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Looking For More Power, Lower Costs?

PUM Amplifier
Solutions
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Switch over to greater efficiency.
97 %
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 SA03/SA04/SA06 = Full H-Bridge
* SA13/SA14/SA16 = Half Bridge
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* 97% efficient
* 16V to 100V bridge supply (SA03, SA13)
* Up to 5000W continuous 16V to 200V bridge supply (SA04, SA14)
« 30A output continuous (SA03, SA13) 16V to 500V bridge supply (SA06, SA16)
20A output continuous (SA04, SA14) ° Analog or digital input
10A output continuous (SA06, SA16)
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Efficient Hybrid Design.
Also known as switching or
Class D amplifiers, PWMs can
meet higher output demands
than is possible with linear so-
lutions. Apex has put the ben-
efits of PWM technology into
highly reliable hybrid designs
rated up to 97% efficient.

Cut Operating Costs,
Increase Reliability.

By reducing board space re-
quirements, external compon-
ent counts and the need for
bulky heatsinks, these hybrid
PWMs substantially reduce op-
erating costs. Smaller, lighter,
hermetic packages also mean
these hybrids provide higher
reliability.

Free Product Data.
Toll-Free Technical
Assistance. Single Units
and Eval Kits Available.
All of Apex's PWM amplifiers
are sold in single unit quanti-
ties for prototype design, and
evaluation kits are available to
get our amplifiers wired into
your circuit fast! To request
product data or technical assis-
tance call 1-800-862-1021,

fax 520-888-3329, email
prodlit@apexmicrotech.com,
or visit our web site at
http://www.apexmicrotech.com.

www.apexmicrotech.com

To Request Free
Product Data Online
E-Mail: Prodtit@apexmicrotech.com
or http://www.apexmicrotech.com

I | PEX®
ytech
Apex Microtechnology Corp.
5980 N. Shannon Road
Tucson, Arizona 85741-5230

READER SERVICE 118



Reach the sté]lar speeds of Gigabit

HP is ready in volume with the full
range of Gigabit Ethernet
components that meet your needs
for high-performance design.

Now you can deliver your systems to the
universe because HP is shipping the
Gigabit Ethernet products you've been
waiting for.

HP’s complete physical-layer solution
includes short-wavelength (SWL) VCSEL
and long-wavelength (LWL) F.P. laser
transceivers, 10-bit SERDES ICs, and hot-
pluggable SWL, LWL, and copper GBICs.
You can also increase your port density
with our small form factor transceivers.
All this means you can choose exactly the
components you need, and get your
product to market at virtual light speed.

£
Pl

43

Which is exactly why leading Gigabit
Ethernet networking companies choose
HP. These companies know that when
you buy a fiber optic component from HP
you get more than just a part. You get a
partner - one that’s fully committed to
your success, with the superior quality,
responsive distributor service, and helpful
applications support you've always come
to expect from HP.

To find out more, just transport yourself
over to our website.

www.hp.comvinfo/gigabit
(é HEWLETT®
VB PACKARD

| Expanding Possibilities |

READER SERVICE 136

See us at OFC
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Ethernet.

For the latest
technical data,
application briefs
and how to order
evaluation boards
visit our website.
Or call
1-800-537-7715
ext. 9976




Shift to a new level of performance with
Altera’s high-speed FLEX 10K-1 devices.

Altera has taken the highest density programmable logic .
family to the next level of performance. Now you can

shift even more of your gate array designs to FLEX® 10K
programmable logic. PR =
The fast track just got faster.

The combination of a continuous FastTrack™ Interconnect and a unique
embedded array architecture ensures the optimum level of FLEX 10K
performance. The new 0.35-micron FLEX 10K-1 devices and
enhancements to Altera’s MAX+PLUS?® Il software combine to provide FLEX 1 0K"1
performance improvements of more than 100%. For example, zx faster

the following table shows performance comparisons for three of € c
the most popular FLEX 10K devices. Sh'pp'“g

T | " Pertormance Impmvmm— n 0 W.
| — e nl—

Device B Gates | Logic Elements l Embe}ldi RAM | -2 Speed Gwﬂ It} | -1 Speed Grade (2t | Supply Voitage

EPF10K30A 30000 | 1,728 | 12Kbits 40% 123% 33V
} -4 — —-‘— - —’___..—

EPF10KS0V | 50,000 2880 | 20Kbits 40% [ 110% [ 33V
‘ e ) A L e

|EPF10K100A | 100,000 - 4,?92 +34 Kbits_ l 35%_ ] 1707%_ J 3v

1. Estimated parformance with -2 speed grade using MAX+PLUS Il v. 8.) compared with -3 speed grade using MAX+PLUS It v. 80.
2. Estimated performance with -1 speed grade using MAX+PLUS Il v. 8.2 compared with -3 speed grade using MAX+PLUS Il v. 8.0.

Setting the pace with low power and packaging options.

FLEX 10K-1 devices offer 3.3 V supply voltage and numerous package
options to fit your design needs.

Accelerate your design process with MAX+PLUS L.

The MAX+PLUS il development system offers a completely integrated
development flow and an intuitive Windows-based graphical user
interface, making it easy to learn and use. Also, MAX+PLUS Il
interfaces with all feading EDA design tools. You can work in

the design environment you know best and implement your design
in the FLEX 10K-1 device you choose.

It's time to shift gears.

Experience the industry-leading FLEX 10K-1 density and performance.
Visit the Altera web site to download Device Model Files that
support FLEX 10K-1 devices and to order a free literature pack.

WWW.
altera A D )/A
.com/shift Z:\\ =

, : 7 r/zgge
(800)-3-ALTERA —dv

© Copyright 1998 Altera Corporation. Altera, FastTrack, FLEX, FLEX 10K, MAX+PLUS II, and specific device designations
are trademarks and/or service marks of Altera in the United States and other countries. All other trademarks and service marks
are the property of their respective holders. All rights reserved

For specific pricing and availability, contact Altera or your local distributor
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TEST SOLUTIONS FOR WIRELESS

How to hatch a successful
wireless product

instead of wearing

it on your face.

TAS unites RF fading and noise generation for the
most powerful wireless testing solution available.

The new TRS 4580 FLER4 AF Channel Emulator gives you the broadest
range of realistic fading conditions.

The new TAS 4608 is the most integrated solution for precision noise
and interference emulation.

{f it’s your responsibility to ensure the performance of new wireless products, let’s

talk. Only TAS delivers the thorough, accurate and repeatable testing you need to ’

ensure that your wireless products will perform in the real world. uj h e iy g ou re
TAS has contributed to the success of the leading telecommunications 3

companies for over 12 years. In 1993, TAS introduced the TAS 4500 RF Channel s e rl 0 u S

Emulator and with it set the standard for ease of use. testing power and

modularity. Now, we’re literally making noise with the introduction of the

TAS 4600 Noise and Interference Emulator, and a host of other new a b 0 u t s p e C S .

instruments and test systems designed specifically for CDMA, TDMA,

GSM, HDTV, CATV and SATCOM applications. - .
These products exemplify our drive to produce powerful test capabilities in n‘tab‘ n

integrated, modular packages. True modularity means easily tailored capabilities S vl

and reduced cost of ownership over the useful life of a test system. W i ] el Sl I

TAS precision instruments can help you deliver successful wireless products by 34 industrial Way East

the dozen. Call us at 908-544-8700 to learn more. Eatontown N_‘J 87724
www.taskit.com
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¢ Electrical process
measurements boost ac-

I Tips For Using High-Speed DACs In Communications Design 112

curacy of extracted in-
terconnect parasitics
TECH INSIGHTS TECH INSIGHTS * Laser-based technol-
7 ogy offers time savings
41 Trench Technology Maximizes Power-MOSFET | 59 Design Conference Becomes Launch Pad For Por- o parts manufacturing
Efficiency For Laptops table Components ;
* Open-cell, application-specific COVER * The latest products and technologies boasting  Info Page ........... 10
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ates, you should be able to find it at the Wireless

exhibition.

46 Copacitive Sensors Offer Numerous Advantages
¢ Don't believe the myths about the problems
with capacitive sensors and how hard they are to
use—they do a good job in many applications.

56 Update On MEMS Technology

¢ Caltech’s jet propulsion laboratory calls for a
sharing of failure-mechanism data via a
MEMS assurance consortium.

64 Product Feature
* Dual-axis IC accelerometer includes on-chip

i
E 62 RF Semiconductors Take Center Stage On The
:
|
i signal-conditioning circuitry.
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When you need a reliable source for IR components, QT Optoelectronics is hard to resist.

We have an extensive line of emitters, sensors, and switches. And if you can't find the
component you need off-the-shelf, we can produce a custom IR product just for you.

Our technical support engineers can help you select the right component for your
application. And our authorized distributors — in hundreds of cities around the world —
can deliver that component on time and at a reasonable price.

How can you resist?

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

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

READER SERVICE 173
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OPTOELECTRONICS

United States 800-533-6786
France 33 01/43.99.25.12

Germany 49 089/96.30.51
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ANALOG OUTLOOK [ QUICKLOOK |

EMBEDDED SYSTEMS

67 Embedded Operating Systems Toke On Tools,
Languages, And Modules

® Developers demand rich functions that work
the first time. Kernels alone just won't do the job.

90 Update On JAVA
* Sun Microsystems maps its embedded sys-
tems strategy with Java

92 Product Features

* Object-pattern maodel libraries help push pro-
jects to the starting gate

¢ Tool provides source-level trace analysis for
code and data

97 DSM Design Drives The Need For EDA Tool
Accuracy

* Changing design environments require
tighter relationships between EDA tool ven-
dors, ASIC vendors, and tool users.

106 EDA Watch

* Closing the silicon reality gap is a magor is-
sue that must be addressed

* A comomon fabric will be a key element for
system-on-a-chip designs

110 EDA Watch
¢ Hardware/software co-design and co-verifica-
tion loom on the horizon

Permission is granted 1o users registered with the Copyright Clearance Center Inc. {CCC)
to photocopy any article, with the exception of those for which separate copyright
ownership is indicated on the first page of the article, provided that a base fee of $2 per
copy of the arficle plus $1.00 per page is paid directly to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00). Can. GST
#R126431964. Canado Post International Publications Mail {Canadian Distribution
Sales Agreemen: Number 344117). Copying done for other than personal or internal
reference use without the express permission of Penton Publishing, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed to the editor.

112 Tips For Using High-Speed DACs In Com-
munications Design

* Selecting the optimal DAC means knowing
how to intrepret converter specifications and
their effects on system performance.

120 Ideas For Design

* Minimaze clock-to-output delays in CPLD
designs

* Circuit senses high-side current from nega-
tive supply

* Keyboard scanner provides system
supervision

133 Pease Porridge
¢ Bob’s Mailbox

135 New Products

e Test & Measurement
e Communications

e Analog

e Sensors

142 Designers’ Distributor Shelf

Market Facts
40 Years Ago
Columbia Gets Gift ...64F
Book Review .......64)

| See Your True Color
Shining Through

Flipping Through The
Internet Rolodex . .. ..64L

Off The Shelf .......64L
QuickNews ........ 64N
Hot PC Products .. ... 64P
Y2K Update ........ 64R
Greenlook .........64R
Trudel To Form ......64T

Free Stoff .......... 641
Eye On 1S0 9000 . .. .64X
Just For The Kids ....64X
How Does It Sound? . .64BB
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One to 4000 Watts! ~
That’s one powertul statement.

S—

P

ACIDC, switchers and linears

.
4
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DC/DC, over 100 models
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Whether you need Switeh&rSorlinears, open {rame or fully e TN Lo aet s R A

enclosed, or DC/DC power, Power-One offers the widest [ New p 3ot f
selection available. Call or fax today for our latest catalog. | by 1,1 i e Qi R Lo

MPBS0 a0 3 YES Law profife fits 1U height constraints.

® High power density 3" x 57 footprints.
l MPU150 150 4 YES 1L height, current sharing and
remote sense on outputs #1 and #2.

PFC375 375 4 YES New models prqvfde high current
24Y and 48V main outputs

= 5 - SPF3 & HPF3 1350-2000 9 YES  Modular outputs from 1.5 to 48VOC.
Visit our web site at http.//www.power-one.com | s+ 2000 15 YES  Over 10 millon voltage/current
740 Calte Plano, Camarillo, CA 93012 (S00) 765-7448 « FAX (805) 3880476 RPMS 4000 15 (S ERcabiaticiblaidione i

Poawer Yo g AP NRE. MPR AP TFC L APFR AT 0 g 1SUS0UG foxs e renanes of Masesting e
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Focusing on
your need to know

Fairchild Serial EEPROM

Die Handbook

to meet the needs

=

Automotive

The quick, easy way to choose EEPROM die products
The new handbook delivers everything you need to know
about the types of die available, individual specifications,
ordering instructions, usage instructions, pad layout,
packaging options, testing parameters and custom options.
It provides complete information about the Fairchild
EEPROM die product family—products with extended
temperature operation, reduced size and weight versus
packaged devices, increased performance and compliance
with ISO-7816 smart cards. We've designed this handbook
to give you what you need as quickly and easily as possible

because we know your time is valuable.

For your free Die Handbook, please call: 1-888-522-5372
and request literature number 590308-001
or visit our web site a: www.fairchildsemi.com/offers

Portable Electronics Smart Cards Laptops, Displays

T AE il SR T
FAIRCHILD
ST RS
SEMICONDUCTOR™
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FLEXIBLE
SMD VCXO

SERIES VC8000 / VE8000

¢ 1.00 MHz to 160.00 MHz,
including SONET and ATM

¢ 3.3V and 5.0V supply voltage

+ Flatpack (.150 inch) or J lead
(.185 inch) configuration

+ Low power consumption,
enable/disable option

RALT RO1]
A Worldwide Manufacturer Of
Microprocessor Crystals,
Oscillators, Crystal Filters,

Ceramic Resonators, SAW
Resonators, VCO Products

2315 NW 107th Ave
Miami, FL 33172 U.S.A
TEL: 305-593-6033
FAX: 305-594-3973

E-mail:sales@raltron.com

http://www.raltron.com
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(¢]/4 fax or visit us on the
Jor your FREE CATALOG today!

N - Alﬂlabihty of Product
. f m- T'me De” Vef}’ Digi-Key Corporation

701 Brooks Ave South

o Overall Performance Thief River Falls, MN 56701

‘IPM il
* Fax: 218-681-3380

- On ordlers entered by . ' 1 /] TolFFree: 1-800-344-4539
JOOp.m central time e 5 Years in a Row! Order Online www.digikey.com

For volume pricing on passive, interconnect and electromechanical product, call and ask for:

~eW' DIGI-KEY® Volume Business Division
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TFT Color
Displays

Featuring:
- Brightness from 70 to 1,000 nits

- Sizes from 4" to 12.1"

 Unsurpassed contrast & viewing angle
« Control circuitry, inverters, cabling

* Expert technical support

Also, monochrome graphic,
character and panel displays

Wrdy 408.523.8218

ELECTRONICS
PORATION

Supporting electronics manufacturers for over 65 years
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| Portable by Design, February 9-13. Santa
Clara Convention Center, Santa
Clara, California. Contact Rich Nass,
Electronic Design, 611 Route 46
West, Hasbrouck Heights, New Jer-
sey 07604; (201) 393-6090; fax (201)

| 393-0204; e-mail: portable@class.org.

The Wireless Symposium and Exhibition,

| February 9-13. Santa Clara Convention

Center, Santa Clara, California. Contact

| Bill Rutledge, Penton Publishing, 611

Rte. 46 West, Hasbrouck Heights, New

Jersey 07604; (201) 393-6259; fax (201)

| 393-6297; instant faxback (800) 561-7469;
www.penton.com/wireless.

Gigabit Ethernet Conference (GEC “98), Feb-
| rvary 10-12. San Jose Wyndham Hotel, |
San Jose, California. Contact Aurelia
Cassidy, Conference Pros, Post Of-
| fice Box 9126, San Jose, California
| 95157; (800) 351-6000; fax (408) 526-
9195; e-mail: conference_pros@com-
puserve.com.

\ Sixth Annual Automated Imaging Assodation
__ | Business Conference, February 10-12. Buena
Vista Place, Orlando, Florida. Contact

GO WITH THE FLOW

| With low pressure the mate-

| thereby assuring total wet-

| result is a thermal interface

| ® Print in various

“Phase Change”
Thermal Interface

Thermal resistance is dra-
matically improved by apply-
ing Hi-Flow™ to a heat sink,
chassis or heat spreader.

rial changes from a solid and
flows at approximately 43C

out of the interface. The

comparable to grease, with-

out the mess.

* Purchase by pound or
kilo in dry solid form

* Apply on large or small
areas - dry at room temp.

® No assembly required

thicknesses / patterns
Call Today Toll Free:
1 (800) 347-4572

THE

BERGOUIST

5300 Edina Industrial Boulevard
Minneapolis, MN 55439
Tel: (612) 835-2322 « Fax: (612) 835-4156

COMPANY

WWW. y.com
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Automated Imaging Association, Post

Office Box 3724, Ann Arbor, Michigan
| 48106; (313) 994-6088; fax (313) 994-
| 3338.

Asia-South Pacific DAC {ASP-DAC ‘98) and

‘ EDA TechnoFair (EDATF), Feb. 10-13. Pacifico

Yokohama Convention Center, Yoko-

hama, Japan. Contact ASP-DAC ‘98

Secretariat, ¢/o Convex Inc., Ichijoji

Bldg., 2-3-22 Azabudai, Minato-ku,

Tokyo, 106 Japan; +81 3-3589-3355; fax

| +81 3-3589-3974; e-mail: convex@
po.ijnet.orjp.

IEEE Applied Power Electronics Con-
ference and Exposition (APEC “98), Feb-
rvary 15-19. The Disneyland Hotel,
Anaheim, California. Contact
Pam Wagner, Courtesy Associ-
ates, 2000 L St. N.W., Suite 710,
Washington, D.C. 20036; (202)
973-8664; fax (202) 331-0111;
www.apec.conf.org.

Intel Developer Forum, February 17-
19. San Jose Convention Center,
San Jose, California. Contact Deb-
orah Paquin, (916) 984-1921;debo-
rahx_j_paquin@cem.fm.intel.com; www.
| developerintel.com/design/idf. '
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This is an opportunity.
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To go far beyond
the limitations of ASICs.
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Without the baggage‘
of grdinary SRAM FPGAs.

) Like costly boqit; PROMs.

d
!

ﬁ‘ And forced voltage transitions.

A

} ~
" And mystery pin-outs.

: . ® So seize he opportunity.
. T And run with it.
.. -

=

Take it to a higher level.
www.actel.com

Introducing the new MX family of antifuse FPGAs from Actel. Compare them to conventional
SRAM FPGAs, and you’ll find there really i1s only one cost-effective, single-chip ASIC alternative.
With capacities from 2,000 to 52,000 gates, clock-to-out speeds as fast as 5.6 ns and volume pricing as
low as $2.90, there’s almost no limit to how fast you can get to market. For a free NO ASICs literature kit,
call 888.99.ACTEL, or visit us at www.actel.com for a free copy of our MX Designer Lite software.

READER SERVICE 108







vyour next big idea
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FEBRUARY
Conference on Optical Fiber Communication
(OFC ‘98), Feb. 22-27. San Jose Conven-
tion Center, San Jose, CA. Contact
Lisa Myers, OSA Conference Ser-

Conference and Exhibition (DATE ‘98), Feb
23-26. Le Palais des Congres de
Paris, Porte Maillot. Contact Euro-
pean Conferences, 11C Wemyss Pl.,
Edinburgh EH3 6DH, UK; +44 131-

225-2892; fax +44 131-225-2925.
N.W.,, Washington, D.C. 20036-1023;
(202) 416-1980; fax (202) 416-6100; e-
mail; ofc.info@osa.org.

38th Israel Conference on Aerospace Sci-
ences, Feb. 25-26. Tel-Aviv & Haifa.
Contact Technion-Israel Institute of

vices, 2010 Massachusetts Ave., E
i
E Technology, Haifa 32000, Israel; 972-

Design, Automation, and Test in Europe

If you use these tools...

The new SR785
Dynamic Signal
Analyzer.
$10,950 (us. sy

It takes the right tool to get the job done. And Stanford Research Systems’
new SR785 Dynamic Signal Analyzer is just the right tool for all your tough
modal, vibration, noise, servo or rotating machine measurements. With
standard features including order tracking, real-time octave analysis, curve
fitting and synthesis, time capture and more. And a brand new measure-
ment architecture that saves multiple measurements and multiple averaging
types without retaking data.

With the SR785 there are no expensive options to purchase — everything is
included. Give us a call. We’ll set you up with a demo and you can find out
just how much the SR785 can do for you.

The new SR785. The right tool for the job.

STANDARD FEATURES -
s Order tracking {free introductory offer) =

Front/Back viewing mode
8 MB memory (32 MB optional)

= Curve fitting and synthesis = Windows® Data Viewer
= Time/Histogram mode

= Output to SDF® and MAT® Files SPECIFICATIONS

= Swept-sine mode (145 dB = 90 dB dynamic range

dynamic range) = 102.4 kHz real-time bandwidth
= ANSI standard 1/1, 1/3, 1/12 = -90 dBc iow distortion source
real-time octave analysis

'SRS;

Stanford Research Systems
Tel (408) 744-9040, Fax (408)744-9049

WWW.SISys.com
Email: info@srsys.com
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4-8292713; fax, 972-4-8231848; e-mail:
alice@aerodyne.technion.ac.il.

MARCH

Computer Telephony Conference and Ex-
position ‘98, March 3-5. Los Angeles
Convention Center, Los Angeles,
California. Contact Computer Tele-
phony ‘98, 1265 Industrial High-
way, Southampton, Pennsylvania
18966; (215) 355-2886; fax (215) 355-
4112,

International Verilog Converfence and
VHDL International User Forum (IVC/VIUF),
March 16-19. Santa Clara Convention
Center, Santa Clara, California. Con-
tact MP Associates, 5305 Spine Rd.,
Suite A, Boulder, Colorado 80301;
(303) 530-4562; fax (303) 530-4334; e-
mail: lee@mpa-net.com; www.hdl-
con.org.

IEEE Aerospace Conference, March 21-28.
Snowmass Confernce Center, Snow-
mass, Colorado. Contact Mike Johnson,
2225 Roscomare Road, Los Angeles,
California 90077-2222; (310) 472-8019;
e-mail: johnson@ee.ucla.edu.

Second Intellectual Property in Electronics
Seminar (IP “98), March 23-24. Westin
Hotel, Santa Clara, California. Con-
tact John Whitaker, Miller Freeman
Technical Ltd., +44 181-316-3297; e-
mail: ed98@cityscape.co.uk.

PCB Design Conference West, March 23-
27. Santa Clara Convention Center,
Santa Clara, California. Contact
Molly Knox, Miller Freeman, (408)
448-6173; e-mail: mknox@mfi.com,

INFOCOM ‘98, March 28-April 2. Hotel
Nikko, San Francisco, California.
Contact Ramesh Nagarajan, Lucent
Technologies, 101 Crawford Corner
Road, Room 3M-318, Holmdel, New
Jersey 07933; (732) 949-2761; fax
(732) 834-5906; e-mail: rameshn@lu-
cent.com.

IEEE International Reliability Physics
Symposium, March 30-April 2. Reno Hil-
ton Hotel, Reno, Nevada. Contact
Ann N. Campbell, M/S 1081, Sandia
National Labs., Post Office Box
5800, Albuquerque, New Mexico
87185-1081; (505) 844-7452; fax (505)
844-2991; e-mail:ancampbe@san-
dia.gov.




Hewlett-Packard Co. TMEMD61IVED

0199

Whether you need a data logger or an PERFORMANCE

3 B2 digits resolution (22 bits )
automated test SOluthIl, the HP 34970A ¢ Built-in signal conditioning measures thermocouples, RTDs,

& Thermistors; ac/dc Voks & Current; Resistance; Frequency
& Period

* Scanning up to 250 channels per second
and performance. And the features you * Non-volatile 50,000 reading storage with timestamp

need to get the job done. Like built-in THREE-SLOT FLEXIBILITY

HP-IB and RS-232 interfaces. A standard « Multiplexing and Actuation
« Digital 1/0, Analog output, Event counting

three-year warranty. And a price tag that « RF switching up to 2 GHz
* 4 x 8 Matrix switching

'WINDOWS® SOFTWARE

« HP BenchLink Data Logger application included
* HP VEE and LabVIEW? drivers available

offers you uncompromised functionality

fits within your budget.

“I'll tell you more about how the HP 34970A can meet all your
data acquisition needs—for an unbelievably low price. Just
give me a call at HP DIRECT, 1-800-452-4844%* Ext. 5286."”

Check out our on-line HP Basic Instruments (BI) Catalog at http/furvw.hp.com/info/bidaql
Faxback: 1-800-800-5281, Document 12254%.

("ﬂ HEWLETT®

PACKARD

*U.S. list price
**In Canada, call 1-500-357-3154, program number TMA125.

Windows® is a U.5. registered trademark of Microsoft Corporation.
LabVIEW® is a U S. registered trad k of National I c
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ELECTRONIC DESIGN

EDITORIAL

Electronic Design Online
Hits The Web Running

e know how important and useful the web is to our readers—we use it

frequently ourselves, culling key information to share with you, our read-

ers. That's why we’ve improved our web site, Electronic Design Online,
to better serve the design engineers and engineering managers in the electronics
industry. Check us out at www.elecdesign.com.

As our talented team of web specialists continue to enhance the site, you'll find
more innovative and informative content there. In the coming months, you can
expect that Electronic Design Online will provide the most comprehensive tech-
nical information resources and solutions for the global community of engineers.

Here’s a sampling of what you'll find at our new site:

¢ Ideas For Design: A library of “Ideas for Design” articles.

e Technology Labs: Segmented by topic (Analog, EDA, Digital, Test & Mea-
surement, etc.), these sections will offer articles and reports, editor briefings,
and links t» related and pertinent sources.

e Job Bank: The most complete listing of jobs for engineers, searchable by ti-
tle, company, or type of position. There’s also a “Hot Jobs” listing and a “Hot
Companies” section.

¢ JetLINK: This section provides market-specific and/or application-specific
inquiries via a customized link to manufacturers’ web sites. JetLINK is a
straight-forward tool that can help you to find solutions for your design projects.
You don’t have to browse through miles of useless web babble, because the
search engine allows you to drill down to the product information you need.

e Archive: A listing of Electronic Design magazine articles.

¢ ED University: A “think tank” of electronic design information, with links
to the world’s major R&D labs, universities, and other resources.

¢ Columnists: All your favorites . . . Pease, Jung, ete.

As you can see, we’re focusing on providing you with a web site that ad-
dresses your needs. But, we need your feedback to let us know how we can
improve our site to offer you the content you want. Drop either Web Manager
Donna Policastro or me a note, or use the
mailbox at the site.

Tom Halligan
Editor-in-Chief
thalligan@penton.com




"We already get
20,000 visitors a day.
What do I need your
lame banners for?"

ENGINEER

MARKETING
MUCKY-MUCK

(A WEBSITE DESIGNED FOR
ENGINEERS BY ENGINEERS.)

PRODUCTS, SPECS, PRICES @ FREE STUFF




Super-Fine TFT Super-Fine TFT
Analog interface Analog interface Analog interface
20.1" screen 15" screen 15" screen

1280 x 1024 pixels ;s 1024 x 768 pixels 1024 x 768 pixels
Full color Full color

Full color
Ultra-wide viewing angle Ultra-wide viewing angle NL10276AC30-03
NL128102AC31-01 NL10276AC30-01
LCD In r choice
EC offers a broad line of top-quality TFT LCD signal processing from input to driver, our analog-
screens. Our lineup gives you greater flexibility in  interface screens give you full color with continuous
designing a wide variety of systems that save space, gray-scaling. To slash your development time and cost,
save energy and look sharp. we provide CRT monitor-compatible interface boards.
Analog-interface models They permit direct connection with your computer’s

Our analog-interface models are ideal for standalone standard RGB monitor interface. Analog technology also
LCD monitors. Featuring unique technology for analog reduces EMI. For demanding applications, our “Super-

On the Internet at http://www.ic.nec.co.jp/compo/icd/index_e.html

For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490,

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800.
Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290.
MONG 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:03-3798-6148.Fax:03-3798-6149.



Super-Fine TFT

Analog interface Analog interface
14.1" screen 14.1" screen
1024 x 768 pixels 1024 x 768 pixels
Full color Full color
Ultra-wide viewing angle NL10276AC28-01
NL10276AC28-02

Digital interface Digital interface
15" screen 14.1" screen

1024 x 768 pixels 1024 x 768 pixels
262,144 colors 262,144 colors
NL10276AC30-04 NL10276AC28-05

of interface, size and color

Fine TFT" screens feature a radically expanded viewing NEC is the only vendor who offers both analog- and

angle of +80 degrees, up/down and left/right.
Digital-interface models

digital-interface models. Whatever your require-
ments for systems, we have a TFT LCD screen that

If you're designing a desktop PC with integrated LCD  will make you look your best. For more information,
screen, our digital-interface models are the optimum contact NEC today.

solution. They feature a low voltage differential signal-

ing interface (LVDS), and display 262,144 colors.
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The right components to build your reputation
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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.
i Delivery—

stock to one week

P
\ See EEM

N g F o

/ 2 or send direct

\QA > for Free PICO Catalog.
/ Call toll free 800-431-1064

in NY call 914-738-1400
FAX 914-738-8225
P ' CO Electronics, Inc.
143 Sparks Ave., Pelham, N.Y. 10803-1837
E Mail-HLSC73A @prodigy-com
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TECHNOLOGY BRIEFING

The Wisdom Of The Ancients Meets VLSI

etalworkers of ancient times took advantage of the malleability of copper
M and precious metals to craft delicate jewelry. In doing so, they created a

process that has evolved into what we know as Damascene. It allowed
them to create metal inlays and very fine detail that could not be achieved through
the previously available techniques. Today, IC process technologies are using an
updated version of the same basic process to form copper-based wiring on the sur-
face of high-performance chips. Copper has a significantly lower resistance than
other metals (aluminum, titanium, or tungsten, for instance) and offers additional
performance benefits—it’s a low-cost material, and it can handle high operating
power levels.

However, the technique required to deposit thin layers of copper onto the sur-
face of a chip, pattern the material, and etch away unwanted material, is not read-
ily compatible with existing processes. By resurrecting the Damascene process
and taking advantage of copper’s ability to fill in holes and conform over corners,
engineers can achieve a 20% to 40% improvement in circuit operating speeds, due
to the lower resistance (reduced resistance-capacitance delays).

Damascene actually reverses the way metalization is formed on the chip. If, for
example, a layer of copper is desired over a layer of
interconnections, a thick oxide insulating layer is
first deposited. Next, rather than just open contact
holes, the metal wiring pattern (including the con-
tact holes) is etched into the oxide, forming
“trenches” wherever metal is supposed to be de-
posited. After the pattern is formed, copper is de-
posited, filling in all the holes and trenches, and
forming a layer on top of the oxide. The surface is
then the chemically/mechanically polished to re-
move the copper remaining on top of the oxide layer.
At the finish, there are copper-filled routing chan-
nels and a very planar surface—thus designers can
almost keep on depositing four, five, six, or more lay-

ers of metal interconnections.

Late last year, IBM Corp., Hopewell Junction, DIGITAL Ks
N.Y,, presented details of its copper metalization process at the International
Electron Devices Meeting (IEDM) in Washington, D.C., and demonstrated a 288-
kbit high-speed SRAM fabricated with the process. Additionally, IBM will unveil
details of a copper-based microprocessor at the international Solid State Circuits
Conference in San Francisco, Calif. The microprocessor is a 480-MHz version of
the PowerPC CPU that employs six levels of metal interconnects.

IBM isn't alone in its effort to leverage Damascene technology. At IEDM, an
entire session was devoted to copper technology, with presentations by IBM, Mo-
torola Inc., Austin, Texas; NEC Corp., Tokyo, Japan; and Mitsubishi Electric
Corp., Hyogo, Japan. Most presentations focused on the use of the technology in
fabricating circuits with minimum feature dimensions of 0.28 um or smaller.

The Motorola presentation detailed a process that employs six levels of copper
interconnects employed on a 1.8-V, 0.2-um CMOS technology. NEC delivered
two presentations, one on the use of a low-dielectric-constant hydrogen silse-
quioxane dielectric layer that, along with the use of Damascene copper process-
ing, reduces parasitic capacitances, and the other examining the first formation of
aluminum-copper interconnections through the use of chemical-vapor deposition
techniques to improve the metal step coverage in circuits with small feature
sizes. Mitsubishi researchers detailed a low-dielectric-constant intermetal dielec-
tric (a k of 3 or less) formed by depositing Hy0p and methylsilane between the
base and cap layers.

Much work still has to be done to optimize the technology, but it only took a few
thousand years to reapply the Damascene technique in the first place. The use of
Damascene manufacturing is, perhaps, a perfect illustration of human ingenuity—
taking old technology and using it with modern updates to solve challenging prob-
lems. Now I wonder what they can do with the wheel. . .dbursky@class.org.




LLIED

ELECTRONILS .

We Have Valuable Services
For Our Customers!

lso 9002 \/ ‘ A New 1997

Allied Catalog

%

g 24-Hour

CD-ROM . Modem Access
1 -800-433-5003
N - K
T N
Local Offices e B
Nationwide "; Sales Hours

m Internet Address
http://www.allied.avnet.com
Keeping In Touch With Our Customer’s Needs!

|
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IF YOU CAN
DREAM IT UP,
WE’VE GOT
A WAY TO GET

YOU THERE.

Even if you're talking about a
self-propetled home entertainment
system — complete with
dual bioluminescent
feedback toops, infrared galactic
communications and a
multigyrational video projection
system, chances are there’s
a Tektronix” test instrument that
can get you there. Fact is,
the-e's a Tektronix test instrument
on the bench with most every
leading edge product that's
cesigned— from the newest
microprocessor to the
la:est multimedia action game.
For the simple reason
Tektronix makes instruments
that meet the demands of today's
high-speed designs. So you
can spend your time designing
your own dream machine.
And that should keep the
positive ions flowing through
your built-in ion chambers.

For a head start, cail us at
1-800-426-2200 (press 3 and
request code 3008), or visit us at
www.tek.com/mbd/ad?1011

Tektron/ix®
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“All the MIPS
Partners offer
great price/per-
formance. But if
you scored real high
on your SATs, you'll

probably choose NEC.”

F e
¥ O

“Re vera LSI Logic omnium
MIPS Partners sane electio
development tools eminentium
sapientissima est.”

{“Actually, of ali the MIPS Partners, LS| Logic is probably
the smartest choice for leading development tools.”)



"If you're looking for a world-class supplier, go to any MIPS Partner But did
you know, IDT is on Mensa's list of fun places to visit in California?"

“I'm not suggesting that Teshiba is a smarter choice for this open architecture,
but | heard Stephen Hawking was seen wearing one of our T-shirts."

“It's okay if you choose one of the other MIPS Partners hesides Philips
for scalahility. After all, there's always the temporary insanity plea.”

What a truly unique collaboration: one part collectivism, five parts capitalism. Think about it, five world-
class semiconductor companies promoting the MIPS® RISC architecture, who compete for your design win.
The huge benefit, of course, is choice. Each partner is a powerhouse on their own and
produces numerous versions of this open, scalable architecture, including standard ICs, ASICs
and ASSPs. So you're certain to get the perfect processor for your design and the optimal
price/performance. You also get the broadest range of industry-leading tools. Which means your design flies
into the market faster. And you can get them for considerably less than those conventional processors.
To feel the rapture online, simply type www.TeamMIPS.com. Partners working together. Each with
their own strengths. Competitors fighting for your business.
As they say, “All is fair in love and design wins.”

www. TeamMIPS.com

. 4 Only MIPS RISC embedded
e Philips ,9// 2% o hedie coe
D WD;& e, m N EC @ Semiconductors TOSHIBA 4 y of pdce/pﬂfomanu,,
manufacturing expertise
and development tools.

{ SiliconGraphics
> MIPSGroup
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TECHNOLOGY

NEWSLETTER

Joint-Venture 64-Bit Processor
Architecture Slated For 2000

64-bit RISC processor architecture to be devel-
A oped jointly by Hitachi and SGS-Thomson Micro-

electronics is targeted for 1000-MIPS perfor-
mance. First silicon is scheduled for 2000 with full
production in 2001.

The processor core—dubbed SH-5 by Hitachi and
ST50 by SGS-Thomson—will be targeted primarily at
embedded applications in mass market electronies prod-
ucts such as multimedia PCs, set-top boxes for digital
television, “PDAs” and mobile communications termi-
nals, in car multimedia products, digital cameras and
video games consoles. Matthew Trowbridge, general
manager of marketing and business operations for Hi-
tachi Europe Ltd., says that each company will be re-
sponsible for the design of peripheral cells for “system-
on-a-chip” designs to address what it regards as its
specialist market sectors. SGS-Thomson, for example,
will offer specialized MPEG and ACS3 cells for digital TV
and audio applications. For Hitachi, the emphasis will be
on products such as digital cameras, industrial applica-
tions, and the like.

Both STM and Hitachi will pool experience and
knowledge gained with their current 32-bit processor
designs, although Bob Krysiak, general manager and
vice president of SGS-Thomson’s 16/32/64 & DSP Divi-
sion, stresses that the new processor will be designed
from scratch as a 64-bit architecture device rather than
as a revamped 32-bit design. In addition, SGS-Thomson
will bring several years experience in the development
of a 64-bit processor code named Chameleon. Although
the company has produced its first silicon samples of the
Chameleon processor, further development will be
abandoned in favor of the ST50/SH-5 processor. PF

New Dual Automotive Bus
Inching Closer To Fruition

fter a series of meetings, representatives of the
A Consumer Electronics Manufacturers Association

(CEMA), the Society of Automotive Engineers
(SAE), and all three major U.S. automobile manufactur-
ers have moved farther ahead on developing a dual-bus
architecture that will allow multiple OEM and aftermar-
ket devices to be installed easily, cost-effectively, and
safely in future cars. A common effort for a universal au-
tomobile bus was considered essential because current
automobile design cycles of three to five years preclude
the use of the latest electronic devices in a car.

Last year, CEMA and its members began work on de-
veloping an open, standard interconnect method that
would accommodate today’s communication, entertain-
ment, and intelligent transportation system (ITS) control
systems. The open standard interconnect method will

also offer provisions for future developments.

Working with aftermarket electronics manufacturers
and CEMA, the SAE intelligent transportation system
ITS data-bus subcommittee has released a preliminary
version of a dual-bus architecture. The data-bus architec-
ture will permit a wide variety of electronics subsystems
to interoperate, share data, and perform control func-
tions on any part of the vehicle. This would allow an af-
termarket communication system to use the on-board
global positioning satellite (GPS) to relay the ITS coordi-
nates to a service center for repairs, or call for medical at-
tention in the event that airbags were triggered in an ac-
cident. In other applications, a car’s navigation computer
could interact with the driver’s laptop computer or per-
sonal digital assistant (PDA) to plan routes for salesmen
or identify gas stations, restaurants, and tourist attrac-
tions within a specified area.

For more information, contact CEMA, 2500 Wilson
Blvd., Arlington, VA 22201-3834; (703) 907-7674, fax
(703) 907-7690. LG

Software Tool Eases Auvdio

Power-System Design

he Audio Power Program devised by Texas Instru-
T ments, Dallas, takes the guesswork out of audio-sys-

tem design by realistically simulating audio system
operation under a variety of conditions. The program,
part of the company’s strategy to offer comprehensive
audio power-amplifier solutions for developers, allows
designers to determine power needs faster and more ac-
curately than currently available techniques, leading to
more cost-effective systems.

Common methods of estimating audio power require-
ments are based on a steady-state tone as a rule of
thumb. This can sometimes lead to over-budgeting for
power output. The Audio Power Program uses dynamic
samplings of music and voice to calculate a variety of
power-related characteristics of systems operation. Call-
ing up multiple screens enables users to modify system
parameters interactively and to compare output reports
with ease.

Key features of the program include thermal analysis
and computation modes for both linear and Class D-type
amplifiers. The program’s ability to condense the results
of millions of calculations into reports issued in seconds
goes a long way toward simplifying the iterative process
and enhancing the precision of the overall audio power
design. While the program works with all of the com-
pany’s audio power amplifiers, it is particularly suited to
the new line of power amplifiers in TSSOP packages. In
this case, the heat-sink path is from a flow-solderable
thermal pad on the bottom of the chip. The program is
available, free of charge, from Texas Instruments’ web
site at: www.ti.com/sc/docs/msp/pran/app_supplanaly-
sis.hitm. PM

Edited by Roger Engelke




The Broadest Selection of Hot
Swap Power Manager- 1Cs

bl nt

When you're connecting a PCB or peripheral to an e UCC3912

wo.. adive bus, Unitrode’s Hot Swap Power Manager ICs = IZ’{I\'(!: llgﬁgE
provide the fastest response to overcurrent problems
and maintain the highest degree of data integrity under any
fault condition. Some devices can control over 1000V - leaving
the competition in the dust. In fault condition, a low duty cycle .
Large Voltage Glitch!

retry mode significantly reduces average FET power dissipation.

e e

Unitrode’s Hot Swap Advantages

¢ Floating Topology for High Voltage Applications

L 4

High Speed Active Current Limiting Prevents
Interruption of Power or Data Flow

High Speed Overcurrent/Fault Response
Automatic Fault Retry or Latched Fault Mode
True Power Limit Control for External FET Devices

Fault Qutput Indication

® & & o o

Shutdown Control

For samples and application information, give us a call today.

@ UNITRODE

|w~The Linear IC Company Everyone Follows

TEL: (603) 429-8610

http://www.unitrode.com « FAX: {603) 424-3460 - 7 Continental Boulevard « Merrimack, NH 03054
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IEEE International Parallel Processing Sym-
posium/IEEE 9th Symposium on Parallel and
Distributed Processing (IPPS/SPDP), Mar.
30-Apr. 3. Delta Orlando Resort, Or-
lando, FL. Contact Viktor Prasanna,
EEB-200C, Department of EE Sys-
tems, University of Southern Califor-
nia, Los Angeles, CA 90089-2562; (213)
740-4483; fax (213) 740-4418; e-mail:
prasann@ganges.usc.edu.

Embebbed Systems Conference Spring,
Mar. 31-Apr. 2. Navy Pier Festival
Hall, Chicago, IL. Contact Liz
Austin, Miller Freeman Inc., (888)
239-5563; (415) 538-3848; e-mail:
esc@mfi.com.

APRIL
20th IEEE International Conference on Soft-
ware Engineering, Apr. 19-25. Kyoto Inter-
national. Conference Hall, Kyoto, Ja-

P(-B0ARD DESIGN

made easy

Why have more than 25,000
pc board designers chosen
EAGLE as their layout tool?

Mainly because EAGLE is so easy to

use that you can start designing your
own boards within a few hours. But
there are many other good reasons!
Check out our Web Site for a free demo
and more detailed information.

h 48 Do ou Lab ey Qe e o
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EAGLE 3.5

Schematic Capture * Board Layout

Autorouter

for Windows 95/NT

Windows 95 and Windows NT are registered
trademarks of Mircrosoft Corporation.

EAGLE Standard

Board Size: 6.3 x 4 inches
4 Signal Layers

EAGLE Light

“} Board Size: 4 x 3.2 inches

2 Signal Layers
1 Sheet per Schematic

EAGLE Professional

99 Sheefts per Schematic

Board Size: 64 x 64 inches

16 Signal Layers
99 Sheets per Schematic

Order a FREE demo today
and experience EAGLE first hand.
You will be surprised!

CadSsoft Computer, Inc., 801 S. Federal Highway, Delray Beach, FL 33483
Hotline (561) 274-8355, Fax (561) 274-8218, E-Mall : iInfo@cadsoftusa.com
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pan. Contact Koji Torii, Graduate
School of Information Sciences, Nara
Institute of Science & Technology,
8916-5 Takayama-cho, Ikoma-shi,
Nara-ken 630-01, Japan; +81 7437-2-
5310; fax +81 7437-2-5319; e-mail:
torii@is.aist-nara.ac.jp.

DSP Spring Design Conference, April 21-23.
Santa Clara Convention Center, Santa
Clara, California. Contact Liz Austin,
Miller Freeman Inc. (888) 239-5563,
(415) 538-3848; e-mail: dspworld@
mfi.com; www.dspworld.com.

Southeastcon ‘98, Apr. 24-26. Hyatt
Regency, Orlando International Air-
port, Orlando, Florida. Contact
Parveen Ward, ECE Dept., Univer-
sity of Central Florida, Orlando, Flor-
ida 32816; (407) 823-2610; fax (407) 823-
5835; e-mail: pfw@ece.engr.ucf.edu.

16th IEEE VLS| Test Symposium, April 26-
30. Hyatt Regency Monterey, Mon-
terey, California. Contact Rob Roy,
Intel Corp., MS:JFT-102, 5300 Elam
Young Pkwy., Hillsboro, Oregon
97124-6497; (503) 264-3738; fax (503)
264-9359; e-mail:robroy@ichips.in-
tel.com.

IPC Printed Circuits Expo ‘98, April 26-30.
Long Beach Convention Center, Long
Beach, California. Contact Dan Green,
The Institute for Interconnection &
Packaging Electronic Circuits, 2215
Sanders Road, Northbrook, Illinois
60062-6135; (847) 509-9700 ext. 371; fax
(847) 509-9798.

MAY

Conference on Lasers & Electo-Optics
& The International Electronics Confer-
ence (CLEO/IEC), May 3-8. The
Moscone Center, San Franeisco,
California. Contact Amy Hutto,
OSA Conference Services, 2010
Massachusetts Ave. N.W., Wash-
ington, DC 20036-1023; (202) 416-
1980; fax (202) 416-6100; e-mail:
cleo.info@osa.org.

IEEE International Conference on Evolu-
tionary Computation, May 3-9. Ankor-
age, Alaska. Contact Patrick K.
Simpson, Scientific Fishery Sys-
tems Inc., Post Office Box 242065,
Anchorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@akaska.net.




Now, get 25 years of signal
integrity expertise...to go.
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Wﬁ Even if you have little SI experience, the AMPredictor Signal Integrity Analyzer lets
: you quickly identify and correct schedule-killing cross-talk, noise, ground-bounce,
reflection delay and clock skew early in critical net design. Using decades of AMP
interconnection design experience, the SIA brings world-class simulation accuracy
and functionality to your PC at a very budget-friendly price.
The SIA guides you through connector selection and signal-to-ground ratios,
PCB trace and stack-up design, and driver and receiver model options. The fast
AMPSPICE and electromagnetic field solver engines, operating behind an intuitive
GUI, creates highly accurate IC 1/O buffer models from IBIS data files, terminated
connector subcircuit models and lossy transmission line models. This enables the Net Topology Editor to
simulate the most complex multi-board critical net systems.

Windows 95 and NT 4.0 compatible, the SIA also includes a millivolt-drop power/ground plane
simulator, a library of over 300 multi-line connector models, and 250 pages of on-line application and
high-speed interconnection design tutorials.

The AMPredictor Signal Integrity Analyzer. It’s 25 years of signal integrity expertise to go — right
into your interconnection design.

For more information on AMPredictor, or a free copy of the evaluation software,
call 1-800-524-6579, extension 2034.

Connecting

HGHER

AMP rporated Hamisburg. PA 17105-3608 level

www.amp.com/ampredictor AMPredictor, AMI E anc ecting b ot leve AMP
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TECHNOLOGY BREAKTHROUGH

Micromachined Polysilicon Transmission, The Size Of A Grain Of
Sand, Increases Microengine Power By A Factor Of 3 Million

cientists from Sandia Na-
S tional Laboratory, Albu-
querque, N.M., have
taken silicon micromachining '
technology to new levels of
miniaturization. They've de-
veloped a microtransmission
that significantly increases
the power of a microengine.
According to Sandia’s scien-
tists Steve Rodgers and Jeff
Sniegowski, “the microtrans-
mission can increase the
power of its microengine by a
factor of 3 million, theoreti-
cally generating enough force
to move a 1-lb object. This is
quite possibly the most force
ever generated by a polysili-
con micromechanical device.”
Sandia began work on the

microtransmission when it BT
became apparent that due to Depicted here is a closeup view of Sandia’s 3,000,000:1-ratio

a phenomenon known as stic- micromachined transmission. The distance across the photo equals
tion, micromachines need about one-third the width of a human hair. It shows guides that

more power than previously prevent warping as conditions change.

thought necessary to over-

come friction. Stiction refers to the ad-
hesion and static friction that a station-
ary gear must overcome in order to
begin movement. Often, it is caused by
rusting that occurs after a gear is
etched in silicon and the surface is al-
lowed to oxidize into glass. The result
is that microgears become bound to
the stationary surfaces surrounding
them. Water vapor and outgassing
from epoxy materials also has been
known to block the startup movement
of a microgear.

Sandia’s microtransmission is
specifically designed to overcome this
obstacle. It is no larger than a grain of
sand, with gear wheels the diameter of
a human hair. It comprises six identical
intermeshing gearing reduction units,
each with two dual-level gears operat-
ing at ratios of 3:1 and 4:1. Together, the
two gears, designed to fit one on top of
| the other, form a 12:1 reduction ratio. A
reversible gear makes it possible to ei-
ther increase or decrease speed. A cou-
pling gear also is included in the micro-
transmission to enable additional gear
sets to be added in a modular fashion.

With a total of 29 intermeshing

gears, the microtransmission can
achieve a 3,000,000:1 gear reduction ra-
tioin less than 1 mm? of silicon area (see
the figure). Its gearing is driven by a
five-level micromachine powered by
comb drives. Each level provides a
small elevation that separates a gear or
row of comb teeth so that they can
move freely.

The microtransmission is made by
etching away a sacrificial oxide layer.
Each level enables thicker and
stronger comb drives, and allows more
gears to overlap each other, thereby
compressing the amount of horizontal
space needed. Sandia credits the devel-
opment of the micromachine to its five-
level polysilicon technology coupled
with the laboratory’s sophisticated de-
sign and processing knowledge.

Each drive consists of two comb-
like structures, with the teeth of one
lying between the teeth of the other.
During operation, electric signals are
alternately sent to the combs causing
them to be attracted to each other, first
on one side and then, the other. Ac-
cording to the scientists, the combs’
motion is transmitted to a piston-like

linkage moved by one of the
combs. A second comb drive
provides power at right an-
gles to the first. The piston it
drives, when timed with the
force of the first piston, is suf-
ficient to turn a drive wheel
on the microengine.

While Sandia hopes to use
the discovery to aid ongoing
research into near-invisible
locks for nuclear weapons, the
microtransmission also may
be useful for such things as op-
tical telescopes, optical
switching for telephone lines,
and intercommunication air-
- craft sensors. The microtrans-
mission also is being eyed for
environmentally difficult ap-
plications such as satellites,
where minimizing the weight
of a payload is crucial. Addi-
tionally, it could be used in mi-
crosurgeries, where doctors
often need to apply large
forces to very small areas.

Sandia’s scientists believe that the
microtransmission also may serve to
provide insight into basic engineering
research and development on micro-
machines. One area that has baffled
researchers is how to deal with fric-
tional effects on such small machines.
The problem is that to study these ef-
fects, a micromachine is needed that
can withstand the application of a sig-
nificant amount of force. Sandia’s mi-
crotransmission, they believe, may
serve as an ideal test structure from
which researchers can determine
qualities such as a micromaterial’s
fracture strength.

The microtransmission may one day
provide an accurate measure of dis-
placements on the atomic scale. In fact,
as Sandia’s scientists point out, a single
revolution of the micromachine’s drive
gear can generate a calculated displace-
ment of the output gear of only 0.8 A.
That’s the same unit of measurement
typically used to determine spaces be-
tween atoms.

To make its microtransmission tech-
nology as accessible as possible, Sandia
plans to utilize the World Wide Web as
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TECHNOLOGY BREAKTHROUGH

a delivery mechanism. Companies and
universities wishing to fabricate the
device need only download a blueprint
for the gears of a basic microtransmis-
sion unit. With this information, the
user can then design as many inter-
meshing transmission systems as they
need by simply duplicating the basic

gear arrangement. This ability to “cut
and paste” the gears is possible due to
the modular nature of the assembly.
And, because it is such a simple, low-cost
task to accomplish, unique intermeshing
transmission systems can be made us-
ing any common CAD program.

For additional information, contact

Sandia National Laboratories at (505)
844-8066, or check out their web site at:
https//www.sandia.gov. The Sandia Lab
News Online Edition, which also con-
tains information on the development,
can be accessed at: http://www.san-
dia.gov/LabNews/LabNews.html.
Cheryl Ajluni

Electrical Process Measurements Boost
Accuracy Of Extracted Interconnect Parasitics

he obstacles that arise from design
T in a deep submicron (DSM) envi-
ronment of 0.25 um and below
come from the inability of modern elec-
tronic design automation (EDA) tools
to accurately characterize, model, and
extract interconnect parasitics. Hoping
to fill in this tool gap, Frequency Tech-
nology, San Jose, Calif., has developed a
unique technology to accurately char-
acterize interconnect parasitics. Their
solution, Verified Interconnect Process
Parameters (VIPPs), will enable a de-
sign’s RC interconnect parasitic infor-
mation to be extracted and analyzed
with an accuracy increase of 30 to 40%
over what designers can get today.
The VIPP technology is a way of
electrically measuring a process to
identify parameters that will affect in-
terconnect performance. In particular,
the six parameters that are measured
include critical dimension loss, metal
thickness, dielectric thickness, sheet p,
via resistance, and dielectric constants.
These parameters are measured for

each metal layer in a process, with a
single VIPP being established for each
parameter. Consequently, if a process
has five metal layers, then 30 VIPPs
will be needed to provide an electri-
cally accurate physical process model.
Once the VIPP’s information has been
obtained, it can be used as input for
physical design tools, as well as place-
and-route tools.

Although this sounds easy enough,
the trick is in how the company is able
to electrically measure the six parame-
ters using proprietary techniques. The
goal is to be able to measure a parame-
ter thousands of times across a wafer,
and from one wafer to another, to get an
accurate picture of how much it varies,

But just cutting up one wafer or
many wafers for that matter, and test-
ing them, is not an ideal solution. The
real problem is that you can’t measure
the six parameters physically, so you
have to develop a method of electrical
measurement. Martin Walker, presi-
dent and CEO of Frequency Technol-

i Run Raphael
Convert design h
data to 3D field solver
structures
/ ,
Test Rs and Cs
i <>_ Verified
3 Interconnect
Process -
Parameters
icat
Fabricate ——
~—— | parasitics

This diagram represents the chain of events that must take place in order to determine a VIPP.
The test structures used are basically hunks of metal that allow the electrical measurements
of the various parameters to be made. Different structures are needed for each new process.

ogy, explains it this way: “In much the
same way you might cut open a resistor
and look at the carbon inside to figure
out a value for resistance (R), as op-
posed to working out the voltage across
it to figure out how big the resistance
would have to be, electrical measure-
ments must be made to determine the
physical parameters of a process. In a
way, what we are trying to do is the
equivalent of testing, for example, the
transistor, with the task of estimating
the diameter of R.”

To determine the VIPP, design
rules for a particular process must first
be obtained. This information is crucial
to the development of process-specific,
device-independent test structures
which are used to probe and test
wafers (see the figure). With these test
structures, hundreds of measurements
per die site along with thousands of
measurements per wafer can be made.
Three-dimensional structures can then
be created that are a prediction of
what the actual structure would need
to look like to, for example, produce the
same electrical capacitances as the
measured capacitances. Once the 3D
structure has been determined, it is a
relatively straightforward process to
verify that the measured electrical
performance and the prediction is the
same. As Walker explains, “Because
there are fewer variables compared to
the enormous number of measure-
ments, it’s easy to make sure you have
the right answer.”

With Frequency’s electrically accu-
rate physical interconnect model tech-
nology, designers can predict how their
actual process will affect their design.
The hope is that once designers under-
stand the impact of process on a design,
they will be equipped with the assur-
ance that their final design will be reli-
able and free from errors due to the use
of inaccurate tools or information.

For further information, contact Fre-
quency Technology at (408) 938-9300; In-
ternet: http//www.frequency.com.

Cheryl Ajluni

|
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How valuable is creativity? _a des'!ln that will
just work...

when you can
now create your
ideal solution.

PSPICE ANALOG/DIGITAL
SIMULATION

SCHEMATIC ENTRY
PLD SYNTHESIS
PC BOARD LAYOUT

: ; DESIGNLAB START-TO-
e } , : FINISH SYSTEM
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And that means you get Ve { ,
a better circuit design. :

Enabling your aeativity to develop the ideal design
in less time — MicroSim’s Family of EDA products delivers :
the flexibility ond unique capabilities that help you do just that. Each

has features designed to work together. They accelerate your design process.
You can immediately see results of your design changes. This kind of power and
flexibility can only come from one company— MicroSim 2 \

MicroSim
Setting the standard for Desktop EDA'
Contact MicroSim at 1.800.245.3022 or 714.770.3022
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TECHNOLOGY BREAKTHROUGH

Laser-Based Technology Offers
Time Savings For Parts Manufacturing

ith the consumerization of the
W industry well underway, engi-
neers everywhere are faced
with the same problems: How do we
get products out quicker, and how do
we develop successive product genera-
tions in a variety of complex shapes and
materials to address many different
markets? Sandia National Laborato-
ries, Albuquerque, New Mexico, thinks
it may have a solution in LENS.
LENS (Laser-Engineered Net
Shaping) is a manufacturing technol-
ogy that uses computer-controlled
lasers to weld air-blown streams of
metallic powders into custom parts and
manufacturing molds. Because the final
product can produce a geometrically
complex shape that is very close to the
final product, the need to rough-ma-
chine the part is eliminated from the
fabrication process. This equates to a
substantial time savings in manufac-

turing—up to as much as a few weeks.

The technology, which was origi-
nally developed at Sandia for use in
low-volume production of highly spe-
cialized nuclear weapons components,
is now being seen as the predecessor to
more conventional fabrication tech-
niques such as rapid prototyping and
rapid manufacturing. These techniques
are used to help speed the process of
idea conception to new product. But,
they often require more time because
they work by using lasers to heat plas-
ties into liquid, and then form proto-
types from the plastic.

By comparison, LENS uses nozzles
to direct a stream of metal powder, that
can be made up of a variety of different
materials, at a central point. At the
same time, that point is heated by a
high-powered laser beam. Both the
laser and jets remain stationary while
the model and its substrate are moved,

providing new targets on which to de-
posit metal. Layers are deposited se-
quentially—first on a substrate, and
then on the built-up layers—until the
desired cross-sectional geometry is
completed with the production of a
three-dimensional metal product.

The result of this processis that small
quantities of high-density parts or
molds can be easily fabricated. Tradi-
tionally, this has been a process often
made more difficult because in high tem-
peratures it’s harder to form accurate,
smooth objects from molten metals. Us-
ing LENS, the materials that are pro-
duced exhibit very-high-strength and
high-ductility mechanical properties.

While researchers are still trying to
work out problems with the technology,
such as improving its dimensional accu-
racy, and achieving a better metal finish,
it is now the focus of a $3-million, two-
year Cooperative Research and Devel-
opment Agreement (CRADA) aimed at
commercialization. For more informa-
tion, contact Sandia at (505) 844-8066,
or http//www.sandia.gov.

Cheryl Ajluni
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Packed with POWEY. Presenting ACCEL EDA™ - the PCB design software for Windows®

with the power to tackle today’s toughest designs. ACCEL EDA’s advanced features - intelligent copper

&,

Call for your free

eval software with
multimedia tour,
or to arrange an

on-site demo.

pour, split plane support, integrated shape-based autorouter, and much more - give
you the muscle to plow through any digital, analog or mixed-signal design. Plus,
tailor a powerful “best of breed” EDA system with seamless interfaces to

Viewdraw;” Specctra® and CAM350:

Hi gh energy support. lnstallation, training, support —
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WE’VE BRED AN INTEGRATED
WATCHDOG/RESET THAT WILL MAKE
OTHER CPU SUPERVISORS HOWL

LOWER COST

LOWER POWER

Introducing the DS1232LP Low
Power MicroMonitor chip, an

With the MicroMonitor’s tolerance

and time delay inputs, you can
upgrade for the industry-standard

DS1232 that fully integrates the
watchdog and reset functions to

adjust voltage trip level and vary

the timeout.

operate together. Unlike other Best of all, we took a bite out of

the price. The DS1232LP

costs less than its predeces-
sor, the industry-standard

DS1232!

devices, this puppy doesn’t
put you through the hassle
of wire ANDing or using R
gates to tie the watchdog
and reset together. So your
design job is easier.

For more information,
And the DS1232LP collars

the competition when it comes

give us a bark at
(972) 371-4448.
to power— a mere SOUA vs.
200+uA for other devices.

1

CPU Supervisor Family

Device Reset Active Active Manual watchdog Seé:ondary Package
ense

Threshold R A e Looking for other
g 8-pin DIP functions? We've got a
DS1232LP | 5V - 5% or 10% v/ v v v/ 8-pin SOIC o o :
T DS1705/6 | 5V - 5% or 10% 8-pin DIP whole litter of devices
DS1706x [3.3V-5%, 10% or20%| v ° v 7 v |8-pinSOIC to choose from.
{DS1707/8 | 5V -5% or 10% 8-pin DIP
| DS1708x [3.3V - 5%, 10% or 20%| v v 8-pin SOIC
IDS1810-13 5V - 5%, 10% or 15% 5 S0T-23
IDS1815-18| 3.3V-10% 0r20% | Y4 v/ T0-92
8-pin DIP |
| DS1832 | 3.3v-10%o0r20% | v v/ 4 v 8-pin SOIC
5V - 5% or 10% and 8-pin DIP
DS1834 [33v-5% 10% or20%| v & v 8-pin SOIC

— /,
*Optional .
m DALLAS
B’ SEMICONDUCTOR
Visit our Web site at http://www.dalsemi.com/

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 < Phone: 972-371-4448 « Fax: 972-371-3715
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W Exploring power-management design issues for laptop computers

ome 22 years ago, Sili-
S conix (now Temic Semi-

conduetor) announced its
VMOS process, a process that
produced DMOS power tran-
sistors with low on-resis-
tance. Who would have
thought then that die on-re-
sistance for vertical-DMOS
power-MOSFETs, would
someday drop below package
resistance (the leadframe re-
sistance)? But that’s exactly
what Fairchild Semiconduc-
tor, Santa Clara, Calif. has ac-
complished. The company has
developed an open-cell trench
structure for MOSFETSs that
combines the advantages of a
trench process, which offers
the lowest drain-source on-re-
sistance (Rpg (on)), with those
of a planar process, which of-
fers relatively low Rpg (on) at an
even lower cost (Fig 1).

Until recently, power MOSFETs
used a cellular design in which the
number of cells per square inch of sil-
icon (cell density) determined device
on-resistance, which in turn, was a
result of the channel resistance. The
greater the cell density, the lower the
on-resistance. A clamp diode is also
used to protect the cell from
avalanche damage. This clamp-diode
design means that drain-source
breakdown voltage is limited by the
clamp diode, not the cell structure.
This is not good for Rpg (on). In addi-
tion, as cell density increases, on-re-

" COVER FEATURE

-

-
e 7

sistance approaches a brick wall as
the resistance of the JFET region
takes over. To overcome this limita-
tion, several organizations have
etched a trench from the FET’s chan-
nel to the expitaxial region.

The initial approach—and to date
the only approach—by most compa-
nies in the low-voltage power-MOS
arena has been to move to a noncellular
planar-strip structure which achieves
similar or lower on-resistance than the
more complex trench approach.

Not A Panacea
When looking at the total picture of
where MOSFETs are used in power-

Trench Technology Maximizes Power
MOSFET Efficiency For Laptops

Open-Cell, Application-Specific MOSFETs Improve Dec-Dc Conversion
Efficiency By Cutting On-Resistance And Switching Losses.
Frank Goodenough

that Rpgon) is not a panacea.

higher gate charge, which usu-
ally means lower de-de conver-
sion efficiency.

Power-device requirements
have changed. In an
era of increasingly
smaller laptop and
palmtop computers as well as
personal digital assistants
(PDAs), power efficiency is be-
coming more crucial as com-
puter manufacturers try to
make every last watt of pre-
cious battery power count.

The challenge to improve ef-
ficiency has increased as Intel

modern microprocessors have
lowered their core operating
voltage from 5 V to 1.8 V for next-gen-
eration CPUs. It looks as though the
next digital subsystem will soon follow
with bus voltages decreasing from 3.3
V to 1.5 V. This effort has dramatically
saved power in the CPU core, and will
save power in the rest of the digital
subsystem in the future, which should
help battery operating time in laptop
computers. The result of this lowering
of the voltage has forced power-supply
designers to look again at the effi-
ciency of de-de converters. That effi-
ciency has dropped from the mid 90s,
when the output was 5V, down to the
high 70s, thus offsetting some of the
power savings.

supply designs, it becomes clear

Low specific Rpg (o) is gener-
ally achieved at the expense of a

Corp. and other makers of

ELECTRONIC DESIGN / JANUARY 26, 1998
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ICETHITIOR HIGH-EFFICIENCY POWER MOSFETs |

Intel recently hosted a Mobile
Power Symposium in San Francisco,
Calif., to talk about the entire mobile
power requirements, including de-de
converter efficiency problems with
low-voltage outputs. Discussions at
this conference centered around the
reduced efficiency, the reasons for this
effect, and what can be done to regain
some of the lost ground.

Increased switching losses of the
high-side MOSFETs are partly to
blame. As the input voltages have in-
creased with the new lithium-ion bat-
teries, and the output voltages have de-
creased, the switching losses have
become a higher percentage of the total
losses. The high-side switch operates at
a low duty cycle so that conduction
losses are less important than for the
low-side switch (Fig. 2). To reduce
these losses specifically on the high-side
MOSFET, Fairchild Semiconductor
has developed a new silicon structure
for MOSFETs called PowerTrench.
These new MOSFETS improve switch-
ing speeds and total gate charge while
maintaining Rpg on).

In past designs, the same MOSFET
was used everywhere, and in some
cases the optimum circuit wound up
using a relatively high resistance,
which may be fine for fast-switching
MOSFETs on the high-side switch.
But the low-side switch should employ
MOSFETSs with a lower Rpg (on) for

Buck-converter power losses

ViN
C
4 i
_'_{ Switching and conduction losses in Qy
0y L Rg
MAX1636
Y Y Y g
PWM 1 (AL
converter
0 '
D A\ Conduction
losses
in Qg

2. As shown in this MAX1636 PWM controller circuit from Maxim Integrated Products, increu;(i
switching losses on the high-side MOSFET Qy have become a higher percentage of the total
switching losses. Because Qy operates at a low duty cycle, conduction losses for Qy are less

important than for low-side switch-MOSFET Q.

optimum efficiency.

To lower the drain-source on-re-
sistance, Fairchild uses an open-cell
approach with trench strips. Unlike
closed-cell designs with hemispheri-
cal junction features that produce
higher electric fields, Fairchild’s
open-cell approach with its eylindri-
cal structures reduces the electric
field. The result is a higher break-
down voltage rating for a given sili-

! Open-cell trench layout

30 peel-away
cross section of a
trench DMOS structure

1. The figure shows a 3D peel-away cross-sectional view of Fairchild Semiconductor’s trench-
DMOS process for power MOSFETs. The process combines the low-cost advantages of  planar
process with the low on-resistance advantages of a trench process. The result is power MOSFETs

optimized for high dc-dc conversion efficiency.

con doping concentration (Fig. 3).

It also cuts down on the amount of
gate charge. A lower specific Rpys o)
is achieved by increasing the doping
concentration in the epitaxial region.
The clamping diode is not mandatory
to handle electric fields at the trench
bottom corner. Instead, each cell is
structured to direct damaging
avalanche current away from the
sensitive gate oxide. In effect,
Fairchild has developed an applica-
tion-specific FET combining low on-
resistance (which reduces conduction
losses) with low gate charge (which
cuts switching losses). The Rpg (ox)
rating for Fairchild’s new MOSFETs
is the same as that for the venerable
Temic Si4420DY device, but with |
40% less gate charge. ,

Fairchild’s designers believe that ‘
the open-cell-trench approach is su-
perior to a closed-cell method. They |
believe it is more rugged, and pro-
vides better yields (thus lower costs)
and superior gate charge.

High-Efficiency MOSFETs
Fairchild’s new technology makes
possible n-channel MOSFETS in two
types of packages: the SO-8 and the
SuperSOT. Available in the SO-8
package will be the FDS6670A which
offers an on-resistance of just 8 mg
(at a gate-source voltage V;qof 10 V)
combined with a gate charge of less

—_—
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Battery Operation  Portable Instruments ® High Density PCBs

O0PA336 CMOS Op Amp Family—single, dual and
quad, offers the industry’s lowest offset voltage for a CMOS op
amp—125uV. Operating on a mere 20pA per channel, they are
perfect for single supply battery operation from 2.1V to 5.5V.

OPA336 op amps are great for very high impedance circuits
(lg=10pA max). Input common-mode range extends below the
negative rail and output swing is rail-to-rail.

Single, dual and quad versions have identical specifications with
package optiens that include tiny SOT-23, MSOP
and SSOP microPackages. OPA336 gives

you maximum design flexibility in your
tough applications.

OPA336 (single)......... $0.60 in 1000s
OPA2336 (AUal) ..oorororeone $1.00 in 1000s
OPAA4336 (QUAD) ..o $1.90 in 1000s

Burr-Brown Corporation

OPA241 Precision Bipolar Op Amp—offers
microPower operation with wide power supply voltage range.
Operation spans +2.7V to +36V on a single supply, or £1.35V to
+18V on dual supplies for design flexibility. Input common-mode
range extends below the negative rail and output swing is
rail-to-rail for maximum dynamic range.

0OPA241’s laser trimmed bipolar input stage provides
low offset voltage (250pV max) and drift is only
1uV/C. Industry standard 8-pin DIP and SO-8
versions allow this versatile performer to
replace many common op amp types.

OPA24T .ot et $1.06 in 1000s

For battery operation, single supply or other microPower
applications, Burr-Brown delivers your best design choices.

www.burr-brown.com/Ads;0PA336-Ad.htmli

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/
Distributors: Anthem: (300) 826-8436 » Digi-Key Corp: (800) 338-4105 » Insight Electronics: (888) 488-4133 » J.1.T. Supply: (800) 246-9000 * Sager Electronics: (80C) 724-3780 « SEMAD (Camada): (800) 567-3623
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TECH INSIGHTS HIGH-EFFICIENCY POWER MOSFETs |

Conventional trench

Deep body

Flat-bottom trench

3. Unlike conventional trench processes which use a deep-body area to reduce electric-field-caused
breakdown (left), Fairchild Semiconductor uses an abrupt, shallow heavy-body area (right).

then 62 nC and a drain current rating
of 12.5 A. At Vggof 4.5 V, on-resis-

| tance is 12 mQ.

An even lower gate charge of just
42 nC is available in the same pack-
age as the FDS6680A, with an on-re-
sistance of 9.5 mQ at Vg of 10 V (on-
resistance is 14 mQ at Vg 0of 4.5 V),
Drain current rating is 13 A. Both

the FDS6670A and 6680A are rated
at drain-source voltage Vpg of 30 V
and dissipate 2.5 W.

What these numbers mean is that
on average, a device like the
FDS6680A ranges in efficiency from
88% (at 3.3 V) for output current of
about 100 mA to 92.5% (at 3.3 V) for

1997
Proceedings
NOW
AVAILABLE

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

transportable products.

|
|
From low-power systems design to low-cost |
solutions, the Proceedings of the Fourth Annual |
Portable by Design Conference offers over 500
pages of vital, timely, and usable information
for the portable OEM designer.

—

son, efficiency for other popular in-
dustry MOSFETS ranges from a low
of about 78% to 82%, to about 89% to
91% for the same conditions.

For those who need an even
smaller footprint package (40%
smaller), there’s the SuperSOT n-
channel device. It makes possible fit-
ting the die in Fairchild’s proprietary
SuperSOT package which has a 40%
smaller footprint then the industry
standard SO-8. The FDR4420A-8isa
30-V MOSFET with on-resistance of
9.5 mQ (at Vggof 10 V) and 15 mQ (at
Vgs of 4.5 V). Lower on-resistances
of 25 mQ are available in -6 versions,
and 40 mQ in -3 versions.

PRICE AND AVAILABILITY

The FDS6670A and FDS6680A single
MOSFETs in SO-8 packages are available
now at $2.45 and $1.75 each, respectively, in
quantities of 1000. The single FDR4;20A
MOSFET in an 8-pin SuperSOT package is
also available now at a price of $1.47 each in
similar quantities.

Fairchild Semiconductor, 1322 Cross-
man Ave., Sunnyvale, CA 94089; Dave
Schoenwald (408) 822-2000;. e-mail:

| NAME

TITLE
| COMPANY
| ADDRESS

| *Sales Tax (CA, CT, FL, GA, IL, MA, MN, NJ, NY, OH, PA, W1, Canada residents add appropriate sales tax)

Sales Tax*
TOTAL

|\ —

0O Check Enclosed

ACCT. NAME
| ACCT. #

Make checks payable to: PORTABLE BY DESIGN

STATE P

O MasterCard O Visa O American Express

| SIGNATURE -

| PORTABLE BY DESIGN « 611 Route 46 West « Hasbrouck Heights, NJ 07604
or call: 201/393-6075 « Fax: 201/393-6073 « E-mail: portable@class.org

Fax or mait this form to:

output current of 1.5 A. By compari- 1 www.fairchildsemi.com. CIRCLE 490
___________________ -,
Proceedings Partable
S order Form  BYIDES1EMN
OF THE
FOURTH
ANNUAL 0O 1997 Proceedings: $175 + $10 s/h; # of copies
”MQE}F O 1996 Proceedings: $100 + $10 s/h; # of copies
4 0O 1995 Proceedings: $100 + $10 s/h; # of copies
CONFERENCE nos: $ O oo
MARCH 24-27, 1997 0O 1994 Proceedings: $100 + $10 s/h; # of copies
S s DA P O 1994/95/96 & 1997 Proceedings:  $295 + $28 s/h; # of copies
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More Op Amps... Less Space!

The OPA2337 is the world's smallest dual...two complete high
performance op amps in one tiny SOT package! Beware of
impostors; this is a real SOT-23 body with eight fine-pitch
(0.025") leads. How's your eyesight?

Single supply operation with rail-to-rail output (within 10mV!)
makes the OPA2337 perfect for portable equipment and all

general purpose applications. Quiescent current is only 450pA
yet it can handle your dynamic signals (1.5MHz, 1V/ps). And it's
CMOS with only 10pA input bias current.

Burr-Brown offers a complete selection of micropackage op
amps. Check our brief listing below and find more on our web
site, including SpeedPLUS 400MHz+ op amps.

Description Siagle Power Supply lg/Ch.  Price/Ch. FAXLINEF Reader
Products (all are rail-to-rail output) Dual/Quad Single (V) (pA) (1k+) (800) 548-6133  Service #
(OPA336 microPower, CMOS $,0,Q 2.3105.5 20 $0ﬂ 11380 86 |
. OPA340  High Spéed, Rail-to-Rail Y0  §,D,Q 25105.5 _750 _30.52 o 11404 —_ 87
0PA237 B Low Power, Single Supply S,0,0 2.7 to 36 17;1 $0.81 - 41327 88 1
OPA337 - Single Supply, CMOS— S,D 2.5105.5 450 $0.26 11410 89

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/
Distributors: Anthem: (300) 826-8436 * Digi-Key Corp: (800) 3384105 « Insight Electronics: (888) 488-4133 + J.1.T. Supply: (800) 246-9000 « Sager Electronics: (800) 724-3780 + SEMAD (Canada): (800) 567-3623
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TECH INSIGHTS

DESIGN APPLICATION

Capacitive Sensors Offer
Numerous Advantages

Don’t Believe The Myths About The Problems With Capacitive Sensors And How
Hard They Are To Use—They Do A Good Job In Many Apnlications.

LARRY K. BAXTER, 73 Eastern Point Blvd., Gloucester, MA 01930; (978) 623-4254; baxterl@pictel.com.

This article is based on material

from the author’s recently published

book, Capacitive Sensors, IEEE
Press, Piscataway, N..J., 1997.

inductive, and piezoresistive trans-

ducers, capacitive sensors have
many advantages, among them low
cost and power usage, and good stabil-
ity, resolution, and speed. They also
have a near-zero temperature coeffi-
cient, can be optically transparent, and
are easy to integrate into ICs or onto
printed-circuit boards (pc boards). Ca-
pacitive sensors can detect motion, ac-
celeration, flow, and many other vari-
ables, and are used in a wide range of
applications.

But many engineers still distrust the
technology. Some believe that capaci-
tive sensors are affected by tempera-
ture and humidity, sensitivity to noise,
difficulties in designing, instability, and
nonlinearity. Capacitive sensors do
need some specialized design know-
how to avoid those hazards. Some sam-
ple designs and applications should
help dispel this distrust.

Capacitive sensors come in one of
three types. Fixed-plate versions
maintain the relative position of the
two plates, while the capacitive cou-
pling changes as a result of different
materials placed near the plates. A
grounded conductive material will re-
duce coupling capacitance, and a high-
dielectric material will raise it. These
sensors are used for sensing wall studs
or determining the composition of ma-
terials. An array of multiple fixed
plates can form an x-y touch sensor to

c ompared with competing optical,
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measure finger or stylus position in

two dimensions or even to image fin-
gerprints.

Another technique involves chang-
ing the spacing between the capaci-

tor's parallel plates. This geometry’s
ability to accurately measure small
motions down to 10'* m makes it use-
ful in electret microphones, tiltmeters,
seismometers, and micrometers.
Adding a third plate to sandwich the
moving plate between two fixed
plates, and driving the fixed plates
while sensing the moving plate, in-
creases the signal and provides shield-
ing. This arrangement does not handle
large motions well since capacitance
drops to a difficult-to-measure value
with large plate spacing.

The third type, which involves mov-
ing the parallel plates so their overlap
area changes, can measure greater lin-
ear motions. Adding a second fixed
plate above the moving plate again im-
proves performance, as first-order
spacing dependence is nulled out. To
improve accuracy, multiple plate pat-
terns are used, with a demodulator
counting plates for a coarse position de-
termination and interpolating between
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plates for a fine measurement, similar
to optical encoders.

Ratiometric position sensing is bet-
ter still. In this technique, the moving
plate, C, is on one side of two fixed
plates, A and B. The device measures
the ratio of the capacitances C¢, and
Ccg. This device is not sensitive to spac-
ing. Adding two more fixed plates A’ and
B’ on the other side of the moving plate,
and then connecting A’ to A and B’ to B,
makes the unit self-shielding and first-
order insensitive to tilt.

Demodulation Methods
Several techniques are available to

convert the capacitance or capacitance |
ratio to a voltage output. In the direct |

method, the plates are charged with a
de voltage and feed a very-high-imped-
ance amplifier. This scheme is inexpen-
sive and has good high-frequency re-
sponse. But it doesn’t work at dc unless
the amplifier’s impedance is infinite,
and it is noisy because semiconductors

Pickup +1?)V
< Guard X Tam};;}l:ﬁer
= 3 5 " To
s @ l J- '+\: ©  gemoduator
p—»
40 kHz R v Eg
5v G2 A ~101M g T Ca T EE
q
Vs o—l }— ’_{ '?V
& 0.22 uF
Rm 0.02 uF
100k i
= = -0V

' 1. This typical unity gain follower amplifier configuration for ratiometric position sensing
produces a linear output with area-variation motion. The two variable capacitors C; and C;
represent ratiometric capacitances Ccy and Ccp discussed in the text.
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A/D Converter Family Gives You “Extra Margin”

Do you need the best in speed, performance and price for your
demanding communications and imaging applications? Then you
need Burr-Brown's newest 12-bit, high dynamic range, pipelined
A/D converters.

“Extra Margin” of Performance

A totally pin-compatible family, the 5MHz ADS803, 10MHz
ADS804 and 20MHz ADS805 are complete converters featuring
high bandwidth track/hold, internal reference, and a 12-hit
quantizer. All offer excellent spurious performance up to and
beyond Nyquist, and a premium SNR of 69dB.

Starting
Under $10

“Extra Margin” for Imaging

The ADS803 family offers a fltexible input range—2Vp-p to 5Vp-p.
At 2Vp-p these converters provide the best spurious performance
and ease of driving. The S5Vp-p input range can be used for the
lowest input referred noise of 0.09LSBs rms giving superior
imaging performance.

Driving for That “Extra Margin”

For ac-coupled applications, we have the driver amps you
need for a complete solution. OPA642 and OPAG43, (FAXLINE#
11190, 11191) now available in SOT23-5 packaging, are ultra-low
distortion, low noise op amps perfect for ac-copled applications.
Reader No. 95

Sampling Rate  SFDR SNR Power
Product (MHz) (dB) (dB)  (mW)
ADS803 5  B82at2MHz 69 116
| ADS804 10 80at4.8MHz 69 180
ADS805 20 77al8MHz 67 300

DNL
(LSB)
£0.3
+0.3
0.4

Price FAXLINE¥# Reader
Packages (1 ﬂﬂﬂs) (800) 548-6133 Service No.
SOIC,SSOP  $9.55 11398 READER SERVICE 96 |
_SOIC,SSOP  $10.95 11381 READER SERVICE 97 |
S0IC,SSoP $16. 95 11397 READER SERVICE 98

www.burr-brown.com/Ads/ADS803-Ad.html
Burr-Brown Corporation

BURR - BROWN?®

2 2=

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/
Distributors' Anthem: (800) 826-8436 * Digi-Key Corp: {800) 338-4105 « Insight Electronics: (368) 4884133 « J.1.T. Supply: (800} 246-9000 » Sager Electronics: (800) 724-3780 « SEMAD (Canada). (800) 567-3623
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tively  narrow

range, between 3

G

Vs

Syl

e

7]
{ | nV/NHz and 60
nV/YHz. But cur-
rent noise is much
more variable, with
extremes of 0.2
fANHz to 50
pA~NHz

The capacitive
pickup amplifier

j‘ are noisy at low frequencies.

Another method uses the sense
plates to create the C in an RC oscillator,
and then measures the oscillator’s out-
put frequency or period. The result is a
simple, low-noise demodulator that re-
Jects low-frequency noise. But if stray
capacitance is not nulled, it may swamp
the sensor’s capacitance, causing a low-
amplitude and unstable output.

In a synchronous demodulator, the
sensor plates are driven by a square-

| orsine-wave signal at, for example, 5 V

and 100 kHz, rather than a dc signal.
Some systems use two square waves
at 0°and 180° phases, and a phase-sen-
sitive demodulator. In these systems,
the sensor is usually configured for ra-
tiometric measurements for improved
stability and precision. The ratiometric
synchronous demodulator is the most
accurate circuit, but it has the highest

part count.

Practical Circuits

In a practical system, the capaci-
tance to be sensed usually ranges from
0.01 pF for ICs to 2-3 pF for a pc board
of a square centimeter. Impedance
ranges from 1.59 MQ at 100 kHz with a
1-pF sensor to 1590 MQ at 10 kHz with
a 0.01-pF sensor. The amplifier’s input
impedance should be much larger than
the sensor’s to avoid shunting the sig-
nal, and since typical operational ampli-
fiers have input capacitances of a few
picofarads, special low-capacitance am-
plifiers are needed. These amplifiers
can be used with any of the three types
of demodulators.

At these extremely high imped-
ances, system noise is usually domi-
nated by amplifier current noise rather
than voltage noise. Amplifier voltage
noise is generally restricted to a rela-

| 2.4 virtual-ground amplifier keeps the signal at virtual ground, placing
shields at ground potentiol. The amplifier’s common-mode input is not a
problem and power rails do not need bootstrapping.
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will probably need
a FET input stage,
either aJFET or
MOSFET, to get
acceptably low cur-
rent noise. MOSFET current noise isin
the range of 0.2 fA-1 fA/NHz and will
not contribute to output noise with rea-
sonably high sensor plate capacitances

kHz). JFETS are almost as good, 2 to 40
fA/NHz, and usually have lower voltage
noise and are less sensitive to electro-
static discharge. Bipolar transistor cur-
rent noise can be over 50 pA/NHz. With
a sensor impedance of 100 MQ and a
bandwidth of 10 kHz, this level of cur-
rent noise will produce over 100 mV
rms of input-referred noise.

Designers have three circuit choices
for the input amplifier: follower ampli-
fier, virtual-ground amplifier, and all-
over feedback amplifier. Their noise
performance is similar, but each circuit
offers different options for shielding
and handling stray capacitance, and
each has different amplifier common-
mode requirements.

The typical unity-gain follower am-

i
(0.5 pF) and excitation frequencies (100 E
,
i
]
i
|
(]

plifier uses the ratiometric sensor con-
figuration, with C; and C, representing
Cca and Ccp (Fig. 1). The circuit has an
in-band ratiometric response of:

|

and it will produce a linear output with
area-variation motion.

A" Cl ‘Cz

ENe
° l'[C,+Cz

internal input capacitance, and Cg, the
stray capacitance to ground. The for-
mer is bootstrapped out because the
negative input follows the positive in-
put exactly, and the latter is nulled by
using a driven guard shield. The shield
follows the input signal exactly so if

input node no current can flow from
the input through stray capacitance to
ground.

Handling Stray Capacitance

Stray on-chip capacitance from the
positive amplifier input to the sub-
strate often can be handled by boot-
strapping the negative power supply
through Cy, but not all amplifier types
are stable with this connection. Boot-
strapping the positive power supply
input doesn’t work for most IC op
amps, but positive supply bootstrap
can be used for properly designed dis-
crete amplifiers.

To set the amplifier’s bias point, the
designer can use an input resistor to
ground. It must be large enough for

% ey
>—4

a5

3. The advantages of both follower and virtual-ground amplifiers are combined in an all-over

feedback amplifier. These indude a grounded shield, a ratiometric (instead of an absolute) output,

no common-mode range problems, and good stray capacitance compensation.

The response is independent of |
stray capacitances C,, the amplifier’s |

the shield completely surrounds the |
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PCM3000—Low Cost, AS Stereo Audio CODEC

PCM3000 is a single chip stereo audio CODEC with single-ended

PA134—Superior Soun li Am
analog voltage input and output. Fabsicated on a 0.6 CMOS process, 0 uperior Sound Qua ty Op P

PCM3000 is ideal for many cost-sensitive consumer applications
where performance is required. Both the ADC and DAC employ
delta-sigma modulation with 64X oversampling. PCM3000 operates
with left-, right-justified, S or DSP data formats. The device can be
controlled with a 3-wire serial interface for special features. An ideal
price/performance solution for surround sound processors, DAT

OPA134 is Burr-Brown's newest ultra-low distortion, low noise
op amp for high performance audio equipment. OPA134 offers
improved headroom and low THD (0.00008%). The dual version,
OPA2134, has separate circuitry that prevents anomalies when one
op amp is overloaded or short-circuited. Key specs include: 8MHz
GBW, 20V/us slew rate, and 8nV/VHz voltage noise. OPA134 is priced
at $0.87 in 1000s; OPA2134 at $1.09 in 1000s.

recorders, and digital mixers. PCM3000 is priced at $7.05 in 1000s.
FAXL/NE# 11339 « Reader No. 101

Products Description Bits ",‘{:f,;‘;" SNR  THD+N s:"ma;,’;“,'{:‘,e ‘,s;',',’g;g Package | ok o o1ss Solon s
PCM3000  CODEC 18 9B 08dB 908  48kiz 5V 28PinSSOP 11342 102
PCMI7I718 DAC  16/18  9dB 10008 9008 48kHz  +2710+5V 20-PinSSOP 11289 103
PCMI719  DAC  16/18  9dB 10008 -88dB  4Bkiz 5V 28PinSSOP 11343 104
PCM1720  DAC 162024 9608 10008 —90d8 6k 5V 20PinSSOP 11333 105
PCM1723  DAC 162024 O04dB  O6dB 888 96Kz 5V 24PinSSOP 11344 106
PCM725  DAC 16 0508 O7dB 8408 96KHz SV 14PinSOIC 11373 107
PCMI726  DAC 16 948 100d8 -00d8  96kH: SV 20PinSSOP 11345 100

www.burr-browa.com/Ads/PCM3000-Ad.html BURR - BROWNZ®

Burr-Brown Corporation

Burr-Brown Corporation « P.0. Box 11400 « Tucson, AZ « 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548?6?35 « hitp://www.burr-brown.com/
Distributors: Anthern: (800) 826-8436 « Digi-Key Corp: (800) 3334105 « Insight Electronics: (888) 4884133 + J.1.T. Supply: (800) 246-S000 « Saper Electronics: (800) 724-3780« SEMAD (Canadal: (800) 567-3623
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5. A good example of a capacitive-sensing application is a very simple finger-touch switch. Very

few components are required fo build the switch..

sion A is small. However, x-axis tilt isa

problem. The preferred arrangement |

is a chevron pattern, which also com-
pensates for first-order x-axis tilt (Fig.
4¢). If the pickup can be surrounded by
driver plates, all tilt and spacing depen-
dencies are reduced, shielding is im-
proved, and the signal is larger.
Another problem is triboelectric

charge. This electrostatic charge |

caused by friction can confuse capaci-
tive sensors in two ways. First, the am-
plifier’s very high input impedance
means that even a tiny spark discharge
can create a transient output that can
be misinterpreted as a sudden large-
amplitude input excursion.

In addition, if a sensor plate picks up

an electrostatic charge, any mechanical |

spacing change due to vibration will be
converted to an output voltage accord-
ing to V=Q/C, where Q is the total elec-
trostatic charge on the plates (un-
changed by vibration) and C is the
sensor capacitance, which changes in-
versely with spacing. This vibration-in-
duced voltage can be very large, satu-
rating the amplifier. Or if the vibration’s
frequency spectrum is close to the car-
rier frequency, the vibration will add to
the output signal. The solution to this vi-
bration sensitivity is to eliminate insula-
tors from the region of the sensor plate
gap, increase mechanieal rigidity, and
increase the carrier frequency.
Nanoampere leakage currents also
cause problems. They degrade capaci-
tive sensors by adding noise or by upset-
ting amplifier bias. The worst offender,
surface pe-board conduction paths, can
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be handled effectively by adding ground
(or driven-shnield) etch paths around the
amplifier input. For instance, the input
node of the virtual-ground amplifier can
be surrounded by a ground imple-
mented as a printed circuit board trace
surrounding the sensitive components
and connected to ground. Solder mask
should be relieved on top of this trace.
Discrete components also can pro-
duce leakage currents. Surface-mount
MOSFETS all have an integral protec-
tion diode that degrades performance
by adding current noise, so either diode-
less through-hole MOSFETs (pro-
tected by a removable wire ring) or

+ JFETS (no diode needed) are preferred.

Electrolytic and high-value ceramic ca-

pacitors also are noisy and leaky; film or
mica types should be used.

Sensor Applications

A good example of a capacitive-sen-
sor application is a very simple finger-
touch keyswitch with a low component
count (Fig. 5). A microcomputer gener-
ates a short positive pulse at plate A
and a short negative pulse at plate B.
With no finger present, the positive
pulse couples through floating plate C
to plate D, producing a positive tran-
sient at C, which is read by the com-
puter. If a finger touches C, the positive
signal path is interrupted, and enough
of the negative pulse couples to D to
produce a negative output.

The plates can be built on the prod-
uct’s pe board. If the microcomputer
has a comparator or analog-to-digital
converter (ADC) input, the cireuit re-
quires only one discrete component.

Capacitive sensors also can increase
device integration. For instance, Ana-
log Devices' ADXL50 is a surface-mi-
cromachined accelerometer with inte-
grated signal processing, builtona 9
mm? chip. It measures acceleration in a
bandwidth from de to 1 kHz with 0.2%
linearity, and it outputs a scaled dc volt-
age. The accelerometer is a force-bal-
ance device, using electrostatic force to
null the acceleration force on the
“proof” mass, with advantages in band-
width, self test, and linearity.

Early accelerometers measured the
displacement of a spring-suspended
mass. Problems with this approach in-

Fixed plate

Low-pass f0

filter

-

Demodulator

Force balance
negative feedback

O
0.2Vde

Built-in
test

6. tlosed-loop operation coupled with high amplifier gain can be used to handle small sensor
signal electrode capacitance values of just 0.1 pF, as is the case for Analog Devices’ ADXL50
micromachined accelerometer IC. If the gain is high, the error caused by gain variations is negligible.
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1.5pF to 330pF
(6.3V-50V)

VISHAY SPRAGUE®

Molded Solid Tantalum
Chip Capacitors Solve ’

LOW ESR Design Problems

The newest microprocessors are pushing
power supply designers to use low equivalent
series resistance (ESR) capacitors to control
ripple current and ripple voltages. Other factors
including power dissipation capabilities, lower
voltages, miniaturization, surface mount assembly

and operating frequencies also affect the
designer's selection of filter capacitors.

For frequency filtering below 500kHz, Sprague’s
5930 solid tantalum chip capacitor offers the
best combination of low ESR, good power
dissipation, and a machine friendly flat surface
for consistent placement.

Like all solid tantalum chip capacitors, the
5930 is extremely stable under temperature
changes and time. In addition, it has no end-of-
life constraints or known wear out mechanisms
for excellent reliability and stability.

The 5930 features values ranging from 1.5pF
to 330yF, and voltages from 6.3 to 50. This product
is in an industry standard molded chip package for
full compatibility with existing pad layout designs.

For a data sheet, call Vishay's FlashFax™
Service at 800-487-9437. Document #510.

1-800-487-9437

www.vishay.com

Request Document #9999 or choose from
the FlashFax numbers shown on this page.

Up to .10pF
(100V)

VISHAY ROEDERSTEIN

The Highest C-values

Available in a Miniature _ .
Film Capacitor ‘ 0

with Smm Lead Spacing

Roederstein Electronics, Inc. has expanded its
MKP 1840 series of metallized polypropylene
film capacitors to include a miniaturized version
with the highest C-values available with 5mm
lead spacing. Fully auto-insertable, these
capacitors allow the design engineer to take
advantage of a much reduced printed circuit
board foatprint while maintaining the superior
characteristics of the polypropylene dielectric.

Polypropylene’s excellent stability, very low
dielectric absorption, high insulation resistance
and low dissipation factor make these capacitors
ideally suited for use in designs where precision
is required, such as audio and instrumentation
applications. Most commonly these capacitors
are used in oscillators, timing and LC/RC filter
circuits, high frequency coupling/ decoupling,
cross-over networks, and sampte and hold circuits.

Roederstein’s MKP 1840 capacitors are
also self-healing and do not exhibit a piezio-
electric effect. The new 5mm lead-space
capacitors are available in C-values up to .10pF
and in a 100-volt rating. Larger sized capacitors
are available in higher voltages and capacitance
values up to 10pF. All are encapsulated in flame-
retardant cases.

For a data sheet, call Vishay's FlashFax™
Service at 800-487-9437. Document #707.

Pentium™ is & trademarh of the Itel Corporation
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8200pF to .22pF
(25V & 50V)

VISHAY

0612 Capacitor
VITRAMON®

Cuts Inductance
by More Than Half

Selecting capacitors with low inherent
inductance is always an important design
consideration—particularly in high speed
microprocessor and mutti-chip module
circuitry. Normally in the 0.8nH to 1.0nH
range, this inductance can be cut by more
than half with Vitramon's monolithic ceramic
chip capacitor.

The Vitramon chip {VJ0612) provides
standard inductance levels as low as 0.3nH.
The package dimensions are 0.062"L x 0.126"W
with thicknesses from 0.020" to 0.038". Standard
capacitance range is from 8200pF to 0.22pF
with tolerances of + 5%, + 10%, + 20% and
voltage ratings of 25V and 50V.

This combination—available in a robust,
easily mounted package —makes the VJ0612
ideal for use in new designs where low
inductance is important as well as for improving
the perfarmance of existing circuitry.

For a data sheet, call Vishay's FlashFax™
Service at 800-487-9437. Document #50100.

BROADEST PRODUCT LINE.
QUALITY BRANDS.
MANUFACTURED BY VISHAY.

-
VISHAY

VISHAY INTERTECHNOLOGY, INC.
DALE"™ - DRALORIC * ROEDERSTEIN * SFERNICE
SPRAGUE" * VISHAY FOIL RESISTORS
VISHAY THIN FILM * VITRAMON
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cluded the presence of a resonant peak,
difficulty in achieving good dynamic
range, and the need to carefully cali-
brate the force-vs.-displacement rela-
tionship.

Microscopic Movement

The proof mass in a force-balance
device deflects only microscopically.
The device detects and amplifies this
displacement, then feeds back a force to
restore the rest position. With a high-
gain amplifier, the mass is nearly sta-
tionary and the linearity is determined
by the linearity and precision of the
voltage-to-force transducer rather
than the suspension characteristics.
Early versions used piezoresistive
sensing of the displacement, but prob-
lems with temperature coefficient, de
response, and shock-induced zero shift
caused a switch to capacitive sensing in
most new accelerometers.

The ADXL50 uses a very small (1
mm?) capacitive sensor element. To in-
crease signal strength, the silicon mi-
cromachined electrode design uses 42
moving plates, each 2-um wide, pro-
jecting from a center bar. On either side
of each moving plate are fixed plates

driven by a 0° and a 180° square wave.
The gaps between the fixed and mov-
ing plates are 2 um. The total electrode
length is 10 mm, and the mass of the
moving plate is 0.1 ug.

The total sensor electrode capaci-
tance, neglecting fringe fields, is about
0.1 pF. This small value would require
an extremely low amplifier input ca-
pacitance for accurate open-loop sens-
ing, but with closed-loop operation the
error contribution due to variations in
gain is negligible if the demodulator
gain is high (Fig. 6). The open-loop
change in capacitance with a 50-g accel-
eration is 0.01 pF, and the system can
resolve a change of 20aF (20 <> 108 F),
corresponding to a beam displacement
of 20 & 10 pum,

The amplifier is conventional, and
the demodulator is a standard synchro-
nous demodulator implemented in
bipolar technology.

With a moving-plate de bias level of
1.8 V, midway b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>