEERS (JoB CODE: MJR-23)

+ HARDWARE SYSTEM ENGINEERS (JoB CODE: MJR-23)

o SYSTEM INTEGRATION AND TEST ENGINEERS (JoB CODE: MJR-23)

o SYSTEM PERFORMANCE ANALYSTS (JoB CoDe: MJR-23)

« ASIC DesiGN ENGINEERS (JoB CoDE: JRS-24)

+» DESIGN AUTOMATION ENGINEER (JOoB CODE: JRS-24)

+« MECHANICAL ENGINEERS (JoB CODE: S§S-27)

To be considered for orie of the positions listed above, please send your resume, referencing
the appropriate job code number, lo: Hughes Sensors and Communications
Systems, Job Code:__ , Dept.ED-3/17, Loc. RE, Bldg. RO1, MS A549,
P.O. Box 92426, Los Angeles, CA 90009-2426, Fax: (310) 334-7299.
E-mail resumes in ASCII text to: rcsad@ccgate.hac.com. Graduate
Fellowships are available to qualified Hughes employees. Proof of U.S. Citizenship is
required. We are an Equal Opportunity Employer

SENSORS AND
COMMUNICATIONS SYSTEMS

A HUGHES ELECTRONICS COMPANY

Hughes offers outstanding heaoalth and life insvronce.

For further information on placing an ad in Electronic Design, contact
Jon Eggleton at (216) 931-9832 or fax (216) 696-8206
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Chairman and CEO: Thomas L. Kemp
President and COQ: Daniel J. Ramella

Group President: James D. Atherton
Vice President Ancillary Product & Sales: Drew DeSarle

Publisher. John french

Hasbrouck Heights, NJ; {201} 393-6060

National Sales Manager: Russ Gerches

Hasbrouck Heights, NJ; {201) 3936045

Director Of Marketing: Walker Johnson

San Jose, CA (408} 441.0550, FAX: {408) 4416052
Production M Eiloon Slavinsh

Hasbrouck Heights, NJ; [201] 393-6093
Aarketing R h Admini Deborah Eng.
Hasbrouck Heights. NJ; (201) 393.6063

Advertising Sales Staff

Hasbrouck Heights: Judith L. Milles

Sales Asst.: Judy Stone Hernandez

611 Route #46 Waest, Hasbrouck Heights, NJ 07604;
Phone: {201} 393-6060, Fax: [201) 393-0204
Boston & Eastern Canada: Ric Wasley

Sales Support: Karen Harrison

60 Hickory Drive, Waltham, MA 02154;

Phone: {617) 890-0891FAX: {617) 8906131

North Califonia/Colorado:Chuck Signor (408} 4410550
Chicago/Midwest: Lisa Zurick

Soles Assiskant: Dawn Heili

180 N. Stetson Ave., Suite 2555 Chicago, IL 60601 ;
{312) 861-0880 FAX: [312) 8610874

North California/Utah/N.Mexico/Arizona:
Jomes Therioult (408) 4410550

Los Angeles/Orange County/San Diego: lan Hill
Scles Asst: Patti Kelly 16255 Ventura Bivd.

Suite 200 Encino, CA 91436;

(818) 990-9000 FAX: (818} 905-1206

San Jose:

Joff Hoopes, Chuck Signor, James Theriault

Sales Support: Liz Torres & Rochel Ross 2025 Gateway P
Suie 354 San Jose, CA 95110;

(408) 4410550 FAX: {408} 4416052 or (408} 441-7336
Pacific N.W. & Western Canada:

Joff Hoopes (408) 4410550

Texas/Southeast: Bill Yarborough

1557 Brocher St. Houston, TX 77055;

Phone: 713.984.7625. FAX: 713-984.7576

Direct Connection Ads & Direct Action Cards:
Kim Stonger (201} 393-6080

General Manager, European Operations: John Allen

36 The Green, South Bar Banbury. Oxford OX 16 9AE, UK
Phone® 44 (O}-1- 295-271003 FAX: 44 (0}-1. 295-272801
Netherlonds, Belgium: Peter Sanders,

S.LP.A.S. Rechtestroot 58 1483 Be De Ryp,

Holland Phone: 011-31.2994671303 Fox: 011-31-299 671500
France: Fabio Loncellotti

Defense & Communication

10 Rue St. Jean 75017 Paris France

Phone: 33-142940244. FAX: 33.143872729
Spain/Portugal: Miguel Esteban

Publicidod Internacional Pza.

Descubridor Diego de Ordas,

V Escolera, 2 Plonto 2D 28003 Modrid, Spain

Phone: 91/4416266 FAX: 91/4416549
Scandinavia: Poul Barrett

| M.P. Hartswood, Halimark House.

25 Downhom Rood, Romsden Heath,

Billiricay, Essex, CM 11 1PV, UK.
Phone:44(0}-1-268-711560, Fax:44(0)-1-268-711567
Germony, Austria, Switzerland: Friedrich Anacker
InterMedia Parters GmbH Deutscher Ring 40

42327 Wupperiol, Germany

Phone: 49 202 711 091 Fax: 49 202 712 431
Hong Kong: Kenson Tse

IDG Infernational Marketing Services

Suite 25F, One Capitol Ploce, 1 8 Luard Rood, Wanchai, Hong Kong
Tol: 852-2527-9338. Fax: 852-2529-9956

Israel:igal Elan, Elan Marketing Group

22 Daphna St., Tel Aviv, lsrar

Phone:972-3-6952967 FAX: 972-3-268020

Toll Free in lscoel only: 177.022-1331

Japon: Hirokazu Morita,

Japan Advertising Communications

Three Star Building 3-10-3-Kanda Jimbocho
ChiyodoKv, Tokyo 101, Jopon

Phone: 3 3261 4591. FAX:3 3261 6126

Korea: Young Sang Jo,

Business Communications Inc.

K.P.O. Box 1916, Midopa Building 146

Dangiu-Dong, Cl v, Seoul, Korea

Phone: 011-82-2.739-7840 FAX: 011-82-2.732:3662
Taiwon: Charles Liu, President,

Twoway Communications, Co., lid.

12F/1, No.99, Sec.2

Tun-Hwa South Road, Taipei, Toiwan

Phone: 011-886-2-707-5828;FAX: 011-886-2-707-5825
United Kingdom: John Maycock

John Maycock Associates

Redlands, Topton House Road

Sheffield, Englond § 10 58Y

Phone: 44 1142 667 050, FAX: 44 1142 660 540

Advertiser

ABSOPULSE

ACTEL
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OMr. NEW SUB RE CHANGE OF AREA OFFICE I want to receive (continue to

0O Ms. OSCRIPTION ONEW 0O ADDRESS CODE TEL receive) a FREE subscription to
PLEASE PRINT () Electronic Design [INO
1NAME Date: / /

;OB TITLE Your signature (Required) Mo D Yr

COMPANY ) ) )

3 * Enter compiete address information in space provided.

DIVISION/DEPARTMENT INTERNAL MAIL All questions must be answered. Sign and date your

4 ap%l:cation. Incomplete rf‘om'\s cannot be proceslsethhe
1AL ING - publisher reserves the right to serve only those
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6 *ClCheck here if you wish delivery to your home
POSTAL/ZIP CODE address.(Requests for home delivery can only be
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POSTAL/ZIP CODE Your fax:
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1. Your Project Responsibility: Are you involved with Design/ Development projects? 1. Yes (J

2. Your principal job responsibility: (check one only)
1. [ Design & Development Engineering Management
2. D Design & Development
3. O General Corporate Management

O Other (please describe) _

3. D Your principal job function: (Insert or circle one code only)
07. Design & Development Engineering Management (including R&D - circuits)
12. Design & Development Engineering (including R&D - circuits)
11. Executive & Operating Management (engineering/technical)

2.No [

For internal use only

13. Engineering Services Engineering (evaluation, quality control, reliability, standards, test)
08. Engineering Services Management (evaluation, quality control, reliability, standards, test)
14. Manufacturing & Production Engineering

09. Manufacturing & Production Engineering Management

01. Corporate & Operaﬁng g (non-engineering)
03. Manufs o ' Manag {non-engir ) 23. Other (please be specific) _ o
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computers 31. Cetiular, Consumer Phones, RF & Microwave Systems 16. Other components, , hardh &SUPP“OS
24. Other Computer/Computer Systems 08. Industrial controls, systems, equipment & robotics 17. Electronic sub- blies (boards, hybrid:
02. Computer peripherals: disk drives, terminals, printers, 09. Electronic instruments, ATE systems, design/test and power supplies)
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SURFACE-MOUNT or PLUG-IN --o. 5333

Expose Mini-Circuits' TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to
+100°C...they'll survive without any change in specs. They are mighty tough mixers!

Available with LO drive levels from +7 to +17dBm, performance features include ve ry
low conversion loss flat over the entire band, high isolation (L-R, L-1), and well-matched

VSWR at all ports.

All-welded internal and external construction is used to assemble and package the
TUF-unitin its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly.

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented
“skinny” sigma (8) unit-to-unit repeatability as shown in the Table.

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rel™ TUF-mixers with a
five-year guarantee, priced from $3.95...available only from Mini-Circuits

actual suze

5-YR. GUARANTEE
with extra long lite due to unique HP monolithic
diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MIL requirements

SPECIFICATIONS

Model LO Freq. ®Conv.Loss Isol. Price,$
Power LO/RF _(dB) L-R Ea
(dBm)  (MHz) X 6 (dB) 10 qty
TUF-3 7 0.15-400 498 034 46 595
TUE-3LH 10 48 037 51 795
TUF-3MH 13 50 033 46 8.95
TUF-3H 17 50 033 50 1095
TUF-1 7 2-600 582 0.19 42 395
TUF-1LH 10 6.0 017 50 5.95
TUF-1MH 13 63 012 50 6.95
TUF-1H 17 59 018 50 8.95
TUF-2 7 50-1000 573 030 47 495
TUE-2LH 10 5.2 03 44 6.95
TUF-2MH 13 60 025 47 7.95
TUF-2H 17 62 022 47 9.95
TUF-5 7  20-1500 6.58 0.40 42 8.95
TUF-5LH 10 6.9 0.27 42 10.95
TUF-SMH 13 70 025 41 11.95
TUF-5H 17 75 017 50 1395
TUF-860 7 860-1050 62 037 35 8.95
TUF-860LH 10 683 027 35 1095
TUF-860MH 13 68 0.32 35 11.95
TUF-860H 17 6.8 031 1395
TUF-11A 7 1400-1800 683 0.30 33 14.95
TUF-11ALH 10 70 0.20 36 16.95
TUF-11AMH 13 74 0.20 33 17985
TUF-11AH 17 73 0.28 35 1995

"Tg_ specity surface-mount models, add SM after P/N shown
@ X = Average conversion loss at upper end of midband (ty/2)
6 = Sigma or standard dewviation

mMini'CirCUits® 1S5 r 56

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com -
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 Experience Work For You.
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The Cleanest 14-Bit,
SOOkss ADC

L1C1278 LTC1279 LTC1409 LTC1410/LTC1415

7892-2  7892-3 7819 9221
X X X

] ]
1000 1200

LTC1419: The only choice to upgrade your 12-bit
communications system to 81.5dB SINAD and 95dB SFDR.

Set your high speed communications system above the it's offered in 28-pin SO and SSOP packages.
rest. Why settle for 12-bit performance when you can reach The LTC1419 excels in high speed communications
for clean 14-bit performance in an affordable, high speed systeins, IF down conversion, undersampling and multi-
analog-to-digital converter? Once again plexed data acquisition applications.
you have a new choice in Data KEY SPECIFICATIONS Never before has an ADC delivered
Conversion: Linear Technology. this level of performance at this cost
The LTC1419 eclipses other 12-bit v/ +1LSB DNL; +1.25LSB INL,  ERGERIVIRIEEIElT
and 14-bit sampling ADCs by offering and No Missing Codes Try the LTC1419, get clean 14-bit
unprecedented dynamic performance. v 81.5dB SINAD, 95dB SFDR performance at a down-to-earth price.
It offers the cleanest AC performance v 150mW from +5V Supplies Contact Linear Technology Corporation,
with 81.5dB SINAD and 95dB SFDR at v/ 28-pin SSOP and SO 1630 McCarthy Blvd., Milpitas, CA
800ksps. That and 1LSB, “no missing 95035-7417. 408-432-1900.
codes” operation make this a simple and Fax: 408-434-0507. For literature only,
cost-effective solution for upgrading the performance of call 1-800-4-LINEAR. www.linear-tech.com
12-bit data conversion systems. This ADC only consumes o I T———
150mW from a +5V supply and has the smallest footprint—  Lincar rechnology Comporation.

ALY LINEAR

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN
READER SERVICE 136






