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The world’s top-selling EDA software has a sequel. Get the new edition
of our free demo CD and try out the new versions of OrCAD Capture;’
OrCAD Simulate™ and OrCAD Layout."

Plus, get a sneak preview of new OrCAD Express.” It’s everything you
need to design complete systems, including FPGAs and CPLDs from
Altera, Xilinx, Lattice, Actel and AMD. All in a single product.

Take our new Desktop Solutions CD for a spin. For your free copy, call
OrCAD Direcr at 1-800-671-9505.

E-mail: info@orcad.com Intemet: http://www.orcad.com O r C AD !*l ! -

OrCAD is a regisicred trademark and OrCAD Capture, OrCAD Simulate, OrCAD Layout
and OrCAD Express are trademarks of OrCAD, Inc. All other tradernarks arc propeny
of respective owners.
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IT TAKES

GUTS
TO BE THIS

RELIABLE

High-Rel, Hybrid
DC/DC Converters With

Apex’s Lifetime Warranty

Highlights

« Commercial grade parts designed
for military ruggedness

* Withstands 50009 acceleration

* 100% ceramic capacitors offer
higher reliability

* Input meets MIL-STD-704A/D
requirements (80V transient)

» —55°C to +125°C full power operation
* Fault tolerant

« Full short circuit protection

* Fully isolated

» Wave solderable without degradation
of internal components, interconnects

 Qutput voltage adjustment
standard

* Remote shutdown provides
on/off capabilities

DHC2800 Series

» DHC2803S—Industry’s first
3V at 2A model

« DHC2805S—5V single output

* Up to 6W output, 17W/in®
power density

« 11V to 50V input, exceeds
industry standard

* 1" x 1" footprint, pin compatible

DB2800 Series

" DHC2800 Series

% SURFACE MOUNT MAGNETICS

@ 100% CERAMIC CAPACITORS

3 REFLOW SOLDERED COMPONENTS

# WELDED PACKAGE HERMETICALLY SEALED

$ Low THERMAL RESISTANCE, BEO ON SOLID STEEL

DB2800 Series

« DB2805S—S5V Single Output We know our customers really put our converters to the test. That's why Apex’s DHC2800 and DB2800 Series
« DB2812S—12V Single Output DU/DC Converters utilize all ceramic capacitors, surface mount magnetics and ultrasonically bonded aluminum wires
« DB28155—15V Single Output 1o provide hvbrid reliability across the full military temperature range and to 5000g of acceleration,

* Up to 22.5W output The built-in ruggedness of Apex DC/DC Converters allows Apex to offer the only lifetime product warranty in the
* 16V to 40V input industry. For more product data, call 1-800-862-1021, fax 520-888-3329 or e-mail ProdLit@TeamApex.com.

For Immediate

Product Information
Call 1-800-862-1021

or FAX (520) 888-3329

AEEx  Isovm

OEDICATED TO EXCHLLANCE

For Applications

Apex Microtechnology Corporation Assistance Call Toll
5980 N. Shannon Road, Tucson, Arizona 85741-5230 Free 1-800-862-1021

AUSTRALIA, NEW ZEALAND (08) 8277 3288 BELGIUM/ILUXEMBOURG (323) 458 3033 CANADA (613) 592 9540 DAFHAN MINKUK (02) 745 2761 DANMARK (45) 52 24 4888 DEUTSCHLAND (6172) 488510
ESPANA (1) 530 4121 FRANCE (01) 69071211 HONG KONG (852) 23348188 INDIA 22 413 7096 ISRAEL 972 3 9345171 ITALIA (02) 6540-0153 NEDERLAND (10) 451 9533 NIPPON (3} 3244-3787
NORCGE 63-89 8969 OSTERREICH (1) 203-79010 PEOPLES REPUBLIC OF CHINA (852) 23348188 REPUBLIC OF SOUTH AFRICA (021) 234943 SCHWEIZ (0049) (6172) 488510
SINGAPORE 65-742-8927 SUOMI (0049) (6172) 488510 SVERIGE (8) 795 9650 TAIWAN—REPUBLIC OF CHINA (02) 722 3570 UNITED KINGDOM (1844) 278781
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If you huild electronic systems,
you understand the importance of pick
ing the top technology partner.

We're Xilinx, the world’s leader in
programmable logic. And our five most
recent innovations can make a differ
ence in everything you make.

New, low cost software to automate
logic design.

High-level cores that speed develop
ment of your most sophisticated systems.

The industry’s fastest and densest
device family, up to 130,000 typical gates.

In-system programmable parts that
let you change functionality in the field.

And a zero risk migration path from
prototype to high-volume production.

Technology leadership like this
keeps us on top of our own little moun
tain. Why not put it to work for you?
Call 1-800-231-3386 or download our
product overview brochure from

our website at http.//www.xilinx.com

& XILINX
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DC to 8GHz 5119

m (up to +19dBm outputy ~ From (1000 aty)

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

monclithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and
flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

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

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

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

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

Max Power Ou Dynamic Rar OFPrice
Mode (cB 1d8 Comp) NF{dB} Bm) $ea (10 Qty}
EFA1 130 70 180
ERA-1SM 130 70 85
EFA-2 140 60 195
ERA-2SM 130 6 200
ERA-3 202 10 4 210
ERA-3SM 194 "o 4 . 215
ERA-4 4 139 a191 5 436 415
ERA-4SM 4000 139 al91 5 436 4.20
ERA-S 190 a196 4 a6 415
ERA 5SM 190 4194 4 a6 42

Hz, 25°C

Nele Specs typica

A Typ numt 1GHz At 2GHz, Max Pwr Qut may decrease by 0 4dR & IP3 by 3 to 4dB

* ) ow freg Y Cl ined by extern.i coupling capacitors

1 Price {ea) Gty 1600 ERA-1$119, -2 $1.33, -3 $148 -4 or -58295 SM oation same price

DESIGNER'S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-2 pieces) only $49.95

K1-ERASM. 10 e} 3SM (3C

K2-ERA: 10 of pieces) only o

K2-ERASM: 10 each ERA-4SM,-55M (20 5) oty $6

Chip Coupling Capacitors at 12¢ each (50 min.)

Size {m Value

)X 10, 22, 47, 68, 100, 22

2200, 4100, 6800, 10,
002, .047 068, 1 pf

R
R
Typical Biasing Bl
Configuration ERA Ve
oot =
RFC{Optional)
'z o block | [ € biock
\ | N L) 4 — ouT
ERA-1  ERA-1SM ' ' Vg
| A— ACTUAL 1% or s s, v 1
SIZE wdentified by Red dot

[JMini-Circuits’

P.O Box 350166, Brook'yn, 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- P9. HANDBOOK « INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY » EEM

CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 214 Rev A

Worid'Radio nisrory]
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GAS SENSORS By MoToROLA

Senseon gas sensors

for cabin air quality sensing.

Motorola’s SENSEON™ family of silicon micromachined
sensors introduce: the new MGS1120 carbon monoxide
{CO) sensor, the first in a series of MGS1000 gas
sensors by Motorala

Featuring the advanced S*R, gas sensor
technology platform.

Motorola’s new S'R technology platform delivers
enhanced sensor stability, selectivity, sensitivity,

self-calibration ana reproducibility for the key enabling

Senseon™ gas sensors improve your ability to detect the

The compact size of the

Senseon MGS1100 carbon monoxide

sensor allows it to fit virtually

any design configuration.

presence of a variety of hazardous gases, for a proactive
solution to sensing the environment and the world

around us.

Senseon MGS1100 carbon monoxide

sensor is ideal for commercial and

industrial detector applications.

technoiogies needed to meet your new detector related Motorola products for a total system

product and system applications

The MGS1100 gas sensors offer a

competitive edge.

High volume manufacturing ensures sensor

availability and rapid delivery,

solution and,

* We're committed to the future. The Motorola gas
sensor family plans to introduce the MGS1200
methane (CH.) sensor along with new MGS1100

enhancements throughout 1997

Increased sensor stability and sepeatability provides Let's start working on your sensor solutions today!

consistent sensor performance year after year, Call us at 1-800-334-6853 (Ext. 250)
Competitively priced, the MGS 100 makes sense at  or fax us at 1-319-395-9719.

the bottom line,
Commativle with UL2034 to save
time in the design cycle,

The MGS %103 combines with

Http://Design-net.com/senseon

@ MOTOROLA

What you never thought possible™
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MORE IN MICROELECTRONICS

Broadband
Digitizers

Digitizers offer 20 and
30MHz sampling rates
with improved
dynamic performance

These monolithic and and muiti-
chip microcircuit analog-to-digital
converters are ideal for electro-
optic, digital instrumentation,
digital communications, imaging,
and radar receiver applications
in both industrial and military
systems.

Improved Dynamic Performance
(MN6250)

* 60dB SNR @ Fin = 15MHz
* 70dB SFDR @ Fin = 15MHz

High-Speed Digitizers:
* MN6250 - 30MHz

* MN5930 - 30MHz
* MN5925 - 20MHz

TTL-Compatible
Low Power and Small Size

ro networks corp.
324 Clark Street,
Worcester, MA 01606

Tel. (508) 852-5400
FAX (508) 853-8296

nsai E-Mail - sales@mnc.com
@ Web Site - http://www.mnc.com
1S EN 150 9001
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! using the Model 60A with a cali-
brated variable resistance con-

ELECTRONIC DESIGN |

Cable Fault Finder Uses Pulse Radar

Problems of cable and connector inspection and maintenance are simplified |
by the model 60A fault finder. This is accomplished by applying the pulse radar '
principle of time interval meas-
urement between a transmitted
and reflected pulse. Cables with
lengths between 10 and 200 ft
may be checked for the location of
open circuits as well as grounds
and short circuits.

The characteristic impedance
of cables may be determined by

wbty  AMLVER s

nected across the end of the cable.
With the cable terminated in its
characteristic impedance, no re-
flections will be seen on the
screen. Radar Eng., Dept. ED,
401 E. 45th Street, Seattle 5,
Wash.(Electronic Design, De-
cember 15, 1956, p. 79)

What are the chances that this
company, based in Boeing’s home
town, developed these early time-
domain reflectometers for use on aircraft wiring harnesses?—SS

Waveform Generator Transistorized

The first of a line of full-transistorized, battery-powered test equipment, the
Model 500 waveform generator provides clipped-sawtooth and rectangular
waveform output with a variable repetition rate from 10 eps to 50 ke. A square
wave output is available from 5 cps through 25 ke. With one change in a
capacitor, these repetition rates may be reduced to one every 5 seconds. At full
battery voltage an output of seven volts at 2000 chms impedance is available.
The rectangular wave shape is continuously variable in pulse width from 5 to
in excess of 200 usec. With a total power drain of 300mw;, the anticipated life of
the 22-1/2 v battery is better than 500 hours. As the battery output voltage
drops off, there is no deterioration in wave shape or stability. Cubic Corp., Dept.
ED, San Diego, Calif.(Electronic Design, December 1, 1956, p. 49)

Cubic Corp. was one of the innovators in transistor-based instruments.—SS

Earth Satellite Launching Vehicle
Critical tolerances constitute the outstanding manufacturing feature of the I
Vanguard Launching vehicle which will attempt to place the world’s first
man-made satellite in its orbit 300 miles above the surface of the earth. When
fueled for take-off, Vanguard will weigh approximately 11 tons. Every pound
of the structural dead weight eliminated in a rocket yields an increase in the
vehicle’s attainable velocity. The vital importance of weight saving with a
consequent velocity gain is apparent when it is considered that if the vehicle
fails to attain the initial altitude of 300 miles and a velocity of approximately
25,000 ft per second (about 18,000 miles per hour) the satellite will fail to orbit
and will spiral down to earth.(Electronic Design, December 15, 1956, p. 79)
Things didn’t quite work out the way they were planned, and Vanguard was
not the first man-made satellite in orbit—the U.S.S.R’s Sputnik preceded it into
orbit late the following year (October, 1957). I can recall standing outside the
Sirst night we got the news and looking upward, trying to see this foreign object |
that was intruding on our space—it was an eerie feeling. Soon, President
Eisenhower pulled out all the stops to catch up in the space race and technical |
education was a side beneficiary, with more federal money pouring in.—SS

ELECTRONIC DESIGN/DECEMBER 2, 1996



1996 Digi-Key Corporation

-

Availability

Stands Out!.

Rated Excellent or Very Good

DIGI-KEY: 77.5%
OTHERS: 40.2%

Percentages reflect leading distributors rated excellent or very good for “Availability of Product”
Based on “Engineering and Distribution Survey” in which engineering professionals were asked to evaluate
distributors with whom they had done business or were most familiar.

Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701
Toll free 1-800-344-4539 » Fax: 218-681-3380 < http://www digikey. com
Digi-Keysaccepts MasterCard, VISA, American Express and Discover

v Wndad




“Sturdi-Mount”

® Low Profile
® Rated 15 Amps

¢ Anti-wicking Design

® For High-Density Packaging

® Accepls 14-22 AWG Wire

“Sturdi- Mount" PCB terminals 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.

EYSTONIE o2k, oy s
TLE: (800) 221-5510 Fax: (718) 956-9040
1S0 9002 CERTIFIED e-mail: kec@ keyeico.com
READER SERVICE 128

REACH THE MOST POWERFUL
BUYING AUDIENCE IN
OEM ELECTRONICS WORLDWIDE

If you read Electronic Design and want to reach subscribers with a direct mail or
telemarketing campaign, we can help. One of our in-house experts will work with
you to select lists targeted especially for your products or services.

100% of Electronic Design subscribers are involved in the design and development
of electronic products. Select Buyers and Specifiers in virtually every product category!
Also select by Job Title, Employment Size, Job Function, Geography, Business/Industry.

BPA audited and guaranteed 99% deliverable. Call your advertising representative, or
call 216-696-7000 and ask for the List Department. Fax requests to 216-696-6662. Ask
for your FREE 74 page Penton Lists Catalog.

PENTON
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(Actual size.))

One tiny footprint.

A GIANT LEAP FOR
POWER MOSFETS.

TEMIC's newest LITTLE FOOT? is the smallest
power package available.

ps(on)(@)
partNo. |Vos V) [Vos =10V]Vos =45 V| Ip(A) | gender
Si34540DV/X | 30 0.065 0.095 242 N-Ch
$i3455DV/X| 30 0,100 0.19 335 P-Ch
Part No. (Vps (V) Vss".sv VGS.Z.SV Ip(A) | Gender
Si34420v/X| 20 0.07 0.095 +4.0 N-Ch
Si3d4pv/x| 20 0.10 0.135 +33 P-Ch

TEMIC is a company of Daimler-Benz. M

=]
LN

(Almost actual size.)

bers of TEMIC

We've added an even smaller package
to our popular line of LITTLE FOQT power
MOSFETs, the TSOP-6. At one quarter the
footprint of an SO-8 and with cool thermal
characteristics, this new LITTLE FOOT
MOSFET jumps way ahead of the competi-
tion for immediate application in portable
phones and computers.

For today’s ever shrinking designs,
these TSOP-6 products are low enough in
resistance and high enough in power to
allow you to make small, high-efficiency
dc/dc converters and power management
circuits.

In fact, this new single LITFLE FOOT
TSOP-6 has the same resistance and

d Siliconix, Matra MHS, Dialog Semi

ductor. 2201 L

power ratings as today’s standard, the
dual LITTLE FOOT SO-8, which means less
board space for equal performance. And
since these new power MOSFET products
are dual sourced by TEMIC and Motorola,
we're already a step ahead of demand.

So take the first step toward your
smallest, most efficient designs ever. Call
your local TEMIC sales office today, or call
1-800-554-5565 ext. 515 for more
information.

TEMIC

Semiconductors

d Road, Santa Clara, CA 95054 Fax: 408-567-8995.

TEMIC European Sales: GERMANY: 0130 857 320. UNITED KINGDOM: 01344-707300. FRANCE: 1-30 60 71 87. [TALY* (2-332 121. SCANDINAVIA: 08-733 0090. ©1996 TEMIC. All rights reserved.






Everyone who makes semiconductors starts with the same raw

w&%nwcmn

materials. Not everyone starts with the same vaw: ambition.
Hu else 1o explain the steady stream of world-class chips from Digital Semiconductor? Cuse in point: a family of PCI

Ethernet chips that includes the world's leading Ethernet and Fast Ethernet controllers.

<2

Cuse in point #2: the world's first PCl-to-PCI bridge chip. created 10 Liberate

designers once and for all from load limits. And satisfy a marketplace bungry for more expansion slots. (1n fact. Digital

member of the PCI Specicl Interest Group. with a powesful- commitment

Semiconductor is a founding

ta advancing PCI architecture. Not exactly the sign of a one-chip wonder) Speaking of wonders. we've also oveated

the fivst PCI Bus Master graphics controller that merges lightning-fast graphics with full motion-video, all on a single chip.

OQur powerfd 3D graphics accelerator is shipping now. Aud onr video codec is waiting in the wings.
& £ 8.

In a newly minted pevtnor- shipwith Advanced RISC Machines. Lid., we'll codevelop the StrongARM family of

high-perforniance. low-power RISC processors. They'll Jight up interactive TV and multimedia. games, personal

digital assistants, smart phones and digital caneras—the bot new consumer electronics of the

late *90s. And Digital Semiconductor doesn't just crecte new designs. We've also creatcd one of the planet's most advanced

foundyies 1o produce then: our showcuse FAB-6 in Hudson.Mass.. supporting
i -

0.35 micron to Q.18 micron technologies. Just as important, we've forged
repsworldsde, like Wile, -

et links with distributors and manufacturers'

Pioneer Standeard and affiliate Pioner Technologies. and - R - - Fonittn Hallmeak. T get cbips mto

mnﬂﬂnm yoter: bands eavily, quickly. and in volume. And yes. this is the same Digited Semicondutor that created the Al
WHATEVER IT TAKES * hip family. Nothing less than the fastest mioroprocessors y o anth Call1-800-332-271,

¢

extension 19, or see us at http:/wnww.digital.com!infolsemiconductor %20 learn more about

Digital Semiconductor’s Line. We think it'll be some time before anyone steps across it.

0153 Digerntyg Jompenston Dotst J:HF'D 1TAL logo of etrggerarks and Whatever it Tatn gerdes mark of T Equipmant Garp. Hemmes Haleark an &




Get the most from your
high level designs

with Actel’s 3200DX—
system logic integrated
on a single chip.

Integrator
Series

Get total system logic integration and fully
deterministic design with Actel’s 3200DX
FPGA Family.

By bringing together a balance of the right
silicon and the right design tools, the 3200DX
Family lets you focus on where you want to go,
instead of how to get there. You'll get 5 ns
dual-port SRAM speed, 7.5 ns decode, 200 MHz
data rates, and up to 40,000 usable gates.

Acte Corporation, 955 E Arques Avenue, Sunnyvale, CA 84086, Actel Europe Ltd , Intec 2
DirectTime 1s a trademark of Actef Corporatior
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With Actel's new Designer Series 3.1
FPGA Development System, you have every-
thing you need to integrate system logic,
GPLDs, FIFOs and FPGAs into a single
2200DX device. Add the DirectTime option,
and you get full deterministic control plus
built-in JTAG circuitry for accurate, in-system
testing. Actel's 3200DX Family helps you
manage the black diamond terrain of complex

Nade Fload, Basingstoke, Hants RG24 8NE UK ©199t Actet Corporation Windows 1+ a regisiered trademark of Microsoit Corporation

“The complexily of our

design required us to
design in Verilog HPL.
We 1oere able to utilize
94% of Actel’s 14,000 gale
32140DX device, yet
were unable lo fit the

design into other FPGA

vendors comparable

paris that claimed (o be

40% larger. We were suir-

vrised al the ease-of-

design with Actel. The

Dresigner Series place

and roule softwaure,

coupled with Actel’s

DirectTime editor and

the device architecture

allowed us to quickly and

easily achieve our perfor-

mance goals. Place and

route was {wo (o three

times faster than alter-

native FPGA options,

all;eing us to perform

muitiple ilerations in

an eight-hour day.”

B
3
A &

applications such as high-speed video and
graphics, ATM, and DSP.

With Actel, you have the capability and
confidence to move up to high level design.
For a complete 3200DX information package,
call 1-800-228-3532 ext. 3001, or browse
our Web site http:/www.actel.com. So cut
loose and go for it.

<L L L LKL L L LK

A Leading

Networking Company

Take it to a higher level.
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UPCOMING MEETINGS

DECEMBER

35th IEEE Conference on Decision &
Control, Dec. 11-13. International
Conference Center Kobe and Por-
topia Hotel, Kobe, Japan. Contact
Hidenori Kimura, Faculty of Engi-
neering, Osaka University, Suita,
Osaka 565, Japan; (810)6 8775111, ext.
5121,

Miniature Card Implementers Forum
Info Workshop, Dec. 12. Austin, TX.
Contact Kevin Randolph, (800) 462-
1042 or (619) 673-0870; fax (619) 673-
1432; e-mail: meif@annabooks.com; In-
ternet: http//www.annabooks.com.

JANUARY 1997

USENIX 1997 Technical Conference &
Linux Applications Development & De-
ployment Conference, Jan. 6-10. Marri-
ott Hotel, Anaheim, CA. 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.

USENIX Technical Conference,
Jan. 6-10. Marriott Hotel, Ana-
heim, 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; In-
ternet: http/Avww.usenix.org.

Annual Reliability & Maintainability
Symposium (RAMS), Jan. 20-23.
Philadelphia Marriott, Philadelphia,
PA. Contact V.R. Monshaw, Consult-
ing Services, 1768 Lark Lane, Cherry
Hill, NJ 08003; (609) 428-2342.

Asia & South Pacific Design Automat-
ion Conference with EDA Technofair
(ASP-DAC 97), Jan. 28-31.Makuhari
Messe Convention Center, Chiba, Ja-
pan. Contact Yoko Nishikawa, ASP-
DAC ’97 Secretariat, CONVEX Inc.,
Ichijoji Bldg. 2-3-22 Azabudai, Mi-
nato-ku, Tokyo 106 Japan; (81) 3 3589
3355; fax (81) 3 3589 3974; e-mail: con-
vex@po.iijnet.orjp; http://www.jesa
or jp/ASPDAC/.

Second Annual Pan Pacific Microelec-
tronics Symposium, Jan. 29-31. Shera-
ton Maui Resort, Maui, HI. Contact
JoAnn Stromberg, Pan Pacific Sym-
posium, 5200 Wilson Rd., Suite 215,

Edina, MN 55424; fax (612) 929-1819.

IEEE Aerospace Conference, Feb. 1-8.
Snowmass at Aspen, Colorado Contact
Stephen Franklin, Deputy Program Chair,
4800 Oak Grove Dr,, Pasadena, CA 91109;
(818) 393-0814; fax (818) 393-0530; e-mail:
stephen.f.franklin@jplnasa.gov.; Internet:
http/chirp.plk.af mil:10504eee/index html.

IEEE Power Engineering Society Winter
Meeting, Feb. 2-6. New York Hilton & Tow-
ers, NY. Contact Frank E. Schink, 14 Mid-
dlebury Ln., Cranford, NJ 07016-1622;(908)
276-8847; fax (908) 276-8847.

IEEE International Solid-State Cir-
cuits Conference (ISSCC 97), Feb. 6-8.
San Francisco Marriott Hotel, San
Francisco, CA. Contact Diane Suiters,
Courtesy Associates, 655 15th St.
N.W,, Suite 300, Washington, D.C.
20005; (202) 639-4255; fax (202) 347-
6109; e-mail: isscc@mcimail.com.

Second International Conference on
Chip-Scale Packaging, Feb. 20-21.
Sunnyvale Hilton Inn, Sunnyvale,
CA. Contact Subash Khadpe; (610)
799-0419; fax (610) 799-0519; e-mail:
skhadpe@semitech.com.

IEEE Applied Power Electronics Con-
ference and Exposition (APEC 97),
Feb. 23-27. Westin Peachtree Plaza
Hotel, Atlanta, GA. Contact Pam
Wagner, Courtesy Associates, 655
15th St., N.W., Suite 300, Washington,
DC 20005; (202) 347-5900; fax (202)
347-6109.

SOUTHCON 97, Feb. 25-27.Greater
Ft. Lauderdale/Broward County Con-
vention Center, Fort Lauderdale, Flor-
ida. Contact Joan Carlisle, Electronic
Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045;
(800) 877-2668 ext. 243; fax (310) 641-
5117.

IPC Printed Circuits Expo 97 and 40th |
Annual Meeting, March 9-13. San
Jose Convention Center, San Jose,
California. Contact JoAnn Galluzzi
(847) 509-9700; Internet: |
http//www.ipc.org.

European Design & Test Conference
(ED&TC 97), Mar. 17-20. CNIT Con- |
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ference & Exhibition Centre, Paris-
La Defense, France. Contact ED&TC
Conference Secretariat, CEP Consult-
ants Ltd., 43 Manor Pl., Edinburgh, EH3
7TEB, UK; (44) 131-300 3300; fax (44) 131-
300 3400; e-mail: edte@cep.u-net.com.

Communication Design Engineering
Conference, Mar. 24-26. Washington,
DC. Convention Center, Washington,
DC. Contact Denise Chan, Miller-
Freeman Inc., (415) 278-5231.

Sixth International Verilog Confer-
ence, 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 (303)

530-4334; e-mail: ivcinfo@ive-
conf.com.
L ARL ]

INTERMAG 97, Apr. 1-4.Hyatt Re-
gency Hotel, New Orleans, LA. Con-
tact John Nyenhuis, School of Electri-
cal Engineering, Purdue University,
West Lafayette, IN 47907-1285; (317)
494-3524; fax (317) 494-2706; e-mail:
nyenhuis@ecn.purdue.edu.

IEEE International Reliability Physics
Symposium, April 7-10. Adams Mark
Hotel, Denver, CO. Contact IRPS
Publishing Services, P.0. Box 308,
Westmoreland, NY 13490; (315) 339-
3971; fax (315) 336-9134; e-mail:
103227.2074@compuserve.com.

IEFE Conference on Compuier Communications
(INFOCOM 97), April 7-11. Kobe, Japan. Con-
tact Tatsuya Suda, Dept. of Information &
Computer Science, University of California,
Irvine, California 92717-3425; (714) 856-5474;
fax (714) 856-4066; e-mail: suda@icsuci.edu;
Internet:  http/wwwicsuci.edwinfocom/
(North  America);  http://arpeg-
gio.ics.es.osaka-u.ac.jp/infocom.html
(Japan).

IEEE International Conference on
Acoustics, Speech, and Signal Proc-
essing (ICASSP 97), Apr. 21-24.
Gasteig Cultural and Convention
Center, Munich, Germany. Contact
Bernd Girod, Lehrst.f.Nachrichten-
technik, Univ. of Erlangen Nurem-
berg, Cauerstr. 7, D-91058 Er-
langen, Germany; (49) 91-3185-7101;
fax (49) 91-3131-30840; e-mail: b.gi-
rod@ieee.org.




When your test system
starts to look like this,
you have two options.

IVED

o. TMMXD6G19¢

Here’s one.

1996 Hewlett-Packard (

e Lere's the other.

Opes ater 34 ¢ Test Station 3/ Lvm &

R DemerRe | Pulling together a test system from all the odds and

T e e ends on your test bench is never easy. Or fast.

A e . Especially when you're also trying to link your past
code. But that’s no reason to scrap years of hard

o ki
S
work. HP VEE software is the smarter solution.

I, —— YV Ao——
- "

o0 BlE G

1

HP VEE allows you to bring your existing test
equipment together into one truly cohesive system.
It’s fully VXI plug&play compatible. So all your test
components will work together perfectly.

And we mean all. With HP VEE, you can integrate VXI cards, IEEE-488 cards, stand-alone
instruments, even your existing code. And HP VEE works with all of today’s most popular
operating systems, including Windows 95° and Windows NT"

I -

— e e

It's another great product in HP’s comprehensive line of test system components. The System

To experience the power of HP VEE yourself, call us at 1-800-452-4844, Ext. 1971. We'll Builder’s Source.
send you a free HP VEE evaluation kit. Call 1-800-452-484%

for your free source book

Call today. And find out how to make the most of what you've already got.

(ﬁﬁ HEWLETT

PACKARD
Microsoft Windows is a U1, trademark. READER SERVICE 123
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EDITORIAL

SoN OF TroON

t least three Japanese consumer electronics giants are well down the

road toward cooperating on at least a de facto software standard for

running the ever more complex assortment of electronic appliances and

adgets. The standard may be a full-blown real-time operating system

(RTOS) or simply an application programmers interface (API). Whatever it is, it

will be a boon to consumers who are comfortable with the simplicity of operation

that consumer appliances have offered over the past 40 years (with a few notable
exceptions, such as setting a VCR'’s clock) and don’t want to lose it.

Several interesting points can be made about this alliance. First, the clear
indication that the long-awaited convergence of consumer, computer, and com-
munications is upon us. One of the seldom-noted implications of convergence is
that the interface consumers are likely to see will be more complex unless
something drastic is done behind the scenes (in software) to keep appliances
easy to use. The talk about a standard--and a software standard to boot--means
that Japanese companies are diverging from their policy of the past 30 years
that very little should be compatible with anything else. The idea was to gain
market share by locking consumers into proprietary architectures and sell
generation after generation of single use products (no upgrades). Finally, it is
a significant challenge to the U.S.-dominated PC industry and to its software
juggernaut, Microsoft. After watching the PC wars from the sidelines, the
Japanese companies know that the only way they can hope to dominate the
consumer market in the future is to elbow Microsoft out of it.

On the technology side of the issue, there are two home-grown contenders for the
Japanese consumer RTOS—a variant of TRON, the 1984 brainchild of University
of Tokyo Professor Ken Sakamuara, and Apertos, an RTOS built around an object-
oriented center that reduces the overhead associated with remote file access.

As reported in the American press, TRON was supposed to be the OS that
would take over the world. Japan Inc. was a big topic back in the 1980s, and
TRON was treated as another wave in their assault on world markets. That
was probably a misrepresentation. As I recall, there were three versions of
TRON and only one—for microprocessors—failed. The version tailored for
industrial automation and embedded systems is still around. Whether it will
make it as an RTOS for consumer products remains to be seen, but it ean’t hurt
to have 10 years experience under its belt. jshandle@class.org

ditor-in-Chief
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2 SINGLE BOARD COMPUTER

[T'SALMOST
CUSTOM.

VM62—Finally, you can buy the embedded

computing you need today, and still get what you want for
tomorrow. With dual processors, lots of memory, a host of
communications choices and extensive 1/0 options, the VM62

lets you buy exactly what you need today and still be ready for
design modifications into the next century. It is
simply the most powerful and flexible 3U VMEbus-
based embedded computer available for both
industrial and commercial applications.

The VM62 replicates the functions of the YM42
including our patented AutoBahn™ chip. AutoBahn
makes possible data transfer speeds that are as much as five times
faster than VME's highest theoretical performance.

Two Main Processor Speeds: MC68060 @ 50MHz and 66MHz

Full Communications Support: MC6SEN30() @ 25MHz and 33MHz
) supplies Intelligent Ethernet, Profibus or RS 232 all via the front panel

Memory Options: Up to 16 MBytes DRAM, up to 4 MBytes
FEPROM, and up to 1 MByte dual-ported SRAM

AutoBahn Ready: Data transfer speeds up to 200 MBytes/second

’ CXC 96-Pin Mezzanine Interface: Choose from dozens of CXM
1/0 modules

Temperature: Commercial: 0° to 70°C; Industrial: -40°C 10 85°C
Rugged, Extended Temperature: Several COTS versions available
Software: RTOS support for 08-9, VxWorks, pSOS+ and VRTX/0$

So, for embedded YMEbus computing that meets your needs
now, and well into the next century, specify the VM62 from PEP.
For detailed technical data, please call today.

Call: 1-800-228-1737

——  ——

Where you go from here... E====]

|

Modular Computers®
PEP Modular Computers, Inc.

Specifications subject to change withou! prior notice. 750 Holiday Drive, Building 9
PEP Modular Gomputers is a registered trademark of PEP Modulir Computers, Inc. . 1 c

AutoBahn is a trademark of PEP Modular Computers, Inc. lel)urgh. PA 17_220'2783

All other trademarks are the property of their respective owners. Fax: 412-921-3356
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WE'LL TRY ANYTHING TO MAKE THINGS RUN FASTER,

TAKE OUR COMPANY UNIFORM, FOR EXAMPLE.

Quick, list in order of importance the qualities you look for in
Synchronous DRAM. Speed, speed and speed, right?
Right. And everyone here at Hyundai understands that.

Which is why we're obsessed with looking for

new ways to speed things up.

Hyundai's 16M SDRAMs achieve this goal. Not

only do they make your applications run faster than
EDO DRAMs, we make sure they get to you as quickly as
possible too. And because we spend 12% of our revenues on

R&D we're always going at full speed in the race to develop

newer, even faster
memory chips.

So, if you want 16M

SDRAMs, and you want them in a hurry, call Hyundai Electronics
America at 408-232-8342, fax us at 408-232-8125, or visit us at

http://www.hea.com. The sooner the better.

Hyundai Electronics Industries Co. Ltd., Memory Business Division, Hyundai Building 140-2 Kye-Dong, Chongro-Ku, Seoul, Korea

THE 16M SDRAM
CH—

Config.
aM x 4
2Mx 8
M x 16

Volt.
3.3V
33V
33v

Speed Refresh
66/83/100MHz 4K
66/83/100MHz 4K
66/83/100MHz 4K

Hyundai Electronics America, 3101 North First Street, San Jose, CA 95134

*XYUNDAI

CONINII'Ut'd to your Success
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FIBRE CHANNEL

SCSI

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

FIBRE CHANNEL Products

FCA - 5000 Analyzer
Two channels B
Self contained, @

Stand alone
SHIPPING NOW m

FSB - 8000 FC-SCSIBridge

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

SCSI Products i

DSC - 216 Analyzer

# FAST & WIDE

@ Self contained,
Portable

B Easy touse

Bus Converters

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

B SCSI 2, Fast/10, Fast/20
® Single ended/Differential

B4tol

ANCOT

VISIT OUR DYNAMIC HOME PAGE

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

Tel. 415/322-5322 FAX 415/322-0455

Ancot Wrote The Books on SCSI & FC
Call for FREE "Basics of SCSI", or

"What Is Fibre Channel" 2nd Ed. or to
order "Fibre Channel-Vol. 1-The Basics"
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TECHNOLOGY BRIEFING

WHAT'S REALLY GoING ON IN EDA?

s some of you may already know, I recently took over Lisa Maliniak’s
slot as the EDA editor at Electronic Design. Her shoes will indeed
be difficult to fill, but I've thrown myself into it full force by taking
on the formidable task of trying to talk to just about every EDA-as-
sociated company I can find. The result of this quest for understanding has left
me inundated with huge amounts of disassociated information and to be honest,
feeling an awful lot like a deer stuck in the glare of an oncoming car’s headlights.

Thanks to conversations I've had with very knowledgeable people at some
of the leading companies, the fog has finally lifted. I've been able to boil down
all of this information into six points of interest that I believe will play an
important role in shaping the industry as it moves into the 21st Century.

1. There are two distinct factions in the EDA industry. The first consists of
companies who make tools for the cutting edge of technology. They are the
“movers and the shakers,” the ones who develop and introduce advanced
technology that will significantly shape future design
paradigms. The other faction is made up of those compa-
nies who work in the mainstream, developing tools for
the everyday designer who isn’t designing million-gate
devices or high-speed boards—the designer for whom
deep submicron might as well be an alien from another
planet. The first faction represents technology that is
“sexy,” while the second targets the nuts and bolts of the
day-to-day activity commonplace for today’s designers.

2. The EDA marketplace is fiercely competitive. On
the one hand, companies have to be competitive to main-
tain market shares. They do this by continually intro-
ducing new tools, upgrades to tools, and pushing the
technological edge. But they also need to make a com-
mitment to provide their customers with easy-to-use tools. The bottom line is
that what most end users really want is a way to make the tools they are using
more user-friendly and work well with a wide variety of point tools.

3. Design paradigms will have to change to accommodate deep-submicron
designs (DSMs). Traditional design methods will no longer work since estima-
tions and numerous iterations will not always converge on a solution.

4. No single company yet has a clear-cut solution to the DSM problem. While
many are positioning themselves to provide a solution, as witnessed in part by the
many company mergers and acquisitions of late, the truth is that no one is sure
what company will come up with the solution that will show the most promise.

5. Intellectual property is not just a passing fad. It will define the way
designers work in the future, and impact the type of designs they create, as
well as the end products that end up in the hands of the consumers.

6. When the EDA industry began years ago, it was made up of about four
companies. As it has matured, many more have joined the ranks. However, with
all the mergers and acquisitions, one has to wonder if we aren’t seeing a
resurgence of an industry dominated by just a few companies.

Ultimately, I think what this means is the infusion of new life into an industry
that in the past few years has not experienced a whole heck of a lot of change;
in short, an EDA renaissance. 1997 promises to be a year of many challenges
and changes in the EDA industry.

I'm sure many of you will have thoughts and insights on my comments. 1
think part of what will make these next few years exciting in the EDA industry
is a fostering of communication between companies and end users who are the
ones to truly drive any change. It is often said that the journey of a thousand
miles begins with one step. For me, that means getting a handle on the EDA
industry and I hope that my journey, of which you are all a part, will bring us
closer to understanding how the tools and technologies of this industry can be
utilized to bring about better designs. cjajluni@class.org

CHERYL J. AJLUNI
WEST COAST EDITOR
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Warning: Graphical Content

May Lead To Excessive Productivity.
|

*** Pmducﬁwtyms'mm4lowlimes"

L I\/l

“Easily acquire, analyze, amd present datawith one package.”

— Rande Johnson, Stress Engineertng

join the crowds flocking to use the
number one blockbuster of the decade.
LabVIEW" — it's the biggest hit in virtual
instrumentation. LabVIEW graphical
programming is proven to increase
productivity by at least four to 10 times
over that of traditional languages. Every
day, thousands of LabVIEW users save
their companies valuable time and
money. And, they're having lots of fun

developing with LabVIEW. To see what all 07t
f=q LaBMEW

the ciitcs are raving about, callfor your | Ny NSRUNENTess EF KODOSKY pronucron smmNGGRAWIU\L PROGRAVMING
soae WINDOWS NT 9‘: 31 MACOS SUN HPUX & CONCURRENT PortertAX

P A 57 INCREASED PROCUCTIVTY,DECREASED TIME 0 MARCET - wanhnatet oo
wesanzserss NOW SHOWING AT COMPUTERS EVERYWHERE  (Rated G

(popcorn not included).

*As shiown in T&M World Marketing Insicht Study, 1993; Sensors Data Acqui.ition Survey, 1995; PE&IN Data Acquisition Survey, 1996

v NATIONAL “l

’ |NSTRU|/V|E_NTS. |LabVIEW'|  Call for your FREE LabVIEW
The Software is the Instrument | witd  roductivity study today.
U.S. Corporate Headquarters (800) 433-3488

Tel: (512) 794-0100 ¢ Fax: (512) 794-8411 '

info@natinst.com ® www.natinst.com Rl

FREE evaluation software available

Copyright 1996 National Instruments Corporation. All rihts reserved Product and company names
listed are trademarks or trade names of their respectiva companes
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50ns EDO DRAMs

Micron is passing the competition with 50ns Extended Data-Out
(-5 EDO) DRAMs. The new -5 EDO option provides incremental
performance improvement for today's systems by:

» Eliminating one clock cycle per access in desktop PCs

¢ Providing enough margin for large amounts of memory
to run at full speed in workstations or server
applications

As an evolutionary product, the -5 EDO DRAM has all of the
advantages you'd expeet from a memory device, including:

¢ Standard DRAM architecture

* Chipset compatibility

* Backwards compatibility with all existing systems
¢ Configured as SIMM and DIMM modules

¢ Production quantities available NOW

Call Micron DataFax™ at 208-368-5800 and request 2350
or visit our Web site at hitp://www.micron com/mti

50ns EDO DRAM AVAILABILITY CHART

DENSITY ORGANIZATION VOLTAGE AVAILABILITY
DRAMs
4 Meg 256K x 16 5V Now
16 Meg 4 Meg x 4 5V/3.3V Now
2Megx8 5V/3.3V Now
1 Meg x 16 5V/3.3v 4096
64 Meg 16 Meg x 4* 3.3v 4Q96
8 Meg x 8* 3.3v 1Q97
DRAM MODULES
8 Meg 2 Meg x 32 5V Now
16 Meg 4 Meg x 32 5V Now
2 Meg x 64 3.3V Now
32 Meg 4 Meg x 64 3.3v Now
4 Meg x 72 3.3VECC Now
64 Meg 8 Meg x 72 3.3VECC Now
*400-mil packaging

MICRON

Technology that works for you.

Micron Semiconductor Products, Inc., 8000 S. Federal Way, Boise, 1D 83707-0806 ¢ 208-368-3900
E-maik prodmkig@micron.com « Internet: hitp://www.micron.com/mti » Customer Comment Line: 800-932-4992, Fax: 208-368-4617

Micron DataFax is a service mark of Micron Semicorductor Products, Inc.

©1996, Micren Semiconductor Products, Inc.
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f You Think Omron Only Makes Relays,
Read Between Our Lines.

s mue we're the world's number

one relay supplier. So it's not
surprising o learn that design engincers
and specifiers know us for our relays.

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

For vears we've been building all
wpes of switches. photomicrosensors.
and relays for leading companies that
manuticture telecommunications
products, home and office cleetronics,
computer peripherals. applianees. and
IVAC equipment. just (o name a few
Proven reliabiluy
muakes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engineers

and specifiers

@ worldiwide.

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
vou can fit 2 standard switch to vour
custom application, you're looking at a
considerable cost savings. Plus vou'll
see your design go into production that
muich faster.

In switches alone, we have basic
switches, mechanical kevswitches.
rotary and in-line DIP. thumbwheel and
racker switches, amplified and non-
amplified photomicrosensors, PCB
mount and conneclor-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And everything Omron makes is
100% tested. available to you world-
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wide. and backed up by outstanding
technical and distribution support.

To find out it Omron has the
camponent solution you're looking for,
call now 1o receive our Standard
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10,080 20,008 30,000 40,000 54,009 70,080 100,000
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THE DESIGNER’S DREAM TEAM WITH UP TO 100,000 GATES.

The FLEX 10K Dream Team of programmable logic devices is a championship
roster from Altera. With densities from 10,000 to 100,000 gates and up to 15
times greater memory efficiency than FPGAs, FLEX 10K can take on even the
MOSt aggressive gate arrays.

FLEX 10K offers all the benefits of programmability and features such as memory, in-
circuit reconfigurability, and built-in JTAG support. And, Altera’s easy-to-use MAX+PLUS II
development toals interface with all major CAE tools, giving you a team that will easily
score against mid- to high-density gate arrays.

AN EMBEDDED ARRAY GAME PLAN.

The unique FLEX 10K architecture adds an embedded array to a logic array, so you can
have up to 24K bits of RAM in a single chip, and megatunctions*such as microprocessors,
microcontrollers, DSP and PCI functions, and others.

THE ALTERA ADVANTAGE.

You need every advantage to compete in this league. Value, competitive pricing,
high-performance technology, and comprehensive technical support
— that’s The Altera Advantage.

It’s time to put the Dream Team to work for you. Call Altera today

for your free FLEX 10K information kit. 800-9-ALTERA A
(800-925-8372), Dept. A165. Or, find us at http://www.altera.com J :
on the world-wide web. 7

Developed through AMPP (Altera Megatunction Partners Program) Note: Individual family members available over the nexs 12 months.
© Copyright 1996 Altera Corporation. Alter., FLEX, and MAX4+PLUS are registered trademarks, and FLEX 10K, MAX+PLUS 11, and speciric
device designations are trademarks of Altera Corporation. All nghts reserved.
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ALGORITHM SIMULATES FIVE Sound que.xl.it_v obvipusly is erucial when creating a home t.heater, ar’ld typically

that requires multiple (five) speakers. But most users either don’t want five

SPEAKERS WITH JUST TWO speakers lying around their living room or they don’t want to spend the money
for them. An alternative developed by Spatializer Audio Laboratories Inc., Mountain View,
Calif., involves a real-time processing algorithm that simulates the use of five speakers with just
two. Called DVS-5.1, the technology enables Dolby AC-3 digital audio playback from two
speakers or headphones. Developed on the Dolby-certified Motorola 56009 decoder, DVS-5.1 is
suited for PCs or consumer electronies. It also can be ported to other processors, requiring about
5 to 15 MIPS of processing power for implementation and a memory requirement of under 1
kword. DVS-5.1 relies on a highly refined set of Head-Related Transfer Functions (HRTFs).
Because the HRTFs vary from person to person, the algorithms were developed for the broadest
user base. The DVS-5.1 processing immediately follows the AC-3 decoding, resulting in a
two-channel signal that can be fed to a conventional stereo amplifier or speaker pair. For more
information on the DVS-5.1 technology, contact Spatializer at (415) 428-0400. RN

One way to boost a disk drive’s performance is to increase the spin rate of the

DISK DRIVE UPS SPIN media. Mainstream drives spin at about 4500 to 5400 rpm, while tI;le higher-end

RATE TO 10 000 RPM models could reach 7200 rpm. Seagate technology Inc., Scotts Valley, Calif.,

now pushes the envelope with a drive that spins at 10,000 rpm. the result is a faster access time

and a higher transfer rate. The high-speed drives are part of the company’s Cheetah family,

which offer capacities of 4.55 and 9.1 Gbytes. With the high spindle speed, the internal data rate

jumps to 15 Mbytes/s, about 40% higher than typical 7200-rpm drives. The average latency time

falls under 3 ms. To accommodate the high transfer rates, the drives are built with UltraSCSI

or I"ibre Channel Arbitrated Loop (FC-AL) interfaces. Suitable applications for this technology

include network file servers and professional multimedia systems. The 9.1-Gbyte drives fits a

half-height form factor, while the 4.55-Gbyte model employs a low-profile form factor. For more
information, contact the company at (408) 438-65500. RN

I ASER INCRE ASES POSSIBLE While tlfe lz}s‘t t()ughes have bgen put on an agreement to enable the first DVI)

roll-outs this Christmas, Toshiba has been working on the next generation of

DVD CAPACITY THREEFOLD development with the design of a 417-nm blue/purple laser source that can
operate at room temperature. A pulsed version of such a laser, compared to the pulsed red laser
(at 650 nm) of current designs, would increase the potential storage capacity of a standard DVD
to 15 Gbytes per side. Also under development is a continuous-emission version of the source
that would increase capacity even further. The new laser, which won’t be ready for commercial
launch without further refinement, uses gallium nitride (GaN). Toshiba claims it’s more suitable
for short wavelength beams than the current zine-selenide materials. To get laser emission from
a quantum-well structure, the company fabricates thin erystals using its own metal-organie
chemical vapor deposition technology. This potential increase in capacity will make it practical
for a DVD to hold full-length features in an HDTV format. PycG

By making several simple modifications to semiconductor lasers, researchers

SEMICONDUCTOR LASER at the University of [{gchestel; N.Y., came up with a laser that’s the power

URGICALLY PRECISE and precision demands of laser surgeons. Today, most laser surgery today is

performed with costlier and less durable gas lasers because their semiconductor counterparts

usually lack the power necessary for most surgery. Typically, the useful power output of

semiconductor lasers is limited by the tendeney of their beams to fragment into a number of

parallel but weaker beams, known as “filamentation,” which limits them for surgical purposes.

The work done by the researchers essentially cleans up the beam produced by a semiconductor

laser, creating a much more sharply focused beam. The new laser produces a unified beam no

wider than a grain of sand, with the power efficiently packaged in the center. They did this by

inserting two extra layers of slightly modified semiconducting material on either side of the

active layer of gallium arsenide, where the beam is formed. Rochester researchers believe the

new design makes possible semiconductor lasers with 6 to 12 W of power, two to four times as
powerful as current devices. RE
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The new HP VISUALIZE
workstation with

PA-8000 performance.

The longer you have (o wait
Jfor your workstation, the longer
it takes to get your product to
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access to information as you
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Since its final approval in June of this year, the set of environmental guidelines
' ISO 14001 CERTIF ICATION developed by the International Standards Organization (ISO) has begun to find

l GATHERS MOMENTUM acceptance within the electronics manufacturing community. Titled ISO 14001,
the standard was developed to enable a company to manage its environmental obligations and
| responsibilities much like the ISO 9001 standard implements management processes that raise
quality awareness throughout an organization. It outlines a process of obtaining environmental
l certification that includes five major elements: a corporate environmental policy, planning
activities, an implementation strategy, an auditing program, and a management review. Besides
‘ pollution reduction, ISO 14001 requires that companies commit to actively prevent pollution as
it designs new products and processes, rather than simply cleaning up after the fact.
| Acceptance has come faster in Europe and Asia, with companies like SGS Thomson, Canon,
and Nippon Steel being among the first to achieve certification of compliance to the draft
standard—even before it won final approval. European firms operating within America are
| setting an example for their competitors, with SGS Thomson having the first ISO 14001-certified
l operation in the U.S. at its wafer fab in San Bernadino, Calif. Inroads are being made inthe U.S,,
however, with such firms as Eastman Kodak and National Semiconductor pursuing certification
| for some or all of their facilities. One of latest to achieve full ISO 14001 status is the Schurter
Corporation. Based in Lucerne, Switzerland, and Eindigen, Germany, Schurter makes circuit
' protection and power conservation devices. To learn more about the ISO certification process,
or Schurter’s experience with it, contact Joseph Hamilton at (800) 848-2600, ext. 223; fax (707)
‘ 778-6401. e- mail: 73024.2314@compuserve.com, or http://www.schurterine.com. LG

| B A’I‘TER& IC MAKERS PROMOTE A group of battery and semiconductor manufacturers have banded together to

develop and share ownership in the Smart Battery System (SBS) specification.

| SMARTBATPERY STANDARD A smart rechargeable battery contains a microprocessor to accurately report
its remaining capacity, as well as other information that helps increase the battery’s life. Such

| batteries, which are currently employed in a host of notebook computers, will migrate to other

| portable devices, such as camcorders, video games, and PDAs. The ten companies involved
include Benchmarq Microelectronics, Duracell, Energizer Power Systems, Intel, Linear Tech-
nology, Maxim, Mitsubishi, National Semiconductor, Toshiba Battery Company, and Varta.
Microsoft also is supporting the SBS standard and will ship smart-battery drivers that comply
with the standard in upcoming operating-system releases. The current release of the SBS
specification can be implemented in standard-size or custom battery packs. The standard is
downloadable from the Internet at http://www.mediacity.com/~sbs. RN

ITU APPROVAL SPEEDS UP The International Telecommunications Union (ITU) has approved an amend-

I
l
l
I
I = . il
ment to the V.34 modem standard allowing data rates up to 33,600 bits/s. The
| V~34 MODEM STANDARD amended standard was accepted at the World Telecommunication Stand-
ardization Committee (WTSC), which convenes every four years from work done by Study
I Group 14 of the ITU's Telecommunications Standardization Sector, under the guidance of
] Richard Brandt of Motorola. The acceptance gives the go-ahead for equipment manufacturers
to start the delivery of new products. Line “probing”, the ability to seek lower data rates based
‘ on telephone line quality. is retained in the new version. There's also support for a half-duplex
| mode for fax and auto-moding in existing V-series modems. The auxiliary channel, which features
a synchronous data-signaling rate of 200 bits/s, is intended to convey modem control data.
I Identifying the remote modem leads to shorter connect times, and the multi-dimension trellis
coding has a high immunity to telephone line noise and impairments. The new standard is
’ available from the ITU sales service at a cost of SFR 29. They may be contacted at +41 22 730
‘ 6141; or through their Web site at http://www.itu.ch. pPdeG

Edited by Roger Engelke
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New Product Update

Analog Front End Chip for HBSL/MDSL Systems

AFE1103, AFE1104, and AFE1105 are the first members of a family of Analog Front Ends
(AFEs)—these single-chip solutions greatly reduce the size, cost and power requirements
of an E1/T1 rate HDSL or MDSL system by providing the active mixed signal circuitry
needed to connect an HDSL digital signal processor to the existing telephone company’s
twisted pair infrastructure. Designed for HDSL systems from PairGain Technologies,
Brooktree, and Metalink, they feature a scaleable data rate to allow operation over a range
of 196kbps to 1.168Mbps. Their transmit and receive filter responses change automatically
with cloek frequency. Each device is compased of transmit and receive sections.
Applications for HDSL systems with these AFE chips include Internet access, T1/E1
transmission, MDSL, wireless base stations, network switches, routers, and internet-
working. Key specs are: scaleable data rate, 250mW dissipatior. and +5V single power
sopply. Packaged in a 48-pin SSOP and priced from $13.40 in 10.000s.

Reader No. 81 e FAXL/NE 11321, 11330, 11346

12- & 16-Bit Sampling A/Ds with 4-Channel Multiplexer

ADS7824 and ADS7825 are low pewer, monolithic 12- and 16-bit sampling A/Ds with
4-channel input multiplexer and a paralel/serial output pprocessor interface. Both can be
configured in a continuous conversion made to sequentially digitize all four channels—
ideal for industrial process control, and test & measurement. Key specs: +2 LSB max INL
[ADS7825), 0.5L.SB max INL (ADS7824), 16 bits DNL no missing codes, single +5V
supply, and 50pW power down mode. Available in a 28-pin 0.3" DIP or 28-lead SOIC.
ADS7824 is priced from $12.30 in 1000s; ADS7825 from $34.50.

Reader No._82 e« FAXL/NE 11303, 11304

Burr-Brown Corporation

g

12- & 16-Bit, 100kHz Sampling A/Ds
with 0-5V Analog Input Range

ADS7820 and ADS7821 are 12- and 16-bit, 100kHz sampling
A/Ds. Their 0 to 5V input range, combined with single 5V
supply. make them ideat for industrial process control, test
and measurement, and analytical instrumentation applications.
ADS7820 key specs: 72dB SINAD with 45kHz input, and +1/2
LSB INL/DNL. ADS7821 key specs: 86dB SINAD with 20kHz
input, £3 LSB max INL, and no missing codes. Available in a
28-pin 0.3" DIP or 28-lead SOIC. ADS7820 is priced from
$10.25 in 1000s; ADS7821 from $28.70.

Reader No. 83 e FAXL/NE 11322, 11323

1W Isolated DC/DC Converter
in a Standard JEDEC Package!

DCP010505 is the first in a series of high efficiency, 5V input
isolated DG/DC converters in industry standard JEDEC plastic
molded packages. It can be assembled in high volume using
standard processing and handling—no special reflow
soldering processing required. Use it for point-of-use power
conversion, digital interface power, ground loop elimination,
data acquisition, and industrial control/instrumentation appli-
cations. Key specs: 1W power output at +100°C, 70% efficiency
at full load, 1000Vrms isolation, and 400kHz switching.
Packaged in a 14-pin DIP and priced from $5.01 in 1000s.

Reader No. 84 e FAXL/NE 11336

PG 7.
New S, ..
Low Cost Stereo Audio D/A

PCM1720 is a Sound PLUS, low cost stereo audio D/A complete
with 3rd-order AZ modulator, digital interpolation filter, and an
analog output amplifier. It accept 18- 20-, or 24-bit input data
in either normal or IS formats, and operates at sampling fre-
quency up to 96kHz. Key specs: 256fs or 384fs system clock,
single +5V power supply, multiple sampling frequencies, and
left, right, mono, mute output modes. Packaged in a small
20-pin SSOP (fine lead pitch) and priced from $3.30 in 1000s.
Reader No. 85  FAXLINE 11333

BURR - BROWN?®

Burr-Brown Corporation = P.0. Box 11400 » Tucson, AZ = 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 « http://www.burr-brown.com/
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PERSONAL COMMUNICATIONS CONFERENCE EXPLORES
ATM, IP, AND FILTERING AND EQUALIZATION TECHNIQUES

he IEEE’s fifth an-

I nual International
Universal Personal
Communications Confer-
ence (ICUPC) revalidated
the old adage that behind
every overnight technical
revolution lies years of
hard work. This chestnut
is especially true in the

case of the rapidly explod- |

ing world of personal com-
munications. The area of
personal communications
relies heavily on advanced
theoretical work in a vari-
ety of fields for the tech-
nology that will drive its
future networks. Partici-
pants at the conference,
held between Sept. 29 and
Oct. 2, in Boston, Mass.,
wrestled with many of the
most difficult issues that
engineers will face when
they get ready to roll out
the next generation of
communication networks.

While today’s cellular,
pager, personal communi-
cation system (PCS), and
other wireless networks
are making anytime/any-
where  communications
easier than ever, they still
have limitations. The lack
of integrated communica-
tions services often re-
quires people to carry
three, four, or more de-
vices with them today, and
global roaming is still only
a dream for wireless tele-
phone providers. Addi-
tionally, current personal
communication systems
do not have the bandwidth
to provide highly desir-
able multimedia services.
At ICUPC, solutions were
explored in workshops and
technical sessions, which
covered a wide array of
topics ranging from net-
work-theory, traffic-man-
agement protocols, and
smart antennas, to ad-

vanced filtering and equali-
zationtechniques.

Some of the hottest areas
of discussion centered
around wireless asynchro-
nous-transfer-mode (ATM)
and IP-based data, for both
local-area and wide-area
applications. One of the
most significant challenges
faced in developing wire-
less ATM is maintaining its
connection-oriented virtual
paths and virtual circuits
(VPs/VCs) in an RF envi-
ronment, while the termi-
nals are handed off between
base stations. One of the pa-
pers on this topic was “Vir-
tual trees routing protocol
for a wireless ATM LAN,”
by Irene Katzela of Colum-
bia University, New York,
N.Y,, and Malathi Veer-
araghavan of Bell Labs,
Murray Hill, NJ. They dis-
cuss a new routing algo-
rithm which simplifies
hand-offs between base sta-
tions by reestablishing a set
of virtual-path-identifier
(VPI) trees, associated
with each node in the LAN.
While it does not precisely
follow the general routing
scheme prescribed by ATM,
the algorithm greatly re-
duces the management
load, when combined with a
distributed routing proto-
col. It dynamically updates
the routes of the VPI trees
inresponse torepeated con-
gestion or changes in net-
work topology.

The problems surround-
ing the design of media-ac-
cess-control (MAC) proto-
cols for wireless ATM com-
munications also drew sig-
nificant attention. MAC
protocols are a special con-
cern in the ATM arena,
since they provide many
classes of service, many
with guaranteed bit rates
and demanding quality-of-

service parameters.

In Session 5A, Jyh-
Cheng Chen from the State
University of New York at
Buffalo, and his collabora-
tors from other universities
presented “A framework
for comparative analysis of
channel access protocols for
wireless ATM networks.”
Their concern was to de-
velop some objective means
of evaluating the efficiency,
technical  requirements,
and robustness of MACs
without needing to con-
struct an entire test net-
work. The paper presented
apreliminary comparison of
several proposed protocols,
as well as the results of sys-
tem simulations.

While much attention
was focused on the subject
of ATM, Session 10A ad-
dressed the fine points of
implementing IP-based
wireless data systems.
There was a great deal of
theoretical work involving
hand-off control and net-
work management. Some of
the first real-world results
from trials of early wireless
data networks also began to
trickle in.

In the paper “Trials of
mobile computing applica-
tions using circuit-switched
cellular and CDPD,” Nina
Nour, of the Mitre Corp.,
Bedford, Mass., actually
evaluated the performance
of a number of wireless
services and technologies.
The paper describes sev-
eral demonstrations that
were conducted, including
wireless e-mail using both
circuit-switched and cellu-
lar digital packet data
(CDPD), as well as Internet
access using CDPD. In pre-
senting the trials in great
detail, it documents both
the good and bad results,
yielding many valuable les-
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sons for the design of future
services.

One of the major issues in
providing mobile comput-
ing services (such as wire-
less Internet access) is de-
veloping the connection
management protocols to
allow the seamless flow of
data traffic between the In-
ternet, the PSTN, and the
many wireless services that
are emerging. In their pres-
entation “Mobile comput-
ing on wireless telecommu-
nications networks,” re-
searchers Hiromi Wada and
Hideaki Fukushima of Mat-
sushita Electric’s Multime-
dia Development Center,
Tokyo, Japan, discussed a
mobility support architec-
ture (MSA). The MSA was
conceived as an efficient
means of connecting mobile
IP nodes to the Internet
over a wireless telecommu-
nication network. Their
work shows how MSA coop-
erates with the route opti-
mization mechanism that
was developed by the In-
ternet Engineering Task
Force (IETF) to provide
optimal routing for IP traf-

| fic with a minimum amount

of management overhead.
In addition to a detailed ar-
chitectural analysis, the pa-
per also documents a per-
formance analysis study
performed on a prototype
system that was developed
by the authors.

The paper “A framework
for universal personal com-
puting,” by Yalun Li and
Victor Leung from the Uni-
versity of British Columbia,
Vancouver, Canada, also
was of significant interest
to the IP community. In it,
they discuss the demands
placed on a “mobile comput-
ing-oriented” network that
provides its users with the
same personalized environ-
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ment and resources, re-
gardless of where they are
or what type of terminal
they are using to access it.
They explore an object-ori-
ented approach to defining
the mobile objects in the
network, and present a
group of mobile-object con-
trol strategies to track and
maintain the connections to
mobile terminals.

No less important for fu-
ture networks are the ad-
vanced filtering and
equalization schemes that
were presented here. In
today’s wireless systems,
fading, outside noise, and
noise from other terminals
all conspire to limit the
range and signal quality
that’s available. Future
systems will face addi-
tional challenges as they
use lower-level power
transmitters, experience
higher subscriber densi-
ties, and are asked to oper-
ate in very unpredictable
indoor environments.

A significant portion of
the activity in this area is
devoted to improving the
performance of systems us-
ing code-division multiple-
access (CDMA) techniques.
CDMA has gotten more at-
tention in the past few
years, thanks to its poten-
tial for high channel capac-
ity and high noise immu-
nity.

One of the unique prob-
lems that CDMA systems
face is that of multiple ac-
cess interference (MAI)—a
result of the fact that
CDMA allows many trans-
mitters to be operating si-
multaneously on the same
wideband channel. While
CDMA’s code-division
scheme allows a receiver to
pick out the desired trans-
mitter from the others, all
the radio activity does raise
the channel’s noise level.
With enough traffie, the
noise level can significantly

degrade the bit-error ratio, !
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or even make a signal un-
readable. Understandably,
there has been significant
activity into technologies
which can help CDMA
overcome this problem.

In “Adaptive receiver for
DS-CDMA systems over
flat fading channels,” re-
searchers from The Hong
Kong Polytechnic Univer-
sity, In Hong Kong, showed
how an adaptive receiver
with multiple tap-weight
vectors could be used to
cancel multiple access in-
terference. The authors
contend that the long
spreading sequences, found
in most CDMA systems,
create a periodicity in the
interference which can be
detected and canceled us-
ing the digital filter’s char-
acteristics. System per-
formance over flat and fad-
ing channels is evaluated.
To further enhance per-
formance, the team experi-
mented successfully with a
scheme that decodes the
spreading code and uses the
known bit sequence to lock
onto the signal and further
tune the filter’s tap-weight-
ing.

Another method of im-
proving CDMA system per-
formance is the use of mul-
tistage or successive-inter-
ference-cancellation tech-
niques, whereby a single re-
ceiver is used to extract
multiple user signals, using
successive passes. Until
now, there have been con-
cerns about both the com-
plexity of these kinds of re-
ceivers (impacting develop-
ment time and production
cost) and what the effect of
slight-tolerance variations
in receiver functions (quan-
tization and tracking),
might have on overall sys-
tem performance.

In their presentation,
“Practical implications of
successive interference
cancellation in DS/CDMA
systems,” Klaus Pedersen

and others from the Wire-
less Information Network
Laboratory (WINLAB) lo-
cated in Piscataway, N.J,,
attempted to find commer-
cially viable solutions to
these problems. Using the
[S-95 CDMA cellular sys-
tem as a test case, the paper
concentrated on finding
relatively simple architec-
tures for implementing suc-
cessive interference cancel-
lation (SIC) techniques.

Also of note was a paper
from Chalmers Univer-
sity’s Technology Center,
Gothenburg, Sweden, enti-
tled “Multistage interfer-
ence cancellation with deci-
sion directed channel esti-
mation in multirate
DS/CDMA on a mobile ra-
dio.” The authors, Ann-
Louise Johannson and Arne
Svensson, describe a sys-
tem that is a combination of
hybrid interference cancel-
lation and decision-directed
channel estimation tech-
nologies. It is used to en-
hance the performance of a
multirate data transmis-
sion system which commu-
nicates over multiple radio
channels. One unique as-
pect of this approach is that
it actually uses dissimilar
signal  strengths from
transmitters as a part of the
detection process. If it is
validated and accepted by
the wireless community,
there are several important
ideas in this paper which
could change the face of
wireless systems over the
next decade.

The dream of most tech-
nologists is to have a unified
wireless communications
system that carries every-
thing from low-rate mes-
saging to real-time video
across a single, seamless
network. This vision is
taken very seriously at
ICUPC, and a number of
sessions explored possible
infrastructures and migra-
tion scenarios. One of the
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more interesting papers,
entitled “Evolution scenar-
ios towards UMTS,” was
presented by researchers
from the Telefonica I1+D,
Madrid, Spain, and DeTe-
Berkom, Berlin, Germany.
The authors describe the
Universal Mobile Telecom-
munications System
(UMTS), currently under
development in Europe,
and examine various sce-
narios by which the existing
telecom infrastructure
might be migrated toward
meshing with it. UMTS is
envisioned as a third-gen-
eration system that inte-
grates fixed and mobile
voice and data networks,
and as such, is not com-
pletely compatible with ex-
isting infrastructures. The
authors contend that
UMTS will have difficulty,
or be impossible to imple-
ment if it requires a “fork-
lift” roll-out scenario. In-
stead, they look for areas in
which UMTS can co-exist
with, or borrow from exist-
ing infrastructures, and
build a new tier of services
above it. Scenarios involv-
ing everything from using
DECT/CT2 cordless tele-
phone technology and the
GSM network, to piggy-
backing the wired back-
bone onto cable television
systems are explored.

The ICUPC ’96 allowed
those responsible for envi-
sioning the next generation
of wireless systems to come
together, exchange ideas,
and collaborate on their vi-
sions of the future. It gave
the rest of us a glimpse into
the technologies we will be
using into the next century.
For those interested in the
future of wireless systems,
the complete proceedings of
the 1996 ICUPC conference
is available from the IEEE
(catalog #96TH8185) for $84
for IEEE members and
$168 for non-members.

LEE GOLDBERG




TECHNOLOGY ADVANCES

DENSITY, BUT TAKES UP ONIY 10% MORE AREA

i
l FLASH-MEMORY METHOD DOUBLES STORAGE

joint development | flash devices. This tech-
from Matsushita | nique causes an increase in |

Electronic Corp., Ja- |
pan, and SanDisk Corp., |

Sunnyvale, Calif.,, has al-

lowed densities of flash- |
| memory devices to be dou- |
bled. The Double Density |
Flash technology is capable |

| of producing 300-Mbyte PC
| Cards using 64-Mbit chips.
| The ICs will be manufac-
| tured on a 0.5-um CMOS

| process. They are expected |

| to ship by the end of the
| year.

Memory capacity is dou-
bled because the Double
Density technology enables

{ the storage of two data bits
[in each flash cell, rather
| than the one-bit-per-cell

chip size of about 10% to ac-
commodate the extra cir-
cuitry.

A second trade-off made
for the higher densities
comes in the chip’s write
speed. The Double Density
Flash offers a write speed
that’s significantly slower
than the speed of SanDisk’s
current flash products. The
slow speed is due to the ad-
ditional time required to
program each cell to one of
four distinct states, rather
than one of two states em-
ployed by other flash de-
vices.

On the other hand, mem-

| ory read speed is about 50%
style that’s used on today’s | faster than current prod-

i

|

ucts. Reads are based on a
multi-state concurrent
sensing implementation.
The data that's stored
within each memory cell is
simultaneously sensed in a
single-pass read operation.
This technique is combined
with a stream-read (pipelin-
ing) protocol, during which
time the next piece of data
is being sensed while the
previous piece is serially
shifted out of the controller.
In addition, the output bus
width has been doubled
from two to four pins.

In addition to being in-
trinsically small and highly
scalable, the SanDisk flash
cell has a number of funda-
mental advantages over the

| proaches in production to-

|

day. These include reliabil-
ity, functionality, and pro-
duction worthiness.

The new technique
avoids the use of the ultra-
thin 100-A or thinner oxides
employed in other flash-
memory technologies. By
using a thicker-oxide,
polysilicon-to-polysilicon
tunneling structure, any
data-retention reliability
problems caused by the
thinner oxides are avoided.

The use of a split-channel
NOR cell also does not limit
cell functionality by either
by overerasing (as is the
case with Intel’s ETOX cell)

| or overprogramming (as is

main alternative flash ap- |

IN THE SECOND
IT TAKES TO FLIP THIS PAGE,

LSI LOGIC’S GIGABLAZE"™ SERIALINK"
TECHNOLOGY WILL DO
TWO THINGS:
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the case for Toshiba'’s
NAND cell). Without such
constraints, the cell offers a
wider window of memory
cell operation, an essential
element in realizing a fune-




tional, competitively per-
forming multistate product.

Innovative design con-
cepts, spanning both mem-
ory chip and controller/sys-
tem design also have been
essential elements in realiz-
ing a production-worthy
Double Density Flash
memory. For example, the
chip incorporates parallel '

TECHNOLOGY ADVANCES

architecture and operation
for ease of use, as well as
multistate  programming
and reads. Erasing is per-
formed at the sector level,
wherein one or more sec-
tors are selectable for si-
multaneous erasures, as re-
quired by the user. Era-
sures are automatically
executed by the controller.

The 64-Mbit chip supports |
a shift-clock frequency of up l
to 20 MHz, corresponding to
a 10-Mbyte/s transfer rate to ;
the controller. The controller |
employed by the Double |
Density products was de-
signed by SanDisk Corp. It
contains newly developed al-
gorithms, tailored to the
Double Density 64-Mbit

memory chips. The algo-
rithms also incorporate er-
ror-correction codes and bit
mapping.

The novel Double Den-
sity Flash memory oper-
ates from a 3.3- or 5-V
power supply. For more in-
formation, contact SanDisk
at (408) 542-0500.

RICHARD NASS

day of short-lived prod-

uct cycles that the mi-
croprocessor has hit a ma-
jor milestone—25 years of
market proliferation in a
myriad of variations from
4- to 64-bit word sizes and
architectures. Although |
Intel Corp.’s Marcian
“Ted” Hoff, an engineer
there in the early 1970s,
and Masatoshi Shima, an
engineer for Busicom, a
Japanese calculator manu-
facturer, are credited with
developing the first micro-
processor, they could not
have envisioned the im-
pact that the concept
would have a quarter cen-
tury in the future.

Today, there’s hardly a
home appliance or piece of
consumer electronics that
doesn’t contain a micro-

It’s hard tobelieve in this

Fig. 1. 4004 microprocessor

THE MICROPROCESSOR: 25 YEARS
YOUNG AND THE BEST IS STILL AHEAD

processor in one form or
another. Similarly for of-
fice automation products
from fax machines to copi-
ers, and from automobiles
to aircraft. The use of the
microprocessor has be-
come ubiquitous, with
every technical school of-
fering multiple courses re-
lating to the design and
programming of the chips
and systems.

Today, there’s hardly a
home appliance or piece of
consumer electronics that
doesn’t contain a micro-
processor in one form or
another. This also helds
true for office automation
products from fax ma-
chines to copiers, and from
automobiles to aircraft.
The use of the microproc-
essor has become ubiqui-
tous, with every technical

[—y|
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g
{
i
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’ school offering multiple
I courses relating to the de-
!
|
|

sign and programming of
the chips and systems.
When the 4004 was re-
leased in 1971, it took sev-
era] years for system de-
signers to understand and
accept the premise that
such chips could replace
hardwired logic. And,
through the development
of the 8008, the industry
was still on a steep learn-
ing curve to understand
programming  concepts
that most designers today
take for granted. How-
ever, it wasn’t until the era
of the 8080 in 1974 when
many other companies,
like Motorola Inc., Austin,
Texas, with its 8-bit 6800
family, jumped onto the

Fig. 2. 8080 microprocessor
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Fig. 3. 8088 microprocessor

bandwagon. That’s when
the microprocessor mar-
ket started to realistically

develop. J
Today, the market for
microprocessors  totals

about $17 billion, accord-

ing to Dataquest Inc., San t
Jose, Calif., a market re- ‘
search company. Most of
that is due to the use of
such chips in desktop and
portable computers, prod-
ucts that did not exist until
the mid-1970s when MITS




|
l Fig. 4. 80286 microprocessor

Inc., Albuquerque, N.M.,
| introduced a computer kit
| based on the B8-bit Intel

8080, and Apple Computer

Inc., Cupertino, Calif,
built the Apple II, the first
consumer-class persanal
computer that was based

on the 6502 8-bit micro-

TECHNOLOGY ADVANCES

processor.

With an estimated com-
pound annual growth of
about 18% over the next
four years, Dataquest esti-
mates that the market will
virtually double to $33 bil-
lion by the turn of the cen-
tury. And again, most of
that market will be driven
by the huge quantities of
personal computers that
are expected to reach

user’s desks. In addition, |

the market for just the |

“embecdded” microproces-
sors is currently estimated
at about $2 billion, and
that will grow by 50% to
roughly $3 billion by the

| end of the century.

Although the 4004 mi-
croprocessor, when it was
released in 1971, was the
first chip to pull all the
compute features to-
gether, there were other

programmable solutions
emerging in the form of a
microprogrammable bit-
slicearchitectureknownas
the PPS-4 developed by
Rockwell Corp., Newport

Beach, Calif. The PPS se- |

ries provided designers

with a means to define a |
processor from the in-
struction set to the sys-
tem-word width in small
building blocks. And al-
though it was flexible, it
required tremendous ex-

Fig. 5. 80386 microprocessor

pertise to develop the un-
derlying programming.
The approaches in the
early 1970s thus had sys-
tem designers split be-
tween using the CPU on a
chip approach from In-
tel—which  progressed

{ from the 4004 to the 8-bit

8008 and in the mid-1970s,

to the 8080—and the bit- |

slice  microprogrammed
approaches of the early

1970s—the 4-bit PPS-4 |

which progressed to the 8-

i bit PPS-8. Those early

| PMOS bit slices

were

| eventually superseded by

| sumption

bipolar bit slices such as
the 2901 developed by Ad-
vanced Micro Devices Inec.,
Sunnyvale, Calif.,, and the
745888 series from Texas
Instruments Inc., Dallas,
Texas. The bit slices, due
to their high power con-
and complex

M
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Fig. 6. 80486 microprocessor

programming, ended up
being used in high-per-
formance minicomputer
systems and other applica-
tions that demanded top
throughputs.

Inthe pre-8080 days, In-
tel was the only “inte-
grated” solution, squeez-
ing about 2300 transistors
onto the CPU chip” a
quantity of transistors
that today would be hard-
pressed to implement
even a significant periph-
eral support function. In
contrast, today’s CPUs
like the Pentium-Pro pack
more than 2000 times that
number—>5.5 million tran-
sistors (see Figures 1
through 8 that show the
progression of the micro-
processors that came from
Intel through eight gen-
erations—the 4004, the
8080, the 8088, the 80286,
the 80386, the 80486, the
Pentium, and the Pen-
tium-Pro).

When NMOS process-
ing was first employed in
the mid-1970s, it allowed
for significant density and
performance improve-
ments over the initial
PMOS processes used by
the 4004. Those improve-
ments allowed many com-
panies to develap competi-
tive solutions to the 8080.
Motorola Inc., Austin,
Texas, crafted the 6800

TECHNOLOGY ADVANGES

family, and other compa-
nies at that time devel-
oped their own 8-bit fami-
lies of microprocessors.
Those other companies in-
cluded MOS Technology
with the 6502, National
Semiconductor with the
SC/MP, RCA with the
1802, Rockwell with an off-
shoot of the 6502, Signet-
ies with the 2650, and Zilog
with its Z80.

A few of these compa-
nies and products are still
around today in various
forms. Motorola has grown
the 6800 into several gen-
erations of microcontrol-
lers and 16- and 32-bit
CPUs and MCUs (Fig. 9).
Several microcontroller
suppliers offer 6502-based
MCUs. An ASIC megacell
of the 6502 core also is
available, and the Z80 sur-
vives in many industrial
applications and as a
megacell for custom con-
troller designs.

Over the years since the
8080 and 6800 were intro-
duced, microprocessors
have evolved and have
spun out many varieties
that range from complete
single-chip solutions
called  microcontrollers
that sell for less than $0.50
apiece in large volumes to
the equivalent of super-
computers on a chip that
pack millions of transis-
tors and sell for about
$1500 per chip. For gen-
eral-purpose computing,
the complex-instruction-
set architectures have

Fig. 7. Pentium microprocessor

Fig. 8. Pentium-Pro microprocessor

given way to reduced-in-
struction set approaches,
which promise higher
throughputs through sim-
pler data-path structures
and streamlined instrue-
tion sets.

Microprocessor innova-
tion has also spawned ad-
ditional branches on the
evolutionary tree—digital
signal processors, for ex-
ample, are very similar to
microcontrollers or micro-
processors. The main dif-
ferences with DSP chips
include their ability to per-
form multiplications and
multiply-and-accumulate
(MAC) operations much
faster than the CISC proc-
essors they were designed
to assist. Additionally, the
DSP chips were able to
execute instructions very
quickly since in a sense,
the first DSPs were a pre-
cursor to the overall defi-
nition of a RISC chip, ex-
cept with a more focused
instruction set.

However, with today’s
ability to reduce the size of
the CPU logic, integrate
millions of gates, and piece
together various functions
on a single chip, it is get-
ting harder to justify ge-
neric DSP chips. More
common now are proces-
sors that offer merged ar-
chitectures, combining the
best of RISC and DSPon a
single chip.

Alternately, dedicated
digital-signal  processing
chips are taking on more
vertical and complex appli-
cations,suchas MPEGI and

ELECTRONIC DESIGN/DECEMBER 2, 1996

Fig. 9. MC6800 microprocessor

2 encoding and decoding.
There also various versions
designed to tackle JPEG
processing.

Has the microprocessor
reached the end of its evo-
lution? Not by a long shot.
There are still many archi-
tectural enhancements,
process  improvements,
and novel features that
can be added to craft the
next generations of CPUs.
What  features/changes
might be seen? That’s a bit
harder to predict since as
the CPUs evolve, they
tend to become more mar-
ket-specific.

CPUs for the personal
computer market are add-
ing large amounts of mem-
ory for caching, graphics,
and multimedia functions
to enhance their ability to
handle video and audio in-
formation. They're also
adding important power-
management features to
reduce power-consump-
tion levels.

There are also processors
for other markets. These
may focus on other features
like real-time control sup-
port, direct drives forLCD
panels, high-resolution ana-
log-to-digital and digital-to-
analog converters (ADCs
and DACs), and many other
new functions.

What do you, the readers,
think should be imple-
mented? Send your sugges-
tions via my e-mail address
to dbursky@class.org and a
wish list will be compiled
and published in early 1997.

DAVE BURSKY
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By now, you’ve heard it all
loo often: The promise of a new

era in IC verification technology.
Only trouble is, when you

go to grab it, you get a handful
of smoke. Until now.
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i' » a revolutionary IC verification
~ technology that really works.
Right now.
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It works so well, in fact, that
many verification tasks that once
took days or weeks are reduced
to mere hours—regardless of the
methodology used to implement
the layout.

How does it work? Calibre
lakes the concept of hierarchical
verification a giant step further.
Using a proprietary technique
called hierarchical injection, it

automatically improves the layout
Structure for the purpose of veri-
fication. The result is a level of
performance unmatched by any
other verification tool.

From today’s ICs to those
in the next millennium, Calibre
delivers the verification solution
you’ve been waiting for.

While others talk, Calibre
walks. To find oul more, contact
us at 1-800-547-3000, department
M107, or visit our web site
at http://www.mentorg.com.

5 w1 HE POWER TQ

h

I I s World Radio History




THE INTERNATIONAL ELECTRON DEVICES MEETING

‘Annval IEDM Conference Previews
Cutting-Edge Device Developments

New Processes For Analog, Digital, And Mixed-Stgnal Devices, And The Latest
} Developments In Device Modeling And Simulation, Are On The Agenda. |

What will the next generation of sensors, detectors, laser diodes, power and communications ICs,
| memories, and modeling and simulation tools be like? That’s what the annual 1996 International
| Electron Devices Meeting will attempt to answer. The 35-session conference will take place Dec. 8-11,
at the San Francisco Hilton and Towers Hotel, San Francisco, Calif. (see the table).
On Sunday, Dec. 8, two short courses are planned, “The back end at the forefront,” and “DRAMs
in the 21st Century.” The former overviews changes over the last five years in backend processing and
| their economic impact. The latter exaines the dynamics of the DRAM business and how it can be sus-
tained into the 21st Century. Plenary Session 1, on Monday, Dec. 9, addresses microelectromechani- |
cal systems (MEMS), silicon-on- insulator (SOI) technology, and the silicon foundry business.
A. Auberton-Herve, of SOI-

1996 INTERNATIONAL ELECTRON DEVICES MEETING talke wbout “SOI Materials to

Session 1 Session 2 Session 3 Session 4 . .
Plenary session Quantum electronics Device interconnect | Solid-state devices—RF sy stems. ” This will be followed
| and compound technology—ithography power devices and . . .
semiconductor interconnects and components by Ken Wise Of the U nwersity
ices—HEMT: dvanced modeli o0
[ advanced modeling ] : of Michigan, Ann Arbor, who'll
Session 5 Session 6 Session 7 Session 8 . /e .
| CMOS devices and reli- Modeling and Integrated circuits—non- | Quantum electronics discuss “Microelectromechani- ‘
ability—high-speed simulation—compact volatile memory and compound N .
CMOS and SOI modeling technology semiconductors—iI-V cal Sys tems: Inte rf acing elec-
A% l AT . i |_HBTs andMESFETs _ tronics to a nonelectronic
Session 9 Session 10 Session 11 Session 12 ”» “
| Emerging technologies Solid-state Integrated Detectors, sensors. and world.” N ext’ F Oundry tech-
devices—silicon circuits—advanced displays—vacuum y Y )
heterostructures and SRAM technology microelectronics ;’Ol](;g Uz fw‘l}l be dezvler:d by
| noveldevices | 5 J . 1seng of Vanguard [nterna-
| Session 13 ‘ Session 14 Session 15 Session 16 ; ; \
CMOS devices and reli- | Device interconnect Modeling and Quantum electronics tzo?’zal Semzconducto?ﬂ COTp., .
ability—thin dielectrics {technology—interconnects.  simulation—device and compounc Taiwan, The Republzc of China.
modeling semiconductors—lasers . 0
| [EEiels TR , | andquantumdevces = 1his year’s luncheon speaker
\ Session 17 Session 18 Session 19 Session 20 will be Gordon Moore, Intel’s co- '
Device intrerconnect Solid-state Device interconnect Detectors, sensors. and S
technology—shallow devices—smartpower | technology—advanced displays—MEMs | founder and chairman Of the
junction and salicide devices and dielectric technology y
[ | technologies | technologies | 3 ¥ | board. On Tuesday, Dec. 10, he'll \
Session 21 Session 22 Session 23 Session 24 address complex technology
CMOS devices and reli- Integrated Modeling and Evening panel . . ’ .
ability—advanced circuits—DRAM simulation—interconnect | discussion—the pecple trends wlth hlS P esentation
l CMOS :reac:?:irs::r archi- technology and statistical modeling crunch “Silicon device fabrication tech-
- T = . o T PR »”
Session 25 Session 26 Session 27 Session 28 nology revisited.
Evening panel discus- Quantum electronics Device interconnect i Modghngand On Tuesday evening’ two
sion—system on a chip, and compound technology—memory simulation—process .
l does it make sense? |semiconductors—detectors dielectrics modeling I—oxidation panel 8e8sS1ons are planned
= ] | andphotoreceivers | A and implant T} re “T} ) 0"
Session 29 Session 30 Session 31 Session 32 ey flre te peope crunch
CMOS devices and reli- | Detectors, sensors, and Modeling and Device interconnect (Session 24) and “System ona
l ability—process- displays—MEMs Il and simulation—process technology—advanced . 0 ’
| induced damage and reli- TFTs modeling Il isolation chip, does it make sense” (Ses-
S e 33 ‘ Session 34 ' Sessi 777::!5 | S sion 25)
ession ssion ssion
h Integrated circuits CMOS devices and Detectors, sensors, and The fOZtT repm'ts that follow 1
—high-perf tech- liabili t-carrier | displ i . . .
ey | eplays—imago sensors cover the highlights of this |
EMOS year’s technical presentations.
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TECHNOLOGY ANALYSIS

FRANK GOODENOUGH

ttending the annual International
Electron Devices Meeting (IEDM)
can provide a good look at what may
be forthcoming in the area of ICs. At |
this year’s conference, advances in
analog semiconductor processes will |

IEDM
- Showcases
give engineers a preview of what they can expect to de-
’ velop in microelectromechanical systems (MEMS), het-
‘ T o m o r r o w s | erojunction bipolar transistors (HBTs), power-control de-
vices, laser diodes, and LEDs.

A number of papers cover MEMS. According to an

invited paper in Session 20, “Detectors, sensors, and dis-
“ u og ’ plays,” by a team from the Physical Electronics Labora-

tory, ETH, Zurich, Switzerland, the field of MEMS in-

o cludes not only micromachined actuators, but also a broad
s e m I ‘ o “ m | family of micromachined sensors, actuators, and complete
‘ systems using coupled electrical, mechanical, radiant,
thermal, and chemical sensors. A second invited paper in
the session by Kurt Peterson, founder of Cepheid, San |
u ‘ 'o r s Jose, Calif,, and an early guru of micromachining, de-
scribes biomedical applications for MEMS. ‘

Other papers cover submicron CMOS, biCMOS, and
The COnf erence Focuses DMOS processes. These papers address the processes’

O'n Th e L atest P?"O cesses active devices for digital, analog, display, and power IC

applications. Silicon germanium (SiGe) and III-V proc-
) ] esses also garner their fair share of papers. There are even
FO?"M?/CTomaCh’Lned SenSOTS, two papers describing SiGe light detectors. A pair of in-
I nf rared Detector. S, | vited papers cover silicon-carbide (SiC) devices for appli-

. cations ranging from power to RF, and I1I-nitride devices
HBTs, Laser Diodes, LEDs, And | quch 2s aluminumnitride (AIN), gallium-nitride (GaN), |

N indium-nitride (InN) devices, and their alloy AlGaInN.

Power CO”tTOl]CS. Session 9 “Emerging technologies,” features three in-
vited papers covering SiC, IIl-nitride, and biomedical
MEMS. According to Session Chair Judy Hoyt of Stanford
University, Stanford, Calif., all three
technologies have now approached or

recently reached commercialization.
SiC has been in the R&D labs for a
long time. A paper on SiC by a team
from Northrop Grumman, Baltimore,
GaAs e S e S Md.,and Pittsburgh, Pa., points out that
§ the material is superior to both silicon
and GaAs for many applications (Table
1). For example, its high bandgap volt- |
age of 3.25 eV results in an “intrinsic” |
temperature of 1650 'C, and its leakage
is on the order of picoamperes at 400 “C.
The bandgap voltage also suits it for use |

. ’ in ultraviolet detectors.

2l The material’s saturated electron
velocity, Vyg,t is more than twice that
of GaAs (Fig. 1). It gives SiC devices
15103 A oy “1110‘ R 8 1111105 (KepEe gty lll1]°‘ (SR 11:'71 a higher transconductance, a higher
Sl cutoff frequency (f), and lets them
il b b handle higher currents for a given de-

Il. A HIGHER SATURATED ELECTRON VELOCITY and breakdown field vice area. The paper points out that |
|

10. I llllllll I IIIIIHI I lllllll[
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T
\
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intensity of SiC, relative to that of GaAs and silicon, enables SiC devices to run at power CMOS SiC has been used to fabricate
densities four times those of either GaAs or silicon. ring oscillators, op amps, nonvolatile
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MINUSCULE

POWER.

(0.7pA)

MICROSCOPIC

VOLTAGE.

(2.0V)

TINY

COMPARATOR

(SOT-23 TinyPak™)

NOW THAT'S

HUGE.

INTRODUCING THE LMC7215/LMC7225.
THE INDUSTRY'S HIGHEST VALUE IN
LOW-POWER COMPARATORS.

OUR THE
SPECIFICATIONS LMC7215/25 | OTHERGUYS

MAX SUPPLY CURRENT @ 25°C 1.0pA BIGGER

MIN SUPPLY VOLTAGE v BIGGER

MAX OFFSET VOLTAGE (0-70°C) 8mV BIGGER

PACKAGE S0T23-5 BIGGER
T —eee——!

(BUT OURS HAS A BIGGER CO_MM(:)N M‘OVDE INPUT RANGE—RAIL-TO-RAIL)

With a unique combination of high-performance
specs, National’s IMC7215/25 comparators allow you
to design monitoring and analog signal conditioning
applications for your portable products in ways—and
at a cost—that just weren't possible before.

The LMC7215/25's extremely low supply current
of 1pA maximum is optimized for portable equip-
ment and is the lowest of any comparator on the
market. Its 2V minimum operating voltage is ideal
for low-voltage systems, while the LMC7225's open
drain output lets you optimize your mixed voltage
system designs. And the LMC7215/25’s input com-
mon mode voltage exceeds supply voltage rails,
making it perfect for systems required to monitor
large input signals.

By extending National's industry-leading family
of low-power comparators, the LMC7215/25 offers
you a powerful way to optimize your design without
sacrificing one iota.

And what could be bigger than that?
FREE SAMPLES—FAST.

For datasheets, free samples, and
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memories, and buried-chan-
nel CCDs.

Hot RUNNERS

SiC’s high breakdown volt-
age (Ej =3 MVem) provides
for RF power and power

Gate 2

Gate 2

relatively efficient high-
power (bright) red and infra-
red emitters arrived. They
(and similarly colored LEDs)
are wanted for applications
ranging from underwater
LIDAR (light detection and

switching devices that can op-
erate at three to four times the
power density of similarly

ranging) and large TV dis-
plays to compact disks for
both audio and ROMs. The

rated silicon or GaAs devices.
Moreover, its superior ther-
mal conductivity (6K = 4.9
W/emK) is almost ten times
that of GaAs and over 3 times

n*SiC

Cathode

LIDAR application needs
them because blue-green is
the only light color that pene-
trates water without severe
attenuation. Large LED-

that of silicon. This ability to
take high temperatures per-
mits taking maximum advan-
tage of the power density.
This mix of characteristics
allows tiny, high-voltage, RF

2. THIS SILICON-CARBIDE Mos-turn-off thyristor
(MTO) consists of a gate-turn-off thyristor (GTO) controlled by BJT
and MOSFET gates. Applying positive current pulse to gate one
turns on the GTO. Applying a positive voltage pulse to gate two of
the MTO, the gate of a highly interdigitated n-channel MOSFET,

or low-frequency, SiC power turns off the GTO.
devices to run very hot at
nhear-room temperatures. Theoreti- | Their forward drop when conducting

cally, the low leakage currents could
let SiC DRAMs act as non-volatile |
memories at room temperature.

As of today, 3- to 6-GHz SiC static |
induction transistors (SITs) have
been fabricated as well as 6- to 10-GHz
MESFETs. Other SITs with 300-V
breakdowns have put out 450 W at 600
MHz. A 1-kW multitransistor module '
has been built with them. This module
transmitted HDTV over the air at the |
National Association of Broadcasters
(NAB) convention in Las Vegas, Nev.,
this past April. A more recent version
of that SIT yielded a voltage gain of ‘
70, a g, of 140 mS/cm, and a channel
current of 650 mA/em. And, it blocked
350 V. SiC MESFETS have been built
with drain currents exceeding 500
mA/mm at breakdown voltages of
over 100 V. The results of small-signal
measurements on these devices have
produced an fy,,, of 42 GHz and a gain
of over 10 db at 10 GHz.

For low-frequency (relative to 1
GHz) power applications such as
switching regulators, SiC Schottky
diodes offer a turn-off time of 10 ns
and they break down at over 1000 V.

is about 2'V at a current density of 100
Alem?.SiC p-i-n diodes capable of run-
ning at 400°C provide breakdown
voltage of over 4.5 kV. Their forward
drop is about 4 V and their carrier
lifetime is about 3 ps.

SiC gate-turn-off thyristors (GTOs)
with forward and reverse blocking
voltages of 900 V have been built.
Their forward current ran 2 A at a
current density of 625 A/em? and at a
forward drop of 3.9 V. Moreover, 1000-
AJem® current densities and operation
at 500°C is possible. Due to minimum
minority-carrier storage, these SiC
GTOs have achieved turn-off times of
200 ns. While such GTOs look good for
high-temperature, high-power con-
trol applications, GTOs require com-
plex drive circuits. To simplify the
drive problem, a SiC, MOS turn-off
transistor (MTO) has been proposed
(Fig. 2). A positive pulse on gate 2 of
the MTO’s interdigitated n-channel
MOSFET turns on the MOSFET,
which then turns off the MTO.

Blue-green semiconductor laser di-
odes have been the Holy Grail of all
light-emitter developers ever since

TABLE 1. KEY ELECTRONIC PROPERTIES OF Si, GaAs, AND SiC
GaAs R

Property | Silicon | aA SiC
Eg (eV) T T [ et
Vnsat (x 107 cmy/s) 1.0 st L) 108 10 A TR0
Ecat (MV/em) BT 04 o ki
OK (W/emK) 15 1 0.5 4.9

based TV displays need them
for true-color displays. And
CDs need them because their
shorter light wavelength
permits closer spacing of the
dots on the CD, since they
can store more bits.
Aninvited paper by a two-
i person team from Meijo University,
Nagoya, Japan, describes the latest
work in Ill-nitride materials.

Bandgap energies at room tempera- |

| ture range from 1.9 eV for InN to 6.2
eV for AIN devices, which are also
chemically and physically stable. The
paper describes ultraviolet blue, blu-
ish green, and green LEDs with effi-
ciencies better than 1%. Their bright-
nesses and efficiencies compare well
with those of GaAlAs-based red

T LEDs. The blue LED is commercially
available. Room-temperature opera-

i tion of violet and ultraviolet laser di-
odes also have been reported.

TINY SENSORS

According to Cepheid’s Peterson,
over 20 million disposable microma-
l chined blood-pressure sensors are
shipped every year for use during sur-
gery and intensive care. Moreover, to-
day’s advanced micromachining proc-
esses build pressure sensors just 0.4-
mm wide (the world’s smallest) so
they can be inserted in ultraminiature
catheters for monitoring blood pres-
sure inside the heart.

These advanced processes also
make possible complete systems on a
chip. Peterson’s invited paper in Ses-
sion 9 describes four of them in detail.
These chips form the basis of four ad-
vanced biomedical instruments:

* A fast, blood-chemistry analyzer;

* A flow cytometry system;

| o A polymerase chain-reaction sys-
ELECTRONIC DESIGN/DECEMBER 2, 1996




CONLINEAR® OP AMPS
GIVE YOU THE MOST SPEED
FOR THE LEAST POWER.

PART NUMBER CLC440 CLC446 CLC449
TECHN % Voltage Current Current
e Feedback Feedback Feedback
750MHz 400MHz 1200MHz
BANDWIDTH (Ay=1) (Ay=2) (Ay=2)
2V RISE/FALLTIMES 1.5ns 0.9ns 0.8ns
SLEW RATE 1500V/ps 2000V /us 2500V/ps
QUIESCENT POWER 70mwW 48mwW 120mw
DIFFERENTIAL 0.015%/0.025° 0.02%/0.03° 0.03%/0.02°
GAIN/PHASE
PRICE (10005} $4.20 §1.95 $4.20

Forget the usual speed-vs.-power tradeofts. Three
Comlinear op amps change the nules.

Al the top end, the Comlincar CLC449 current
feedback op amp offers the widest bandwidih
available anywhere...1200Mz (A =+2) with just
120mW quiescent power. Plus exceptionally flat gain
response (0.1dB to 200MHz) and 2500V s slew rate
(*$4.20). For unity-gain BW 10 750MHz, the CLC440
voltage-feedback op amp consumes a mere 70m\
quiescent power (*$4.20). And on the “low” end. the
CLC446 current-feedback op amp has a 100M1 1z BW
(A, =+2) at just 48mW’ quiescent power, plus flat gain
response (0.1dB 10 100MHz) and low differential
gainy phase errors (0.02%/0.03°). And price is a low
*$1.95.

Check them out for NTSC PAL video systems,
high-resolution RGB  video. high-speed AIX(
drivers. RF/IF communication subsystems. and

high-speed instrumentation.

FREE INFO KIT—FAST.
For free datasheets, a selection guide,
and application support, contact us at
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200 ym |

Polysilicon fixed-drive electrode
S

Polysilicon force-balancing plate

/ Vacuum-sealed cavity

pensive. Again, re-
searchers have developed
chips based on microma-
chining that will make pos-
sible small, handheld sys-
tems that are ten times
faster than those now avail-

}m

Silicon substrate

able. According to Peter-
son, a revolution has
started. The days of a cen-

20 um

Sensing-capacitor electrode
(diffused)

Silicon-nitride
sensing diaphragm

tralized hospital laboratory,
full of large, slow, instru-
ments costing $100,000 and

tem; and

e An electrophoresis system.

Not only are they small, handheld
instruments, whereas most available
systems performing the same func-
tions are big, bulky lab instruments,
but their lower cost is coupled with
superior performance.

Until now, blood-chemistry analy-
sis involved taking a patient’s blood
sample, transporting it to a hospital’s
central laboratory, and waiting (even
during an operation) over an hour for
the results. Field analysis at an acci-
dent or disaster had been impossible.
The handheld instrument from i-
STAT of Princeton, N.J., eliminates
those problems.

Flow cytometry measures some of
the characteristics of collections of
small particles such as populations of
cells or pollen. Typical, desk-sized sys-
tems costing over $100,000 are now
replaced by smaller, lower-cost,
MEMS-based instruments. In them,
complex hydrodynamic plumbing and

pair of interesting papers

on analog developments

were received at press

time; the first described a

sub-mm-wave monolithic resonant-

tunnel-diode (RTD) oscillator, and

the second highlighted integrated

organic LEDs and amorphous-sili-

con thin-film transistors (TFTs) de-

posited on unbreakable metal-foil
substrates.

At the University of California in

3. THIS SURFACE MICROMACHINED force-balancing pressure sensor employs

force-muitiplication similar to that in hydrautic braking systems. Electrostatic force applied to the large
polysilicon force-balancing capacitor plate need be only one-quarter of that applied to the smaller silicon
nitride (SiN) pressure-sensing diaphragm (capacitor plate).

detectors are built by etching chan-
nels on chips and bonding them to-
gether using conventional microma-
chining techniques.

CHips IDENTIFY HIV
Polymerase chain reaction (PCR) is
used to identify DNA. Not only are
conventional systems large, slow, and
expensive, but they cannot capture
and identify very small concentra-
tions of DNA in a large sample—for
example, a single count of HIV in a
drop of blood. Silicon-micromachined
MEMS have been built that are up to
10 times faster than existing systems.
Moreover, they produce 30% more
DNA. They also use very small quan-
tities of genetic material and re-
agents. This technology represents a
significant savings, because some re-
agents cost over $1000 per milliliter.
Electrophoresis also is used to iden-
tify DNA. Like the other currently
available instruments, those for elec-
trophoresis are large, slow, and ex-

Santa Barbara, researchers built a
solid-state oscillator with an ob-
served oscillation of 650 GHz, the
highest known frequency for a
monolithic oscillator (Session 8).
The oscillator was made up of a 64-
element array of sub-mm-wave
monolithic RTD arrays and pro-
duces a record output of 28 uW at
310 GHz and an associated record
power density of 440 W/em?>.
Conventional LCDs are fragile

up, are numbered. They will
be replaced with these
handheld, MEMS-based in-
struments to be used at the
patient’s side.

As paper 20.2 points out,
many applications require pressure
measurement at temperatures ex-
ceeding the maximum limits of sili-
con—albeit piezoresistive, pn-junc-
tion silicon sensors have reached
175°C and silicon-on-insulator (SOI) de-
vices have operated at temperatures
close to 500°C. However, above 500°C,
silicon undergoes creep at minimum
loads. Those facts instigated Kulite’s
development of a batch-built, dia-
phragm-based, 1000-psi full-scale
range, piezoresistive SiC pressure sen-
sor that performs well between 28 and
350°C. Kulite expects future versions to
do the same at 600°C.

An IC MEMS, a force-balanced
pressure sensor (paper 20.3) created
by two researchers at the University
of Michigan’s Center for Integrated
Sensors and Circuits, Ann Arbor, is
made by surface micromachining.
Electrostatic force balancing pro-
vides an output signal relatively inde-
pendent of material properties and
process variations. In the past, these

LATE PAPERS

because they're built using glass
substrates. Now, researchers at
Princeton University, Princeton,
N.J., report on organic LEDs they
developed that can emit light from
the top side and do not have to be
built on a transparent substrate
(Session 30). The researchers put
the LEDs on rugged stainless-steel
foils that were then dropped 30 feet
onto a concrete floor without any
performance degradation.

ELECTRONIC DESIGN/DECEMBER 2, 1996
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balancing forces have been employed in
accelerometers and microvalves, but the
high voltages required by pressure sen-
sors has been incompatible with IC proc-
esses. However, this sensor reduces the
voltage requirement to about 1525 V
with a mechanical force multiplication
scheme. The voltage needed to balance
the force on the small sensing dia-
phragm (sensing plate) is cut by the
square root of the ratio of the areas of
the sensing plate to the force-balancing
plate. A ratio of 100 brings the voltage
into the acceptable range.

The sensor consists of a 0.24-um thick
SiN ésma.ll, sensing diaphragm (20 by 20
Hm °) built over a vacuum cavity (Fig.
3). At atmospheric pressure, the dia-
phragm bends down. A central support
connects the 1.1-um-thick, large-area
(200 by 200 um? polysilicon force-bal-
ancing plate to the center of the sensing
plate. A fixed, thick, polysilicon elec-
trode is located 1 pm above the force
plate. The electrostatic force voltage
from a charge pump is applied to this
electrode. The displacement of the mid-
plate is sensed capacitively by elec-
trodes diffused into the substrate.

Most conventional flat-plate Hall-ef-
fect-based IC magnetic field sensors do
not lend themselves to the use of exter-
nal magnetic field concentrators. To get
around this problem, a three-

ity of 1 mV/A. Unlike flat-plate Hall
devices, the cylindrical Hall sensor is
highly directive.

Another paper in Session 20 (20.8)
describes an ultrasensitive, uncooled,
heat-balancing infrared detector
based on electrothermal principles. It
consists of a six-transistor IC built on
a standard CMOS process which is
followed by simple postprocessing
and micromachining.

Two of the six FETS, p-channel de-
vices, are series connected and lo-
cated in a p-well suspended by
polysilicon beams over an etched cav-
ity. This arrangement thermally iso-
lates the devices from the p substrate.
Because of their thermal isolation, the
p pair are subject to heating by im-
pending thermal radiation. The cir-

cuit, with its thermally isolated FETS, |

forms an electrothermal feedback
loop that tends to maintain the tem-
perature of the n well constant. Its
output voltage rises as the tempera-
ture of the thermally isolated FETSs
rises, yielding a responsivity of 10°
V/uW or 1 V/uWw.

SuB-200-NM ANALOG CMOS

Depending on who you talk to and
what they are doing, some re-
searchers say sub-200-nm gate-length

CMOS can perform any and all of the
analog tasks required by semicondue-
tors, including RF applications, for
the foreseeable future. Other gurus
insist we will always need a few npn
BJTs around. Still other experts de-
mand good fast pnp transistors.

Most of Session 5's papers describe
the latest work on fully- and partially-
depleted SIMOX thin-film SOI(TFSOI)
CMOS for digital applications. However,
at least two papers look at device proc-
esses for analog RF applications. One of
them, paper 5.8, by a team from Mo-
torola, Mesa, Ariz., describes the inves-
tigation of both MOS and bipolar devices
on a TFSOI complementary-bipolar
CMOS (CBIiCMOS) process. The sec-
ond, paper 5.1, by a Toshiba team,
Kawasaki, Japan, describes the high-
frequency analog characteristics of sub-
200-nm gate-length tunneling-gate-ox-
ide CMOS devices. SIMOX wafers are
built by implanting oxygen below the
surface of a silicon wafer and heating it.
The heating forms a thin layer of silicon

dioxide, with theimplanted oxygen below |

the thin layer of silicon on the surface of
the wafer. The heating also anneals ion-
implantation-caused damage to the thin
monocrystaline silicon structure on the
wafer surface (the high-energy ion im-
plantation changes the crystalline silicon
to amorphous silicon). The an-

person team from the Swiss
Federal Institute of Technol-
ogy, Lausanne, Switzerland,
Jjoined by an additional mem-
ber from Sentron AG, Zug,
Switzerland, developed a cy-
lindrical Hall sensor with inte-
grated concentrators. This
Hall effect device senses the
quasicylindrical magnetie field
under the gap between the
pair of field concentrators. A
sensor of this type could meas-
ure the current flowing
through a wire located in the
gap. In the fabricated sensor,
the aluminum and n* layers
provide contacts to the active
n-substrate region. The thick,

Silicon bufter (700 A)

* polysili
80-A silicon cap i i 80-A thermal oxide
\ ’/
SN
400-A SiGeC (n)
gate

nealing produces small areas
of monocrystalline silicon
that are usually sufficient for
tiny digital CMOS devices,
but not large enough or deep
enough to hold the large ver-
tical bipolar devices required
for analog circuits.

The digital FETS built on
SIMOX substrates sport ef-
fective gate lengths from 1.5
um to less than 100 nm, and
seem feasible. For the last
few years, TFSOI propo-
nents have indicated that it
was the only way to go as
gate lengths spurted below 1
um. And, at each plateau (0.8,
0.6, 0.5, and 0.35 um), TFSOI

30-um layer of ferromagnetic
material forming the concen-
trators is glued over the SiN
passivation layer. Photoli-
thography defines the shape
of the concentrators. As a
current sensor, this Hall ef-
fect device sports a sensitiv-

4. S1(xe is presently known for its BJTs, However, it also can
improve the performance of a MOSFET such as this p-channel FET,
It has a relatively thick layer of SiGeC separated from the gate
oxide by just 50 A of silicon. Trans- conductance of devices with the
SiGeC layer at a gate-source voltage of 2 V runs about 75 mS. That's
20% greater than that of silicon alone, and virtually twice that of
similar FETs without the carbon added to the SiGe.

ELECTRONIC DESIGN/DECEMBER 2, 1996

proponents  have  been
wrong. SOI has not been
needed. That’s why some still
prefer to see analog RF proc-
ess developments aimed at
both FETs and BJTs.

At least one of the digital
papers is interesting from a de
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analog point of view. Paper
54, by a team from Tohoku
University, Sendai, Japan,
displays I3V curves for indi-
vidual FETs running off sup-
ply rails as low as 100 mV at
currents of several 100 mA. A
Put over 1,000,000 of those on
one chip and chip current could
run well over 100 A.

The n-channe!l FETS on the

achieve cutoff frequencies
ranging from 20 to 245 GHz for
gatelengths from0.5t0 0.1 um.
Transconductance runs be-
tween 300 and 1000 mS/mm
for a similar range of gate
lengths. Cutoff frequency, an
inverse function of g, runs
from less than 10 GHz to over
200 GHz for g, between 200
and 1000 mS/mm. The polysili-
con gates on top of 1.5 nm of
gate oxide are silicided with a
layer of CoSig (cobalt-silicide)
that results in a sheet resis-
tance of just 4 Q/square. The
drain and source contacts also
are silicided to achieve similar

Silicon chip

Undoped SiGe/Si
absorption layer

)

Buried Si0j

Aluminum
7

i Aluminum Aluminum

p* contact layer

A SiGe

Si

WL

7
=
-

- v~

Substrate bonded wafer

Top view

SeSige

A

Cross section

The process starts with a
SIMOX wafer sporting a 100-
nm layer of silicon on top of
400 nm of buried oxide. The
process is based on a fully-
manufacturable 500-nm
gate-length, lightly-doped
drain CMOS process that
also builds high-frequency
lateral BJTs (Tables 2 and 3).

Today, many system design-
ersare askingif SiGe processes
are, like GaAs, the solution to
tomorrow’s problems. As men-
tioned earlier, the jury is still

ing to be used for which com-
mercial ICs. The RF mixed-
signal arenaisstillup for grabs.
However, SiGe has lots to offer;
and much of it is covered in the
nine papers distributed over
three IEDM sessions, Sessions
10,26, and 33. In fact, several of
the papers describe work per-
formed to eliminate some of

ier to use.
Several papers describe
the positive effects of intro-

sheet resistance. Noise figures
of 1.5 dB were achieved at 5
GHz with a gain of 10 dB at
currents ranging between 10
and 100 nA/um.

According to the paper, the process |
is fairly simple requiring only seven |
major steps starting with a p sub-
strate: Isolation by LOCOS, channel
definition, gate oxidation by rapid
thermal oxidation at 800°C for 10 sec-
onds, and formation of the phospho-
rus-doped polysilicon gate. The
source and drain are formed by the
diffusion of phosphorous from the
phosphosilicon glass wall on both
sides of the gate. Cobalt silicidation
and metalization steps follow.

The paper also describes n- and p-
channel FETSs with gate lengths of 170
nm and cobalt-silicided polysilicon
gates on top of 1.5 nm of thermally-
grown gate oxide (TOX). These FETs
are used to build a 101-stage CMOS

ring oscillator. Propagation delay per
stage varies from 80 to about 18 ps for
supply voltages between 700 mV and
5 V. These FETS indicating sub-200-
nm CMOS may be able to handle RF
applications at carrier frequencies
greater than 2 GHz.

Mixep-Mopk ICs

The Motorola paper notes the advan-
tages of their TFSOI process for low-
power RF mixed-signal applications.
These include latch-up immunity, speed,
and potential integration level, com-
bined with process simplification, im-
plying low cost. The paper also reports
on the results of low-frequency (1f)
noise tests on the FETs and BJTs from
the process.

5. THIS SILICON-GERMANIUM photodetector

employs SiGe and a bonded-wafer silicon-on-insulator substrate to
replace III-V material photodetectors in order to detect 1-Gbit/s data
arriving on a 980-nm wavelength optical carrier.

ducing small amounts of
carbon into the SiGe HBT to
form SiGeC. A team from the
University of Texas, Austin
developed a SiGeC p-channel
MOSFET located between a 700-A
silicon buffer and a 50-A silicon cap
(Fig. 4). The carbon reduces the strain
in the crystal lattice at the SiGe
boundary. This, in turn, approxi-
mately doubles the gy, of the FET to
over 75 uS.

A paper (10.2) by a team from
Princeton University, Princeton, N.J.,
University of Virginia, Charlottes-
ville, Va., and from Evans East,

Plainsboro, N.J., describes the addi- ‘

tion of carbon to the SiGe HBT struc-
ture. Carbon is added to reduce the
outdiffusion of boron from the SiGe base
into the silicon collector. The outdiffu-
sion cuts the gain, speed, and Early volt-
age of the HBT npn BJ'Ts. Their addition
of carbon drastically reduces the boron

TABLE 2. KEY DEVICE PARAMETERS FOR TFSOI CBiCMOS TECHNOLOGY

Bipolar | SOl thickness  Emitter size =
npn | 01pum I 0.1 by 7.2 pm*
pnp | 01um 0.1by7.2um* |

Peak current
gain fr (GHz) fmax (GHz)
65 14 22
40 j 9 | =

_ Ces | Ccs | BVeceo(V) |
411F  23fF 385
351F 221F >8.0
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out on what processes are go- |

SiGe’s warts, and make it eas- |
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Think about it. Your megaprocessor
and the Power Trends’ PT7700—this
could be the beginning of a very long
and powerful relationship.

For applications assistance call
1-800-531-5782 or access our latest product
information tirough the world wide web at

http:// www.powertrends.com.
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LE 3. KEY DEVICE PARAMEERS FOR TFSOI CBICMOS TECHNOLOGY
SOl ; Subthreshold | ; !
MOSFET thickness | Gate oxide Lett Threshold slope  lpsar@1.8V | fr(GHz) | fwax(GHz) | BVpss(V) |
nMOS 0.1 um 105A | o044pum 051V |67 mV/decade| 150 uAjum 16 19 20
| pMOS 0.1 um 105 A 0.45 pm 045V |68 mV/decade 56 pAjum NA NA 5.0
| NA = not available 1

diffusion during postgrowth implan-
tation and annealing procedures. The
improvement is clear from V-I curves
of devices with and without a mite of
carbon in their bases. The epitxial lay-
ers creating the SiGeC npn transis-
tors were grown by room-tempera-
ture chemical-vapor deposition.

A paper (10.3) by a team from
Auburn University, Auburn, Ala., and
IBM, Hopewell Junction, N.Y., inves-
tigates the effect of shaping the pro-
file of germanium concentration
across the base of a SiGe HBT to elimi-
nate degradation of BV, f; and fi.x
when operating at temperatures be-
tween —73 and +85°C. Working with
IBM SiGe HBTs built on IBM’s
UHFCVD (ultra-high vacuum CVD)
process and using a box profile, the
team made devices with an £, of 100
GHz and a BV of 10,000 while oper-
ating at a temperature of 300K.

Currently, most SiGe HBTs have
breakdown voltages (BVcges) on the
order of 2or3 V.RF power devices need
more than that. The Auburn IBM team
also investigated the trade-offs be-
tween breakdown voltage and fi,x. As
a result future SiGe HBTs can be ex-
pected with a BVcg of 10. While the
cut-off frequency will be lower, they still
will offer RF performance superior to
that of pure silicon BJTs.

To demonstrate the manufacturabil-
ity of SiGe HBTS for RF applications, an
1BM team from Hopewell Junction and
Yorktown Heights, N.Y., describes the
results (yields) from a run of 200 &-in.
wafers with a total of over 4000 npn
HBTS, in addition to large numbers of
other devices. The npn transistors car-
ried an f; 0f45 GHz and an f,,,,0f 60 GHz.

The other devices include a pFET
with an effective gate length of 430
nm; a gated lateral pnp transistor with
a beta of 330 and an Early Voltage of
21; polysilicon and silicon resistors;
MOS capacitors; 10-nH spiral inductors
with a Q of 6 at 1 GHz; and varactor,
p-i-n, and ESD diodes. The results in-
cluded histograms of cutoff frequency,
plots of ECL ring-oscillator propaga-

tion-delay per stage, and total base
resistance. Other parameter vari-
ations plotted included beta and fi, .
The yield is equal to or better than that
achieved by similar CMOS devices.

SIGE OPT0 DETECTORS

An indication of the versatility of
SiGe can be obtained by looking at the
photodetectors that have been built
with it. A team from NEC, Kanagawa,
Japan, has built a vertical-cavity SiGeSi
p-i-n diode photodetector array on a
bonded-wafer SOI substrate. It re-
places InGaAs and GaAs photodetec-
tors performing similar functions. The
ITTV-material devices have excessive
crosstalk between array channels at
datarates of over 1 Gbits/s (F'ig. 5). The
parallel digital data is coming off multi-
ple glass fibers operating at a light
wavelength of 980 nm. Each fiber chan-
nel needs its own detector.

Each detector, composed of many
alternating layers of silicon and SiGe,
is octagonal in order to eliminate the
need for a large facet at each corner.
The sensor is one of many forming the
array, that is grown on a silicon sub-
strate containing an IC for each sen-
sor. The ICs perform the additional
detection and signal-conditioning
tasks required to convert the signal
current from the sensor to a useful
form. The ability to grow the detector
on silicon holding the ICs eliminates
the need to bond III-V materials to
the silicon—not a simple task.

The detector’s low-dark current of 0.5
pAumz, mandatory for a high signal-to-
noise ratio, is combined with a 3-dB
frequency of 7.8 GHz, while back-biased
with 5 V. Parasitic input capacitance
runs just 0.2 pF with 2.5 V of back bias.
A somewhat simpler, but similar p-i-n
photodiode has been developed by a
team from the University of California,
Los Angeles (UCLA) for similar appli-
cations. It can operate with input data
rates of 2.5 GHz. The team uses a silicon
substrate, but adds carbon to the SiGe
to achieve an efficiency-bandwidth
product two and a half times that of

ELECTRONIC DESIGN/DECEMBER 2, 1996

earlier SiGe designs without the carb-
on material.

POWER CONTROL

The IEDM always carries a few
power-control papers, and this year is
no exception as seen in Session 18 con-
sisting of seven papers. They cover
technologies ranging from a 0.6-um
bipolar-CMOS-DMOS, to one offering
300-V, 300-mA gate-controlled SCRs
on a bonded SOI substrate. Several of
the papers cover detailed analysis of
existing biCMOS and DMOS device
processes. They also have suggestions
for reducing well-known warts.

The 0.6-um bipolar-CMOS-DMOS
process is the subject of paper 18.1,an |
invited paper by a team from SGS-
Thomson, Milan, Italy. It describes
the fifth generation of this process
which combines fine-geometry 5-V
CMOS and nonvolatile EEPROM
memory with low-voltage (20-V) npn
and pnp transistors with power-con-
trol devices (lateral DMOSFETs) that
are able to stand off 80 V. A full menu
of active devices from the process is
listed (Table 3).

A team from Supertex, Sunnyvale,
Calif,, and Planar Systems. Beaver-
ton, Ore., describes in paper 18.3 an
integrated power switch designed to
drive the individual pixels in elec-
troluminescent and  plasma-ad-
dressed flat-panel color TV displays.
Built on a 20-V CMOS process on a
bonded-wafer substrate, the team
employs n- and p-channel logic gate-
controlled MOS SCRs that can stand
off 350 and 310 V, respectively. Both
devices can pass 300 mA. The process
also builds a diode rated at 390 V. All
the high-voltage ratings are achieved
while the devices are passing 1 pA.OJ

Frank Goodenough can be contacted

via fax at (617) 227-4426.
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4 PAUL MOGOLDRICK |

‘ he invited paper in Session 35, “Detectors,
u n s sensors and displavs—image sensors,” is a
‘ good example of the range of technology in-

novations this year’s IEDM presents in im- |
‘ agers and sensors. The paper, “CCD imag-
| m u g e | ers for broadcast applications,” from Philips
| Imaging Technology, Eindhoven, the Netherlands, presents
the latest advancements of transfer CCD technology with the

s e “ s o r s presentation of a 2/3-in. array with 600k pixels for an NTSC
| format. The image format is such that it combines a 4:3 and
16:9 aspect ratio, while maintaining horizontal resolution and

| frequency response. Using the flexible-clocking possibility in-
r o u g ~ herent in the device technology, a tunable, vertical, anti-alias-

ing filter is built on-chip. A new design approach is used where

the light-sensitive part is composed by repetition of a single-

|
An E nornmous R Cmg € Of gate electrode using polysilicon for high sensitivity, especially
l Te C hn 0 l 0 gz s Sh ow Th a t | for blue light. The technique also has a profiled p well, giving 1

anti-blooming protection of 10,000 times its overexposure.
There Is Still More ' Philips Imaging also discusses another frame-transfer
CCD imager that's VGA-compatible (640 by 480 pixels pro-
ROOm F or 1)8’176[0])’]}’1,6’)’1,&5‘ gressively scanned at 60 frames/s) with a 1/3-in. optical for-
‘ . mat. The imager maintains an optimal light sensitivity, high
[ n P rocess T 30]1"0509 LS. charge-handling capacity, and vertical anti-blooming fune-
tions. The sensor uses two ultra-thin polysilicon layers and a
‘ modified shunt-wiring technology with other optimizations.
| In the same session, NEC Corp., Kanagawa, Japan, de-
l scribes work on a two-phase, single-laver electrode CCD
register with a charge-injected floating gate. The techniques
] allow the single-layer advantage and lower power consump-
| tion of smaller cells, while maintaining high-speed operation.
A floating-gate photosensor also is deseribed by the Naval
Research Laboratory, Washington, D.C., and the University
of Maryland, College Park, Md., exhibiting sensitivities of 10
nW, a rise time of 35 ns, and a dynamic range up to 10*1. The
ac-coupled sensor has a square-root compressing transfer
function for large photo signals. The potential uses of the
sensor are in infrared local-area networks (LANs) and as

| optical disk laser sensors.

l A high-resistivity n-type silicon substrate is used in a

Vid

0 amplitier (

| e 2| =TS
sl | o T ol

[ Phologate | | gl

’ Lt n |
pwell Transfer gate .v?lft |
’ p 9 External
o L\ current source

’ P =g ’ |
. 1. PHOTOGATE PIXEL CIRCUIT AND DEVICE schematic for cMos |
active pixel image sensor.
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200-by-200-pixel sensor that

Anode

uses back-illumination to in-

crease blue-light response.
The sensor is being devel-
oped by Lawrence National
Laboratory of Berkeley Uni-

—— p GaAs
| p Gag 51Ing 40P

versity, Berkeley, Calif., and
the Lick Observatory of the

~

University of California at
Santa Cruz. The sensor is

T nGahs substrate

otherwise conventional ex-

——— Cathode

L— p (Alp 7Gag.3)p.51Inp.49P

%\n Gahs

Strained MQW active layer
™ (Alp 76ag 3)o 511, 4gP

range of 4% is possible, with
a 1.8% range in laser oscilla-
tion without mode-hopping.
Matsushita, Osaka, Japan,
explained its work on a high-
power (30-mW) visible laser
| as a promising device for
erasable DVD use. High
temperature and excellent
reliability of 650-nm-band
AlGalnP lasers are achieved

cept that the substrate is to-
tally depleted, removing any
red-fringing problems. Theo-
retical work by IBMSs
Thomas Watson Research Center,
Yorktown Heights, N.Y., and SRDC,
Hopewell Junction, N.Y., looks at ex-
perimental results of CMOS imagers
using 1.8-V, 0.25-um CMOS logic tech-
nology. Use of the newer CMOS proc-
esses promises the potential of lower
costs compared to CCDs, random ac-
cess of the data, and lower voltages and
powers. It also offers the alluring possi-
bility of combining the signal electron-
ics of processing and drivers on the
same IC (Fig. 1). Pixel size also is the
smallest reported to date at 7 by 7 pm.

PHOTORECEIVERS AND LASERS

Session 26, “Quantum electronics and
compound semiconductor devices—de-
tectors and photoreceivers,” opens with
an invited paper from AT&T Research
Labs, Holmdel, N.J. The paper points
out that integrated photoreceivershave
been the most investigated optoelec-
tronic IC (OEIC). The authors summa-
rize the last five years of work on long-
wavelength receivers and the different
approaches reported from several labo-
ratories for the integration of

2. SCHEMATIC CROSS-SECTION of the transverse-

mode stabilized AlGaInP laser.

the focus of a paper from the Univer-
sity of Michigan, Ann Arbor. In this
case, the problems of crosstalk in ar-
rays are discussed as the major limi-
tation of sensitivity in the current
generation of high-responsitivity
photo-detectors and low-noise pream-
plifiers. A novel solution is offered
with a monolithically-integrated cros-
stalk-shielding metallization-blocking
optical crosstalk. It greatly limits |
electrical crosstalk due to air-radia-
tion modes. Crosstalk is shown to be
reduced by 17 dB on a test array. |
In Session 16, “Quantum electronics |
and compound semiconductors—Ilasers
and quantum devices,” Stanford Uni-
versity, Stanford, Calif., reports on a
broadly-tunable vertical-cavity sur-
face-emitting laser (VCSEL) that uses
a surface-micromachined movable re-
flector as a top mirror. Broad-range
wavelength tuning without mode-hop-
ping is possible, simply by direct tuning
of the optical path length of the cavity.
This tuning is limited to 1%, however,
but with the micro-mirror, a tuning

using a hydrogenated o-Si
film which has a low optical
absorption coefficient at the
rear facet of the laser (Flig.
2). Degradation problems are the sub-
ject of a paper from the Nagoya Insti-
tute of Technology, Nagoya, Japan,
where GaAs-based laser diodes on
silicon suffer from the formation of
dark-line defects (D1.Ds). The DLDs
are caused by the different material
properties. The authors show that Al-
GaAs/GaAs laser diodes with self-
formed GaAs islands are effective in
improving the reliability of both the
laser diode and LED on silicon.

HEMTS

HEMTSs seem to be appropriate ve-
hicles for improved devices in power
amplifiers and high-speed 1Cs. The
keynote paper in Session 2, “Quantum
electronics and compound semicon-
ductor devices—HEMTS,” deals with
recent advances in [1I-IV nitride de-
vices. Coming from APA Optics Inc.,
Lane Blaine, Minn., the University of
Virginia, Charlottesville, Va., and
Cornell University, Ithaca, N.Y,, the
paper discusses experimental and
theoretical studies of AlGaN-InGaN
devices showing high mobil-

HBT-based OEICs. They also
discuss their own approach in
the integration of the p-i-n
photo-detectors with the HBT-
based preamplifier. Single-
channel receiver modules for
long-haul systems have been
operated up to 20 Gbits/s for a
bit-errorrate of 10"9, while 8
channel receiver-array modules
have been fabricated for wave-
length-division multiplexing
(WDM) applications. These
have an average measured
sensitivity of -25 dBm at an

Source

N

- '-'.'-"-'.'-'-7".'—

P+ enhancement

P+ sinker /

Tungsten-silicide/
polysilicon gate

ity at room temperatures.
Monte Carlo simulations pre-
dict that GaN should have a
peak velocity well above
GaAs, and should be superior
to other types in FET de-
signs. Five transistors com-

P epitaxy

bined in parallel to form a
0.75-mm gate-width device
provide a measured 0.3
W/mm at 10 to 15 GHz. This
value seems to be limited by

the thermal conductivity of
the sapphire substrate used.
A new predictive model for

operating speed of 2.5 (}pits/s
for a bit-error-rate of 107,
WDM applications are also

3. LDMOS CROSS-SECTION ot 1-gate finger. A device is

made of 1 to 108 cells, and each cell contains 22 gate fingers.
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tunneling-limited breakdown
in power HEMTS is proposed
by authors from the Massa-
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LATE PAPERS

pair of interesting papers

on high-electron-mobility

transistors (HEMTs) and

one on full-chip optical im-
aging of logic-state evolution in
CMOS circuits were received at
press time.

Researchers at the University of
California at Santa Barbara report
on the first demonstration of a p-
type HEMT on a GaAs-on-insulator
(GOT) substrate in Session 2. A buff-
er layer of AlAs was grown on a
standard GaAs substrate which was
next oxidized and then devices were

built on top of that. The resultant
HEMT promises have high-output
resistance, high efficiency, and high
linearity, attributes attractive for
high-frequency communication ap-
plications.

At Texas Instruments, Dallas,
Texas, researchers devised a power
pseudomorphic HEMT with a 600-
um-wide gate which they deseribe in
Session 4. At 20 GHz, the device de-
livered output power of 501 mW, 60%
power-added efficiency, and 11-dB
power gain when biased at a V) of 8
V. When the same-size device was bi-

ased at very low drain voltages of
1.2 and 2 V, record power-added ef-
ficiencies of 65.9 and 684, respec-
tively were achieved.

At the IBM Research Division,
Yorktown Heights, N.Y., re-
searchers figured out a way to moni-
tor an IC chip’s performance by tak-
ing a video of bursts of luminescence
using a microchannel photomulti-
plier as a detector. As they describe
the technique in Session 5, they
were able to measure fast switching
speeds on thousands of gates at
speeds exceeding 10 GHz.

chusetts Institute of Technology
(MIT), Cambridge, Mass. Experimen-
tal evidence indicates that tunneling
and/or thermionic field emission
largely determine off-state break-
down. The lack of predictive models
greatly hampers first-pass design
success. The model can predict the
tunneling current and resulting
breakdown voltage limit in high-
power HEMTs.

Cornell University, and the U.S
Army Research Laboratory, Fort Mon-
mouth, N.J., have changed the composi-
tion of the group III elements in an
InP-based MODFET, and have stayed
within the critical layer thickness to en-
hance the carrier confinement. Channel
quantization and temperature are ex-
amined by a team from the Universities
of Padova, Modena, and Parma, Italy,
and Hughes Research Laboratories,
Malibu, Calif., with respect to break-
down effects in composite-channel and
conventional InP-based HEMTS. The
results show great control of break-
down by quantization.

MMIC CoNTROL

OKI Electric, Tokyo, Japan, presents
work that has been done on the control
of electro-chemical etching for 0.1-um
gate formation for V-band cireuit appli-
cations. This is animportant control ele-
ment for producing the required device
characteristics in MMICs. Observed
anomalies in the etching process sug-
gest that isolation regions behave like p
GaAs. An frof 86 GHz and an f,,,,, of 250
GHz were extrapolated from the test
data with voltages closely controlled

and highly uniform.

ELECTRONIC DESIGN/DECEMBER 2, 1996

A paper from the University of Illi-
nois, Chicago, presents what its authors
believe is the first implementation of an
enhancement- and depletion-mode
HEMT suitable for large-scale ICs fab-
ricated on a semi-insulating InP sub-
strate. This technology is of consider-
able interest in the area of low-power,
high-speed communications. The meas-
ured output conductance is 18 mS/mm
and 25 mS/mm, leading to a maximum
voltage gain (g,/g,) of 35 and 18 for the
enhancement- and depletion-mode

HEMTS, respectively. Both devices also |

exhibited an fr of 100 GHz.
Vacuum MICROELECTRONICS

The invited paper in Session 12,
“Detectors, sensors, and displays—
vacuum microelectronies,” is about
molybdenum microfabricated field-
emission arrays and their more inter-
esting application in microwave de-
vices. Originating from SRI Interna-
tional, Menlo Park, Calif,, the paper
reviews progress in developing an
emitter array for operation at 10 MHz
in a 50-W klystrode amplifier. The ra-
tio of gy, (conductance) to C (capaci-
tance) in the power equation for drive
toanarray is notable, as it is desirably
as large as possible.

The Korean Institute of Science and
Technology, Seoul, Korea, discusses
field-emitter arrays and their elec-
tron-emitters that use diamond-like
carbon (DLC) films possessing nega-
tive-electron-affinity characteristics.
The coating has been found to be im-
proved. Toshiba, Kawasaki, Japan,
looks at low-operating-voltage field-
emitter arrays using low work-func-

tion materials.

POWER SILICON

“Solid-state devices—RF power de-
vices and components,” Session 4,
shows, that, perhaps, GaAs for high fre-
quencies is not the sole solution.
Toshiba, for example, describes high-ef-
ficiency 2-GHz power co-salicided sili-
con MOSFETS with low-voltage opera-
tions, but reasonable breakdown volt-
ages. Power-added efficiencies of more
than 50% are obtained at 2-GHz opera-
tion with supply voltages as low as 1 V.

Higher-power silicon for 2 GHzis dis- |
cussed by Motorola, Phoenix, Ariz.,
with their sub-micron silicon LDMOS
(Fig. 3). The high-gain, highly-linear
RF power transistors, designed for
base-station operation, have been
tested to a 1-dB power compression of
63 W with a drain efficiency of 44%
under single-tone excitation. Two-tone
excitation gives a power gain of 11.2dB,
a 34% drain efficiency, and an output
power of 60 W PEP with supply volt-
ages of 26 V. A second Motorola paper
discusses the same basic LDMOS tech-
nology employed in lower-power FET
devices at low voltages. The second-
generation devices can deliver 70%
power-added efficiency with 12dB gain,
and 31.5 dBm output power at 3.4 V and
850 MHz.O

Paul McGoldrick'’s e-mail address is:
102447.346@compuserve.com.
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Novel
Processes,
Structures

To Yield
Advanced
Digital ICs

0.1-And 0.18-pum Fine-Line
Processes Will Herald 4-Gbit
DRAMs, 256-Mbit Flash
Memories, And
Magnetoresistive RAMs.

1
|

DAVE BURSKY

ven as most companies struggle to put

their 0.35- to 0.25-um processes onto pro-

duction lines, researchers at this yeat’s

IEDM Conference are presenting the de-

tails of chip fabrication processes that em-

ploy design rules of between 0.1 and 0.18
um. Such fine-line processes will allow the fabrication of 4-
Gbit dynamic RAMs (that’s 500 Mbytes on a single chip,
folks!), 256-Mbit flash memories, and merged DRAM/logic
chips that will truly become the system on a chip.

One of the densest technologies detailed at the conference
isin a presentation in Session 22 by researchers from Toshiba
Corp., Tokyo, Japan, and the LSI Laboratories of Nippon
Telegraph and Telephone Corp., Atsugi, Japan. Through the
use of X-ray lithography, they fabricated a DRAM array that
employs 0.12-um features, and has a memory-cell pitch of just
0.24 um. The result is a memory cell that occupies an area of
0.115 pmz, and could make possible memory chips with den-
sities of 4 Gbits.

To achieve the small features, a self-aligned contact struc-
ture was developed and a very shallow junction of just 0.04
um was used under the contact plug so that the memory cells
could be formed on a 0.24-um pitch. The plug itself is formed
through the in-situ deposition of phosphorous-doped polysili-
con, and the aforementioned shallow junction is formed by
phosphorous diffusion from the plug. The fine patterning
with X-ray lithography is combined with 0.12-um isolation
regions formed from shallow trenches (0.18-pm deep).

Building the storage nodes for such high-density memories
is another challenge, and researchers at NEC Corp., Tokyo,
Japan, detail in Session 27 the design of a stacked capacitor
cell for 4-Gbit DRAMs. The cell employs a novel bottom
electrode structure that uses titanium-nitride/titanium-
silicide/polysilicon contact plugs (titanium-nitride capped
plugs) under storage node contacts formed with ruthenium-
oxide/ruthenium (RuOy/Ru) (Fig. 1). This structure prevents
lateral oxidation of the titanium nitride, thereby keeping the
cell extremely small.

The actual storage node is formed on top of the RuOy/Ru
contact through the use of an electron-cyclotron-resonance
(ECR) plasma metal-organic chemical-vapor-deposition
(CVD) system that deposits a high-dielectric-constant bar-
ium-strontium-titanium oxide (BST) thin film that delivers
the equivalent of a 40-A-thick layer of silicon-dioxide. On top
of the BST film, a top electrode of ruthenium or aluminum/ti-
tanium-nitride is formed. Such a structure achieves a capaci-
tance of 25 {F, sufficient for memory capacities of 4 to 16 Gbits.

Also studying the use of BST thin films, researchers at
Texas Instruments Inc., Dallas, in conjunction with the Uni-
versity of Texas at Austin, developed an iridium-based elec-
trode structure that eliminates the generation of alpha par-
ticles typically encountered with noble metals such as plati-
num. Detailed in Session 27, the iridium electrode also pro-
vides better adhesion to the silicon than platinum and it does
not require the deposition of an adhesion layer. Furthermore,
it can be deposited with a straightforward CVD process and
has leakage currents within acceptable limits at tempera-
tures of up to 100°C.
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The use of a BST thin film the manufacture of a highly re-
also is the subject of another Pelyslicon liable memory cell. That cell
paper in the same session, Contact etching — " Boron-phosphate has reduced fatigue in the
this time by researchers l silicon glass lead-zirconium-titanate
from Toshiba Corp., Tokyo, Polysilicon deposition Silicon dioxide (PZT) capacitor between the
Japan. In their paper, re- Silicon electrodes, which showed no
searchers detail the creation Titanium nitride decrease in remnant polari-
of a BST capacitor through e s il zation in up to 101 cycles.
the epitaxial growth of the 1 Additional ferroelectric re-
BST film and the use of a Titanium deposition search, presented in Session
strain-induced ferroelectric l / 19, details a metal-ferroelec-
effect that results in a large |  Titanium + rapid thermal anneal Titanium silicide tric-semiconductor FET
rectangular hysteresis re- l structure developed by the
gion with low leakage cur- Titanium nitrde depositon Elgctromcs and Te]ecomrpum-
rents. Consequently, a large E cations Research Institute,
ferroelectric polarization can Taejon, Korea, and Cheong-Ju
be obtained using a film with Wmm’"‘“ 'm':"“" Ruthenium oxide/Ruthenium | University, Cheong-Ju, Ko-
a thickness of less than 300 s rea. The MFSFET employs a
A—the thinnest ferroelec- 1 polysilicon source/drain and
tric film reported to date. Ruthenium oxide/Ruthenium can used with ferroelectric

The epitaxial capacitor was — thin films such as barium-mag-
developed on asilicon wafer by 1 nesium-fluorine  since the
first creating a single-crystal | Ruthenium oxide/Ruthenium etching e Top electrode source and drain are formed
silicon plug and then adding a 1 prior to the formation of the
platinunvtitanium-aluminum Barlem-strostiom-Utsalum Ha‘mm stontigm. | £2te dielectric. The dielectric
-nitride bi-layer barrier metal oxide deposition titaniem oxide constant is about 13, which
(Fig. 2). That layer is a fully 1 provides a high value for im-

epitaxially grown structure
consisting of BST/strontium-

Top electrode deposition

plementing the storage ele-
ment in a single transistor; and

ruthenium-oxide/platinum/ti
tanium-aluminum-nitride/sili
con with all crystal layers hav-
ing a 001 orientation of their
lattices. The resulting cell can
withstand process tempera-
tures of up to 800°C, is free
from oxides that have high va- |
por pressures and high diffu-
sion rates in solids, has a flat
and smooth capacitor surface
(which helps minimize dielectric
breakdown and large leakage cur-
rents), and, as mentioned earlier, is
very thin—about a tenth that of other
advanced capacitor structures.

A sort of eross between DRAM and
flash memory is a new cell structure
developed at the National Tsing-Hua
University, Hsin-Chu, Taiwan. The cell
is volatile, but has a long refresh time—
it employs a low-power Fowler-Nord-
heim tunneling scheme through
nanocrystalline silicon to provide short-
term (1000 seconds) storage without
any refreshing. This development is an
extension of work first reported at last
year’s conference by IBM, and employs
astacked gate structure with nanocrys-
talline silicon films in which the
nanocrystalline silicon file is extended
to a floating polysilicon layer to im-

1. THIS STORAGE cell developed by NEC could lead to
DRAM chips that pack 4 Gbits or more. It employs a novel bottom
electrode structure that uses titanium-nitride/titanium silicide/
polysilicon contact plugs under storage-node contacts formed with
ruthenium oxide/ruthenium layers. The actual storage node is
formed on top of the RuOy/Ru contact. A high-dielectric-constant
barium-strontium-titanium oxide (BST) thin film delivers the equivalent
of a 40-A-thick layer of silicon dioxide—a capacitance of about 25
fF—sufficient for memory capacities of 4 to 16 Gbits.

prove the volume of charge storage. As
a result, the structure provides a sepa-
ration between two levels and allevi-
ates word-line/bit-line disturbances.
The resulting structure demonstrated
low-power operation, high write
speeds, and long refresh times.
Ferroelectric storage cells and other
nonvolatile cells are well-covered topics
at this year’s conference as well. In the
ferroelectric area, a joint paper from
Sharp Corp., Tenri City, Nara, Japan,
and Virginia Tech, Blacksburg, Va., de-
tails a high-temperature electrode-bar-
rier structure that can be used for
stacked memory cells. The electrode
structure described by the paperin Ses-
sion 27 consists of layered platinum-ru-
bidium-oxide/platinum-rubidium/plati
num-rubidium-oxide and is stable at
temperatures of up to 700°C, allowing |
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forms the basis of a high-den-
sity nonvolatile memory.

A novel nonvolatile mem-
ory cell, based on magnetore-
sistive technology, is the sub-
Ject of a presentation in Ses-
sion 7by researchers from Mo-
torola Inc., Tempe, Ariz. Deep-
submicron memory cells
based on a sandwich of giant-
magneto-resistive (GMR) ma-
terials can be integrated with silicon
CMOS to form a magnetoresistive
RAM (MRAM).

The key element is a patterned strip
of two nickel-iron-cobalt layers (less
than 100 A) separated by a nonmagnetic
copper interlayer only 40 A thick (Fig.
3). Resistance of the film is high when
the magnetic moments of the two mag-
netic layers are anti-parallel, and low
when they are parallel. Both read and
write operations in the MRAM require
simultaneous application of sense and
word currents (to generate the neces-
sary magnetic fields), and allows for
two-dimensional cell selection at the
crossing of the sense and word lines.
Very high memory densities are possi-
ble since the memory cells do not re-
quire one transistor per cell.

Additional research into more tradi-
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tional flash-memory technolo-
| gies also is showing promise.
A number of papers in Ses-
sions 7 and 13 detail advances
with  various nonvolatile
memory cells. The highest-
density paper in Session 7 is
a discussion by Samsung
Electronies Co. Ltd.,
Kyungki-Do, Korea, on a
| shared bit-line NAND cell
that would allow chips with
capacities of up to 256 Mbits.

The cell employs a booster
plate and a polysilicon-spacer
local-oxidation isolation re-

Epitaxial barium-st-ontium-titanium oxide
Epitaxial strontium-ruthenium oxide

epitaxial platinum/titanium-
aluminum-nitride

Single-crystal silicon plug

applied to the control gate.
The small parasitic capar
tance of the sub-bit line to
discharged contributes
the high-speed self-limiting
program scheme.

Another presentation by
Mitsubishi in Session 19 exam-
ines the formation of the float-
ing gate—a key aspect to en-
sure reliable flash-memory
performance. Inits work, Mit-
subishi studied the impact of
an in-situ nitrogen and phos-
phorous co-doped amorphous-

silicon layer for use as the

gion. That booster plate ups
the cell current so that a cur-
rent of 4 uA flows in the 32-
transistor cell string—a value
larger than that of the conven-
tional NAND flash memory
with 16 transistors. That
higher current provides bet-

ter biasing and control of the pro- |

gramming and sensing operations.
Improved circuit densities also were
achieved with the shared-bit-line struc-
ture since it reduces the cell layout
overhead by increasing the number of
transistors in the NAND string up to
32. By sharing the bit line so that two
NAND strings and a bit-line contact
and metal are grouped together, the
number of bit-line contacts can be re-
duced by 50%, and that eases the met-
allization and chip scaling challenges. In
addition, the structure uses adirect con-
tact method instead of butting contacts
for the selection transistors. This
scheme also leads to simpler processing
requirements, lower operating volt-
ages, and zero program disturbances.
To improve overall cell endurance,
designers at Mitsubishi, also in Session
7, described how they developed a self-
limiting programming scheme to
achieve high programming through-
puts while avoiding overprogramming
(and also early cell deterioration). The
structure employs n-channel select
transistorsin a p-channel-based divided
bit-line NOR memory array (Fig. 4).
The result: Lower power consumption,
| faster programming (4 ns/byte),and the
ability to obtain a narrow program
threshold voltage (V) distribution so
that a bit-by-bit program verify can be
used to prevent the overprogramming.
In the scheme, the n-channel transis-

[ tors are used as the select transistors in |
ELECTRONIC DESIGN/DECEMBER 2, 1996

2. A PLUG FORMED from singlecrystal silicon is the
foundation for a barium-strontium-titanium oxide (BST) capacitor
created by Toshiba through epitaxial material growth in three
stages. First a layer of platinum/titanium-aluminum nitride is grown,
then a strontium/ruthenium-oxide layer is formed. Lastly, a BST
layer completes the storage cell, which is just 300-A thick—the
thinnest ferroelectric film reported to date,

the sub-bit lines that are each connected |

floating gate. The combination
offers a scalable and reliable |
technology that can replace
current floating-gate oxides.
In the process of manufa
turing small-featured flas'
memory cells, high-energ
plasmas are often used fi
etching and deposition. However, tl

to 64 memory cells. There is no area | plasma also ean potentially causc

penalty from the addition of a p-type |

well since the gate width of the transis-
tor car: be reduced. That reduction is
possible since n-channel devices offer
better current drive than do p-channel
devices. To use the n-channel transis-
tors, no additional circuits, such as sense
amplifiers, can be added to the chip, and
only very short, 0.1-us —1.5-V pulses

havetobe added to the program pulses | more careful evaluation of the plasma-

damage to the many materials on the
silicon, thus degrading storage-cell
performance. That’s exactly what re-
searchers at Toshiba discovered—
newly observed plasma-induced dam-
age that creates two types of leakage
currents that affect the performance
of circuits fabricated with features be-
low 0.25 um. To minimize such damage,

40 A nickel-iron-cobalt
30 A copper
60 A nickel-iron-cobalt

Layer polarization /

— ! ‘
|
srafe

“1" state

Sense current

Word current

3. THE USE OF GIANT MAGNETORESISTIVE structures, similar to
those used in disk-drive read heads, form the basis of a magnetoresistive RAM developed by
Motorola. Two nickle-iron-cobalt layers are separated by a 30-A non-magnetic copper layer to
form the storage node. The word line is then routed on top of the storage node. When the word
line and sense lines are simultaneoulsy pulsed, the pulse creates a localized magnetic field
where the two lines cross, and that field can change the polarization of the NiFeCo layers.
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| based equipment should be done |

| along with more in-situ measure-
| ments with a fast-feedback mecha-

nism to evaluate new test structures.
| In another analysis detailed in Ses-

sion 13, researchers from Rockwell
| Semiconductor Systems, Newport
Beach, Calif.,, and the University of
California, Irvine, examined the per-
formance of split-gate flash-memory
cells. They found that conventional
processing of the interpolysilicon oxide
layer reduced memory performance,
versus the use of a composite oxide
formed from thin thermal-oxide and de-
posited TEOS, which delivers about a

and reliability.

Work on creating a model to predict
stress-induced leakage currentsin flash
EEPROM chips is the subject of an-
other paper in Session 13. The work
done by IMEC, Leuven, Belgium, re-
sulted in a quantitative model that al-
lows designers to predict the disturb
behavior of tunnel-oxide-based devices
after write-erase cycling. To implement
the model, only a measurement of the
oxide quality on capacitors and transis-

characteristics is needed.

A reemergence of the diode-based
programmable ROM of the late 1960s
might occur if work done by re-
searchers at the Philips Research Labo-

bears fruit. They developed an antifuse-
based one-time programmable diode-
based storage cell. The small cells allow
| high-density memory arrays; and when

used in arrays, access times of the ar-
| rays are comparable to serial mask |
l ROMs and NAND-based EPROMs.

threefold improvement in performance |

tors and the collection of some basic cell |

ratories, Eindhoven, The Netherlands, |

| local oxidation of silicon (LOCOS)

When 1mplemented with 0.6-um design
rules, a 103-mm* 32-Mbit nonvolatile
test chip demonstrated full operation.
The merged diode and antifuse cell is
fabricated by first implanting an n well |
and a masked buried p* layer into an t
n-type substrate and then growing a |
1-um-thick n” epitaxial layer. The buried
layer reduces the series resistance in
the bit lines and acts as a PMOS
source/drain. NMOS source/drain re-
gions and a p* channel stopper are then
implanted and next, deep but narrow
trenches are etched to below the buried
layer. The trenches are then filled in
with oxide and polysilicon. A thick oxide
layer on top of the trenches, and a 50-
nm-thick gate oxide for the peripheral

logic, are then grown.

After a p” implant in the bit lines and
PMOS source/drain areas, a 6-nm-thick
gate oxide is formed in the memory
array. Contacts to silicon are then
opened and polysilicon is deposited and
n*-doped to form work lines, transistor |
gates, and diodes in the periphery.
Lastly, one layer of metallization and a
passivation layer are added. In all, the
11-mask process is relatively simple
and should allow the memories to be
fabricated quickly and at minimal cost.

When implementing high-density
memories or other products, the mini-
mization of the separation between ele-
ments on the chip becomes especially
critical when hundreds of millions of
transistors must be crammed together.
Consequently, trench-type isolation ‘
schemes have become very popular
since they result in very tight spacing.
However, etching the trenches is a criti-
cal step and simpler processes such as

would be preferred if they could achieve
the reduced spacing.

One such improved LOCOS process,
detailed by Samsung Electronics Ltd.,
Kyungki-Do, Korea in Session 32, em-
ploys a nitride-cladded polysilicon
spacer with LOCOS that eliminates the
bird’s-beak encroachment to achieve
spacings that would make possible gi-
gabit-density DRAMs. To do the fabri-
cation, researchers employ a special-
ized rapid-thermal CVD system to de-
posit the very thin silicon-nitride layer.
The result is that devices in the mem-
ory’s peripheral logic area can be placed
just 0.32 um apart, thus improving cir-
cuit density. '

In the same session, researchers at
Texas Instruments explored the combi-
nation of LOCOS and trench schemes
for a CMOS process that employs 0.18
to 0.25-um features. One problem with

‘ trench technology is the leakage cur-

rents and electric fields that are often
found at the corners of the trenches. A
new approach detailed by TI re-
searchers performs trench corner engi-
neering which rounds corners, creates
asloped trench wall, and provides other ‘
benefits to reduce electrical stress in
the trenches. Intrawell isolation spaces ‘
of 0.3 um (hrmted by i-line lithography)
and interwell n* to p* isolation spaces of
0.6 mm are achievable and CMOS drive ]
currents of 660 pA/mm for NMOS and
290 uA/mm for PMOS (40 A/1.8 V) have |
been obtained.
Another paper in the same session ‘
that explores corner rounding toreduce
stressis presented by Toshiba. Focused 1
on the benefit to flash-memory cells fab-
ricated with 0.25-um design rules, the (
paper examines the stress-induced 1

n-channel select transistor

Main bit line (3rd aluminum)
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n-channel select transistor

4. A COMBINATION OF N-CHANNEL SELECT TRANSISTORS and pchannel memory cells form the basic 64 memory

cell sub-block that connects to a sub-bit-line in the divided bit-line NOR flash memory (right). Developed by Mitsubishi, the n-channel select |
transistors replace p-channel transistors and do not add any area penalty, even though a p well must be formed (left). No penalty is encountered
since the gate width of n-channel devices can be reduced versus the gate width of p-channel devices, since n-type transistors have much higher

| current-drive capabilities if the gate widths were equal.
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LATE PAPERS

l our exciting late papers on
digital developments were
received at press time in-
volving a GaAs MOSFET,

an aluminum plug technology, and

two papers on single-electronsilicon
memories.

Researchers at Bell Laborato-
ries, Lucent Technologies, Murray
Hill, N.J., report on the first demon-
stration of an enhancement-mode p-
channel GaAs MOSFET realized di-
rectly on a semi-insulating GaAs
substrate with full ion implantation
I (Session 10). The device has a 40-by-

50-um gate and shows very good de
characteristics with transconduc-
tance of 0.3 mS/mm and an excellent

gate-breakdown field of more than 3

MV/em. The process employed is

compatible with commercial GaAs

MESFET processes.

At Fujitsu Laboratories Ltd., As-
tugi, Japan, researchers devised a
novel high-aspect-ratio aluminum
plug for logic/DRAM LSI ICs using
a polysilicon-aluminum substitute
(PAS) (Session 14). The single-crys-
tal aluminum plugs have aspect ra-
tios of over 7. To form the plug, a via
hole was first filled with polysilicon
by CVD and aluminum was depos-
ited on the planarized polysilicon
plug. An aluminum plug was substi-
tuted for the polysilicon by anneal-
ing. Via holes having a minimum di-
ameter of 0.175 pmand adepthof 1.7
pum (a greater than 10 aspect ratio)
were filled with aluminum. Accord-
ing to the researchers, the process
looks promising for future CPUs
and DRAMs.

Room-temperature operation of a
silicon single-electron memory with
a self-aligned floating-dot gate also
was achieved by researchers at Fu-
jitsu (paper 21.9). The memory,
which promises to make single-elec-
tron devices extremely practical, is
composed of a narrow-channel FET
device that's fabricated with an ul-
tra-small gate.

Researchers at the University of
Minnesota in Minneapolis also dem-
onstrated a silicon single-electron
MOS memory with a nanoscale
floating gate and a narrow channel
(Session 21). Channel width is on the
order of 7 nm. A nanoscale polysili-
con dot (on the order of 7by 7nm) is
used as the floating gate and is em-
bedded between the channel and the
control gate.

leakage and how the rounding process
helps reduce the electric field and thus
the stress. That would greatly improve
the reliability and data-retention capa-

bility of flash-memory chips with densi- |

ties of 256 Mbits and larger.
Avoiding some of the traditional
problems with 0.25-um trench technol-

| ogy, designers at United Microelectron-

ics Corp.. Hsin-Chu, Taiwan, have
crafted a novel shallow-trench isolation
technology. The shallow-trench struc-
ture eliminates the field erowding at the
active edge, which, in turn, minimizes

| the kink effect that distorts the drain

|

voltage versus current curves, thus
providing excellent isolation and better
transistor characterists. Designers at
UMC applied the technology to high-
density 4-transistor, and bulk-6T
SRAM processes in which the n*/p*
spacing was reduced to just 0.6 mm.
One problem designers face as di-
mensions get smaller is that of ereating
transistors with high-drive capabilities
that don’t end up consuming too much
chip area. To solve that problem, de-

i

signers at the Industrial Technology |

Research Institute, Hsinchu, Taiwan,
developed an octagonal structure for
output transistors that is much more
area efficient than previous ap-
proaches. Detailec in Session 34, the cell
structure for the buffer allows a maxi-
mum sink current of 13.12 pa/ pmz for
NMOS devices and half that for PMOS
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devices, which is almost 48% better

than possible with a traditional fin- |

gered-transistor layout.
Low-voltage operation is another is-

1-V power supply.

Low-voltage static RAMs also are |

a topic of interest in Session 11. Mit-
subishi and NEC, among others, show

sue that researchers will pay a lot of | off combinations of novel technology

attention to at this yvear's conference.
For instance, in Session 33, Intel Corp.,
Hillsboro, Ore., describes a high-per-
formance 0.25-mm CMOS process that
can operate from a 1.8-V power supply.
Used to implement a 4-Mbit static
RAM, the process, along with five lay-
ers of metal (three for internal cell con-
nections and two for power and word-
line straps that would meld in with 5-

t

|

level metal logic processes), keeps the |

cell size to just 1026 pm® for a six-
transistor memory cell. Special 1/0 cir-

cuitry allows the technology to inter- |
face with 2.5-V systems while maintain-

ing a 1.8-V internal operating voltage.
Other papers in Session 21 also focus
on low-power technologies. A presenta-
tion by Matsushita Electric Industrial
Co., Osaka, Japan, examines the fabri-
cation of high-speed 0.1-um dual-gate
CMOS structures that can operate with
power supplies of 1.5 V and still deliver
gate delays as short as 28 ps. A dual-
voltage option in its processing allows
researchers at TI to create a sub-0.15-
um CMOS technology that delivers
high performance when operated with
a 1.5-V supply, and low power with a
reduced speed of just 40 ps (for an in-
verter stage) when operated from a

and innovative processing to imple-
ment megabit memories that operate
at 1.5-V supply levels. Also finding a
way to reduce cell size drastically, de-
signers at Mitsubishi created a C-
switeh cell (complementary-switch
cell) that uses a high-performance p-
channel thin-film transistor for the ac-
cess transistor in addition to the load
transistors. Such an approach reduces
the cell size by 84% versus cells fabri-
cated using straightforward projec-
tions of the technology.

A more conventional SRAM cell was
formed using a combination of a top-
gated p/n drain polysilicon thin-film
transistor for loads and 0.3-pm design
rules. A 64-kbit test memory was devel-
oped, and it has demonstrated higher
performance than conventional bottom-
gated lightly-doped offset thin-film
transistors. The memory also can oper-
ate from a 1.5-V supply. [

Dave Bursky's e-mail address is:
dbursky@class.org.
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TECHNOLOGY ANALYSIS

Modeling And
Simulation
Make Design-
ing Easier

Advances In The Development Of
Modeling And Stmulation Tools
Offer Increased Predictability And
Optimazed Design Capabilities.

BY CHERYL AJLUM

odeling and simulation take an impor-
tant seat at this year’s IEDM confer-
ence with no fewer than five sessions
dedicated to investigating advances
in everything from oxidation and im-
plant modeling to interconnect and
statistical modeling. The need for accurate design models
and efficient simulators is obvious. Accurate modeling leads
to properly characterized designs by enabling the develop-
ment of databases of parameters and guidelines the designer
uses to optimize a design. It can provide the designer with
the predictive ability to perform analysis, and make simula-
tions easier and quicker to run. Efficient simulators come
into play because they use information from the models to
predict whether or not a particular design will work.

In certain instances in the past, it only has been possible to
simulate the individual component pieces that make up a
particular design. The difficulty with this is that although the
pieces may work as separate entities, their integration can
sometimes bring about interactions that not only cause per-
formance issues not previously noted, but also cause the
design to fail. With current trends toward shorter product
life cycles and increased performance needs, new and im-
proved models and simulators have become crucial tools in
the design cycle and key enablers of successful designs.

Session 6, “Compact modeling,” specifically addresses the
need for accurate models and good simulation by focusing on
both newly devised and upgraded compact models for circuit
simulation. With RF-based applications becoming more popu-
lar, it’s no wonder why four of the scheduled seven papers hit
on some aspect of RF circuit applications. Researchers from
Texas Instruments, Dallas, for example, will discuss the de-
velopment of a CAD-compatible non-quasi-static (NQS) for-
mulation for silicon MOSFET models. Based on numerical
device simulations, this model is much more accurate than
previously developed NQS models.

A joint effort out of Stanford University in Calif., and the
Hong Kong University of Science & Technology, Kowloon,
succeeded in developing a physical model for planar spiral
inductors on silicon. Details of this effort, including insight
into the recent attention on the use of planar spiral inductors
on silicon for RF communication circuits, will be presented.

From the University of Florence and the University of
Bologna, both in Italy, comes an accounting of multifinger
effects in models for GaAs MESFETS. The last paper on RF
circuits discusses the development of a PISCES-HB-based
circuit simulation tool for the harmonic distortion analysis of
GaAs MESFET circuits. A joint effort by Matsushita Elec-
tronics Corporation, Osaka, Japan, and Stanford University,
Stanford, Calif., features details of an analysis of intermodu-
lation distortion characteristics also will be offered.

Of particular interest in the session is a paper entitled “A
physically-based built-in Spice polysilicon (thin-film transis-
tor) TF'T model for circuit simulation and reliability evalu-
ation”. With the maturation of polysilicon TFT technology,
many analog and digital circuits not before possible have now
become feasible. Without accurate circuit models though,
circuit integration is severely limited. Development of an
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accurate polysilicon TFT cir-
cuit model is crucial. While
there are some models avail-
able today, they have yet to

(RSF) and aerial 3D image
simulation to model CD dis-
tributions in a manner so
powerful, sensitivity  of

be implemented in a commer-
cially available circuit simu-
lator. The model developed

whole gate patterns at the
CMOS cell level is possible. ‘
According to the developers,

k

by the National Chiao Tung
University, Taiwan, offers a
solution not only in Spice, but
can be combined with a de-

Source l: ik ll Drain
% W b
_./ e

“Response surface functions
for the CD in the lithography
are designed by using a full
3D aerial image simulator.

=

vice degradation model to

t = thickness

The RSF is extended to the

evaluate circuit reliability.
According to the developers,
Steve Chung, Darren Chen,
C. Cheng, and C. Yeh, part of
its completeness lies in the
fact that “in the I-V model, not only |
are the trap density and potential bar- |
rier height modeled, but also the small
geometry effect, parasitic BJT effect,
off-state and subthreshold current
are considered. In the C-V model, con-
sistent-derivation charge conserva-
tion is obtained and the BJT effect is
also considered.”

Another interesting development is
discussed in “A continuous compact
MOSFET model for SOI with automat-
ic transitions between fully and par-
tially depleted device behavior”. The
development, a fully-continuous com-
pact-SOI model for circuit simulations
that automatieally accounts for the cor-
rect body depletion condition, differs
from previously available models in
that it accounts for the possible transi-
tions between fully-depleted (FD) and
partially-depleted (PD) behavior dur-
ing device operation (Fig. 1). Details of
the model, which can be used for analy-
sis and design of SOI circuits, will be
presented. Specific attention will focus
on how a surface potential solution was
coupled with the full depletion condition
for body charge to derive a general-
compact SOI model.

In Session 15, “Device modeling,”
seven papers all address issues related |

| to both hot-carrier and transport phe-

nomena in silicon MOSFETS. One of the
more notable developments comes out
of Purdue University, West Lafayette,
Indiana. It focuses on the use of an al-
ternative treatment of carrier trans-
port to create a simple analytical model
that can be applied to short-channel de-
vice issues. The importance of this de-
velopment lies in its ability to provide a
new, physical picture of the small MOS- l
FET, while acting as a tool useful in |

1. SCHEMATIC of the SOI device structure. The extent of the
body depletion region depends on the silicon film thickness, channel
length, and applied bias conditions.

interpreting experiments and de-
tailed simulations. Details of this new
approach are presented in “Scattering
theory of the short-channel MOSFET”.

Session 23 on “Interconnect and sta-
tistical modeling” offers insight into a
number of topics including interconnect
models for critical path, signal integ-
rity, and substrate coupling analysis;
and statistical models for device geome-
try, device performance, and Spice
model generation. In “A statistical eriti-
cal dimension control at CMOS cell
level,” the methodology calls for the in-
tegration of response surface functions

CD in line/gap patterns. A
new relationship for the CD
in line and arbitrary gap pat-
terns is further found. Re-
sponse of gate patterns at
| CMOS cell level is calculated from the
new relationship and the RSF for the
CD in line/gap patterns”.

Another development comes out of a
Jjoint effort by Hewlett-Packard Labs,
Palo Alto, Calif, and EPIC Design
Technology, Sunnyvale, Calif. Funded
by Sematech, the 3D GIPER project
has developed a 3D global interconnect
parameter extractor that provides a
practical extraction tool for full-chip
global critical path analysis. The
GIPER tool can extract interconnect
parameters of a typical global intercon-
nect within several minutes per net on

Dracula
LV8 database
GIPER
W technology file 30 library
generator
Arcadia
Arcadia Sk C generator 20 C generator
technology file -0 C generator 03D 3D
20 Arcadia '
20 030 table 30 table
Gel 20 Arcadia
environment Get 3D
Get 20 environment DELC generator
geometry Get 20 I
Extract 20 geometry
CandR Look-up 30 delta library
i interpolate
N | [ sodemac
L] ===
3D GIPER

2. BLOCK DIAGRAM of the 3D GIPER. GIPER consists of a 3D delta library and
2D/3D Arcadia. First, 2D Arcadia extracts all 2D capacitances and resistances. Then, GIPER
converts Arcadia technology file into its own technology file and generates a 3D delta library.
The 3D Arcadia identifies 3D geometries, extracts 3D geometry parameters, and corrects for
3D fringing capacitance by looking up the GIPER 3D delta library. RC extraction time in
GIPER is significantly improved while maintaining accuracy.
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an HP workstation (Fig. 2). Compared
toa full 3D simulator, the GIPER has an
accuracy of within 5%.

This development is significant be-
| cause until now modeling tools and
methodologies for the global intercon-
nect, especially parameter extraction,
have not been well defined. Today’s con-
ventional tools use 2D models, but to
truly take into consideration multilevel
interconnect capacitance, 3D fringing is
needed. Without it, errors in total ca-
pacitance of up to 20-30% can occur. The
tool makes use of 3D fringing, while
maintaining reasonable CPU times.
Details are given in “3D GIPER: global
interconnect parameter extractor for
full-chip global eritical path analysis.”

While the benefits of simulation seem
obvious for things like IC and pc-board
design, it’s not usually thought of as a
step in display device design. Although,
in much the same way that pe-board
design must take into account a multi-
| tude of constraints and component inter-
actions, AMLCDs consist of a number of
different components such as TFTs,
LCDs, and optical components that also
must be considered during the design
| stage. Also, judging the success of a dis-

play design based solely on the perform-
ance of its components can be a difficult
and relatively inexact task at best.

Liquid, a simulation tool for
AMLCDs, from Technology Modeling
| Associates, Sunnyvale, Calif,, takes

these considerations into account by
| providing, within one package, all the
solvers needed to simulate the display.
| Controlled by a single GUI, it contains

modeling [—oxidation and implant
modeling” and “Process modeling
II—Diffusion,” respectively, address
different components that are crucial
for the modeling of these processes.

For example, in “The influence of oxi-
dation-induced stress on the generation
current and its impact on scaled device
performance,” the influence of such a
component in the fabrication of junction
and gated diodes and NMOS FETS is
discussed. As device dimensions con-
tinue to decrease, the impact of the iso-
lation process on device performance
becomes increasingly important. Con-
sequently, the buildup of localized
stress near the isolation edge, a factor
contributing to the formation of disloca-
tions and device characteristic altera-
tions, becomes a major concern when
scaling LOCOS and shallow trench iso-
lation structures (STI).

The presentation will report on the
results of an experimental model based
on stress-induced bandgap narrowing,
which prove that even when no disloca-
tions are formed, a reduction inisolation
pitch can severely degrade device char-
acteristics caused by high localized
stresses. According to the developers,
Peter Smeys, Peter Grifin, Zofia Rek,
Ingrid De Wolf, and Krishna Saraswat,
“As the active area pitch decreases, an
increase in stress is observed. This may
in part explain the increased leakage
currents often observed in scaled STI
isolation devices. In order to estimate
the effect of this stress on leakage cur-
rent, the bandgap narrowing model has
been incorporated into the device simu-

lator PISCES (Fig. 3). The same trend
is observed as in the experimental
stress dependence of the perimeter
leakage current.” I

The introduction of a physically-
based ion-implantation damage model
to predict both the as-implanted impu-
rity profiles (SIMS) and the damage
profiles (RBS), as well as amorphous
layer thicknesses for high dose im-
plants, is the aim of a paper entitled
“Monte Carlo simulation of the ion-im-
plantation damage process in silicon.”
Because ion-implantation damage is a
required element for transient en-
hanced diffusion (TED) simulation, and
for simulating the defect dechanneling
effect, a model such as the one pre-
sented in this paper is a prime commod-
ity. Previous damage models have failed
to accurately predict damage profiles
due to over-simplified incomplete
physical models. This new model, how-
ever, developed at the Microelectronics
Research Center at the University of
Texas in Austin, explicitly simulates the
defect production and its subsequent
evolution into the as-implanted experi-
mentally observed profiles.

Key to this damage model is that, for
the first time, it enables simulation of
the defect diffusion and interaction/re-
action at or near room temperature af-
ter each ion cascade. The presentation
will highlight the model’s details, gives
examples of single and multiple cascades
from arsenic and boron implants, and
examines the implications of the dam-
age-model’s ability to provide insight |
into the fundamental physical processes
in implantation damage.

‘ a number of simulation blocks
including LCD, optical, TFT,
cell electrical, array, and
common electrode analyses.
Each solver for the individ-
ual simulation blocks pro-
| duces results in a look-up ta-
| ble. The tool works by simulat-
ing the entire display and pre-
senting the results as a recon-
structed image as it would ap-
| pear on the display. The analy-
sis provides results in minutes
| on a workstation. Details of
the simulation tool, including
insight into how individual
simulation blocks operate and

Leakage current (A/um)

11

1012

1013

In “Modeling of boron,

PISCES
Bandgap-narrowing model

10-nm oxide grown
in oxygen

phosphorous, and arsenic im-
plants into single-crystal sili-
con over a wide energy range
(few keV to several MeV),”
one comprehensive model,
combined with previously
developed models for dam-
age accumulation, is used to |
cover the wide range of ener-
gies, as well as on-axis and
off-axis implantations and to
allow physical-based simula-

1014 ! L
0 500 1000 1500
Compressive stress (MPa)

tion of 3D profiles. According
to the developers, S. Morris,
B. Obradovic, S. Yang, and A.

interact, can be found in “Lig-
uid, a complete simulation sys-
| tem for AMLCDs.”

function of uniform compressive stress along the width direction. A

Tasch, “The key to having a
single, comprehensive model
over such a wide energy

I 3. PISCES SIMULATIONS of diode leakage current as a

Sessions 28 and 31, “Process constant stress across the junction is assumed in this case.
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the electronic stopping of the ion. This
stopping in a crystal constitutes a sig-
nificant fraction of the energy loss,
and for light ions or high energies, it
can be the dominant energy loss. Un-
derstanding the components of this
electronic energy loss is crucial to
establishing a model which can be suc-
cessfully applied over such a wide en-
ergy range and for multiple implant
species.” The final form of the compre-
hensive model combines the proton
stopping model with the appropriate
components of the ionization model,
and the energy stripping criteria. De-
tails of the model’s implementation as
well as its implications will be dis-
cussed during the session.

The second part of the series will
address advances in several aspects of
TED, including high-energy implants,
combined TED and oxidation enhanced
diffusion, and the effects of temperature
ramps, together with applications to
the reverse short-channel effect in de-
vices. In “Modeling transient diffusion
following high energy implantation,”
Researchers from Bell Laboratories’
Lucent Technologies, Murray Hill, N.J.,
present data to substantiate the energy
dependence of TED for shallow mark-
ers. This dependence was discovered
during simulation to design a high-en-
ergy implant tub process flow that could
act as a replacement for an existing
0.5-um CMOS process flow. Details of
this discovery as well as the tub replace-
ment fabricated using a high-energy
implant process will presented.

“Optimization of channel profiles
for ultra-short MOSFETs by quan-
tum simulation” presents the results
of applying a Schrodinger-Poisson
simulator to highly non-uniform dop-
ing profiles suitable for the fabrication
of ultra-short (US) MOSFETS. These
results prove there is a non-trivial de-
pendence of quantum effects on dop-
ing profile. The presentation will dis-
cuss these results, the implications for
the fabrication of US MOSFETS,, and
will provide guidelines for optimiza-
tion of channel-doping profiles. O

Cheryl Ajluni’s e-mail address is:
cjajluni@class.org.
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Deleguates From 21
Countries Merge As One

Creative Technologies Seeking A
Solution To Abandoned Land Mines:
An Impressive Spread Of Hope And Dignity.

here surely cannot be a better expression of civilization than to

hundreds of delegates from 21 countries gathered in Edinburgh,
Scotland, to talk about the potential solutions to the problems of
abandoned land mines around the world. The conference, the
EUREL Conference on The Detection of Abandoned Land Mines,
was sponsored by the U.K. Institution of Electrical Engineers in
association with the Chinese Institute of Electronics, the IEEE in the U.S,, the
Institute of Physics, the U.S. National Academy of Sciences, the Remote Sensor
Society, and the South African Institute of Engineers, with the support of the Joint
Research Centre of the European Commission. It was the first conference ever to
be held on the technology that may be involved in the detection and destruction
of abandoned land mines.

As Professor Roger Voles, chairman of the organizing committee, pointed out,
at the same time the conference was being held, 100 more people would be killed,
10,000 new land mines would be laid, and only 1000 would be cleared. The present
means of detecting and removing mines are basically unchanged since World War
II: Teams of men with bayonets prod the terrain, and when they find a possible
target, the object must be uncovered, identified, and if it is explosive, destroyed.
The ratio of false targets to actual targets is in the 100s-to-1 because of battlefield

show and work for one’s fellow man. For three days (Oct. 7-9), |

shrapnel and other mines that are nonexplosive. Metal detectors are still the |

primary sensor for the mines and they are, of course, useless with minimal-metal
or plastic devices.
Dr:. Rolf Linkohr; one of the two keynote speakers, is a member of the European

Parliament and a physicist by training and inclination. He has sought a research |

grant of 50 million ECUs (about $65 million) for a 30-month R&D program to be run
by the Joint Research Centre of the European Community to identify a probable
solution to mines clearance. It is, however, hardly a European problem alone. The
former Yugoslavia is a mine-infested area, but apart from the former Soviet
Union—where the state of abandoned

mines is unknown—it is the only terri-
tory within expanded European
boundaries that is infected.

Y~ Filled with water The crash program was detailed by

Space Applications Centre of the JRC at

PAUL MCGOLDRICK
0
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sensor

abandoned mines was estimated to ex-
>—- Frequency| | pjams ceed 100 million and that another 150 mil-
TNT anti-bodies

lion are stockpiled around the world.

I

Exhaust

L Oscillator Some 67 countries have reported mine
Crystal incidents, with 20 of those countries re-

porting serious problems; 75 different

or organic solvent Professor Rudolph Winter, director of the |

I Ispra, Italy, who said that the number of |

1. PRINCIPLES OF THE BOFORS antibedy gas detection system with the types of mine have been identified; and |

mass of a crystal being changed in the presence of a known explosive.

with2t02.5 million more mines laid every
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year, the humanitarian clear-
ance of 100,000 per year can
never catch up.

At an average present cost
of clearance of between $200
and $1000 per mine, the budg-

the collector is in time-terms a
description of the content of
the gas. Each molecule pro-
vides a unique signature. It is
possible, says Professor Leon-
hardt, that the system could be

" Shielding —__——— g

ets to just keep pace would | yeyontube — —= — L — - made sensitive enough forindi-
exceed $9 billion per year. JRC —em s ————) vidual device location, but cer-
is seeking an immediate 50- Detector —_ = = o Delecier tainly it's usable for an area’s
fold increase in the rate of / 7 7/ general all-clear; or for an area’s
clearance—while  knowing y quality-control after mine clear-
that the solution will not be / Free \ ance has taken place.

perfect—with a major concern —_— - S As an aside in the confer-
being the ability to declare an X TR . ence, a representative from

area noninfested in a very
short time. Although interna-
tional law requires the com-
batants in a war to record the
locations and types of mine
that have been laid, this does
not, of course, happen, and a

Shielding
Ratio shielding [— ]

Daimler-Benz  Aerospace
noted that they were work-
ing on integrating an IMS on
a single chip.

But perhaps the biggest ca-
nine-copying device to date
came from an unexpected

great deal of demining time is
wasted in declaring safe areas
that are and always were, in
fact, clear. Until this happens,
the local populations do not enter the
areas and some countries are now in a
state where a lack of usable land for
food production has created a poten-
tial famine problem.

The JRC envisions that their pro-
gram will not rely on a single-sensor
solution and that the combination will
probably include a 3-axis induction gra-

diometer, ground-penetrating radar |

and infrared (IR) imaging. The most
important constituent, however, is be-
lieved to be the image-processing sys-
tem where vast amounts of data from
the sensors can be combined and proc-
essed in as near to real time as possible.
The ambitious plan allows for five
months for design, 14 months for devel-
opment of the basic hardware and soft-

| ware, eight months for integration, and
| three months for testing. All the clocks

would start running as soon as the
budget is approved, which the EC has
done in principle, but not by due proc-
ess. It has been made a condition of
funding that no companies that have
been involved in the production of
mines will be allowed to be involved,
even though it is appreciated that they
might have a unique perspective on the
locating of their own products.

CoPYING THE CANINE

One of the best tools in a minefield is
the dog. The Alsatian (German Shep-
herd) has a nose that is extraordinarily

sensitive; it is believed that it can detect
TNT in concentrations of five parts per
billion, with the result that it can detect
even a buried anti-personnel mine at a
distance of five meters. The dog needs
to be trained (for about six months),
needs to be handled correctly, needs to
be fed, and like a human being gefs
tired—with fatal results. Achieving re-
sults like a dog using a “technology
nose” would be a massive breakthrough
inthe detection of the explosive content
of the mine or unexploded ordinance
(UXO0) without regard to whether the
packaging is metal, minimal metal or
plastic. Nonmetal mines continuously
leak explosive vapors, while metal de-
vices will start to leak within a few
weeks or a month depending on the
moisture levels in the soil.

ProfessorJ. W. Leonhardt of the Ber-
lin Institut fur Umwelttechnik, an expa-
triate of the former Soviet Union, has
the task of clearing all the battle and
training grounds of the former East
Germany of ordinance that is lying
there. The spread of weapons, including
chemical devices, is immense. One of his
groups has been working on an ion-mo-
bility spectrometer (IMS) that sucks in
gas from the target area where it enters
an ionization chamber in a tube. The
ionizing source has its molecules driven
through a shuttered grid, focusing po-
tential rings and through an aperture to
a collector. The current that passes from

2. THE IRRIDIATION/DETECTION head of an

FNA/TNA neutron-interrogation analysis system.

|
|
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source. The Bofors company of
Sweden has made its fortune
from the developments of its
founder, Alfred Nobel. Bofors
has now formed a new company, Bo-
fors Applied Technologies AB, that is
working on defeating its 100 years of
violent history. The biosensor they
are working on is being developed by
a research team in Israel. It is, essen-
tially, a chemical device that requires
gas from a contaminated site to be
liquefied after being gathered from
the immediate atmosphere (Fig. 1).
The liquid passes over a crystal that is
part of a standard oscillator circuit run-
ning between 8 and 9 MHz.

At this frequency, of course, the natu-
ral oscillation frequency is very sensi-
tive to the mass of the resonator. Lo-
cated on the crystal are living antibody
organisms for the type of explosive be-
ing detected. If, for example, you are
looking for TNT—as Bofors are at the
moment—then the presence ofany TNT
vapor that has been liquefied will cause
antibodies to detach themselves from
the crystal and attack the molecules.
The concentration of vapor will define
how many antibodies are detached—the
larger the number, the greater the
change in frequency of the oscillator,
with frequencies up to 300 Hz being
quite possible.

To detect other explosives, the crys-
tal could be loaded with a mixture of
suitable antibodies or a string of indi-
vidually-tuned crystals could be
mounted in a single liquid sample. The
belief is that this system will be better
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than the canine with sensitivities down
to <10 pg. Bofors hopes to give a public
demonstration of the system on Decem-
ber 10, the 100th anniversary of Nobel’s
death. If proven, and their expectations
are high, the system could be in commer-
cial use by mid-1998. There are, natu-
rally, many other possible applications
for the device: Anywhere that a dog can
be used, the system can be used. This
means that antibodies can be attached to
look for the whole range of illegal narcot-
ics, and commercially the implementa-
tion for the security of airports and simi-
lar areas could be immense.

A negative of the process is that the
crystal will have to be replaced or re-
charged after a number of positive
detections have been made, as the an-
tibodies cannot be returned to the
crystal after reaction with their hosts.
There is, however, no chance of a false
detection and the fundamental fre-
quency of the oscillator circuit will
clearly indicate the quantity of anti-
bodies left on the crystal.

NEUTRONS AND NUCLEAR

Fast and thermal neutron interro-
gation analyses (FNA and TNA) have
been qualified by France’s SODERN
as being powerful -close-distance
methods for identifying the presence
of explosives from all the constituent
elements: Carbon, nitrogen, oxygen
and hydrogen, as well as some of the
other constituents of soil, such as sili-
con, caleium, and aluminum. Nuclear
methods are based on the excitation of
elements—from the soil, and any ex-
plosives—by gamma rays or neu-
trons, and on the detection of emitted
gamma rays or neutrons. Work has
been focused on excitation using a 14-
MeV sealed neutron tube. Shownis an
indication of the typical composition of
soil and a mine (see the table).

The gamma emission from each of
these elements is in the range of 1 to 12
MeV, either in FNA or in TN A modes.
As a consequence, the maximum meas-
urement depth has been found to be
sufficient, while limited by the mean-
free path of neutron and gamma rays,
and by the noise coming from equip-
ment and from soil around the mine. A
good screening by collimation and by
time selection allows the detection of
the elements of interest in a simple way.

A mockup of such a system was made
using a neutron tube emitting 10% neu-

trons/s (Fig. 2). The tube was used in
both a continuous and pulsed mode. The
pulsed mode proved to be the more in-
teresting and yielded comparable re-
sults between a spilt FNA and TNA
detector with observed depths to about
30 cm with relatively small computation
times. The nature of the shielding re-
quired in the detector is, however, a ma-
jor concern and it is anticipated that ina
remotely-controlled vehicle, the head
weight would be 300 to 400 kg, while a
manned vehicle would have to weigh
almost twice as much in order to offer
the operator sufficient protection. When
the tube is not powered, there is no dan-
ger associated with the apparatus. An
accident involving the breakage of the
neutron tube would release tritium gas
but in a quantity (about 3 Ci) considered
nonhazardous to the environment.
Nuclear quadrupole resonance
(NQR) is under investigation by King’s
College, London, U.K. The principle of
NQR is that applied radiation drives
transitions between the different en-
ergy levels of an atomic nucleus. The
levels arise because the charge distribu-
tion of many nucleii is not spherically
symmetrical but behaves as if it con-
sisted of two electric dipoles back-to-
back. One orientation of a nucleus, such
as that of 14N, has a lower energy level
than the other. Higher-level nucleii will
tend to orient themselves to the state of
the lower level. Because they also have
spin, they behave as gyromagnets and
respond by precessing about the axis of
the electric-field gradient at the quadru-
pole precession frequency, whose ampli-
tude depends on the moment and the
gradient of the field. In the general case,
there are three levels and three allowed
transitions. Frequencies are related by
one being the sum of the other two.
These frequencies can only be de-
tected in solids and they have been ob-
served in all three principal high explo-

THE COMPOSITION OF SOIL AND A MINE IN TERMS OF DENSITY
Soil density Explosive density

sives, RDX, PETN, and TNT, but at
considerably different frequencies be-
cause of the chemically different na-
ture of the nitrogen atoms in the
three. For example, the set of three
frequencies in RDX, from the ring ni-
trogen nuclei, are 5.2, 34, and 1.8
MHz, whereas those from TNT are
found between 730 and 900 kHz de-
pending on whether it is the mono-
clinic or orthorhombic form. The exci-
tation for level changes can be made
by pulsed RF with the frequency at or
near the NQR frequency, and the re-
sulting frequency can be monitored in
the quiescent periods between pulses.
The first signal seen is known as the
free induction decay (FID) and there
are resulting echoes that can be used
to support measurements and elimi-
nate false signals.

Various RF probes and antennas
have been investigated but a number
of real-life problems exist in the im-
plementation of a practical system.
Those materials that have NQR fre-
quencies lower than 1 MHz exhibit
results with poor signal-to-noise ra-
tios. Quartz in sandy soils can affect
the response from BN sources, or
even mask them. Heavy uses of nitro-
gen fertilizers may affect the resuits.
Work is, however, continuing on the
problems to find pulse, modulation,
and detection schemes that will work
unambiguously in the field.

UsING YOUR OVEN!

Lawrence Carter, a Senior Lec-
turer at the University of Auckland,
New Zealand, has been working on a
novel use of a microwave oven. Using
the standard 750-W magnetron out-
put (at 2.45 GHz) from the horn an-
tenna in the oven, the New Zealand
team showed that a 60-second cycle of
irridiation produces a clearly measur-
able temperature difference on the

Element .l (102 atoms/cm®) (102 atoms/cm®)
Carbon e R g ypR 295
Hydrogen | 15 6.4
Oxygen ‘! D 2.56
Nitrogen (see note 1) ‘ 128
K A5 R R 19 ! 7 4 I (see note 2)
Calcium N Gyl g D008 I Not available
Aluminum v 0056 ] Not available

Notes: 1. Possible fertilizer or chemical. 2. Possible silicon from glass or steels.
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surface of soil between the area where
an object is buried and the remainder.
Work has been done on the power re-
flectivity of different soils under dif-
ferent moisture conditions. The work
shows some promise for a possible
secondary sensor with measurements
down to 0.25 m of buried objects.

The time lag is of concern for real-
time searching as is the method of de-
livering/coupling the energy into the
soil. There also has to be concern at the
possibilities of the microwave energy
causing a spark in the trigger cireuit of
amine, and probably of less concern, the
heating effects in any metal object that
may be buried. These limitations can
probably be overcome.

GROUND-PENETRATING RADAR
Of all the techniques potentially avail-
able in looking for buried or hidden ob-
Jjects, ground-penetrating radar offers
the most current potential and is fur-
thest along in development from numer-
ous sources. The conference proceed-
ings cover these techniques in consider-
able detail. The essentials seem to be
that the lowest frequencies offer the
best penetration, but wideband tech-
niques appear to be necessary in order
to get the best detail and the highest
likelihood of removing clutter. It also is
essentially true that all ground-radar
techniques are going to be effective only
with extremely sophisticated signal-
processing techniques, and the systems
absolutely require that devices’ signa-
tures are either programmed in or are
learned in operational conditions. Al-
though the world’s major armed forces
undoubtedly have examples of just
about every mine ever manufactured,
their cooperation in allowing signatures
to be developed cannot be guaranteed.
The first effective work in ground-
penetrating (or ground-probing) ra-
dar was reported by Professor Leon
Peters, Jr. of Ohio State University in
1979 after the Vietnam War (Proceed-
ings of the IEEE, Vol. 67, No. 7, pp.
991-1000). He demonstrated the loca-
tion of plastic mines using simple ra-
dar and classic predictor-correlator
detection techniques. Further work
was necessarily undertaken during
the Falklands conflict when the Royal
Engineers successfully located all of
the nine types of mines laid during the
conflict; six of those types were plastic
or minimal-metal with three being |
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anti-tank and three anti-personnel.
Experience was gained with these
types in various terrains under ex-
tremely wet weather conditions. It
was believed that the high success
rate was due to the fairly limited
range of devices being detected.

Work was discontinued after the con-
flict as there was no on-going opera-
tional necessity for continuation and the
leading figures in the RE went on to
civilian occupations, taking their detec-
tion experiences with them. Even so, for
example, using the basic techniques de-
veloped during that time, it has taken
eight years of development and three
versions of hardware and four genera-
tions of software for one of the compa-
nies, EMRAD, Godalming, Surrey,
U.K., tolaunch a commercially-viable de-
tection system for plastic utility pipes.
Development of their Pipe Hawk was
funded by the New York Gas Group after
extensive review by the Gas Research
Institute of Chicago. It can be seen there-
fore that the development of a system for
mines—which, by necessity, must recog-
nize all potential threats—could be some
time in development.

KEEP IT SIMPLE, STUPID

As areminder of how overcome with
technology people can be, Mr. K.G.
Spouse, a retired engineer, pointed out
some fundamentals that could well be
relevant in the real world. Remember-
ing that the technology used for mine
detection must be simple—because the
workers that will be using the equip-
ment will be in the worst imaginable
environments with the most basic train-
ing possible—MTr. Spouse went back to
the basics of induction with eddy cur-
rents, an effect that does not depend on
amaterial being conductive. The detec-
tor he suggests consists of an inductive
probe, the coil of which is mounted ver-
tically in a search probe. This, plus the
associated transistor circuitry and a
battery, completes the instrument. The
inductive probe and capacitor form a
tuned circuit that is self-excited at
resonance. When the probe is placed
close to the soil, there is an eddy cur-
rent loss caused by the conductivity of
the soil, reducing the Q. The losses are
less when the coil is above a low-con-
ductivity object, such as a plastic
mine, and the output signal increases
compared to tracking across soil.

The object is, in fact, analogous to a

hole in the ground, acting like a single-
turn inductor which is resistively-
loaded and inductively-coupled,
lightly, to the probe primary. The sen-
sitivity of the system is dependent on
the intrinsic Q of the tuned circuit,
which is dependent on the frequency
used and the length-to-diameter ratio
of the search coil. The Q can be in-
creased if the coil is included as part
of a regenerative circuit oscillating in
the marginal mode, with the loop gain
barely exceeding unity at the reso-
nant frequency.

Practical problems inimplementing
a system really depend on the me-
chanics of how to search with a con-
stant distance between search coil and
the soil (or how it can be corrected
automatically) and how the search
area can be widened. Otherwise the
method becomes another slow system
for plastic, complementing the exist-
ing, slow, system for metal detection.

WHERE FroM HERE?

The future is not clear. Many of the
techniques described at the conference
will work. They need considerable fu-
ture development in order to make them
practical solutions in a field where mis-
takes kill the operator. The fact that a
further conference on this matter is be-
ing planned for two years ahead is an
indication that further work and consoli-
dation will be needed. The most viable
solutions will probably be those that of-
fer a commerecially attractive secondary
market. High on that list must be the
Bofors gas-detection system and those
systems that can be used by utilities in
their normal day’s work. It eontinues to
be true that whatever is developed will
be of little use if the rate of planting of
these devices does not slow down. Only
international agreement will do that.

The conference proceedings are
available from the IEE at their Publi-
cation Sales, P.O. Box 96, Stevenage,
Herts., SG1 2SD, U.K; telephone +44
(0) 1438 313311; fax +44 (0) 1438
742792. Refer to Conference Publica-
tion No. 431 at GBP 45.0

Paul McGoldrick’s e-mail address is:
102447.346@compuserve.com.
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] uality control inspee-

R EI le's keep their cool
when they know that

ac s they have reliable instruments
and when they know that the

manufacturing process is in control. Having level
measurements for in-process control and inventory
management is paramount in the chemiecal/petro-
chemical, petroleum, food. and pharmacecutical
industries. Aeccording to “The U.S. Level
Measurement and Inventory Tank Gauging Industry,
Fifth Edition,” a

new study  from Where the Level Measurement .ic< ate up 20%
Venture Development Device Dollars Went in 1995 (%11.5 million) of the

Corporation (VDC),
there are opportunities
for growth in the lig-
nids and solids level
measurement deviees
market. In 19935, the
study shows that the
U.S. process level
measurcement device
market hit $366 mil-
lion, forecasted to rise
to 8427 million by
2000, The growth is a1
a compound annual
growth rate (CAGR) of 3.1%. The chemical/petro-
chemical segment of the process level measurement
deviee market was 26.5% (translating 1o $97 mil-
lion), in 1995, The study projects that the market
will top 8123 million by 2000, keeping a 3.7%
CAGR. One of the reasons why this market will ex-
perience consistent growth is the pressure on manu-
facturers to answer 10 the environmemal regulatory
demands. On the other side of the coin, limiting the
growth is the migration of manufacturers overseas,
rather than keeping processes within the U.S.
Liquids dominate the process level measurement
market, with 814.2% of the devices purchased going

to liquids applications. The petroleum segment of

the U.S. process level measurement market was the
second largest consumer of those devices with a

23.8% share (equalling $87 million) in 1995. But

the highest level of growth in the market belongs 10
the pharmaceutical industry at 6.2% CAGR. VDC
prediets that the pharmacecutical segment, which ac-
counted for $3 million in solids measurement de-
vices in 1995, will rise 10 8.9% CAGR. The in-
crease is eredited to greater demand for much
higher degrees in accuracy. The Food and Drug
Administration’s ever-inereasing regulations also are
driving the measurement device demand. VDC’s
study also points 1o the food industry as the second
largest consumer of devices for solids applications

in 1995. Food compa-

solids market. In the
study’s look at inven-
tory tank gauging,
VDC found that total
U.S. system consump-
tion added up 1o $63
million last year. The
petroleum industrey
ranked number one in
the study, accounting
SOLIDS for 53.3% (%33.6 mil-

$58 million (15.8%) lion) of the inventory

tank gauging market.

Source. Venture Development Corporation

Expected 1o grow at
3.9% CAGR 10 2000, the petroleum segment of the
market is expected 10 slow during the next four
vears due to a lull in manufacturing facility con-
struction. The chemical industry came in a far sec-
ond in the market at 19.6% ($12.1 million) in
1995. Environmenmal Protection Ageney require-
ments are expected 1o push the market through
2000, The VDC study forecasts the chemical indus-
try to grow at 3.5% CAGR. Again, the pharmaceu-
tical industry garnered the highest foreeast growth
rate, checking in at a 15.6% CAGR for the next
four years, despite the small ($#1.6 million) share of
the total U.S. consumption in 1995, The study is
priced at $1950 and can be purchased through
Venture Development Corporation, One Apple Hill,
Natick, MA 01760;: (508) 633-9000; fax (508)
633-9836; ¢-mail vdedu@aol.com.—DS
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New Electronics
Society Announced

ISHM, The Microelectronics
Society, recently announced that its
members and the members of the
International Electronics Packaging
Society (IEPS) have ratified the
merger of the two societies to form a
new organization called The

QUICKLOOK

International Microelectronics and
Packaging Society (IMAPS). The new
organization claims to be the largest
microelectronics society in the
world.

According to James R. Drehle, 1997
ISHM President-elect, the purpose of
IMAPS will be to advance and expand
the use of packaging in all levels of
electronic and microelectronics pack-

aging through professional and public
education, the dissemination of infor-
mation, and the promotion of the so-
ciety's portfolio of technologies.

For more information, contact
ISHM at 1850 Centennial Park Dr.,
Suite 105, Reston, VA 22091; (703)
758-1060; fax (703) 758-1066; e-mail
ISHM@aol.com.

tive direction, taking the fortunes

..rerspective on Time-fo-Market
BY RON KMETOVICZ
President, Time to Market Associates Inc.
P. 0. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439;
(702) 345-1455; fax (702) 345-0804 X )
-~

of an organization and its employ- i I
ees with it. But these markets, with
significant help from the companies that serve them,
return to grow and prosper. Consider the following
scenario:

The Semiconductor Industry Association’s book-to-

g ometimes markets turn in a nega-

bill ratio headed for the stratosphere for a period of

years. During this time, markets expanded, engineers
prospered, and companies grew as profits provided
fuel to the semiconductor business engine. Fortunes
expanded over this period, all news was good news.
Most semiconductor companies lost sight of the cycli-
cal nature of the business beast. Many individuals
who experienced past downturns viewed the available
information and concluded that this time around it
would be different. They became convinced that a
downturn could not take place.

But then the book-to-bill fell below one. Initially,
most reacted by saying this was just a one-month blip.
Next month, the number fell below one again, this time
bursting the euphoric bubble in the process. Executive
managers began thinking defensively. And for many
months now, the book-to-bill remains less than one.
The longer it goes on, the greater the impact on engi-
neering employment within the industry. Many firms
now find themselves contracting rather than expand-
ing. It’s just another business cycle!

To rise to the challenge, some firms—who just a few
months ago were hiring at a brisk pace—began laying
off members of their engineering teams to save money.

Engineers performing on the margin become the
first to go. From the company perspective this sounds
good; executive managers think they can easily cut the

engineering head count by 30% or more to conserve fi-
nancial resources and not affect engineering perfor-
mance. Wrong! In the firms that set high hiring stan-
dards, it’s difficult to identify even 5% of the team as
marginal performers. Nonetheless, the management
team must identify weak performers based on objec-
tive criteria. Then, the company acts to sever these
employment relationships—it will no longer have to
pay the wages, taxes, and benefits for those termi-
nated. But, because the head count is so small, the
money saved is, oftentimes, not enough. Next, to save
a few more bucks, do you cut into the lean engineering
muscie mass?

Hopefully not! Your company needs this talent to
work out of its slump. The market will come back, but
as it does, you will have to be there with new products
to meet the new challenges. The time-to-market clock
does not stop! You cannot recover without a dedicated,
talented, engineering force behind the company. To
keep this team in place and highly productive do the
following:

Reduce operating expenses to a minimum. Do this
by scaling back recruiting. travel, supplies, equipment,
outside contractors, outside services, and project mate-
rials expenses.

Put the engineering team on a reduced schedule for
reduced pay program. The engineers take 1 day off
within a 10-day work period to effect a 10% reduction,
or 1 day off within 5 to realize a 20% reduction.

The combined effect of the above actions reduces en-
gineering expenses by 30% or more without a layoff.

Your engineers, free from thinking about looking for
another job, then go to work on critical new product
programs. As they do, their loyalty to the company
builds. Trust between employee and employer creates
a dynamie, competitive, business force.

Readers may contact Ron Kmetovicz at Time to
Market, P.O. Box 1070, Prickly Pear Rd., Verdi, NV
89439; (702) 345-1455; fax (702) 345-0804. To obtain an
e-mail copy of “The Complete List of Reasons for a
Late Product Introduction,” contact My. Kmetovicz at
kmetovicz@aol.com.
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Compaq Contributes to
Journalistic Endeavors

THE PRESSURE ON JOURNALISTS TO BRING |
the most accurate stories to the widest audience |
possible (in the shortest time frame possible) can !
be tremendous. As a result, using the Internet to
check sources and research historical information |
has become an integral part of journalism today. |

Relieving some of the pressure is Compagq
Computer Corporation. Compaq has donated 30 '
Deskpro XL PCs, 31 QVision 17 in.-monitors, and a '
ProLiant 1500 5/133 mission-critical server to the
National Journalism Library in Washington, D.C. |
at the National Press Club. The PCs are Pentium- |
based with 32 Mbytes RAM and 2.1 Gbyte hard '
drives. The Deskpros are loaded with Windows NT l
3.51 and Matrox MGA Millennium Graphics. The |
server uses 6.3 Gbytes storage, and has 64 Mbytes l

RAM, CD-ROM capability, and SmartStart.

The recently renovated library, known as the Eric
Friedheim Library, previously closed whenever in-
struction took place so that the computers would
be dedicated to the classes. Now, the library con-
ducts classes while users continue to access the
Internet or other applications needed to continue
their work.

The Eric Friedheim Library is an important re-
source for journalists whose news organizations
do not supply the training they need to use the
Internet to their greatest advantage. Historically,
members of the Press Club have used the world-
renowned library for its educational and informa-
tional offerings, but the new additions will likely
have prospective members signing applications.
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® Auto-Routing Services

® Cooper-Chyan Auto Router
® Analog & E.C.L.

® Impedance Control

PCB ASSEMBLY

® Fine Pitch Surface Mount
® Thru-Hole
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FLipPING THROUGH THE
INTERNET ROLODEX

...numbers you
need to know

http:/ /www.sme.org: The media con access
this home page to obtain press releases and inter-
act with the Public Relations team of the Society
of Manufacturing Engineers {(SME). Users can view
corporate background information, a calendar of
SME events, information on SME conferences and
expositions, and information on SME honors and
awards. Access also is provided o SME's home
page search engine.

http://www.duracellupt.com: Tap into
Duracell’s site to obtain technical information on
Duracell primary and rechargeable batteries, in-
cluding in-depth tutorials on each battery system,

battery data sheets, battery system comparisons,
technical notes, and updates on Duracell innova-
tions. Users can review the material on-line or
download the documents for later printing, and

1/ also can e-mail link to the company’s headquar-

ters in Bethel, CT.

http:/ /www.siecor.com: Get the latest infor-
mation on fiber opfic and copper communications
products for voice, data, and video applications
from Siecor's site. Information is provided on the
private networks marketplace, including a reply
card for users to request additional information. A
corporate profile, up-to-date press information,
and telecommunications glossary also are avail-
able on the site.

http:/ /www.sipex.com: Users may access
dota sheets from Sipex Corporation’s Data
Converter Products Catalog, data sheets from the
1996/1997 Interface Products Catalog, and/or
produdt information from the El Lamp Driver cir-
cwit offering. The site is complete with up-to-date
information on what's new at Sipex, a listing of

Sales Representative and Distributor locations
worldwide, and a literature request form.
Information can be downloaded using Adobe
Acrobat, which can be downloaded for free off the
Internet.

http://www.crydom.com: No need fo cry
about this site, which offers information about
Crydom'’s Solid State Relays. The site features
complete and comprehensive product information
on-line to view, print, or download. Input and out-
put specifications, mechanicals, derating curves,
and general product parameters are available.
The site is organized by product categories with
basic produdt ratings and parameters for ease of
selection.

http:/ /www.matrix.com: Visit Matrix Corp.'s
site for a listing of current VMEbus board-level
products and enclosures outlined in easy-to-read
tables. Environmental closses from commercial/
industrial to MIL-rugged are defined for each
board product. Users can download more detailed
product specifications and request free catalogs.

M L O G |

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 from TI are available now.

Ground Bounce Comparison
o Gates, flip-flops and bus functions |
AC

* Available in TTL and CMOS A\
compatible versions

4\’

Time

* Low noise; high noise immunity

Noise

o 201055V supply voltage

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

Q’ TeEXAS
INSTRUMENTS

To advance your designs, call 1-300-477-8924, ext 3051.
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SIEMENS

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

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

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

The quality you need

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

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

Find out more...

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

Siemens Electromechanical Components, Inc
Potter & Brumfield Products Division

200 South Richland Creek Drive

Princeton, IN 47671-0001

Fax 812.386.2072

Potter & Brumfield Products Division
Siemens Electromechanical Components, Inc.

READER SERVICE 163 1601A



The
Search

Is On

The National Mail Order
Association (NMOA) is search-
ing for the 500 most unique
and interesting products in the
United States. The product
search is meant to help small
to midsize manufacturers and
inventors get publicity for
their products. It also helps
merchandise buyers find new
products for their company to
sell.

All 500 selected products will
automatically receive free pub-
licity in “Mail Order Digest,”
the association’s international

QUICKLOOK

newsletter. Mail Order Digest
goes to the merchandise buyers
from mail order companies,
catalog companies, infomercial
companies, and other direct
marketers, both nationally and
internationally. The best prod-
uct from each state will be fea-
tured on the NMOA Internet
site for an entire year.

According to NMOA'’s Chief
Manager John Schulte, “You
never know where that next
hot product will come from.
It’s like having your product
picked by QVC, only better!
The products we select will be
exposed to hundreds of mer-
chandise buyers from around
the world, adding export possi-
bilities as a bonus.”

Manufacturers of all sizes are
invited to participate, even the
one-man shop. Products can be
of any type, and should be tai-
lored for the general consumer
or business to business. Firms
wishing to enter a product
should contact the NMOA by
phone, fax, or mail for a prod-
uct entry form. Completed en-
tries must be submitted no
later than December 31, 1996.
NMOA will notify all entrants
concerning their products’
status.

For more information about
the contest, contact NMOA, US
500, 2807 Polk St. NE,
Minneapolis, MN 55418-2954;
(612) 788-1673; fax (612) 788-
1147; Internet: www.nmoa.org/.

M L 0O G I C

Conquer the 3.3 V world,

remain 5 V tolerant.

Conquer the 3.3V world; call 1-800-477-8924, ext. 3051

ELECTRONIC DESIGN/DECEMBER 2, 1996

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

* 5V tolerance enables reliable
5V/ 3.3 Vinterfacing

¢ 4 ps typical propagation delay,
6.5 ns max (244/245)

® 24 mA output drive
o Low static current at 20 yA 8

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

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 \" applications to market faster.

T) Low-Voltage Logic

' .
5 10 15ns

*L‘ TEXAS
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N\en it comes

WP/
AT

[

When it comes to OTP microcontrollers, narrow your choice and g0 with the best. Mitsubishi offers the
widest range of 8- and 16-bit, low-power, high-performance OTP (One-Time-Programmable) MCUs. We help you
save costs and enable powerful embedded solutions with unique combinations of on-chip features — a rich array of

8-bit OTP Microcontrollers

functions you won't find anywhere else.

Model Number  On-Chip KON/KAM Series Features All our OTP MCUs are fully software compatible, providing
3741l §~16KB / 128~3848  Small package, battery operation, an easy migration path between hundreds of Mitsubishi MCU
T R :;:T;:::: ';:“ products. Mitsubishi OTPs are supported by a complete line of

= i ) T . . . .
M38063/67  A~ABKB / 198~1KB  AD/D-A converer, UANTs third-party development tools, low-cost dc::sngner kits and quali-
M38203/207  4~320B / 1928~1K8  Onchip LED driver, battery operation fied programming houses. And now there's a totally new channel

16-bit OTP Microcontrollers for customer service and support — Covenant Electronics, Inc.

M37702

16~32KB / 5128~1KB  Easy upgrade path from 8-bit performance,

@

1ey loe powes, 3 vol operaton (CEl) — to give you faster delivery from on-hand stock. For

A-D comerter, UART;, 8 timers, OTP MCU solutions that put you in control of your destiny,

16 Myte of memory space & more narrow your choice. Call (888) 428-9234.
(ONTROL =% MITSUBISHI
YOUR DESTINY ELECTRONIC DEVICE GROUP
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Engineer Develops Vehicle Steering Aid

ost cars today have cruise
mcontrol to help drivers main-
tain safe, steady speeds.
Future vehicles also may have
steering control for safer highway
driving. How is that possible? A
technology developed by an electri-
cal engineer from Texas A&M
University may have the answer.
Don Parker’s patented method for
automatic vehicle steering and lane
sensing uses infrared light to re-
trieve data from reflective stripes
sprinkled with high-index glass—
the same material used for reflec-
tive road signs and lane division
stripes.
His prototype fits underneath the
car, in front of the radiator, and be-

Jjects an infrared beam to the road
surface and two receivers. The de-
vice steers the vehicle so that both
receivers measure equal reflec-
tions, keeping the vehicle aligned in
the lane. A signal tells the driver
when the lenses need cleaning, and
a self-adjusting component in-
creases the beam’s intensity for
paint that’s faded or obscured by
dirt or rain. Driving information
also could be provided by the
stripe, making it “essentially a bar
code for cars,” Parker said.
“Anything that appears on road
signs—turnoffs, exits, even rest
stops or service stations—could be
encrypted in the stripe.” Reflected
light “read” by a processor would

an on-board computer screen. “The
display could help drivers navigate
an unfamiliar city or find an exit at
night in rainy weather,” says
Parker.

Parker notes that in actual use, a
stripe would be placed in the center
of a highway lane using conven-
tional pavement painting technol-
ogy. Repainting the special stripes
would be easy, he added, because
“the same steering technology can
also operate the boom to paint over
the perimeters of the existing lane
stripe.” But first, the demand for
the technology and concurrence
among the states’ departments of
transportation to coordinate the
specially painted stripes are
needed, he emphasized.

For more information, contact Dr.
Don Parker at (409) 845-7564;

hind the front bumper. It’s a small | control speed or even display infor- | fax (409) 845-6259; e-mail
box with one transmitter that pro- | mation to the driver, if the car has | parker@ee.tamu.edu.
D 8 ¥ 38 T E M L 0O G |

Single gate. Simple solution.

e [ownoise

For single-gate solutions, call 1-800-477-8924, ext 3051
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o 5Vor33Vsupply voltage
» (NS and TTL versions
3x the speed of HCMOS

s [ow static power consumption

1
o Space-saving 5-pin package [

AHC MicroGate.

Introducing AHC MicroGate. The single-gate logic device
with the higher speed and lower power consumption of
Advanced HCMOS in an extremely small 5-pin package.
Reduce space, simplify circuit board layouts, modify system
designs and accelerate your time to market. MicroGate is
the simplest solution in the industry, and it's available now
in over a dozen AHC devices.

INVERTER

[ —
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Shaped-based routing
trom Protel

Advanced Route Compare - C:\ADVROUT\B

-aw Route3 vs. Specctra

Feature Route3 Specctra SP-10

Net Attributes

. R = | Shape-based routing algorithms | v v
- r——— o r-———- Polygonal shapealoomhms “V i A
b Dfet °°'°“ AlLayers AI based analyss and strateqy { v i -
Min Dist [ MlLayess e e T e n—
Defok Wb Toded i aes IR routmg Iayets Upto30 Unlimited
Detaut Min Dist Detaust Al Layexs TR IR TH STITT of e s |
Delod  Howous  Dead  Allayen V!"Tber of nets/copp_ef_:tl_g[vs/p:ns ,.-ET!"_'{M.. 5 _l:',",'.'f“"ed. B
Defaul Min Dist Detaut Al Layews Route Edit interactive routing i Included !
Detaut Man Dist Delak AlLayoss [ e 1 Optional
Defauk Min Dist "Detaut Al Layer Sketch a-tmck routmg optuon Included f
Defaut Min Dist \Defauk All Lager e R e
e MnDa  iDato ALy Test Pomt generatlon/DFM optlon gy Included i Qpﬂqnal
MnDit  [Defua Al Lagers 90-day, money-back Quarantee v 1 -
i Free 800-line techmcal support v f ~
: Hardware “dongle requlred *‘ No f Yes
e ' Suggested Retail Price (inc. oplions); $2995 | $15,990

Shaped-based routing made easy

There are really only two types of PCB autorouters:
shape-based routers and all the rest. Today’s designers
understand that only shape-based routing has the power
to automate large, complex and mixed technology
designs. Protel Advanced Route 3 brings you the power
of shape-based routing without all the shape-based
complexity. Using Advanced Route 3, routing is as easy
as loading a placed design file and pressing the Run
button - no *“do” files to edit, no “cost” decisions and no
problems. Our shape-based router takes over, analyzes

Just as powerful as the competition and much, much
easier. Plus, designers tell us that they prefer Advanced
Route 3’s efficient diagonal routing provided by our
advanced polygonal algorithms.

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

Contact Protel for details.

the layout, chooses the appropriate routing strategy and 1-800-544-4186 Protel
races to 100% completion for most designs. It’s faster, www.protel.com -
Technology
FIrsT IN WiNDOWS EDA
©1996 Protel International Protel and the Protel logo are registered trademarks of Protel International, Advanced Route 3. NeuroCad, Nes iroRoute, Sketch-a-track ang Route Edit are (rademarks of Protel International. Specctra 1s a registered trademark
of Cooper & Chyan Technology, Inc Prices are in US currency, exclusive of taxes . shipping and handhing. Price and specdications are sobjact tc change without nonce. Protel shape-basec routing technology 1s provided under license to OrCAD, Inc
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Virginia’s Virtua To Automate European Libraries

VTLS Inc.’s third-generation system, Virtua, has
been chosen to automate both the European Parliament
Library, Luxembourg and L’Universite catholique de
Louvain (UCL), Louvain-la-Neuve, Belgium.

UCL, one of the world’s oldest universities, was es-
tablished in 1425. Maintaining arts and humanities, eco-
nomics, law, medicine, philosophy, psychology, and sci-
ence libraries, the school had been using three different
systems that couldn’t keep up with the technology. The
university spent a year putting different products
through their paces, choosing Virtua for its support of
Unicode, its multilingual capabilities, its graphical op-
tions, and its use of Oracle. The first library in Belgium
to install Virtua, UCL also will act as a testing site.

The European Parliament Library also chose the
Virtua system for its Unicode support and multilingual
capabilities. The Library houses a collection comprised
of eleven different languages, necessitating a solution
that could handle multiple character sets easily.
Representing the 15 Member States of the European
Union, the Library manages and provides documents in
all of the official languages of the Union. First, the

Library’s Luxembourg site will have its homegrown
mainframe replaced by Virtua, then the Brussels
branch will be updated.

Virtua will be installed on the Sun UltraSpare plat-
form, running under Solaris (Unix) and the Oracle
Relational Database Management System with a 128-
user level license for UCL. Virtua’s basic subsystems
include OPAC, Acquisition and Fund Accounting,
Cataloging and Authority Control, Circulation and
Status Monitoring, Serials and Bindery Control, and
Statistics and Reporting. Other a la carte items chosen
by the university are Ad Hoc Reporting, Document
Delivery, ERL Interface, Interlibrary Loan, Reserve
Room Control, and the Virtua-Web Gateway.

The European Parliament Library's setup is a 32-user
license running on the Sun Solaris platform with
Bibliographic Filtering, Document Delivery, and the
Virtua-Web Gateway.

For more information contact VTLS Ine., 1800 Kraft
Dr., Blacksburg, VA 24060-6351; (540) 557-1200; fax
(540) 557-1210; Internet: http://www.vtls.com.

soic SSOP TSSOP TVSOP
o First to market with Widebus”, it

T i T -y T T T SSOP TSSOP and TVSOP logic ‘ 3 I B
" ' o Palladium-plated leadframes [

SOIC SSOP TSSOP TVSOP% S pravide lead-free components ot u g

o s A ¢ - - e m om

T P

For more design options, call 1-800-477-6924, ext 3051
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Our packages are shrinking.

Your options are growing.

Check out our full line of industry-standard logic packages,
including our brand new TVSOP (Thin Very Small Outline
Package). It can save vou over half the board space of previ-
ous solutions. From the world’s first SSOP and TSSOP to
TVSOP. TI continues to lead the industry in packaging
options that support all your designh needs.

Tt Logic Packaging Innovations

o Widest selection of logic packaging
options, ranging from 8 to 100 pins

o Multiple fabs provide high-
volume supply

{? TEXAS
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OF YOU Q]ZZZAQO/O/QO/

PRODUCT YOU DESIGN.

It grows out of you.
This complex design you are working on. Numerous pieces, each with separate functions. But you make
it whole. And then, you send it out into the world. A part of you that will become an extension of someone else.

In some ways, it resembles you. Which is why you shed the ordinary. And look for the best ways to

improve your design.
(,J)/]()(M'(" yOUI" €m6€0/0/90/ /DI' ocessor w/se/y. @ Of course, you can choose

any embedded processor. Or, you
can do what the leading printer, internetworking and video game companies have done—select the 64-bit
Vi Series™ from NEC.

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

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

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

. o Vr4300 PPC603 Vr5000 PPC604
new processors in the Vy Series line. o T i s | g
For more information, call Bus Interface 2.1 32/64.bit &4-bit Phney
[-800-366-9782: And ask I-Cache Size 16KB 8KB 32K8 16KB
) D-Cache Size 8KB 8KB 328 16KB
for Info Pack 195. It really is the ' :

i . X X Pin Count/Package 120 PQFP 240 CQFP 272 BGA 304 CQFP
wise thing to do. Especially when gench gaicrca goesc
you consider what really gets sl e AT el 75/88 - -

. . SPECInt95/SPECIp95 | - = 55/55 | 32000
embedded into your design. " i e
Price in 1,000 Qty * $45 $195 $300 $549

»

V5000. Paramount performance,
incredib ffordable. T} h

applications like internenworking.

Vo 4300. A high level of performance at

automation products, video games and

X-terminals,
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BN The Zoomed Video Port standard
is the result of Sigma Designs pairing
p@ with Cirrus Logie to offer full-screen
m broadeast quality video and CD-quality
audio to notebook computers. Cirrus
Logic’s single-chip PC Card host adapters on the notebook side, plus Sigma’s
REALmagic Explorer chip set on the PC Card side communicate to bring
Zoomed Video technology to notebook users. Compatible with Windows 95
and Open MPEG-1, the REALmagic Explorer chip set allows Zoomed Video
port-capable computers to support new MPC3 standards for multimedia appli-
cations. Cirrus Logic host adapters that support the Zoomed Video specifica-
tion include CL-PD6720, CLPD-6722, CL-PD6729, CL-PD6730, AND CL-
PC6832. The Zoomed Video Port is compatible with CardBus slots and all of
today’s PC Card slots. For more information, contact Sigma Designs Inc.,
46501 Landing Pkwy., Fremont, CA 94538; (510) 770-0100; (510) 770-2640;
Internet: http://www.sigmadesigns.com.

I PYST is a wacky parody newly released from Parroty Interactive, a
new division of Palladium Interactive. PYST takes light-hearted swipes at the
most well-known PC/Internet game, MYST. Poking fun at the fantasy game,
PYST redesigns the trademark island scene to incorporate pollution as well as
other industrial nightmares. Not only is PYST an interactive

CD-ROM game, but there’s a web-
site—http:/www.pyst.com, CD sin- m—
gle (the “Theme from PYST”), and "
900 number—(900) 288-PYST. The
Enhanced CD single is sung by John
Goodman, who also plays King
Mattruss in PYST. There are 10
scenes on the disk, complete with au-
dio, video, and animated features.
Created by Firesign Theatre
founder, Peter Bergman, PYST al-
lows game players to link up to the
comedy site and travel through the
Members Only pages. The restricted
areas encourage visitors to pen post-
cards, chat and post messages with
other PYSTites, and download regularly-updated video and RealAudio clips.
The PYST site also has links to other comedy sites. The hybrid CD-ROM is
compatible with both Windows and Macintosh platforms. Retail price for
PYST is $14.95. For more information, contact Palladium Interactive, 900
Larkspur Landing Cir., Suite 295, Larkspur, CA 94939; (415) 464-5500; fax
(415) 464-5530; Internet: http://www.palladiumnet.com.

BN The LGL4plus and LGL8plus are two new line matrix printers from
Digital Equipment Corp. The pedestal-mounted printers are designed for
manufacturing environments and other mission-critical applications. The
LGLA4plus and LGL8plus units offer a low cost printing solution for invoices,
bills, forms of all types, production reports, and bar coding. They support
Windows 95 and NT, as well as UNIX and OpenVMS. Additionally, Digital
has introduced the RapidPrint 500. Allowing many users to share the same
printer across different network protocols, the RapidPrint 500 can be used
with any printer, including the LGLplus printer line. The pocket-sized server
supports AppleTalk, IPX, LAT, NetBios/NetBEU]I, and TCP/IP network
protocols. RapidPrint 500 is priced at $399, the LGL4plus at $5295, and the
LGL8plus at $7695. For more information, contact Digital Equipment Corp.,
200 Forest St., MR01/J18, Marlboro, MA 01752; (508) 467-7003; fax (508) 467-
7512; Internet: http://www.printers.digital.com.
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nformation from Japan on electronic display

technologies is now available free of charge
in a weekly e-mail newsletter fitled “Display:
The E-Mail Newsletter.” The newsletter is pub-
lished by InterLingua and consists of abstracts
of articles from publications such as Nikkei
Microdevices, listings of patents applications
published in the display category within the
past month, excerpts from special reports such
as the Electronic Industries Association of
Japan's survey of its members, original reports
on frade shows and conferences, and sum-
maries of important events that occur. Contact
InterLingua, 423 South Pacific Coast Hwy.,
Redondo Beach, CA 90277; (310) 792-3636;
fax (310) 792-3642; Internet:
http://www.japanesetranslation.com.

vadTech has launched THE QUADTECH

STANDARD, a newsletter for OEM cus-
tomers and other users of measuring instru-
ments involved in prototype design, production
test, R&D, quality control, incoming inspection,
and calibration. The newsletter is dedicated fo
discussion of perfinent design, regulatory, ap-
plication, and manufacturing concerns of the
research and engineering community who de-
mand the highest performance standards.
Contact QuadTech, Inc., 100 Nickerson Rd.,
Marlborough, MA 01752-4696; (508) 485-
3500; fax (508) 485-0295.

(D-based “Designer’s Guide and Data

Book” from Texas Instruments includes o
powerful search engine that will save designers
time when they need to find the appropriate
mixed-signal or analog device. The (D, called
an InfoNavigator, is available free of charge
and includes almost 15,000 pages of technical
documentation on all of Texas Instruments’ ap-
proximately 2,000 mixed-signal and analog
semiconductors. Information found in the de-
signer’s guide includes data sheets, data books,
application reports, reference designs and
macro models, information on the availability
of evaluation modules, seminar and trade
show listings, and a glossary of pertinent
terms. Contact Texas Instruments Inc.,
Semiconductor Group, SC-96041, P.0. Box
172228, Denver, C0 80217; (800) 477-8924,
ext. 5022; Internet:
http://www.ti.com/s¢/5022.
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P'm In The Book

had
Interactive—the 1997 World Wide Web Yellow
Pages. The volume is 1200 pages long, with over 10,000

enough already) from Luckman

web sites. For those individuals who spend many of

their on-line hours searching out the best that the

Internet can offer, the book could become their surfing |

companion.

Published by Barnes & Noble, the 1997 World Wide
Web Yellow Puages features reviews and ratings on each
of the sites listed. Luckman’s first book published

| through Barnes & Noble, Best of the Web, became a
best seller. Luckman’s choice of publisher is also the
leading retail bookseller in the U.S., with over 1000
bookstores in its distribution.

Luckman’s editors and writers reviewed over 100,000
web sites in the production of the 1997 World Wide
Web Yellow Pages. They rated the sites by content, de-

[ sign, downloading time, and organization. The book
uses a five start rating system, only featuring sites with
three or more stars.

The 1997 World Wide Web Yellow Pages features

ere’s a great holiday gift idea (as if you haven't |

Uniform Resource Locators (URLs) for these cate- |

gories: Art, Business, Children, Computers, Education,
Entertainment, Government, Health, Humanities,
Internet and the Web, Life Styles, Music, News,
Regions, Science, Shopping, Sports and Recreation,
and Travel. And, for those of you needing further orga-
nization, those 18 topics have been subdivided into 400
smaller categories.

Luckman’s intent with the tome was to save people’s
time. The process of waiting for search engines to
spew out their matches (some of which are no match at
all), then checking out each of the links only to find

that two hours later there is only one match was incen-

tive enough to author the book. Lucky Luckmanites |

currently evaluate over 10,000 sites a month, preparing
for another reference guide, no doubt.

Luckman Interactive’s 1997 World Wide Web Yellow
Pages retails for $24.95. For more information contact
Luckman Interactive Inc., 1055 West 7th St., Los
Angeles, CA 90017; (213) 614-0966; (213) 614-1929;

Internet: htep://www.luckman.com.-DS

PRECISION
METAL
STAMPINGS

From the size of a pin head to several inches in
diameter, continuous strip or bulk;
if it can be stamped we can do it.

And we deliver:
* Tolerances to + .0001
* 100,000 to a billion + parts
* Just in time delivery
* 100% defect free
* Statistical process control
* In-house tooling

Call or write for a quote or literature.

TEC

THOMAS ENGINEERING CO.

7024 Northland Drive

Minneapolis, MN 55428
612-533-1501 » FAX: 612-533-8091

b1 Web: hitp://www.thomas.e éineering.industry.net
E-Mail: thomas.engineering@industry.net
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For Personal Access
to Silicon Solutions

www.hitachi.com

SuperH”

RISC engine

Capitalize on the most efficient
embedded solution.

H8 IKaAp

Take advantage of IKAP: Integrated
Keyboard and Power management.

SDrRAM

Design in the world’s best ‘
cost:performance memory. k.

IC solutions These days, the biggest ideas in consumer elec-
tronics are all about the same size: Handheld.

for the hottest
They’re now the “Wow"” of Wall Street; the “Egad”

applications from

Wetterun, of editors. And they’re the electronics industry
b “'"Hn'.ua_.., A 3 eqy- .
Hitagy, o8 2-way wireless offering a hand to millions who have not yet “gone

J 5y o "
SMoit spg, digital.” For OEMs of successful Personal Access

S paging to .

...... roducts, their ever-increasing integration within

y Wind * CE y & N
indows

the size, power and cost constraints of handheld sys-

Handheld PCs. tems is good reason to shake hands with Hitachi.




Hitachi ICs bring

your biggeSt
ldeaS down to size.

PP & 0 HAAANG PIT VIR WY 9661 O

s
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How to get bigger, better, smarter, smaller. Hitachi helps you hit the small time. To lcarn
Thanks to Hitachi’s ability to combine its best- how you can get small fast. phone [-800-446-8341,
selling line of MPUs, MCUs and advanced  ext. 800. Or visit our web site at www.hitachi.com.
memory devices, and deliver these as integrated At Hitachi, we understand that the trick is not
solutions, we have become the leading IC sup-  to think big; the trick is to think big, then to think
plier for handheld systems. In fact, Hitachi’s  really, really small!

SuperH RISC Engine is the processor of choice

tor the overwhelming majority of the new
Windows CE Handheld PCs. HITACHI

# io RISC Saipments
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etters

atching an industry insider
off guard can sometimes
put me in a spot. To put it

basically, I'm nosy, and I like to
know what’s going on in the indus-
try I love, so a casual conversation
rather than a formal interview
with everyone on their best be-
havior is too good an opportunity
to pass up—I learn a lot more that
way. But sometimes, people tell
me more than what is good for
them. My business is not about
putting good people on the spot
with their employers. So in some
instances, I have to make an edu-
cated judgement about how much
I can write.

But I'm sure that Robert M.
Gregory, director of Strategic
Marketing at Intel’s PCI
Components Division in Folsom,
Calif., won’t be in any trouble and
I’m sure certainly wouldn’t mind if
I outline some thoughts we had to-
gether on the future of desktop
PC architectures.

Robert recently stopped off in
London on his way back from
meetings with the European chap-
ters of the PCI Special Interest
Group. The original idea was for
us to discuss what happened at
those meetings. But that business
was soon disposed of. We then
proceeded to talk about PC archi-
tectures and the future of the
“sealed PC.”

We speculated that more and
more powerful CPU chips are not
the total answer. Important in the
Intel scheme of things of course,
but as the PC becomes more of a
consumer electronics product,
other factors begin to emerge as
significant. For example, there are
the issues of graphics and “multi-
media” devices and components.
There are conflicting factors at
play here. On the one hand, street
price and manufacturing costs
have to be kept down, if as Robert
puts it, they are ever going to hit

sidon PC On A Table Napkin

the market’s “sweet
spot.” On the other hand,
what may be perceived
by consumers as a televi-
sion set capable of gener-
ating its own pictures
rather than receiving
them over the air has to
pack a tremendous com-
puting punch in order to
be successful.

USB interface. Inside the sealed
box, the PCI bus also will provide
the parallel termination for an-
other serial Firewire connection
inside a “device bay.”

As for the device bay,
Robert explains that it is
a standard 3.5- or 5.25-in.
form factor slot accessi-
ble from outside the com-
puter into which periph-
erals, such as disk and
d DVD drives, can be
/f J plugged in to the device
{ bay.

That’s the view for the

A quick sketch on a long term. In the mean-

table napkin sets out a

way how this might come about.
In this model, the PCI bus be-
comes more of an internal back-
plane controlled by an Intel 440xx
core logic device. The CPU, 3D
graphies rendering engine, and
the main memory access also are
under the direct control of the
core logic. Hooked onto the PCI
internal bus is an I/O control de-
vice that provides an ATA inter-
face for disk drives, plus facilities
for an ISA bus device—although
Robert thinks that might disap-
pear in time—and a Universal
Serial Bus (USB) interface for the
outside world. The main problem
here is to ensure that all of these
devices are properly balanced
with respect to each other to elim-
inate processing these kinds of
bottlenecks.

Therefore, the 440xx device pro-
vides a 66 MHz, 32-bit Accelerated
Graphics Port (AGP) to feed poly-
gon data to the graphies processor
and its dedicated frame and Z buf-
fer memory. At the same time,
however, the 440xx also can pro-
vide a direct high bandwidth path
directly to main memory, where
Robert believes that texture infor-
mation will be stored. Output from
the graphics rendered will be
passed to the monitor over an
IEEE 1394 “Firewire” high-speed
serial line. Plug-and-play periph-
erals such as a keyboard, mouse,
scanner, digital camera, and
printer will be connected by the

time, there has to be a
transition from current architec-
tures that are “open” in the sense
that end users are encouraged to
take the lids of their PCs to add
functionality with internally
mounted cards. Up to this point,
Robert stresses that the views he
expressed are just his thoughts
spoken out loud.

But these thoughts have been
formulated on the basis of an Intel
corporate thought process. The
watchwords that are repeated
over and over are “innovate, mi-
grate, integrate” according to
Robert.

“We have this model—
Innovate—a function starts as an
add-in card or a plug in. That’s the
way niche markets are developed
at a high price point. As they gain
momentum, inevitable forces take
over so the migration phase is to
make the transition where it’s val-
ued by certain segments of the
market—possibly integrated into
the motherboard—it’s a $10 to $20
bill of materials add-on but it’s a
new functionality. The third step
is to then integrate the function
into silicon.”

And the time scales? “We should
see the first computers that have
the beginnings of this approach by
the end of 1997.”

Peter Fletcher is Electronic
Design’s U.K. correspondent.
His e-mail address is: pan-
Sflet@cix.compulink.co.uk.
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handheld-constrictaphobia an aonormal fear of

designing hand-held terminals and not having a processor that allows
a flexible and customized solution for specific applications.

It starts with a tightness in the chest. You feel confined and utterly restricted. Relax,
it'll be okay. NEC can release vour pain. But first, you'll have to take hold of our HHT-ASSP
processors--a crucial step on the road to total flexibility in hand-held terminal design.

With NEC's HHT processors, you get ain X86 compatible
embedded PC on a chip. Yes, a system on a chip. And since NEC's
ASIC cores are already integrated, you can use our CB-C8
technology to easily add off-chip logic. And if quantity allows,
you'll also have the flexibility to customize ASIC cores or add
new ones on the chip to meet your specific application.

Here’s some other ways we've removed the
restraints. First, you'll be able to develop your code on a
standard PC. And second, you're free to utilize off-the-
shelf software products. Which means your designs will
get out there faster and for far less cost.

We can also help with issues you have around
speed and power. That's because our HHT-ASSP does
MHz at 3.3V and eusily interfaces with 5V TTL

devices. Furthermore, it allows you to utilize 0.5
micron technology for low power consumption in a
compact 160-pin TQFP package.

And don’t worry about your taste of freedom being
short-lived. The HHT-ASSP is based on NEC's OpenCad
design framework and standard macro

library. Which means you'll have an easy
migration path into future designs. Now
if that doesn’t make you breathe a little
easier, you can always talk to one of our %
people on the phone. 1-800-366-9782.
Ask for Info Pack 139.
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”
/ Mercury Interactive

has introduced their new vi-
sual web site management tool,
Astra. Astra allows webmasters to
view large sites in order to deal with
issues such as broken links, con-
gested paths, and dynamically gen-
erated pages. The Astra tool was de-
signed to maximize Intranet and
Internet application effectiveness,
and to prevent dead links from ap-
pearing when customers and deci-
sion makers alike use the system.

Astra uses fast scan web site map-
ping to graphically display an entire
site’s architecture as a color-coded
map. The mapping shows web
changes on the fly. The scans map in-
ternal and external links, as well as
static and dynamic pages.

The visual display of Astra shows
web sites as hubs and spokes, rather
than the traditional hievarchical tree
structure. This arrangement allows
webmasters to gauge the true com-
plex and interrelated nature of their
sites. The maps also have a split-
screen displaying the web site’s in-
formation in text format.

In order to monitor site usage,
Astra graphically displays usage
patterns by superimposing server-
log data onto the maps. Following a
color-coded key, webmauasters can
track the traffic of the site and ana-
lyze the site for weak and strong
points.

Astra’s Change Viewer allows
webmasters to take views of two dif-
ferent days’ architectures and com-
pare the changes in the site. The
Change Viewer features new, up-
dated, or deleted pages and links.
The tool also has an automatic Link
Analyzer which highlights broken or
unavailable links in red. The Link
Doctor, also an automated feature,
connects the webmaster to the bro-
ken link pages.

Available as a beta version, Astra
is available for free at Mercury
Interactive’s web site:
http://www.merc-int.com. The full
version, expected to ship by the end

QUICKLOOK

of 1996, will be priced at $495.

For more information, contact
Mercury Interactive Corporation,
470 Potrero Ave., Sunnyvale, CA
94086-9911; (408) 523-9900); fax (408)
523-9911.

Videoconferencing now has a new
format—ACS Innovations and
Netscape Communications have
linked up to provide a solution that
consists of ACS’ Compro Digital
Color Internet Camera and
Netscape Navigator Gold 3.0. The
package allows Internet users to au-
thor web pages, produce color im-
ages, and videoconference.

The digital camera setup is de-
signed to provide low cost videocon-
ferencing to corporate Intranets as
well as corporations that use the
Internet to communicate.

The camera can be used to provide
color still and motion pictures to web
sites and e-mail messages. It also
can be used in other applications
such as remote monitoring, product
illustrations and demonstrations,
desktop publishing, photo ID cards,
medical and dental imagery, insur-
ance claims, and property databases.

Compro users will not have to buy
a separate video capture card or
power adapter, since the camera
uses D-Viewer software to capture
the images directly to the PC. D-
Viewer is a Windows application
that features JPEG compression and
image manipulation.

The digital camera uses 256 gray
scales and 16.8 million colors. It has
a resolution of 640 by 120, with mo-
tion video resolution at 160 by 120.
In addition, the camera uses
Automatic White Balance with man-
ual color balance and saturation
monitoring.

The Gold Package includes
Netscape Navigator Gold 3.0, the
Compro Digital Color Internet
Camera, D-Viewer software, camera
head and adjustable stand, parallel
port pass-through interface unit, and
keyboard intercept power cable. The
package retails at $228.

For more information, contact ACS
Innovations Inc., 3171 Jay St., Santa
Clara, CA 95054-3308; (408) 566-
0900; fax (408) 566-0909; Internet:
http://www.acscompro.com.
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“Distributed Real-Time
Systems: Monitoring,
Visualization, Debugging, and
Analysis” covers both the theo-
retical and practical issves involved
in verifying and debugging dis-
tributed real-time systems (DRTs).
The book details how to overcome
timing verification difficulties and
improve system performance and
reliability. Also covered are real-
world debugging approaches, in-
structions for design implementation
in hardware and software, and de-
scriptions of analytical techniques.
The 317-page book is priced at
$54.95. Contact John Wiley & Sons
Inc., 605 Third Ave., New York, NY
10158-0012; (212) 850-6336.

The second edition of the “Active
Electronic Component
Handboeck” provides the latest
data, information, and design guide-
lines for all who design, manufac-
ture, and use active components in
electronic systems. The book offers
readers an account of the nature
and types of active components cur-
rently in use—and also discusses
the importance of developing the
right supplier-user team for opti-
mizing the application of these com-
ponents. The book features chapters
on microwave and optoelectronic
components, memory devices, hy-
brid and multichip module devices,

and photonic components. The book
is priced at $79.50. Contact
McGraw-Hill, 11 W. 19th St., New
York, NY 10011; (212) 337-5951;
fax (212) 337-4092.




Toshiba TLCS-900 16-bit Microcontroller Family

When you've squeezed your current micro
for all it’s worth.

You've milked it for every last
drop of functionality. Now it's ime
to take a look at Toshiba's new
16-bit family of microcontrollers,
which will give you the perfect
combination of performance and :m
integrated peripherals.

The TLCS-900 increases performance four times

~

over a typical &bit MCU, while the higher-performance

TLCS-900/H is eight times faster. The low-power
TLCS-900/L rounds out the family. All are highly

integrated, featuring onchip peripherals that include

A/D and D/A converters, DRAM controllers, serial

interfaces, real-time clocks, and ROM, RAM or Flash

memory. This degree of integration yields a lower parts

count, reduced system costs and increased reliability.
The flexible architecture of Toshiba's 16-bit micros

means ample room for expansion without having

TLCS 900/L

19
1.62 .

s | Faardey

TLCS-900/H
w  « toadd design steps to the
it w  brocess. So while the core size
of the current TLCS-900 is one
of the smallest available, in the
future when it’s reduced even
ma further there won't be any
Consumption . .
design change requirements.
And because of its flexible architecture, we're able to
offer numerous derivatives. We can also provide
a complete suite of development tools, as well as a
number of third-party tools.
So if increased performance, flexible architecture,
a wide peripheral mix, low power and competitive
pricing sound appealing, look to Teshiba’s TLCS-900
16-bit microcontroller family. For more information,
call us at 1-800-879-4963, or visit us on the Web at
www.toshiba.com/taec.
We'll help take the pressure off you, and your micros.
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One more thing that makes it so good.

Our New Low-Voltage 32M
NAND Flash.

[ The samples are FREE. |

At Samsung, we'’re the world’s
first manufacturer to offer a 3.3-volt
32-meg Flash memory chip, and
take it from us—these are some
of the sweetest memories around.

We believe Flash is the

perfect memory for an extremely

wide range of nonvolatile storage
applications. And to help prove
that to you, we’re offering free
samples of our 32-meg to
absolutely anyone who asks for
them. (Making this ad into—
yes—a kind of sampler.)*

"OFFER VALID THOUGH 12/31/96. © SAMSUNG SEMICONDUCTOR, INC., 1996

World Radio History|

As a low-voltage part, the new
Flash will extend battery life. As
a 32-meg part, it has extremely
high capacity. And as a NAND
Flash, it’s better for data storage,
has faster read/write, lasts longer,

1s easier to program, and costs less




(and in the case of the samples—
a Jot less).

A sweet part indeed.

Beyond that, with this new
NAND Flash, Samsung is extend-
ing its leadership position in

memory in one more way—

something we plan on doing for a
long time to come.

As for our free samples: why
not help yourself to a few right
now? They’re not even fattening.

Call 1-800-446-2760. Or write
to Flash Memory Marketing,
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Samsung Semiconductor Inc.,
3655 North First Street, San Jose,
CA 95134

SEMICONDUCTOR
Still A Generation Ahead.







| If our MOSFET delivery times were any

l

|
|
|
|

 theyd be there before you even call.

kay, we'll admit it.
Mental telepathy isn’t
our forte.

But that’s probably what we'd
have to have, if we were going te
make our delivery and service in
MOSFETS any better than it is already.

Because Samsung’s manufactur-

ing clout means that we have

superior, ruggedized MOSFETS of
practically every type, in stock right
now in high volumes—and ready to
be delivered into your hands almost
immediately. Making for what have
to be the shortest delivery schedules
in the industry.

At a time when many of the

best-known MOSFET makers are on

e el — » -
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25-week-plus delivery schedules, we
think our news is pretty compelling.

You'll find we offer more than
250 through-hole and surface-mount
MOSFETS in a wide variety of pack-
aging. We make an advanced line of
micro MOSFETs for low-power
applications. And throughout the
whole line, we build to exacting 150
9000 quality standards.

Using some of the largest and
most sophisticated fabs on the planet.

You'll be able to deal either with
us direct, or with some of the premier
U.S. distributors, when you purchase
Samsung mosreTs. Which, by the
way, come from the very same
company you're probably buying
memory chips from already.

Either way, count on helpful and
intelligent service from the MOSFET
experts at Samsung. And, of course,
delivery times you'd have to be
clairvoyant to beat.

Hey, you know, it sounds like
right this second one of you decided
you need parts.

Expect to have them in your
hands very soon.

For details or distributor infor-
mation, please call 1-800-446-2760
today. Or write to MOSFET Marketing,
Samsung Semiconductor Inc., 3655

North First Street, San Jose, CA 95134.

Sl

SEMICONDUCTOR
StiLL A Generation AHEAD.

w—




QUICKLOOK

Study Reveals
HDL Use Up In
EUROPE

survey of European-

based designers re-

vealed that the use of
hardware description lan-
guages (HDL) is increasing.
According to a study by VHDL
International (VI), Santa
Clara, Calif., a provider of edu-
cational information to elec-
tronic systems designers, sys-
tems designers, and other in-
dustry organizations, 60% of
respondents indicated that
they use HDL in their designs,
ranging from communications
systems, industrial controllers,

computers, and peripherals.

According to Mahendra Jain,

VI's executive director, the sur

vey was conducted to gauge
the European design commu-
nity on HDL usage and trends.
Of the 163 respondents who
said that they used HDLs, 58%
are VHDL based, 18% used
Verilog HDL, and 12% used
the C language. The remaining
12% design with other unspec-
ified HDLs. Respondents were
primarily design engineers who
noted that they have used
HDLs anywhere from one to

eight years. Design engineering
managers and engineering
technical support staffers also

replied to the survey.

Eighty percent of respondents
indicated that they did not use
multiple VHDL simulators.
When asked which HDL they
used for designing programma-
ble devices, 58% said VHDL,
20% said Verilog HDL, and
22% said none. In addition,
over 50% of the designers
noted that Verilog HDL-VHDL

co-simulation is not important.

When asked which HDL would
designers expect to use in the
future, 60% chose VHDL, and
12% said Verilog HDL. Close
to 20% said C-language

macros.

For more information on the
study or VHDL International,
contact the company at 3140
De La Cruz Blvd., Suite 200,
Santa Clara, CA 95054-2046;
(408) 492-9806; (408) 970-
4274; Internet:
http://Awww.vhdl.org/vhdl_intl.
—MS

WO UICK NEWS

New Information Sharing
System—The Electronic
Industries Association (EIA) has
announced the creation of an ac-
cessible on-line software platform
to provide shared information be-
tween and among suppliers and
end users of component parts
and subsystems. The effort will in-
clude a coalition of companies
from both the commercial and
military electronics industries.

The types of data that would be
made available include: EIA stan-
dards/part numbers, with cross
references to other standards; de-
sign codes, ordering information,
and universal technical data mod-
els for capturing and displaying
component product attributes;
and links to existing data sources,
supplier profiles and World Wide
Web pages; and technology road
maps.

Known as the Component
Information Management System
(CIMS), the effort aims to provide
designers, engineers, procure-
ment personnel, and others with
access to a database from which
to select parts for design and re-
placement in the development or
modification of products. The
CIMS will allow for multiple deliv-
ery systems, including Internet ac-
cess, scheduled downloads for
the large users, and CD-ROM. EIA
will link other databases to its own
as long as their data meets the
standards established for the
CIMS approach.

For more information on the pro-
gram, contact EIA, 2500 Wilson
Blvd., Arlington, VA 22201-3834;
(7083) 907-7500; fax (703) 907-
7501; Internet: http://www.eia.org.
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TI showers you with 73
new microcontroller devices.

nghllghts of TI s TMS370 dewces

* Easy-to-use register-to-register architecture with
small code size generation

|
[

¢ Reduced system EM! with optional PLL clock circuitry |

« Times coprocessor functionality via Programmsable
Acauisition & Control Timer (PACT)

o Increased measurement capability with up to
15 ratiometiic A/D converter channels

* |/0 robustness offering Schmitt trigger on alt inputs

» Highly efficient C compiler and common Compact '
Development Tool {COT) emulator for all devices l

Axa
€ Seurce Debuwgper

L
TMEIT0 880
N

Special $37 Starter Kit!

For a limited time, you can order a Microcontrolfer Starter Kit
{MSK) for anly $37 (normally $99)". For more infarmation, call
1-800-477-8924, ext. 6008, or visit htip.//www.ti.com/sc/6008

TI has more than doubled the TMS37C 8-bit microcontroller family by adding V

73 new devices, to give you one of the broadest fully compatible families in the ESXCTRANB L NRT E O DARGERAE S
industry. Choose from 13 subfamilies (135 devices) for your cost-effective

solution among the ROM and OTP devices. And to make sure you're frst to

{i’
market, TI supports every device with technical documentation, application TEXAS
notes, an engineering hot line and easy-to-use development tools. lNSTRUM ENTS

P N shippiryg amvd handling. Orders must he reeeis
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PENTIUM.PRO ('f-nqnq Computer Corporatian. The Intel Inssde Logo and Pentium are registered trademarks and |I\r‘|\-n|mm Provessor Logo amd the Pentium Pro Processor Logo are trademarks
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With all due respect to RISC/UNIX-based systems, we think you'll find the Compaq Professional
Workstation offers something that’s been sorely missing in proprietary workstations. Namely, freedom.
To begin with, you'll have plenty of power to run your specialized applications. This is made
possible through a range of cutting-edge performance features. Including Compagq’s advanced system
architecture which is optimized for Windows® NT and can run up to two Pentium® Pro processors. And
because our workstation is based on open systems standards, you'll find it will integrate easily into your
Gt existing network. So instead of having to work within the constraints of a proprietary
/ system, you'll have the flexibility to accommodate your needs, whatever they are. Of
e course, with Distributed Access, you'll also be assured of a transparent connection

to all the information you need throughout your enterprise. Even in RISC/UNIX environments.
Another benefit is the result of our partnerships with leading independent software vendors

like Microsoft, SDRC, Autodesk and PTC. Because these solutions have been thoroughly tested, you'll get

optimum performance and compatibility.

YOUR RELIANCE ON CONVENTIONAL WORKSTATIONS

Is ABOUT To CHANGE FOREVER.

Finally, our workstation provides a lower cost of ownership—not only through price: performance

but also through Compagq’s industry-leading management features

and comprehensive service and support programs. Including
hundreds of resellers specially trained for your market.

All said, the Compaq Professional Workstation is unlike
any workstation you've ever used before. Which, of course, is
exactly the point. For more information on Compaq
workstations or Distributed Access, visit us at

WWww,.compaq.com or call 1-800-318-7774.

So what’s under the hood? 1-2 200MHz Pentium® Pro processors with NT 4.0, a 256K cache, up to 512MB
qf ECC DIMM memory, an Ultra-Wide SCSI controller, and advanced 2D/3D graphics accelerators.

COMPAQ

Has It Changed Your Life Yet?
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AWARD-WINNING SOL UTIONS. When it comes to selecting an electronics contract manufacturer, there’s

an advantage to having CELESTICA on your team — faster time to market. Technological innovation. Faster prototypes.
Design for manufacturability. -~ Cost-effective production. -~ Sophisticated testing. - World-wide procurement. - We're constantly

fine-tuning our electronics contract manufacturing services to provide our customers with superior solutions. Put CELESTICA's

Com—
JURUINY

know-how and resources to work for you today. CALL:1-800-461-2913. & A LENb

B service
EXCELLENCE

AWARD
1995

¥ Celestica is a trademark of Celestica, Inc.
CELES I lCA CONTRACT ¢ Copyright Celestica 1nc., 1996,
w MANUFACTURING SERVICES ’hato courtesy of NOAQ.
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COVER FEATURE |
With Both High-Current And

High-Voltage Drive, MCU Tackles
Automotive Systems And More.

Integrated 8-Bit MCU Handles
High-Power Applications

DAVE BURSKY

Ithough single-chip micro-
controllers provide a one-
chip solution for many sys-
tems, many applications
demand capabilities that
have not been possible or
were too expensive to integrate on the same
chip. Such capabilities could include high-cur-
rent drivers, high-voltage drivers, or other
functions that standard CMOS processing
can’t deliver. Applications such as automotive
control systems, consumer appliances, and in-
dustrial control systems often require a mix of
logie, high-current control, and high-voltage
drive capabilities.

Until now, that combination often required
at least two or three chips—the MCU for the
logie, a high-current driver for motor control,
and a high-voltage driver for display or gauge
driving. However, thanks to several break-
throughs in process technology, the 8-bit mi-
crocontroller division of Motorola can offer
MCUs that do it all on one chip. They combine
the low-cost of CMOS for the digital logic with
high-current drivers to directly control mo-
tors, and supply high-voltage drivers to with-
stand transient spikes and deal with applica-
tions such as automobile dashboard gauges.

The major challenge designers at Motorola
faced was integrating the features without
driving the cost of the controller through the
roof. To accomplish this mission, designers
crafted the 68HC705V12, an 8-bit member of
the 68HC705 family (Fig. 1). On the chip are
vertical NPN transistors for the high-current
drivers and non-self-aligned, lightly-doped
MOS (LDMOS) devices to handle high voltages
(transients of up to 40 V).

Unlike older products that may have
skimped on the digital functionality to add the
high-current. or high-voltage capabilities, the
digital portion of the V12 is feature rich. In-
cluded on the chip are 12 kbytes of EPROM

and 384 bytes of RAM; 256 bytes of EEPROM
(byte, block, or bulk erasable); a five-channel,
8-bit a-d converter; a serial peripheral inter-
face; both an 8- and 16-bit timer; and a pair of
38-frequency 6-bit pulse-width modulators.
All of these features are contained in a low-cost
68-lead PLCC package.

Although the V12, as the first version of the
68HC705V series, is aimed at automotive
dashboard applications, that is just the prover-
bial tip of the iceberg. The same control and
power-drive features are a good fit for motor
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| control in consumer products, toys, | tion lines. As a result, designers can

| and office equipment. Having every-
[ thing on one chip also opens up new
| packaging options and system con-
figurations, due to the reduced area
and the complexity.

The combined technologies on the
V12 are a result of Motorola’s internal
System Chip initiative. Thanks to the
move to integer design rules, the de-
sign layouts have been standardized,
helping to minimize the differences
between chip designs on the fabrica-

integrate high-voltage and high-cur-
rent drivers into not only other MCUs
in the HCO5 family, but into other
MCU families as well.

Future efforts at Motorola will
move design teams to a unified design
rule (UDR) approach to implement
consistent chip designs in the newer
deep-sub-micron design rules. Poten-
tial candidates include the 68HCO08
and HC12 microcontroller families,
and the popular 68300 embedded

processors. Flash memory technology
also can be added to the mix, allowing
the processors todeliver unique, field-
alterable/updatable solutions.
Motorola spent a lot of time analyz-
ing the customers’ needs to integrate
the functions most efficiently. For ex-
ample, there are several ways to drive
automotive gauges. One approach
might have been pulse-width modula-
tion (PWM), but driving the load di-
rectly with a linear transistor was a

challenge. Audio noise also was a con-
cern (PWM drive could cause
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the gauge to hum). Conse-
quently, the designers
needed a new method. The
search first led to a voltage
drive scheme, but that idea
was at the mercy of how well
the coils matched, as well as
the accuracy of coils.
However, by turning the
voltage source into a current
source and using the current
to drive the gauge coil, coil
matching was no longer a
eritical issue (the coil imped-
ance characteristics are less
critical). An external resistor
then sets the maximum cur-
rent, which translates into a
deflection of roughly 90 "

Port C

Port B

Data direction register

(384 bytes) Implementing the current
drive circuits on the micro-
controller, though, presented
two challenges: How to inte-
grate vertical npn bipolar
transistors and how to add
high-voltage n- and p-chan-
nel MOSFETs that could |
handle 40 V. Neither of these
additions could divert the
wafers from the standard
CMOS process flow. Mo-
torola had already done the
high-voltage circuitry for the
68HC705V8, so the main
challenge was to keep that
intact while adding the high-
current LDMOS transistors
for the V12,

The vertical npns are used
for circuits that need good
precision (better matching)
and require less correction or
trimming. These devices also
are used on the chip to form
a Brokaw-type bandgap ref-
erence, and for the current
amplifiers that drive the H- |
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|
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] l 1. BY INTEGRATING BOTH HIGH CURRENT AND nigh-voltage drive capabili-

Internal digital supplies

ties, the 8-bit M6BHC705V12 microcontroller provides a single-chip solution for controlling automotive
dashboard gauges.
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This little guy;knows you just moved him and your plant to Houston and, to
his surprise; he's never had quite so much fun.

He's been fishing, bike riding — he even touched a real moon rock az, NASA.
He's been swimming in a lake and the ocean. He’s been to an amuseément
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Note: gyt and Coil are external components.

]

! | Bandgap Current YGSUP

| | reference mifror

i %

! | 8-bit DAC

: =
] O O

)

N

) bﬂ
1

) e

' |

1 {

; "1571 :

E Shared between all drivers ° i R

] r

] [}

Sample
and hold

bipolar transistors forming a simple bandgap reference, and precision amplifiers to drive

I 2. CONTROLLING THE GAUGES on a dashboard requires a combination of

the LDMOS H-bridges that provide the current drive and high-voltage tolerance.

bridge LDMOS coil drivers (Fiy. 2).
This reference is less complex than
otherreference types that would have
had to be used if the vertical transis-
tors weren’t available. Other types of
references also would result in a
larger chip area for circuitry needed
to compensate.

In total, the V12 employs several
hundred vertical npn transistors in
various circuits. Based in N-well dif-
fusion regions, the transistors deliver
fr's of about 300 MHz, providing
plenty of bandwidth for applications
such as gauge driving (Fig. 3a). Asso-
ciated parasitic PNP transistors are
present as well, but with proper bias-
ing, they do not cause any problems.

The LDMOS devices, able to with-
stand load transients of up to 40 V, are
needed to handle the direct battery
connection. These devices are formed
in N-well regions and use a non-self-
aligned fabrication sequence that
keeps the structure very simple (Fig.
3b). The LDMOS devices are added to

all pins that directly connect to any
automotive energy source in order to
protect the rest of the microcontroller
from transients.

When fabricating the transistors,
the drains must be diffused sepa-
rately. In a conventional flow, the gate
polysilicon must be deposited first,
followed by the diffusions. That rules
out self-aligned techniques, and
means that a more-precise lithogra-
phy step is required to align every-
thing. The LDMOS devices are not
fully utilized; aspects of their per-
formance may be used in other appli-
cations. For instance, they can switch
currents of up to half an amp, firing a
squib or other device to open an air
bag or light lamps.

The LDMOS devices on the V12 are
used in H-bridge configurations to
drive the gauges. The V12 has enough
LDMOS devices to drive six gauges.
Two are 360° gauges (speedometer
and tachometer) which have two coils
in each, while the other four are sin-

gle-coil devices with a more limited
range of motion. Each of the two 360°
gauges needs two full H-bridge out-
put drivers. Each of the other four
gauges needs one full H-bridge and a
half-bridge. Altogether there are 36
LDMOS devices on the V12 (one H-
bridge contains four devices to drive
the coil in either direction). In addi-
tion to the LDMOS drivers and verti-
cal npn transistors, the V12 provides
interface and digital resources to pro-
vide the control and intelligence
needed for the myriad of applications
the chip may face.

For data transfers, the chip in-
cludes two interfaces: a byte data-link
controller (BDLC) for communica-
tions over the J1850 automotive bus
and a serial peripheral interface (SPI
port) for chip-to-chip data and control
transfers. The BDLC block fully im-
plements the SAE J1850 class B data
communication network interface
standard and includes the re-
ceive/transmit buffers, the protocol
handler, and the multiplexer interface
to the J1850 transceiver. The SPI port
provides the user with a simple serial
interface through which other SPI-
compatible support chips can be con-
nected to add more memory or appli-
cation-specific functions.

To tie into the real-word inputs
from sensors, a five-channel 8-bit ra-
tiometric analog-to-digital converter
(ADC) delivers conversions aceurate
to within +1 LSB, including quantiza-
tion errors. The conversion process is
monotonic, and has no missing codes.
Each channel requires 32 clock cycles
to perform a conversion. The clock
must be running at a frequency of at
least 1 MHz for the converter to func-
tion. If the master clock is running at
less than 1 MHz, an internal RC oscil-

Vertical npn transistor

Collector

Boron P extension

Non-self-atigned LDMOS

R

Source

Poly gate Din /——

P+ N-

Boron P extension

< Channel7 N+

(a)

U]

. 3. THE ABILITY TO INTEGRATE vertical npn transistors (a) and non-self-aligned, lightly-doped MOS devices (b) allowed Mo-

torola to reduce the system complexity for applications such as motor control, lamp driving, or even squib exploding (air bag activation).
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lator (nominally 1.5 MHz) can provide
the timing for the ADC. This feature
comes in handy when the CPU clock
is reduced to conserve power.

For gauge or motor control, the
dual pulse-width modulators on the
chip provide 6-bit resolution and in-
clude programmable prescaling for up
to 38 different frequencies. The pres-
caling enables .ne PWMs to deliver
signals with duty cycles from 0 to
100%. The PWM outputs can be either
active high or active low under soft-
ware control by setting the polarity
bit in the control register. When not in
use, the PWMs can be shut off to con-
serve system power.

Additional support blocks on the
chip include an 8-bit timer with real-
time interrupt-handling capabilities,
and a 16-bit timer with one input-cap-
ture and one output-compare register.
A watchdog timer also is available.

In the single-chip mode the micro-
controller includes 23 bidirectional
1/0 lines configured as two 8-bit I/0
ports and one 7-bit I/O port. There
also is a 5-bit input-only port. Individ-
ual lines on the bidirectional ports are
programmable by the user as inputs
or outputs under software control.
The pins on one of the 8-bit ports also
can serve as interrupt-request lines if
the port is not actively performing a
controlling function.

Since the microcontroller is soft-
ware compatible with other members
of the 68HC05 family, all existing de-
velopment tools can be used to create
the application software. The HCO05
family is supported by a wide range of
assemblers, debuggers, languages,
and emulation tools that are available
from Motorola Inc. and many of its
partner companies. O

Dave Bursky’s e-mail address is:
dbursky@class.org.

PRICE AND AVAILABILITY

The M68HC705V12 will sell for about
$17.50 each in lots of 10,000 units and for
about $1;.00 each in quantities of 100,000
units. Samples are available immediately.

Motorola Inc., Microcontroller Div., 6501
William Cannon Dr. W, MD: OE17, Austin,
TX 78785; Betsy Hughes, (512) 891-6508, e-
mail: rdgp60@email.mot.com.  CIRCLE 501

How VALUABLE? CIRCLE
HIGHLY 528
MODERATELY 529
SLIGHTLY 530

Nonvolatile

memory

with all the answers?

You bet. And it’s from Simtek.
The nvSRAM answers your need
for RELIABILITY, because
there’s no battery to fail. The
nonvolatility is built right in.

It's the answer when you need
SPEED with access times to
25ns — great for DSP.

It answers the problem of
LONGEVITY, because an
nvSRAM is true random
access with no wear-out.

Tight on board space! The
nvSRAM is a ONE-CHIP solu-
tion available in surface mount.

And you have a selection of
DENSITIES — 4K to 256K.
Choose commercial, industrial,
and SMD military, too.

And best of all, it answers that
on-going need for LOW COST.

Want more answers? Call

800-637-1667.

SIMTEH

Simtek Corp., 1465 Kelly Johnson Blvd., Colorado Springs, CO 80920
719-531-9444, fox 719-531-9481, e-mail info@simtek.com
www.csn.net/simtek
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For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490.

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800.
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HONG KONG Tel:2886-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451.

SINGAPORE Tel:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111.Fax:03-3798-6059
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Boost performance with
our comprehensive line of
high-speed DRAMs

I t's tough to design for tomorrow

in an era of accelerating change.
But no matter how trends and
technologies may vary, there’s one
constant you can count on: the re-
lentless need for speed, especially
in high-end systems. Such as
engineering workstations, multi-
parallel-processor systems, ATM
switches, PCs, graphics and games.

To boost the performance of

your high-end system, NEC offers

| a new generation of high-speed
DRAMSs. Our comprehensive lineup
matches individual application needs
with optimum price/performance
solutions.
[JEDO DRAMs: 4M, 16M, 64M
[J Synchronous DRAMs: 16M, 64M
[J Synchronous Graphics RAMs: 8M
(JRambus™ DRAMSs: 8M, 16M, 18M

Designer-friendly DRAMs
As DRAM speeds increase, design-
ers must devote special attention to
noise and timing. You can depend
on NEC for full support and in-
depth experience. We also have

5 the capacity to assure stable DRAM

= supplies. We've become a world

leader in memories because of
our unwavering commitment to
customers and quality. For more
information, contact NEC today.

just 1magine N Ec
NEC MULTIMEDIA
Al trademarks are the pruperty of their respective hoiders

READER-SERVICE 154




S o

Norld class Eotégtibn.

-—

ris has the products

nd technical expertise
to solve your surge

suppression problems.

* Broadest suppression line in the industry
¢ Unparalleled technical support
¢ 25 years of providing suppression solutions
¢ Products covering the application
spectrum from logic level to 480kV
tt . SCR arrays (SP), radial MOVs,
s, industrial MOVs, arresters

f package options

ns for ESD, automotive,
pwer and

t. 7626 for our new

ression brochure

site at
dea/

If it surges, we suppress it.
ML mie sp Radial g pecier 0D pnecer
MOV MOV

dari ,/ J /

e )

mme//ﬂ

i !/

AC Power

Industrial

For more information: Call 1-800-4-HARRIS and ask for ext. 7626
Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com
AnswerFAX: 1-407-724-7890, doc. 7048

your next big idea is a trademark of Harris Corporation.

RRaRFR BTG 22




DESIGN APPLICATIONS

Ease System Simulation
With IBIS Device Models

| Create Your Ouwn

Behavioral Models Of

' Components With A
Few Stmple Tools To
Better Stmulate Board-
i Level Systems.
|
n

SYED B. HUQ

National Semiconductor Corp.
2900 Semiconductor Dr.,

MS: A2595, Santa Clara, CA
95052-8090; (408) 721-4874;
e-mail: huqg@rockie.nse.com

| with issues such as tight clock distri- |

igh-performance
systems that in-
corporate features

all the models for the board are not
available? Thus far, SPICE has been
the only consistent method by which

such as parallel | circuit-level models are created to-

processing
other complex
functions, and op-
erate at high clock speeds, place
tough demands on the design of the
boards that hold the circuits. Dealing

bution and high-speed interfaces to
meet forthcoming bandwidth-hungry
applications are a few of the key chal-
lenges designers are facing today.
Therefore, the ability to simulate a
design has become a critical factor in
the success of a projeet. Design cycle
times are getting shorter, and in many
cases, the cost to build a prototype is
no longer feasible. To solve these
problems, designers need device mod-
els to perform intensive and accurate

board-level simulation, since this ca- |

pability has become a requirement
rather than an option.
Now, the challenge is: How do you

| perform the board-level simulation if

S

1

Power
clamp
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] package
GND
clamp
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clamp
Enable
* package
GND
clamp

Pull-up || Pull-ap Power
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Threshold | |
and |, Output | o
enable |, package
logic |,
T P Pl- | | GND .
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ramp L]

1. THE BEHAVIORAL DESCRIPTION of the input

and output sections of a circnit can be defined in terms of a

collection of simple functions to create an IBIS model. The main
elements in the buffers include input package parasitics, power and
ground clamps, threshold and enable logic. pullup, pulldown, ramp

rates, and package output parasitics.
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or | day. However, semiconductor ven-

dors that create the models for their
chips could not readily give these
models out since they often con-
tained proprietary process and cir-
cuit information.

There is, however, a solution for
modeling thanks to the creation of the
I/0 Buffer Information Specification
(IBIS). This specification is a fast and
accurate behavioral method of model-
ing input/output buffers based on V/I
curve data derived from measure-
ments or full circuit simulation. It uses
a standardized software-parsable for-
mat in the form of an ASCII file to
store the behavioral information
needed to model device charac-
teristics of integrated circuits. IBISis
compatible with virtually every simu-
lator and EDA tool existent, and is
supported by a wide range of industry
leaders.

Wiy IBIS?

The IBIS model file does not re-
quire proprietary information about
the modeled circuit since no process or
circuit design information is disclosed.
On the other hand,a SPICE model can
disclose substantial information that
semiconductor vendors consider to be
confidential—circuit nodal connec-
tions and process parameters, for ex-
ample. The IBIS models are also accu-

rate, since nonlinear aspects of I/0 '

structures, as well as package para-
sitic and ESD structures, are consid-
ered in the model parameters.
Furthermore, since IBIS is behav-
ioral, the simulation time for a model
can run 25X faster than a structural
model such as used in SPICE. In ad-
dition, IBIS does not have nonconver-
gence issues such as encountered in

l
|

SPICE models, and can run on most |



IBIS MODEL CREATION

industry-wide platforms since most
EDA vendors support the IBIS speci-
fication. In contrast, SPICE models
from one vendor may not work on
other simulators since each commer-
cial version of SPICE has deviated
slightly from the original SPICE2G.6.

Tool vendors have made improve-
ments on the post processor in trying
to differentiate their tools from other
SPICE tools. Some semiconductor
vendors also have their own internal
SPICE engine that can be incompat-
ible with commercial SPICE engines.
By providing one IBIS model, a semi-
conductor vendor can be sure that it
will work on most EDA tools (both
SPICE and non-SPICE-based).

One of the most popular uses of
IBIS is for signal integrity analysis of
system boards. The models are easy
to create since they can be made from
bench measurements or from simula-
tion data. Simulations of a few nets on
a PCB can be done with SPICE, but
as the number of nets increase and the
PCB gets more complex, it is impossi-
ble to simulate the entire board on
SPICE. A fast, accurate behavioral
method like IBIS is ideal.

LEARNING To USE IBIS

To use IBIS, a model must be cre-
ated (a fairly simple procedure). First,
examine the behavioral block diagram
of an input/output buffer structure
and put the various blocks in IBIS
notation (Fig. 1). The model of the I/0
block consists of many small elements,
ranging from package factors to
clamping elements to buffer charac-

rampdown, and pullup and pulldown
performance.

Information is needed to model the
input structure appears similar to a
transmission-line model, with pack-
age capacitance, resistance, lead in-
ductance, and 1/0-pad capacitance all
affecting the input signal (Fig. 2a).
C_pkg, R_pkg, and L_pkg are the
package parameters. Power_Clamp
and GND_Clamp define the ESD
structures on the inputs, while
C_comp s the input capacitance of the
input pin. The V/I curve data defines
these clamp structures.

Information needed to model the |
output structure follows a similar |

structure, but in reverse (Fig. 2b).
Pullup defines the V /1, Pulldown
defines the VI, and Ramp defines
the dV/dt of the device. The Pullup
and Pulldown data are created from
the V/I curves. The remaining pa-
rameters are similar to the input
structure except that they define the
package parasitics of the output pin,
as well as the output capacitance of
the output pin.

The Pullup and Power_Clamp data
are “V¢c relative,” meaning that the
voltage values are referenced to Vg
and not ground. V¢ relative data is
necessary for the simulator since the
Pullupstructuredependsonthevoltage
between the output and V¢, and not
the voltage between the output and
ground pin. The IBIS standard also
supports multiple types of output
structures. Refer to the specification
for more details.

Once all the necessary V/I and

through measurements, simulation,
or provided by the chip vendor, the
model can be generated (Fig. 3). First,
the interconnect engineer creates the
IBIS ASCII file following the format
defined in the IBIS standard. The AS-
CII model file is then checked by the
“Golden Parser” for possible syntax
errors. If passed, the model is then
imported into a simulator and vali-
dated for accuracy. Now the model is
ready for use.

IBIS models can be generated from
SPICE simulations or from actual em-
pirical data. North Carolina State
University has written a SPICE-to-
IBIS converter program. A user can
download the shareware program
from the ERL (Engineering Re-
search Lab) web site and create IBIS
models (the web site’s URL is
http:/hwww2.nesu.eduleos/project/er! _
html).

The program, s2ibis2, creates an |

IBIS model file that conforms to the
IBIS v2.1 specification and uses
HSPICE, PSPICE, SPICEZ,
SPICE3, or Spectre outputs as the
source file. The s2ibis2 source code, as
well as the executable files for various
computing platforms, are available
from the web site. The source code
also can be modified to work with pro-
prietary SPICE engines. The first
generation of the converter is called
2ibis conforming to the IBISvl.1
specification, and it also is available on
the web site.

A handy utility for IBIS, s2iplt,is a
PERL (Pattern Extraction and Re-
port Language) script that reads

teristics (thresholds, rampup and | other parameters are obtained | through an IBISv2.1 or lower version
Ve Vee Ve
o R sy :
A C_comp Lokg Coky -
Pull-up/  Power_Clamp  GND GND
- 6N Puldown  GND_Clamp
(a) ramp rate (b)

2. THE SCHEMATIC REPRESENTATION OF THE INPUT STAGE of a buffer defines various resistance,
capacitance, and inductance parameters, as well as clamp characteristics, so that the IBIS input model can be created (a). Similarly, the output
mode] employs many of the same parameter models, but in a reverse sequence (b). The one addition is the specification for the pullup, pulldown,

and ramp rate.
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MACH 5

LETS YOU DESIGN WITH

YOUR CPLDs

NOT AROUND THEM.

How many times have you heard yourself say,
“l like those CPLDs because | know how to work
around their limits”? Use the MACH® family from
AMD and you’ll find yourself working with, not
against them. MACH 5 CPLDs provide complete gate
utilization with the fastest speed and lowest power.
They are engineered to make your design process
easier with identical pinouts that allow you to
migrate your designs across multiple MACH 5 den-
sities. MACH 5 works with all of the popular EDA
tools. Their seamless compatibility eliminates the
need and the hassle of configuring your CPLDs with
proprietary tools. They even reduce your design costs.
Make vyour design process more productive,

Call today for a detailed MACH 5 information packet,

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

AMDAO

Run with it.

MACH 5 CPLDs
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macrocells with
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options

All of the MACH 5
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7.5 ns perfor-
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power/speed
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Software Tool
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model file calling gnuplot (a UNIX
utility) to plot each V/I table. Thisis a
handy utility for IBIS model verifica-
tion. The V/I plots can give a good
indication if something is wrong with

| the data or data entry.

|
|

MODELING AT GROUND ZERO

IBIS models, of course, also can be
created from empirical data. To do
that, first, identify the number of in-
put and output models that are
needed. If certain input/output pins
have the same characteristic behav-
ior, they can be grouped together into
one model. The Power and GND pins
are not modeled by IBIS.

In the model, IBIS requires a
number of essential parameters
and also gives the user the oppor-
tunity to include several optional
parameters. These are all detailed
in the full specification. To create
the model, the following parame-
ters are required:

C_comp: Device input or output

pad capacitance

R_pkg, C_pkg L_pkg: Lumped
value of package parameters

R_pin, C_pin, L_pin: Pin package
parameters

[Pulldown]: V/I table for V /1

[Pullup}: V/I table for V /I,

he 1/0 Buffer Information

Specification (IBIS) mod-

eling format was originally

developed by Intel and is
now being driven by the IBIS fo-
rum with over 35 members, con-
sisting of EDA vendors, computer
manufacturers, semiconductor ven-
dors, and universities. The initial
standard, IBISv1.0, was released
in April 1993 and is capable of mod-
eling standard TTL or CMOS 1/0
structures. Later that year, an en-
hanced version, IBISv1.1, was re-
leased—the major changes con-
sisted of more comments to the
original specification.

IBISv2.0 was ratified in 1994, and
represents a considerable improve-
ment over IBISv1.l. Some of the
added features include: Multiple rail
support (ie. V+and V-supply for RS-
232), ECL, terminator models, open

{GND Clamp]: V/I table of the ESD
structure (low side)

(Power_Clamp]: V/I table of the
ESD structure (high side)

[Rising Waveform]: Describes the
waveshape of the rising waveform
through V/T table

[Falling Waveform}: Describes the
waveshape of the falling waveform
through V/T table

dV/dT_r, dV/T_f: Defines the
ramp rate for rising and falling
transitions.

Before the first measurements are
taken, however, there are certain
IBIS required formats that must be
followed. The IBIS model specifies a
range that an input or output struc-
ture must be swept. In most cases,
these required ranges exceed the Ab-
solute Maximum rating (ABS Max
rating) of the device. But the model
developer should not exceed the
manufacturer’s ABS Max rating since
that would overstress the die, poten-
tially causing severe damage to the
die and corrupting the data. The in-
put/output structure should be swept
to the point where the structure
starts to break down. Take all the data
to this end range value, then extrapo-
late the linear region of the data to the
IBIS specified range. Extrapolation
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drain models, differential 1/0, con-
trolled slew rate/GTO buffers, and
definitions of complex package pa-
rameters.

Inlate 1994, IBISv2.1 added more
comments to clarify v2.0, and today,
IBIS is an approved standard from
the EIA (Electronic Industry Asso-
ciation), now referred to as
ANSI/EIA-656. Work is now under
way to extend IBIS for Interna-
tional Standardization.

Currently, the standards commit-
tee is working on adding additional
features to the forthcoming v3.0
specification. Some of the new fea-
tures will include: An enhanced
package/connector definition, stored
charge effect in diodes, feedback
support, multiple drive level capa-
bilities, parameter scaling effects,
and a refinement of the simultane-
ous switching output model.

RANGES DEFINED IN IBISv2.1

Keyword Low limit  High limit
[Pulidown] ~Vee #2Vec |
(Pullup] Vol e
[GND Clamp] Vec | +Veo
[Power Clamp] +Veo | +2\:/cc : : !

of data to the end point is acceptable
by the IBIS forum.

Some simulators may not be able to
extrapolate correctly. By providing
the data across the entire range, the
model is more usable across various
SPICE or non-SPICE-based simula-
tors. This further guarantees the
model to work on various tools sup-
porting IBIS.

After extrapolation, it's a good
check to plot the data points to make
sure linearity is maintained. A graphi-
cal plot may show abnormalities more
readily then trying to go through a
long listing of V/I data points.

When collecting the empirical data,
the following ranges, as defined in
IBISv2.1 should be used (see the table).

As mentioned earlier, the
[Power_Clamp] and [Pullup] strue-
tures are always referenced to V.
This means that once the V/I data is
collected, the voltage table needs to
be adjusted (offset) by using the fol-
lowing formula:

The software parser (which is
commonly known as the “Golden
Parser”) validates the IBIS model
file. The function of the Golden
Parser is to check the syntax of the
IBIS model file to confirm that the
data format meets the IBIS specifi-
cation. The object code of the
parser is available for free from
the forum. Simulator vendors or
member companies may also pur-
chase the source code for a fee.

Future versions of the IBIS
standard will be backwards com-
patible with previous versions so
all models created today using the
present version of the specifica-
tion are guaranteed to work with
future versions of IBIS. The IBIS
forum is continually defining new
and improved ways of modeling
complex and unique 1/0 structures
and interconnects.
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runs over that GPIB connection
comes from Metrics. This software in-
cludes various driver programs for
theinstruments such asthe TEK370A
and the HP4145. By using the Metrics
software on a PC with GPIB capabil-
ity, a user can network the bench
measurement equipment to the PC
and automate the measurement and
data collection procedures.

The Metrics software does a quick
sweep (single-shot) and collects the
data. Data can then be plotted by the
software, and issaved in an ASCII file
in the V/I format as required by IBIS.

Another option is the Kiethley 220,
a programmable current source that
also can be tied to a GPIB networked
PC. It should be noted that the DUT
can heat up as the PC executes
read/write sequences for each data
point. Thermal feedback can alter the
accuracy of the data being taken.
Thus, thermal effects caused by the
latency involved in executing GPIB
read/write commands must be taken
into account.

Another tool, the Interconnect
Parametric Analyzer (IPA510), uses a
TDR methodology along with DSP
software to extract various intercon-
nect models based on reflection pro-
files. This can be used for package
parasitic measurements or to collect
input/output capacitance values of
semiconductor devices.

To perform the measurements the
sequence of operations is relatively
simple. For instance, to measure
[GND_Clamp] and [Power_Clamp]
for the input model use the following
sequence:

(a) Apply power to the device

(b) Connect the “collector” from the
curve tracer to the input pin under
test

(c) Tie the “emitter” on the curve
tracer to ground

(d) Sweep the input structure from
0.0 V towards negative voltage to the
point the clamp structure turns ON to
capture the [GND_Clamp] values and
sweep the input from 0.0 V to positive
voltage to the point where the clamp
structure turns ON to capture the
{Power_Clamp] data. Sweeps can be
done on both clamp structures simul-
taneously to the point where break-
down first starts to occur.

(e) STOP the sweep and collect the
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V/I data. As explained earlier, ex-
trapolation should be used to extend
the data to the IBIS required range.

Note that on an automated bench
setup, if the current values are very
small (=e—12), the resolution of the
bench equipment may give positive
and negative values of current for
each voltage step until the value of
the current increases significantly.
Such data can violate IBIS rules for
monotonacity. To compensate, the
user can manually zero out the cur-
rent readings. This effect can be ex-

FTER EXTRAPO-
LATION, IT'S A
GOOD CHECK TO PLOT
THE DATA POINTS TO
MAKE SURE LINEARITY IS
MAINTAINED. A GRAPHI-
CAL PLOT MAY SHOW AB-
NORMALITIES MORE
READILY THEN TRYING TO
GO THROUGH A LONG LIST-
ING OF V/I DATA
POINTS.

perienced when sweeping the
power clamp structure from 0.0 to
5.0 V. Typically, the current in this
region is very small—just at the
point that the diode starts to con-
duct.

To measure [Pullup]and [Pulldown]
for the output model, a simple proce-
dure also can be set up. In a device
datasheet, [Pullup] is referred to as
Von'lon data, and [Pulldown] is re-
ferred to as V /1, data. The measure-
ment method is similar to
[Power_Clamp] and [GND_Clamp]
measurements.

(a) For a three-state output, the
output [Power Clamp] and [GND
Clamp] values should be measured
with the output in its high imped-
ance state. That isolates the [Pull-
down] and [Pullup] data from the
[Power Clamp] and [GND Clamp}
V/1 data. The [Pulldown] and [Pullup]
data must represent the difference of
the three-state and the enabled buffer
V/1 data. Such a requirement enables
the simulator to sum the curves with-
out the danger of double counting.
The user must then force the device
into a “High” state for [Pullup data]
and into a “Low” state for [Pulldown]
V/I data.

(b) For non-three-state devices, the
[Pulldown] and [Pullup] data will con-
tain the effects of the ESD structures
([Power Clamp] and [GND Clamp)].
In this case, there is no need to create
clamp V/I tables for the clamp struc-
tures.

(c) Always plot the V/I tables to see
if there are any anomalies due to pos-
sible data corruption.

The only ac measurement required
for IBIS modeling, the dV/dt_r and
dV/dt_f parameters also can be done
with the automated equipment. The
tests are similar to tests that perform
risetime or falltime measurements for
digital devices. This test requires only
one datapoint measured between the
20% to 80% voltage value and the time
value is recorded to get the ramp rate.
The ramp rate should be measured
with no loading on the output struc-
ture. A user should employ a high-
bandwidth oscilloscope with a low ca-
pacitance probe to avoid loading ef-
fects. One such scope, the Tektronix
11801B (20 GHz) series with SD-14
probes (3 GHz), can readily handle the
measurements.

Measuring the [Rising Waveform]
and [Falling Waveform] values can
be done by modeling the Gradual
Turn On circuits (GTO) by using the
assigned keywords. GTO circuits
can be found in GTL, Crossvolt, and
other devices. The Tektronix
IPA510 along with the 11801B scope
setup can be used to capture the Ris-
ing Waveform or the Falling Wave-
form in an ASCII V/T table format
as required by the IBIS standard.
The Docuwave software from Tek-
tronix also can be used to create a
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| .CSV file that can be read into an Ex-
cel spreadsheet. The .CSV file again
saves the waveform data in an IBIS-
required V/T table.

HANDLING MODEL FILES

The IBIS standard specifies the
creation of MIN, TYP, and MAX mod-
els. It is difficult to take MIN, MAX
data over process corners and tem-
perature ranges, and such measure-
ments can be best done by the respec-
tive semiconductor vendors. A TYP
model can be created by an end user
from the guidelines previously de-
scribed. A DOS or UNIX text editor
may be used to create the IBIS ASCII
model file. The UNIX format is the
preferred format but whichever is
used, the model should always be
checked by the parser to ensure IBIS
compatibility.

The IBIS parser test uses the Gold-
en Parser to make sure the model file
conforms to the IBIS specification.
The Parser does not indicate if you
forgot toinsert the proper “units,” but
it is robust enough to catch various
IBIS specification violations. To in-
voke the Parser, just type:

% ibischk2 filename.ibs (Hit Re-
turn)

The Parser can run on various plat-
forms and can be downloaded for free
from the web site referenced at the
end of the article.

The results of all the data collection
and parsing is an ASCII table file that
includes all the data points require to
construct the model (see the listing).
Furthermore, all models must be
validated for accuracy. This can be
done by simulating the model with a
known load and comparing the simu-
lated data to actual bench measured
data under similar loading conditions.
Rise and fall times are some of the
parameters that should be validated.
If the IBIS model is generated from
bench measurement, the measured
and simulated data will match per-
fectly. O

Syed B. Huq is a Staff Applications
Engineer for the Interface Products
Group, and has been working at Na-
tional Semiconductor for nine years.
He also is involved with signal integ-
rity analysis/simulations, IBIS de-
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vice modeling, and Interconnect
model extraction. He holds a BS de-
gree in Electrical Engineering from
Southern Illinois University. Syed is
presently vice chairman of the
ANSI/EIA-656 IBIS committee.

References—Where to find more
information on IBIS:

IBIS: 1/0 Buffer Information
Specification Overview, Intel Corp.,
Hobbs, W,, Muranyi, A., Rosenbaum,
R., and Telian, D.

vhdl.org: (198.31.14.3) has been a
central location to find various IBIS-
related information. This includes:
Models, Golden Parser, BIRD (Buff-
er Issue Resolution Documents),
Summit information, and a partici-
pating company roster listing. This
is an anonymous ftp site and anyone
can log on as anonymous and use
their E-mail ID as a password. Dial-
up modem access also is available at
(415) 335-0110.

ANSI/EIA-656: This IBIS web site
serves as a central location that will
continually provide various tools and
resources in helping to create IBIS
models. IBIS related articles, FAQ
(Frequently Asked Questions), Hy-
pertext links to information on
vhdl.org, Virtual Poster pages with
hot links to member companies are
some of the items available through
this web site:
http:/fwww.eia.org/eiglibis/ibis.htm

North Carolina State University:
The university provides SPICE-to-
IBIS translator tools from their site
at: http:/fwww2.ncsu.eduleos/
project/erl_html

Hyperlynx: This company pro-
vides a tool called “winibis” that can
be used to edit and plot IBIS models
on a PC. The tool also supports syn-
tax validation and has general tem-
plate files for both v1.1 and v2.1.
Winibis can run on Windows 95, Win-
dows NT, Windows 3.1 and Windows
for Workgroups. Follow the direc-
tions provided and download this
tool from their web site at:
http:/fwww.hyperlynx.com

Semiconductor vendors providing
models today: National Semiconduc-
tor provides IBIS models for various
products that can be downloaded from
their web site at: http://fwww.na-
tional.com Check the web site at

http:/fwww.eia.orgleig/ibis/ibis.htm
under models for other semiconduc-
tor companies that currently provide
IBIS models.

How to join the reflector or
ANSI/EIA-656: ibis-re-
quest@vhdl.org To join, change, or
drop from either the IBIS open forum
reflector ibis@vhdl.org, the IBIS us-
ers group reflector  ibis-us-
ers@vhdl.org or both. You must state
your request.

ibis-info@vhdl.org: To obtain gen-
eral information about IBIS, ask spe-
cific questions for individual re-
sponses, and to inquire about joining
the EIA-IBIS open forum as a full
member.

tbis@vhdl.org: To send a mes-
sage to the general IBIS open fo-
rum reflector. This is used mostly
for IBIS standardization business
and future IBIS technical enhance-
ments.

tbis-users@vhdl.org: To send a mes-
sage tothe IBIS users group reflector.
This is used mostly for IBIS clarifica-
tions, current modeling issues, and
general user concerns.

ibischk-bug@uhdl.org: To report
tbischk2 parser bugs. The bug report
form resides on vhdl.org in
/publibis/bugs/bugform.txt along with
reported bugs.

Instrument/Software Suppliers:

Metries Technology, 417 Tramway
NE, Suite #2, Albuquerque, NM
87123; (505) 299-9591, fax: (505) 275-
6261 or (800) 398-1490.

National Instruments with Lab-
VIEW, (800) 433-3488 or (512) 794-
0100, ftp site at: fip.natinst.com Lo-
gin: anonymous, Password: your E-
mail ID. Look under: /support/
labview/windows/instruments/lv30/
gpib

Tektronix Inc. P.O. Box 500, Beaver-
ton, OR 97077-0001; (800) 835-9433.
hitp:/fwww.tek.com

Keithley Instruments Inc., 28775
Aurora Rd., Cleveland, OH 44139;
(800) 552-1115.

hitp:/fwww.keithley.com
How VALUABLE? CIRCLE
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nce upon a time, many
years ago, there was a

I Oplayboy who attended
Harvard. He did not play

' football, but he hung around the foot-
ball team a lot. One day, he heard all
his football-player friends bragging
about how they were going to beat
Yale this year. In fact, they bragged
that they were going to shut them out!

This guy was not necessarily very
bright, I must point out. So he went to
his neighborhood bookie and bet
$1000 that Harvard would shut out
Yale. He came back and told his foot-
ball fnends how much confidence he
had in the Harvard
defense to hold
Yale scoreless.

His friends were
horrified. I mean,
bragging around
the locker room is
one thing, but to
actually put down
a lot of money, at

other $1000 that Yale would hold Har-
vard scoreless. His friends just
groaned—if he was that stupid, how
could they protect him from himself?

Well, that was the year that Har-
vard played Yale to a scoreless tie, and
the dumb fellow cleaned up, winning

long odds, was
BOB PEASE something else. So
OBTAINED A they calmly sug-
BSEE FROM MIT gested to their |
IN 1961 AND1S  playboy friend
STAFF that maybe he
SCIENTIST AT should hedge his
NATIONAL bet.
SEMICONDUCT-  So he went off to
OR CORP., the bookie and
SANTA CLARA, came back and
CALIF. proudly announeed

that he had bet an-

PEASE
PORRIDGE

WHAT’S ALL THIS
Tznmwnnx STUFF,

many THOUSANDS of dollars, while

the football players were completely |

astonished.

Now, I asked my old Harvard friend,
Malecolm, if Harvard’s football team
ever did play a scoreless tie against
Yale. He told me yes, in 1929 and 1932.
Still, this must be considered an apoery-
phal story. Quite possibly, this bet never
happened. Quite probably it never hap-
pened. But still, it's astory. Or,maybeit’s
one of esaeP’s Fables....

Recently, I happened to run into a
couple of young NSC engineers who
had just come out of a training meet-
ing. They were very enthusiastic
about the material they had just been
studying. One said earnestly, “On this
new project, we are really going to
CREAM TI. We are going to FLAT-
TEN Motorola. We are going to DE-
MOLISH Analog Devices. Because we
have our Teamwork going for us.” The
other guy spouted some more phrases
that indicated he really had taken to
heart some of the training he had
learned about “Teams.” He said, “Since
we are working as a team, we are invin-
cible, and we can solve any problem.”

I winced, closed my eyes and tried to
clear my head. I had heard about some
of the new “team leadership” training
propaganda. I thought, from what 1
heard, it was mostly just alot of gung-ho
stuff, a bunch of baloney. But now, some

| of the young engineers were talking as

if they believed it was absolutely true.
Just like that Harvard playboy.

At that time, I did not engage in a
debate with these guys, because I
knew that our management believed
in “teamwork,” and I did not want to
be an old negative SOB, not right at
the start. I decided to lie low and learn
what was going on in these training
meetings. After all, if we can learn
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about Apples and Oranges and
Taguchi Methods and Fuzzy Logic at
these training courses, maybe the
“Team Spirit” is just another wonder-
ful new, modern technique.

Buat, if I ran into these guys again,
gushing their platitudes about how
GREAT we are going to be, just be-
cause we work in teams, I would take
them quietly aside and ask them where
they are getting their ideas from....

But I have seen that more and
more, teamwork is proposed as the
right way, the correct way, the only
way to do anything here at NSC. If 1
am a hero, our team is supposed to get
the credit. If I contribute to the team,
then everything will be fire....

Ya know, that is a fine theory,but I am
still alittle skeptical. A teamisstillmade
up of individuals. If an idea is to be
generated, it is usually generated by an
individual. NOW, don’t get me wrong. If
you have a good team of people, and one
guy asks a good question, which leads to
another guy doing an experiment, and
the data is analyzed by another guy, and
one other person is then able to come up
witha SOLUTION, hey, 1 am all in favor
of THAT kind of teamwork.

You know darned well, one person |

operating in a vacuum, all by himself,
can often do some brilliant work, but
he can (even more often) make some
stupid errors—preposterous errors.
He (or she) can make dumb errors that
he (or she) cannot see. One person on

1

his own ean expand these errors until |

the brilliant wisdom is completely

overcome by the fatal flaw, and his |

efforts will fail. I am absolutely in fa-
vor of people checking each other out.
I almost always try to get other people

to check my work. BUT, that is NOT

the same as “teamwork.”
Let me say that another way: A

mindless, Pollyanna-ish dependence |

on the CONCEPT of teamwork is
NOT necessarily a good idea. The idea
that the individual’s effort should be in
submission to the team spirit—that
sounds to me a little like the spirit of
the old Communists, or the Utopians.
And we all know that the Communists
had good intentions, but they could
not always make it work.

Let me cite a couple of examples—
not from Russia in 1934, but from NSC
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in 1994. There was a study group to
improve on the yield of a product. The
yield started out OK, but the custom-
ers needed highest performance, and
the highest yield on the tightest spec.
And, the yield was LOUSY because
that spec should never have been
done. The study group was formed, as
a TEAM, and had many meetings. It
was harmonious. It was carefully run
by a chairman. It had OARRs.
(OARRs = Objectives, Agenda, Rules,
Roles....) It had efficient meetings.
Nobody shouted, nobody interrupted,
nobody said anything politically incor-
rect. It came to several conclusions
after several experiments.

Just one problem: It was wrong, and
the experiments were misplanned, and
the conclusions were wrong. The whole
TEAM was headed in the wrong direc-
tion, because they did not have the right
EXPERT on the team. How did I find
out about this? Ah—I found a superflu-
ous copy of the (very carefully and neatly
typed) minutes of a team meeting left in
the copy machine. I looked at this, and
realized to my great concern, that the
EXPERT on this subject did not seem
to be on the Distribution List. I went to
see that individual, and suggested that
he should check this out and should in-
vite himself onto the team,and
straighten them out, and also see if he
should not impose his wisdom onto the
team and solve the problem. He did. The
problem was solved, although there
were delays along the way.

Who was the EXPERT not included
on the TEAM? Robert A. Pease, the
Czar of Bandgaps. How did the EX-
PERT solve the problem? He proposed
a new layout, with better common-cen-
troid layout of the main voltage-divider
resistors. The new wafers finally came
out of FAB, after some delays. The proof
of the actual improvement had to wait
until we got the parts assembled and
baked, for it was the improved Assem-
bly Shift and the short-term and long-
term stability that proved this “im-
provement” was really good. These as-
pects of performance cannot normally
be predicted by computers....

NOTE: Some people have argued
that if we just use processes that are
“well characterized with good mod-
els,” we can always design circuits
that will work as planned. But with

analog circuits, there are many cases
where the best “characterization” of
process and parts, is not helpful, not
enough. The computers and the simu-
lation all FAIL, and are of no help, only
a DAMNED HINDRANCE. As for
the proposal that “good models” are
helpful—I disagree. Not all models
are helpful. Layouts and mechanical
stresses, and thermal interactions,
etc., are substantially IMPOSSIBLE
to handle in any computer analysis.

I have seen many places where a
team can delude itself, that they are
“doing great,” but actually they do not
know what is going on. Example: I got
onateam. I proposed animprovement
that would help us a lot. I wrote it
down, and sent out copies to the team.
I specifically asked the team members
if they saw anything wrong with my
proposal? Nobody said anything. We
began to plan an extra bonding pad for
trimming a part after assembly. We
almost ran a test pattern to find the
best way to do double zener-zap trim
after assembly.

Just one thing was wrong: There was
no available bonding pad that could be
connected for after-assembly bonding.
So, all my work was a minor waste of
time. Several people COULD have
asked me, “Bob, are you sure that con-
nection you want can be bonded out?”
But, the bad kind of team mentality was
in effect. Nobody said BOO. Nobody
asked the right question.

Note: In TOO DARNED MANY
MEETINGS the rules are in effect,
that we must not all talk at once, and
we must not contradict each other,and
we must not criticize other people’s
ideas—NO MATTER HOW STUPID
THEY ARE!!!!

Right now, I cannot prove this, but
I am taking this occasion to call into
question—that when an idea is STU-
PID ENOUGH, we must flag it,
rather than let it go unquestioned.
Now, I must admit, there are ideas
that look (at first glance) stupid, but
are in fact wise, and I want to protect
these ideas so they are not trashed.
It’s not easy to do this. But we can
discuss that later. NOW, I want to
raise some fairly basic questions.

What is the right way to run teams?

Where is your company’s basic phi-
losophy coming from, for the teaching
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of teamwork? Where are the books?
Whoare the consultants? Do wereally
believe they are motivating our peo-
ple properly?

Is this Utopian (Pollyanna-ish, I
say) concept of a team, capable of do-
ing harm? I think so. Namely:

Does it do any good to teach that
teamwork will overcome all? I am
nervous about any kind of absolutism.
Teaching young people that they will
surely overcome, because they work
in teams, may be VERY DEMORAL-
IZING when they discover they lost a
test or game. Hey—the Dallas Cow-
boys are a team—a good one. And
they have lost some games. So are the
49ers—and they can lose. I am an-
noyed to hear the Pollyanna freaks,
saying, we cannot lose if we are a
team. Because there are 12 teams go-
ing into the NFL playoffs—and 11 of
them will end their season as losers.

NOW, in business, we do not win
every contract, but if we think about
it wisely, we can be winners if we win
our share of the business. If we get
demoralized because we do not win
every encounter with competition—
well heck, that was never realistic in
the first place....

When I sent the first draft of this
column to Gil Amelio, he proposed to
veto it, as he thought I did not have a
sufficiently good understanding of
teamwork. He suggested I read The
Wisdom of Teams* by Jon Katzenbach,
so I would understand about teams, as
teams are important to our future.

I read the book—every word in the
book. I understood the whole thing.
HOWEVER, I checked as [ went along,
and Mr. Katzenbach did NOT answer
my questions about unbridled, unwar-
ranted enthusiasm for teams. The
author seemed to be incapable of com-
menting on unrealistic expectations. He
did not seem to think that we needed to
worry much about solutions for teams
with problem people, or bad chemistry.

NEXT, I read Why Teams Don't
Work** by Harvey Robbins. That
book was not too silly, but not terribly
helpful, either. Even when it tried to
say “why teams don’t work,” it was
not extremely negative about teams.
But it did not deal with the problem of
excessive optimism.

I re-sent my text and questions to
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Lambda’s P Series

New
PH Series DC-DC Converters

& Lambda’s PH Series provides 151 high density (up to

? 62 W/in*) DC-DC converters from 50W-600W with 24, 48,
110 & 300V input voltages. They are available in low cost
~ simple function modules, and fully featured modules for
more complex systems. And all models feature 5 million
hours MTBF. Lambda’s P Series DC-DC converters make
modular/scaleable and distributed power affordable for even
the most cost sensitive applications. Page 4 and 5

RM Series DC-DC Converters

These 90% efficient DC-DC converters achieve maximum
power without a heatsink. And since forced air is the only
requirement, the slim 8mm profile provides for maximum power
density—ideal for applications where high efficiency and low profile

are critical. The RM Series is available in 18 models from 12W to 100W,
with features that allow for hot plug, EMI filtering, integral diagnostics and control
for the highest performance systems. Page 6

PM and PP Series DC-DC Converters

The PM and PP Series feature 161 single, dual and triple
output fully isolated DC-DC converters from 1.5W to 30W.
These low cost modules have an 8.5mm profile and are
designed specifically for high density, on-board distributed
power. In addition, the PM Series are the only converters
which meet all the safety agency requirements for computer,
datacom and telecom applications—including Bellcore and
ETSI. Page 7 and 8

New
Component Front Ends

Lambda has a complete line of high density

component front ends for distributed power or
custom power solutions, including PFC front ends
with either 48 or 360VDC outputs. Page 9




With the broadest selection of modules in the industry, Lambda has everything you
need to tailor a power system to your application — and at prices that make the latest
power architectures affordable.

Rectifier and EMI Filter Modules

Lambda’s PR and PN/PBP Series offer the complete
input solution by meeting conducted EMI to
FCC/VDE Curve A and rectifying the input for off-line
applications. Page 9

New
Distributed Front Ends

Lambda has a complete line of bulk front end AC-DC converters and
racklng systems from 500W-6kW — ideal for hot-plug, fault

g tolerant applications. These high reliability solutions are

available with PFC and worldwide input voltages for both

24V and 48V distributed systems. Page 10 and 11

Accessories

Lambda offers a complete line of Evaluation Kits and
accessories to develop power module applications.
The Evaluation Kits come with a printed circuit board
and all the components and heatsinks necessary to
evaluate a module within minutes. The heatsinks,
thermal pads, sockets and noise chokes are available
separately to minimize your development time.

Page 12

Turn-key Solutions

Turn-key solutions using Lambda’s reliable

standard power modules can be easily
configured to create custom power solutions.
Whether the need is for fault tolerant N +1
hot-plug power, ATE or mass storage
solutions, Lambda ensures minimal NRE and
a very short low risk design cycle. Page 15




Full Function Modules

Lambda’s Full Function P Series modules achieve

5 million hours MTBF. Active single wire current sharing
coupled with a module good signal enables these low
cost converters to easily accommodate N+1 and
scaleable power systems. They feature an auxiliary
power supply output designed to power extemnal
monitoring signals, +20%/-60% output adjustability and
up to 90% efficiency—ideal for all computer and leading
edge communications applications.

SELECTOR GUIDE: PH7S F) -2 NOMINAL INPUT VOLTAGE
L———— 48vDc, 280VDC
OUTPUT OUTPUT OUTPUT UNIT PRICE
VOLTAGE CURRENT POWER MODEL PER DELIVERED QUANTITY
(V) {A) (W) 24V INPUT 110V INPUT 48/280V INPUT 1 10 100
2 15.00 30.00 PH75F110-2 PH75F X X-2 $109 $99 $81
2 20.00 40.00 PH100F24-2 150 136 11
2 30.00 60.00 PH150F110-2 PH150F X x-2 150 136 1M1
2 60.00 120.00 PH300F110-2 PH300F X %-2 236 215 175
3 15.00 45.00 PH75F110-3 PH75F X X-3 109 99 81
3 20.00 60.00 PH100F24-3 150 136 111
3 30.00 90.00 PH150F110-3 PH150F X %-3 150 136 111
3 60.00 180.00 PH300F110-3 PH300F X %-3 236 215 175
5 15.00 75.00 PH75F110-5 PH75F X X-5 109 99 81
5 20.00 100.00 PH100F24-5 150 136 111
5 30.00 150.00 PH150F110-5 PH150F X X-5 150 136 1M
5 60.00 300.00 PH300F110-5 PH300F X X-5 236 215 175
12 6.30 75.00 PH75F110-12 PH75F X X-12 109 99 81
12 8.40 100.00 PH100F24-12 150 136 111
12 12.50 150.00 PH150F110-12 PH150F X x-12 150 136 1M1
12 25.00 300.00 PH300F110-12 PH300F X X-12 236 215 175
15 5.00 75.00 PH75F110-15 PH75FXX-15 109 99 81
15 6.70 100.00 PH100F24-15 150 136 111
15 10.00 150.00 PH150F110-15 PH150F X x-15 150 136 1M1
15 20.00 300.00 PH300F110-15 PH300F X X-15 236 215 175
24 3.20 75.00 PH75F110-24 PH75F X X-24 109 99 81
24 420 100.00 PH100F24-24 150 136 111
24 6.30 150.00 PH150F110-24 PH150F X X-24 150 136 111
24 12.60  300.00 PH300F110-24 PH300F X X-24 236 215 175
28 2.70 50.00 PH75F110-28 PH75F X %-28 109 99 81
28 3.60 100.00 PH100F24-28 150 136 111
28 540 150.00 PH150F110-28 PH150F X x-28 150 136 1M1
28 10.80  300.00 PH300F110-28 PH300F X xX-28 236 215 175

Note: For complete electrical specifications, see page 13.



Simple Function Modules

The PH Series Simple Function modules are the high-
est density converters on the market today, achieving
from 62W/in®. They feature 5 million hours MTBF and
are designed for non-redundant applications—yet they
can operate in a brute force parallel mode. The high
density and low cost of the PH Series Simple Function
modules makes distributed power viable in virtually any
application. Additional features include remote on/off
and a £10% output adjustment.

SELECTOR GUIDE: PH50S -8
L 48VDC, 280VDC

OUTPUT OUTPUT OUTPUT UNIT PRICE

VOLTAGE CURRENT POWER MODEL PER DELIVERED QUANTITY
V) {(A) (W) 24V INPUT 110V INPUT 48/280V INPUT 1 10 100
33 5000 181.50 PH300Sx X-3 $189 $172 $140
3.3 100.00 363.00 PH600S280-3 295 269 219
5 1000  50.00 PH50524-5 PH50S110-5 PH50SXX-5 79 73 59
5 1500  75.00 PH755110-5 PH75SXX-5 87 79 65
5 2000 100.00 PH100SXX-5 106 96 79
5  30.00 150.00 PH150S110-5  PH150SXX-5 121 110 89
5  50.00 275.00 PH300SX -5 189 172 140
5 100.00 550.00 PH6005280-5 295 269 219
12 420 5000 PH50S24-12  PH50S110-12  PH50SXX-12 79 73 59
12 630  75.00 PH755110-12  PH758XX-12 87 79 65
12 840 100.00 PH100SXX-12 106 96 79
12 1250  150.00 PH150S110-12  PH150SXX-12 121 110 89
12 2500 300.00 PH300SXX-12 189 172 140
12 5000 600.00 PHB00S280-12 295 269 219
15 340  50.00 PH50S24-15  PH50S110-15  PH50SXX-15 79 73 59
15 500  75.00 PH75S110-15  PH75SXX-15 87 79 65
15 670  100.00 PH100SXX-15 106 96 79
15 1000  150.00 PH150S110-15  PH150SXX-15 121 110 89
15 2000 300.00 PH300SXX-15 189 172 140
15 40.00  600.00 PH600S280-15 295 269 219
24 210  50.00 PH50S24-24  PHS50S110-24  PH50SXX-24 79 73 59
24 320  75.00 PH755110-24  PH75SXx-24 87 79 65
24 420 100.00 PH100S X X-24 106 96 79
24 630 150.00 PH150S110-24  PH150Sxx-24 121 110 89
24 1250  300.00 PH300S X X-24 189 172 140
24 2500 600.00 PH600S280-24 295 269 219
28  1.80  50.00 PH50S24-28  PH50S110-28  PH50SXX-28 79 73 59
28 270  75.00 PH755110-28  PH75Sxx-28 87 79 65
28 360 100.00 PH100SX X-28 106 96 79
28 540 150.00 PH1505110-28  PH150Sxx-28 121 110 89
28 1071 300.00 PH300Sx %-28 189 172 140
28  21.43  600.00 PH6005280-28 295 269 219
48 625 300.00 PH300S X X-48 189 172 140
48 1250  600.00 PH600S280-48 295 269 219

Note: For complete electrical specifications, see page 13.



90% minimum efficiency characterizes the unique
performance of the new RM Series. And forced air (no
heatsink) is the only requirement to achieve maximum
output power. This allows system designers to take
advantage of the slim 8mm profile of the converter and
maximize power density. The result is a power
architecture which allows twice the power of traditional
converters. The RM Series is ideal for ATM exchanges,
LAN’s, multi-media systems and other applications
where high efficiency and low profile are required.

AT AMBIENT TEMPERATURE OF 85°C
OUTPUT VOLTAGE OUTPUT CURRENT OUTPUT POWER DIMENSIONS UNIT PRICE PER DELIVERED QUANTITY

V) (A) (W) (INCHES) 1 10 100 MODEL
2 6.0 12.0 2.36 x 0.31 x 2.56 $135 $116 $90 RM30-48-2

2 6.0 12.0 2.36 x 0.31 x 2.56 149 128 116 RM30-48-2/TEL

2 10.0 20.0 2.36 x 0.31 x 3.86 175 145 108 RM50-48-2

2 10.0 20.0 2.36 x 0.31 x 3.86 193 160 143 RM50-48-2/TEL

2 20.0 40.0 2.36 x 0.31 x 4.57 200 185 150 RM100-48-2

2 20.0 40.0 2.36 x 0.31 x 4.57 220 204 183 RM100-48-2/TEL
3.3 6.0 19.6 2.36 x 0.31 x 2.56 $135 $116 $90 RM30-48-3.3

3.3 6.0 19.6 2.36 x 0.31 x 2.56 149 128 116 RM30-48-3.3/TEL
3.3 10.0 33.0 2.36 x 0.31 x 3.86 175 145 108 RM50-48-3.3

3.3 10.0 33.0 2.36 x 0.31 x 3.86 193 160 143 RM50-48-3.3/TEL
3.3 20.0 66.0 2.36 x 0.31 x 4.57 200 185 150 RM100-48-3.3

3.3 20.0 66.0 2.36 x 0.31 x 4.57 220 204 183 RM100-48-3.3/TEL
5 6.0 30.0 2.36 x 0.31 x 2.56 $135 $116 $90 RM30-48-5

5 6.0 30.0 2.36 x 0.31 x 2.56 149 128 116 RM30-48-5/TEL

5 10.0 50.0 2.36 x 0.31 x 3.86 175 145 130 RM50-48-5

5 10.0 50.0 2.36 x 0.31 x 3.86 193 160 143 RM50-48-5/TEL

5 20.0 100.0 2.36 x 0.31 x 4.57 200 185 166 RM100-48-5

5 20.0 100.0 2.36 x 0.31 x 4.57 220 204 183 RM100-48-5/TEL

Note: All models in the RM Series have an input voltage of 48 VDC. (“TEL” versions operate from 36 - 75 VDC).
For complete electrical specifications, see page 14.



PM Series

Lambda'’s low cost PM Series DC-DC converters
conform to industry-standard pin-outs and a lower profile
of 8.5mm, allowing direct replacement in existing
systems. With UL, CSA, VDE, BABT, Belicore and ETSI
approvals, they're ideal for telecommunications
applications. There are 96 single, dual, and triple output
models with 12V, 24V, and 48V inputs, all incorporating
EMI filtering. The PM Series is available from stock with
four week production delivery

SELECTOR GUIDE: PM10-X(S03 NOMINAL INPUT VOLTAGE
—— 12VDC, 24VDC, 48VDC

OUTPUT OoUuTPUT OUTPUT UNIT PRICE
VORTAGE CURRENT POWER MODEL PER DELIVERED QUANTITY
) (Y] (W) 12V, 24V OR 48V INPUT 1 10 100

Single Output

3.3 1.27 4.20 PM05-XXS03 $- $47 $46
33 2.55 8.40 PM10-XXS03 51 48 47
3.3 3.75 12.40 PM15-XXS03 - 79 78
3.3 5.00 16.50 PM20-XXS03 84 83 82
33 7.50 24.75 PM30-XXS03 99 97 88
5.0 1.00 5.00 PMO05-XXS05 - 47 46
5.0 2.00 10.00 PM10-XXS05 51 48 47
5.0 3.00 15.00 PM15-XXS05 - 79 78
5.0 4.00 20.00 PM20-XXS05 84 83 82
5.0 6.00 30.00 PM30-XXS05 99 97 88
12.0 0.42 5.00 PMO05-X X812 - 47 46
12.0 0.83 10.00 PM10-XxX812 51 48 47
12.0 1.25 15.00 PM15-XX812 - 79 78
12.0 1.67 20.00 PM20-xXxX812 84 83 82
12.0 2.50 30.00 PM30-xXx812 99 97 88
15.0 0.33 5.00 PMO05-XxS15 - 47 46
15.0 0.67 10.00 PM10-XXS15 51 48 47
15.0 1.00 15.00 PM15-XX8S15 - 79 78
15.0 1.33 20.00 PM20-XxXS15 84 83 82
15.0 2.00 30.00 PM30-XX815 99 97 88
Dual Output
+12 0.21 5.00 PMO5-XxXD12 - 48 47
+12 0.42 10.00 PM10-XXD12 52 49 48
+12 0.63 15.00 PM15-XXD12 - 81 80
+12 0.83 20.00 PM20-XXD12 87 86 85
+12 1.25 30.00 PM30-XXD12 100 98 95
+15 0.167 5.00 PMO05-XXD15 - 48 47
+15 0.33 10.00 PM10-XXD15 52 49 48
+15 0.50 15.00 PM15-XXD15 - 81 80
+15 0.67 20.00 PM20-XXD15 87 86 85
+15 1.00 30.00 PM30-XXD15 100 98 95
Triple Output

3.3+12 71 30.00 PM30-XXT03-12 105 104 101
5112 5+1 30.00 PMB30-XXT05-12 105 104 101

Note: For complete electrical specifications, see page 14.
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PP Series §

For low power (1.5W to 6W) applications, Lambda’s
low profile, low cost PP Series is an ideal solution.
They have industry-standard pin-outs, a height of only
8mm and are available in single and dual outputs with
5, 12/15, 24 and 48 volt inputs.

SELECTOR GUIDE: PP1RS) X8 . 3&“,“1”&‘52”,’”3\,&9%%&
OUTPUT OUTPUT OUTPUT UNIT PRICE
VOLTAGE CURRENT POWER MODEL PER DELIVERED QUANTITY
) (A) (W) 8V INPUT 12V, 24V OR 48V INPUT 1 10 100
Single Output
5 0.30 1.50 PP1R5-5-5 $24.00 $22.00 $19.00
5 0.30 1.50 PP1R5-XX-5 24.00 22.00 19.00
5 0.60 3.00 PP3-5-5 29.50 27.00 23.00
5 0.60 3.00 PP3-xX-5 29.50 27.00 23.00
5 1.20 6.00 PP6-5-5 42.50 39.00 32.50
5 1.20 6.00 PP6-xXX-5 42.50 39.00 32.50
5 2.00 10.00 PP10-5-5 42.50 39.00 32.50
12 0.12 1.44 PP1R5-5-12 24.00 22.00 19.00
12 0.12 1.50 PP1R5-XX%-12 24.00 22.00 19.00
12 0.25 3.00 PP3-5-12 29.50 27.00 23.00
12 0.25 3.00 PP3-X%-12 29.50 27.00 23.00
12 0.50 6.00 PP6-5-12 42.50 39.00 32.50
12 0.50 6.00 PP6-XX-12 42.50 39.00 32.50
12 0.83 10.00 PP10-5-12 42.50 39.00 32.50
15 0.10 1.50 PP1R5-5-15 24.00 22.00 19.00
15 0.10 1.50 PP1R5-XX-15 24.00 22.00 19.00
15 0.20 3.00 PP3-5-15 29.50 27.00 23.00
15 0.20 3.00 PP3-XX-15 29.50 27.00 23.00
15 0.40 6.00 PP6-5-15 42.50 39.00 32.50
15 0.40 6.00 PP6-XxX-15 42.50 39.00 32.50
15 0.66 10.00 PP10-5-15 42.50 39.00 32.50
Dual Output
+12  0.06 1.44 PPD1R5-5-1212 25.50 23.50 20.50
+12 0.06 1.44 PPD1R5-X%-1212 25.50 23.50 20.50
+12 0.12 2.88 PPD3-5-1212 33.00 30.00 24.00
+12  0.12 2.88 PPD3-xXx-1212 33.00 30.00 24.00
+12  0.25 6.00 PPD6-5-1212 46.00 42.50 36.00
+12 0.25 6.00 PPD6-xx-1212 46.00 42.50 36.00
+12  0.42 10.00 PPD10-5-1212 46.00 42.50 36.00
+15 0.05 1.50 PPD1R5-5-1515 25.50 23.50 20.50
+15  0.05 1.50 PPD1R5-XX-1515 25.50 23.50 20.50
+15  0.10 3.00 PPD3-5-1515 33.00 30.00 24.00
+15 0.10 3.00 PPD3-XX-1515 33.00 30.00 24.00
+15 0.20 6.00 PPD6-5-1515 46.00 42.50 36.00
+15 0.20 6.00 PPD6-xXX-1515 46.00 42.50 36.00
+15 0.33 10.00 PPD10-5-1515 46.00 42.50 36.00

Note: For complete electrical specifications, see page 14.



PF, PT, PD, PR, PN, PBP Series

Lambda's PD Series Component Front Ends combine
the functions of the PFC, DC-DC Transformer and EMI
Filter along with all the discrete components required
for a complete off-line or 48VDC solution. Or if you
want to use individual components, Lambda has a
complete selection of Transformers, Rectifiers, EMI
Filters and PFC Modules.

Component Front Ends, PFC and DC-DC Transformer Modules

owpuT UNIT PRICE
VOLTAGE POWER DIMENSIONS PER DELIVERED QUANTITY

MODEL (VDC) (W) INPUT VOLTAGE (INCHES) 1 10 100

PF1000A-360 360 1008 85-265VAC 3.38 x5.75 x 0.5 $203 $183 $149
360 1512 170-265VAC

PF500A-360 360 504 85-265VAC 3.38x327x05 144 131 107
360 756 170-265VAC

PT500-48 48 500 360VDC 3.38 x 5.75 x 0.5 225 203 168

PT500-66 66 500 360VDC 3.38x575x0.5 225 203 168

PD800-230-48 48 500 88-265VAC 3.74 x 8.66 x 1.08 695 630 567
48 800 170-265VAC

Notes: 1. Lambda's PD Series Component Front Ends combine the functions of the PFC, DC-DC Transformer and EMI Filter, with all the
discrete components required far a complete 48VAC solution. They provide 88-265VAC input with 90% efficiency, and feature full agency
approvals including the CE mark (Low Voltage Directive). All models meet Class B EMI, and 1EC-1000 (Input Transients).

2. The PF Series, Power Factor Correction modules are 90% efficient. Available in 500W and 1000W models, they are IEC/EN555-2
comglliant, ensuring worldwide operation. All models have integral diagnostics, auxiliary supply and control circuitry with densities to
90W/in®.

3. The PT500 Transformer provides over 90W/in® with 93% efficiency.

Rectifier Modules UNIT PRICE

ouUwUT OUTPUT POWER (W) DIMENSIONS PER DELIVERED QUANTITY
MODEL VOLTAGE 85-265VAC  170-265VAC (INCHES) 1 10 100
PR500-280 280VDC 500 750 3.38 x 0.5 x 3.27 $53 $47 $39

Note 4. Now the PR500 Rectifier is designed for off-line switching applications, providing 85-132 and 170-265VAC input with integral
in-rush limiting, auxiliary supply, AC fail and in-rush control circuitry.

EMI Filters UNIT PRICE
DIMENSIONS RATING PER DELIVERED QUANTITY
MODEL (INCHES) A 1 10 100
Board Mount
PPBP3201 1.26 X 0.70 X 0.87 1 $12 $11 $10
PBP3202 1.26 X 0.70 X 0.87 2 14 13 12
PBP3203 1.26 X 0.70 X 0.87 3 17 15 14
PBP3204 1.26 X 0.70 X 0.87 4 18 16 15
PN3207 3.38 X 2.44 X 0.50 7 40 35 29
PN3215 3.38 X 3.27 X 0.50 15 53 47 39
Chassis Mount (EMI Class B Compliant)
PN1207F 5.20 X 2.05 X 1.38 7 107 102 89
PN1210F 5.64 X 2.64 X 1.38 10 144 38 120
PN1215F 6.73 X 3.75 X 1.38 15 192 84 160

Note 5. Lambda's high attenuation, low leakage, low profile PN/PBP EMI Filters are available from 1A to 15A for 110-240 VAC operation.
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Lambda’s FE Series, FE Series Racking System,

R Series and PFHC Series Rectifier Modules are the ideal
power foundation for distributed power architectures.
These low cost, highly reliable front end solutions provide
up to 6kW of scaleable power for telecommunication
systems that require a high degree of modularity.

OuTPUT MAX OUTPUT UNIT PRICE PER
POWER OUTPUT VOLTAGE DELIVERED QUANTITY
(W) CURRENT (A) (VDC) 1 10 100 MODEL
24VDC Output
500 21.0 20.0-29.0 = $630 $567 FE0500-24NA
500 21.0 20.0-29.0 $715 640 576 FE0500-24RA’
1000 42.0 20.0-29.0 S 896 806 FE1000-24NA
1000 42.0 20.0-29.0 1,015 91 820 FE1000-24RA!
1500 63.0 20.0-29.0 - 1,148 1,033 FE1500-24NA
1500 63.0 20.0-28.0 1,305 1,173 1,056 FE1500-24RA'
1500 63.0 24 925 875 - R160-27-0-01%
2000 84.0 20.0-29.0 - 1,350 1,215 FE2000-24NA
2000 84.0 20.0-29.0 1,550 1,395 1,256 FE2000-24RA'
48VDC Output
500 1.0 40.0-58.0 - 630 567 FE0500-48NA
500 11.0 40.0-58.0 715 640 576 FEO500-48RA!
1000 21.0 40.0-58.0 = 896 806 FE1000-48NA
1000 21.0 40.0-58.0 1,015 9N 820 FE1000-48RA!
1500 32.0 40.0-58.0 - 1,148 1,033 FE1500-48NA
1500 32.0 40.0-58.0 1,305 1,173 1,056 FE1500-48RA!
1500 32.0 48 925 875 - R160-55-0-0122
1500 32.0 48 1,000 950 - R80-55-00-0122
2000 42.0 40.0-58.0 - 1,350 1,215 FE2000-48NA
2000 42.0 40.0-58.0 1,500 1,395 1,256 FE2000-48RA"
360VDC Output
2600 7.2 360 836 722 - PFHC-2600°

Notes: 1. Indicates a redundant, or-ing diode is internal to the module.
2. Indicates a convection-cooled rectifier module.
3. The R80 Recfifier measures 15.16 x 3.15 x 11 inches. The R160 Rectifier measures 15.16 x 6.3 x 11 inches.
The PFHC-2600 measures 11 x 3.5 x 4.75 inches.

i UNIT PRICE
MODEL FE0500 FE1000 FE1500,/2000 MOUNTING® PER DELIVERED QTY 1-9
Racking Systems
FE4K-N-E 7 EIA $1,195
FE4K-X-E 8 EIA 899
FE4K-N-N 7 NEBS 1,295
FE4K-X-N 8 NEBS 999
FESK-N-E 4 EIA 1,195
FESK-X-E 5 EIA 799
FESK-N-N 4 NEBS 1,295
FE5K-X-N 5 NEBS 899
FEBK-N-E 3¢ EIA 1,195
FE6K-X-E 3¢ EIA 799
FE6K-N-N 3¢ NEBS 1,295
FEB6K-X-N 3¢ NEBS 899

Notes: 4. FE4K and FESK-N Racking Systems are compliant to FCC Class B EMI emissions standards for conducted emissions. All
FE6K Racking Systems are compliant to Class B standards.

5. EIA mounting flanges are located on the front of the rack. NEBS mounting flanges are center-mounted per Bellcore NEBS
requirements.
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AC Input

line....... 85-265VAC, 47-63Hz for FE0500, FE1000, FE1500.
170-265VAC, 47-63Hz for FE2000.

Efficiency
82% typical for 50-100% minimum without isolation diodes.

Power Factor/Harmonic Correction
0.95 minimum at full lboad. Compliant to IEC-1000-3-2.

Hold-up Time
Output will be maintained above lower limit of output voltage
range for 16ms upon loss/disconnect of AC input.

Surge Immunity
IEC-1000-4-5 Level 3 for FEQ500. Level 4 for FE1000,
FE1500, FE2000.

Regulated Voltage

line and load

regulation .........c........ 1.0% from no load to full load.
B85VAC-265VAC max.

ripple and noise........... 250mV pk-pk max on 24V
models. 500mV pk-pk on 48V
model. EIAJ RC-9002A
procedure (20Mhz bandwidth limit).

Overcurrent Protection
The power module limits the output current to less than 110%
of the full power rating. The current limit characteristic has
constant power down to Vo min. The converter withstands an
indefinite short circuit without damage and is self-recovering.

Output Current Share
+10% of max unit load from 10% to 100% load with single or
muttiple A/B rail inputs. Current sharing is accomplished via a
single wire connection. The power module operates in parallel
without any derating of its maximum full load output current,
with and without Or-ing diode option. The current sharing
bus is not a single point failure mechanism. Current sharing is
not required for paralle! operation.

Temperature Drift
+2% over the entire temperature range and life.

Overvoltage Protection
Adjustable non-latching unit shutdown.

Overtemperature Protection
Internal circuitry prevents damage by turning off the converter
in the event of reduced airflow or excessive ambient
operating temperature. The output spontaneously returns
when the overtemperature condition is cleared.

Hot Maintenance
Unit is capable of being inserted and extracted with all
operational voltages present, with or without Or-ing diode
option. Overshoot recovery and inrush current is the same as
for turn-on.

Remote On/Off Signal
Standard. Contact closure to turn on. Contacts open to tumn off.

AC Fail Signal
Open collector type signal under fault condition, 20V
breakdown. During nominal operation, the AC Fail signal
conducts up to SmA maximum. There is a minimum of
16mSec hold-up time in the event of an AC failure or AC
disconnect after the AC fail is activated.

Output/Inverter Good Signal
Open collector type signal under fault condition, 20V
breakdown. During nominal operation, the Qutput/inverter
Good Signal conducts up to 5mA maximum. This signal will
not alarm when the unit is in a parallel configuration with other
units, batteries or at no load.

Auxiliary Bias Supply
12VDC at 50mA.

Front Panel Indicators
An AC present LED indicates that input power is applied to the
unit. An output/inverter good LED indicates that DC output
voltage is present and the inverter is operational. Operation is
the same as output/inverter good signal. An overtemperature
shutdown LED indicates that thermal shutdown has occurred.
An output current meter LED ladder shows the approximate
percentage of output current.

Operating Temperature Range
—40°C to +70°C ambient. From 55°C to +70°C, consult the
factory for derating.

Storage Temperature Range
—40°C to +85°C.

Operating Humidity
0% to 95% (non-condensing).

Shock and Vibration
The FE Series is compliant with GR-63-CORE, Zone 4

Upper Level standards assembled in a NEBS-type
FE Racking System.

Transportation
The FE Series is tested to MIL-STD-810E requirements.

Isolation Rating

Input/Chassis: 2.5k VAC
InputiOutput: 3.0k VAC
Output/Chassis: 500VDC

Conducted Battery Noise
FE Series power modules comply with GR-1089-CORE and
prETS300132-2 psophometric noise requirements.

Conducted EMI
FE0500 and FE1000 modules comply with FCC-CFR Part 15,
Subpart J, Class A standards with 6dB of margin and with
CISPR 22, Class A standards with 6dB of margin. When
assembled into an FE-N standard racking system, the system
is compliant with Class B standards.
FE1500 and FE2000 modules comply with FCC-CFR part 15,
Subpart J, Class B standards with 6dB of margin and with
CISPR 22, Class B standards with 6dB of margin.

Radiated Emissions
Class A specifications on modules and racks. FCC Part 15,
Subpart J, EN55022.

Conducted Susceptibility (Output)
FE Series power modules comply with Bellicore
GR-1089-CORE, 3A/meter and IEC-1000-4-6.

Radiated Susceptibility
All models comply with Bellcore GR-1089-CORE, 10V/meter
and IEC-1000-4-3.

ESD
FE power modules comply with Bellcore GR-1089-CORE and
IEC-1000-4-2.

Electrical Fast Transient
FE power modules comply with IEC-1000-4-4.

Lightning Surge
FE power modules comply with IEC-1000-4-5.

Physical Data

Weight
bs. Lbs. Dimensions

Model Net Ship. (inches)
FEO0500 6.0 7.0 11.97x5x2
FE1000 7.0 8.0 11.97x5x3.3
FE1500/2000 9.0 10.0 11.97x5x5.5
FE4K 15.0 18.0 13.75x5.25x 19
FE5K 15.0 18.0 13.75x5.25 x 19
FE6K 15.0 18.0 13.75x5.25 x 19

Safety Agency Approvals
The FE Series meets safety agency approvals per UL 1950,
EN60950, CSA22.2-234. All models are CE marked
(Low Voltage Directive).
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CCOSSOTIOS ‘Evaluation and Heatsink Kits, Sockets,

Chokes and Thermal Pads

PKT Series Evaluation Kits

Lambda has a complete line of
evaluation kits, sockets, chokes and
thermal pads designed to facilitate
complete system integration.

APPLICATION MODE

UNIT PRICE PER
DEUVERED QUANTITY (1-24)

PKTPFC
PKTPR500
PKT300F
PKT150F
PKT150S
PKT75F/100S
PKT50S/75S

PF500 with PN3207 or PF1000 with PN3215

PR500 with PN3215
PH300F

PH150F

PH150S
PH75F/PH100S
PH50S/PH75S

$245
245
195
195
195
195
195

NOTE: Each Kit contains a socketed printed circuit board (including test points), heatsink kits, thermal pads, mounting hardware, line
cords, an instruction manual and all the discrete components required to evaluate a power module (power module not included).

PAH Series Heatsink Kits

*C/W FIN HEIGHT

FIN UNIT PRICE PER

KIT NUMBER APPLICATION MODE @600LF/M (mm) DIRECTION DELIVERED QUANTITY (1)
PAH41L12 PH50S, PH75S IE25 12 Length $20
PAH62L12 PH75F, PH100S, PN3207 1.20 12 Length 20
PAH72L12 PH150S 0.70 12 Length 22
PAH83L12 PH150F, PF500, PN3215, PR500 0.70 12 Length 22
PAH83L12A PH150F, PF500, PN3215, PR500 0.57 12 Length 35
PAH146L12 PH300F, PF1000, PT500 0.65 12 Length 27
PAH146L12A  PH300F, PF1000, PT500 0.40 12 Length 35
PAH146W12  PH300F, PF1000, PT500 0.65 12 Width 27
PAH41L23 PH50S, PH75S 0.80 23 Length 22
PAH62L23 PH75F, PH100S, PN3207 0.60 23 Length 22
PAH72L23 PH150S 0.40 23 Length 27
PAH83L23 PH150F, PF500, PN3215, PR500 0.45 23 Length 27
PAH146123 PH300F, PF1000, PT500 0.30 23 Length 32

NOTE: Heatsink Kits include a heatsink, thermal pad, mounting hardware and instruction manual ({these kits are already included in the
evaluation kits). Call a Lambda Appilication Engineer for thermal design and heatsink recommendations.

PATP Series Thermal Pads

UNIT PRICE PER
DELIVERED QUANTITY (1-24)

KIT NUMBER APPLICABLE MODULE (PACKAGE OF 10)
PATP41 PH50S, PH75S $22
PATP62 PH75F, PH100S, PN3207 26
PATP72 PH150S 27
PATP83 PH150F, PF500, PN3215 27
PATP146 PH300F, PF1000, PT500 35

NOTE: The PATP Series is electrically and thermally conductive, typically yielding less than 1°C temperature rise heatsink to baseplate at

full power operation.
PAL Series Chokes

UNIT PRICE PER
DELIVERED QUANTITY (1-24)

KIT NUMBER VALUE APPLICABLE MODULE (PACKAGE OF 8)
PAL03-1 3A 100mH PH50/75X48-XX $33
PALO5-1 5A 100 mH PH100/150X48-XX 28
PAL10-1 10A 100mH PH300F48-XX 33
PALO2-2 2A 200mH PHXXXX280-XX 28
PAS Series Sockets UNIT PRICE PER
PIN SIZE DELIVERED QUANTITY (1-24)
KIT NUMBER DESCRIPTION (mm) {PACKAGE OF 10)
PASHC High Current Socket (Input/Output) 2.0 $29
PASLC Low Current Socket (Signal) 0.6 22



PraoeTIos ‘Dc-nc Converter Specifications

ADC Input
200 - 400VDC for 280V PH Series Modules.
88 - 185VDC for 110V PH Series Modules.
36 - 76VDC for 48V PH Series Modules.
18 - 36VDC for 24V PH Series Modules.

Efficiency
2V 33V 5V 12V 15V 24V 28V
PH50S - - 80% 82% 83% 84% 84%
PH75S - - B81% 83% 84% 85% 85%
PH100S - - 81% 83% 84% 88% 88%
PH1508 - - 82% 85% 85% 88% 88%
PH7SF 67% 70% 81% 83% 84% 85% 85%
PH150F 68% 73% 82% 86% 87% 89% 90%
PH30OF 68% 73% 82% 85% 86% 89% 90%
PH300S - 80% 86% 88% 88% 88% 88%
PH600S - 80% 86% 88% 88% 88% 88%
Regulated Voltage
line regulation ................ 0.4% or 20mV (whichever is

greater) over entire input

range with constant load.
load regulation ............... 0.8% or 40mV (whichever is

greater) from no load to full

load with constant input line.
temperature coefficient ...0.02%/°C.

Ripple and Noise
Output Vo 2V 5v  12v

mVpk-pk ripple 100 100 150

Remote Sensing
Sensing connections are provided to the regulation
caused by resistive drops in the output trace/leads.
(Not available on PH50S, PH75S modules.)

Overvoltage Protection
150-180% on 2V and 3V models.
125-145% on 5V through 28V models.
Inverter shutdown. Input power must be recycled to
restore operation.

Overtemperature Protection
Inverter shutdown protects the converters against
excessive temperatures. Input power must be recycled to
restore operation.

15V 24v 28V
150 240 280

Overioad Protection

Overcurrent protection will protect the module and load
from overload with automatic recovery.

Output Voitage Adjustment
The output voltage on all PH Series modules can be
programmed by an external potentiometer or voltage
source (+10% on Simple Function Modules, +20 -60%
on Full Function Modules). Adjustment below the -60%
range is possible with the appropriate preload. Consult
the P Series Application Notes for further details.

Overcurrent Protection
105% - 140% with automatic recovery.

Remote On/Off Signal
Short terminal CNT to SG to turn on.
Open circuit to turn off.

Parallel Operation
Full function PH Series modules have a single star point
connection of PC terminai which enables modules to
current share. Current guaranteed modules within +5%
when connected per the application notes (typically with-
in 2%).

Series Operation
All modules can be operated in series. Refer to the
PH Series Application Notes for detailed requirements.

Inverter Good Signal
Full functiorn PH Series modules give an inverter good
status at the 10G terminal when the module is healthy.

Auxiliary Supply
Full function PH Series modules have an auxiliary bias
supply (8V at 10mA) which can be used to power
interface circuits (i.e., optocouplers).

Operating Temperature Range
-20°C to +85°C base plate. -20°C to +100°C on PH300S,
PHB00S. Consult the factory for -40°C startup on all models.

Storage Temperature Range
-40°C to +85°C. -40°C to +100°C on PH300S, PH600S.

Cooling

PH Series modules are conduction cooled. Contact the
factory for cooling recommendations.

Isolation Rating
3000VAC Input to Output.
2500VAC Input to Baseplate.
100MQ at 500VDC 70% RH Output to Baseplate.

Physical Data

Package Weight Dimensions
Model (grams) (inches)
PHS50S, PH75S 100 3.38x 1.61x0.5
PH100S, PH75F 150 3.38x2.44 x0.5
PH150S 150 3.38x2.83x 0.5
PH150F, PH100F 180 3.38x3.27x0.5
PH300F 250 3.38x5.75x 0.5
PH300S 200 3.38 x3.27 x 0.5
PH600S 300 3.38x5.75x 0.5

Safety Agency Approvals
UL1950, CSA234, and EN60950 approved. BABT is
under evaluation.

Guarantee
Two year guarantee applies to operation within published
specifications and recommended application data.
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DC Input
PP Series
PP and PM Series
PP and PM Series

5V Input 4.5-7.2VDC
12V Input 9-18VDC
24V Input 18-36VDC

PP Series 48V Input 32-63VDC

PM Series 48V Input 36-75VDC

RM Series 48V Input 36-60VDC

RM “TEL" Series 48V Input 36-75VDC
Efficiency

Output Voltage
2v 3.3V 5V 12V, 15V

RM Series 80% 86% 90% -

PM Series - 73% 78% 79%

PP Series - - 65% 70%
Regulated Volitage

line regulation. . .. 20mV on the RM Series. 0.2% for

main and dual outputs of the PM
Series, 3% for auxiliary outputs of
triple output PM Series modules
over full input line range with
constant load. 0.4% on the

PP Series.

load regulation . . . 40mV on the RM Series. 1% for main
outputs of the PM Series from 10%
load to 100% load with constant input
line .8% on auxiliary outputs of triple
output PM Series models from 25%
to 100% load, and with greater than
S5W main output load. 0.6% on the
PP Series.

ripple and noise. . . 100mV pk-pk on the RM Series.
75mV pk-pk on the 5V and 3V
outputs of the PM Series. 120mV
pk-pk for 5V outputs of the PP Series
and 12V outputs of the PM
Series.150mV pk-pk on 12 and 15V
outputs of the PP Series.

Temperature

Coefficient . ..... 0.03% °C.

Setpoint Accuracy
+1% on the main outputs of PM Series modules. 1.5%
for auxiliary outputs of PM Series. +5% on PP Series.

Output Adjustment
The RM Series, PM15, PM20 and PM30 outputs can be
adjusted +10% using resistive or voltage programming.

Overioad Protection
The RM Series has constant current limiting with
shutdown after 0.5-1.5 seconds.
PM Series models have current limiting to protect the
load and converter from overload.
Avoid overloading auxiliary outputs on the PP Series for
greater than 30 seconds.

Overvoitage Protection
RM modules provide latching overvoltage shutdown.
All PM Series models are provided with overvoltage
clamps:

Vo Clamp Level

3.3V 4.0-4.7V

5V 6.2-6.5V

12v 13-14V

+12V 28-30V
Remote On/Off

The RM Series, PM15, PM20 and PM30 models include
remote on/off via a TTL pin.

FRIVIgE VRETORr o eTICS, ‘DC-DC Converter Specifications

Alarm and Reset
RM modules are designed to give a TTL alarm status
when the module output is below a specified value. This
signal and the error status can be reset by applying a
TTL reset signal.

Operating Temperature Range

-25°C to +85°C (+100°C Base plate) on the RM Series.
Consult the factory for -40°C start-up.

-25°C to 105°C on the PM Series with derating (consult
derating charts. Full load up to +70°C with forced air on
all models. Consult the factory for -40°C start-up.

-20°C to +71°C on the PP Series. Derate linearly above
+50°C from full load to 20% at +71°C.

Storage Temperature Range
-40°C to +105°C on the RM Series and the PM Series.
-40°C to +85°C on the PP Series.

Isolation Rating
RM Series: 1500VDC input to output; 50 VAC input to
case; 500VDC output to case. (2500VDC input to output
for the “TEL” versions.)

PM Series: 900VAC, 1500VDC, input to output on 48V
input models; SO00VAC, 700VDC input to output on 12/24
input models; 10MQ output to chassis at 25°C, 75% RH.

PP Series: 500VAC (<5mA) input to chassis and input to
output; >100MQ output to chassis at 500VDC, 25°C and
70% Humidity.

Physical Data

Package Weight Dimensions
Model (grams) (inches)
RM100,/TEL 170 2.36 x 0.31 x 4.57
RM50,/TEL 100 2.36 x 0.31 x 3.86
RMB30,/TEL 62 2.35x 0.31 x 2.56
PMO05/10 28 1.00 x 0.33 x 2.00
PM15/20 43 1.60 x 0.33 x 2.00
PM30 71 2.50 x 0.33 x 3.00
PP1R5 15 1.29 x 0.31 x 0.81
PPD1R5 15 1.29 x 0.31 x 0.81
PP3 25 1.84 x 0.31 x 1.09
PPD3 25 1.84 x 0.31 x 1.09
PP6 30 1.84 x 0.31 x 1.65
PPD6 30 1.84 x 0.31 x 1.65

Agency Approvals
The PM Series Meets:
EMI: EN55022 Level B, FCC Part 15 Level B, Bellicore
TA-NWT-001089 (an external capacitor and chip inductor
may be required for some models. Consult the factory for
application notes).

Input Transients: IEEE-C62.41-1980 (0-.5ms 100kHz ring-
wave), ETSI Standard ETS300-132 (100V 10Joule puse).

Inrush: ETSI Standard ETS300-132 (<50A peak), Bellcore.

Safety: UL1950, CSA234, EN60950. Consult the factory
for BABT. CE Mark (Low Voltage Directive).

The RM “TEL" Series meets UL1950, CSA234 and
EN60950.

Contact the factory for information on the RM Series and
PP Series.

Guarantee
The RM Series is guaranteed for 3 years for operation
within published specifications. The PM and PP Series
are guaranteed for 2 years for operation within published
specifications.



P Series Value Added

The P Series Value Added Solutions are complete component solutions
customized for your application, with full agency approvals. If you have a
distributed power requirement, simply call 1-800-LAMBDA-4 and ask for
a Distributed Power Engineer. We'll design a power system to fit your
specific application.

Central Office Power Supply
4 Weeks From Specification To Delivery
N+1 Current Sharing

5V 12V Output

EMI Class A Compliant

Hot Plug 450W

Optical Fiber Power Supply

+5V, £ 15V Ouiputs

48VDC Input

Operation to +70°C

Compliant to Radiated and Conducted
Emissions Standards

Diagnostic Alarms

N+1 Current Sharing

Automatic Test Equipment
Scaleable and Field Configurable

Low MTTR

Less than 1mV pk-pk

Power Factor Correction

Power Sequencing

Wireless Power Supply
300W Scaleable Card

Fixed Loop System

Low Profile

Low Output Noise

EMI Level B Compliant

Monitoring and Alarm Signals

Built In In-rush Limiting

CE Mark (Low Voltage Directive)




50 600W

PH1s0s 280-24

500-6000W
Front Ends

5 30W
Rectifiers
:D EMI Filters 2l
PFC Modules
DC-DC Transformers
To order, or for more information on
16W

our distributed power solutions, call
1-800-LAMBDA-4/5, 8am to 8pm, EST.
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WORLD’S LARGEST SELECTION

2""" ,06"1 from$295

Choose trom over 480 standard off-the-shelf models from 2-way to 48-way;

0°, 90° and 180°; 50 and 75 ohms; covering 2kHz to 10GHz. Mini-Circuits will also
supply your special needs such as wider bandwidths, higher isolation, lower insertion

loss, and phase matched ports...all at catalog prices with rapid tumaround time.

Models include surface mount, plug-in, flat-pack and standard connectorized designs
such as SMA, N, TNC, C, and F connectors as well as custom designs. Ultra-miniature
surface mount units provide excellent solutions in cellular communications, cable systems
and courtless wireless applications. All units come with a 1year guarantee and “skinny”

4.5 sigma repeatability unit-to-unit and production run to production run.

Catalog models are guaranteed to ship within one week.

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

(JMini-Circuits’ @ .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com  C'FCLE READER SEFVICE CARD
tailed specs on all Mini-Circuits products refer to + 740- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
CUSTOM PRODUCT NEE bB's . tet'Ourtixperience Work For You. F 202 Rev Orig




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

E:L

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

Excess inventory today...student opportunity tomorrow

ELECTRONIC DESIGN/DECEMBER 2, 1996

PEASE
PORRIDGE

Mr. Amelio, who had moved over to
Apple. I got a prompt, brief reply. Gil
was a good sport, and he agreed that
if “team enthusiasm” was being pro-
posed as an alternative for thinking,
that was probably a mistake. OK, we
got an agreement on that.

Let me finish with a second fable—a
second team parable:

Did you ever hear the story about
the second-string quarterback (who
also was the team’s punter), who v
put in the game because the
string quarterback got hurt?
coach, a very strict, tough guy,
martinet, told the kid, “Run th
plays and then punt.” And the:
coach turned away, to find out about
the injury to his star quarterback.

Well, the kid handed off to the half-
back, and he gained about 30 yards.
Then he threw a little pass, and the
receiver gained 20 yards more. Then
the kid handed off to the fullback, who
carried the ball down to the 2-yard
line. And what did the young quarter-
back do next? He knew the coach
wanted him to ABSOLUTELY follow
orders—so he punted the ball—right
out of the end zone.***

Hey, it’s not every day you get two
esaeP’s Fables in one column. What’s
all this “Following Orders” St
Anyhow??

All for now. / Comments invited!
RAP / Robert A. Pease / Engine

Address:

Mail Stop D2597A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

*The Wisdom of Teams: Creating The
High-Performance Organization, J.
Katzenbach and D. Smith, Harper-
Business, 1993, ISBN 0-88730-6764.
About $13.

**Why Teams Don’t Work: What
Went Wrong & How To Make It Right,
H. Robbins and M. Finley, Peter-
son’s/Pacesetter Books, 1994, ISBN
1-56079-497-6. About $22.

***If you are not knowledgeable
about football, I'll explain that th-‘
was quite absurd, to punt the ;
away when you are within a co
yards of scoring a touchdown!

READER SERVICE




UPCOMING MEETINGS

S A i e
Sixth System Administration, Net-
working, & 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: confer-
ence@usenix.org;
http://www.usenix.org.

IEEE International Conference on
Robotics and Automation, Apr. 21-
27. Albuquerque Convention Cen-
ter, Albuquerque, NM. Contact
Jerry Stauffer, Intelligent Sys-
tems and Roboties Center, Pro-
gram Office, MS0949, Sandia Na-
tional Laboratories, Albuquerque,
NM 87185-0949; (505) 845-8966; fax
(505) 844-6161; e-mail:
jdstauf@isrc.sandia.gov.

First Convergence Technology & 1C
Expo, Apr. 22-24. InfoMart, Dallas,
TX. Contact Electronic Conventions
Management, 8110 Airport Blvd., Los
Angeles, CA 90045; (800) 877-2668,
ext. 243; fax (310) 641-5117.

15th IEEE VLSI Test Symposium, Apr.
27-30. Hyatt Regency Monterey, Mon-
terey, CA. Contact Yervant Zorian,
General Chair, Lucent Bell Laborato-
ries, PO. Box 900, Princeton, NJ 08542-
0900; (609) 639-3176; fax (609) 639-3197;
e-mail: zorian@lucent.com.

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

IEEE Custom Integrated Circuits

| Conference (CICC 97), May 5-8.

Santa Clara, CA. Contact Melissa
Widerkehr, Widerkehr & Assoc.,
Suite 270, 101 Lakeforest Blvd,
Gaithersburg, MD 20877; (301) 527-
0902; fax (301) 527-0994.

ELECTRO 97, May 6-8.World Trade
Center, Boston, MA. Contact Kathy
Lott-Smith, Hickory International,
595 Gilman St., Bridgeport, CT 06605;
(203) 334-1397; fax (203) 334-1397.
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Electronics Industries Forum of New
England, May 6-8. World Trade & Ex-
hibition Center, Boston, MA. Contact
Linda Hanson, (914) 779-0696

IEEE Power Industry Computer Appli-
cations 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 & Commercial
Power Systems Technical Conference
(1&CPS), May 12-15. Wynham Hotel,
Philadelphia, PA. Contact Barry Horn-
berger, Philadelphia Electric Co., 2301
Market St., Bldg N3-1, Philadelphia, PA
19101, (215) 8414619,

Fifth IFIP/IEEE International Sympo-
sium Integrated Network Manage-
ment (ISINM  97), May 12-16.8an
Diego, CA. Contact Ann Marie Lam-
bert, BBN Systems & Technologies,
10 Moulton St., Cambridge, MA
02138; (617) 873-3819; fax (617) 8§73-
37776; e-mail: isinm97@bbn.com.

IEEE Particle Accelerator Conference,
May 12-16. Vancouver, BC, Canada.
Contact M.K. Craddock, TRIUMEF,
4004 Wesbrook Mall, Vancouver, BC
V6T 2A3 Canada; (604) 222-7341; fax
(604) 222-7309; e-mail: ecraddock@tri-
umf.ca.

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

17th Electronic Components & Technol-
ogy Conference, May 18-21. The Fair-

mont Hotel, San Jose, CA. Contact Jim |

Bruorton, Electronic Industries Asso-
ciation, 2500 Wilson Blvd., Arlington,
VA 22201-3834; (864) 96:3-6621.

IEEE Instrumentation & Measure-
ment Technology Conference
(MTC 97), May 20-22. Chateau
Laurier, Ottawa, Ontario, Canada.
Contact Robert Myers, Conference
Coordinator, 3685 Motor Ave.,
Suite 240, Los Angeles, CA 90034;
(310) 287-1463; fax (310) 287-1851;
e-mail: bob.myers@ieee.org.

OFEMed Midwest, May 21-22.
Rosemont  Convention  Center,
Rosemont, IL. Contact Exposition
Excellence Corp., 112 Main St., Nor-
walk, CT 06851; (203) 847-9599; fax
(203) 854-9438.

OEM Electronics Midwest, May 21-
22. Rosemont Convention Center,
Rosemont, IL. Contact Exposition
Excellence Corp., 112 Main St., Nor-

(203) 854-9438.

Canadian Conference on Electrical &
Computer Engineering, May 25-28.
Delta Hotel, Newfoundland, Can-
ada. Contact David Collett, New-
foundland & Labrador Hydro, P.O.
Box 12400, St. Johns, NF, A1A 4K7,
Canada; (709) 737-1372; fax (709)
737-1782;

t.d.collett@ieee.org.

Fifth IEEE International Conference
on Properties & Applications of Dielec-
tric Materials (ICPADM), May 25-30.
Sheraton Walker Hill, Convention
Center, Seoul, Korea. Contact Joon-
Ung Lee, Department of Electrical
Engineering, Kwangwoon University,
447-1 Wolgye-Dong, Nowon-Ku, Seoul,
139-701, Korea; (82)-2-910-5144; fax
(82)-2-942-0107.

R PN PR T N
IEEE International Conference on
Neural Networks, June 1-5. Houston,
TX. Contact Nicolaos B. Karayiannis,
Dept. of Electrical & Computer Engi-
neering, University of Houston,
Houston, TX; 77204-4793 (713) 743-
4436; fax (713) 743-4444.

IEEE International Conference on Com-
munications (ICC 97), June 8-12. Mont-
real, Canada. Contact Celia Desmond,
Stentor, Fl. 6b, 33 City Center Dr., Mis-
sissauga, Ontario 1.5B 2N5, Canada;
(905) 615-650T7; fax (905) 615-8421; e-
mail: celia.desmond@te.resonet.com.

IEEE/MTT-S International Micro-
wave Symposium (MTT 97), June 8-
13. Convention Center, Denver, CO.
Contact John Dunn, Dept. of Electri-
cal & Computer Engineering, Univer-
sity of Colorado, Campus Box 425,
Boulder, CO 80309; (303) 492-5920; fax
(303) 492-5323; e-mail: dunn@boul-
| der.colorado.edu.
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walk, CT 06851; (203) 847-9599; fax |

e-mail: |
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5V & 3.3V FCT LOGIC ¢ 3.3V LCX LOGIC * QUICKSWITCH® PRODUCTS ¢« CLOCK MANAGEMENT
ANALOG PRODUCTS * QUICKSCAN® (JTAG) PRODUCTS ¢ SPECIALTY MEMORIES ¢« NETWORKING PRODUCTS

QSI — FIFOs for today’s D o eins
Asynchronous FIFOs
Qs72a1 512 x 9 with Buffer Memory 32,28
advanced apphcaUOHS' QS7202 K x 9 with Buffer Memory 32,28
QS72a3 2K x 9 with Buffer Memory 32,28
ngays angnced compuler and workstation desn.gns QS7204 4K x 9 with Buffer Memory 32,28
require sophisticated solutions. QSI offers you a choice of Clocked x9 FIFOs
advanced high-performance FIFO devices that will take 82322: ?:(2 X99PP3"I*|"T'SSY“£YO"°“5 ;g
'y ‘ X arallel syncnronous
you into the future — x9 asynchronou§ FIFOs, x9, x18, Q72231 2K x 9 Parallel Synchronous 32
x36 Clocked FIFOs, and x36 Clocked BiFIFOs. (572241 4K x 9 Parallel Synchronous 32
Better Functionality. QSI‘s advanced FIFOs offer Glocked x18 FIFOs
. f ; lit - t sb QS72215 512 x 18 Parallel Synchronous 68
unique functionality enhancements over others — Q872225 1K x 18 Parallel Synchronous &
the fastest standard asynchronous FIFOs, clocked Clocked x36 FIFOs
architectures, programmable flags, and 66-MHz operating QS723611 512 x 36 x 2 Bidirectional Clocked FIFO
frequency, plus state-of-the-art packagin Al D el s Do Bevie N
CqRENERY < packaging. Q5723620 1K x 36 Clocked FIFO with Dynamic Bus Sizing 132
Seeing is Believing. Call 1-800-609-3669, or fax today QS723621 1K x 36 x 2 Bidirectional Clocked FIFO
to 408-496-0773 for a copy of the FIFO data book. with Dynamic Bus Sizing 144
QS725420A 256 x 36 x 2 Bidirectional Clocked FIFOQ 132, 144

QSI — your first choice for high-performance FIFOs.

r‘ QuaLITY

SEMICONDUCTOR INC.

U.S.A. Headquarters: 851 Martin Avenue, Santa Clara, CA 95050, 408-450-8000, Fax: 408-496-0773, hitp://www.qualitysemi.com
European Headquarters: Suite A, Unit 6, Mansfield Park, Four Marks, Hampshire, GU34 5PZ United Kingdom, 44-(0)1420-563333, Fax: 44-(0)1420-561142

U.S. and Canadian Distributors: Arrow Electronics, Bell Industries, Inc., Nu-Horizons, Zeus Electronics
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READER SERVICE 204
'World Radio Histol




needed

IDEAS FOR DESIGN

Manitoba R3B 1Y86, Canada; (204) 984-7459; fax (204) 984-6978.

Audio Interpolating Phase Shifter

D.I HOULT, Institute for Biodiagnostics, National Research Council Canada, 435 Ellice Ave., Winnipeg,

umerous instances

arise in which two

quadrature phase

analog signals are
available but their phases need
adjusting to be useful, or when
a variable phase linear combi-
nation of the two is needed.
The case that prompted this
Idea for Design involved a ra-
dio frequency I-Q detection
circuit. It delivered audio volt-
ages Vi = cos(wt + 8) and V2 =
sin(wt + ), but the arbitrary
phase shift 6 could change in
different  applications and
to be eliminated
cheaply and conveniently. Pro-
gressive 90 phase shifts are

% Amrlmm error,
deparlure from linear phase in degrees

1 °
05
i 1 i 1
¢ 0.2 0.4
ENe—o—e_ g0 02" o Potentiometer pasition
I Measured amplitude .
95+ \

" L] Theoretical phase
i °
3 EY

-1t . Measured phase

easily made by “signal rout-
ing”—signal interchange and
inversions. However, to pro-
duce smaller shifts ¢ <90°, line-
arly combining V1 and V2 with multi-
plicands cos¢ and sin¢ is usually advo-
cated. This requires expensive co-
sine/sine potentiometers and analog
multipliers, or digital methods.

In searching for a lower-cost alter-
native, the circuit shown in Figure 1
was investigated. Obviously, as the
potentiometer X is tracked from one
end to the other, the phase ¢ of the
difference voltage o cos (ot + ¢)
changes from 0to 90 . It's not obvious,
however, that if R = (1 + V2)X and Y
= —V2X, the amplitude of a of the dif-
ference voltage stays constant at
0.586 as the potentiometer is turned,
while the phase ¢ tracks from 0° to
90" almost linearly with potentiome-
ter position. The departure from alin-
ear law is shown in Figure 1; there’s
a maximum deviation of onlty +0.9".
By contrast, if resistor Y is dispensed
with and R is set to an optimal value
of X/\/Q, there’s a +1.1% variation in
amplitude o and a deviation ir ¢ of
+4.6° from linear.

One problem does exist, though—
resistance Y is negative. Fortunately,
such a resistance can be generated
with the aid of a high input impedance
amplifier of gain +2 with positive
feedback via a resistor of value Y. The
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AN
100k
E1 w 3
ml N § 1.75
R 100k P
2.1
p
W
" A —
i« 12.3% 1K Vout
X @} o
=g 12.3% = 008 (ol +)
Vg TNV
M
R E
1K
24,14k § N b’ !
100k
sinmt § 45
E2 >
100k
— A\~

2. A SIMPLE INTERPOLATING PHASE SHIFTER places a negative

resistance across potentiometer X to obtain constant-amplitude, linear-phase performance.

amplifier input impedance is then -Y.
The situation is complicated a little

| by the need to take the difference

voltage, but a suitable circuit was cre-
ated (Fig. 2).

Practical results obtained at 1 kHz
with a 0.5% tolerance in resistor val-

ues are shown in Figure 1—the better
the accuracy, the better the perform-
ance. The positive resistance supplied
by resistors N has been compensated
by a change in Y to value M = ( 12X
+ 1/N)’ L Incidentally, a similar result
can be obtained with a sum rather

1. INTERPOLATION BETWEEN COSINE and sine functions has constant ampiitude ‘

and is almost phase linear with potentiometer position when resistance R = (1 + V2)X and Y = —V2X



again). However, the two resistors R
are negative, which isn’t very conven-
ient. Note that as with most positive
feedback circuits, good layout and
short leads are needed for high-fre-
quency stability. If necessary, all im-

1521

ften times, a solid-state re-

‘ lay is used when a line-
powered device needs to

be turned on and off by a

control circuit, isolated from the
power line. Most off-the-shelf relays

require 3- to 15-mA control currents. |

That much power can put a strain on
a current-conscious battery-powered
control system.

The relay circuit described here re-
duces the needed control current to
a much more tolerable 50 pA, but can
switch up to 600 W of 120 V ac power.
The circuit employs a conventional
10-A, 400-V triac, equipped with a
dV/dt snubber circuit, to switch line
power to a load. However, to turn the

than a difference output (Fig. 1, |

IDEAS FOR DESIGN

pedance values can be proportion-
ately reduced, or 10-pF capacitors
placed in parallel with each 100k re-
sistor to prevent oscillation.

Finally, as cos(wt + ¢) = cos(wt)
cos(¢) — sin(wt) sin(¢), it comes as no

surprise that if input E1 is connected

SSR Operut;s On (illy 50 _L_LA

DAVID A. JOHNSON, 10198 West Berry Dr., Littleton, CO 80127-1856; (303) 973-8408; fax (303) 973-6600.

1

triac on, an unconventional gate-con-
trol circuit is used. The triac gate cur-
rent is routed through a small bridge
rectifier, a 15-V Zener diode, a sensi-
tive SCR (Q2), and a 180-Q resistor
(R2). '

The circuit allows a small SCR to
control ac current though the triac’s
gate terminal. The voltage need to
control the SCR’s gate terminal is de-
veloped by rectifying and filtering the
ac voltage across the triac. Capacitors
C2, C4, and C5, resistor R3, bridge
rectifier BR2, and Zener diode D2
form the rectifier cireuit. C5 and D2 |
filter and limit the supply voltage to
about 8 V, while the 470-Q resistor
R3 limits the charging current. In the

to ground and a direct voltage is put
on E2, the output obtained is a good |
approximation to the first quadrant
of a sine curve as the potentiometer
is varied. If connections are reversed, ‘
a good approximation to a cosine is
seen. [

off state, the ac voltage across the
triac is equivalent to the line voltage. |
In a conventional circuit, the voltage
across the triac in the on state would
only be a few volts.

To develop a slightly higher voltage |
(up to 30 V p-p), a 15-V Zener diode
(D1) is inserted in series with the
SCR. D1 delays the triac’s conduction |
trigger point each half cycle and pro-
duces only a slight reduction in rms
power to the load. The de control volt-
age, produced by the rectifier circuit, |
is switched to the SCR’s gate using a
sensitive Darlington-type optoisola- |
tor (Al). Only about 50 pA of LED
current in the isolator is needed to |
fully turn on the SCR. O

Relay control current

VO

AC
&
' Rt
120V ac an
- 1w

—» 50 A minimum 1! b 2
At E 144 E
NEC PS2502-1 : :
02 R3 : :
°'|°‘7 a0 1w : :
1 3 ‘4
250V Metal oxide ‘E *
01
4744

15V

8.2V Lf?‘ﬁu d |
[

TWV

I : Metal oxide i
Neutral > o EC10301
0047 —— :
Load XY T 02
| 600 Wmaximum 01 A 4 =
[C 21 400V1A
| % R 180
—% A
1w
Metal oxide

Note: Triac must be mounted on heat sink.

i

Il THIS SOLID-STATE RELAY CIRCUIT reduces control current to 50 A, yet it still can switch up to 600 W of 120 V ac power.
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Phase Noise  Harmonics Current (mA)

It's a fact! With Mini-Circuits new POS family of shielded, laser sealed

voltage controlled oscillators, you pay less and get more...Superior Mods!
Performance, Top Notch Quality, and Value Pricing. Features include wide POS-50
band models with typically octave bandwidths and linear tuning. Low SSB POS-75
phase noise characterized at 100Hz to 1MHz offsets. Excellent harmonic ~ £551%0
suppression typically more than 30dB below. RF power output of +7dBm, POS 2'(‘,0
excellent for driving level 7 mixers. Miniature size occupying only 0.4"x0.8" POS-300
board space. Hermetically sealed and ruggedly constructed for POS-4010
tough environments. And best of all, these extremely reliable, high ~ POS-535
performance VCO's are affordably priced from only $11.95 each (qty.5-49). ggg::ggs
Call Mini-Circuits today for guaranteed shipment within one week. NEW POS- 1160
Mini-Circuits...we’re redefining what VALUE is all about! NEWPOS-1400
NEWPOS-2000

DESIGNER’S KITS:
K-POS1 $124.95 (contains 1ea. all models except PQS-1060 to -2000).

K-POS3 $79.95 (contains 2ea. mode's POS-1060,-140C,-2000).

Freq. Range
(MHz)
25-50

37.5-75
50-100
75-150

100-200
150-280
200-380
300-525
485-765
685-1025
750-1060
975-1400
1370-2000

(dBc/Hz)
SSB @10kHz Typ

110
110
107
103
102
100
98
93
85
84
90
95

-95

*Max. Current (mA) @ 8v DC
Notes: Tun'ng voltage 1 to 16V required to cover freq. range. 1 to 20V for POS-1060
to -2000 Models POS-50 to -1025 have 3dB modulation bandwidth, 100kHz typ.
K-POS2 $79.95 (contains 1ea. all models except POS-75,-150,-300, -1060 to -2000) Mogels POS- f060 to -2000 have 3dB modulation bandwdth, tMHz typ

Operating temoerature range: - 55°C to +85°'C

- = o - ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 112350003 (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
F 229 Rev Orig

CUSTOM PRODUCT NEEDSxLet-Our Experlence Work For You.

{dBc)
Typ

Price

@ +12vDC  (Qty.5-49)

Max
20
20
20
20
20
20
20
20
22
22
30*
30*

30*

139

Sea

11.95
11.95
11.95
11.95
11.95
13.95
13.95
13.95
14,95
16.95
14.95
14.95
14.95

140
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CPLD Optimizes Serial Test Patterns

CHRIS JONES, Cypress Semiconductor Corp., 3901 North First St., San Jose, CA 95134-1599; (408) 943-2600.

n n-bit serial-to-parallel

shifter is a common circuit

block contained in many dif-

erent devices and applica-

| tions (Fig. 1). Transmitting data over a
serial connection requires this type of
circuit at the receiver end. When test-
ing the operation of such a device, se-
rial data should be supplied that when

| viewed as groups of n bits, contains all
2" possible data combinations of 0s and
| 1s.This ensures that the logic respond- |

library ieee;

clk, reset: in
qout:
end sequence;

begin

Application-specific
logic

L Parallel begin

' : "o : '

n-bit shift register

end loop;
end if;

LEL shifter is used in many
common applications, including serial
data communications.

%). THIS SERIAL-TO- ‘

VHDL CODE FOR SERIAL TEST PATTERN

use ieee.std_logic_1164.all;
use work.std_arith.all;

entity sequence is port(

std_logic;

if (reset = '1") then
qgint <= (others => '0’);

elsif (clk'event and clk='1") then
qint(0) <= nextbit;
foriin 1 to (width-1) loop

¢ qint(i) <= qgint(i-1);

end archsequence;

buffer std_logic);

architecture archsequence of sequence is
| constant width:integer := 4;
signal qint: std_logic_vector((width-1) downto 0);

signal compout: std_logic;
' signal nextbit: std_logic;

| compout <= '0' when ( (gint >= 1) and (qint <= 2**(width-1)) ) else '1’;
nextbit <= ( (compout and not qint(0)) or (not compout and gint(0)) );

shifting: process (reset, clk)

| end process shifting;

qout <= gint(width - 1);

AR AR

I—>
[ CLKO— :

Reset O—

n
Compare - -
n
e’
» 101 On
L_)i>—o 0fe0  afe--D olo

Out

2. THE SERIAL OUTPUT in this serialtest-sequence

generator provides all 2" combinations of n bits after only n shifts.

The comqa.nson block outputs a “0" when the n bits are in the range

of 1, 2%"]. When not in that range, a “1” goes to the XOR gate.

ing to the shifter’s
parallel output
acts correctly un-
der all conditions. |
In addition, this se-
rial data stream
should be as short
as possible to save
test time. One way .
to do that is:
Instead of plac-
ing all 2" groups of
n bits in a serial
stream of (2" X n)
total bits, it can be
accomplished  in
the optimal 2" bits
after n-1 initializa-
tion bits. For n
equal to 4, the fol-
lowing string of 0s
and 1s contains all |
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16 combinations of 4 bits:
0000111101011001000

The first three bits are initializa-

tion bits. After the fourth bit, the last |

four bits are 0000 (0); after the fifth

bit, the last four bits are 0001 (1); after |

the sixth bit, the last four bits are
0011 (3); and so on. The 16 possible
patterns are included in the order: 0,
L3, 7, FE D, A5 B,6,C,9,2,4,
and 8. The sequence can be repeated
if desired.

This optimal serial test pattern is
generated for n bits as shown in the
Figure 2 circuit. It's basically an n-bit
shifter that loads the QO register with
either its present state or the comple-
ment of its present state based upon
the value contained in the entire reg-
ister. The comparison block outputs a
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MULTICHANNEL 12-BIT ADG

Draw Less than 0.7mA at 100ksps!

In portable battery-powered applications that demand minimal battery count and maximum battery life, obtaining high
performance using the lowest power is critical. The new MAX1247 works with a +2.7V to +5.25V supply and samples
at up to 133ksps while providing the lowest power dissipation of any comparable converter. And it comes packaged in
a 16-pin QSOP, which nas the same footprint as an 8-pin SOIC.
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| “0" if the n-bit parallel bus value is in
the range of (1, 201 otherwise, it
outputs a “1.” This means that, when
shifting, Q0 gets inverted if the
shifter value is between 1 and 2(n-1)
while it doesn't get inverted for all
other shifter values. See the listing
for this circuit's VHDL code.

This simple test-pattern generator
easily fits into a CPLD or FPGA. Cy-

IDEAS FOR DESIGN

press’s 32-macrocell CY7C371i CPLD
requires n macrocells, a single prod-
uct term for all but one of the macro-
cells, and n product terms for the
macrocell that contains Q0. The 1k
gate CY7C382 FPGA from Cypress
requires n logic cells for the n regis-
ters, and, depending upon n, either 0,
1, or 2 extra logic cells for the com-
parison.

The pattern generator also can be

employed in other applications, such |
as to provide all possible addresses |

to a device that receives address
bits serially. Using this pattern gen-
erator, a device starts at an address,
does an operation associated with
that first address, then moves to an-
other address with only a single-bit
shift. O

[ 0 minimize
, from room lighting, optical
communications receivers

and some infrared TV cam-
era systems often place an infrared
low-pass filter in front of the light de-
tector. The filters are designed to
block most of the visible light, allow-
| ing the near infrared light to pass and
| reach the detector. However, glass fil-

interference | ters that are often used for these

types of applications are expensive.
A less costly alternative is to use
ordinary 35mm photographic film
that’s been exposed to fluorescent
light and then developed. The color
negative produced after the photo-
graphic developing process has a
sharp cutoff at about 830 nm and com-
pletely blocks most of the visible
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' WHEN EXPOSED TO “COOL WHITE” fluorescent light for five seconds,

{

exhibits a sharp cutoff at about 830 nm.

the color negative (using Kodacolor 100 ASA film) produced after the developing process
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35mm Film Makes Low-Cost IR Filter

DAVID A. JOHNSON, 10198 West Berry Dr., Littleton, CO 80127-1856; (303) 973-8408; fax (303) 973-6600.

spectrum (see the figure).

The filter’s transmission is perfect
for many near infrared LLEDs and la-
sers with wavelengths between 830
and 950 nm. Kodak’s Kodacolor film
with an ASA rating of 100 that’s ex-
posed to a “cool white” fluorescent
light for five seconds works the best.
The film processor should be told to
develop the film in the usual manner

but not make any prints. The color |
negatives become the filter material. |
A typical 36-exposure roll will cost |

only about $5.00. The film can be
easily cut into any required size or
shape. However, the film is not rec-
ommended for applications where it
can become scratched or exposed to
moisture. [J

Withou nstar flow of
high-quality submissions, 1t would be
impossible to maintain the quality and
variety of circuit ideas and design
suggestions presented here in each
issue. With your help, we can not only
sustain the Ideas for Design section,

Ideal submissions contain 1-1 1/2
pages of single-spaced typewritten
text and one or two circuit diagrams,
tables, plots or listings. Design ideas
submitted should be intended to be
freeely used by our readers and should
not contain proprietary, patented or
intended-for-patent material.

Send your ideas TODAY to: '

Ideas-for-Design Editor
Electronic Design

611 Route 46 West
Hasbrouck Heights, NJ 07604

FAX: (201) 393-0204

we can improve it. |



STEP-DOWN DC-DC DELIVERS
LOWEST NOISE, LONGEST BATTERY LIFE

3.3V SETTING

5V SETTING

200 400 600 800 1000
LOAD CURRENT (mA)

i W
PFM MODE

4

INPUT OUTPUT 0.7
VIOV VT 9V = 06
[ LX 1A w 05
L ¢ ] =YY —@ =
I+ L g 04
X SHON _ P. k! p 5 03
= WeF ilf_’f - * £ 02
VL | <SYNC . 3 s 0.1
L : 0
11l = - °
The MAX887H is the ideal choice for portable 'gg
applications, especially cellular phones and other 80
RF noise-sensitive applications. 20
z 6
= 50
2 4
¢ 100% Duty-Cycle PWM S gg
# 600mA Output Current "
0.1

500mA Start-Up Load Current
< Internal 0.5Q MOSFET Switch

< Synchronizable Oscillator Frequency

1 10 100
OUTPUT CURRENT {mA)

1000

¢ NO AUDIO or IF HARMONICS

3.5mv
& Internal Synchronous Rectifier "
# 8-Pin SOIC Package

¢ 2.5pA Shutdown Supply Current N B

& Low Quiescent Current: 200pA with

PFM Mode Option 10

POWER SUPPLES 224402 )
Gomigiuse Pwvee :.‘....,...7'—3"

v Longeot Duttary Like and
[

20 40 100 200400 1k
FREQUENCY (kHz)

FREE Power Supply 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 Smali-Quantity Orders Call (408) 737-7600 ext. 6380

¢ LOWEST DROPOUT 300mV at 500mA

¢ HIGHEST EFFICIENCY >90% at 500mA

v g .
;}‘/ 6:00-a:m:=6:00p:m. Pacific Standard Time N o
2N goimoN http://www.maxim-ic.com & [y A
/ MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. v SUOR
=l
/N AKX/
Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Eimo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow.
Austr nd), Belgiu Czech Republi Denmark Finland Fr
Germany I Ital
Net! ind: n Portugal

Russia, Spezial-Electronic KG; Spain, S itzerland Turkey

UK., Ukr

MaAXIMN

Circle No. 186 - For U.S. Response
Circle No. 187 - For International



SanDisk

RN ackage,
HIRIeriormance

SanDisk CompactFlash is the world's
smallest removable data storage system,
only one-fourth the size of a standard
Type Il PCMCIA card. But its low power
consumption, rugged reliability, and
unparalleled compatibility —

place it firmly S
in the big
league—
helping you
shorten design
time and make
products that

work better.

ACTUAL SIZE

CompactFlash is an open standard developed by the
CompactFlash Association and supported by major

companies such as Canon, Eastman Kodak, Hewlett-
Packard, Matsushita (Panascnic), Motorola, NEC, and

of different devices.

A [nteroperability with virtuaily all major platforms
and operating systems. An on-board intelligent
controller provides horizontal, vertical, backward, and
forward compatibility, with full support for DOS,
Windows®, Windows 95, 0S/2, Apple System 7, PSOS,
GEOS, and most types of Unix. And there's no need
for custom drivers such as Flash File System or File |
Translation Layer software.

A Dual voltage support. Enables direct data transfer
between 3.3V and 5V systems.

SanDisk leads the industry in innovative Flash technology,
and has consistently ranked first in sales of Flash card data
storage units, according to Dataquest and In-Stat. Our
complete family of solid-state removable and embedded
data storage products—with capacities ranging from 2MB
to 175MB--delivers the big-time performance you need
to compete. Call us for more information:

1-800-375-9250.

SanDisk Z

The Flash Data Storage Leader

SanDisk Corporate SanDisk International SanDisk and CompactFlash are

[
|
A Full compliance with open industry standards. ’
[

Sony—assuring easy portability between a vast array |

trademarks cf SanDisk. All other
Headquarters Omcts. trademarks or registered trade-
IS40 Czsp::n ciourl EUTOP(-E 4:9;2131’7:73?:]?5 marks are property of their
unnyvale, CA 94089 apan: 81-45-474- v s el
http:/l .sandiskicom AsiafPacific Rim: Jnd‘mx!o« offerings subject
852-2712-0501 ©1996 SanDik Corporation
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UPCOMING MEETINGS |

TR R RS
IEEE International Symposium on Cir-
cuits & Systems (ISCAS 97), June 9-12.
Hong Kong Convention & Exhibition
Centre, Hong Kong. Contact ISCAS’97
Secretariat, Department of Electrical &
Electronic Engineering, University of
Hong Kong, Pokfalam Rd., Hong Kong;
(852) 28592710, fax (852) 25598738; e-
mail: iscas97@hkueee.hku.hk.

34th Design Automation Conference
(DAC 97), June 9-13.Anaheim Con-
vention Center, Anaheim, CA; Con-
tact MP Associates Inc., 5305 Spine
Rd., Suite A, Boulder, CO 80301; (303)
530-4333; fax (303) 530-4334.

IEEE International Conference on Con-
sumer Electronics (ICCE), June 11-13.
The Westin Hotel O’Hare, Rosemont,
IL. Contact Diane D. Williams, 67 Rasp-
berry Patch Dr., Rochester, NY 14612-
2868; (716) 392-3862; fax (716) 392-4397.

International Solid-State Sensors and
Actuators Conference (Transducers
97), June 15-19. Hyatt Regency Ho-
tel, Chicago, IL. Contact Kensal D.
Wise, 1246 EECS Building, Univer-
sity of Michigan, 1301 Beal Ave., Ann
Arbor, MI 48109-2122; (313) 764-3346;
fax (313) 747-1781.

IEEE Digital Cross Connect Systems
Workshop VII (DCS 97), June 16-19.
Banff Park Lodge, Banff, Alberta, |
Canada. Contact James H. Simester,
Lucent Technologies, P.O. Box 3030,
Room 4J-526, 101 Crawfords Corner
Rd., Holmdel, NJ 07733-3030; (908)
949-7336; fax (908) 949-2724; e-mail:
sims@bostare.ho.att.com.

Third Conference on Object-Oriented
Technologies & Systems (Coots 97), June
16-19. Marriott Hotel, Portland, OR. Con-
tact USENIX Conference Office, 22672
Lambert St., Suite 613, Lake Forest, CA
92630; (714) 588-8649; fax (714) 588-9706;
e-mail: conference@usenix.org;
http//www.usenix.org.

IEEE International Conference on
Systems, Man, and Cybernetics, June
16-20. Hyatt Orlando, Orlando, FL.
Contact James M. Tien, Chair, DSES
Department, Rensselaer Polytechnic
Institute, Troy, NY 12180-3590; (518) ‘
276-6486; fax (518) 276-8227; e-mail: I
tienj@rpi.edu.
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~ Under Lock and key. |

The Rock Solid Security Solution From Microchip.

Introducing Microchip’s KeeLoq family of security memory for transparent synchronization. It's an
devices. These high security, low-cost, single-chip solutions  offthe-shelf solution that requires minimum design time.
are ideal for logical and physical access control Microchip provides a comptete security solution
applications such as RKE, garage door openers, with a full range of encoders, decoders and PIC16/17
vehicle and home security MCUs for software implementation. To get the

Keeloq Family Of
Security Devices

useless. Plus, KeeLoo devices feature onchip, non-volatile
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and smart cards.

most advanced security technology
The key? A proprietary, for practically a steal, contact

' non-linear encryption www.microchip2.com/new/security/
HCS200 - $0.66 (10K Volume) | ajgorithm that creates a  or call 1-800-437-2767. See for

unique transmission on yourself why Microchio is your
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Consumer Electronics
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No matter what form convergence
takes, it’s going to have some
recognizable parts.

As computers, telecommunications and entertainment
media merge into new products, Murata will be there.
We support innovative designs with three strong lines:
capacitors, EMI filters and piezoelectric components.

Featuring the newest surface mount designs —
many invented by us — and the right performance for the
job, Murata passives give you dependability, wide range
and competitive price. After all, we pioneered ceramic tech-
nologies, lead in miniaturization and brought the first eco-
nomical piezoelectric products to market.

If your newest design calls for, say, high
frequency and high voltage capacitors, low distor-
tion capacitors and trimmer capacitors. Or chip
inductors and noise suppression filters. Or ceramic
resonators, discriminators and ceramic 2nd IF filters.
Then you know what to do. It's easy as one, two,
three. Well, almost. For ®

more information, just call mm Za'ta

1-800-831-9172, ext. 614. nvalor in flectronses

free technical manuals or

©1996 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyma, GA 30080. Al rights reserved.
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A SPECIAL

EMBEDDED/COMPUTER SYSTEMS

EDITORIAL

FEATURE

MEETING THE STANDARD

| JOHN MILIOS, USAR SYSTEMS and BRUCE DEVISSER, FUJITSU

portable systems come in different

forms and form factors as they are tai-

I lored to fit specific system functions.

When it comes to interfacing the input-

device sensors to the host system, de-

[ signers are faced with evolving

alternatives defined by the capabilities

of the host-system chip set. The selection of the right

interface is a function of cost, power consumption, and
suitability to the application.

UIDs in portable systems possess characteristics dis-
crete from those of the external desktop input devices.
For example, they are not standalone devices—they are
embedded in the system box. Although this characteristic
seems to give designers more flexibility in selecting the
system interface, the UIDs still have to perform as pri-
mary boot devices. With proprietary architectures, this
imposes little, if any, limitations because the operating
system is created from scratch to the specific implemen-
tation. In standard-architecture systems, diversions from
the dominant PS/2 interface require additional BIOS sup-
port to maintain compatibility with legacy software and
hardware.

Unlike embedded UlDs, external peripherals must act
in a standard fashion to provide end users with the great-
est flexibility in selecting off-the-shelf parts. If an external
UID is connected to a portable system, data streams from
external keyboards and mice must be converted and
merged with the embedded device data and are then re-
layed to the system through the common interface.

Another unique feature of portable UIDs originates
from the role they often play in system-level power man-
agement. These portable UIDs provide the main link be-
tween the users and the system. Users invoke action
through the input devices, causing changes in the system’s
power state. Consequently, input devices have to be func-
tional at all times when the system is fully on or in sus-
pended mode. As a result, the interface protocol that is
selected should provide for minimum power consumption
during the system’s idle state.

Size is another limiting factor in portable systems. Each
implementation imposes a number of different require-
ments on the pe-board area as to the space required to
accommodate the electronics for the input device’s sensor
1nterfa.ce Size is typically determined by packaging tech-
nology and the number of pins necessary to implement
\ the interface.

’ mbedded User Input Devices (UIDs) in
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 Input-Device Integration
|

In addition, special human factors have a direct impact
on the operational characteristics and the method that the
input-device subsystem integrates with the rest of the
hardware and the operating system. These factors affect
such areas as the scanning rate for portable keyboards,
multilayered keyboard implementations, single-hand-op-
eration support, and support for hot plug-ins of external
devices.

The PS/2 port has been around for quite some time and
has served sufficiently for basic keyboard and mouse input |
requirements. It’s been used for interfacing embedded .
keyboard and pointer devices and for acting as an exten-
sion to supply more comfortable full-size desktop attach- |
ments. Architecturally, there are two alternative ways to
implement the PS/2 port in portable systems—as a direct
interface to the ISA bus, or as an interface to the PS/2
ports of an 1/O chip.

In most cases, the PS/2 port is implemented with an
8042-compatible keyboard controller. This controller of-
fers a register- and pin-compatible interface to the ISA
bus, ensuring BIOS compatibility in PCs. At minimum,
the keyboard controller supports scanning of the embed-
ded keyboard, interface to an internal pointing device, and
an 8042-compatible expansion port available to PS/2-com-
patible external keyboards and mice. The higher-end con-
trollers support other types of system-specific functions,
including LCD control, in addition to battery and power
management.

The second method works in systems that employ chip
sets with an embedded 8042 controller. In this case, the
basic input device interface is implemented with a key-
board encoder. At the very least, the encoder provides
keyhoard scanning and the PS/2 keyboard interface to the
system necessary to implement the standard PS/2 key-
board boot device. In more complex implementations, the
encoder also will support an embedded pointing device,
an 8042-compatible expansion port, along with other sys-
tem-specific functions such as power management and
LCD support.

Most portable systems typically offer at least one 8042- |
compatible expansion port to connect an external key-
board or a PS/2-compatible mouse. The keyboard
controller must have the capability of supporting the
swapping of the two types of devices on the same port,
as well as hot-plugging. In addition, this feature requires
that the newly-connected device is synchronized at the
moment of connection with the internal BIOS state as well
as with any embedded devices. |




Plug into VMEbus

We’ve made it that easy!

Stulpre o PerEoimanice

Boost |I/O performance by leaps
and bounds with VMIC’s line of 486, 586, Pentium®,
and Pentium Pro processor-based CPUs. VMIC leads the way with
its full line of PC/AT VMEbus CPU boards, designed to meet the needs
of the most demanding applications. Our price/performance options

allow users to pick the boards that is right for their environment and
budget.

In addition, VMIC supports an array of compatible equipment such as
floppy/hard drive modules ranging from 540 Mbyte up to 2 Gbyte, built
to support IDE, floppy controller, SCSI interfaces, Ethernet, and flash
memory.

PC/104 and PMC (PCI Mezzanine Card) standards are supported for
mezzanine expansion to third-party compatible products such as ATM,
FDDI adapters, third-party 1/0, and a wide variety of other products.
Complement your configuration with VMIC’s reflective memory, which
provides high-speed networking using fiber optics. This hassle free,
real-time network requires no processor overhead.

If you have real world embedded computing requirements, VMIC has
the solution for you. In conjunction with our Pentium processor class of
PC/AT on VMEbus CPUs, IOWorks™ software allows you to quickly
and easily develop applications that access, control, and monitor the
VMEDbus through a familiar Windows NT™ OS-based interface. VMIC’s
I0Works software will have you accessing VMEbus resources in
minutes! [OWorks suite of component software functions in a variety of
applications involving industrial control, factory automation, data
acquisition and control, and test and measurement.

Using VMIC’s powerful combination of hardware and software products
allows you to easily create turn-key solutions using today’s technology

VME MICROSYSTEMS
INTERNATIONAL
® CORPORATION

12090 S. Memorial Parkway ¢ Huntsville, AL 35803-3308
205 880-0444 ¢ FAX 205 882-0859
World Wide Web: http:/ /www.vmic.com ¢ E-mail: info@vmic.com

to solve tomorrow’s problems.

Call for more information
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serial Bus Sends Gard Power

Take some of the complexity out

of power management.

DAN SOWIN and JIM MOYER

Micrel Semiconductor Inc., 1849 Fortune Dr., San Jose, CA 95131; (408) 944-0800.

s PC architectures move

into sophisticated power

management, there’s an
increasing need to send data to
peripherals in a rapid, yet inex-
pensive manner. In addition, PC
Cards have proliferated, and
with the adoption of CardBus,
they are increasing in speed and
functionality. The end result is
an added demand on the host
power system. These two evo-
lutions call for a new approach
to applying power and detecting
faults in the legacy PC Card and
CardBus slots, namely the
PCMCIA Power Control (PPC)
bus.

This serial bus specification
has been adopted by an industry
group representing PC Card con-
troller and power-switch IC
manufacturers. It is recom-
mended as the approach to handle
power-condition status reporting
and control.

The status reporting can iden-
tify faults so that specific correc-
tive action can be taken by the
system that will conserve battery
power, but still allow other por-
tions of the system to function.
The benefits are economic and
functional, and will result in a
more robust system. In addition,
the PPC bus saves pins and board
traces for high-density designs
that are often found in notebook
PCs.

The PPC bus closes the loop
on power control by taking ad-
vantage of a duplex serial com-
munication link. This technique
allows commands to be sent to
the PC Card power-switch IC
from the controller, and the status
of the power interface to be re-
ported to the system from the
power-switch circuits. Another
key function is the bus’ ability to
report any slot power faults to the

system fast enough for effective
correction action to be taken
(Fig. 1).

The power-switching IC or
controller takes commands di-
rectly from a PC Card controller
chip and switches power to the
appropriate pins of the slot and
the card that’s plugged into it.
The power is supplied from the
host system, usually 3.3 V, 5V,
and 12 V, that switches to the bat-
teries when the ac source is re-
moved.

PC Card priorities for the
power-switching IC are to supply
the voltage through low-resis-
tance switches with controlled
rise and fall times, as described
in the PC Card specification. This
voltage is supplied to the card’s
Vee and Vpp power pins. Other
functions are to limit current out-
put and thermal shutdown for
sustained high current loads as in
a dead short.

System priorities are to protect
the battery charge, especially
when the system is in a standby
mode, so the system can easily

1. The PPC bus
can be used to

handle power-con-

dition status-re-
porting and
control. It also is

useful in reporting

power faults.

|

reactivate. If a fault occurs in a
card slot, the transient current |
load should be limited so that the I
power-supply voltage cratering
(a momentary drop in voltage)
does not occur. This can cause an
erroneous reset to occur in the
host system.

Status reporting could in- |
clude a catastrophic fault in the
PC Card slots, which could dis-
charge the batteries. Therefore,
a means of interrupting the sys- |
tem and identifying the fault’
must be added as part of the pro-
tocol. This type of fault could ‘
be classified as anything from
an errant screwdriver in the slot |
to a faulty card.

This reporting method pro-
poses a way of interrupting us-
ing the serial lines, which is
more efficient than dedicating |
external pins to it. Because the |
serial bus is used to decrease the .
package’s pin  count, this |
method reduces the pin count |
and saves package size, board
traces, and their associated
costs. The serial bus allows for |

nvs == bt .
Microprocessor Ii:lfsl 3h?| ok —y ‘
ags controller bus -
e s s g ¥ Voc and Vpp '
§ é:' Ve and Vpp !
PC Card ‘
32- bit bus
s P( Card Power ‘
SMBus - Control bus
) g% = Power ‘
¢ 1T management
Master-slave Master-slave Master-slave controlier ‘
SMBus controller|  |SMBus controller|  [SMBus controller ‘
7 Switch charger \
; Hard-disk
Display drive Baftery
pack
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Be Smarier with Your
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ESmartCore™ in quantity, $29.

mSmall 1.8” x 2.05” plug-in module.

W 128K flash memory option.

mSingle-source software and hardware support.

For many embedded applications, a
microcontroller may look like the
lowest cost solution. Beware. Designing
and programming circuits from scratch
can be an arduous, expensive venture,
That's why we created SmartCore. [t
has all the essential components in
one reliable core module: micro-
processor, RAM, DMA, UARTS, 170
decoding circuitry, and more. Simply

Ask about the SmartCore
Evaluation Kit.

plug SmartCore into vour svstem
board, and vou're ready to program
Software development s diftic ult
enough. Now there's Dynamic C

a fully integrated environment-
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uncomplicated program development.
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iv. Debug with breakpoints and “watch
expressions.” Compile and download
directly to SmartCore in just seconds.
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source-code libraries for multi-tasking,
math, and 1-O.

Let us show vou how SmartCore beats
chip-level designs. In total cost. In time-
to-market. Be smart. Call us now.
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DESIGNING WITH THE PCC BUS
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expandability of the IC functions
without impacting the pins or the
bus interface.

The PPC bus has been defined
to be a compatible subset of the
SMBus. which has been adopted
as a means of satistying the
power-control  and  reporting
functions in an inexpensive for-
mat. with data rates of 10 10 100
kHz. By maintaining this com-
patibility. designers can employ
a serial channel that is a local link
between the power-switch IC
slave and the host adapter which
is designated to be the master
controller. On the other hand, the
link can be globally connected 1o
other master controllers on the
system’s SMBus.

The SMBus. originally devel-
oped by Intel tor battery manage-
ment in controllers and chargers.
also is useful for power manage-
ment throughout the PC. It uses
an 1°C bus backbone to transfer
two-wire clocked synchronous
duplex data from a master con-
troller to muliiple slaves. Note
that the slaves also can function
as masters.

Employing the SMBus in a
different fashion allows it 1o be
used to report catastrophic any
taults without going through
bus arbitration to put an inter-
rupt on the serial bus. The con-
dition is normally ignored in
standard  SMBus implemena-
tions. and is therefore not ille-

gal. [n addition. the master nceds
to be programmed to recognize
i

Full compatibility with the
SMBus allows the PPC bus.
which in local mode would tran-
sceive belween the power
switches and the contraller, to be
extended to the system power
controller (Fig. 1, again). This al-
lows system power commands to
be received directly by the
power-switch IC. which saves
time. The trade-off is that any
system problems that may occur
al the system power-management
controller could corrupt com-
mands sent (o the power-switch
chip. The danger here is applying
the wrong power supply to a par-
ticular card.

The power-switch IC is an ana-
log device. so it is relatively ex-
pensive to add bytes of register
logic. Consequently. the bus in-
terface is defined (o be an SMBus
slave. This reduces the circuitry
by eliminating bus-arbitration
logic. All command read and
write transactions are initiated by
the host controller. These com-
mands are:

e Voltage Command: standard
SMBus write-byte command

¢ Standby Command: standard
SMBus write-byte command

e Read  Status:  standard
SMBus read-byte command

e Read Interrupt  Laulches:

2. An interrupt is
initiated by the
power-switch IC
on an idle bus
when the clock
and data signals
are high for at
least 5 us. The in-
terrupt consists of
a start bit immedi-
ately followed by
a stop bhit.

bl e

standard SMBus read-byte com-
mand

e [nterrupt Response: standard
SMBus alert response

Command. status. and inter-
rupt bytes are stored in nine reg-
isters on both the controller and
power-switch IC (four for com-
mands and five for read transac-
tions). These registers allow
command bytes to be stored. and
also for slot power status 10 be
stored and read.

When inserted, the PC Card
activates pins in the socket that
identify the voltage requirements
of that card. This information is
read by the controller. and the ap-
propriate command is sent 1o the
power-switch IC. The specific
slot 1s addressed in each ol the
voltage. standby, and read com-
mands by a 7-bit address. These
commands place the power-
switch IC into a state that sup-
plies the required power 10 the
slots.

The write-register assignments
are as follows:

RO: Hex 00 = voltage codes
byte

R1: Hex 01 = standby byte

R2: Hex 02 = interrupt mask
byte

R3: Hex 03 = reserved for fu-
ture use

Read register commands are
differentiated from “writes” by
sending a command byte that
designates hex 8x for register Rx.
instead of hex Ox. In addition. the
read/write bit in the command
message is set to logic "0.”

Command-message data bytes
are loaded into one of the regis-
ters RO to R2. A Voltage Com-
mand addresses register RO at
hex address 00. and the Standby
Command byte is loaded into R1.
The interrupt mask bits in the
Write R2 register (address hex
02) determine which correspond-
ing status bits may interrupt the
system. A logic 1" in a mask bit
enables the corresponding status
bit to generate an interrupt. The
mask byte can be read by sending
a Read Status Command for reg-
ister hex 82.

A read command from the
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Single IC Solution - EL Lamp Driver

Solve Your EL lamp driver design problem of driving an EL lamp from a voltage source

with the single IC solution from Sipex of 2 -12 vdc and depending on the power
Corporation. Two versions of this EL iamp source, the coil, and the lamp used, the lamp
driver are available, with one requiring an can be driven tc a high level of brightness
external clock (32kHz) and the other Single Chip while using very littie power.
requiring a capacitor in Solutions for
lieu of the external  Battery Powered
clock signal Applications

For more information, contact Sipex

Corporation for a free sample, data

sheet, and competitive quotation
The ICs come in an SO-8 package

or bare die form and are capable

Sipex Corporation, 22 Linnell Circle, Billerica, MA 01821 Tel. 508-667-8700 Fax 508-670-9001
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DESIGNING WITH THE PPG BUS

master will fetch a data byte from
the bank of Read Registers RO to
R4. The Read Status Command
will address read register R4 at
address hex 84, which will fetch
the byte with the following sym-
bols:

h = thermal shutdown

j = Ve OK status (has reached
programmed voltage)

k = Ve slewing

m = I¢c limit (in current lim-
iting)

f = Veepp OK status

p = Vcepe slewing

u = Ipp limit

O = reserved for expansion

Interrupt latch bits stored in
read register R3 (address hex 83)
can be set only by a positive-go-
ing transition of the correspond-
ing status bit in read register R4.
The register is cleared when it is
read by a Read Status command.
The Interrupt Latch bits are de-
fined as follows:

h = thermal shutdown

J = Ve OK status (has reached
programmed voltage)

k = 0 not used

m = I¢c limit (in current lim-
iting)

f = Veepe OK status

p = 0 not used

u = Ipp limit

O = reserved for expansion

The standby command is for-
matted like the voliage com-
mand, except that the register
address is now hex 01. and the
command byte is s = | followed
by seven “don’t care” bits. This
command sets the power
switches into a standby state. but
that state is not defined in the bus
protocol.

The next command format
used by the controller to fetch the
status bytes stored in the Read
Registers of the power switch IC
is the Read Status command, ad-
dressed to read register R4 (hex
84).

An interrupt is the one excep-
tion to initiating transactions in
the controller bus master. It is
initiated in the slave power-
switch IC to signal the onset of
a fault condition or a task com-

pletion. It can be initiated by the
power-switch 1C on an idle bus.
when the clock and data are
high for at least 5 us (Fig. 2).
The data line (SDA) is pulled
low for at least 10 s, then is
allowed to go high for at least
5 us.

If there’s a collision on the bus
with another message, the trans-
mitter waits for a clear bus, then
retransmits. This requires the
controller to respond by sending
an Interrupt Response message,
in which the initiating slave iden-
tifies itself by its assigned ad-
dress, so the effect is similar to a
vectored interrupt. The master
can then immediately send a
Read Status command to that par-
ticular slot register to identify the
problem.

This rapid identification typi-
cally keeps the latency time of
the response under 2 ms, or 1.2
ms for a 33-kHz clock. The in-
terrupt signal is a start bit fol-
lowed immediately by a stop bit
(Fig. 2, again). The Interrupt Re-
sponse message is followed by a
Read Interrupt Latches message,
which is a Read Status command
addressed to Read Register R3,
at address hex 83.

Each PC Card slot is assigned
an address. No address space is
the SMBus is specifically re-
served for the power-switch in-
tegrated circuit. Should a
conflict occur, pick an address
that is mutually exclusive with
the other devices on this par-
ticular bus.

Dan Sowin is a graduate of
the University of Washington,
Seuattle, with BSEE and MSEE
degrees. He has over 20 vears
of semiconductor experience in
applications, marketing, and
sales.

Jim Moyer has a BSEE from
Rice  University,  Houston,
Texus. He has over 20 vears ex-
perience in semiconductor de-
signs and applications, and
computer design.

|
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MPC 860 TOOLS

SuperTAP™ Advanced
Development Tool

The new SuperTAP™ Advanced
Development Tool for MPC860
offers all the features of a full-
scale emulator at a fraction of the
price. A small, hand-held device
incorporates 32K of real-time
trace memory, a sophisticated
event detection system and up to
8 MB of overlay memory. The
SuperTAP employs Non-Stop
Emulation™ and Transparent
Breakpoints™ to facilitate debug-
ging in real-time applications.
SuperTAP also provides the abil-
ity to debug and profile task-based
applications using WindRiver and
ISI Real-Time kernels with an
add-on package called RTOS-
Link™,

Applied Microsystems Corp.
Call 1-800-426-3925, browse
http://www.ame.com, or e-mail

info@amc.com. READER SERVICE 100

CodeTAP" Compact Emulator

The CodeTAP" Compact Emula-
tor for MPC 860 is designed as a
step up for software developers
who currently use software moni-
tors. It includes the most-used
emulation functions at a price well
below full-scale emulators. Its
small size suits the CodeTAP
emulator to both desktop and field
use. Integration with WindRiver’s
Tornado debugger means users
don’t have to link code, write driv-
ers, reserve interrupts, or modify
hardware. Using the CodeTAP
emulator with other instruments is
possible through external triggers
for breakpoint input and run
pause output signals.

Applied Microsystems Corp.
Call 1-800-426-3925, browse
http://www.amc.com, or e-mail

info@amc.com. READER SERVICE 99
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Applied Microsystems Corporation products and services cover

the full development cycle for PowerPC. Applied expertise helps you

pull it all together with seminars, training, consulting and support
Design: Speed up system partitioning with and
Debugging: Accelerate software and nardware development with
y and
Testing: Improve software quality and performance with

READER SERVICE 101

CaLL Now 1-800-426-3925

for FREE White Papers on designing with the
MPC 860, and on choosing design, debug
and test tools. Or visit our home page at
WWW.AMC.COm.

::::HH Applied Microsystems Corporation

European Distributor: Applied Microsystems UK and Europe

Tel +44 (0)1296-625462, Fax +44 (0}1296-623460.

Germany Tel: +49 (0)89-427-4030, Fax +49 (0)89-427-40333:
France Tel: +33 (0)1644-63000, Fax +33 (0)1644-60760, PowerPC
Is a registered trademark of International Business Machinas Corp
and 1s used under license therefrom Designated trademarks ana
brands are the properties of their respective owners,
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.

A highly-integrated single-chip decode engine takes aim at applica-
tions such as standalone digital versatile disk (DVD) players, DVD on a PC, and
DVD in set-top boxes. The L64020 was developed by LSI Logic Corp., Milpitas,
Calif,, using its CoreWare libraries, and performs all the MPEG-2 decoding and
control aspects needed for DVD. Included are nine core-based funetions and 45
different memory blocks that contain about 2 million transistors in all. Some of
the blocks incorporated on the chip include a Dolby AC-3 sinroundsound decoder,
an enhanced MPEG-2 audio/video decoder, support for features such as scan and
pan, and letterboxing to view wide-screen movies on a conventional screen. An
integrated subpicture unit adds graphics capabilities to support functions such
as movie subtitling or karaoke text. The chip will make possible a DVD console
that plays back movies with home-theater quality, or bring true multimedia
capabilities to a PC, or create a set-top box that integrates DVD, or implement
a video-game player that incorporates DVD capability. Housed in a 160-lead
PQFP, the 164020 sells for less than $45 in large quantities and will be available
in production quantities by mid-1997. Contact LSI Logic at (408) 433-8000, or on
the web at https//www.lsilogic.com.

Also aiming at the digital set-top box, afamily of highly-integrated digi-
tal-signal processors, the TMS320AV 7000 seties, contains all the functions needed
to decrypt, decode, and display digital video. Developed by Texas Instruments
Ine. (TT), the circuits combine the CPU and transport functions along with the
audio/video decompression and overlay funetions, and an NTSC/PAL video en-
coder to directly feed a signal to a TV or other display. Also included is a mem-
ory-subsystem controller that consolidates the various memory blocks used to
buffer/store video data into a single 16-Mbit synchronous DRAM. The first family
member, the TMS320AV 7100, integrates a 32-bit ARM Thumb RISC processor,
| an advanced graphics accelerator, a transport demultiplexer, conditional access
and decryption modules, an MPEG-2 video decoder, an MPEG audio decoder, and
an NTSC/PAL video encoder with Macrovision copy protection. By supporting
multiple simultaneous and overlapping windows, the chip’s graphics accelerator
allows the windows to be individually displayed with up to 256 colors or true-color
graphies. The transport demultiplexer and the conditional access and decryption
modules are optimized for digital satellite system (DSS) requirements. An updated
version of the chip, the 320AV7110. has the same functions optimized for digital
video broadcast systems and supports external multiple conditional access and
decryption schemes used by different service providers. The dual 16- and 32-bit
nature of the ARM Thumb instruction set allows set-top box manufacturers to
minimize storage space for the application software since off-chip software can be
stored in 16-bit mode commands instead of 32-bit commands. Samples of the
AVT7100 are now available; samples of the 7110 will be ready in February. Both
chips will sell for under $45 apiece in 100,000-unit quantities. Contact TI at (300)
477-8924, ext. 4500, or on the web at https/www.ti.com.

Now available in a Windows 95-compatible version, the Magic Cap
communications software/utilities from General Magic Inc.. Sunnyvale, Calif,,
provides a suite of tools that handle e-mail, faxing, and Internet access, along
with features such as a personal organizer and address book. Developed to meet
the electronic communication needs of the small-office/home-office user: the soft-
| ware places the utilities into a user-friendly interface that hides the technology—
using the metaphor of the desktop with graphic images of all the often-done
tasks. Bundled are features for sending/receiving faxes, tying into the Internet
with a bundled version of Microsoft’s Internet Explorer software, a name-card
database/address book, a datebook, a filing cabinet that organizes messages and
e-mails, and features to help accentuate messages—gaphics, animation, and
voice annotation. System requirements are a 486/33 or higher-performance plat-
form with Windows 95, 8 Mbytes of RAM, 10 Mbytes of available disk storage,
and a 14.4 kbits/s modem. Retail pricing of the software is $49. A free 30-day
| trial version can be downloaded from the company’s web site at http:/www.gen-
| magic.com. A trial CD-ROM can he requested by calling (888) 239-4824.

|
|

V¥ PRML READ CHANNEL
PUSHES 165 MBITS/S

Manufactured in a 0.5-micron CMOS

linear process, the MS131 PRML read-

channel device is aimed at high-per- |

formance, high-volume
drives. The device, which operates
from a single 5-V supply, can handle
data rates from 25 to 165 Mbits/s. In

hard-disk |

read mode, the part consumes less than |

860 mW. In sleep mode, less than 5 mW

are needed. The part works with MR |
heads and supports the SMART disk- |
failure prediction technology. The |
MS131'’s adaptive circuitry helps main- |
tain a high level of performance while |

compensating for media variations due

to environmental, component, and ag- |
ing factors. To simplify drive design,

the chip offers a quality monitor, whose
output supplies an indication of per-
formance based on the difference be-
tween the actual data and an ideal read
signal. An evaluation board and Win-
dows-based development environment
are offered. Production quantities of
the MS131 PRML read channel are
now available.

Lucent Technologies

555 Union Blvd.

Room 30Q050BA

Allentown, PA 18103

(800) 372-2447, Dept. P97

» CIRCLE 660

WV DRIVE TECHNOLOGY
IMPROVES RELIABILITY

The latest addition to the Medalist

family of hard-disk drives is the model

232, a 2.1-Gbyte, 3.5-in. drive

equipped with a Fast ATA-2 interface.

The drive is built with SeaShield

which, according to the company, en- |

hances reliability and simplifies in-
stallation. SeaShield protects the pe
board against environmental and han-
dling conditions. It consists of a cover
placed over the board and secured to
the head-disk assembly. While help-
ing to reduce electrostatic discharge,
the covering protects against knocks
and bumps that can occur. The Medal-

ist 2132 fits a 1-in. high form factor |

and features an average seek rate of
12 ms. As a result, the drive is suited
for video and multimedia applications.

Seagate Technology Inc.

920 Disc Dr.

Scotts Valley, CA 95066

(408) 438-6550

http:/hewwe.seagate.com

» CIRCLE 661

ELECTRONIC DESIGN « COMPUTER SYSTEMS SPECIAL EDITORIAL FEATURE « DECEMBER 2, 1996



Experience The New Colon
DSOs From LeCroy

Get the Complete Picture with

our color DSOs. Our innovative

approach to the use of color

gives you...

® Analog Persistence, an analog
view of your signals with millions
of data points stored in memory
for complete analysis.

® A 9" Color Viewing Area, with
a 50% larger viewing area than
a conventional 7" display.

®Fu Mode allows you
to toggle the menus off and
wtilize the entire viewing area for

your signal.

allows you to clearly differenti-

ransparent

g

.l‘ \
I 'wely
1 olk G

T2 g

w
[
wey
1%

P

1-800-4-LeCroy
http://www.lecroy.com
Offer good only while supplies last.

*Trademark of IBM Microclectronics
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ate overlaid signals. Overlap area

is shown in a unique color and
managed dynamically as waveforms
are updated.

But that’s not all! Besides the unique
implementation of color, which saves
you time, we also give you the
complete picture with the best
capture and analysis features all driven
by a PowerPC™" microprocessor.

If you are a DSO user, or plan

to purchase one in the next

12 months, get a FREE Panoramic
35mm camera by requesting
more information on our new
color DSOs.
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| 'V THREE-SLOT VME CHASSIS

| AIDS IN DEVELOPMENT

The three-slot VMExcel VMEbus
chassis can be used as a self-contained
development environment or as the
housing for a complete production
system. The monolithic backplane is
fitted with Auto Bus Grant connec-
tors that eliminate jumper resetting
when boards are inserted or removed.

The tower enclosure contains an
80/110-W power supply operating at
a universal input voltage of 85 to 264
V. A removable module accepts 3.5-in.
floppy- and hard-disk drives. A fan,
mounted to the top-rear of the unit,
draws air upwards through the active
board area while pulling a separate
air flow through the power supply. To
maximize thermal efficiency, slot zero

Introducing the Pentek
Model 4285—the octal
‘C40 DSP board with an
unprecedented combination
of memory and I/O for
handling your toughest real-
time system demands. A full
complement of fast, zero-wait SRAM on
both local and global busses of all eight
‘C40s delivers a full 400 Mflops of
horsepower.

Harnessing all of this power is easy since
no other octal DSP can match the 4285's
range of interface options: two VME
interfaces for system control

THE OCTAL DSP BOARD
WITH THE MUSCLE TO GET YOU
10 THE FINISH LINE FIRST.

And when it comes to peripherals,
Pentek leads the industry with the most
complete family of fully compatible data
acquisition and 1/Q interfaces.

Get up and running fast with our
powerful SwiftNet™ communications
software, high-level languages,
compilers, debuggers, DSP libraries and
dozens of other fully supported
third-party software tools.

For a datasheet, full catalog and related
application information or to discuss your
requirements with an experienced systems
engineer, call us today at

and high-speed VME64 -mammmamsnm 201-818-5900
DMA transfers, MIX™ and for each 'C40 Ext. 579. S
PMC/PCI mezzanine * 3 MB highspeed YME spooker SRAM | A o SREREERSE
interfaces, front panel ¢ VMEG4 master/slave interface get your ﬁ &/

‘ communication ports, global : g “‘Z‘: ‘":;“ s application =

[ bus expansion ports, and . m;o““ mmh a 1o the % F/
optional VSB, RACEway™ and | sige oo et fish e £
custom 1/O on P2, line first. Q«;\"

. .
Worldwide Distribution and Support

PENTEIK

trademank
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is placed at the center of the unit,
apart from the power supply and disk
drives, separated by a full-height di-
vider. The single-unit price for the de-
velopment chassis is $1700.

VERO Electronics Inc.

1000 Sherman Ave.

Hamden, CT 06,14

(203) 288-8001

http:/lwww.vero-usa.com

» CIRCLE 662

V¥V TOUCHPAD WORKS IN WET
OR DRY ENVIRONMENTS

Increased performance, improved re-
liability, and reduced power consump-
tion are the hallmarks of Interlink
Electronics’ latest touchpad. Built
with a semiconductive technology, the
touchpad employs a patented Force
Sensing Resistor that uses physical
touch to drive cursor positioning,

rather than the electrical capacitance
of current touchpads. The semicon-
ductive touchpad requires about 85%
less power, operates in wet or dry en-
vironments, supports stylus pointing,
and allows signature capture. The
touchpad works with a fingertip,
gloves, or a stylus. An OEM develop-
| ment kit is available now for $150.
Interlink Electronics Inc.

546 Flynn Rd.

Camarillo, CA 93012

(805) 484-8855
hitp:/fwww.interlinkelec.com

> CIRCLE 663
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LOW-POWER DESIGN

A Collection of CSEM Papers

General Tutorial Papers

Drigatal Crrcuits

Devices and Analog Circuits

Low-Power Systems

has become a critically important task in the implemen-

tation of electronics systems of all kinds, and especially for
portable and battery-powered functions. The requirements for
low-power will pervade systems and IC design to an ever increas-
ing extent.

Over the past decade, minimization of power consumption

This collection of landmark CSEM (Center Suisse d’Electronique
et de Microtechnique SA) papers has been produced as a handy,
basie reference book.

__________ Now Available For*®125. _ __ __ __ __ _

LOW-POWER DESIGN Amount Mail to:
O Single order, $125 ELECTRONIC DESIGN

. : 611 Route 46 West
O Multiple order: Quantity: x $125 = Hasbrouck Heights, NJ 07604

For S & H please add $6 for domestic o Attn: Jeanne Sico
or $25 for international per book 15 or fax: 201/393-6073

00 Master Charge O American Express [ VISA 0O Check (payable to Electronic Design)

Account Name Account #

Signature Expiration Date

Name Title

Company

Company Address B

City State Zip

Phone Fax E-mail
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V¥ TERMINATORS REDUCE COST,
IMPROVE PERFORMANCE

A pair of nine-channel SCSI termi-
nators recduce cost while improving
performance. Designated the
LX5218 and LX5219, the two chips
employ an adaptive nonlinear mode
architecture. This eliminates the
need for output capacitors, resulting
in a performance boost, especially in
UltraSCSI applications. Using the
adaptive nonlinear mode architec-
ture, the terminators’ current acts as
a complex, nonlinear function of cur-
rent and voltage. The [.X5218 and
LX5219 are differentiated by their
sleep-mode logic. The LX5218 is ac-
tive-low, while active-high. The mini-
mum operating voltage is 3.5 V. They
also sink up to 60 mA of current, mak-
ing them compatible with today’s
fast-active negation drivers. The
chips are housed in 14-pin, wide-body
small-outline packages or 20-pin

TSSOPs. In lots of 1000, the parts
sell for $2.08 each.
Linfinity Microelectronics Inc.
11861 Western Ave.

IBM
Disk Drive

Keyboard Accessory

MICROPOLIS USA
Disk Drive

.

TADIRAN
Communications

HUGHES NETWORK SYSTEMS
Digital Satellite Communications
" BALDWIN PIANO & ORGAN COMPANY

DKE ELECTRONICS
Fish Locator

Garden Grove, CA 9281
(714) 372-8357
» CIRCLE 664

Vv PC SPEAKERS

CONNECT TO USB
The Universal Serial Bus (USB) is
used to connect the USB46 speaker
system to the host PC. The speaker's
three-piece design consists of two
full-range shielded satellite speakers
(rated at 6 W per channel) and a 4-in.
long-throw subwoofer (rated at 20 W)
with a frequency response ranging
from 42 Hz to 20 kHz. User-interface
software, which features an on-screen
display, is also bundled. Other fea-
tures of the USB46 include a smart
automatic power-down mode and an
electronic volume control. The USB46
USB-enabled speakers are prived at
$149.

Altec Lansing Technologies Inc.

Routes 6 and 209

Milford, PA 18337

(800) 6.,8-6663

http:/hwewe.altecmn.com

» CIRCLE 665

o

AMD

ONLINE DEVELOPMENT
Process Control .

.
Nothing Succeeds Like Success.

Silicon Applications

DIGI INTERNATIONAL INC.
LAN Print Server

V¥ BOARD CONNECTS
PMCs TO VMEbus

PCI Mezzanine Cards (PMC) can be
connected to the 6200 VMEbus base-
board, allowing for I/O expansion in
VMEDbus systems. The 6200 baseboard
is a 6U VMEDbus design with a PCI-to-
VME64 interface and two standard
PMC slots. To maximize bandwidth
utilization, the board employs built-in
FIFO buffers to write-post data trans-
fers between the PCI bus and VME-
bus. In addition, the 6200 offers
block-transfer capability and imple-
ments a full suite of VMEbus address
and clata transfer modes. Available im-
mediately, the 6200 VMEbus base-
board sells for $1395 in single
quantities. A software development kit
is available that includes sample UNIX
drivers and software-development
dlocumentation.

Interphase Corp.

13800 Senlac

Dallas, TX 7523}

214) 654-5325

http:/heww.iphase.com

» CIRCLE 666

)
" AVAL COMMUNICATIONS ‘
Wireless Voice Communications

13857, ‘
e

KMC CONTROLS
. Process Control
- Communications

“

Today, 9 out of 10 Am186/188" EM/
ES designs use CheckMate 11
emulators. Because CheckMate is a

full featured, pocket-sized emulator.
Guaranteed to run in target. At about
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V¥ ULTRA SCSI COMES
TO THE SBus
Designed to operate with the SBus ar-
chitecture, the PT-SBS450 adapter con-
nects to Ultra SCSI peripherals.
Offering a data-transfer rate of up to
40 Mbytes/s, the board operates in Ul-
tra SCSI fast and wide modes. 1i’s also
backward compatible with alder SCSI

----

e,

. Fat
peripherals. It supports Sun worksta-
tions running either the Solaris 2.X
or Sun OS 4.1 operating system. The
PT-SBS450 is buiit with dual proces-

T1 Transmission Equipment

BEACON DEVELOPMENT TOoLs

half the cost of a box emulator.

It all started in 1993. AMD
introduced the Am186%(25 MHz). And
CheckMate delivered emulation
support in less than a week. In 1994,

T Nosmhland 11 Se 2N Agatin, Tocas UL N1LAS 6T -

sors. One is an embedded RISC proc-

v TXPORT - V

AMD and CheckMate worked to-
gether on a 40 MHz version for IBM.
Four months later, the
Am186"EM(40 MHz) and the
CheckMate 11-186EM were jointly

essor that supervises operations,
which minimizes the overhead placed
on the workstation. The second CPU
is an Ultra SCSI controller that runs
all the SCSI commands. The dual-
CPU design helps reduce interrupt
latencies. The bundled software in-
cludes adaptive synchronous negotia-
tion (ASN) to sustain 40-Mbyte/s
transfer rates. The PT-SBS450 Ultra
SCSI adapter is available with a sin-
gle-ended or differential interface.
The single-ended version sells for
$1095, while the differential model
costs $1145.

Performance Technologies Inc.

315 Science Pkuwy.

Rochester, NY 14620

(716) 256-0200

http:/hovne.pt.com

» CIRCLE 667

Vv VIDEQ PROCESSOR BOARD
CONTAINS DUAL DSPs

High performance and I/0 flexibility

are the key features of the Model 7280

Multimedia Video Processor (MVP)

PCI board based on a TI TMS320C80

ADAPTEC \
SCSI Controtler

introduced.

NI4T BAX S12:467 Suott intolteaconteols com  Trademarks ate the propecry of thetr respactee hiden
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SYMBIOS LOGIC
High Performance
Disk Drive Simulator

So it vou're interested in AMDx86
success, call 800-769-9143.

Beacen Development Tools.
We illuminate you're code.

SYSTEM DESIGN PRODUCTS |}

DSP chip. The full-length board cap-
tures and processes live video in real-
time for applications such as virtual

reality, videoconferencing, medical im- |

aging, and machine vision (inspection
and defection analysis). The board holds
one or two 60-MHz processors. The ar-

chitecture consists of twin processor |

cores connected to a common PCI in-
terface. Each processor core has a C80
that's coupled to private memory and

I/O resources. Up to 1.5 Gbytes/s of |

throughput can be achieved. The board

also contains up to 16 Mbytes of DRAM, |

twin 2-Mbyte VRAM banks, and 512
kbytes of flash memory. The processors
access private I/O through the serial ac-
cess port of the VRAM banks. In addi-
tion, each processor can connect to a
16-bit daughterboard control inter-
face. The Model 7280 MVP board
costs $5295.

Pentek Inc.

One Park Way

Upper Saddle River, NJ 07458

(201) 818-5900, ext. 720

http:/fwww.pentek.com

» CIRCLE 668

WAVEPHORE
Satellite Receiver

TECMAR TECHNOLOGIES
Tape Drives |

BEACON
DEVELOPMENT
TOOLS

Ad e
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V¥ PRML READ-CHANNEL ICs
TRANSFER 240 MBITS/S

A pair of PRML read-channel ICs,
the 32P4935 and 32P4937, are capable
of data rates of 125 and 140 Mbits/s,
respectively. Both are pin-compatible
| with previous-generation parts. The
parts employ a completely analog
method for Viterbi detection, which
eliminates the need for an analog-to-

digital converter and DSP techniques
to convert the analog read-channel
stream to a valid digital data stream.
The result is faster performance.
Other features include thermal asper-
ity detection and correction which re-
duces errors caused by head-to-disk
contact and the resulting heating off-
sets in the MR-head output. Prices,
in lots of 1000, are $15 for the 32P4935

E B B & ea

FOWER » STATUS

OR QUALITY YOU
AN TUOUCH
\GAIN B AGAIN

un. J ENTE e

R soLUTIon.
far_lamnglmpmmam_

Optimize your display inferface with TouchView" Pius, the innovative soluticn that
combines the efficiency of membrane switches with the flexibility of touch
screens into a compact, user-friendly & multifunctional interface custom
tailored for any application.
TouchView" Plus from CAM Graphics gives you the
freedom you need fo integrate high quality factile and visual
interfaces onto a single monolithic surface small enough to fit
into the tightest spaces. What's more, CAM’s in-house design
engineering and vertically integrated manufacfuring capabilities
remove any burdens related to production. Call us today for a
free consultation on your custom application.

15 Ranick Drive WesT = Amityvitle, New York 11701

Canw
C.A.M. GrarHics Co.,

* TeL: (516) 842-3400 - Fax: (516) 842-1005

InC.
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and $16 for the 32P4937.
Silicon Systems Inc.
14351 Myford Rd.
Tustin, CA 92780
(800) 624-8999, ext. 151
http:/lunvw.ssil.com
» CIRCLE 669

V¥ VME BACKPLANE
HOLDS TWO SLOTS

The latest VMEbus backplane from
Electronic Solutions features a two-
slot, eight-layer architecture. Also in-
tegrated into the backplane are SCSI
connectors, fuses, control LEDs, a
test connector, a temperature sensor,
and reset logic. It is built with automatic

daisy-chain circuitry and proprietary
high-current-feed power connectors.
Suitable applications include point-of-
sale platforms. The dual-slot back-
plane is available immediately.

Electronic Solulions

6790 Flanders Dr.

San Diego, CA 92121

(800) 854-7086 or

(619) 452-9333

» CIRCLE 670

Vv CD-ROM DRIVE OFFERS

A 12X SPIN RATE
The latest CD-ROM drives are spinning
at 12X the standard rate. The FX120 is
no exception. The high spin rate pro-
duces a data-transfer rate 1.8 Mbits/s
and an average seek time of 130 ms.
Performance is further improved
thanks to the 256-kbyte cache buffer.
The connection to the host platform is
made through an ATAPI interface. The
drive, which fits a standard half-height
form factor, can be mounted either hori-
zontally or vertically. The patented tray
assembly holds the disk in place. The
FX120 supports DMA transfers and the
CD Plus and CD-I disk formats. Avail-
able now, the drive sells for $249.

Mitsumi Electronics Corp.

6210 North Beltline Rd., Suite 170

Drving, TX 75063

(214) 550-7300

» CIRCLE 671
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Vv EXTERNAL DRIVE

WORKS WITH PC CARDS
Designed as an add-on to notebook,
palm-top, and pen-based computers,
the IC Card Drive reads and writes
to and from SRAM-based memory
card. It supports flash, one-time-pro-

grammable, and UV-EPROM cards
from most major manufacturers. The
device, which complies with PCMCIA
and JEIDA standards, can be used
for memory-card duplication. The 1C
Card Drive connects to the host sys-
tem through a serial or parallel inter-
face. A 6-ft. serial cable is bundled
with the 15-0z. drive. Automatic
baud-rate selection is available from
1200 to 115,200 baud. Available now,
it sells for $795.

Logical Devices Inc.

130 Capital Dr.

Golden, CO 80401

(800) 315-7766, ext. 202

http:/fwww.logicaldevices.com

» CIRCLE 672

v PROCESSOR SIMPLIFIES
PEN INPUT

Designers can build systems with a low-
cost pen interface using the TR88802CS
Pen Input Processor. The chip inte-
grates all pen-input tasks into one de-
vice, including drivers for the digitizer
tablet. It executes all of the signal proc-
essing and coordinate calculations re-
quired to supply pen-positioning data at
200 coordinates pairs/s. The chip con-
tains all the analog circuitry necessary
to drive the X-Y resistive planes, sense
the relative voltages, and calculate the
coordinates. In addition, the device in-
corporates the pen-detection cireuitry

needed for handwriting recognition. It |

also contains power-manangement
modes. To detect the X-coordinate po-
sition, the chip applies a current to the
X-plane resistive film and senses the
voltage picked up by the Y-plane resis-
tive film. This voltage is sensed by the
processor, which is then used to caleu-
late position. Working at 5 V, the
TR88802CS has a standby current of

ELECTRONIC DESIGN = COMPUTER SYSTEMS SPECIAL EDITORIAL FEATURE « DECEMBER 2, 1996

less than 10 microA. Two versions of
the processor are available. In a 28-pin
SO package, the chip sells for $3.25. In
a 16-pin serial-only configuration, the
part costs $2.75.

TriTech Microelectronics

2290 North First St., Suite 204

San Jose, CA 95131

(408) 894-1900

» CIRCLE 673

Vv HARD-DISK CONTROLLER
SUPPORTS ULTRA2 SCSI
Ultra2 SCSI support is built into the
SYM201F40  hard-disk  controller:
What's the big deal, you ask? That
means that the part supplies an 80-
Mbyte/s transfer rate, a 160-Mbyte/s
burst buffer bandwidth, and a 40-
Mbyte/s disk transfer rate. The chip
comprises a SCSI protocol controller, a
host DMA and multi-context engine, a
buffer manager, a disk formatter, error
correction, and a microprocessor inter-
face. Because each block is buiit with a
central core methodology, integration
with additional logic is simplified. Such
external logic could include a micro-

SYSTEM DESIGN PRODUCTS

processor, embedded memory, servo
and spin function, or an ASIC. The
SYM201F40 supports greater device
connectivity and longer cable lengths
using the Low-Voltage Differential
(LVD) technology. This permits tran-
fers over distances that previously re-
quired differential SCSI and external
transceivers. Backward compatibility
lets users switch bwteen LVD and
single-ended modes. It also allows for
use with previous generations of
SCSI peripherals. The processor in- |
terface supports a standard RISC in- |
terface, including parts from Hitachi,
Intel, Motorola, and Texas Instru-
ments. The chip is housed in 144- and
176-pin TQFPs. Samples are available
now, with production volumes coming
shortly. A firmware development sys-
tem, including a disk emulator, is also
available.

Symbios Logic Inc.

2001 Danfield Ct.

Fort Collins, CO 80525 '

(800) 856-3093

http://lsymbios.com

» CIRCLE 674
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HALF-SIZE 5x86/486

Highly integrated, versatile
and powerful SBC with

onboard Ethermet & VGA
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HALF-SIZE 5x86/
486DX2/DX4 SBC

TEKNOR designs and manufactures the
world's most advanced and refiable industrial
SBC and systems. Call TEKNOR today at
1-800-387-4222 for detailed product specs.

* CANADIAN HEADQUARTERS: 616 Cure Borvin, lmnmnd.;). 16 W7
Tel: (S14) 437-5682 ~ 1-800-354-4223 ~ Fax{514) 437-8053

2+ US. HEADQUARTERS: 7900 Glades Road, Boca Maton, FL 33434
Tel: (407) 883-6191 ~ 1-800-387-4222 ~ fax-(407) 883-6690
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KEY FEATURES
® 5x86/486DX2/DX4 uP ® Local bus IDE hard disk ~
 Flat panel/CRT SYGA support @ Flash BIOS i 3
® | Mbyte video DRAM ® RTC with bottery backup
® Feature Connector for video  ® PC/104 compatible
overlay ® Watchdog timer

® |0Base-T / 10Base-2 ® Power foilllow battery
Ethernet Controlier detector
® Plug & Play Compatibility ® Extensive power

management features
® |SA passive backplane

® 4 Mbyte Bootable Flash Disk
® 128 Mbytes of DRAM

—— T e
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SYSTEM DESIGN PRODUCTS

V¥ AUDIO MOVES TO
THE PCI BUS

Mainstream P(Cs can be transformed
into audio-enabled PCs using the Sonic
Vibes audio processor. The single-chip
device audio processor moves the audio
acceleration from the ISA bus to the
PCI bus for increased performance,
while offering backward compatibility
with the ISA bus. The part also adds

wavetable synthesis to the mother-
board. In addition, by supporting Mi-
crosoft’s DirectMusic API, the part
supplies an unlimited sound palette.
Previously, sounds were stored in
ROM, which allowed 128 general in-
struments. Now, those sounds can be
stored in RAM, enabling the palette to
be expanded. Available now in a 160-pin
PQFP, the Sonic Vibes audio accelera-

Q. Why Simulate?

A. Because It Really Works...

..when you have the right software tools. With ICAP/4,
The Virtual Circuit Design Lab, you can simulate the toughest
System, IC, and Board-level designs.

You said you would do more simulation if
the tools were easier to use. Well here
you go!

¢ Ease of Use for The Beginner,

Power For The Professional

With ICAP/4 you can sweep ANY circuit variable
from the schematic and instantly view the results.
Seamless schematic-simulator integration makes it
easy to see the effects of design changes.

¢ Unmatched SPICE Power

Interactive Native Mixed Mode SPICE 3F and
XSPICE based simulator with unlimited circuit size

Simulate all types of designs: Power, ASIC, RF,
Analog, Digital, Electro-Mechanical

Advanced Features: AHDL Modeling, Latest BSIM3
MOS model, Simulation Alarms, Scripting Language

State-of-the-Art Convergence Algorithms
Powerful Behavioral Modeling Enhancements

New.. Test Design and Test Validation Options

—— e -

l
Magnetics
' Designer

 Demo Available

intusoft

T
]
|

i

= =

¢ Bigger SPICE libraries than

ANY other vendor
8000+ models with more model types than any
other vendor! Special RF and Power Libraries!

¢+ Integration With OrCAD® Capture™

or Protel® Schematic®™

Intusoft is the first to bring you real integration
with other schematic packages using OLE2
techniques. You can run IsSpice directly from
other schematics and cross-probe the results.
All simulation functions are available from
dialogs and little or no typing is required.

¢ Unmatched Service & Support
Network Version (No Protection Key Required)

Qualified EE’s Ready To Answer Your Questions
Free SPICE Modeling Service

Windows, 95, NT, DOS, Macintosh, Power Mac
Upgrade Path from lower cost tools
Affordable Prices, $595 - $2595

Download Your FREE SPICE Simulation Kit,
App Notes, and FREE Model Libraries!

Web Site: http://www.intusoft.com

email: info@intusoft.com

Simply The Best SPICE At An Unbeatable Price!
P.O. Box 710 San Pedro, CA 90733.0710 Tel. 310-833-0710, Fax 310-833-9658
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tor sells for $30 each in lots of 10,000.
S3 Inc.
2770 San Tomas Expwy.
Santa Clara, CA 95051
(408) 980-5400
» CIRCLE 675

V¥ SBCS HELP FORM PLUG-
AND-PLAY SERVERS

A true plug-and-play system can be
built using the MSBI133P0 and
MSB166P0 single-board computers. All
that’s required to build a complete sys-
tem is the SBC, Windows NT, internal
modems, and Citrix WinFrame soft-
ware. The resulting system offers high-
performance remote access for up to
eight concurrent users. Based on a Pen-
tium microprocessor running at 133 or
166 MHz, the boards support up to 128
Mbytes of DRAM, 572 kbytes of cache
memory, and 1 Mbyte of memory that’s
dedicated to the PCl-based graphics.
The boards are compatible with Win-
dows 3.1 and NT, DOS, 0S/2, and Unix.

Mulli-Tech Systems Inc.

2205 Woodale Dr.

Mounds View, MN 55112

(800) 328-9717 or

(612) 785-3500

http:lhwune.multitech.com

» CIRCLE 676

' W PC GRAPHICS ACCELERA-

TOR TOUTS THE HIGH END
Based on the S3 Virge/VX graphics ac-
celerator chip, the 9FX Reality 772 64-
bit accelerator board handles video and
2D and 3D graphics. Aimed at the high
end, the VRAM-based board comes
with either 2 or 4 Mbytes. The board’s
3D rendering capabilities include hard-
ware texture mapping with perspec-
tive correction, bilinear filtering, 16-bit
Z buffering, alpha blending, fogging,
and support for compressed texture
formats. [t's also built with support for
Microsoft’s DirectX APIs, which in-
clude DirectDraw, Direct3D, and Ac-
tiveMovie. For video playback, the
9FX Reality 772 employs on-board
color interpolation and X-Y video scal-
ing for full-screen video playback at 30
frames/s. Available now, the 2-Mbyte
version costs $199, while the 4-Mbyte
model sells for $279. A 2-Mbyte up-
grade costs $99.

Number Nine

18 Hartwell Ave.

Lexington, MA 02173

(617) 674-0009

» CIRCLE 677
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So, You Want To Gonvert To

JEFF POWELL,

SCOTT BECHTEL,

Proper planning, early in the design, can make
m mn for a relatively painless implementation process.

and BRIAN DURWOOD

Maxtek Components Corp.. 13335 SW Terman Rd., P.O. Box 428. Beaverton. OR 97075-0428: (503) 627-4133; e-mail technology @maxtek.com

or many years, multichip
F modules (MCMs) and hybrid
circuits have been relegated
1o the military and other high-end
applications for which they were
originally designed, due to their
complexity and subsequent high
cost. Fortunately, recent ad-
vances in materials and processes
have lowered the cost of MCMs
to the extent that they are now a
viable alternative in mainstream
applications. However, a discrete
solution is still less expensive,
and in this extremely competitive
environment, the decision to go
with MCMs must not be taken
lightly. Once the decision has
fallen in favor of a full- or part-
MCM implementation. steps can
be taken in the early stages to
make the process go smoothly.
The advances in MCM tech-
nology have been numerous and
wide-ranging. In addition to
MCM-C chip-and-wire assem-
bly onto ceramic substrates, it is
now possible to wirebond to spe-
cial low-dielectric-constant pe
boards, giving improved high-
frequency performance to-
gether with a reduction in mate-
rial cost. Bare-die protection
provided by relatively expen-
sive ceramic covers can be re-
placed by a “glob” of special ep-
oxy. Both chip-and-wire and sol-
der assembly can be combined
on one substrate, allowing com-
ponents such as relays to be
combined in close proximity
with conventional micromini-

1. Advances in
MCM and hybrid-
circuit manufactur-
ing have made
these modules
smaller, lighter,
faster, and less
expensive. These
improvements
have been the
impetus behind
the rapid deploy-
ment of MCMs
from military and
other high-end
applications into
mainstream appli-
cations in recent
years.

ature components in a single
economical package. CAD lay-
out and simulation tools also
have greatly contributed to
lower development costs.

All these advances have made
MCMs and hybrid circuit mod-
ules smaller, lighter, and faster,
and have made thick-film, thin-
film, and cofired ceramic mature
substrate technologies. Such
improvements have supported
the rapid deployment of MCMs
into mainstream applications in
recent years (Fig. 1).

Despite the availability of the

technology, it is still more ex-
pensive than a discrete solution,
and comes with many nonrecur-
ring development costs. Conse-
quently, the decision to move to
an MCM requires the designer
to conduct a thorough evalu-
ation of product requirements.

ﬁiven these concerns, when
should you consider an
MCM? Usually, the compelling
reasons are performance, reliabil-
ity, thermal management (e.g.
power dissipation), and density.
With respect to performance and

|
|

|
|

ELECTRONIC DESIGN « PIPS SPECIAL EDITORIAL FEATURE » DECEMBER 2, 1996




CONVERTING TO AN MCM

Removing bulky IC packages

1t

. Even thermistors can be

\
El{\

(I80] (1]

and bonding die directly to

substrate reduces distances
and interconnects for lower
parasitics and better heat transfer.

Printed, laser-trimmed
resistors save on space.

printed in thick film and
placed underneath resistors
to monitor temperatures.

Multifayer printed capacitors,
also laser trimmed, replace
bulky adjustable caps.

reliability, eliminating subcom-
ponent  packages, providing
short(er) signal and power runs,
and replacing manually-adjust-
able elements (R, C, or L) with
laser-trimmable components re-
duces parasitics at frequencies
from as low as 100 MHz (Fig. 2).
Controlled-impedance transmis-
sion lines and multiple-plane lay-
outs provide each IC with a direct
voltage supply. This improved
signal-path integrity and power-
supply decoupling results in less
noise, less ringing, and fewer os-
cillations in critical high-speed
circuits (Fig. 3). The multiplane
layouts also provide flexibility in
signal isolation and power-sup-
ply routing.

This design flexibility enables
an entire layer to be allocated as
aground plane. Other layers can
be allocated as supply-voltage
planes sandwiched with high-K
dielectric material to build de-
coupling capacitors right into
the substrate. Supply voltages
can then be “grabbed” through
vias wherever required.

Potentiometers and variable
capacitors are frequently used to
compensate for active-device
variability in applications that re-

heat dissipation is becoming in-
creasingly problematic as power
densities continue their upward
spiral. MCMs can control and re-
move heat more easily than pack-
aged ICs, as it is possible to mount
the bare die directly to a ceramic
substrate that has lower thermal
resistance than a pc board. In
some of Maxtek's more advanced

module designs, the substrate has TR

a cutout, enabling the 1C to be di-
rectly mounted to an integral heat
sink, yet still be wirebonded to the
ceramic or organic substrate.
Higher thermal conductivity can
reduce thermally induced low-
tfrequency effects (thermal distor-
tion and offsets).

nce the choice has been made

for an MCM, the next step is
to optimize the circuit for MCM
technology and to decide how
much outside help, if any, will be
required. If you simply want to
shrink your board by using a cou-
ple of bare ICs, there are tools
that will enable you to do much
of the work yourself. Check your
CAE/CAD library for models of

2. Eliminating
subcomponent
packages and
replacing manu-
ally-adjustable
elements (R, C,
or L) with laser-
trimmable com-
ponents reduces
parasitics,
improving high-
frequency
performance.

the bare-die equivalent of your
components, and for the required
interconnection rules. A simple
board often can be assembled
fairly inexpensively. If there are
performance questions or more
complex issues, it may be best to
consult with an MCM design
house.

You should not be intimidated
by this exercise—MCM’s are
not that “exotic.” But you must
have realistic expectations. You
probably won’t be able to reduce
size, increase speed, and lower
cost all at once, so you must get
your priorities straight. Finally,
pick a supplier whose focus
matches your needs. MCM
houses can be roughly classified
as either Level 1, 2, or 3, with
each having their advantages
and disadvantages (see the Ta-
ble).

Level I: A typical prototype
shop or build-to-print subcon-
tractor with limited assembly
process capabilities, specializing
in assembling to a print. At this
level, networks/substrates are
usually purchased and there will
be no design expertise and lim-
ited test capability.

Level 2: Has some in-house
layout and network fabrication
(usually one or two types only).
It should offer a broader selection
of processes to chose from and
have a formal quality system in
place.

Level 3: Offers a broad line of
technologies with full electrical
and mechanical design services.
It can assist in substrate/network
specification, can modify sche-
matics for lower cost and im-
proved performance/yields, and
can partition and design ASICs
for cost reduction as volumes in-

Comparison of M

CM Supply Houses

. . . . |
quire precise circuit performance. | Level | Benefits i PN __Risks
With an MCM, the Ls, Rs, and Cs Level 1 | o May be quick tum « Yield loss/catastrophe
are printed in thick-film “inks,” | *Attention to customer |_* Poar repeatability %
their shape determining their Level 2 | «More complete service level « Limited range of technologies
i : | Requires less hand holdin « Unable to fix electrical problems or
electrical value. During test, these s, 9 A P
’ o parametric shifts
components may be laser- RRSRAC ! THSEL LN R L TR
Level 3 | o Best chance of success o Very low risk

trimmed to optimal values.
Although the importance of

signal integrity and component

accuracy cannot be overstated,

| * Stands behind ASIC development
* Repeatable quality levels
* Can handle volume production
requirements in a cost-effective manner
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“Glad | thought of that!”
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already in
production used
to be a nightmare.
Then I discovered
ARIES Correct-A-Chip™

echnology. Now it’s a dream.”
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THE PROBLEM

“Things change fast in this business...too fast, sometimes. Just when I'd
get a new board into production, my phone would ring. The chief designer
just had a vision! The boards must change!...we had some pretty hot
discussions, let me tell you. They had a new toy - I had a new headache.

THE SOLUTION

“A friend at another company told me she used to have

the same problem, and solved it with Aries Correct-A-Chip
technology. She said Aries could let me change from
through-hoie to SMT, work with any kind of footprint, even
crank up performance in the same board space. And she was
right! Those design changes don't bother me anymore. In fact,
now that I'm plugged into Correct-A-Chip, I sleep like a baby.

Thanks, Aries!”

ARIES
ELECTRONICS, INC. THE PROOF -
Look in the Correct-A-Chip Catalog, visit us on the
P.O. Box 130 Frenchtown, NJ 08825
(908) 996-6841 FAX (908) 996-3891 Inte'met, or call our fax-qn-demapd at (908) 996-6841.
eimail: Mo@alieselEcicom You'll find plenty of sensible solutions to your

problems...FAST.

Visit us on the Web: www.arieselec.com

Sikyel
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CONVERTING TO AN MCM

Six interconnects

l

|

| =

our interconnects

I} [ ﬁ

|

[

l

crease. This suppher is typically
ISO 9001 approved. with an es-
tablished formal quality system.
and is often part of a larger or-
ganization with strong funding.

he first step toward imple-
menting an MCM is to opti-

mize circuit partitioning. taking
into account availability of com-
ponents in microminiature form,
ease of testing. power density,
and thermal considerations. It is
important to divide the circuit
into functional blocks. which also
will reduce the number of /O
pins required. Most suppliers will

3. Shorter runs
and fewer inter-
connects
improve signal-
path integrity,
resulting in less
noise, less ring-
ing, and fewer
oscillations in
critical high-
speed circuits.

assist in circuit partitioning. op-
timizing the number and type of
devices that go into the MCM.
Many suppliers will provide you
with their design rules (often
similar. but ultimately unique for
each house) so you can initiate
your design. The design rules
should list all relevant material
characteristics. especially at high
frequencies. 1o help you choose
the appropriate technology. There
also should be guidelines for ther-
mal management. various pack-
age styles. and how 1o proceed to
the second step, which is the
choice of technology (Fig. 4).
The design process is typi-
cally iterative—the supplier
will expect to help with parti-
tioning and circuit design, and
take the lead on the rest, with
respect to ASIC design, ther-
mal analysis, electrical simula-
tion, design for manufacturabil-
ity, design for testability, proe-
ess development (if required),
manufacturing, and ac test.
Along the way you’ll need to
make decisions. What means of

GLOSSARY OF TERMS

ollowing is a glossary of | various degrees. Typically a welded
various terms that were | package.

used in the main text of this
article on MCMs.

|

(Active) Laser trim: As part of |
the manufacturing process, the |

MCM is locked into a measurement
fixture and printed resistors, ca-
pacitors, or inductors are trimmed
with a laser to achieve specific pa-
rameters.

COCOF: Chip-on-ceramic-on-{l
ex. Small thick- or thin-film or
LTCC ceramic substrates attached
to a flex cireuit.

COF:: Chip-on-flex. As above, but
with a flexible substrate. Provides for
some innovative packaging solutions.

Etched thick film: As above, but
with an interim photomask process
used to apply a UV-sensitive material
that enables finer lines, spacing, and
sharper-edged traces to be etched.

Glob top: Hysol (ar similar potting
compound) used to cover a die to pro-
vide environmental protection.

HTCC: High-temperature
cofired ceramic-laminate substrate

using refractory metals. May have |

embedded passives and carry a cost
premium.

KGD: Known-good  die—typi-
cally bumped and fixtured in order
to test to ac parameters hefore use.
May be tested at temperature or
burned-in. May have significant cost
premium.

Lines and spaces: Typically used
as a measure of the eapability of a
specific MCM technology. Thick film
may be capable of 5-miis between
lines and 5-mil-wide lines, where
etched thick film can bring this down
ta 3-mils. Smaller lines equate higher
frequencies and packaging densities.

LTCC: Low-temperature cofired
ceramic able to use conductive metals

MCM-L: l.aminate (pc  board

| such as FR-4, GETK, Polyimide).

|

because of lower firing temperature. |
Typically lower development cost but |

higher materials cost than HTCC due

| to higher precious metals content.

Hermetic: Air and water tight |
(measured by helium leak rate) to | MCM-D: Deposition (thin-film).

MCM-C: Ceramic.

Si-on-Si: Silicon on silicon where
die is connected to a silicon “sub-
strate.”

TGD: Tested-good die—typically
tested and inked at the wafer level
to provide assurance of functional-
ity as a discrete device.

Thermal  wvia: Column(s)  of
stacked vias filled with thermally
conductive material, sometimes
gold, for the purpose of moving heat
from the die to the outside of the
package (or to a heat sink).

Thick film: Pastes (inks) applied
to a ceramic substrate via a sophis-
ticated precision variant of silk
screening (e.g. steel mesh screens).

Thin film: Sputtering-type depo-
sition of gold, nichrome, or compara-
ble materials on ceramic substrate.

Via: Vertical interconnection to
go from one routing layer to another.
Through vias or stacked vias cross
multiple layers and bring vias ean
start and stop at specific layers,
leaving room above and below for
additional routing.
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CONVERTING TO AN MCM
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thermal dissipation will work
best with your overall system?
There are choices from thermal
vias all the way up to direct die
mount on heat spreader, and
even water or freon cooling.
What type of packaging, inter-
connect, and sealing fits with
your system? Package choices
range from globbed chip-on-
board to z-axis compression con-
nectors to hermetically-sealed
gull-wing packages. The result-
ing MCM should be one that
your manufacturing equipment
can handle as if it were a normal
component.

Engineers can save on costs by
working with their provider for
partitioning, specifying packaged
parts where possible and provid-
ing reasonable forecasts.

Simple MCMs resemble pc
boards and may be tested for dc
functionality and basic IPC
rules; however, complex MCMs
are often full subsystems with
their own high-frequency, high-
temperature, and packaging
problems. In-line tests reduce
costs by identifying problems
before final lidding so that re-
work or component replace-
ment can increase module yield.
Final ac testing ensures that the
entire MCM performs as if it
were just another component.
Be prepared to write or collabo-
rate on a test specification, and
make sure that your MCM
house has the testing capability
you need.

s your design evolves, the
MCM evolves in multiple di-
rections. Density may increase by
converting circuitry to an ASIC.
Cost can decrease by changing to
less expensive materials. Speed

often increases just by getting
smarter about the design. For ex-
ample, you might begin with a
discrete-based thick-film MCM,
and ultimately evolve to a chip-
on-board MCM with more of the
circuitry integrated on ASICs and
the power dissipation handled by
die mounted through board cut-
outs to directly contact a heat
spreader.

As previously mentioned,
MCMs are expected to be more
costly than their traditional dis-
crete counterparts. These addi-
tional costs are generated for
three main reasons: An MCM
adds a production step; an MCM
adds material in the form of a
substrate, a cover, or other
packaging; and an MCM uses
bare die, which in many cases
costs more than the equivalent
packaged device (due to lower
volumes and special tests re-
quired in die form).

A rule of thumb to estimate
the MCM cost is to take a multi-
ple of your bill of materials
(BOM):

1.3x: chip-on-board, high vol-
ume, minimal test.

1.5x: simple thick-film MCM.

1.8x: complex thick-film
MCM with enhanced thermal ca-
pabilities and actively trimmed
passives.

2.0x: as above but with extra
processing, such as etched thick
film or special RF shielding.

3.0x:—thin-film MCM.

4.0x:—hermetic, military style
hybrids with burn-in.

But there are some cost sav-
ings to be considered if you in-
tend to compare the cost of an
MCM with its discrete equiva-

4. The choice
of technology to
use for the MCM
package depends
on a number of
factors, includ-
ing cost,
performance re-
quirements,
speed, and heat
dissipation.
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lent. Due to the (sometimes con-
siderable) space savings result-
ing from the use of an MCM, the
size of the pc board and the ulti-
mate product containing the
MCM will be correspondingly
smaller. This may be a signifi-
cant cost saving if the pe board
is a fine-line multilayer type.
Also, the MCM is a fully tested
functional block, saving some
testing/rework at the pe-board
stage. And there is only one
component to purchase, stock
and insert in the pe board in
place of perhaps a hundred dis-
cretes. In other words, consider
the total system cost when
evaluating the cost impact of an
MCM, rather than just the sum
of the discrete parts involved.

MCMs can be economical with
volumes in the low thousands if
they contain $50 to $200 worth
of eircuitry (use the above mul-
tiple as a divider to get to your
BOM equivalent—but remem-
ber to take into account the an-
cillary savings resulting from
smaller packages). This would
pay for adouble-sided thick-film
circuit with laser-trimmed pas-
sives. On the other end of the
scale, MCMs make sense again
when you get into the hundreds
of thousands: automotive cir-
cuits such as control systems or
datacom building blocks like fi-
ber-optic transceivers, exe-
cuted on printed circuit boards
or flex with “glob top” environ-
mental sealing.[]

Jeff Powell is a 30-vear veteran of Tektronix
with extensive experience in all aspects of
hybrid and MCM technology.

Scott Bechtel is a 15-year veteran of the hy-
brid industry with experience in large, high-
density military and industriat MCMs.

Brian Durwood has over 12 years in high
technology, working with startup companies
and programs from CAE software to high-fre-
quency analog hardware. He is responsible
for Business Development at Maxtek.

The authors wish to thank
Mal Gilbert for his assistance.
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V¥ ONE-PART ADHESIVE

IS CONDUCTIVE
Designed for the attachment of mi-
crotech silicon, 4FS1020 one-part sil-
ver adhesive provides long shelf life,

| no bleed through, and low stress over

a wide temperature range. The ther-
mally and electrically conducting ep-
oxy adhesive has low voiding upon
cure and excellent adhesion to a va-
riety of substrates.

Ferro Corp.

1621 S. Rancho Santa Fe Rd.

San Marcos, CA 92069

Vern Stygar (619) 591-3190

Fax (619) 591-0684

stygarv@ferro.com

» CIRCLE 630

. 'V ADHESIVE BONDS TO
GOLD SURFACES

The 550-series adhesive film is de-

Adhesion |

(Ib/in®)
1000

Manufacturer

Acheson Colloids Company
Ontario, California

Tom Adcoch

(800) 270-2228
http://www.achesonindus-
tries.com

CIRCLE 490

Ablestik Electronic Materials
and Adhesives

Rancho Dominguez, CA
Paul Sauer

(310) 761-1374

CIRCLE 491

Aremco Products Inc. 2000
Ossining, NY

Peter Schwartz

(914) 762-0685

CIRCLE 492

Chomerics

Div. of Parker Hannifin Corp.
Woburn, MA

Steven Thornton

(617) 939-4340

| CIRCLE493

Grace Specialty Polymers
Lexington, MA

Technical Service

(617) 861-6600

CIRCLE 494

5000 to 6500

650 to 1400

800 to 5000

signed for gold-plated and other diffi-
cult-to-bond metals and retains bond
strength after exposure to moisture.
Other adhesives in the series include
the 561 series for materials with mis-
matched coefficients of thermal expan-
sion, and the 5025E series for thermal
and electrical conductivity in the x, y,
and z axes. All are available in sheet
stock, slit rolls, and die-cut preforms.

Ablestik Electronic

Materials and Adhesives

20021 Susana Rd.

Rancho Dominguez, CA 90221

Jilla Senkbeil (310) 764-4600

» CIRCLE 631

V¥V ONE-STEP ADHESIVE IS
RUGGED

The Supreme 10HT single-component
structural adhesive has a temperature
tolerance of -320° to 400°F, along with
high peel and shear strength. Typical
aluminum-to-aluminum bond strengths
exceed 3,000 psi in lap shear and 30 pli
in T-peel. The adhesive also has high
resistance to mechanical vibration, im-
pact, and shock, and has excellent ad-
hesion to similar and dissimilar sub-
strates. Curing occurs readily above
250'F and the shelf life is up to three

MANUFACTURERS OF ADHESIVES
[ [ [

months without refrigeration. The ad-
hesive is available in 1/2-pint, pint,
quart, gallon, five-gallon, and 55-gal-
lon containers.

Master Bond Inc.

154 Hobart St.

Hackensack, NJ 07601

James Brenner (201) 343-8983

» CIRCLE 632

WV NICKEL EPOXY

ADHESIVE CONDUCTS
TRA-DUCT 2701 conductive nickel
epoxy adhesive is an electrically con-
ductive nickel-filled epoxy adhesive
recommended for electronic bonding,
sealing, and EMI/RFI shielding ap-
plications. The two-part paste is free
of solvents, silver, copper, or carbon
additives and bonds dissimilar mate-
rials such as metals, ceramics, glass
and plastic laminates. The adhesive
cures at room temperature and can
be used for bonding and shielding
heat-sensitive components.

TRA-CON

45 Wiggins Ave.

Bedford, MA 01730

(508) 667-3805

Fax (617) 275-9249

» CIRCLE 633

Color
change

Optically
visible

\ | : Humidity Curing | during = (human or
Dispensible? _Shelf life | Printable? resistance Potlife  temperature cure? | machine) |
Yes Three Yes Yes Greater 270°F No Both
months at than 8
25°C hours
Yes | One year Yes N/A Two 150°C N/A No
" at -40°C ' weeks
|
| i} E § a5 58
Yes 12 months Yes Good One to 200°C No No
48 hours
. . | ! — | =i
Yes, Nine Yes , Excellent | 30 min Room |  No Both
syringe, silk months | temperature |
screening | for 24 hours |
| ‘ orupto
| 240°F for 15
{ ! min ’
Yes Several Yes Yes Hours to = 25° to 150°C No Both
months to several depending
one year days on product
and end
properties
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V¥ 3-SLOT VMEbus CHASSIS

IS EMC SCREENED
This three-slot VMEDbus development
chassis can be used as a self-contained
EMC-creened development environ-

ment or as the housing for the
plete production status system.
desktop tower enclosure comes
an &0/110-W power supply with an 85-

MANUFACTURERS OF ADHESIVES

com-
The
with

Adhesion

Manufacturer (Ibfin’)
Heraeus Greater than
W.Conshohocken, PA 95
Christina Kistler
(610) 825-6050
CIRCLE 495
Instrument Specialties Co. Inc. 4.0
Delaware Water Gap, PA
Stephanie Arnold
(717) 424-8510 ext.102
http://www.instrumentspecial-
ties.com
CIRCLE 496
Loctite Corp. 3400

Rocky Hill, CT
Sales Dept.
80C-LOCTITE
CIRCLE 497

Greater than
2000

Master Bond Inc.
Hackensack, NJ
Robert Michaeis
(201) 343-8983
CIRCLE 498

Multi-Seals Inc. 800 to 2000
Manchester, CT

Ken Harvill

(860) 643-7188
http:/iwww.multiseals.com/us-

ers/mseals

CIRCLE 499

Quantum Materials Inc. 800 to 1500
San Diego, CA

Anne Wojskowicz

(619) 695-1716

CIRCLE 500

to 264-V universal input. The VMEx-
cel monolithie backplane is fitted with
Auto Bus Grant connectors to elimi-
nate resetting of the jumpers when
boards are inserted or withdrawn. A
separate removable module accepts
3-1/2-in. floppy and hard drives and a
top-rear-mounted fan draws cool air
up through th active board area. The
J2 area at the rear of the backplane
is fully aceessible for 1/0 configura-
tion. Pricing is $1700 and delivery is
two to four weeks ARO.

VERO Electronics Inc.

1000 Sherman Ave.

Hamden, CT 0651}

Christal Czaja (300) 642-VERO

hitp/lunew.vero-usa.com

» CIRCLE 634

V¥ ADHESIVES CURE

USING UV LIGHT
The NEA 1231, 123M, and 123K are
single-component adhesives which
form a tough, resilient polymer in sec-
onds when exposed to UV light the
range of 320 to 380 nm. All three

bond to plastic. metal, and wires. The |
NEA 1230 has a viscosity range of |
6000 to 8000 cps, NEA 123M has a |
viseosity of 12,000 to 15,000¢ps, while |

NEA 123K has a viscosity range of
80,000 to 100,000 cps.

Norland Products Inc.

PO Box 7145

North Brunswick, NJ 08902

(908, 555-7828

Fa.e (908) 545-9542

» CIRCLE 635

Color Optically
change visible
Humidity | Curing | during | (human or
Dispensible? Shelf life Printable? ;resistance  Potlife temperature | cure? machine)
Yes Six months Yes Yes Three to | From 125 C No Both
five days | for two min
to 180°C for
60 s
Yes Six months  Yes (with ! Excelient, NA Room No Both
modification  after full temperature |
) cure
[ 3 i
Yes, either Nine Yes Yes Five days | 60 to 90 s at No Beth
syringe, months to one 150°C
stencil print, month
or pin transfer
Yes Six months Yes Excellent | Oneto Room None Beth
two hours | temperature
to 250°F
Yes, One year Yes Yes, after N/A 300 F for 15 No Both
automated cure min
loading }
Yes One year No Very good | 48 hours 100" to None Botn
at -40°C 240°C
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SanDisk Flash Data Storage
Cutting-edge technology
that sharpens your
competitive edge

|
¥
Today’s design engineering requirements put high-tech data I

S
\
|

storage 10 the test. Fortunately, one solution meets the chal-
lenge: SanDisk Flash. Our solid-state Flash data storage leads
the industry with unparalleled compatibility, intelligent features,
and rugged reliability—just what you need to shorten design
time and make products that work better. SanDisk Flash offers:

A Full compliance with the PCMCIA PC Card ATA open
industry standard, providing interoperability with virtually [
all major platforms and operating systems that support '
PCMCIA, including DOS, Windows', Windows 95, 0S/2,

Apple System 7, PSOS, GEOS, and most types of Unix.

A Direct portability from one device to another, with no need
for custom software like Flash File System or File Translation
Layer software.
A Dual voltage support that allows your Flash devices to be {
interchanged between 3.3V and 5V systems. [
A 32Mb Flash technology that enables a wide range of cost-
effective, high-capacity data storage solutions.

CompactFlash”

|

|

2-15M8 PC Card = '

‘5»( v Type Nl FlashDrives |

oampasinr y 4-60MB |
%95 FlashDisks

e 110, 175MB i

1.8" [

FlashDrives |

4-BOMB |

Flash [

ChipSets

il PC Card .

Sk W Type ll |

b FlashDisks [

2-85MB !

Make the right choice. Call SanDisk today.
SanDisk leads the industry in innovative technology, and has consis-
tently ranked first in sales of Flash card data storage units, according
to Dataquest and In-Stat. For more information on how SanDisk Flash
can help sharpen your competitive edge, call us at:

1-800-375-9250.

The Flash Data Storage Leader

SanDisk Corporate Headquarters SanDisk International Offices ~ SanDisk and CompactFlash
| are trademarks of SanDisk |

{140 Caspian Court Europe Al other trademarks or
Sunnyvale, CA 94089 Phone: 49-511-8759185 registered trademarks are
yVaiCy L Japan property of their respective
http://www.sandlsk.com Phone: 81-45-474-0181 owners. Specifications and
- : » product offerings subject
ASIB/PSCIﬁC Rim to change without notice,
\ Phone: 852-2712-0501 ©1996 SanDisk Corporation
READER SERVICE 171
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| v TERMINAL BLOCK IS

' WIDELY COMPATIBLE

| The EuroMate Series 93 terminal

!block is fully interchangeable with
Eurostyle plugs and can withstand in

| excess of 10 in-lb of torque. The de-

| vice accepts 1/4-in. OD wire lugs or

| spade terminals, allows up to 12 A per

| line in a 3.81-mm spacing, and uses

| beryllium-copper contacts. Available

1 with three to twenty poles with 0.150-

| in. centers, the EuroMate accepts

| wires from 14 to 30 AWG and has an

| operating temperature range of -35

| t0 105°C. The body is made from black
polyamide UL  94V-O-compatible

l plastic. Pricing is $0.35 ea/contact in

1,000-piece quantities and delivery is

four weeks ARO.

| Beau Interconnect Sysiems

| 4 Aviation Dr.

| Gilford, NH 03246

|

|

|

Brian Davies (603) 524-5102
Fax (603) 524-1627
» CIRCLE 825

| ¥ 30-MM FAN COOLS

. NOTEBOOKS

| The 1204KL Boxer Series cooling fan
| measures 30 by 30 by 10 mm and is
| designed for spot cooling of micro-
| processors and other devices. The fan
| runs off 6- to 13.8-V de, provides up
| tod CFM of free-air performance, and
| weighs 85 g. A ball-bearing design
: ensures quiet operation. Pricing is
from $8 to $10 in quantity.

NMB Technologies Inc.

9730 Independence Ave.

Chatswoirth, CA 91311
| Susan Shippey (818) 341-3355
[ Fax (818) 341-8207
| sshippey@nmbtech.com

» CIRCLE 826
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WV HEATSINK CLIPS ONTO
T0-220 COMPONENTS

Part of the company’s Board-Level

Stamped Products Heat Sink line, the

230 Series is a compact, slim,

wavesoldreable, low-profile heatsink

with self-locking features. Designed

for use with TO-220 semiconductors,
the 230 Series provides a unique in-
tegral clip design that fastens the
heatsink to the component. The clip
ensures uniform force is applied to
the component for effective and maxi-
mum thermal contact in horizontal or
vertical mounting positions. Above-
board heights for the heatsinks range
from 0.500 in. for the horizontal-
mount version, up to 0.750 or 0.875
in. for the vertical-mount versions.
Rated at 57EC at 2 W and 7T5EC/W
at 400 LFM in forced-convection en-
vironments, the heatsink has a foot-
print of 0.570 by 0.500 in. or 0.500 by
0.750 in. and is made from black ano-
dized aluminum. Pricing is $0.27
ea/500 and delivery is stock to eight
weeks.

Wakefield Engineering Inc.

60 Audubon Rd.

Wakefield, MA 01880

(617) 245-5900

» CIRCLE 827

V¥ 3-SLOT VMEbus CHASSIS
IS EMC SCREENED

This three-slot VMEbus develop-
ment chassis can be used as a self-
contained EMC-screened develop-
ment environment or as the housing
for the complete production status
system. The desktop tower enclosure
comes with an 80/110-W power supply
with an 85- to 264-V universal input.
The VMExcel monolithic backplane is
fitted with Auto Bus Grant connec-
tors to eliminate resetting of the
jumpers when boards are inserted or
withdrawn. A separate removable
module accepts 3-1/2-in. floppy and
hard drives and a top-rear-mounted
fan draws cool air up through th ac-
tive board area. The J2 area at the
rear of the backplane is fully accessi-

| PACKAGING

ble for I/O configuration. Pricing is
$1700 and delivery is two to four
weeks ARO.

VERO Electronics Inc.

1000 Sherman Ave.

Hamden, CT 06514

Christal Czaja (800) 642-VERO

Fax (203) 287-0062

hitp:/fwww.vero-usa.com

» CIRCLE 828

V¥ ENCLOSURES ARE WATER
AND DUST RESISTANT

This line of non-metallic IP 56 enclo-

sures is available in both 75° and

115°C heat-resistant versions. The

enclosures protect against wafer, sa- |

line solutions, and many bases, sol-
vents, and acids. In addition, cable
glands meet IP 66 specifications with-
out either a washer or gasket. Up to
44 sizes are available. Pricing is from
$4.99 to $174.99 each.

Connect-Tech Products, Inc.

2533 North Carson St., Suite 1370

Carson City, NV 89706

Clyde McAdams (800) 809-2751

Fax (702) 883-0986

» CIRCLE 829

Vv HIGH-POWER PACKAGE
TARGETS RF APPS

The 16-pin Power Flat Package

(PFP-16) is an RF-specific package

with two rows of eight leads and an

exposed plated-copper slug. Espe-

cially suited to packaging of RF inte-

L

grated power amplifiers popular in
wireless handsets, the package can be
soldered to a pc board using regular
surface-mount techniques. Attaching
the die to the slug not only provides
superior electrical grounding, it also
reduces device thermal resistance
relative to common fused-lead SOIC
packages. The package can dissipate
up to 5 W.

Motorola, Inc.

2100 E. Elliot Rd.

Tempe, AZ

(602) 413-4730

RYCJ10@email.sps.mot.com

» CIRCLE 830

i

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 Filtering 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.

T e s
Delivery— |

stock to one week
e ———— —————

X o
& | B | see £EM
/ - or send direct
Q\SP‘ ' 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-HLSC73A@prodigy-com
READER SERVICE 206
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X

Micro-CapV,

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-CapV
seamlessly integrates
analog/digital simu-
lation and begins a
whole new era.
Micro-CapV gives
you a sketch and sim-
ulate environment
that’ easier to learn,
easier to use. Aided by

e b

| — YA E T —
T e T T < )
T 3 'YL

massive device library with models
for over 7500 parts, you work quickly
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
SOFCROSTITORE s strictly contained,
design power is
prodigious. A few
samples? Analog

behavioral modeling.

Parameter stepping.
Monte Carlo analy-
sis. Nonlinear

| 4

familiar SPICE models *
and extensions, a multi-page
hierarchical schematic editor and a

- * magnetic modeling.

An optimizing model generator. Lossy
transmission lines. On-schematic

READER SERVICE 185

node voltage/state display. Real-time
waveform plotting. Individual device
temperatures.

We could go on, but our free
brochure and demonstration disk can
give you all the details. Ask for them.
And begin reaping the rewards of
total victory.

=S LT
Spectrum Software
1021 S. Wolfe Road
Sunnyvale, CA 94086

(408) 738-4387

FAX (408) 738-4702

ther names are trademarks of their res



v SHIELDS FOR EURO
SUBRACKS REDUCE EMI/RFI
These perforated shields come with
a honeycombed pattern for both
EMI/RFI shielding and mechanical
protection of a EURO subrack and
its contents. Two models are avail-

Sias 2

able: the perforated shield-flat slides

smoothly into grooves in the
subrack’s guilde rails, eliminating the
need for assembly hardware; the per-
forated shield-grounding version also
slides into the guide-rail grooves but
assembles to the side plates with
screws to assure positive grounding.
Both models have 0.125-in. diameter
holes on 0.187-in. staggered centers
for a 40% open design. Pricing de-

Both the Series 25
and 25L are a part
of Grayhi'l’s family
of rotary switches,
optical and mechanical
encoders, pushbutton
switches, keyboards,
keypads and

custom front

panels.

1SO-9001

certified,

Grayhill
manufactures

to Industry and
Military standards
to assure quality

and reliability.

When reliability and cost-value
matter, turn to Grayhill’s

pends on size and quantity, but for a
3U x 160-mm rack ranges from $95.
Electro-Space Fabricalors Inc.
300 W. High St.
Topton, PA 19562-0067
(610) 682-7181
» CIRCLE 831

¥ STRAIN-RELIEF BUSHINGS
HAVE WIDE APPROVAL

The Z-Series of reusable strain-relief
bushings meet UL, CSA, VDE,
KEMA, and SEMKO standards for
connecting power cables to appliances
and instruments. The bushing allows
US manufacturers to ship products
without power cords, then supply the
power cords and electrical plugs as
required on site. A thin profile re-
duces the space required for clear-
ance from one inch to half an inch.
Installing the cable requires turning
a hex nut 20°, yet the axial holding
power is specified at 35 lb. or better. The
bushings are made of self-extinguishing
polyamide 6.6 nylon. Pricing is from
$0.24 to $0.40 each per 1000. Delivery is
three weeks ARO.

HSU Electronic Componentls
Company

1461 SW 15th. St.

Boca Raton, FL 33,86

(407) 393-87,6

» CIRCLE 832

v 9-SLOT PCI BACKPLANE »
IN 20-SLOT CHASSIS

The 9-slot, PCI-compatible Model
15018-02 is the latest addition to the
company’s 150xx Series of ISA/PCI
backplanes. Based on the DEC PCI-
to-PCI bridge chip, the backplane
provides for bus mastering on all slots
and extends the standard PCI bus to |
allow additional loading and bus link- |
ing without degrading throughput. |
The backplane accommodates 486SX
to Pentium/200 or Alpha/300 CPUs
and comes with up to eight ISA slots.
Pricing is $2,849 and delivery is stock
to four weeks ARO.

Industrial Computer Source

9950 Barnes Canyon Rd.

San Diego, CA 92121

(800) 523-2320

» CIRCLE 833

AFFORDABLE MECHANICAL ENGODERS

family of rotary
mechanical
encoders

WITHOUT COMPROMISE.

Friced around $1 in quantity, the single deck

design Series 25L is a reliable drop-in replacement.
Select multiple code outputs, up to 36 positions
per revolution in less than a 1" square package.

lhlldllllty assured, the Series 25 is a competitive
drop-in, multi-deck replacement.

ot S P TS )
~ Choose from one to four decks, multiple
codes, up to 36 pesitions per revolution and

qpﬁons.

" Our Bulletin #716 describes the
Series 251 encoder; Bulletin #698,

the Series 25 encoder.

Internet: hup://www.grayhill.com
DATA { ? 273§ Faxback Info 1-800-244-0559
Phone: 708-354-1040 Fax: 708-354-2820

561 Hillgrove Avenue
PO. Box 10373
LaGrange, 1L 60525-0373 USA

Graghill

An 1ISO-800t Company

READER SERVICE 121
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| PACKAGING |
! V¥ THERMAL PAD
COOLS MICROPROCESSORS
The Thermflow T705 thermal inter-
face pad is designed for use with
high-performance processors. The
| pad consists of a thin, dry film that
softens at microproecssor operating
temperatures and has a thermal per-

formance of 0.06°C-in.2/W using Pen-
I tium processors with pin-fin heat

sinks. The pads come with pressure-
sensitive adhesive. Pricing ranges
from $0.066 to $0.12, depending on
size and quantity.

Chomerics, Div. of Parker

Hannifin Corp.

77 Dragon Court

Woburn, MA

(617) 939-4163

» CIRCLE 834

Plastic Surface Mount Oscillators

Best of all this new plastic SMT
oscillator is available in half the
time of comparable product

at very competitive prices.

The EC1400SJ has a 1.000 to
66.667 MHz frequency range,
rugged design and HCMOS

compatibility. It's ideal for network
products, modems, telecom or any

Visit our site [EEEEER

is a standard
feature on all Ecliptek products

1-800-ECLIPTEK o

SMT ASAP WITH VALUE
THAT’S GLEAR TO SEE

And it's industry standard foot print makes
it a perfect fit for almost any application.

application requiring a standard foot
print and true surface mount features.

And, like every Ecliptek product, these plastic
SMT oscillators carry the Ecliptek Seal of Quality. M
It assures you of zero defect product, on-time...on budget. —=

on the World _!scuffrs? i
Wide Web. by b2
Service S
excellence

! ECLIPT“%IS

(714) 433-1200 o
ecsales@ecliptek.com ¢ http://www.ecliptek.com

EC1400SJ
SMT Plastic
J-lead Oscillators

9.8 x 14.0 x 4.7mm

SPECIFY

Call now for your
free copy of our
International
Sourcebook

for crystais &
oscillators.

(714) 433-1234 Fax
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V¥ VMEbus ENCLOSURES ARE
EMC-COMPLIANT

Available in 3-, 10-, and 20-slot ver-
sions, the ES Series of VMEbus en-
closures meets the 89/336/EMC direc-
tive. The ES-3 enclosure measures
356 (H) by 315 (D) mm and has a
three-slot, monolithic backplane with

a universal-input, 80-W power supply,
and is cooled by a de¢ fan above the
boards. EMC compliance is ensured
through the use of in-line mains fil-
tering, a VDE Level-A power supply,
and conductive panels with overlap-
ping joint fingers. The larger ES-10
and ES-20 models are 500 mm deep
and come with a 10- or 20-slot back-
plane powered by a 450- or 750-W
supply. Pricing for an ES-3 enclosure
starts at $2,300 and delivery is four
to six weeks ARO.

Radstone Technology Corp.

50 Craig Rd.

Montvale, NJ

(201) 391-2700

» CIRCLE 835

Vv ADHESIVE BONDS TO
GOLD SURFACES

The 550-series adhesive film is de-
signed for gold-plated and other dif-
ficult-to-bond metals and retains
bond strength after exposure to mois-
ture. Other adhesives in the series in-
clude the 561 series which bonds ma-
terials with extremely mismatched
coefficients of thermal expansion, and
the 5025E series which provides ex-
cellent thermal and electrical condue-
tivity in the x, y, and z axes. All are
available in sheet stock, slit rolls, and
die-cut preforms.

Ablestik Electronic

Materials and Adhesives

20021 Susana Rd.

Rancho Dominguez, CA 90221

Jilla Senkbeil (310) 764-4600

» CIRCLE 899
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¥ DENSE CONNECTORS
OFFER RELIABILITY

The Picoflex line of low-cost, high-re-
liability connectors offers designers
many options for high-density appli-
cations where standard discrete-wire
and flat flexible connectors are inap-
propriate. Available in circuit sizes
from four through 20 and 26, the con-
nectors mate with 0.050-in. cable. The
connectors are tested to the high-vi-
bration and high-shock requirements
of the automotive and consumer-elec-
tronics industries to suit applications
in car-audio systems, VCRs, televi-
sion sets, computer peripherals, and
telecommunication systems. Mated
height is 6.4 mm for vertical mating
configurations, which is about 15%
than traditional 0.050-in. connector
systems. A strong one-piece upper
housing provides excellent cable re-
tention. Pricing depends on quantity,
style, options, and circuit size. For ex-
ample, a 10-circuit vertical header
with tin plating goes for $0.37 each in
lots of 1000. Delivery is in four to six
weeks.

Molex Inc.

2222 Wellington Ct.

Lisle, IL 60532

(800) 786-6539

» CIRCLE 836

¥ SHIELDED STEREQ JACK
MEETS AUDIO NEEDS

Applications can be found in the
computer and multimedia markets
for the ST-3200 shielded stereo jack.
Designed for audio circuits, the 3.5-
mm jack comes in a high-profile for-
mat for pe-board layouts requiring
6.5-mm above-board height. The
threaded or non-threaded bushing,
made of a copper alloy with nickel
plating, provides grounding. Hous-
ing is of UL 94V-0-rated black PBT
thermoplastic. The jack is shielded
to provide EMI/RFI protection. It
has a durability rating of 5000 mat-
ing cycles and an operating tem-
perature range of —25 to 80C. Both
three- and five-position versions are
available. Pricing in lots of 5000 is
$0.35 for the three-position unit and
$0.37 for the five-position type. De-
livery is in six to eight weeks.

Kycon Cable & Connector Inc.

1810 Little Orchard St.

San Jose, CA 95125

(408) 295-1110

» CIRCLE 837
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v MICRO-COAX CABLE HAS
LOW LOSS AT 18 GHz
The UFB-311A is a UTIFLEX
flexible microwave cable assembly
that combines a dynamic bend ra-
dius of 4.75 in. with a low insertion
loss of 0.20 dB/ft. at 18 GHz. The

cable has apower-handling capacity
0f 490 W CW at 5 GHz, RF shielding
of at least -100 dB at 1 GHz, and an
operatingtemperaturerangeof-65°
to 165°C.

Micro-Coax, A Dirvision of

UTE Corp.

Box 993, 245 West 5th. Ave.

Collegeville, PA

(215) 489-3700

» CIRCLE 838

Vv RECEPTACLE CONNECTOR
IS USB A-TYPE
The KUSB-AS-1-N connector is

USB compatible for the intercon- |
nection of computer periphel'als.|

The connector’s shell and contacts
are phosphor bronze for contact re-
tention, while the contact area has

gold plating and the solder tail is
tinlead over nickel. Double indenta-
tions on the shell provide a sturdy
locking mechanism when plugged in.
The black thermoplastic housing is
UL 94-V-O rated. A plug kit is also
availablewithstandardcablelengths.
Pricing is $0.57 ea/5000 and delivery
is six to eight weeks.

Kycon Cable & Conneclor,

Inc.

1810 Little Orchard St.

San Jose, CA 95136

(800) 544-6941

» CIRCLE 839

a superior

CAE software package |
for electronic circuit design
and simulation g

Win32 Application
. ‘
4 Graphical Symbol Importing/Editing |
* |
Multi-Layer Schematic
Importing/Editing
|| *
Spice Syntax Library Management
©
Symbol Library Management
-
Native Mode Mixed Mode 1
Simulation
*
Post-Processing Utilities
°*
Graphical Simulation Probe
Features
*
OLE Document Support

| CAD:MIGOS
l 499 Seaport Court * Suite 201
[ Redwood City+CA 94063
TEL 415-369-5853
FAX 415-568+5989
E-MAIL info@cadmigos.com
[ http://www.cadmigos.com
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WV DISK-DRIVE CONNECTOR
IS SCA.2 COMPATIBLE

The FCN240 series connector com-
prises an 80-position (0.050-in. piteh),
through-hole  vertical-mount pe-
board socket for the host system, and
a straddle-mount surface-mountable
plug for the disk drive. The SCA .2-
compatible (single connector attach-
ment) features four different contact

lengths to accommodate 0.063-, 0.80-,
and 0.110-in.-thick pe boards. Plastic
ears on each end of the socket and
plug provide keying.

For hot-swapping, two different-
length leads along the inside of the
connector provide sequential mating
for various funections such as signal,
power, last mate, and first break.
The connectors are backward com-

When you're ready to
power up your display,
design in ERG.

ERG inverters and converters are power supplies tailored to
your information display. You get performance to spec, with

maximum reliability.
ERG offers power supplies for:

® CCFT Backlit Flat Panel LCDs
® EL Lamps or Backlit Displays
® (Gas Plasma Displays

® Vacuum Fluorescent (VF) Displays

We'll work with you to meet any

requirement, from custom dimming

to special packaging. And every

ERG power supply is made in the
U.S.A. Just tell us what you need.

When you're ready to power up,
design in ERG.

€ndicott Research Group, Inc.

The Power Behind
the Display

2601 Wayne Street
Endicott, NY 13760
(607) 754-9187
Fax: (607) 754-9255
http://www.ergpower.com
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patible with SCA.1 devices. Pricing
is $3.75 €4/10,000 and delivery is from
stock.

Fujitsu Takamisawa America

Inc.

250 Caribbean Drive

Sunnyvale, CA 94089

(800) 330-0059

httplhewwe fujitsufta.com

» CIRCLE 840

V¥ CRIMPLESS OPTICAL
CONNECTOR SAVES TIME

Designed for use with the company’s
Versatile Link fiber-optic transmit-
ters and receivers, the HFBR-453X
series of connectors reduces installa-
tion time by using a snap-together as-
sembly that eliminates the need for
crimping and special tools. All that is
required is a wire stripper, a pair of
| scissors, and 600-grit sandpaper. Fine

polishing with 3-mieron lapping film

is recommended.
| Made from flame-retardant

ULTEM plastic, the connectors are
| available in latching and non-lateh-
ing versions. Two non-latching ver-
sions can be snapped together for a
duplex (transmit/receive) configu-
ration. Features include a data rate
of 40 kbits/s up to 155 Mbits/s over
| distances of up to 125 m using 1-mm
| plastic fiber. Color coding is pro-
vided. Pricing for both latching and
non-latching devieces is $0.33 ea/500.

Hewlel!-Packard Company
| Stevens Creek Blvd., PO Box 58059
[ Santa Clara, CA 95052-8059
| (800) 537-7715 ext.2067
| Attp/lunew.hp.comn
| » CIRCLE 841

V¥ PGB HEADERS ARE
COLOR CODED

These color-coded pe-board-mounted
headers are available in single colors
or color combinations of red, green-
yellow, white, and blue. Targeting
both through-hole and surface-mount
applications, the devices come in sin-
gle-, double-, and triple-row configu-
rations with 0.100-in., 2-mm, or 0.050-
in. center spacings and can tolerate
temperatures up to 260 C. Pricing is
$0.02 each per line in volume.
| Comm Con Conneclors Inc.
1848 Evergreen St.
Duarte, CA 91010
| (818) 201-4200
http:/lwune.commeon.com
» CIRCLE 842
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¥ METAL-FILM RESISTORS
SUB FOR CARBON

The RG Series of power metal-film
resistors feature a power rating of 1
W at 70 C in a 1/4-W package and can
substitute for carbon-composition re-
sistors in applications where high
surges are common. Capable of meet-

—

5 W) :
ing or exceeding MIL-R-10509 and
MIL-R-22634 standards, the resistors
have an operating temperature range
of -55° to 150°C and are offered in
values from 1€2to 5.1 MQ. The devices
are available in tolerances down to +/-
1% with temperature coefficient ra-
tios to +/- 100 ppm/°C. Leads are 30/70
electroplated copper with high-tem-
perature soldered terminations. Pric-
ing is $0.057 ea/10,000 for the RG 1/4
10092 +/- 5 % and delivery is stock to
four weeks.

IRC

4222 South Staples St.
Corpus Christi, TX 78411
(800) 472-6467

Fax (512) 992-3377

» CIRCLE 843

Vv INDUCTORS OPERATE AT
HIGH FREQUENCIES

The Model IMC-1210-100 inductor is

available in a range of inductances

from 0.01 to 0.100 pH with self-reso-

nant frequencies up to 2500 MHz.

Measuring 0.098 (W) by 0.126 (L) by

0.087 (H) in., the devices come with a
molded covering for strength and
moisture resistance and a non-mag-
netic core for high-inductance stabil-

ELECTRONIC DESIGN = PIPS SPEGIAL.EDITORIAL EEATURE = DECEMBER 2, 1996
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ity. Depending on inductance, models |
can be ordered with tolerances from
+/- 5 % to +/- 20 %. Minimum Q values |
range from 15 at 0.10 pH, with both
Q and inductance measured at 100
Mhz. Pricing for a typical model with |
a minimum Q of 0.01 pH, a +/- 20 %
tolerance, and a 2500-MHz SRF is
$0.208 ea/2000. Delivery is from stock |
to 10 weeks. |
Dale Electronics Inc. l
2064 12th. Ave., PO Box 609 |
Columbus, NE 68602-0609
Robin German
(402) 563-6417 |
FlashFax (800) 487-9437 |
» CIRCLE 844

v DUAL TRANSISTOR
COMES IN SMD PACKAGE

The AT-32063 is a low-current dual
transistor comprising two NPN sili-
con bipolar transistor chips in a sin-
gle SOT-363 (2.0 by 1.25 by 0.9 mm)
six-lead surface-mount package.
The device may be used between 1
and 5 V with as little as 1 mA of
current. At 900 MHz, the transistor
features a 1.3-dB noise figure and
14 dB associated gain, and at 2.7V
and 20 mA provides +12 dB of out-
put power. The two transistors can
be used separately. The transistor
is available in bulk and in tape-and-
reel packaging. Pricing is $0.64
€a/10,000.

Heuwlett-Packard Company

5301 Stevens Creek Blvd., PO Box

58059

Santa Clara, CA 95052-8059

Sales Dept. [

(800) 537-7715 ext.2030

» CIRCLE 845

v LEDS COME IN
MINIATURE PACKAGE

The SML-211 and SML-311 are 0805-
and 0603-packaged, respectively,
LEDs for power-sensitive applica-
tions. Based on AlGalnP technology,
the devices output 7 med at 2 mA and
come with peak wavelengths ranging
from 590 to 630 nm. The operating
temperature range is -30° to 85°C.
Pricing starts at $0.12 ea/100,000 and
delivery is 12 weeks ARO.

Rohm Corp. I

3034 Owen Dr. '

Antioch, TN 37013 |

(615) 641-2020

Fax (615) 641-2022

» CIRCLE 846 I

acomplete
CAD/CAE tool system from
conceptual design,
HDL/mixed-mode simulation
to PCB verification and
simulation

Win32 Application
¢
Hierarchical Schematic Editing
<
Mixed-Mode Spice Simulation
@
VHDL Behavioral Simulation
*
Signal Integrity
RC Extraction/Simulation
@
Interactive AutoRouting
& Placement
£
PCB Multi-Layer Design

CAD-MIGOS
499 Seaport Court - Suite 201
Redwood City-CA 94063

TEL 415-369-5853
FAX 415-568-5989
E-MAIL info@cadmigos.com
http://www.cadmigos.com
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V ISOLATION TRANSFORMERS
TARGET MODEMS
| Part of the company’s Datalink Se-
nes the MIT-101, -115, -125, and -131
| Series modem isolation transformers
are intended for modems with speeds
from V.29 up ta V.34, All reflect 600
| Q on the primary, feature 1250-V-ac
mput-to-output isolation, and have an
operating temperature range of -40°

to 105°C. The MIT-101 and -115 re-
flect. 470Q on the secondary load, use
wet-coupler construction, measure 23
by 24 by 12 mm, and are compatible
with V.29 speeds. The MIT-125 and
-131 devices reflect 374Q on the sec-
andary, use dry-coupler construction,
measure 26 by 24 by 12 mm, and tar-
get V.32 and V.34 applications, respec-
tively. Pricing: MIT-101/-115, $1.05;

00 JJ &
entek Powe .
A - ® 2
e E 1800
N S ‘j‘,__.',‘ﬁ -
’-'é"':[; Do i":’_.o
- ':\-' '»- o :‘-
/ \‘?\ﬁ‘" e g
Q Yy N ]
) 2 e :
N .
N\ T s s
Yoto7 outpum
> . 33Vor50Vma|n
z 7 channel @ 55A
.75V to 48V auxiliary modules
'@5-10A each
AV Dual-output auxiliary modules
@ 1A per output
¥ Auto-ranging input, 90-264VAC
The new Mosaic™ switcher from Xentek
- Power Systems—it's like having a whole
y power supply catalog in a single package!
L. L Mosaic switchers are the answer to a
M v _— wide range of power supply requirements.
~,g:,,,"=~ Literally thousands of standard
BSE";'S‘E? configurations are available “off-the-shelf”
thanks to our modular packaging system.
xmtek That simplifies your power system design;
POWER SYSTEMS and modifications can be as easy as
1770 L Costh Mek adows Orive replecing a module.
San Marcas, CA 92069 = 2
(800) 4-XENTEK So throw away those thick power ;
In Cakfornis: (619) 471-4001 supply catalogs. Standardize on Mosaic
Fax: (519) 4714021

htto/Awww a@entek.com

switchers from Xentek Power Systems.
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MIT-125, $1.28; MIT-131, $1.87
€a/10,000. Delivery is four to six
weeks ARO.

CP Clare

Advanced Magnetics Products

601B Campus Dn.

Arlington Heights, IL 60004

(847) 797-7000

Fax (847) 797-7023

» CIRCLE 847

V POLARIZED CAPS ARE
SURFACE MOUNTABLE

The Type MXM polarized aluminum

electrolytic capacitors target sur-

face-mount applications Available

in seven voltages ranging from 4.0

to 50 V de, the capacitors feature an
expanded capacitance range of 0.1 to
1000 pF and an o?eratmg tempera-
ture range of -55 to 85°C. The de-
vices come in six case sizes ranging
from 4 by 5.5 mm to 8 by 10.8 mm
and are load-life tested for 2000

| hours at 85°C and are anti-solvent

1

(2 minutes). Pricing starts at $0.11
ea/5000 and delivery is from stock
to 12 weeks.

Tecate Industries Inc.

1841 Friendship Drive

El Cajon, CA 92020

(619) 448-4811

Fax (619) 448-0912

» CIRCLE 848

V¥ POLYMER ALUMINUM

CAPS HAVE LOW ESR
The Type ESR polymer aluminum
capacitors have an equivalent series
resistance of 15 mQ and come with
capacitance and voltage values of
33 pF at 8 V, 22 uF at 12,5 V, and
10 uF at 16 V. The devices target
operating frequencies of 100 kHz
and above.

Cornell Dubilier

1605 East Rodney French Blvd.

New Bedford, MA 0274}

Joe Rapoza (508) 996-856

Fax (508) 996-3830

» CIRCLE 849
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Corporate Headquarters

Burr-Brown Corporation

Join the Technology Team

Burr-Brown continues to lead the industry in innovative,
new products and technologies. Innovation is a
company-wide corporate philosophy—employees
are encouraged to share their incredible insight and
inventive ideas. Our talented employees helped
Burr-Brown achieve a record 40% sales growth in 1995.
Interested in joining the team in Jucson that generates
creative new products and processes? Call us today!

Enjoy the Liestyle

Tucson is a metropolitan city docated in the heart of the
Southwest. Our year-round sunny climate lets you enjoy
a variety of outdoar activities including biking, hiking,
tennis, golf and water sports. And, snow skiing is just a
short distance away—along with the sandy beaches of
San Diego and Mexico. Interested. . .call today!

Emploument Cpporfunifies

Linear and Mixed Signal IC Designers
Design Managers

Test Engineers

Applications Engineers

Marketing Engingers

Wafer Fab Process Engineers

Wafer Fab Technicans

If you'd like to join a leader in technology
send your resume today to:
Employment Manager

Burr-Brown Corporation
6730 S. Tucson Biva. * Tucson, AZ 85706
For more information call (800) 328-2526
FAX: (520) 746-7211, TDD: (520) 746-7494
Email: employment@burr-brown.com
EQEANF/HN
Reader No. 80

BURR - BROWN®
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) NEWSLETTER

LOW'EMI TECHNOLOGY A low electromagnetic-interference (EMI) technology was implemented into

NEC’s KO0 8-bit microcontroller produet line, enhancing the devices for their

UPGRADES KO MCU F AMILY targeted noise-sensitive applications, such as automotive, audio, consumer, and

wireless communications. The technology was applied to several new versions within the K0 line
by designing the internal ground and power buses and controlling current throughout the chip.
With this new low-noise capability, board designers can use fewer parts, reducing the number
of layers in their pe boards. In addition to reduced design complexity and size, they also help
designers attain better than class B requirements. The devices operated for 1.8 to 5.5 V and
contain peripheral devices like direct-drive LCD controllers, fluorescent indicator panel (FIP)

controller/drivers, as well ADCs and DACs. Call (800) 366-9782 or (408) 588-6000; or visit the "
company’s web site at http://www.nec.com. RE CIRCLE 570 |

. Digital Versatile Disk (DVD) technology has made a Iot of noise in the press
PC BASED PLAYBACK over the last year, but actual products have only trickled onto the market. That
ADAP TER WORKS WITH DVD trend may start to change with the introduction of the DVD Theater audio and

video playback adapter. Developed by STB Systems Inec., Richardson, Texas, the adapter is
suited for movies and interactive games on the desktop PC. The DVD Theater supports the
latest standards for MPEG-2 video and Dolby Digital AC-3 audio. The adapter’s output can be
connected directly to a PC monitor or a standard television. Software support comes in the form
of Microsoft’s ActiveMovie driver, which operates with Windows 95 and Windows NT 4.0.
Available before the end of the year, the DVD Theater should sell for under $200, depending on

volume. For more information, contact STB Systems at (972) 234-8750, or on the Internet at |

http://www.stb.com. RN CIRCLE 571

Parks Associates’ FORUM 96 conference in San Diego, Calif., the entire range

sumers with an expanded level of security, comfort, and convenience in the home environment.
The series, developed by Intellon Corp., Ocala, Fla., comprises three chips. The SSC P400 Power
Line Network Interface Controller targets advanced home controller devices, custom installa-

IC SER[ES IMPLEMENTS CEBUS Thanks to a new series of embedded communication ICs, announced at the :
IN CONSUMER ELECTRONICS of CEBus-compatible home-networked produets is expected to provide con- |

tion produects, utility meters, and gateways. That chip combined with the SSC P111 Power Line |

Media Interface IC results in a two-chip high-performance solution for CEBus Standard

power-line communication. It provides network services required for advanced controllers like |
audio/video equipment. The third IC, called the SSC P200 Simplified Network Interface, homes |

in on cost-sensitive applications in security, appliance, and environmental controls and lighting.
Because it provides all of the necessary CEBus Standard Data Link Layer (DLL) and Spread
Spectrum Carrier (SSC) physical layer functions, simple devices such as lighting modules can
be implemented with microcontrollers costing under $1. For more information, call (352) 237-
7416; fax: (352) 237-7616; Internet: http://www.intellon.com. RE CIRCLE 572

PRICES TUMBLE FOR As part of its Continuous Mierocontroller Service Initiative to the embedded-

systems market, Motorola’s CSIC Miecrocontroller Divisions announced price

POP ULAR MICROCONTROLLERS reductions in its 68HC05 and 68HCO08 one-time-programmable (OTP) 8-bit

families. In addition to the lower prices, the company is proposing the “7-Day CSIC Design
Methodology” and the “MCU’s-In-A-Day” program. The latter offers one-day shipment of many
of Motorola’s best-selling OTP microcontrollers, and if that’s not met, enrolled customers get the
programming for free (there are certain limitations, call (888) MCU-1DAY for details). Seven
microcontrollers are experiencing price reductions, such as the 68HC705B16 dropping from
$12.50 to $8.95 each, and the flagship part of the 68HCO08 architecture“the 68 HC 708X 136" which
falls from $14.00 to $8.95 each. The new suggested prices are for quantities of 1000 or more. For
further information, contact the Motorola MCU Information Line at (300) 765-7795, ext. 860; fax

(800) 765-9753; or WWW: http://design-net.com/csic. RE CIRCLE 573 |

Edited by Roger Engelke
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MINI-CIRCUITS NEW 180 PAGE RF/IF DESIGNER’S GUIDE
is loaded with informative features such as practical articles, definitions
of terms, environmental and reliability test procedures, answers

to frequently asked surface mount technology questions,

and more! It also contains the most complete and

up-to-date specifications and price information about

all Mini-Circuits signal pracessing components. ..

including ways to earn yearly price reductions on all catalog ‘.

models by joining Mini-Circuits Partner Pragram™ To receive .

your Free 1996-'97 RF/IF Designer’s Guide in the mail, ~

simply call, write, e-mail, or fax Mini-Circuits today. ~

Mini-Circuits...we're redefining what VALUE is all about! 3 J . .
u‘ l\

MIXERS ® POWER SPLITTERS/COMBINERS ® AMPLIFIERS ® ATTENUATORS # FILTERS # DIRECTIONAL COUPLERS o LIMATERS » FREQUENCY DOUBLERS  IMPEDANCE PADS
PHASE SHIFTERS ® 18Q MODULATORS/DEMODULATORS ® OSCILLATORS (VCO's) @ SWITCHES © TERMINATIONS  PHASE DETECTORS  TRANSFORMERS  BIAS TEES

[ IMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www. minicircuits. com  E MAIL Ib@minicircuits.com
Mini-Circuits Europe Dale House, Whart Road Frimley Green, Camberley, Surrey GU16 6LF, England 44 1252-835094 Fax 44 1252-837010
For detalled 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. 233 Rev Orig
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Inexpensive

function/pulse

- generator

At an adjustable frequency range of
0.005 Hz to 5 MHz in seven overlap-
ping decade ranges, the low-cost
TG503 function and pulse generator
is able to generate pulse, sine, trian-
gle, and square waveforms. Fine ad-
justment is accomplished by a
calibrated vernier.

More than 20 dB of vernier control

| is available within each attenuator

range. For sinewave generation, dis-
tortion is less than 0.5% to 50 kHz and
less than 1% to 500 kHz. All harmon-
ies are more than 30 dB below funda-
mental on the 1-MHz range.
Maximum output is 20-V p-p from 50
Q. The dc offset can be set in the
range 10 V. A fixed TTL-level output
at the same frequency and symmetry
as the main output can drive 20 stand-
ard TTL loads.

Typically, the symmetry control var-
ies the duty cycle from 1:19 to 19:1 to
produce sawtooth and variable pulse-
width waveforms. In the pulse mode,
normal, double, or delayed pulses are
generated with independently vari-
able pulse width or delay.

Pulse period can be varied between
200 ns and 200 seconds (5 MHz to
0.005 Hz), with 100 ns (10 MHz) mini-
mum perioed in double-pulse mode;
while pulse width is adjustable from
50 ns to 50 ms, and delay from 100 ns
to 50 ms. A complement mode also is
available.

Operation can be trigger or gate
mode; a start/stop phase control var-
ies the triggered and %ated start/stop

| point from -90° to +90° up to 500 kHz.

Call for pricing. RE
Thurlby-Thandar Instruments
Ltd., 2 Glebe Rd., Huntingdon,
Cambs., PE18 7DX, England, phone:
(01480) 41251, fax (01480) 450409.
OMOIE 626

'PRODUCT NEWSLETTER

The products listed are available in Europe but may not be available in other market areas of the world.

CompactPCl targets real-time apps

The first CompactPCI real-time-oriented PowerPC card, called the RIOC, was
unveiled by Creative Electronic Systems (CES). It comes in conjunction with
the company’s launch of its third-generation PowerPC VME platform (RIO3).
Features are a 66-MHz PowerPC 603 and 166-MHz PowerPC 604ev with up to
1 Mbyte of L2 cache; 8 to 80 Mbytes of DRAM; up to 8 Mbytes of flash EPROM;
128 kbytes of SRAM; and Ethernet. Two serial ports, a keyboard and mouse,
and TTL I/O signals can be connected via the front panel or the backplane
connectors. The card has a primary PCI backbone with 2 PMC slots, a PCI
extension for dual or quad PMC carriers, and a VME extension for an optional
6U VME D64 interface. Also included is a complete set of low-level software
tools. Optional board support packages for most popular RT operating systems
are available, such as VxWorks, pSOS, Chorus, etc. RE

Creative Electronic Systems S.A., 70, route du Pont-Butin, PO. Box 107,
CH-1213 Petit-Lancy 1, Genevia, Switzerland; telephone: +41 22 792 57 }5;
Sfax +41 22 792 57 48; e-mail: ces@lancy.ces.ch; Internet: hitp:/fwww.ces.ch/
CES_info/Welcome.html. CIRCLE 627

ISDN adapter card for PowerBook

The industry’s first PCMCIA Macintosh PowerBook qualified card, called Ex-
presSO PCMCIA, enables PowerBook computers to efficiently exchange data
over the Internet and other networks. By using the PPP Internet standard
dial-up format for making connections, the credit-card-sized Type II interface
provides Internet access in only two seconds, and can download images at 64
kbits/s. Typically, modems have a 30-second access rate and download at 28 kbits/s.
The card comes with the company’s file-transfer software called Transfile, which
transmits compressed data at 1 Mbit per minute while providing data security
and access control. Also included are the Mac-OS driver, ISDN tools, and a serial
port for Internet access. Installing the card and its associated software is sim-
plified because Plug 'n’ Play for Macintosh is supported. RE

SCii TELECOM, 5 Ter. Rue du Dome, 75116 Paris, France; telephone: (33.1)
b4 17 44 22; fax (33.1) 44 17 44 19; e-mail: clarisse@sciitelecom.com. CRGLE 628

Octal UART offers high performance

The 0X10864 octal UART provides serial communications of 3 Mbits/s on all |

channels simultaneously, surpassing the data rates required for connection to
high-speed modems. UARTS typically provide 115 or 230 kbits/s. Among its
features are deep FIFO buffers on each transmitter and receiver, which minimizes
the interrupts thus lowering the overhead. Its user-selectable Intel/Motorola bus
interface provides a “glueless” solution to most common applications. The chip
has eight modem lines per channel, automated flow control, and special character
recognition and generation, giving designers a simple solution to any asynchro-
nous protocol. Fabricated in a 0.6-um triple-layer metal process, the UART can
be operated at up to 50 MHz with its on-board crystal oscillator. RE

Oxford Semiconductor Ltd., 68 Milton Park, Oxon OX14 4RX, United
Kingdom; telephone: 01235 861461; fax 01235 821141; e-mail: jalil@oxsemi.de-
mon.co.uk. CIRCLE 629
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NEW PRODUCTS

DIGITAL ICs

3D GRAPHICS ACCELERATOR |

HANDLES TEXTURES, VIDEO

y adding arcade-performance
3D action graphics capabilities
to personal computers, the
Laguna3D family of multime-
dia accelerators can deliver up to 50
million perspective-corrected texels
per second—about three times the
throughput of most other 3D solutions
currently in production. Developed by
Cirrus Logie, the Laguna3D chips are
optimized to support both the Microsoft
Direct3D application programming in-
terface for real-time 3D graphics, as
well as the forthcoming accelerated
graphics port from Intel.
The first Laguna3D chip, also

| known as the CL-GD5464, is a 64-bit

multimedia accelerator that not only
delivers high-quality 3D graphics, but
also delivers fast 2D performance and
handles motion video streams at up to
30 frames/s. This chip is optimized for
PCI interface cards and direct use on
the motherboards; a subsequent ver-
sion will include the Intel AGP inter-
face (the CL-GD5465).

To deliver the high bandwidth with-
out employing extremely wide and thus
pin-intensive memory buses, Cirrus de-
signers opted to use the Rambus
DRAM interface for the graphics mem-
ory. With a single RDRAM interface,
data-transfer rates of 600 to 667 MHz
can be achieved over the byte-wide

| memory data bus. Additional future en-

hancements will further increase

| graphies bandwidth by adding a second

Rambus RDRAM memory interface,
raising the maximum data transfer rate
to 1.2 Gbytes/s. By optimizing the accel-
erator design to work with the
RDRAM interface, functions such as
texture management can be incorpo-
rated into the chip without using sepa-
rate texture memory buffers, which
simplifies system designs.

The texture-management scheme,
called TextureJet, supports the 3D
graphics by providing more realistic
backgrounds and scenic effects. The
high bandwidth possible with the
RDRAMs allows the texture memory
to be loaded and updated quickly from
off-sereen graphics memory. And,
such textures will be used more fre-
quently in applications such as games
to provide more realistic images.

Onaverage, in the games being devel-
oped today, programmers apply tex-

tures to about 75% of the pixels on the
screen, and that percentage is expected
to increase to 95% some time during
1997. The size and density of the tex-
tures range from 32-by-32 to 256-by-256 '
pixels for the texture elements, and the
elements are used for fine- to large-area
rendering, with from 12 to 24 different

textures of varying sizes typically ap- l
pearing in each scene. I
To provide enough memory without [

duplicating the graphies memory, the

TextureJet architecture developed by ' next year.

Cirrus consists of an on-chip texture- |
management engine that’s part of the
Laguna 3D controller. By incorporat-
ing on-chip address translation table,
in conjunction with a 1-kbyte texture
cache, the Laguna3D can keep track
of virtually all of the memory locations

of the textures being used. The track- |

ing can be done regardless of the loca-
tion of the textures in either the
graphics subsystem memory or the
main system memory, or if the texture
is broken up and located in several
regions of memory.

The Laguna3D chip can prefeteh the
data and cache the texture in its com-
plete form; therefore, the active frame
buffer can readily access the informa-
tion. This is the same AGP program-
ming model being put in place by Intel.

engine will be easy to tie into the AGP
since it uses PCI bus mastering and
dynamic memory allocation along with
acoprocessorarchitecture. Theinternal |

]
n
As a result, the Laguna3D TextureJet ‘
|
|

rendering engine on the Laguna3D |

processor employs a single-instruc-
tion/multiple-data approach to perform
many operations in one pass. Concur-
rent processing is done on functions
such as alpha blending, lighting/shad-
ing, transparency, dithering, fogging,

ELECTRONIC DESIGN/DECEMBER 2, 1996

filtering, perspective correction, and |
clipping. Thus, many of the 3D fea-
tures can be computed with just a sin-
gle pass of the rendering engine.

In addition to the 3D graphics, the
Laguna3D provide 2D graphics reso-
lutions of up to 1600 by 1200 pixels at
85 MHz and true-color operation at
resolutions of up to 1024 by 768 pixels.
An on-chip 230-MHz DAC and clock
synthesizer as well as a full-featured
VGA controller all contribute to the
high 2D performance. Video playback
also is possible on a scalable MPEG-2
video window. Moreover, the chip in-
corporates the company’s V-Port in-
terface for expansion. BIOS support
is available for PCI, full IBM VGA
compatibility, VESA BIOS exten-
sions, plug-and-play, and display-data
channel monitor signaling.

Housed in a 208-lead PQFP, the CL-
GD5464 sells for $29.50 each in lots of
10,000 units. Production quantities
are available immediately for the CL-
GD5464; samples of the AGP version
are expected late this year, with pro-
duction to start in the first quarter of

Cirrus Logic Inc., 3100 West War-
ren Ave., Fremont, CA 94538; Saul
Altabet, (510) 623-8300, or on the

web at http:/lcirrus.com.
DAVE BI RSKY

VIDEO-MULTIPLEXER MIXES
GRAPHICS AND VIDEO

Able to combine video and graphics in-
formation onto the same display, the
CHB8439 multiplexer chip can work with
displays featuring resolutions of up to
1280 by 1024 pixels and 16.7 million col-
ors. The chip can accept full-bandwidth
analog RGB graphics signals and con-
trol the mixing of digital video inputs
using a programmable analog color key
and high-performance gen-lock circuit.
Included on the chip is the company’s
proprietary leakage suppression tech-
nology, which allows the chip to support |
color-key control while limiting graph-
ics bleedthrough to less than one pixel.
Additional features include dual analog |
wide-band drivers, and YUV-to-RGB
color-space conversion. The CH8439
comes in a 64-lead PFQP and sells for
$9.75 apiece in lots of 1000 . DB ‘

Chrontel Inc., 2210 O’Toole Ave.,
l

San Jose, CA 95131-1326; Ken Lowe,
(408) 383-9328. WeLilHIR]



DIGITAL ICs

HIGH-SPEED 486 CPU EYES
EMBEDDED SYSTEMS
By upping the internal clock speed of
the Am486 microprocessor core to 133
MHz, the Am486 DX5-133 is able to
offer the highest-performance 486-class
processor for the embedded-systems
market. Housed in a low-cost, 208-lead,
small quad-sided flat package, the CPU
provides a 25% performance boost over
the previous best-of-class version, the
100-MHz Am486 DX4. Developers can
leverage the programmer’s familiarity
with the x86 instruction set because the
CPU is fully compatible with x86 soft-
ware that runs on desktop, portable,
and x86 real-time OSs—no features
wereremoved or reduced toachieve the
high clock rates. At the 133-MHz inter-
nal speed, it performs like most 32-bit
RISC processors. In lots of 10,000, the
DX5-133 sells for $33.75 each. DB
Advanced Micro Devices Inc.,
One AMD Place, PO. Box 3453, Sun-
nyvale, CA 94088-3,53; (4L08) 749-
5703; Internet: http:/fwww.amd.com.

GIRGLE 702

SPEEDY 2-MBIT EPROM
PACKS 16-BIT DATA PATH
Organized as 128 kwords by 16 bits, the
AT27C2048 UV EPROM is available in
| versions with access times as short at
70 ns. Fabricated with 0.5-um design
rules, the fast memory chip also is very
small. This translates into two benefits:
First, the chip can be housed in a small,
windowless 10-by-14-mm TSOP, which |
lets the memory go into board-space-
limited applications that need one-time
programmability; second, the chip
should cost less to manufacture, trans-
lating into lower chip prices. The short |
| access time of 70 ns allows the EPROM
to be used in many systems without
adding wait states, which are often in-
cluded to compensate for slower-access
memories. At full speed, the device has
| a current drain of just 35 mA. The
[ AT27C2048 comesin a PLCC, TSOP, or
PDIP, and prices for the memory start
at $4.25 apiece in quantities of 1000. DB
Atmel Corp., 2325 Orchard '
Pkwy., San Jose, CA 95131; Dirk
Franklin, (408) 436-4110.

NEW PRODUCTS \

FLASHMEMORYMODULES ’

| DELIVERUP TO 32 MBYTES

Organized as a 32-bit-wide memory, a |
family of flash-based single-in-line
memory modules (SIMMs) provide
nonvolatile capacities of 8, 16, and 32
Mbytes. All three modules are designed
for operation from a 5-V supply for both
read and write operations, and have
maximum access times of 90 ns. The
flash memories used in the 80-contact
SIMMs are sectored devices (64 kby-
tes/sector), and the architecture sup-
ports full chip erase and the selective
erasure of any combination of memory
sectors. A two-step erase sequence en-
sures that memory contents aren't
erased accidentally. The flash memories
are guaranteed for a minimum of
100,000 write/erase cycles. Prices in
100-unit lots start at less than $200 each
for the 8-Mbyte unit, less than $400 for
the 16-Mbyte SIMM, and less than $300
for the 32-Mbyte stick. DB

White Microelectronics, 4246 E.
Wood St., Phoenix, AZ 850,0; Jack Bog-
danski, (602) 437-1520.

|

1SO 9001
CERTIFIED

LEDs

Immediate
Delivery
Thru Hole: T-1,
T-13%, T-3'%,
rectangular, bi-color,
low current.

|

ADD TACTILE FEEDBACK
TO YOUR APPLICATIONS!

Surface Mount: SOT-23,
ceramic, gullwing, axial lead.

PC Board Indicators: single, bi-level, tri-level, quads

ﬁ\ .\ =
\. a}'»

\

Lt

“{#sk about surface mount LEDs.”

@ <
G I Iway Fax: 617-938-5867

Technical Lamp e-mail: sales@gilway.com
800 W. Cummings Park Woburn, MA 01801-6355 USA

Tel: 617-935- 4442
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Snaptron’s tactile dome switch contacts can be used in
a multitude of portable and wireless applications.

J Keyless entry & keyless entry remotes
L Cellular phones

L Hand held remote controls

. Hand held electronic devices

We offer a wide selection of shapes. sizes, and forces to insure that our
domes will fit your specific application needs. All domes are made of
stainless steel with optional gold. silver, or nickel plating available. Our
domes are guarenteed good for millions of cycles of operation, and can be
customized in countless numbers of ways.

Snaptron, inc.

2468 E. 9th St.
Loveland,CO 80537
Tel: 970-663-2820
Fax: 970-667-6261

snaptron inc.

g the membrans ewoh indumtry
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NEW PRODUCTS

DIGITAL ICs

MINI 48-LEAD PACKAGE
TRIMS BOARD-SPACE NEEDS

A reduced-size, quad-sided flat pack-
age, measuring just 7by 7mm, provides
a significant reduction in board space
for a family of low-power keyboard en-
coder chips. Ideal for applications in
which board space is a premium, the
48-lead package is available for use with

the company’s KeyCoder chips—the
GreenCoder series for laptops and
notebook computers, and the Plexi-
Coder series for handheld, battery-
operated systems. The KeyCoder
families are available for most input
device interfaces, including PS/2 and

t XT for PC compatibles, serial, SPI, IIC,

and on-board Access.bus/SMBus. The
compact package helps save space, yet
the high pin count avoids any sacrifice
in functionality. Because the circuits
will be equipped with self-power man-
agement, the device will consume less
than 2 pA during inactive periods. The
chips can sleep between keystrokes
causing the percent of active time to be
very low, thus minimizing active power.
The chip draws only 2 mA when active.
The small footprint package is available
for orders of 2000 units and above. DB

USAR Systems Inc., 568 Broad-
way, Ste. 405, New York, NY 10012;
(212) 226-2042.

ASIC LIBRARYTARGETS
Low POWER DESIGNS

sign rules. They contain raw gate
counts of up to approximately 400,000
gates across a family of eight mas-
terslices, and provide an average gate
utilization of about 70% with triple-
layer metal interconnections. Internal
gates have delays of just 154 ps and
consume just 1.1 pW/gate/MHz when
powered by a 3.3-V supply. On-chip
dual-level shifters allow for simultane-

ous 3.3- and 5-V operation. Embedded |

SRAM blocks can be added to any of the
eight masterslices through a high-den-
sity stacked-via configurable-memory
megacell. The library has more than 400
1/0 cells that support bus interfaces

| suchasPCI,GTL,and USB.Thearrays

come in various high pin-count package

| options (e.g., QFP and BGA). Nonre-

The SLA40000 gate-array family and |

companion design library offers sys-
tems and communications vendors a
semicustom design methodology for
high-performance, low-power, and low-
voltage supply requirements. The
CMOS arrays are based on 0.4-um de-

Communication
Single Board Computer
with CAN-Bus

® CPU: 32-bit 68EN360

* Speed up to 33 MHz

o { ow Power: <600mA at 5V

¢ Extended Temperature avail
-25°C to +85°C

® 5 x RS232, Ethernet 10BaseT & o Fulfills EMC requirements
AUI, CAN, SCSIK-2, G-96, M-Module e Compact {single Eurocard)

o | K * Ruggedized

* Real Time OS support * Attra

MPL

High-Tech-Made in Switzerland

MPL AG, Tafernstr. 20, CH-5405 Dattwil/Switzerland
nfo@mpl.ch, Home Page: http://www.mpl.ch/mpl

Emal
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* Memory
up to 128 MByte DRAM
up to 2 MByte SRAM
up to 2 MByte BootROM

up to 2 MByte FlashROM

curring engineering charges start at
$25,000; final charges depend on design
complexity and volume, among other
factors. DB

S-MOS Systems Inc., 150 River
Oaks Pkwy., San Jose, CA 9513}-
1915; Dev Chakravarty, (408) 922-
0200.

N,
_a
W

Free Thermistor

Samples For Testing,

P.O.BOX 3303, MUSKEGON, MI 49443 » (616) 777-4100 « FAX (616) 773-4214

Our complete line includes NTC,
PTC, Tempsistor and glass encapsulated thermistors.
These small devices are ideal when fast response
times and interchangeability are required.

THERMODISC

MIDWEST COMPONENTS PRODUCT GROUP

C y ‘
L

¢« ¢ ¥

For Free Samples & Technical Assistance...

|
o
|
|
|
|
|
[ \ . R
Call us today for your FREE test samples and answers to
i any of your technical application questions.
|

(616) 777-4100
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NNEW PRODUCTS

0-T0-100-PSI PRESSURE
SENSOR COMESIN AN SOIC-8

The NPP series of low-cost pressure
sensors now are available in standard
plastic SOIC-8 packages (0.150 by 0.194
in.). This makes them compatible with
automated handling and insertion
equipment. Operating over a tempera-
ture range of 40 to 125°C, they’re avail-
able in absolute-pressure ranges of 0 to

15, 0 to 30, and 0 to 100 psi. They
provide an unamplified full-scale out-
put of 60 £20 mV when excited by 3V
de. Combined linearity hysteresis and
repeatability error is less than +0.3%
of full-scale output. Static accuracy is
within less than +0.2% maximum of
full-scale output. Input and output im-
pedance is 5 kQ +20%. The NPP series
of sensor's is available for less than $3

ABSOLUTE VALUE.

OIRE

" Df N.\.(L_‘ﬂt\u-'““
8 -
""“.‘:l“\ e

each in OEM lots of about 10,000 to
50,000 pieces. Sumple and production
quantities are available now. RA
Lucas Novasensor, 1055 Mission
Cowrt, Fremont, CA 94539; (800) 962-
7364; fax: (510) 770-0645.

DUAL 10-BIT ADC IDEAL

FOR VIDEO DECODING

The SPT7852 integrates two 10-bit
CMOS ADCs with sample rates up to
20 Msamples/s into a single device.
Channel-to-channel crosstalk is better
than 70 dB, and total power consump-
tion is less than 160 mW. The dual chan-
nels make the 1C ideal for the coherent
processing of information like the I/Q
processing paths of QPSK and QAM,
and for S-Video digitizing, as well as
composite digitizing for multiple video
sources. Operating from a single sup-
ply of between 3.3 and 5 V, the SPT7852
comes in a 44-lead TQFP package and

High performance LCR meters from SRS.
Absolutely lowest price. Starting at $1295.
SR720 $1995

sells for $14.95 in 1000-piece lots. PMcG
Signal Processing Technologies
Inc., 4755 Forge Rd., Colorado
Springs, CO 80907; (800) 643-3778 or
(719) 528-2300; fax (719) 528-2370.

For passive component measurement,
the new standards in value are the

E

SR720/715 LCR meters from SRS. + 0.05% basic accuracy CIRCLE 708
. . : y + 100 Hz to 100 kHz measurement frequency
eters that offer significant advantages - Twe 5 digit displays for simultaneous readout of A
in performance and price. Performance major and minor parameters. h?gﬂ?g%%glﬁkg%gE%OR

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 cal-
ibration. With the standard RS232 and
optional GPIB and Handler interfaces,

the SR720/715 solves your incoming in-

spection and automated test needs. All

for a price well below what you'd expect.

Call (408)744-9040 today for more
information.

SR715

+ Auto, R+Q, L+Q, C+D, C+R, Series and Parallel

measurement modes

« 100 mV to 1.0 V test signais

Internal and External Bias

+ Binning and Limits for production testing and

component inspection.

+ RS232 interface
+ GPIB and Handler interface (optional)

1295

Same as SR720 except:

+ 0.2% basic accuracy
+ 100 Hz to 10 kHz measurement frequency

SRS/ STANFORD RESEARCH SYSTEMS

1290 D Reamwood Avenue, Sunnyvale, CA 94089
TEL (408)744-9040 FAX 4087449049
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The monolithic SPT5230 is a 10-bit, tri-
ple-video DAC supporting conversion
rates up to 50 million words/s with
power dissipation of only 280 mW. De-
signed for high-performance video
uses, the chip offers 49-dB channel-to-
channel crosstalk isolation and +1 LSB
differential linearity in a footprint of
only 10 X 10 mm. A single external re-
sistor controls the full-scale output cur-
rent. All logic levels are TTL-/CMOS-
compatible. The SPT5230, which comes
in a 52-pin SQFP package, sells for
$23.580 in 1000-piece lots. PMcG

Signal Processing Technologies
Inc., ;755 Forge Rd., Colorado
Springs, CO 80907; (800) 643-3778 or
(719) 528-2300; fax (719) 528-2370.

CIRCLE 709




With razor sharp technology and the most innovative product line in the

industry, Teledyne Relays has always been a winner. Now, with the acquisition
of Gentron Corporation, Teledyne Relays wins more relay events.

The Gentron solid state relay product line immediately expands Teledyne
Relays’ offering from milliamps up to a whopping €00 amps and 1600
volts. Gentron-developed proprietary designs are used in these products. The
Fused CopperTM process reduces thermal resistance, making for improved per-
formance and thermal management, when switching high currents. Some
models are available with the Trans Ax TM transient “killer” that withstands
transient voltages up to 6000 volts.

For SSR applications in process & industrial controls, motor controls, theatrical
hghting, commercial heating & air conditioning and more — just call
Teledyne Relays. Now! With the addition of Gentron you can get the right
refay from the winning team.

“W\" TELEDYNE RELAYS

GENTRON PRODUCTS

TELEDYNE RELAYS
12525 DAPHNE AVENUE < HAWTHORNE, CALIFORNIA 90250 < Ph 800.2.Teledyne * Fax 213.779.918) « hr:p://www.teledynerelays.com

GENTRON
1345 ACOMA DRIVE UNIT 101 « SCOTTSDALE, AZ. 85260 « PH 800.Gentron  FAX: 607.443.1408 < http://www.gentron.com
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SanDisk PC Card
ATA FlashDisk Series

The Perfect Choice
for Compatibility,
Capability, and
Capacity.

One ATA PC Flash card gives you more
choices to fit your data storage needs
than any other: FlashDisk from SanDisk.
FlashDisk gives you today’s widest range
of Flash capacities and widest choice of
products—Type 1l cards from 2 to 85MB
and Type 11l cards from 110 to 175MB.
FlashDisk also offers:

A Unmatched interoperability. An on-
board intelligent controller provides
horizontal, vertical, backward, and
forward compatibility with DOS,
Windows, and virtually every other
major platform and operating
system with no need for custom
FFS or FTL software drivers. The
result is shorter design time and
products that simply work better.

Dual voltage support. Support for
hoth 5V and 3.3V operation gives
you the design flexibility to meet
specific needs. Interoperability
between 3.3V devices such as
cameras and 5V devices such as
PCs makes it easy to transfer data,
audio, and images.

SanDisk lcads
the industry
in innovative
Flash technol-
ogy with our
complete line
of removable
and embedded
data storage
products. We
design our
own controller
and Flash
memory chips to ensure maximum
product performance, compatibility,
and reliability. Call us for more

information: 1-800-375-9250.

SanDisk 2

The Flash Data Storage Leader

FLASHDISK

MASS STORAGE
SYSTEM

SanDisk International
Offices

SanDisk Corporate
Headquarters

140 Caspian Court Europe: 49-511-8759185
Sunnyvale. CA 94089 Japan: 81-45-474-0181
http:/fwww.sandisk.com  AsiafPacific Rim: 852-2712-0501

SanDisk 15 a trademark of SanDisk. All other trademarks or reqistered

and product offerings subject to change without notice.
©1996 SanDisk Corparation
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NEW PRODUCTS

INSTRUMENTS

PCMCIA CARDS USE JTAG

FOR POWERPC EMULATION

A real-time emulator for the Pow-
erPC processor line is housed in a
Type II PCMCIA card that can be
plugged into notebook PCs for use in
the field. The PowerEM uses the Pow-

erPC’s IEEE-1149. 1 JTAG port to
access the processor’s on-chip debug
facilities. This eliminates the need for
external pods. reducing cost and elec-
trica! loacding of the target system.
Also, the emulator automatically sup-
ports any clock speed at which the
target system runs, and it maintains
processor access even when the Pow-
erPC hangs or runs out of control.
Users can download programs and
data to any part of the system RAM |
through the JTAG port without a resi- :
dent loader or ROM emulator. The |
four-wire JTAG interface can be con- |
nected to a PowerPC 403, 603, or 604. |
The IEEE-1149.1 controller used in |
the emulator features dual, inde- |
pendent test-access-port controllers, t
on-board memory, and a high test |
clock speed. The controller comes i

|

|

[

4

|

\

with a terminate-and-stay-resident
client driver for automatic card con-
figuration, as well as self-diagnostic
routines and a scan function library.
Overall pricing for the PowerEM
starts at $4950, including a full-fea-
tured, Windows-based, source-level
debugger. JN

Corelis Inc.. 12607 Hidden Creek |
Way, Suite H, Cerritos, CA 90703;
(310) 926-6727; fax (310) 404-6196.

FUNCTION GENERATOR
SWEEPSTO 20 MHZ

The T(G:120 function generator offers
eight ranges, covering a bandwidth of
0.2 Hz to 20 MHz. It supplies sine, |
triangle, and square waves, as well as
de levels. A switchable bidirectional |

ELECTRONIG, DESIGN/DECEMBER 2, 1996

variable symmetry also allows users
to generate variable duty-cycle pulse
and sawtooth waveforms. The instru-
ment can be run in sweep mode using
an external sweep voltage at a range
of at least 20:1. Frequency modulation
also is possible. The generator out-
puts a maximum of 20 V p-p at 50 Q.
An amplitude vernier with a range of
26 dB combines with two 20-dB
switched attenuators to supply levels
down to 10 mV p-p. A variable de
offset of +10 V is available using a
center detent control. An auxiliary
output provides a fixed +5-V level for
driving TTL and CMOS loads. Call for
current U.S. pricing. JN

Thurlby Thandar Instruments
Lid., 2 Glebe Rd., Huntingdon,
Cambs., PD18 7DX, England; (44)
(01480) 412451; fax (01480) 450409.
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2-GSAMPLE/SSCOPES

BOAST COLOR DISPLAYS

The TDS 782A and TDS 754A digital
storage oscilloscopes deliver up to 2-
Gsample/s sampling at a bandwidth to

1 GHz, while offering the company’s
InstaVu acquisition technology to
capture infrequent glitches, metas-
table behaviors, and time jitter. The
TDS 782A has a 1-GHz bandwidth and
samples at 2 Gsamples/s on one chan-
nel and 1 Gsample/s on two channels.
The TDS 754A has a 500-MHz band-
width and samples at 2 Gsamples/s on
one channel and 1 Gsample/s on each
of four channels. Each of the scopes
feature an industry-standard record
length of 50k.

The TDS 754A offers a optional re-
cord length of 500k, while the TDS
782A offers 250k. They also feature
the proprietary NuColor display tech-
nology. An advanced suite of trigger
modes includes a new time-out mode,
and a channel deskew function boosts
the accuracy of timing measurements
by compensating for external timing
errors. Drivers for 22 types of print-
ers are available for hard-copy output.
The TDS 782A and 754A start at
$21,995 and $18,500, respectively. De-
livery is in eight weeks. JN

Teklronix Measuremen!l Busi-
ness Div., Literature Distribution
Center, P.O. Box 1520, Pittsfield, M.A
01202; (800) 426-2200, code 555; In-
ternet: http://wwne.tek.com/Measure-
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“How do | know
which BGA'IC

~package will give
me the freedom .

“ 1o increase
performance now .
and in the Iut.ume?"

L <

»Get The REAL

BGA IC packaging has a very bright future.
And so do your applications — if you
design in Amkor’s BGA — the real BGA.
The one that gives you more 1/Os in less
space, better electrical performance and
improved thermal management. In fact,
Amkor’s vast product portfolio, continually

IC Package Applications
p

4 Z
E PCIP PLCC QFF AMKOR BGAs:
E®- PBGA

-3 SuperBGA®™

s w©f- Future Shrink BGA
= & Chip Scale BGA
o1

15

8, 10

S

S B “Exclusive to Amkor
a

10 W0 M0 400 Bg0 800 1000
Package Leads

Asia * Europe ¢ Korea » Japan » Singapore ¢ Taiwan « USA West *« USA Southwest « USA Midwest/East

P Plastic BGA
Mere package options
greater manufacturing
capacity along with the
design-in support of
the industry leader

» SuperBGA®
Award-winning design
with built-in heatspreader
for better power

management and

EMI/RFI shielding.

jesigned into
‘space-savin

BGA

expanding worldwide manufacturing
capabilites and industry leading
in-house design resources, make us
the undisputed BGA leader. As the
leader, we have the expertise to
support you with turnkey BGA
design-in solutions. So why not
give your ideas room to expand
into the next generation. Package
them in the real BGA. Call Amkor
now at (602) 821-2408, ext. 2000,
fax (602) 821-6937 or see us

at http://www.amkor.com for
more information

» CS BGA™
Future family of high-
density Chip Scale
IC packages with the
electrical and cost-saving
advantages cf BGAs.

omkor
anam

We're Packaging The Future

READER|SERVICES



3.3 to 5000 VDC
Output Standard

Delivery-

stock to one week |

See EEM
or send direct
for Free PICO Catalog.

NEW PRODUCTS ]

SOFTWARE

DSP DEVELOPMENT TOOL
TARGETSLOW-COST APPS
Based on Texas Instruments’
TMS320C203 digital signal processor,
the C2xx DSP development system is
for low-cost, high-performance appli-
cations. It can be used as a standalone
development system or embedded
into products using its 1/0 headers.
Upgradable to future products in the
C2xx family, the development system
has on-board SRAM, flash memory,
16-bit data converters, and RS-232 se-
rial interfaces. Alsoincluded are a5-V
power supply, a DOS-based assem-
bler/linker and debugger., and GO
DSP’s Code Explorer. Single units of
the system sell for $149. ML

Wyle Electronics, 15370 Bar-
ranca Pkwy, P.O. Box 19675, Irvine,
CA 92713-9675; (714) 753-9953.
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TOOLSET ADDRESSES
YEAR-2000 REENGINEERING
TestBed for MVS Cobol is astatic-and
dynamic-code coverage and analysis
toolset for helping find, debug, and
document efforts in reengineering
legacy code for the year 2000. The
year 2000 is a problem because many
systems have just two digits to store
the year portion of each date. This
storage limitation can result in miscal-
culations using date information
crossing the year 2000. Static analysis
verifies source-code standards and in-
tegrity. Dynamic analysis involves
executing an instrument version of
user code to detect defects at run
time. The two testing fields depict
code quality and structure; trouble ar-
eas are highlighted for rework or re-
moval. TestBed’s testing capabilities
include programming standards veri-
fication, structured programming
verification, complex metric measure-
ment, variable cross reference, un-
reached code reporting, control flow
tracing, statement execution fre-
quency analysis, and LCSAJ subpath
coverage. TestBed supports C, C++,
Ada, Cobol, Pascal, and assemblers on
hardware platforms such as HP, Sun,
and PCs. Prices start at $45,000 per
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Come to Portable by Design to meet
and listen to the electronic industry’s
guru of analog engineering. Bob is
National Semiconductor’s analog de-
sign expert and popular columnist for
Electronic Design magazine.

If you attend, you'll also receive a free
autographed keepsake collection of
columns from Electronic Design’s well-
read “Pease Porridge.” Be there to ask
Bob questions on technology—or even
humanity, and we’re sure you’ll receive
an answer that will be filled with wit,
wisdom, and waggish observations.

Save the Date!

WEDNESDAY,
MARCH 26, 1997

at the Santa Clara Convention Center
Santa Clara, Calif.

Exhibition Hall - 11:00 a.m.

PEASE

IS COMING!

THE FOURTH ANNUAL

CONFERENCE & EXHIBITION

presents

BOB
PEASE

in a special
appearance
at the
1997 show

For technical conference or exhibition attendee information,
call Betsy Tapp at 201/393-6075;, Fax 201/393-6073; E-mail: portable@ class.org
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C&K’s EXPANDED BROADLINE CATALOG

C&K's expanded Newton Di-
vision Catalog #9609 is the
most ive switch cotal

in the industry with 360
pages of models and options
featuring miniature, subminia-
ture and ultra-miniature tog-
gle, rocker, lever handle,
slide, rotary, dip, thumb-
wheel, pushbutton, surface
mounted and process compat
ible switches. It now includes

our line of trimming poten- |

tiometers, too.

C&K COMPONENTS, INC.

CIRCLE 250

MOLDED PLASTIC PRODUCTS

New catalog features com-
plete line of transfer, compres-
sion, and injection molded en-
capsulation shells and related
services for electronic pack-
aging. Included are sections
on molding and tooling, stan-
dard products, mechanical
and electrical properties of
DAP and epoxies used in
standard products, and avail
able design, fabrication,
screw maciining, molding,
tooling, terminal insertion, in-

sen molding, drilling, and in-

tion/deflashing services.

CIRCLE 253

ARYLAND PLASTIC PRODUCTS

ULTRA LOW DISTORTION FUNCTION

The DS360 provides wave-
forms from 1 mHz to 200 kHz
with total harmonic distortion
less than -100 dB. Functions
include sine, square, two
tone, white noise and pink
noise. BNC, XLR and Banana
oulput connectors provide
easy interfacing to virtually
any system. Features include
linear and log frequency
sweeps, | mHz?vequency res-
olution, 25 ppm trequency
stability and stondard RS-232
and GPIB computer inter-
faces. (408} 744-9040

Ultra Low Distortion
Function Generator

~ CIRCLE 256

STANFORD RESEARCH SYSTEMS

OMRON RELAYS, SWITCHES, MORE

Standard Product Co'olog
shows Omron’s most popular
relays, switches, and
sensors. The 176-page
catalog also includes card
readers, time delay relays,
totalizers, limit switches and
temperature  controllers.
Literature sent only to
oddresses in the U.S.A.
Omron Electronics, Inc. Call
tol-free 1-800-55-OMRON
or email EDLit@oei
omron.com

OMRON ELECTRONICS, INC.

S e @

WIN-BASED CAE/CAD S/W TOOLS

SPICE-IT| for Windows, a
powerful integrated CAE
electronic circuit design and
simulation system. THE
WHOLE ENCHILADA for
Windows, a complete
CAE/CAD tool system-from
conceptual design
HDL/Mixed-mode simulation
to PCB verification. Contact:
www.cadmigos. com
info@cadmigos.com
Fax:(415)568-5989

CAD-MIGOS SOFTWARE

ICADoM::IGOSI
-SGFTWARE TO0LS l‘:qC

CIRCLE 262

[ o |

CERAMIC RESONATORS

GREAT MICROCONTROLLER
OSCILLATORS. Build-in ca-
pacitors. Precise R$232 fre-

' HPaN) '\ H A

for most low end MCU: Z8,
PIC16, 6805, 8051,.. efc.
From 400kHz to 20MHz.
ZT7S4.00M ot 18E for 50k
pes. Free samples.

INTEGRITY TECHNOLOGY

L

= &=
» »
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1997 PRODUCT SELECTION GUIDE

Pentek’s new pocket-size
1997 Product Selection
Guide describes Digital Sig-
nal Processing and Data Ac-
quisition products for VME-
bus, VXIbus and PCI/PMC
bus. You'll find quick selec-
tion guides, capsule specifico-
tions and functional block dia-
grams. Get the lotest

information on the broadest f

line of DSP processors, 1/0O
peripherals and world-class
software tools. Send for your
free copy today, or call (201)
818-5900 Ext. 532.
PENTEK, INC.

CAE SOFTWARE

Variety of top return-on- |

investment engineering
sortware,e.g
SAUNA>rherma| deslgn

and alysis;
SUPERFllTER>fr|ter
¥nthes|s and analysis;

ICEAGE>mixed mode |

simulator. These and
many more described.
Call”  for cotolog,
demo/evoluohong gs.:

Tel : 313-663-881

TATUM LABS, INC.

SWITCH MODE INDUCTOR HANDBOOK

This 2nd edition o
Torotel’s Switch Mode
Power SuEply Inductor
Hand provides
deslgn vidance for over
600 Inductors for power
output filters, series
mode power, common
mode  filtering and
current sense

plications. Phone:
876) 7615314

TOROTEL PRODUCTS

CIRCLE 254

ﬁ)ROTEL
PRODUCTS

SWITCH MODE
POWER SUPPLY
INDUCTOR
RESOURCE HANDBOOK
I

CIRCLE 260

ECLIPTEK CRYSTALS, OSCILLATORS

The International Source
Book offers detailed
specifications on Ecliptek’s
through-hole and surface-
mount crystals, oscillators,
and inductors. Visit our
internet site at
http://www.ecliptek. com/
ecliptek/. Phone (714) 433-
1200, Fax {714) 433-1234,
or E-mail ecsales@ecliptek.
com

ECLIPTEK CORPORATION

CIRCLE 263

NEW SWITCHING REGULATORS
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FREE T&M PRODUCTS CATALOG

The 1997 catalog from
Lecroy offers complete
technical information
and pricing on our
comflete line of digital
OSCI loscopes. Iso
included are technical
application notes
covering many topics.
1800 ECROY

LECROY

Power Trends Inc., has re-
leosed a new 80 page full
line catalog for its Infegrated
Switching Regulotors (ISRs)
ond DC to DC Converters.
The catolog infroduces signifi-
cant new products along with
extensions fo existing product
lines. Complete specifica-
tions, photos and stondord
applications are provided for
each product, along with me-
choanical configuration op-
tions and ordering informo-
tion.

POWER TRENDS INC.

HANDY POCKET GLOSSARY OF TERMS

Techron, a manufacturer of
power amplifiers and related
systems for commercial
applications, has developed
a glossary of power omplifier
terms. The illustrated
document, available free
from Techron, contains over
300 delfinitions-helping to
provide @ common ground of
understanding among people
with varying degrees of
technical knowledge. For
more information call
¥ 19)294-8300
ECHRON

SWITCH CATALOG

APEM'’s 212 page catalog
contains many extensive
product lines. Included are
the following categories; DIP
& Rotary DIP switches,
Toggle, Rocker & Lever
switches, Pushbutton switches
and more. A wide selection of
process compatibles and SMT
models are offered as well as
numerous oplions and acces-
sories. In addition, a broad
family of Control knobs is also
offered. Complete specifico-
tions ond detailed ordering
guides for oll produc's greatly

YOUR CATALOG COULD BE HERE

information
regordmg this section,
circle the number below,
or call your local sale
representative.  Our
SALEs Offices are in the
back of the magazine

YOUR COMPANY
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HI PERF CABLE ASSEMBLIES

Brochure for engineers
needing to know the
current lgvel of advanced
capabilities in  the
integrated design and
manufacture of micro-
minioture cables and
high density
terminations.

PRECISION

CIRCLE 277

l!OUR CATALOG COULD BE HERE
ofr )

information
regarding this section,
circle the number below,
or call your local sale
representative.  Our
SALEs Offices are in the
back of the magazine

Integrated Suite of EDA Applications

OrCAD’s integrated suite of
EDA applications give you the
full advantage of 32-bit per-
formance under all versions of
Windows. They unite your en-
tire design flow, from design
entry to simulation to board
layout, into a single, seamless
process. Call OrCAD DIRECT
at 1.800-671-9505 or visit
our web site at
http://www.orcad.com
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| ILLINOIS CAPACITOR’S CATALOG | SAMSUNG PRODUCT SELECTION GUIDE ' NETRANS™ '
1 llinois Capacitor’s and Wemme | : The latest cotolog is ), NETRANS™ :
| Engineering Guide contains 1 available on request b 1 and NETRANSplusT™ '
1 complete information on I calling ].800.446-2760)j i from American Microsys- H
| company’s aluminum It contains product and 1 tems, Inc. provides proven '
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i ended and differential ) tributes the newly released 1 the competitive landscape 1
| scope measurements on Wiy I Version 6.3 MicroSim PSpice | created by the Telecom Act :
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i Differential amplifier : ing for Windows 95 and : the telephony market. :
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ITHERMAL CLAD DESIGN GUIDE

New for 1996, Bergquist
Thermal Clad Design Guide
features the New Bond Ply
Family of materials as well as
vpdated technicol
information on Thermal Clad,
Insulated Metal Subsirate.
THERMAL CLAD materials
allow designers 1o reduce the
number of thermal interfaces
in the assembly ond take
advantage of the high
thermal conductivity of tge
metallic layers of THERMAL
CLAD.

CIRCLE 280
BERGQUIST COMPANY
P&B®RELAYS & BREAKERS
Catalog lists stock relays
and circuit breakers from | ™™™
Potter&Brumfiel
Stnck Catsiog

products Division. De-
scribes electromechani-
cal, solid state and time
delays, as well as thermal
and magnetic circuit

breakers. Numerous op- |

tions. Fax: (812) 386-
072,e-mail:info@ae.sec.
siemens.com

DESIGN CATALOG/LITERATURE REVIEW
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SIEMENS ELECTROMECHANICAL

APPLICATION AND PRODUCT GUIDE

Free 84-page catalo

features detaile
?ecifico'ions on
ilovac’s full line of high

voltage relays,
contractors and ﬁower
controllers.

our applications call for
58V or 70, ;
isolation or power
switching, Kilovac can
meet our needs.
Phone:i)BéS 684-4560,
Fax: (805} 6849679

KILOVAC
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OWER INTEGRATED CIRCUITS

P
The 7th edition Apex
Power Integrated Circuits

ata book contains com- |
plete product data sheets |

and applications notes
for Apex Microtechnol-
ogy's Power Amplifier
PeVM Amplifier an

DC/DC Converter grod- ‘

uct lines. Call: 1-800

862-1021; FAX: 1-520- |

888-3329; E-MAIL:
Prolit@TeamApex.com.

FYOUI‘! CATALOG COULD BE HERE
or

intormation
regording this section,
circle the number below,
or call your local sale
representative.  QOur
SALEs Offices are in the
back of the magazine

YOUR COMPANY

CRYSTAL OSCILLATOR CATALOG

A new product cotalog ond
selection guide from
Champion Technologies
features their full line of crystal
oscillators. Technical informa-
tion, specifications and me-
chanicals are featured in this
catalog for over 60 of
Champion’s VXCOs, TCXOs,
VCTCXOs, dato clocks and
related products. Frequency
ranges up fo 155.52 MHz for
2enero| purpose to high
equency or tight siability ap-
plications.
Phone: 847/451/1000

CHAMPION TECHNOLOGIES

MECHANICAL ENCODER SOLUTIONS

New Product Bulletin #698
lists the Series 25, single and
multi-deck encoders. The
Series 25 offers Binary,
Binary Compliment and Gray
code outputs in 1 deck
through 4 decks. Choose
from 4 to 36 switch positions
for the selecied code output.
For an economical
alternative, The Series 251,
single deck design, provides
similar coding and position
choices. The Series 251 is

priced ot $1.25 in
roduction quantities.
RAYHILL
APPLICATION NOTE
Covers how to make
safe ond reliable
measurements on
switching power supplies
operating on ine,

Includes such difficult
measurements as upper
gate drive and transistor
saturation characteristics.
Tells how to quantify
measurement corruption
caused by high dv/di
common_mode. 1-800-
376-7007

PREAMBLE INSTRUMENTS

e
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QI.LTODMATIC DATA COLLECTION

page, tour color

corolog rom Intermec
Corp. Everett, WA, the
world eader in

Avutomatic Data Collec-
tion technology. This new
catalog includes thermal
transfer bar code
ﬁrinters, scanners, hand-
eld computers, network
controllers, radio
frequency data collection
systems and much more.

INTEMEC CORPORATION

L 3 3 N

i

OFF-THE-SHELF-OPTICS

Free 130-page product
catalog trom Rolyn,
largest supplier of off-the
-shelf optics. 24 hour
delivery of simple or
compound lenses, filters,
risms, mirrors,
eamsplitters, reticles,
objectives, eyepieces &
thousands of other stock
items. Custom products
& coatings also.
Phone: {gl 8) 915-5707
Fax: (818) 915-1379

ROLYN OPTICS CO.

CIRCLE 293
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FOUNDRY

American Microsystems, Inc.
has offered custom and
semicustom foundry expertise
for over 30 years. AMI
supports 0.35p through >1p
design and will increase its
pnx?ucﬁon capacity by 3x
with the completion for FAB
10. For more information on
AMI's foundry, call {208)
233-4690 or visit our home
poge http://www. amis.com

AMERICAN
MICROSYSTEMS INC.

MINI COAX CONNECTOR SYSTEM

New 4-color brochure
graphically illusirates the
new har-pak®  Mini
Coax connector System.
Color  photographs,
detailed technical data,
drawings and part
numbers provide
comprehensive
information.

HARTING ELEKTRONIK
INDUSTRIES, INC.

PRODUCT LITERATURE

Gage Applied Sciences Inc.
is the world leader in ultro-
fast data acquisition products
for IBM PC. Gage offers the
world’s fastest 12 bit A/D
card for the ISA and PCl bus,

with sampling speeds up to

AD

100 MSPS and 8 bit A/D K&

cards up to 250 MSPS (2
GS/s for repetitive signals).
Also availoble are complete
turnkey  systems and
extensive soltware drivers.
For more information

call 1-800-567-4243

GAGE APPLIED

FREE Instrumentation Reference

The National Instruments [

latest versions of the com-

TR

Y e
1997 catalogue features the i,ﬂi’f“ -

pany’s LabVIEW® , LabWin-
dows®/CVI, and HiIQ® ap-
plication software products.
New products include Bridge

VIEW™ and Lookout™ sofi. [§

ware packages for industriol
automation. In addition, our
new line of IMAQ™ products
features a complete hard-
ware, software, and driver
software solution for imaging.

NATIONAL INSTRUMENTS
C-PROGRAMMABLE CO

Save time and money. Our [~
controllers are ideal for con-
trol, test or data acquisition
applications with a mix of
analog/digital 1/O , relays, |
RS232/485 serial ports, |
LCD/keypads, & pro- ’
grammed with Dynamic C .
From$79,Qity.1.

{916) 757-3737, or Fax:
{916) 753-5141. For 24 Hr.
data, call from YOUR
Fax:{916)753-0618.

hitp:/ /www.zworld.com.

Z-WORLD ENGINEERING

NTROLLERS

EiT
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CATALOG OF EMBEDDED CONTROLLERS  M/S ASIC CAPABILITIES RELIABILITY PREDICTION
Micromint, Inc. is a leading The Mixed-Signal Divi- Catalog describes the
supplier of single-board com- sion of American Mi. = emicean Re|C0| software pack-

puters, controllers and periph-

MICROMINT

crosystems, Inc., is contin-

e, which automates
il-HDBK-217 or Bell-

eral controllers to the world- : vall improving its

wide OEM market, as well os analog, digital,” and core on your PC, and al-
providing custom-engi mixed-signal design and ows quick and easy reli-
computer solutions to simulation tools. Adding ability analysis of your
consultants. cells to its cell library, re- electronic ~ products.

Phone: {860)871-6170. ducing cost and time re- Phone: (818) 991-0057
Fax: {860) 872-2204. quired to develop mixed- Fox: (818) 991-1281

Internet address
http://www.micromint.com

signal ASICs. For more
information on MPD, call
(208) 233- 4690 or
visit our home page
htip://www. amis.com

]
1
|
]
]
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1
1
1
1
I
]
]
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1
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1
MICROMINT, INC. AMERICAN MICROSYSTEMS : T-CUBED SYSTEMS
________________________________ [t A
] I
INNOVATIVE INTEGRA“ON . FREE SPICE NEWSLETTER i MULTILAYER PROTOTYPE i
Innovative Integration sells - ! The Intusoft newsletter is 1 Award winning quic H
Blazingly Fast Data 5 . a free publication Ferureft Newiteirer i turn multilayer prototype 1
Acquisition Products. FREE . - 1 dedicated to discussing £, 3 ! manufacture specializing !
DSP & Data Acquisition 5 iy | topics related to the Uatersstive SPros } in 24 hour to 5 day '
Products Catalog 1) 1 spice circuit simulators. = I turns, for commercial 1
CALL 818-865-6150 E ' Each issue contains , and milspec boards {Mik ]
Fax: 818-879-1770. ™ i opplication notes i P-55110E) on FR4 and !
EMAIL: 2 : i technical articles, and ! polyimide materials. Our !
techsprt@innovative- - ] modellng technlques that 1= === H ca abilities also include v |
ds g .com or 2 ° 1 help engineers simulate. — ! r d and buried” vias, Py !
p “hitp:\www innovative- = : == | {;.I” body goldI carbon = ]
Sp.com = | o N I baste meta core |
G ! = ! do?lrds smdcll h<|'> e !
i = i drilling, and net ist '
CIRCLE 298 ' CIRCLE 299 | testing. |
INNOVATIVE INTEGRATION | INTUSOFT | AOTEXEAES |
................................ e eeeneeenoo ) TROTOENPRESS .
\ | )
RELIABILITY SOFTWARE « MADE TO ORDER ' ADHESIVES AND SEALANTS '
The Relex Reliability Software i The Data I/O catolog is | Master Bon Inc., '
for Microsoft Windows and |V the directorder source of I Hackensack, N !
the Mac provides Reliability | 1 affordable tools for users | manufactures over 3000 !
Predictions per the MIL- Relex 1 of programmable i grades of adhesives, |
HDBK-217, Bellcore, | v devices. From design | sealonts ond coatings. |
Mechanical, and CNET - | | software to devnce i Line cosists of epoxies, |
standards, as well as ' programming ! anaecobics, i
FMEA/FMECA analysis and | ! automated hondlm ! cyanoacrylates, silicones i
Maintai Predi Windows. | sys'ems the Data V . 1 and acrylics. One and 1
The new four color 20-page | e I cotalo frers 8 | two part systems are '
catalog describes the Rexible L] | unbeatable values on the |  available. 1
CAD Interface, extensive | 1 the high qua ny tools gou | Tel. 201-343-8983. ]
parts libraries, and stunning ! | need. Call 1-800-3 ) 1
graphics. L | 1 8246, ext. 806. : !
1
INNOVATIVE SOFTWARE R ' DATAI/O | MASTER BOND INC. :
\ ' |
————————————————————————————— T o T T T T T T T T T T T T T e T e e e e e e T T T T T T T T e s s s m ==
IN CIRCUIT EMULATORS 80186, 80196,8051 EMULATION ASIC-MCM-MEMS
Nohau Corporation is a Signum Systems has m Tanner Reseorc offers
manufacturer of In-Cir- | released its 1996 affordable, eosr to use
cuit Emulators for the fol- catalog of in-circuit des| n tools for I
lowing families: 8051, emulators. This full line and Unnx R
MCS251, P51XATM, (& catalog includes Intel glcﬁorms'hSend Ic:jr our Research
80C196, 68HC16, and B rocessors, Texas roch “é° at "i"ct’ esg
683XX tamilies. Web | nstruments DSP’sZilo free e"ﬁﬂ 8I158 709"2
Site Address: controllers, and National 8889',: . 818.793.
http://www.nohau.com Semiconductor HPC 0300 P B -

aaal

]
]
]
]
]
]
]
I
I
1
|
1
fomily. Call (800) 838- L Bl
or information. | ) SALES @TANNER. COM
Internet address: [ v
ww.signum.com | —=,
I—__*-._. J
]
NOHAU CORPORATION CIRCLE 306 ! TANNER RESEARCH INC
SIGNUM SYSTEMS |
---------------------------------------------------------------- f-— - — ===
I
MACINTOSH BASED EDA TOOLS | “X86 and 683XX/HC15 Design Tips” : YOUH CATALOG COULD BE HERE
cop o our new : Free application nofe shows | intormation
e to ﬁctronl s | |t how to uSe IN-CIrCUil | uemmommton g | | regcrdmg this section,
e5|gn on t [ | | emulation to isolate reakime A ! circle the number below,
I[\)ACC""O Vf/eo'mi(es . Mac'OS | events. Set clock-edge =1 1 or call your local sole
ﬁ or Electrooics Design I triggers, and then use trace . : representative. Our
s¢ c" ic capIBre onthe | | to display system status and *3 1 SALEs Offices are in the
flmu a IOT&; des Apple Macintosh® | ! the source code l.eodin  up gl‘ ' back of the magazine
% 8 %0 UIIO | | to the event. For immediate e~ '
| response: WEB page: '
e (80 5 444 90 : www.microtekintl.com ; : (]
= o sos s | Email: info@microtekintl.com g '
Ehsibag 1 Voice: 800-886-7333 '
1 7= : = :
—— ]
't MICROTEK o
CAPILANO COMPUTING Lzl | INTERNATIONAL LA i YOUR COMPANY
] ]
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1996 DRAM DATA BOOK

Micron Technology, Inc.
brinc?s quality
roductivity an
innovation together to
provide advantages for
you. This book contains
product and technical
information for Micron’s
DRAMs, including FPM,
EDO an Burst EDO
DRAMs; modules; and

SGRAM.

MICRON TECHNOLOGY,
INC.

Take OrCAD’s Software for a Spin

-

CIRCLE 310

FYOUR CATALOG COULD BE HERE
or

information
regording this section,
circle the num ow,
or call your local sale
representative.  Our
SALEs Offices are in the
back of the magazine

YOUR COMPANY

AMERICAN ADVANTECH

Advor:’hch}"s n’\‘ission 'is to
rovide hi ualit
505' effectivge Pg-Bclsey
industrial auvtomation
products to customers
worldwide. Product lines
include Industrial PCs,
Panel PCs & MMI,
Embedded/SBCs,
DA&C, Application
Software. Phone 1-800-
800-6889.

PCB MANUFACTURING

At 3 Day Protos, Inc. we
specialize in manufacturing
printed circuit boards for
quick-urn protolype ranging
from 24 hrs to the normal
lead time of 3 weeks-
multiloyer - double sided -
single sided - polyimide or
FR4 materials. We also
specialize in building
PCMCIA Smart Card, buried
& blind vias, soft and hard

full body gold.

3 DAY PROTOS, INC.

CIRCLE 318

NEW SWITCH CATALOG

The ALL-NEW, color E-Switch
catalog  contains 28
additional pages, including
new lines of DIP, pushbution,
ond gold tact switches. The
catalog gives complete
specifications for pushbution,
toggle, rocker, power, lever,
slide, rotary, keylock, DIP,
and tact switches. SMT and
lighted versions available.
612-504-3525,
http://www.e-switch.com

E-Switch

CIRCLE 321

SINGLE BOARD COMPUTERS

ICP Acquire Inc. is a manufac:
ture of single Board comput-
ers, passive Bockplane, rack-
mount chassis, and Industrial

Power supplies. Including: 3- |

20Slot BP, 386/486/Pen-
tium SBC, 3-20Slot chassis,
DC-12V/24V/-48V PS and
85-265V AC PS. Contact
Allen, phone: 415.967-7168

ICP ACQUIRE, INC.

The OrCAD  Desktop
Solutions demo CD is filled
with everything you'll need ‘o
evaluate out solutions, and
try them out with your own
designs: product overviews,
data sheets, third-party
information, evaluation
versions of OrCAD’s
software, and more, Call
OrCAD DIRECT ot 1-800-
671-9505 or visit our web
site at http://www.
orcad.com

AMERICAN HIGH VOLTAGE

American High Voliage
manufactures miniature high
voltage power supplies fgor
both military and vary high
reliability commercial
applications. We specialize
in very small custom designs,
leading the way in FED
'echno?ogies aircraft
supplies. Visit us at hitp://
www.ahv.com Mkt. Mgr.
Kirk Barnett

AMERICAN HIGH VOLTAGE

NEW TEST & MEASUREMENT CATALOG

Keithley offers its new 1997
catalog of test and measure-
ment instruments including
DMMs, electrometers, preci-
sion sources, voltmeters,
source-measure units, power
supplies, switch systems and
more. Phone: 800/552-
1115. FAX: 216/248-6168
http:// www keithley.com

FAST TURNAROUND PROTOTYPES

At Accutrace your
DECISION comes
eosy. as we give you the
Best Quality along with
Excellent gervice and
Best Turnaround Time.
Our capabilities include
SAME DAY Protofy(ges,
Instant Quotes, SMOBC
& LPI, Scored Panels,
Electrical Testing, SMT
& Thru Hole, Complete
CAD/DFM, Gold/Nickel
Plating, , Blind &
Buried Vias, UL Approved

anci more
Tel: 408-748-9600
Fax:408-748-1982
ACCUTRACE, INC.

1P AcouIRE

DESKTOP

-~
1
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AMERICAN
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SAME DAY

4 SPECIAL OFFER
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TRANSFORMER CATALOG

Signal Transformer Co.,
an operafing unit of the
Insilo  Technologies
Group, has just released
a new 40
catalog that is an ideal
reference source for
engineers and buyers.
Signal Transformer offers
the most extensive line of
50/60 Hz transformers
available in a power
range of 1 VA'to 10
KVA.

SIGNAL TRANSFORMER

page, 4 color

SNAP-ACTION SWITCHES

All new Cotalog 105 hos 72
pages feoturing the new
sealed rocker K Series and
detailing an in-depth line of
precision snap-action push-
button, toggle, rocker, limit
and basic switches. All
feaure OTTO's unique design
assuring low  contact
resistance, high contact
pressure ond cycle life.
Quality mode in the U.S.A.

OTTO CONTROLS
TEST & MEASUREMEN

This new catalog has been re-
designed, bringing o whole
new look, including fullcolor
product shots, to its current
and potential customers. E.I.L.
continves to offer o wide vari-
ety of high quality products
with over 450 pages of test
and measurement instrumen-
tation. Known for a wide vari-
ety of quality instruments,
E.I.L. continues 1o offer elec-
fronic test equipment, power
measurement equipment, cali-
brators, testers and program-
mers, and much more.

CIRCLE 314

T HANDBOOK

L -
TEST & MEASUREMENT

L HEN

CIRCLE 317

WE SHIP PROTOS SAME DAY

Imay ineerin% specializes
in FAST TURNAROUND,
High Quality, M r,
FR4 PC Boards. Other
Services include SMOBC
& LPl, Bare Board
Electrical Testing, Gold/
Nickel Plating, Scored
Panels, Blind & Buried

Vias, Complete CAD/DFM
Service, UL Approved
Remember, when TIME
& QUALITY counts,
ou can count on
magineering, Inc.
Always a step ahead.
Tel:847-806-0003

Fax:847-806-0004

IMAGINEERING, INC.

FYOUR CATALOG COULD BE HERE
or

information
regarding this section,
circle the number below,
or call your local sale
representative.  Our
SALEs Offices are in the
back of the magazine

YOUR COMPANY



DIRECT CONNECTION ADS

ELECTRONIC
DESIGN

New Products/Services
Presented By The Maaufacturer.
T Advertise,

Call Kimberly A. Stanger
At 201/393-6080

A OTO
O D AWA
LAYERS 1 2 3tr4 566 768
15 | $233 | $292 | $639 5787 | $93%
SQUARE (30 | 264 | 330 | 724 89! 1059 |
INCH
up |60| 3n| 89| 853 1049 137 JOGED BEST OVERALL 2 YEARS IN A ROW!
TO |90| 358| 448 | 9m0 1207 1434
20| 385| 486 | 1044 Bn 1559 24 Howr Torn Arownd  Metal Core Boords
® 5 PIECES X 1.34 W 5 DAY PRICES ABOVE
™ 10 PIECES X 1.67 ® UL LISTED M P 55110-€ Gold Body Boords
Buried & Blind Vies  Up to 22 Layers
8 Photo Plotting 10% ON ALL PM Muitilayer Carbon Paste
a Testing . COD ORDERS =
® Gold Contacts - $50 | 3
® 25 - Below 8 Mil Hole 5% ON CREDIT <
- Below 15 Mil Hole . CARD SALES A08
® SMBOC & LPI - $50 VISA by MASTHILARD o 2 MOD 08 3
O
PROTO EXPRESS CRCLE 412

. Modem Yoar
Garber Files To Us
Before 9:00am EST,
We Will Fobricate & Ship
The Boards Same Evening

Abso Auailable:

4 Prototypes & Production Quantities 4 24 Hrs. Modems
4 SMOBC & LPY s Selective & Bondable Gold
4 Singls Through Mutiasyer P(B's & Instant Quotations. ]

NEXLOGIC

TECHNOLOG ) &3

Sﬂip

ELECTRICAL CONDUCTIVE

ADHESIVES

Designed To Your Specifications

MASTER BOND EP76M EPOXY

B High conductivity B Thermal shock resistant
M Durable, strong bonds B Water & chemical re-
sistant B Convenient packaging B Long storage
stability without refrigeration Il Repairability

Master Bond Inc.

100 Megasamples
Per Second @ 12 Bits

200 Megasamples
Per Second @ 8 Bits

DAC200 Waveform Generator

* ISA compatible board

* Replay waveforms captured by
DASOOA(S bit) or PDA12(12 bit)

* Generate High Frequency
Arbitrary Waveforms

* 80 MHz Bandwidth @ 8 hits
40 MHz Bandwidth @ 12 bits

* 280 MB/s transfer rate over
Signatec Auxiliary Bus

* 1MB/4MB Memory

We Suppy Solutiens! Call
10 discuss yors appllecation
with one of our engiseers

Sipeaz

355N, Sheridan Se #4117
Corona, CA 91720 USA
(909)73«- 3001

3048 sco B« Soma Cor Adhesives, Sealants & Coatings + Memory Expandable to IGB Fan: (0734435
B e e S 154 Hobart Street, Hackensack, New Jersey 07601 using MEMS00 BIS:(999)734.749
(201) 343-8983 * Digital Data Output
NEXLOGIC TECHNOLOGY CIRCLE 409 MASTER BOND INC. CIRCLE 408 SIGNATEC CIRCLE 414
- 9 i Y ¥ ” .
Are You a Data-Mover? Embedded Controller Kit

FACTORY DIRECT PRICES

Worldw
Prem SPT-049 Surface Mount
* BS EN 60950 approval
* Very High performance - modem speed V.34
(28.8K b.p.s.)
* Max. height .400 in., .338 sq. in. board area
* Also available in thru-hole mount

Road » McHeary, Il 60050
2700 » Pax: 815-385-8578
E-Mail: sales @premmag.com « WWW: hitp//www.premmag.com

PREM MAGNETICS

CIRCLE 411

EE

Data-Movers know the Cypress HOTLink™
makes high-speed communication fast and
easy.
Wintriss Engineering's PCIHOTLink Board
interfaces HOTLink™-based peripherals
to a PCI host for flaming-fast 330 Mbit/sec
point-to-point data-moving.

ENGINEERING

w CORPORATION

For more on PCIHOTLink, call
(800) 550-7300 or 619-550-7300

weco@weco.com www.weco.com

WINTRISS

WINTRISS CIRCLE 418

§ Complete Software & Hardware Solntion

[

Z-World's EasyStart Kit™ provides
everything you need to begin em-
bedaed systems development,
The kit contains our Micro-G
controfier (smaller than a
credit card with W 10
lines, RS232, 128K fiash

EPROM, 32K RAM aad ADC), m
Dynamic C™ EasyStart (a simplified n

C development system), sample circuit/peototyping board,
power supply, documentation and all the cables necessary

to start development immediately. ILTCYALT
Y S B 1724 Picasso Ave.
(T \ Davis, CA 95616
LAWORLD BECEE]
S NGNS «// 916.753 5141 FAX
I http:/www.zworld.com
For immediate information, use our 24-Hour AutoRAX.
Call 916.753.0618 from your FAX. Request data sheet #35.
Z-WORLD ENGINEERING CIRCLE 419




DIRECT CONNECTION ADS

DECISION
IS YOURS!

as to who gives you the best value?

60 | 870 | 1150/ 1350
90 | 960 | 1300| 1600
120] 1000| 1450 1800
30 | 950 | 1275 1595

60 | 749 eso@? 60 | 1025/ 1495| 1875
90 | 795 | 995 [1200] 5 90 [ 1290/ 1725 2150

N\\\_ES 8 120] 850 | 1095 [1350] " 120| 1405 1875 2325 ]

90 | 330 | 420
120 360 | 470 | 540
30 | 649 | 790 | 900 |

AY TURN PRICE

. ity s
1-5% pis. S T AR PILOT-MVP: Most Valuable Programmer
(W * Same Day Prototype ¢ Proto?/pe to Production * E/EPROMs and Flash from 2716 to 32-MEG.
¢ |nstant Quotes ¢ Complete CAD(DFM * Micros, PALs, GALs, FPGAs, MAX, Xilinx,
* SMOBC & LPI * Gold/Nickle Plating * Optionally supports PLCC,QFP.PSOP,TSO? etc.
o Scored Panels ¢ Blind & Buried Vias * Micros from Intel, Motorola, Microchip, Philips, etc.
¢ Electrical Testing * SMT & Thru Hole Assembly * Dependable Advin quality and service.
= * UL Approved * 4-year Free S/W updates via BBS.
ACCULrace calt us TopAY AT 1-800-600-6611 408-748-9600 800-627-2456, 408-243-7000, FAX: 408-736-2503
mne. FAX: 408-748-1982 MODEM: 408-748-9605
ACCUTRACE CIRCLE 400 ADVIN SYSTEMS CIRCLE 401

\! CROSS-32 V3.0 META
ll  ASSEMBLER

Table based absolute macro cross-assembler
using the manufacturer’s assembly mnemonics.

Congratulanmms Jake!
Yout foend the perfect Sigaal Generator!

o
~0.5mm Thin! T
F‘ & mm In . - Each unit includes support for
S . ‘ ALL of the following processor families:
e t 9 [t 37700 §30x 8048 ADSP2100 PICI6xx SUPERS
i sorao 680x  80S1  COP400 PIC17xx 28
64180 68000  BOBS  COPBOC TLCS 90 280

6502 68MCOS 8086 H83xx  TMS320 2180

65816 68HCO8 8096 HB/5xx  TMS340 Z280
76C10  68HCI1  BO1B6 HMCS400 TMS370 Z8002/4
78C31X  6BHC16 80196 SABBO166 TMS7000 MORE

[ﬁ US$199.00 ﬁ

Disassemblers, EPROM programmers, and

o Livemt/Log Sweep
® Duyaltone Generation|
o InvEixt AM o Int/Ext FSK |

Thin Rectangular Format

o Ini/Ext FM ® Burst Solder/Pressure Contact EPROM emulators with real time trace, too! |
@ Inv/Ext PM ® DTMF Generation Customized Capacity Request our catalog. ‘
o In/Ext SSB ® DTMF Detection A.B.C, Sizes N
® InvExt BPSK ® Power Level Meas 4 Universal Cross-Assemblers
gy 3 and 6 Volts 9 Westminster Dnve
%Aﬂ Lightweight QuispamssésE gl\!/B& Canada
2455 O'd Mddioterd Way S Mount Vview, Ca 94043 H A ]
Tek (415) 938-0240 " Fax. (415 936.094] Gould Electronics Inc Powerdex* Division I @ Tel: (506)349-8952
it/ /www. telulex.com [ I m - 34099 Melinz Pkwy., Eastiake, Ohio 44095-4055 | Fax: (506)847-0681
scivamcTioicom] | i 216-918-6100 * 800-722-7890 * Fax: 216-918-6030 L e e csws e —

TELULEX CIRCLE 415 | {GOULD ELECTRONICS CIRCLE 403 | [UNIVERSAL CROSS CIRCLE 416

Flashllfe ARl NEW! 386 PC-IN-A-BOX NOPRO o
Batt. operated 386
DOS in ROM
Graphics LCD 55C(
5M Ram/Flash
3 serial, 2 parallel g 2.
PCMCIA
Enclosure

Single Board
Computer
with DOS and
Utilities $195

® 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 »Ixuh programmable $449+ D
compatator levels  priority interrupt controller with vector CPU RDS ore Libra |
or regisser bank switching. % des these
P e SN 5-Serial Port 386 $249+ oprocesso
pro ke sofiware dewblopmen KS-6B CPU: 33 MHz, 2 parallel, 4M Dram, 1M 20, Aot
“reate en a PC compatible compater ¢ download in .Ext o M ) ore O
or .com forma to flash disk * test and dvbug through the Flash, PGMGIA, DOS in ROM. o0g
console serial port * modify the startup batch file to load Low Cost XT $139+ g e sl - 4
and execute the application on resct or powerup. KS-1 CPU: V40, 3 serial, 2 par, modem, and more. N -
T 800-505-6749
] K microsystems wita @ KILA i (woc ) s e
DOS-HN-ROM A i’
1275 Yuba Ave., San Pablo,CA 94806 » 510 236-1151 email: sales@kila.com n@wdesigne com
fax 510 236-2999  http:/www.dsp comvjkmicro : http: .wdesignc.com

JK MICROSYSTEMS CIRCLE 406] |KiLA CIRCLE 407 | |WESTERN DESIGN CENTER  CIRCLE 417




DIRECT CONNECTION ADS

. Advertise in
. ELECTRONIC DESIGN
. and see how
quickly you'll
. be turned on!

The only
PCl Bus Card
w/eight :
simultaneous
A/D channels
& onboard
DsPi

HSIOR, .53

* 60 MHz (30 MIPS) TMS320C32, 32-bit
foating point DSP
* Malf-size, IBM PC Plug-in Card (PC! Bus) 132
Mb/sec, 32-bit Plug-n-Play® intesface
* 128-512 Kbytes, zero-wait SRAM
* 4 Kb bidirectional FIFO
* Instrumentation-grade analog I/O-
* 16-bit digital /O
Eight, 100 kHz, 16 bit A/D chanrels
Programmable gain: 1,2,4,8
120 dB/decaje 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 conveters

INNOVATIVE INTEGRATION

Ultimate DSP
Debugger
Package

* 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...
CALL 818-865-61500r
fax 818-879-1770

EMAIL:techsprt@
Innovative
Integration

innovative-dsp.com
CIRCLE 404

WEB:http://www.
innovative-dsp.com

END PC BOARD WARPAGE WITH
BOARD STIFFENERS

P

TO-TYPE P
BOARD 8‘10 S

12 HOURS*

The Premier Reliability Software

Relex

‘the intuitive  ; bty Predid
Modem data to us before 9 am EST : * Reliability Prediction
e L A LTI M Soaion” £+ Relabity Predicto
o New B
- : ALSO AVAILABLE: *‘FOR MORE DETAILS, * Bellcore
- Rigidize b.oard.s during, or after assembly 3 p,os“?]—ype to Production CRL._: 800 499.99'55? Bellcore o Parts GBtnt
* Prevent vupratlon ?nd shock damage .Quanmessm and LPI "Iz'eAlx (?434 971 pille o Mechatical
- One-step installation means no hardware - Gold/Nickel Plating 27)“290.8694859 ssue 5 : « CNET
- Use as a ground, or carry up to 64 amps :%2'0:?",:@3 P(‘_B'Rus' ! Wihdows '« EMEA, FMI
« Bl as W —— oy . 1 tainab
Send for Circuit Components Board » Electrical Testing -\.83877 . & i & Mac ‘Mam ’
Stiffeners Application Bulletin. :}rtmm e 1Y OFEE “o |
o st »
CIRCUIT COMPONENTS INC. > ‘N— gl 5 |
2400 S. Roosevelt. St , SPEC W |
Tempe, AZ 85282 eces in- ea- Call 412-836-8800 Today For More Information!
Sk i el
Itornat: B! fwawnw, CE-msc.com Toay® QVERNITE Innovative Software Designs, Inc.
E-mail: gbr@cci-msc.com m@oﬁ“‘e ; T
CIRCUIT COMPONENTS CIRCLE 420| |OVERNITE PROTOS CIRCLE 410 | [INNOVATIVE SOFTWARE CIRCLE 405

Begin your
Strategic Planning
with

Electronic
Design

Direct

Connection
Ads

The Pentium SBC SuperSource™

\\jw ﬁo‘\ -
/ UP TO 200MHZ SPEEDS o\e® e
7/ PICMG COMPATIBLE S8 4t oS
/ 486 SBCs ALSO AVAILABLE an prict

7 ISA & PCI BACKPLANES

For a free CATALOG and more information about our
SBCs and Rack Mount Products, call:
Call Toll Free 1-888-RECORTEC
e-mail: info@recortec.com
Internet: http://www.recortec.com

RECORTEC, INC.

1290 Lawrence Station Road, Sunnyvale CA 94089
Tel: (408) 734-1290  Fax: (408) 734-2140

RECORTEC, INC! CIRCLE 413

In Circuit

Emulators

Over 50 Variants Supported

Symbolic and source level debugging
Supports all major compilers

30-day money-back guarantes

Free single board computer with purchase
Other processors available

Call 800-847-1998

14120 East Live Ok Ave. Sulle A2
Baldwin Pari, CA 91706
Telephone: (818) 3374547

FAX: (818) 337-0689

e 65 €2 2D

CACTUS LOGIC CIRCLE 402
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Technolooy Begins
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February 10-14,1997
Santa Clara Convention Center
Santa Clara, Galifornia
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RATES

Effective January 1, 1996
$170 per column inch

Commissionable to agencies

DEADLINES

Space reservation:
4 weeks preceding issue date
Ad material to:
Penton Publishing, Classified Department,
Actn: Sharon Potoczak
1100 Superior, Cleveland, OH 44114

SALES STAF}

Recruitment Sales Rep.
Sharon Potoczak
800-659-1710

(216) 931-9342

Fax: (216) 696-8206

EMPLOYMENT ||| __EMPLOVMENY | |

DESIGN/DEVEL. ENGRS./MGRS.
$30,000-$70,000+

30+ yrs. in placing Electrical/Electronic Engrs.
Nationwide client list and 200 associate office
resources. All fees Co. paid. Contact Gordon Hassell
with resume/salary/location data.G.E. HASSELL
ASSOCIATES, 913 MAIN PLACE, P.O. BOX 471, NILES,
OH 44446. (330) 652-5871

ENGINEERING SERVICES

750 ENGINEERING AND
AutoCAD PROG’S ON CD-ROM

$83 INCL. SHIPPING

SECTOR SYSTEMS COMPANY, INC.
416 OCEAN AVENUE
MARBLEHEAD, MA 01945
email: 2084932@mcimail.com

(617) 639-2625

Circle 240 On Reader Service Card

ELECTRICAL ENGINEER (Loveland,
Colorado): Designs hardware and software
control systems for the following processors
and equipment used in automatic and container
handling equipment sold in Europe and the
United States: Indramat Servo Drives; Siemens,
Allen Bradley, Texas Instruments, and
Modicon PLC's. Specifies equipment and
establishes design concepts outlined in
customer specifications. Writes equipment
operating description. Supervises drawing
development on CAD. Implements design
improvements. Commissions final products in-
house and on site worldwide. 40hrs./wk.
REQUIREMENTS: B.Sc. or Equivalent
foreign degree in Electrical Engineering, 5
years experience in the design of hardware and
software control systems for automated
equipment, including experience leading
projects, and supervising engineers and
electrical designers/draftsmen. Must have proof
of legal authority to work in the United States.
SALARY: $47,190.00/yr.. APPLICATIONS:
by resume only to: Colorado Dept. of Labor &
Employment, ATTN: Jim Shimada,
Employment Programs, TWR 2, STE 400,
1515 Arapahoe ST, Denver, CO 80202-2117,
Refer to Job Order #C04501168

ELEC DSGN ENGINEERS
frm with 355 affiiate ofices in the U.S. & Canada. On-going
needs for BSEE's experienced in PLC/DCS controls, PCB &
Wire Hamess Dsgn, Analog/Digital HW & SW Dsgn Engrs.
Salaries $45-65K. FEE & RELOCATION PD. Current resume
to: J. GIFFORD INC., 5310 E. 31st St, #514, Tulsa, OK
74135, 918-665-2626, FAX 918-665-2800 Web

Address: www jgiflord.com  E-Mai: jobs@jgiflord.com

Circle 241 On Reader Service Card

++DESIGN/DEVELOPMENT ENGINEERS * * *
Professional Recruiters coordinates seorches for over
350 search offices Nationwide. Current heavy demand
for Sensor Design, Analog/Digital, Controls, Consumer

and Automotive Electionics and other design . $40-80K
range. FEE PAID. Contact Jerty of Mark, Professional
Recruiters, Inc, Dept. N, P.O. Box 24227, Omaha, NE
68124, Phone: 800-999-8237, FAX: 402/397-7357.

eeeeees« NATIONWIDE SERVICE= <<~~~ ]|

Circle 242 On Reader Service Card

ELECTRONIG DESIGN

ENGINEERS ENGINEERING MANAGERS

wants to be your company's professional recruitment specialist!!

Reach decision-makers in the areas of Design & Development Engineering

and EOEM Management!

Take advantage of all Electronic Design has to offer! Place your
recruitment ads in Electronic Design & on the Internet for one month for

only an extra $100/ad!!

Please contact:
SHARON POTOCZAK

(216) 931-9342 or fax (216) 696-8206

Visit our site today at

http://www.penton.com/corp/classifieds
e-mail: careerlink@penton.com

WORLDWIDE




Advertiser

INDEX OF ADVERTISERS

RS # Page Advertiser RS # Page Advertiser RS # Page
3 DAY PROTO 8 178 INTERFACE TECHNOLOGIES 20 175 SAMSUNG SEMICONDUCTOR 167 80vw*
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ACCUTRACE m 178 INTUSOFT 177 142 SANDISK CORPORATION m 150
ACCUTRACE a0 180 INTUSOFT % 177 SANDISK CORPORATION 170 168
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ADVANCED POWER m 175 KEYSTONE ELECTRONICS . 173 SIEMENS ELECTROMECHANICAL m 176
ADVIN SYSTEMS 0l 180 KEYSTONE ELECTRONICS 128 10 SIGNATEC a4 19
ALTERA CORPORATION " % KILA SYSTEMS 407 180 SIGNAL TRANSFORMER 2 178
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(Setof3 1-9 qty.)

Power Output,

Freq Gan  dBm @ 10B

M MHz) (dB) Compression
ZHL-64 0025-500 21 +2C
ZHL-1042 4200 25 +2(
ZRON-8G  2000-8000 20 +2(

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 qty.)

- - ] = ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/

For detailed specs on all Mini-Circuits products refer to ¢ 740- pg. HANDBOOK » INTERNET « THOMAS REGISTER
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.

DC Power

Volt Current Conn

v mA
+24 350
+15 330
+15 310

Type
BNC
SMA
SMA

+20dBm Power Qutput, 20dB Gain

Ind
Prce ($)
(1-9aty)

199

495

495

Hz AMPLIFIER.

(3 Piece Set)

Expand laboratory capabilities and put a full spectrum of power
at your firgertips with Mini-Circuits 2.5KHz to 8GHz medium
power amplifier set. Each ultra-wideband set contains three
individual heat sinked RF amplifiers with at least +20d8m output
and overlapping frequency response range capabilties; 2 5KHz
to 500MHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications
for these amplifiers include increasing the signal levels to power
meters, spectrum analyzers, frequency counters arxd network
analyzers as well as boosting signal generator outputs.

You can buy these amplifiers individually at Mini-Circuits already
low prices, or own the full spectrum set for the money saving
price of onty $1005 (1-9 aty.) ! To order from stock with a guarantee
to ship within one week, call Mini-Circuits today ! &3

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

145

READ)

wri 146

oM ORI
minicircuits. com 2

* MICROWAVE PRODUCT DATA DIRECTORY « EEM

F176 RevC



et Enhanced VHDL Synthesis for $99
.&‘o“ & It's surprising, but true. For only $99,
ot ﬁ\p’\ Cypress's new Warp2™ Release 4.0 offers

WG” better behavioral synthesis than tools
/q\ costing more than $20,000! New
UltraGen™ technology uses module

generation to provide the best VHDL

synthe5|s for FPGAs and CPLDs, as

weII as providing area and speed
optimization for precise synthesis contro!.

Everything You Need for

$20,000 VHDL SYNTHESIS FOR $.99@

development system for all
War 2 RELEASE 4 U high-performance Cypress
. PLDs, CPLDs, and FPGAs.

The Warp2 kit includes:
¢ |IEEE standard behavioral VHDL synthesis
¢ Automatic fitting and place-and-route
* VHDL & Verilog timing simulation output
* NOVA functional waveform simulator
* “VHDL for Programmable Logic” book

’  Order the New $99 Warp2 Kit Now!
' Platform:
i
! U PC (Windows 3.1, Win'95, NT)
1 U Workstation (HP-UX, Sun0S, Sun Solaris)
1
| Please bill my:
1  — .
' 0 | VIsA Q '
|
Warp2 Release 4.0 Supports: ]
i
PASIC380™  7C381/2 (1000 gates) : Name . -
FPGAs 703834 (2000 gates) ITitle — I
& )
: Company I B N -
FLasH370i" 7C€371i (32 macrocells) : Address
CPLDs 7C372i (64 macro:ells) ' -
Ord?r Warp2 today and : o 1 City _ State Zip
receive a free copy of :
“VHDL for Programmable 1 Phone N e
Logic,” a comprehen- MAX340" CPLDs 7C344 (32 macrocells) :
o B sive college textbook 7C343 (64 macrocells) i X B — —
written by Cypress s : ! E-Mail I )
a8 o and published by :
Addison-Wesley. pCreditCard —_ -
Simple PLDs  PALCE16V8 d
g 1 Exp. Date ; S ;
: (Sales tax will be added 2s appropriate. $10 shipping & handling in the U.S., $15 in Canada)

| |
L i gy o Sy USRI |

| ____FAXto: 1-408-943-6848

or call: (800) WARP'VHDL, Kit #U021
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