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The 100,000 Gater.

Introducing Altera’s EPF10K100.
The highest-density Programmable
Logic Device ever.

With 100,000 gates, Altera signals a new era

‘\‘\‘ We for programmable logic. Big enough to handle most gate

3\\\‘

array designs and larger than any FPGA, the EPF10K100
satisfies even the most ferocious appetite for density. From
protatyping through production, you get all the benefits of
programmability plus new design capabilities.

The secret to the EPF10K100
is below the surface.

The EPF10K100 features the industry’s first embedded array
architecture. Fast and efficient embedded array blocks can
pack up to 24K bits of on-chip RAM, with room for other
complex megafunctions such as microcontrollers and DSP

jopad through AMPP (Altera Megafunctic
.

and PC! functions® These megafunctions shorten design
cycles and allow for design re-use and re-targeting.

To help you attack your high density designs, our MAX+PLUS Il
development tools are completely compatible with
leading EDA vendors, such as Synopsys, ensuring seamiess
integration with your existing design environment.

it's time to give your designs more bite.

p— | Nigh density, exceptional performance,
i e and megafunction support will help you
tackle your biggest design challenges,
you're ready for the 100,000 Gater. Call
us today at 800-3-ALTERA (800-925-8372),
Dept. ATONAP2. We'll send you a free FLEX 10K
information kit. Or, find us at http://www.altera.com
on the world-wide web.
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Complete

Gigabit Ethernet
solutions that
go the distance.

HP’s low-cost fiber optic trans-
ceiver modules and ICs enable
you to accelerate the develop-

ment of your Gigabit Ethernet
products.

Whether you're designing products for
intra-building or campus links, HP offers
the most complete range of physical-
layer Gigabit Ethernet solutions avail-
able. Our drop-in optical transceivers
offer total flexibilty in link length, fiber
type (MMF and SMF) and cost, and pair
with our Serializer/Deserializer IC to
complete your solution.

HP’s 850nm VCSEL transceiver ad-
dresses standard multimode backbone
applications at longer distances, higher
reliability and lower costs relative to
existing gigabit solutions. And our
1300nm controlled mode launch laser
transceiver, proven in both datacom and
telecom, drives MMF applications to

over 500m and SMF applications up to
3km.

Add to this our 10-bit SERDES IC- a low-
cost, low-power, field proven 3.3V bi-
polar IC- and you have a complete, cost
effective phy-layer solution for all your
network interface needs.

Of course, both HP transceivers are
Class-1 eye safe and continue in our
tradition of providing industry-leading
technology that results in lower-cost,
technically advanced products- such
as our 1.5GBd module- all with HP’s
superior service and application support.

Gigabit Ethernet from HP.
Because we go the distance.

) e
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Sampling now!

Call 1-800-537-7715
ext. 2260 for free
product literature
and a special offer
for discounted
evaluation

boards.

Visit our Web site at
www.hp.com/go/fiber

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

CG0C9701



/ S .. '
/i
< MSM 7603 Echo Cancelter. /
55ms (max_echo cancelianom. /
28-pn SSOP. +3V +5V J
o A2
MICR = Stuch ~
Sa T e nd g .
=35

“\

/
. / & N
'l ¥

4/
) =Y : /i
| / \ Y/ '
ST S o 7
- . 3 ) /;' KGF 1638 GadsPower FET for 3V )
¥ digew vorsless comnisedinen
///! efficrency »70% ol
v

—

{

MSM 7712&)(//
LAN Baseband Ct

EEE802.11-0.3.1 compatible,
144-pin TOFP. +3V/s5Y

-

/

MSM 6E58A-XX. Speech Syntheseer.
IMbit RCM, 12-bit DAC, LPF. melce. |
127 phrases. 24-pmn SOP /

/

i /

- HERERS R8RS &N L ,Eaananeas




ODULES MEMORY CARDS MODEM CARDS GaAs DEVICES OPTOELECTRONIC DEVICES OPTICAL MOS RELAYS FIBER OPTIC PRODUCTS LED PRINT HEADS REED RELAY/REED SWITCHES

Optimizing products for
a wireless world

If you're working on the “next big thing” in the
wireless market, Oki will support you with key
IC solutions from concept to assembly.

With 115 years experience in manufacturing
telecommunication and information systems,
Oki has the expertise to help you to complete
a winning design.

In digital cordless phones, digital and
analog cellular communications, wireless LAN,
PCS and more, Oki devices enhance product
value with special features that end users
notice and appreciate. You'll find features
such as clear and natural ADPCM sound,
high-efficiency, high-output, ultra small GaAs
chips; small, 3-V telecom LSls and 3-5V flexible
interface ASIC devices with equally flexible
design support.

We will assist your effort with close, person-
to-person partnership plus product
development and field engineers dedicated to
serving your needs.

Call Oki and finish on the winning side
of wireless.

OKI1

People to People Technology

For more information, Contact:

Oki Electric Industry Co., Ltd. Oki Semiconductor Group Oki Electric Europe GmbH Oki Electronics (Hong Kong) Ltd.
Electronic Devices Group, 785 North Mary Avenue, Sunnyvale, Head Office Suite 1901-9, Tower 3,

Overseas Marketing Dept. CA 94086-2909, U.S.A. HellersbergstraBe 2 China Hong Kong City 33 Canton Road,
10-3, Shibaura 4-chome Tet: 408-720-1900 D-41460 Neuss Tsim Sha Tsui, Kowloon Hong Kong
Minato-ku, Tokye 108, Japan Fax: 408-720-1918 Germany Tel: 852-27362336

Tel: 81-3-5445-6000 Tel: 49-2131-15960 Fax: 852-27362395

Fax: 81-3-5445-6060 Fax: 49-2131-103539
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SURFACE MOUNT V(CO’s ... >13%

Time after time, you'll find Mini-Circuits surface mount voltage
controlled cscillators the tough, reliable, high performance
solution for your wireless designs. JTOS wide band models
span 25 to 1910MHz with linear tuning characteristics, low
-120dBc/Hz phase noise (typ. at 100kHz offset), and excellent
-25dBc (typ} harmonic suppression. JCOS low noise models
typically exhibit -132dBc¢/Hz phase noise at 100kHz offset, and
phase noise for all models is characterized up to 1MHz offset.
Miniature J leaded surface mount packages occupy
minimum board space, while tape and reel
availability for high speed production can
rocket your design from manufacturing
to market with lightening speed
Soar to new heights...specify
Mini-Circuits surface mount VCO'’s.

¥

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

JTOS/JCOS SPECIFICATIONS

Maodel Freq. Range Phase Noise Hamonics Vi .-+ Current (mA)  Price
{MH2) (dBc/Hz) ©@Bc) 1Vto: @+12vOC  $ea.

SSB@ 10kHZTyp.  “yp Me (5-49)*
JTOS-50 25-47 108 19 15V 20 13.95
JTOS-75 37.5-75 11 27 16V 20 13.95
JTOS-100 50-100 108 35 16V 18 13.95
JTOS-150 75-150 106 23 16V 20 13.95
JTOS-200 100-200 105 25 16V 20 13.95
JTOS-300 150-28 102 28 16V 20 15.95
JTOS-400 200-380 102 25 16V 2C 15.95
JTOS-535 0-5. 97 28 20 15.95
JTOS-765 485-765 98 30 16V 20 16.95
JT0S-1025 685-1025 ¢ 28 16V 22 18.95
JTOS-1300 900-1300 95 28 20V a0 18.95
JTOS-1650 1200-1650 a5 20 13V 30 19.95
JTOS-1910 1625-1910 92 13 12V 20 19.95
JCOS-820WLN  780-860 112 13 20V 25 (@9Y) 49.95
JCOS-820BLN  807-832 112 24 14v 25 (@10V) 49.95
JCOS-1100LN  1079-1114 110 15 20V 25 (@8v) 49.95

Nores: *Pnces for JCOS models are for 1 to 9 quantity. ~*Required to cover frequency range.
See “RF/IF Designer's Gude™ or “VCO Designer’s Handbook™ for complete specifications

DESIGNER'S KITS AVAILABLE

5, 1025, onlv $149.95
K-JTOS2 1 of each 7 peces) JTOS-50, 100, 200, 400 535, 765, 1025, only $
K-JTOS3 2 of each #6 piaces): JTOS-1300, 1650, 1910 only $114.95

[ Mini-Circuits

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

CUSTOM PRODUCT NEEDRS..Let Our Experlence Work For You. F 234 Rev Orig
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EDITORIAL OVERVIEW

TECH INSIGHTS

Advanced Microprocessors Demand Amperes Of
Current At<2V ... iiiiiiiiiiiiniiinnncnnnn 31
Switching-regulator controllers drive power MOSFETS
to regulate power for advanced processors at 1.3t0 3.5 V.

VRM:s: Technological First Aid, But For How Long? . . 44
While these off-the-shelf modules can satisfy current
power requirements, future processor demands could
spell the end of voltage regulator modules.

Designing Power Systems Around Processor
Specifications ............c..iiiiiiian.. 53
Bigger and faster processors demand close attention to
the rules for power conversion and distribution.

A 20-kHz Switcher Adapts UPSs For Consumer Use . . 62
A flyback switcher cuts size, weight, and cost of a 25-
VA, 120-V uninterruptible power source.

ANALOG OUTLOOK

COVER FEATURE
Breal Moves Conversion Info The Mainsiream ... 67
8-bit, 200 Msample/s ADC dramatically reduces the number
of comparators needed, die size, and power consumption in
comparison with flash converter technology.

Silicon MEMS Is Coming Of Age Commercially ....75
Micromachined sensors and actuators are expanding into new
applications as they tackle the challenge of scarce CAD tools,
and a lack of standardized packaging and testing methods.

ANALOG OUTLOOK

Video Quality Measurements In Modern TV Systems . . . 91
In-service testing from vertical interval signals will no
longer be possible.

Telecom Chip Set For STM-4 Solutions Is Complete To
Bellcore Standards ........................ 101
The latest use of HF processes and two serial/parallel
rate conversions are now offered in the 3.3-V range.

Monolithic IC Oscillator Has Near-Quartz Stability . . 105
A tiny 200-kHz to 100-MHz IC oscillator offers +1%
frequency stability over commercial temperature range.
while operating at 5 V £+10%.

Product Features

New Parasitic-Extraction Tools Needed For DSM Flows . .111

IC designers face new challenges as geometries migrate
toward 0.25-um design rules. '

EDAWatch ........covvviiiiiiiiiiiniiiiinn.e.

® Deep-submicron design—changing the landscape of
design automation.

System-Level Tool Upgrades For Team-Based Design . . 121
¢ High-level systems design tool offers design-team

management, automated optimization, and virtual
troubleshooting/debugging capabilities. !

Upcoming Meetings

Ediorial . . . Gighiae o ssie s bt AT e s Bk
® The government and R&D funding

Tochnology Briefing ... ...iiiasevssioeivnanda

¢ To infinity and beyond!

Technology Newsletter 23,24
* Chip speeds genetic studies with its gene-scanning ability

* Acoustic methods used to identify defective heart valves

¢ Hardware vendors can develop hot-pluggable PCI
systems

¢ 1,0 systems, peripherals, and software are starting to arrive
* New class of polymer to boost low-cost MCM manufacture
¢ All-silicon system processes light as well as electricity

Technology Breakthrough
e Low-standby-power SRAM cell promises high-
density memories
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When you think of QT Optoelectronics, you probably think of optocouplers. @

But, QT is also a leading supplier of LEDs. T T
We've got a complete line of high-quality, reliable LED lamps and displays. o

And our authorized distributors — in hundreds of cities around the world — can

deliver the products you need on time and at a good price.
Don't go barking up the wrong tree for your LEDs.
Call 800-LED-OPTO today for more information and the phone number of

your nearest QT Optoelectronics distributor.
READER SERVICE 161

Your Top Do For LEDs
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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.

See EEM
or send direct
for Free PICO Catalog.

Call toll free 800-431-1064
in NY call 914-699-5514
FAX 914-699-5565

P ’ Co Electronics, Inc.

453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552
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Call, write, X OF; V1551 On the Internet
for your 2 r' LOG today!

[4]]1] -Key

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




TFT Color
Displays

Immediate Availability

Sizes (up to 250 nits):
Modules: 7.8", 9.5", 10.4", 12.1"
Full Monitors: 4", 5", 6"

purdy

408.523.8200

ELECTRONICS
CORPORATION
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UltraSCSI

Analyzers

Ultra2000 Analyzer (Briefcase Model)

m SCSI-3, Fast/20, Wide m SE, Diff, & LVD standard  m Analysis Software
m Self contained, Portable  m Hard Disk Storage

W 7.5 nsec resolution | Initiator Emulation

Ultra2000 Lite (Laptop)

m SCSI 3, Fast/20, Wide
m Same Feature Set as Ultra2000
m Use with any host:
m Laptop or PC
m Work Station
m Dumb Terminal
m Prices start under $5,000

BASIGS 01051 UDKIEL
AvalanIeNieel!
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Asia & South Pacific Design Automa-
tion Conference with EDA Technofair
(ASP-DAC ‘97), Jan. 28-31. Makuhari
Messe Convention Center, Chiba, Ja-
pan. Contact Yoko Nishikawa, ASP-
DAC ‘97 Secretariat, CONVEX Inc.,
Ichijoji Bldg. 2-3-22 Azabudai, Minato-
ku, Tokyo 106 Japan; (81) 3 3589 3355;
fax (81) 3 3589 3974; e-mail:
convex@po.iijnet.or.jp; Internet:
http://www.jesa or jp/ASPDAC/.

Second Annual Pan Pacific Microelec-
tronics Symposium, Jan. 29-31. Sher-
aton Maui Resort, Maui, HI. Contact
JoAnn Stromberg, Pan Pacific Sym-
posium, 5200 Wilson Rd., Suite 215,
Edina, Minnesota 55424; fax (612)
929-1819.

FEBRUARY
IEEE Aerospace Conference, February 1-
8. Snowmass at Aspen, Colorado Contact
Stephen Franklin, Deputy Program Chair,
4800 Oak Grove Drive, Pasadena, Califor-
nia 91109; (818) 393-0814; fax (818) 393-0630;
e-mail: stephen.f.franklin@jpl v, In-
termet hitpelchinpplkatmil10504eee/indexhtml

IEEE Power Engineering Society
Winter Meeting, February 2-6. New
York Hilton & Towers, New York.
Contact Frank E. Schink, 14 Middle-
bury Ln., Cranford, New Jersey
07016-1622; (908) 276-8847; fax (908)
276-8847.

IEEE International Solid-State Cir-
cuits Conference (ISSCC ‘97), Febru-
ary 6-8. San Fraacisco Marriott Hotel,
San Francisco, California. Contact Di-
ane Suiters, Courtesy Associates, 655
15th St. N.W.,, Suite 300, Washington,
DC 20005; (202) 639-4255; fax (202)
347-6109; e-mail: isscc@mecimail.com.

Third Annual Conference on Business
Opportunities & Operational Require-
ments for Utilities in Telecommunica-
tions (Utilicom ‘97), Feb. 19-21. Wash-
ington Vista Hotel, Washington, DC.
Contact (800) 822-6338 or (202) 842-
3022 ext. 317, or http://www.brp.com.

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

A GIANT LEAP FOR
POWER MOSFETS.

One tiny footprint.

TEMIC's newest LITTLE FOOT? is the smallest

We've added an even smaller package
to our popular line of LITTLE FOOT power

characteristics, this new LITTLE FOOT

phones and computers.

power package available,
Maximum Ratings
"os(on)(@)
Part No. _|VDs (V)| Vs =10V [Vgs =45 V] Ip(A) | Gender
— ——r]
Si34540V/X| 30 0.065 0.095 $42 | NCh
Si34550v/X| 30 0.100 0.19 +35 | P<Lh
PartNo. |Vps (V) [Vgs =45 V|Vgs =25V | Ip (A) | Gender
Si34420v/x| 20 0.07 0.095 | 40 | NCh
Si3a4DV/X| 20 0.10 0.135 £33 P-Ch

For today’s ever shrinking designs,

-of

(Almost actual size.)

resistance and high enough in power to
allow you to make small, high-efficiency

dc/dc converters and power management

circuits.

In fact, this new single LITTLE FOOT

TSOP-6 has the same resistance and

MOSFETs, the TSOP-6. At one quarter the
footprint of an SO-8 and with cool thermal

MOSFET jumps way ahead of the competi-
tion for immediate application in portable

these TSOP-6 products are low enough in

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

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

TEMIC

Semiconductors

TEMIC is a company of Daimler-Benz. Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-567-8995
TEMIC European Sales: GERMANY: 0130 857 320, UNITED KINGDOM: 01344-707300, FRANCE: 1-30 60 71 87, ITALY: 02-332 121. SCANDINAVIA: 08-733 0090. ©1996 TEMIC. All rights reserved.






It's no longer
system-on-a-chip
or time-to-market.

With SPGA:s,
1t's both.

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

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

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

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

Drive your next system level design onto an SPGA.
Feel the functionality, performance and cost-effectiveness
never before achievable on a single programmable device.
Follow the signs to SPGAs. It’s the high road to
fast time-to-market and system-on-a-chip design.

To learn more about SPGAs,
w visit our Web site at www.actel.com.

Take it to a higher level. .

©1997 Actel Corporation. All rights reserved. Actel Corporation. 955 East Arques Avenue, Sunnyvale. CA 94086
Actel Europe Lid. Daneshill House, Lutyens Close, Basingsioke, Hampshire, England RG24 8 AG. The Actel logo is a trademark of Actel Corporation
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More code efficiency

Our TLCS-900 microcontrollers save space by letting
you write more instructions in the same memory bloch.

High per:formance

While on-board peripherals and a 25MHz clock rate
take portable applications places they've never been.

Low power

With operating requirements from 2.7 to 5.5V,
it’s flexible enough for today’s mixed-voltage world.

Highly concentrated intelligence

And has all the brainpower you need for those
amazing new breakthroughs.

L,

www.microl6.toshiba.com

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
1-800-879-4963
1509001
CERTIFIED
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Serial/Parallel

Conversion or
Networks

Wire Saver
- Serial -~ Parallel

=96

CYyaas CYya233|

Serial to Parallel

Serial In Parallel Out,
Strobes,
o and Mode
CY233 Selection

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

3 @&233 }-"’?»é;zaa D
HOST £ 3

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

The CY233

is available

from stock @ $45/eq,

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

PO Box 3000 ¢ San Gregorio CA 94074
Tel: 415-726-3000 ¢ Fex: 415-726-3003
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The Government And R&D Funding

ccording to “Science & Engineering Indicators 1996,” a U.S. National
AScience Foundation (NSF) publication, total R&D funding in the U.S.

reached a high of $171 billion in 1995, representing a 2% real decline over
1990 funding. Moreover, federal outlays, representing 36% of total R&D out-
lays in 1995, have been falling annually since 1987. The report concludes that
U.S. R&D funding can do better.

This is a troubling trend, especially at a time of tightening corporate bud-
gets and the globalization of the economy. Unlike the U.S., R&D budgets for
other countries have steadily increased, and many national, regional, state,
and local governments are providing help to companies in the private sector
to develop products for the commercial market. But in the U.S., much of the
government’s funding, provided via the NSF, the Defense Applied Research
Agency (DARPA), the National Institute of Standards and Technology
(NIST), and the National Aeronautics and Space Administration (NASA), is
for the development of products and systems for the military and the govern-
ment. The portion of the government’s funding to the private sector to de-
velop products for the commercial market pales in comparison.

Many in the private sector would argue against government funding for
the private sector, correctly pointing out the many pitfalls they envision and
examples of past government-sponsored “boondoggles.” But how long can we
really afford this “hands-off” approach? An industry consortium like Se-
match, has shown that it can contribute positively to the private sector,
thanks to some government funding. In this global economy, we seem to be on
an uneven playing field, with many overseas companies getting unlimited
government help while we cry out against any government involvement. Is it
any wonder that technologies developed in the U.S. like semiconductor mem-
ories, robotics, flat-panel displays, TVs, and VCRs, have gone overseas, and
have rapidly found applications in foreign markets, a situation that continues?

The U.S. economy has come a long way since the days of the space age and

unlimited defense spending, when almost every electronics company had a "

government contract. Many private companies have weaned themselves off
government funding for defense purposes and have channeled their efforts
into profitable commercial markets. But that’s no reason to espouse an inher-
ent “distrust” of the government, as some in the private sector would have
you believe. It’s time to rethink this position before it may be too late. What
do you think? rallan@class.org.

Ry Yl

Executive Editor

.




Competition is relentless in wireless design. So the best place to start is far
ahead. With Oki. Whether you design products for use around

Tnat,s the home, around town or around the world, only Oki has the
5 advanced 3 Volt technology you need. Everything from CMOS
Ukl. baseband to the most efficient GaAs RF— complete system
solutions for 3 Volt cordless, cellular and wireless LAN applications.
No surprise. Oki’s been offering wireless communications products from the

industry’s inception. That’s why you find Oki’s leading-edge technology in

products from major communications manufacturers worldwide. Once you

begin partnering with the wireless leader, you'll never look back. To find out

more, visit our communications products corner, with application notes, on
the Oki Web site at http://www.okisemi.com. Or call 1-800-OKI1-6388.

1996 On' Semconductor 78E Nerth Mar) Awssue, Sunaypvaie. CA S4085-2009 P
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SERIOUS
PRODUCT

Contour

Model V- 145D

Contour Defibrillator
Manufactured by Ventritex, Inc.
Sunnyvale, CA

SPECIAL PROCESS, SPECIAL CUSTOMER

B
MANUFACTURING MADE SIMPLE
Orbit offers the total solution to your manufacturing needs requirements of either the aerospace/defense industry or
bv providing a unique combination of process development  the FDA. With our established on-site manufacturing

and manufacturing efficiencies. Whether you need facilities, Orbit is able to keep your manufacturing costs
ten or ten million pieces, Orbit’s process development down, even at low volumes. And with a customer service
programs can significantly reduce your non-recurring organization that follows and protects your project
engineering expenses. Our proven throughout the entire manufacturing process, you have
\\ W 4’, manufacturing expertise can Orbit’s total commitment.
1 < provide production units in tested
wafer form, raw die or packaged We guarantee success. For more information contact
parts. We provide processes that Betty Newkirk, Vice President Customer Service or

meet or exceed the stringent visit our web page at www.orbitsemi.com.



TEN TO TEN MILLION PIECES

0.5p - 5p Processes
Low NRE Costs “ “ m

¢ Guaranteed Delivery*

©  Military/FDA Standards

* Any Commercial Package

e Raw Die T
e Tested or Untested Wafers SEMICONDUCTOR, INC
*Orbit provides financial guarantees on delivery dates See your Otbit representative for more details. A DIl GROUP COMPANY

800-331-4617
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AM(s

Analog &
Mixed-Signal
THE RIGHT PROCESSES

e (MOS
* Bipolar
* Bi-CMOS
DC o 2 GHz

A/Ds & DACs

PLL, Frequency Synthesis
Mixers & Amplifiers
Modulators & Detectors
Video Processing
Instrumentation

Mixed Mode Control
Switch Capacitor

FIR Filters

INTEGRATED VALUE

RE analog and digital combined on-chip
to increase your product performance with
fewer parts. Designed for test, yield and
reliability to meet your production and
cost goals whether your volumes are 100s
or 1,000,000s per year.

RTG has the signal processing experience
to make your next ASIC a success. RTG
uses a fop-down design methodology and
the lutest Cadence IC design tools to
quickly design and deliver integrated
circuits for commercial, military and
hi-rel markets.

2790 Skypark Dr./ P.0. Box 3986
Torrance, CA 90510
In Los Angeles near the airport

w»= Call: (310) 534-3016 <~

Fax: (310) 534-3728
e-mail: sales@rtg.com

TECHNOLOGY BRIEFING

To Infinity And Beyond!

K, call me a hypocrite, a supporter of corporate welfare, but I'm nuts for
Othe space program. Despite its waste and inefficiency, I get a lump in my

throat when watching a launch, knowing that it's my tax dollars that
NASA’s burning. When my sensible friends ask me to justify the billions
spent on heaving a few dozen souls and a few tons of hardware into the void, I
mumble pious words about technical spin-offs and scientific discoveries, but
it’s all nonsense. I've finally realized that the only honest justification for it is
that it’s a really cool thing to do—and that it gives us a chance to dream.

Of all the breakthroughs and marvels that the space program gave us, its
biggest contribution may have been inspiring generations of nerdy kids to
crack their books, do their homework, and dream about one day going to the
stars. Like our athletic counterparts, most of us fell short of playing in the ma-
jor leagues. But, a lucky few made it, with the rest of us cheering them on
from the sidelines —and we were all better off for having made the attempt.

It would be great to give today’s kids a chance to dream about the stars
again. Somehow, NASA has to regain the public
support and sense of purpose it had back in the
sixties, and I've got a plan.

The recent flurry of interest in Mars and the
spectacular science the Hubble telescope is deliv-
ering makes us ripe for a renaissance of the space
program. All that’s needed is to gently nudge
public opinion in the right direction and the politi-
cians would be falling all over themselves to sup-
port the long-term programs that would lead us
toward beecoming a true spacefaring nation.

You can help by writing Dan Goldin, Director of
NASA, and ask him to name me head of public rela-
tions. Once in charge, I'd launch a campaign to twrn the

space program into aspectator sport that rivals the pop- LEE GOLDBERG
ularity of haseball, football, or basketball. SORTRIRANS

First, I'd overhaul the NASA channel and market the distribution rights to
the television networks. My version of launch coverage would be a blend of
MTV and Monday Night Football, with a touch of Mr. Wizard. If the networks
can make a bunch of guys knocking the stuffing out of each other look inter-
esting, think of what we can do with something as exciting as a rocket launch!

Every launch would be covered with play-by-play analysis and the same
mania for trivia that accompanies a baseball telecast. Coverage would begin
an hour or more ahead, complete with color commentary from retired astro-
nauts and seientists. As with other sports, they could analyze each team mem-
ber’s “stats” —number of missions, EVAs, total hours in space, etc. We could
even compare them with their Russian counterparts. Can astronaut trading
cards and NASA jerseys be far behind?

Rather than the bland, content-free babble that accompanies most launches, we
could get lively, knowledgeable science personalities like Stephen Jay Gould or
Bill Nye (The Science Guy) to interview NASA scientists and get plain-English
explanations of the experiments to be eonducted during the mission. And I'll bet
that most aerospace companies would jump to pay for producing and airing videos
that would give people a better understanding of the technical wizardry inside the
launch vehicle or spacecraft that they’ve built. What about a national call-in show
segment? Once we have viewership, the possibilities are endless.

If we start now, we can still give our children a chance to dream. We proba-
bly can’t spend any more money on space each year than we do now, but a
well-managed program with a long-range plan and public support could ac-
complish much in the next few decades. So get those cards and letters off to
Mr. Goldin today! I look forward to seeing my child (and yours!) take her first
steps onto the red sands of Mars. Comments can be sent to leeg@class.org.
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OVER 100,000 PARTS IN STOCK,
OVER 275 MANUFACTURERS,
OVER 80 OFFICES NATIONWIDE!

AN AVNET COMPANY




Industry standard
pin to pin capability

4
T h e y re has just landed!
e sl e o beor st
tak|']g Over Signal’s new Low Profile Transf

no extra cost:

the world. iy S

VDE/IEC/UL/CSA

Hermetically sealed for wave
soldering processes

Encapsulated design provides superior
protection in harsh environments

Rigid pin construction for easier
board insertion

Mounting holes for easier installation
and greater shock/vibration resistance

Improved electrical characteristics
including regulation, temperature
rise, efficiency, etc.

Dielectric strength test —
4000 VRMS Hipot

Add it all up and you simply won't find
a low profile transformer that delivers all
the benefits that Signal’s does. Whether
your product is designed for domestic or
international markets, Signal’s new low
profile transformers deliver lower initial
cost, lower installed cost and superior
performance. Signal Transformer. Your
competitive edge... around the world.

Call us for our detailed product
literature and complete specs today.

Signal Transformer
(/111114

Signal Transformer Co., Inc.
Insilco Technologies Group

500 Bayview Avenue
Inwood, NY 11096-1792
Call: 516-239-5777

Fax: (24 hrs) 516-239-7208
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TECHNOLOGY

NEWSLETTER

Chip Speeds Genetic Studies
With Its Gene-Scanning Ability

enetic discoveries may arrive at a much more fu-
Grious pace thanks to a new technique that gath-

ers clues about the functions of thousands of dif-
ferent genes all at once. Stanford University
researchers use what's called a “GeneChip,” which is a
thumbnail-sized silicon chip designed to carry a neat
array of up to 100,000 DNA fragments.

The researchers are labeling the thousands of
genes that make up an organism with distinguishing
DNA tags. These will serve as “molecular bar codes”
that can be detected simultaneously using the
GeneChip. The technique should hasten the process
and reduce the cost of key research areas, such as dis-
ease diagnosis, basic biological research, and the hunt
for new drugs to fight infections.

The actual GeneChip, developed by Affymetrix,
Santa Clara, Calif., combines two powerful technolo-
gies—photolithography methods used in the semicon-
ductor manufacturers to layer microscopie structures
on small silicon chips, and standard DNA-making
techniques perfected by genetic researchers. With the
chip’s bar-code reading capability, scientists will be
able to figure out which genes are important for sur-
vival under particular environmental conditions or at
a given moment in an organism’s life.

One of its first applications will be to determine the
function of the estimated 6000 genes that are in
baker’s yeast. The reason yeast was chosen because
its the most complex organism whose entire genetic
sequence is already known. For more information,
contact Stanford’s Medical Center at (415) 725-5374 or
(415) 723-6912. RE

Acoustic Methods Used To
Identify Defective Heart Valves

oney granted from a class-action lawsuit settled
in 1994 was poured into a research project that

now may wind up helping thousands of people.
Studies at Lawrence Livermore National Laboratory,
Livermore, Calif., along with other research institu-
tions, have focused on using acoustic differences to
identify which mechanical heart valves manufactured
by Shiley Inc. are susceptible to failure.

The recurring problem with Shiley Ine.’s Bjork-Shi-
ley Convexo-Concave heart valves are “single leg sep-
arations,” which occur when one leg of the valve’s out-
let strut breaks free. When both legs break, the strut
is said to fracture, a condition that causes the heart
valve to lose control of blood flow to the heart. Conse-
quently, the research, funded by Shiley through the
lawsuit, is to detect, without surgery, such separations

of the valves. As of November 1996, there were 596
reported fractures of these heart valves, which lead
to death in about two of three cases. About 42,500 con-
vexo-concave valves (marketed between 1979 and
1986) are estimated to be implanted in patients now
living.

Livermore’s research project is split into two
parts. First, there’s an underwater study of the
sounds made by normal and separated values. Scien-
tists are studying the sounds of the two valves in an
echoless chamber to observe how the values sound
apart from biological sounds, such as fluids, heart
beats, or tissue.

The second part involves a “blind test” with ap-
proximately 40 people using audio recordings to iden-
tify the different valves. The recordings were made
by placing a microphone on the subject’s chest and
then using a digital audio tape to record, over a three-
minute span, the opening and closing sounds of their
heart valves.

“Finding the opening sound caused by a single leg
separation heart valve is somewhat like searching for
a single violin string that is out of tune in an entire or-
chestra of sounds,” says Jim Candy, project co-leader.
“It requires sophisticated signal-processing tech-
niques to extract this sound because it is deeply
buried in the noise.” So far, Livermore engineers have
employed computer workstations to pore through
nearly 13 billion bytes of heart-valve acoustic data,
the equivalent of almost 11,000 novels. RE

Hardware Vendors Can Develop
Hot-Pluggable PCl Systems

ndependent hardware vendors (IHVs) can take ad-
Ivantage of the Hot Plug PCI development platform

to build PCI cards that can be installed in back-
planes without powering down the entire system.
This type of system would include fault-tolerant
servers that can’t tolerate any down time. Such fune-
tionality was previously available in proprietary plat-
forms.

The development platform lets the IHVs develop
their PCI-based software drivers. Engineered by
Compaq Computer Corp., Houston, Texas, the plat-
form is being delivered simultaneously with the first
draft of a specification to create an open standard for
hot-plug PCI technology. The draft, called Hot Plug
Replacement, has been submitted to the PCI Hot
Plug workgroup for review. Follow-on standards,
specifically the Hot PCI Upgrade and Hot PCI Ex-
pansion, will make it possible for users to upgrade ex-
isting PCI peripherals and drivers without having to
power down their systems. For more information,
contact Compaq at (800) OK-COMPAQ, or on the In-
ternet at http://www.compaq.com. RN
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NEWSLETTER

1,0 Systems, Peripherals, And

Software Are Starting To Arrive

he Intelligent 1/0 (1,0) architecture improves 1/O
Tthroughput and overall system performance by
relieving host resources, such as the microproces-
sor, memory, and system bus, of interrupt-intensive
tasks that cause data bottlenecks. Defined as a soft-
ware layer, 1,0 also provides an open, standards-
based approach for intelligent I/0 subsystems.
Systems based on I,0 now are starting to appear on
the market. Recently, vendors participated in a dem-
onstration sponsored by the 1,0 Special Interest
Group (SIG) to show their compatible products. The
products included servers developed by Compaq and
Hewlett-Packard; networking and storage devices
from Adaptec, 3Com, and Symbios Logic; and operat-
ing systems from Microsoft, Novell, and SCO. Most of
the products on display will be available in the early
part of this year. For more information about I,0, con-
tact the SIG at (415) 750-8352 or on the Internet at
http://www.i2osig.org. RN

New Class Of Polymer To Boost
Low-Cost MCM Manufacture

new class of packaging materials derived from
Apolymers of cyclic olefins is being developed by the

low-cost MCM research area of Georgia Tech. Ac-
cording to Dr. Paul A. Kohl and Dr. Sue Ann Bidstrup,
both faculty members of the School of Chemical Engi-
neering, the unique properties of these polymers are
characterized by; a Tg (glass transition temperature)
greater than 350°C, dielectric constant of less than 2.4
to 2.6, low moisture absorption of 0.1 %, and good duc-
tility.

The materials were modified to have excellent ad-
hesion to commonly used materials such as silica and
aluminum, while also fusing well with copper and no-
ble metals like gold and silver. The polymers require
no adhesion promoter or adhesion layer such as tita-
nium, tantalum, or chromium, and they do remain as
adherent films even after being placed in boiling wa-
ter for two hours.

Sponsored by BF Goodrich and conducted by Bid-
strup and a group of graduate students, the results of
the research are expected to “demonstrate utility in
both semiconductors and packaging by offering supe-
rior performance over traditional materials, while re-
ducing manufacturing cost,” says Kohl. Contact Dr.
Paul A. Kohl at (404) 894-2893 or paul.kohl@che.gat-
ech.edu; or Dr. Sue Ann Bidstrup at (404) 894-2872 or
sue.allen@che.gatech.edu. PM

All-Silicon System Processes
Light As Well As Electricity

or the first time, engineers were able to integrate
Fa porous silicon LED into conventional microelec-

tronie circuitry, making possible an all-silicon sys-
tem that can process light and electricity. A team of
engineers from the University of Rochester and the
Rochester Institute of Technology (RIT), both from
N.Y., achieved this milestone by creating a sturdier
form of porous silicon that can withstand the rigors of
today’s manufacturing environment. It’s the first
time that silicon was used for both the electronic and
optical components on a single chip. Consequently,
this eliminates the need for other materials or special
processes during fabrication.

Of course, silicon has become synonymous with
much of the electronics industry (read: Silicon Val-
ley). But, as is also well known, it does have one major
flaw—it emits light rather feebly. This flaw has mag-
nified of late as scientists turn to light to carry the in-
creasing amount of digital data traveling worldwide.
To meet such a demand, companies have laid miles
upon miles of fiber-optic cable because it transmits
significantly more information cleaner and faster
than electricity.

To provide these optical capabilities, engineers
have turned to gallium arsenide or organic polymers,
but they’re costlier and/or extremely fragile. When
porous silicon arrived on the scene in 1990, there was
much anticipation because it could emit light. How-
ever, the porosity was too fragile to withstand con-
ventional manufacturing techniques, rendering virtu-
ally useless to the electronics industry.

The Rochester team finally was able to strengthen
the material by removing hydrogen atoms from the
outer layer of tiny silicon nano-particles less than 100
A wide—about one-thousandth the width of a human
hair. They replaced the hydrogen with a double layer
of silicon oxide to create a modified form of porous sil-
icon known as silicon-rich silicon oxide. With these
steps, the material, which is about three-quarters air
and only one-quarter silicon, can withstand tempera-
tures of 900°C, which is typically reached in the fabri-
cation process.

The group holds the record for the most stable po-
rous silicon LED. They were able to power the device
for 11 straight days before stopping the experiment.
Its brightness was about 1 mW per square centimeter
and could flash up to 10 million times per second.

According to Philippe Fauchet, leader of the group,
more improvements are needed before porous silicon
becomes a standard material. For instance, re-
searchers are looking to boost the efficiency 10-fold
(to 1%), and increase frequency 100-fold, to one billion
flashes per second. RE
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The C.A.N. Transceiver
Kverybody Likes

Network
Controller

pushbutton
Cluster

Device -
Configuratio® Sensof ™ ©
Other
== Devices

aifOutpe!
\“pbev'\(e$
Motcf
Contraller

... rom The Linear 1C Company Everybody Follows

Device networks just got better with our new
UC5350 CAN. compatible transceiver.
Sy IS S NS E Y) ¢ 150 11898, SDS, DeviceNet Compatible
network solution because it saves money, * Cross Wire Protection
reduces design time, increases production . ‘ # Loss of Ground Protection

L4

¢

The UC5350 Advantage

line reliability and minimizes down time. With the UC5350, 50nS Propagation Delay Maximum
cross-wiring and loss of ground device faults will no longer destroy 30kohm Minimum Input Impedance
costly systems, causing extended line down situations. And no other
CA.N. transceiver meets the industrial node protection standards
while minimizing per node propagation delay and signal loading.

You can't afford not to update your network, and the new UC5350 @ UN ITRODE

makes automating more affordable than ever before,
TEL: (603) 429-8610

For free samples and application information call today! http:/www.unitrode.com « FAX: (603) 424-3460
7 Continental Boulevard + Merrimack, NH 03054
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Micropower 12-Bit A/D
forPortaple™pplications

A A Ak Ak The SP8538 in an 8-pin NSOIC package is ideally
suited for Battery-Operated Systems, Portable Data
Introducing the new SP8538, 12-bit ADC that Acquisition Instrumentation, and Remote Sensing.
redefines price/performance leadership in the micro- If your application calls for best-in-class perfor-
power range. It delivers dynamic performance of mance at micropower, you need to select an IC
= from SIPEX's broad line
Benefits Sipex Linear Tech Condition ¢ . d
Cost $4 20 $5 20 @1k gy Of Ul 43/ remeL. i
Power 0.56mwW 2.2mw @5v and 90ps converters. For data sheets
Complete Cycle Time  40us 90us @5v ‘ ' )
inputs True Differential  Pseudo Differential and technical information
Linearity 1LSB 2LSB
Crosstalk -120dB -66dB CH1 = 1MHz sqr contact SIPEX at the

wave, CHO = 4.5v number or web site
SP8538 is a direct replacement for (Linear Tech) LTC 1298.

listed below.

73dB Signal to Noise Ratio at a mere 1.25mW. Plus,
the simple 3-wire SPI serial interface works easily
with a wide range of microprocessors and micro-
controllers. Noisy environments? The SP8538 with

its “True” differential inputs and a Common Mode e il
' - ‘ y 22 Linnell Circle, Billerica, MA 01821
Noise Rejection (CMR) of 110dB @ 60Hz is the Tel. 508-667-8700 Fax 508-670-9001

solution to your problem web site: www.sipex.com
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TECHNOLOGY BREAKTHROUGH

Low-Standby-Power SRAM Cell

Promises High-Density

esearchers at Texas Instruments
R Inc., Dallas, have devised an ad-

vanced memory cell that reduces
the standby power of static-RAM
memory cells used in I11/V- or silicon-
based circuits. The development
promises to allow much higher levels
of integration for high-speed circuits.
The advanced memory cell consumes
arecord low 50 nA of standby current
(almost 100 times less than currently
achieved). Although initially fabri-
cated on an indium-phosphide (InP)

ing to the researchers, will be readily
transferable to gallium-arsenide
(GaAs) technology, since the materi-
als have similar characteristics.
Described at last December’s In-

(IEDM) in San Francisco, Calif., the
cell, referred to as a tunneling-based |
SRAM, combines two heterostruc- |
ture field-effect transistors—a read .
FET and a write FET—and two reso-
nant-tunneling diodes (Fig. 1). The
low-current-density resonant-tunnel-
ing diodes are used in a latch configu-
ration to create two stable voltage
levels in the storage node. The diodes
are connected to the gate of an HFET,
which can easily drive the bit line
while not disturbing the storage node.
When the word line is low (the cell is
not selected), the gate leakage of ei-
ther the write-HFET or the read-
HFET steers the storage node volt-
age either low or high, depending on
which of these currents is larger.

[ ]
Memories
Word
I- e r e e e e e e e e e . —-—-—————-——
] Vrets .
: Mo
] ' .
'*‘J@Te Storage

:'
1 Ground
:
1
1
)

Bit

=

Ground

Fig. 1

1. A simple static ram cell with ultra-low
standby power can be created with just two
heterostructure FETs and two resonant-
tunneling diodes.

The resonant-tunneling-diode latch !
can maintain two stable storage node !
voltage levels as long as the diode |
peak current is larger than the HFET |
leakage currents plus a diode valley E
current. This structure keeps the !
leakage currents to less than 100 nA !
for the read HFET device with a gate |
area of 50 by 0.5 um?, and less than 10 |
nA for the 5-by-1-um? gate write :
HFET (-2 V< VGS <0V, and VDS <1 |
V). Additionally, the diode currents !
hit peak values of just over 150 nA. |

Although the initial cell structure

provides two states (1 bit), a three-
state version of the cell also can be im-
plemented by increasing the number
of vertically-integrated resonant-tun-
neling diodes. This arrangement al-
lows the designer to achieve even
higher storage densities. The same
techniques can be applied in any ma-
terials system in which low-current-
density, negative-differential-resis-
tance devices can be fabricated.
Assuming that such devices can be
fabricated in silicon, the addition of
two resonant-tunneling diodes to a
DRAM cell converts the cell into an
SRAM cell. That, in turn, can dramat-
ically reduce the power waste associ-
ated with the refresh operation—a
problem that is looming as chip densi-
ties approach the gigabit domain.

The resonant-tunneling diodes
form the heart of the low-power mem-
ory cells, and are the critical elements
that must be fabricated. To build the
structures, TI's designers incorpo-
rated pseudomorphic aluminum-ar-
senide (AlAs) barriers, an indium-ar-
senide (InAs) well, and an
indium-aluminum-arsenide (InAlAs)
thin pre-barrier for current reduction
(Fig. 2). The peak current density de-
pends exponentially on the pre-bar-
rier thickness.

To fabricate the cell, TI’s designers
crafted a new process that allows
them to monolithically form both the
HFETSs and the diode structures in
the indium-gallium-arsenide/indium-
aluminum-arsenide (InGaAs/InAlAs)
materials on top of an InP substrate
(Fig. 3). The process also incorporates
various improvements over previous
processes that reduce, by an order of
magnitude, the HFET gate leakage

] Resonant-
20A lu::tedling Gate

i’_ i i / Emitier
g .
s Pre-tarrier fréh
£ ias0s - N @
2 Superlattice and InAIAs buffer InAlAs barrier
S InGaAs channel

InGaAs 0.0 — 7 740,87 80 rame

InAs-0.2 — N=1x1017 60A u=3nu13/

LEL Y]] (T SRS A 0P substrate

Fig. 2 Position — s

2. The conduction bands of the pseudomorphic resonant-tunneling
diodes show the half-step energy band value of the pre-barrier layer.

3. The combined HFET and RTD structures are formed on the surface of o
superlattice and buffer layer of InAlAs deposited on an InP substrate.
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We look for church organists
with typing expertence!

Turn your excess inventory into a
substantial tax break and help
send needy kids to college as well.

Call for your free guide to learn how
donating your slow moving inventory can

mean a generous tax write off for your company.

Call (708) 690-0010
Peter Roskam
Executive Director

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

Excess inventory today...student opportunity tomorrow
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TECH BREAKTHROUGH

' SRAM CELL

current, setting a new low.

For high uniformity, selective
etches are performed to create the
[ diode mesas as well as the HFET
channel recesses. Non-alloyed con-
tacts—TiPtAu and InP etch-stop lay-
ers—provide a uniform, reproducible,
and low-leakage process.

When applying this concept to
DRAM cells, most of the attention is
focused on reducing power during re-
freshing since the cells already have a
low intrinsic leakage current. During
refreshing, most of the power is con-

the bit lines, and by the small percent-
age of cells that end up with the
worst-case leakage-current vari-
ances. Additionally, the refresh opera-
tions must be able to function at 85°C.

The conceptual DRAM cell com-
bines a standard single-transistor
storage cell, plus the resonant-tunnel-
ing-diode latch connected at the same

function, the diodes must have ex-
tremely low current densities. How-
ever, silicon resonant-tunneling
diodes do not yet exist, although re-
search at TT into such structures is
currently underway. Both the read
and write operations execute exactly
the same as the read and write in the
standard DRAM cells. The difference
lies in the storage function. A reso-
nant-tunneling-diode latch has two
stable voltage points, and as long as
its peak current is larger than the to-
tal leakage current of the storage
node plus the resonant-tunneling-
diode valley current, the diodes will
hold the storage node close to one of
the two stable points.

The resonant-tunneling diodes pro-
vide a local continuous refresh capa-
bility, removing the charge/discharge
| drawback of DRAMs. They also help
reduce leakage currents since they
only have the storage node and the
diode valley currents to deal with.
Thus, the latch functions act as a self-
adjusting leakage-compensating cir-
cuit. But DRAM cells based on these
diodes have drawbacks—a slight in-
crease in cell area due to the latch, and
a slight increase in complexity because
an extra bias line must be provided.

For more information, call TI's
Paul van der Wagt, Alan Seabaugh,
or Ed Beam II at (972) 995-2011.

Dave Bursky

sumed by the charging/discharging of |

point as the storage capacitor. To |
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#® Exploring power-management design issues for advanced microprocessors

Advanced Microprocessors Demand
Amperes Of Current At <2 V

Switching-Regulator Controllers Drive Power MOSFETs To Provide
Regulated Power For Advanced Microprocessors At1.3 To3.5V.

Frank Goodenough
ate lengths for CMOS FETs in advanced To make the task of the system designer a lit-
Gmicroprocessors have shrunk rapidly in the tle simpler, Intel has defined a family of standard
last two years. This trend has followed the plug-in supplies for their processors called volt-
roadmap drawn by the Semiconductor Industry age regulator modules (VRMs). The VRM reads
Association (SIA) for semiconductor device the code and sets the output voltage (see “VRMs:

growth. Coupled with the demand for lower SPECIAL Technological First Aid, But For How Long?” p.
power, supply rails have dropped. Cutting sup- REPORT 44). Each processor type (P54/P55/P-6) has its
ply voltages cuts the loss factor V (volts) in the own unique standard plug. The standard plug for
equation: the VRM goes on the
PC’s motherboard. If
the processor has been
changed and now de-
mands a different sup-
ply voltage, only the
VRM is changed, not
the motherboard.
Power-supply compa-
nies and several semi-
conduetor companies
are building VRMs. A
number of semicon-
ductor suppliers (in-
cluding those building
VRMs) are building
some of the active
semiconductor guts for
VRMs and mother-

P =1/2f CV2
where
P = power dissipa-
tion
f = frequency (clock
ke)
7 = voltage

oth the f and the
iber of FETs per
cessor, as well as
twe supply currents,
keep climbing at simi-
larly fast rates. That
is, power does not usu-
ally fall. The extra
FETs use more cur-

rent while enabling board-based power
the processor to perform additional sophisti- Courtesy: supplies. Supplies for these processors must reg-
cated functions. Temic Semiconductor  y]ate line and load voltages to within +5%, and
Complicating matters further at the system hold their accuracy specifications over time,
design level, Intel, since it introduced the Pen- temperature, and load transients.
tium, has let each microprocessor determine its The supplies also must continue to meet their
own supply voltage. The P-6 Pentium Pro has specifications while handling these ultra-fast
four pins, each of which is either open or shorted. transients produced when, in order to save
They represent a 4-bit code that calls out the power, most of the microprocessor’s FETs are
supply voltage required by the processor in 100- repeatedly turned off and on by software. One
mV steps between 2.1 and 3.5 V. The supply example of that situation is word-processing
must read the code and provide the required software that disables FETs between key
voltage. Five-bit codes are on the way in next- strokes. Often, the supply must pull its output
generation processors. into regulation within a few clock cycles at rates
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IS  ADVANCED-PROCESSOR SUPPLIES

approaching more than 500
| MHz. The latest Pentiums
| demand that the supply pro-

vide 5 A of current in 20 ns.

However, the basic specifi-
cation most supplies are de-
signed to meet states that
the output must hold within
5% of the specified value
over time, the environment,

c
Comparator t

Power
switch

10 W. A 100-mV drop, even
from a 5-V rail, is not signifi-
cant. But from a 1-V rail,
where it's 10% of the volt-
age, it will be significant.
The pc board and copper
trace may handle that
power, but can the system?

A look at the power require-

and transients.

Some split-plane proces-
sors are powered by two
' separate supply voltages.

Output
voltage
Error feedback

amplifier

—1_Output

capacitor | present, and near-future
processors represents a pos-

sible baseline from which tn

Error signal

The logic and /O run off 3.3
V, and the processor core
runs off less than 3 V. Be-

+

A Reference
voltage

make projections for the f
ture (see the table).

It’s easy to come up with

sides the Intel processor
family, there are upcoming
| genrations of Sparc, Alpha,
[ PowerPC, the
AMD/NextGen machine, the
MIPS-R server, and devices
from Cyrix that have this arrange-
[ ment.
| Although designers are busy
adding power-hungry bells and whis-
tles to their systems, maximum effi-
ciency is demanded at both low- and
full-load conditions. The supplies
have generated a succession of mov-
| ing target challenges for analog IC
| designers who have come up with
| many different architectures to meet

l A SAMPLING OF MICROPROCESSOR SPEED AND POWER NEEDS*
| | | Current ’ Supply |

these challenges.

Science Fiction

Expect one day to see processors
demanding over 100 A of current.
Within the near future, 50 A or more
will be common. Some Intel proces-
sors will soon demand 17 A at less
than 2 V. Four of them in a server
will call for close to 70 A. At 100 A, a
1-mQ copper trace on a pe board

| [ocProoemsce | |- ook P O iR O I voitage(s) (V) | Code (bits) |
P-54 Pentium 60/200 4 | 35103525 None
P-55 Pentium 150/250 57 Split plane None
[ | (2.8 for core,
| 3.3forl/O)
| |"P-6 Pentium Pro 150/200 12.4 Split plane | 4
| (211035 |
in 100-mV steps |
for core,
3.3 for I10)
P-6 Klamath 200/500 14 | splitplane | 5
[ | (1.8t1035 |
| in 100-mV steps |
| for core, |
3.3 for /O)
P-7 Not available 17 Not available Not available
AMD K5 Not available 4 [ 2381036 r None
PowerPC Not available 3 36 None
Cyrix | Not available 2 | 4 None
Cx486DX2-V80 | ‘
Nexgen NX586 Not available 4 £3% None
AMD DXL2, 75/100 3 33 t None
DXL4 66/80 ‘

this report.

*All information in this table was obtained from discussions with supplers of the chips described in
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1. A proprietary circuit technique in Cherry Semiconductor’s controllers
uses the voltage dropped across a switcher’s load-capacitor’s ESR by
current flowing into the capacitors to handle severe load transients by
putting the output in a 0 or 100% duty cyce mode. The V2 technique
does not depend on the gain-bandwidth product of the error amplifier.

numbers like >70 A. Put
more than two million
CMOS FETs on a chip and
assume each FET pair nomi-
nally switches 50 pA. That’s
a total of 100 A—procesors
have been built with five times that
many FETs. If supplies for such
processors are putting out less than
1.5V, then holding £5% regulation
means holding the output voltage
within 50 mV. That’s a significantly
tighter specification than the +250
mV required by a 5-V 5% rail. Some
supplies (regardless of the architec-
tures they use), handle the transient
specification by letting the output
swing its full £5% for the transient,
and holding the basic de value of '
output an order of magnitude cl
This arrangement requires tha
regulator circuit sport a very |
open-loop gain and a very stabl.
ternal de reference. Performa
must be combined with fast . -
sponse.

Change The Silver Boxes

There are several ways to get
well-regulated voltages below 5 V, at
relatively high currents, for systems
running off the ac line such as desk-
top PCs and servers. The obvious
way of redesigning the silver box so
it converts the ac line voltage to dc
voltages below 5 V has not appeared,
yet. There are several reasons for
this. First, systems have not moved
completely to voltages below 5 V.
Second, disk drives and other periph-
erals still need more than 5 V. Third,
no sub-5-V standard exists. Addi-
tionally, given the SIA roadmap and

drops 100 mV and dissipates |

ments of some of the past, |

}
|
|
|

the advanced processors showing up J
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on the market, few off-line-to-high-
current sub-3.3-V supplies will ap-
pear soon. The voltage is a moving

up with new silver boxes.

Rather, system designers took ad-
vantage of the already well-regu-
lated 5- and 12-V rails, using linear
regulators and switchers to convert
them to voltages below 5 V. Most of
the time, they used the existing high-
current 5-V rail as a power-distribu-
tion bus, albeit a very inefficient one.
If a svstem needs 10 A at 3.3 V, that
translates to over 6 A at 5 V, and 100
A at 1.5 V still translates to 30 A at 5
V. As noted earlier, at those kinds of
currents, voltage drops and power
losses along the bus ean be signifi-
cant.

The industry has not implemented

and PC-based systems, despite the
fact that mainframes and other large
systems have been using distributed
power for vears. In fact, some main-
frames distribute over 300 V.

For example, PCs could distribute
the telecommunication industry’s 48
V.24V,oreven 12 V(100 Aat1V

efficient distributed power in PCs ¢

target. consequently the power sup- !
ply industry saw no reason to come !

ADVANCED-PROCESSOR SUPPLIES |

Input =
voltage
At |
- VRer 0%
. ____{ 2% R
logic b
. O
b _L Qutpat
") voltage
VREF :]::
"i +2% 04 =2
A3

IVREF

3. To handle fast transients, Maxim added a complementary half-bridge circuit (built from Q1 and
Q2) to their controllers. When the output differs from the reference by more than 2%, gain
blocks A1 and A2 turn on the upper or lower FET in the half-bridge circuit. The FET will either
dump current into the the load capacitor or take current from of the load capacitor to ground.

translates to just under 2 A at 48 Vor
less than 4 A at 24 V). Since they
have 12 V available for disk drives,
some PC-based svstems distribute it
to low-power applications, and/or run

I
I
1
I
i
1
'

power-management cireuits such as
switcing regulators off the regulated
12-V rail. Many of the available solu-
tions can run off 5- or 12-V rails.
However, 1 move toward a stan-
dard distributed power bus

Limit circuit

> 5 :
|
|| o LOGIC
I !
nrn Boost
pin
NN
g Gate 1
| E
I _r
| i}
2 ? Gate 2
| ’E Error amplifier — PGND
: +§ é 3 ,—0 Sense
| I T 8 DAC
| . c!ll[ v [: o 0o
[ | VREF VREF - 5% VREF + 5% 0 VIDt
’ O VID2
' Irs [: —O VID3
Imax
Current- Y7

50% Vgr

Processor
inputs

would have taken cooperation
between system, power-sup-
ply, IC. and power-switch de-
signers. In such a system of
distributed power, the silver
box would put out one or more
well-regulated dc voltages for
distributuion. Similar to eur-
rent cireuits that convert 5-V
rails to 3.3 V or lower, at each
major point of use an efficient

PWM
out

distributed voltage to the re-
quired voltage. Very low-cur-
rent, or higher-voltage appli-
cations (but lower than the
bus voltage), can use linear
regulators.

Assuming the use of a 5-V rail
for power distribution, a sys-
tem designer can draw on ei-
ther of two basie circuit tech-
niques to get from 5t0 3.3 V,
or lower voltages—Ilinear or
switching regulators.

Linear regulators tend to be

2. Two fast comparators, min and max, were added by Linear Technology to their controller ICs. They fire
when the feedback voltage exceeds the reference voltage by 2%, putting the output in either a 0 or 100%
duty cycle mode. The technique does not depend on the gain-bandwidth product of the error amplifier.

less costly, but less efficient
than switchers. Each type of
regulator can be partitioned

buck regulator converts the |
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into several different combinations of
discrete power devices and ICs. For
example, complete low-dropout
' (LDO) linear regulator ICs are avail-
able (ELECTRONIC DESIGN, May 13,
1996. p. 65).

Other options include LDO con-
trollers which drive a follower-con-
nected discrete power transistor (a
FET or bipolar). The cireuit also can
be built from seratch with ICs and
discrete parts (a power device, an 1C
reference, and an IC op amp.). A
number of companies now offer high-
current (7 A or more) LDO regula-
tors. They include Linear Technol-
ogyv, National Semiconductor, Micrel,
Semtech, and Telcom. However, no
one has developed a completely inte-
grated, high-current, high-speed de-
vice. Telcom does label their
TCL1584 through TCL1587 series of
regulators rated at 7to 3 A as “fast
response,” but no transient response
specifications are provided.

Low-Cost Power

Most switching regulators are
built with 1C controllers and discrete
power switches which tend to be
power FETs. In addition, a few de-
vices are available with the power
switches on the controller chip. Re-
gardless of the approach, they em-
ploy either synchronous or non-syn-
chronous designs. Synchronous
designs use two power switches

(usually n-channel power FETs). The
non-synehronous approach replaces
one switch with a Schottky diode.
The former is usually more efficient
while the latter is usually cheaper.
Many designs use both to boost effi-
ciency and reduce stress on the FET
switch. Irrespective of the solution,
handling the transients usually re-
quires locating hundreds, or even
thousands of microfarads of bulky,
costly, low-ESR/low-ESL capacitors
on the processor’s supply pin(s).

The simplest., and usually the low-
est-cost approach, is to hang an LDO
regulator built from discrete parts on
the 5-V rail, and adjust its output for
the lower voltage. High-current
LDO regulators (rated at 1 A or
more) have been built using a low-
current (rated at a few hundyred mil-
liamperes) LDO regulator as a con-
troller driving a pnp transistor. But,
like most supplies for the high-speed
processors, these regulators have
trouble handling the transients.

While not as efficient as a
switcher, an LDO regulator lends it-
self to the Pentium which needs no
more than4to 6 A. At 6 A and an out-
put of 3.3 V, power dissipation runs
less than 11 W when taking power
from the 5-V rail. The processor still
dissipates close to 20 W. In any case,
careful thermal design is necessary
to avoid PCs that may self-destruct.

Handling the transients is the

problem to beat. To solve it for Pen-
tium-class processors, Linear Tech-
nology recently came up with the
LT1575 and LT1576, a pair of fast-re-
sponse LDO controllers (LLEC-
TRONIC DESIGN, Nov. 18, 1996, p 162).
Designed to drive an n-channel MOS-
FET, the LT1575 is used in applica-
tions such as the P-54 Pentium,
which needs only one power rail be-
low 5 V. The dual L.T1576 is aimed at
the split-plane P-55. Requiring just
24, 1-uF ceramic capacitors on its
output pin, these controller ICs and
their power FET cohorts eliminate
virtually all the bulk capacitance usu-
ally needed to handle 250-A/pus load-
current transients.

Six versions of each are available
offering fixed outputs (5. 3.3, 3.5, 2.8,
and 1.1 V), as well as an adjustable
output version. By choosing the
proper FET, higher currents and in-
put voltages can be handled. The sin-
gle versions come in 8-pin DIPs and
SOICs; the duals come in 14-pin
DIPs and SOICs. These regulator-
controllers achieve their speed
through careful wideband design in
the error amplifier, and the use of a
high-speed bipolar process.

Controller-Based Switchers
Currently, there is only one
switcher with on-chip power
switches. It’s the 12.4-A Elantec
EL7560/71. A synchronous design, it
has two plain-vanilla, lat-

Analog
block

Y eral power FETs on-chip
— Y Y Y02V with the controller, and |
1 o YfB contains a 4-bit DAC [a 5-
"8 bit version is said to be
§ ready for P-6 applications

' A 4

(ELECTRONIC DESIGN,
June 24, 1996, p. 55)]. In
its unique 28-pin wide-
body power SOIC it is
priced at $10.67 each in

’J | = cgémt quantities of 1000.
i Digital | resistor | Vo | The fact that the ultimate
oihIFG) . e VA0 | current and voltage
. = =3 block g needed by processors ap-
-J‘ Oscillator -~ pears to be a moving tar-
l get may explain the
I 4-hit DAC VRer P.x' dearth of fully-integrated
; j_ solutions.
b= VDo — — Switchers based on 1C
From VDt — controllers and external
| Micropracessor 3:3% i VREF fya power devices definitely

{

appear to be the way to

4. To handle fast transients, Raytheon controllers employ both analog and digital control blocks.

(L

go. At least nine con-




Kepco deals the OEM
a powerful hand.

MODEL MRW 145KV
28 WATTS, DUAL OUTPUT

7KV
MODEL MRW 1
65 WATTS, TRIPLE ouTPUT

=

2“ x 8" tootprint
50 x 200 mm

s
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100 x 160mMm

CARD-STYLE POWER SUPPLIES
producing 35-65 Watts and featuring universal inputs.
+5V and +3.3V primary outputs combined with £12V and +15V.

* Series KRW are on 3" x 5” PC cards, 40 Watts, triple output.
e Series MRW are in the popular 100x160 mm (3.94" x 6.3") footprint
(except for the new model MRW 145KV, which is 2” x 8”),
with especially low profiles for hard-to-fit places, 28-65 Watts, dual and triple output.
* Both series are produced in ISO 9001 certified facilities,

are fully approved by TUV/UL/CSA to the EN 60950 safety specification,
and are fitted with Class B EMI filters.

KEpco,

~= THE POWER SUPPLIER™
SINCE 1946

Kepco. Inc. HQ / Eastern Region, 131-38 Sanford Avenue « Flushing, NY 11352 USA « Tel: (718) 461-7000 » Fax: (718) 767-1102
E-Mail: hqg@kepcopower.com « URL: http://www.kepcopower.com
Western Region, 800 West Airport Freeway, Suite 320, LB 6018, Irving, TX 75062 USA « Tel: (972) 579-7746 « Fax: (972) 579-4608
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The SuperH RISC Engine and .
ICT’s design team are giving E>
small businesses a better look ;

at their bottom line.
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RISC engine
|
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A Highly Integrated RISC Processor. A single SH-1 device,
using its an-board memory and rich set of integrated peripherals,
could do all of the transmitter-side work: picture compression,
advance dial access, user [/F; as well as control the transmission
system, function timers, I/O and DRAM for image storage.

With the Hitachi SH processor, it was possible to give their
system wireless capability. add live audio, allow for three-second
scene refresh, full rotational control of cameras and provide for
automatic dial-up when triggered by fire, perimeter or call alarms.

A Bottom Line with a Future. ICT can sell their new
PRO System 3A for just a quarter of the cost of its closest com-
petitor! For ICT, there’s another bottom line: without sacrificing
their investment in code, their product roadmap now includes

HITACHI

#1 in RISC Shipments
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the ability to migrate performance or features upward or
downward, virtually without limits.

A Broadly Successful, Easy-to-Prove Approach. From
multimedia game machines to global positioning systems.
SH chips have fueled success. Reason enough for them to be number
one in RISC shipments. And a very good reason for you to
put them through their paces in your own application.

The 899 SH-1 Evaluation Board. We’ll make it easy on
you: for a limited time, our fully-equipped board is only $99.

After all, we’re concerned about your bottom line.

Call for information on our Evaluation Board or the Hitachi
SuperH RISC Engine: 1-800-446-8341, ext. 700, or get full
details on these and other products at www.hitachi.com.
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troller ICs (or families of 1Cs) aimed
at the Pentium, the Pentium Pro, and
its kin are available. Each offers its
own combination of total-system
price, response time, regulation, flex-
ibility, and features. Usually based
on a unique design feature or a
unique partitioning of the circuit,
each scrambles to meet the Intel-
processor requirements and guide-
lines. The following organizations are
now producing these switchers:
Cherry Semiconductor, Harris Semi-
conductor, Linfinity Microelectron-
ics, Linear Technology, Maxim Inte-
grated Products, Microlinear,
Raytheon Semiconductor, Temic
Semiconductors, and Unitrode.

Most switchers regulate voltage
by pulse-width modulation (PWM).
The control signal is set by the differ-
ence between a ramp voltage and an
error signal, and power switch is
then set by the control signal. The
modulated pulse width of the control
signal and/or the duty cycle of the
power switch keep the output volt-
age constant despite variations in
line and load.

The control method determines
how the ramp voltage is generated.
Voltage-mode controllers generate a
ramp signal with an oscillator. The
error-signal loop sets the switcher’s
small-signal transient response be-
cause its output directly triggers the
power switch. Therefore, cutting
loop-response time demands raising
the switching frequency, which in

turn increases switching losses in the
FETs.

In conventional, peak current-
mode control, the circuit’s inductor
generates a linear ramp, and usually
demands a current-sensing element.
The ramp’s slope changes with input
voltage, removing the error-ampli-
fier’s crossover characteristic from
the effect of input transients. But, as
in the case of voltage-mode control,
the error amplifier handles load tran-
sients. Other techniques such as
feed-forward, average current, and
hysteretic-mode control offer other
improvements. But, the performance
still relies on the regulator’s small-
signal response.

Different Strokes

Cherry Semiconductor offers a
family of four controllers: the CS-
5150, CS-5151, CS5155, and CS5156.
The CS5150, a synchronous con-
troller, is designed with 4-bit DACs
to handle a 4-bit input code from a
processor. The CS-5151, a non-syn-
chronous controller, also handles a 4-
bit code. The CS-5155 and CS-5156
are synchronous and non-synchro-
nous, respectively. They are de-
signed to handle 5-bit codes with
their internal 5-bit DAC. The 4-bit
chips provide output voltages from
1.24 to 3.54 V in 100-mV increments.
The 5-bit chips provide output volt-
ages from 1.34 V £134 mV to3.54 V
135.4 mV in 50-mV increments.

All four of these controllers em-

ploy Cherry’s proprietary V2 archi-
tecture to provide faster loop re-
sponse and easy loop compensation.
In addition, the architecture pro-
vides lossless short-circuit protec-
tion that negates the use of a large,
expensive, current-sense resistor.
According to Cherry, V2 cuts the re-
sponse time to load transients by a
factor of 10 to 50.

The V2 circuit generates the ramp
with the ESR of the circuit’s output
capacitors (Fig. 1). This ramp is pro-
portional to the ac current through
the inductor, and is offset by the dec
output-voltage level. V2 control in-
herently compensates for both line
and load variations. A change in line
voltage changes the ramp signal, in
turn changing the duty cycle. Since
the ramp contains the dc portion of
the output voltage, the control circuit
corrects for line and load transisents
by modulating the power switch to
any duty cycle between 0 and 100%.
Because a change in inductor current
also modifies the ramp signal, the de-
sign responds fast to line transients.
In most applications this switcher is
running off the usually well-regu-
lated output of the silver box, there-
fore, it will see few large fast-line
transients.

The load’s transient response is
set only by the comparator response
time and the transition speed of the
power switch. A sudden change in
load current instantly flips the com-
parator, turning the power switch off
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5. After load transients of 0 to 10 A and 10 to 0 A, Temic controllers pull their regulators back into specification in under 5 ps.




Say goodbye to dip switches,
jumpers, IRQ settings,
DMA channels, tangled

cables and 1/O addresses.

And say hello to increased
functionality and true

plug-and-play capability.

Introducing Intel’s Universal

Serial Bus products,
designed with the new USB
specification. Now you can
connect up to 127 different
peripherals (like keyboards,

monitors and joysticks)
to a PC at once, with
an easy-to-use common
connector that allows hot
insertion and removal.
We've implemented the USB
specification into Intel PCI
chip sets, as well as in a family
of single-chip peripheral
controllers. They all go
through Intel’s rigorous
end-to-end validation process
for reliability and compatibility.
Sound interesting? Visit the
Intel USB Web site for more
technical information and
to download Intel’s latest USB

development tools.

And get totally plugged in.

[ > developer.intel.com/desig?/usb l
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or on. Because the circuit’s loop re-
sponse to load transients is indepen-
dent of the error signal, the loop has a
low crossover frequency. This slow
loop provides the dc¢ accuracy and
low noise immunity that permits long
fedback traces for remote sensing of
the output voltage. In addition, the
fast-loop architechture needs no
compensation, while the slow loop re-
quires only a 0.1-uF capacitor, re-
gardless of load or layout. This de-
sign saves significant cost and space.

Adapt Or Die

The Cherry controllers also incor-
porate a technique called adaptive
voltage positioning. It automatically
sets the output voltage within the
processor-core’s allowable £5% logic
voltage limit to further improve
transient response. The technique
raises the voltage at the regulator’s
output to give it more time to re-
spond. When the load draws maxi-
mum rated current, the technique
sets the output at the lower window
value in anticipation of a rise in volt-
age as the load drops. At light loads,
the controller sets the output near
the top of the voltage window (+5%).
This arrangement allows the output
to drop at least 9% at a maximum
load-current transient.

The Cherry controllers, and sev-
eral others, sport a hiccup short-cir-
cuit protection scheme that insures
minimum dissapition under a short-
circuited load. The controller just
shuts down the supply. After a time-
out period it tries to turn it back on.
If there still is a short, it cycles off
again. If the short continues, the sup-
ply is off 97% of the time. In many
controllers, this function is incorpo-
rated in a soft-start circuit.

Harris has announced a function-
ally similar family of four controllers.
The HIP6002 and HIP6003 handle 4-
bit processors, and the HIP6004 and
HIP6005 handle 5-bit processors.
The HIP6002 and HIP6004 handle
synchronous designs while the
HIP6003 and HIP6005 handle the
nonsynchronous designs. The archi-
tecture achieves fast transient re-
sponse through the use of a single,
voltage-feedback loop. The voltage-
mode control provides 100% duty cy-
cle operation, allowing inductor cur-
rrent to ramp faster than with

current mode. To further improve re-
sponse, the error amplifier combines
an open-loop gain of 600 with a gain-
bandwidth product of 15 MHz. It
slews at 6 V/us. The controllers elim-
inate the expensive, bulky, current-
sense resistor by sensing the on-re-
sistance of the PWM FET switch
(the upper FET in the 2-FET cir-
cuits).

Add A DAC

Linfinity took a different tack to
partition their controllers. They
started with the LX1660/LX1661, a
pair of general-purpose synchronous
controllers (the 1661 is optimized for
fast response). Rather than including
the very slow 4- and 5-bit DACs on
the same chip, they came up with the
DAC-like LX1670. They call it a 5-bit
programmable reference. The
L.X1670, an LX1660/L.X1661 con-
troller, and a couple of FETs meet
the Intel requirement. LinFinity
builds VRMs with the LX1670 and
the LX1661. For lowest-cost applica-
tions, the LX1660/L.X1661 chips can
be used without the LX1670. Output
voltage can be set with a resistive
voltage divider.

The controller uses voltage-mode
off-time control to achieve fast re-
sponse and simplify loop compensa-
tion. In this technique, the off time is
modulated by the output voltage, and
switching frequency becomes a func-
tion of the input-to-output voltage
ratio. The controller also employs
hiccup-mode over-voltage control.
Supplies that employ crowbar
switches for such control eventually
go into current limit and blow fuses.

Linear Technology also offers a
pair of synchronous controllers, the
LT1552 for 4-bit applications and the
LT1553 for 5-bit applications. How-
ever, both have on-chip DACs. They,
too, implement voltage-mode switch-
ers. To cut response time the design-
ers added a pair of comparators in
the chip’s feedback loop. The min
comparator compares the feedback
signal (FB) to a voltage 60 mV (5%)
below the internal reference (Fiig. 2).
If FB is below the min comparator’s
threshold, it overrides the error am-
plifier and forces the loop to full duty
cycle. Full duty cycle is set by the
controller’s oscillator to about 90%.
Similarly, the max comparator forces

the output to 0% duty cycle if FB is
more than 5% above the internal ref-
erence. To save the need for cost,
size, and power dissipation of a cur-
rent-sense resistor, current limit is
provided by sensing the on-resis-
tance of the upper FET. The largest
and most costly component in a
switcher can be the current-sense re-
sistor.

A pair of synchronous controllers
from Maxim buck the trend to volt-
age mode with the MAX1624 and
MAX1625. They feature current-
mode control. To cut losses in the cur-
rent-sense resistor, control is located
in the input side of the circuit (be-
tween the drain of the high-side n-
channel MOSFET and the input rail).
Thus, power dissipation is cut in half
as current flows only during the on
time of the switch (Fig. 3). To speed
it up, the chip employs a unique cir-
cuit consisting of a half H-bridge,
built from a pair of relatively small
complementary MOSFETs (Q3 and
Q4). Each is driven by a gain block
(A1l and A2) and connected to the
output through a low-value resistor.
They resemble circuits using a lin-
ear-mode output to handle tran-
sients, but the output has to be bi-
ased at high currents, further raising
size, cost, and heat generation to an
unacceptable value. The circuit
keeps these additional FETs turned
off until a load transient triggers the
controller.

If the output voltage drops more
than 2% due to a transient load in-
crease, Al detects the error and
turns on Q3 by driving its gate low.
Current flows from the input supply
directly into the output filter capaci-
tor C1, recharging it, and bringing
the voltage back into regulation, If
the output rises more than 2% (gen-
erally due to energy stored in the in-
ductor when the processor is put in a
low-power mode), A2 detects the er-
ror and turns on Q4. Current is
shunted from L1/C1 to ground.
Ouput voltage variations of less than
2% are handled by the basic regula-
tor controller. To up the response of
the complete regulator demands
high speed from Al and A2.

A trio of synchronous controllers,
the ML4900, ML4901, and ML4902,
are available from Micro Linear. The
first two handle 4-bit applications,




SIEMENS

|s your optocoupler
an accident warting ...

You can't afford optocoupler failures
in your designs. That's why Siemens
has pioneered advanced manufactur-

= ing procedures like over/under double
molding to maximize coupling efficiency
for high transfer ratios and low current
applications. This ensures volume

capacity — and the specifications to
meet your circuit needs.

Get the tightest performance
specifications available.

Even on duais and quads, our
devices have 2:1 min/max CTR
ranges. And our products are UL
recognized while meeting all
international approvals, including
IEC950 requirements.
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So call today for your free
Siemens Optoelectronics databook.
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while the third handles either 4- or 5-
bit jobs. They use a two-chord DAC.
In its upper range, the controller’s
output is set between 2.1 and 3.5 V, in
100-mV steps. In its lower range, its
output is set between 1.8 and 2.05 V,
in 50-mV steps. In comparison to the
previously described controllers that
have been designed to drive n-chan-
nel FETs, the ML4900 has been de-
signed to drive complementary de-
vices (a p-channel upper FET, and an
n-channel lower FET.) These chips
also use voltage-mode control and
speed-up circuits.

A proportional control loop han-
dles the regulation when the output
is within 3% of the value called for by
the DAC. When the output exceeds
the called-for value by more than 3%,
the transient control loop is ener-
gized, forcing a FET switch to either
100% or 0% duty cycle until the tran-
sient has been handled successfully.

Most of these controllers require a
12-V supply rail so they can drive
standard MOSFETs, but a few 5-V
units are limited to driving the more
expensive, logic-level MOSFETs.
Most of the 12-V devices take the
power they control from the 5-V rail.
Other controllers sport an on-chip
charge pump or flying-capacitor
bootstrap circuits to create the 10-to-
12-V drive required by standard
MOSFETs. Still others require an
external charge pump or bootstrap
circuit for the task. If a 12-V rail is
available, most use it.

While most controllers are de-
signed to take the input power for
the power FETs in their regulator
from the 5-V rail, Raytheon provides
controllers such as the RC5043. The
RC5043 is designed to run its FETs
off 12V (Fig. 4).

Skip Dem Pulses

Raytheon’s designers like those at
Miero Linear and Maxim bucked the
trend to voltage-mode operation and
stuck to current mode. They use
pulse-skipping techniques (pulse-fre-
quency modulation or PFM) to opti-
mize efficiency under low-load condi-
tions. The controller senses the load
level and automatically switches be-
tween PWM and PFM.

To optimize response to load tran-
sients, they employ an analog block
and a digital block in the control loop.

The analog block consists of signal-
conditioning amplifiers feeding com-
parators which provide inputs to the
digital block. The analog block takes
signals from the IFB (current-feed-
back) and the VFB (voltage-feed-
back) inputs. The digital control block
takes the comparator inputs and the
output of the oscillator, and creates
the pulses to drive the power FET or
FETs (in a synchronous regulator).

Raytheon’s RC5040 (synchronous)
and RC5042 (nonsynchronous) are 4-
bit controllers, while the RC5050
(synchronous) and RC5051 (nonsyn-
chronous) are 5-bit controllers.

By using a very fast complemen-
tary bipolar CMOS process, Temic
Semiconductor has come up with a
voltage-mode, synchronous con-
troller, the Si9140 (Fig. 5). The high-
speed process and careful design
made possible a controller whose er-
ror amplifier has a 25-MHz unity gain
bandwidth, providing a means to
handle 10-A transients in 5 ps.

Unlike most of the other con-
trollers, the Si9140 has no DAC. It
does have an external reference input
and external resistor networks that
can be used to set the output voltage
using the internal reference. Temic
has the ability to put a DAC on a next-
generation controller without upping
their response time to transients.
They also have the ability to tailor a
power MOSFET to an application.

Unitrode has a large family of con-
trollers; some with DACs and some
general-purpose devices without
them. For use with DAC-less devices
they provide a 4-bit DAC chip, the
UC3910. Their latest controller, the
UCC1882, handles the 5-bit applica-
tions with average current-mode
control. To handle the expected load
transients, both the current and the
voltage error amplifiers have gain-
bandwidth products in excess of 5
MHz. An over-voltage comparator '
pulls the current amplifier’s output
voltage low to force 0% duty cycle |
when the system output voltage ex- I
ceeds its specified value by more |
than 25%.

|
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NATHONAL

THE NEW LM2587 5 AMP
SIMPLE SWITCHER® FLYBACK
POWER CONVERTER.

Now you can get high power in a small space plus
the design simplicity of National's popular Simple
Switcher family.

The device is the IM2587 5A flyback power
converter. With a switching frequency of 100kHz, it
can be used with smaller (off-the-shelf) external
components. And it's available in a small TO-263
surface mount package.

Designed for flyback, forward and step-up
converter applications, it's available in 3.3V, 5V, 12\
and adjustable output voltage versions.

And like all of National's Simple Switcher prod:
ucts, the LM2587 makes designing extremely easy.
Our Switchers Made Simple design software does it
all in minutes. And National guarantees the system
performance, not just the silicon.

So when you need a lot of power in a little

space, step up to the LM2587.

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

WEB: htip://www.national.com’see, 1m2587

N National Semiconductor
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" VRM TECHNOLOGY

VRMs: Technological First Aid,

But For How Long?

While These Off-The-Shelf Modules Can Satisfy Current Power Re-
quirements, Future Processor Demands Could Spell The End Of Volt-

age Regulator Modules.

Patrick Mannion

sors hits the market, the migration to ever-
lower voltages at higher currents has pro-
pelled the power-supply designer frrom the back
end of the design process to the forefront. Previ-
ously an afterthought, getting sufficient clean
power to these chips fast enough has designers
jumping through hoops to overcome the increas-
ingly complex analog design issues now facing
them. For some, designing from seratch in-house
remains the only
viable solution. For
others, off-the-shelf,
fully-tested voltage
regulator modules
(VRMs) provide a
quick-and-easy escape
route from the black
magic that is analog
power design. In be-
tween lie the varying
levels of cooperation
between motherboard
manufacturers and
VRM vendors that
have become neces-
sary to satisfy custom
requirements.
The path to power
chosen by the board de-

As the latest crop of high-end microproces-

SPECIAL
REPORT

Why So Complicated?

The difficulties encountered in designing an
appropriate power drive scheme for a CPU are
relatively recent, and stem mainly from the ex-
ponential integration curve the electronics in-
dustry is riding. Due to the curve, the voltage
levels must be lowered from the standard 5V,
to 3.5 V. This change will keep a tight rein on
power consumption and avoid damaging the
leading-edge, sub-micron silicon geometries
now being used. In
addition, the sheer
quantity of gates in
these devices, along
with their operating
speeds, have sent
current requirements |
through the roof.
The latest round of
processors are de-
manding upwards of
14 A, and this is pre-
dicted to rise quickly
to20 or 30 A.

As in many areas at
the leading edge of
technology, stan-
dardization is practi-
cally nonexistent.
The reduction of

signer is the result of a careful evaluation of anum- Courtesy: Raytheon  voltage levels is happening in a haphazard
ber of factors including in-house resources, time- Electronics (RCBO04 4} jnconsistent fashion. Currently, on the
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to-market restraints, cost, performance ol regiE ¥
requirements, predicted product life cycle, and the
level of flexibility required. In some instances, a
combination of the two extremes—a VR M initially,
followed by a fully-integrated design at a later
stage—may prove to be the optimum path. In addi-
tion, the VRMs themselves must be examined
carefully before a choice is made. Essential para-
meters to be considered include output levels, line
and load regulation, temperature stability and han-
dling, load transient response, ripple and noise,
protection, and accuracy over time. In addition, the
level of upgradeability or “futureproofing” de-
signed into the module must be considered.

typical split-plane processor chip,
1/0 voltages range from 3.3 to 3.5 V, while
internally they can range anywhere from
1.8 to 2.8 V, to the full 3.5 V, depending on the
chip or the manufacturer. The decreases show
no sign of slowing up or falling in step. To
provide for the possible variations, initial split-
plane-voltage processors, such as Intel’s P55C,
were catered to using external jumpers. Now
processors such as the Pentium Pro use a four-
or five-bit binary code which is set by a
bonding operation in the packaging process.
This code is detected by the power supply
which then uses it to determine what its out-




OUR LM3460 & LM3411
CONTROLLERS PROVIDE
ENHANCED PERFORMANCE FOR

H I G H HALF THE PRICE OF MONOLITHIC ICs.

CURRENT

LOW

LOAD TRANSIENT RESPONSE

rights reserved

Vis-a-vis monolithic 1C solutions, our new regulator

Wl

circuit packs an unparalleled price/ performance

redl

punch for high-current power supplies.
As part of our completc LDO volage-regulator
circuit, the LM3460 and IM3411 conuollers boast

1% accuracy and excellent transient response and

DROPOUT
REGULATOR

VAUNTS

load regulation. All with a minimum of input and
output capacitance and zero EML

Theyvre also very versatile, with an output
voltage that's adjustable from 1.2V to 3.6V, and
an output current that generates up to 8A. Plus.

they're packaged in SOT23-5s. All of which

makes them invaluable for your volume designs

FAMILY OF CONTROLLERS

Part Number Vi Typical Application
LM3460-1.5 15V GTL+ Bus Termination
LM3460-1.2 1.2V GTL Bus Termination
LM3411-3.5 S\ CPU Power Supplics
LM31411-3.3 33 3V 1o 3.3V Conversion

FREE SAMPLES—FAST.

For a datasheets, free samples, and
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Fig. 1: Anideal solution for many applications, VRMs boast high-power-handling capability,
flexibility, and off-the-shelf availability. However, their high cost, and potential to interfere with

processor requirements is questionable.

put should be.

Lowering the operating voltages
also has made staying within the 3.5-
V +5% voltage tolerance somewhat
of an art form. At 10 A, only 0.0175 Q
of line resistance can be tolerated.
Any more than that and the voltage
drop will pull the supply voltage out
of specification. Current-generation
processors have reduced this toler-
ance to around 3%. Such tight toler-
ances can be met by carefully select-
ing the regulator, and by using
resistors with 0.1 or 0.5% tolerance
instead of the typical 2%.

However, that’s not the whole
story. With current requirements as
high as they are, processors must re-
side in a standby mode for much of
the time to avoid excessive heat and
to limit power consumption. When
the processor “wakes up,” the supply
must deliver the entire required cur-
rent, at the proper voltage, within a
few clock cyeles. This change in cur-
rent can be as high as 300 A/us. At
this rate of change, Ldi/dt becomes a
serious consideration, since a typical
board trace has an inductance of
about 8 nH/em. At 300 A/us, a volt-
age drop of up to 2.4 V/em can be ex-
pected due to inductance alone.

In addition, the regulator is not
physically capable of delivering this
current that quickly, hence high-qual-
ity, low equivalent-series-resistance
(ESR) capacitors are required. These
| capacitors must be placed as close to
{ the point of delivery as possible.

=

neighboring pc-boards is proving to be a deterrent. In addition, their ability to handle upcoming

After evaluating the essential
power requirements of these upper-
echelon processors, design issues
such as form of regulation (switching
or linear) must be addressed. Relia-
bility. too. becomes more of an issue
because the high currents involved
raise the problem of dissipating gen-
erated heat. Although fan-assisted
heatsinks are effective, they are un-
reliable and costly. A better solution
is to pay more attention to the
heatsink design itself in the context
of overall system airflow.

Three Pillars Of Good Design
Cost, cost, and cost. It’s unfortu-

nate, but true. Although the myriad
of parameters only briefly outlined
above might send most motherboard
designers scurrying to the nearest
VRM vendor for that quick-and-easy
solution, they’ll have to run the
gauntlet through the accounting de-
partment first. It is here where the
real decision as to whether or not to
go with an embedded, roll-your-own
design, or an off-the-shelf module is
made.

The cost of designing an embed-
ded solution can quickly add up when
the added steps involved are consid-
ered. These extra steps include ac-
tual design and layout, accommodat-
ing the through-hole components
(most components of a typical moth-
erboard are surface-mounted), test
and qualification. The actual design
itself requires expensive in-house re-
sources and expertise that many
companies just don’t have. For those
that do have the capability, the ever-
present pressure of a shrinking time-
to-market window can make life a lot
more difficult. In addition, embedded
designs limit the flexibility to accom-
modate future processor upgrades.

Considering these factors, it is ap-
parent that the cost of an embedded
design can only be justified in high-
end applications where off-the-shelf
solutions just don’t give the perfor-
mance required, and where the tar-
get market can afford the extra costs
involved. These applications include
high-end servers and workstations

Control De
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Fig. 2: The voltage identifier (VID) code pins on a typical VRM, such as the LXM1700 from
LinFinity, provide for flexibility by allowing the module to accommodate any processor voltage

requirement from 3.5 to 2.1 V in 100-mV steps, and from 2.1 to 1.8 V in 50-mV steps.
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Fig. 3: The 073-20715-01 VRM from VXI Electronics provides essential capabilities such as 14-
A output; 5-bit VID; and overvoltage, undervoltage, and overcurrent protection.

that combine high performance with
slower technology turnover. Al-
though this holds true for the most
part, same companies a few notches
down on the performance curve do
embed their supplies on board. How-
ever, their target market population
is in the hundreds of thousands—eas-
ily capable of absorbing the initial en-
gineering and tooling expense. These
designs also incorporate a certain de-
gree of flexibility by designing in a
VRM header that will allow the
board to power any future processor
upgrades. To beat the time-to-mar-
ket pressure, some companies are
even using a VRM on the first pro-
duction runs to get the board out the
door, and then designing it onto the
motherboard as an embedded solu-
tion at a later stage. For some board
runs however, “a later stage” never
comes as new features quickly make
initial designs obsolete.

It is due to this fast turnover that
VRMs have found favor, despite
their need for an extra socket and pc
board, overall higher cost at upwards
of $15 each, and their possible effect
on neighboring system boards (Fig.
1). Although initially specified for the
Intel processor, the popularity of
VR Ms is underscored by their use
with Sparc and other processor ar-
chitectures, all of which face the
same power, time-to-market. and
cost pressures. Their incorporation

I into other architectures also has
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been helped by the fact that the Intel
specification, while laying down a
number basic requirements, added
quite a few guidelines that are open
to various interpretations. This situ-
ation has led to a certain degree of
stretching of the specification.

When examining a possible candi-
date, the major parameters to focus
on are the input and output voltages,
current output, initial accuracy, slew
rate, line and load regulation, load
transient, efficiency. temperature
stability, and protection features.
Components used, particularly the
capacitors, also must be examined. If
the life cvcele of the board is expected
to be relatively short, high-end elec-
trolytic capacitors with a low ESR
are sufficient. However, for longer
life spans, the tendency of an elec-
trolytic capacitor's ESR to rise over
time makes them unsuitable. No-wet
electrolytics, such as Oscons, are
preferable.

Another important consideration
is the degree of support offered by
VRM vendors. Some provide none,
while others will hold your hand all
the way through to final production.
For everyday applications, where
the performance envelope is not be-
ing pushed, all VRMs are pretty
much the same, so support can be the
deciding factor, along with a guaran-
tee of specification conformance.

Specification guarantees come from
companies such as LinFinity Micro-

electronics in their soon-to-be-released
LXM1700-xx line of VRMs. Along
with a guaranteed 14.0-A output, this
high-end PentiumPro module features
the 5-bit voltage identification (VID)
coding to go from 3.5 to 2.1 V in 100-
mV steps, and from 2.1 to 1.8 V in 50-
mV steps (Fig. 2). This voltage range
and output current make the
LXM1700-xx suitable for current, as

. well as upcoming processors, such as

Intel’s Klamath. The module can be
powered from 5- or 12-V supplies.

Performance specifications in-
clude an initial accuracy within +0.6
mV at 0.5 A; a load and line regula-
tion of 15 and 1 mV, respectively: a
load transient of 95 mV; and an effi-
ciency of 80%. A high level of short-
circuit, over-voltage, and under-volt-
age protection is built-in. Soft start
eliminates turn-on overshoot.

With its 14-A output, the LXM1700
meets Intel’s current requirements
however, even Intel considers that
figure a bit high (for the moment).
Many applications are quite safe with
VRMs with current outputs as low as
10 A. Therefore, high-end VRMs that
weigh in at under 14 A, such as
Raytheon’s RCB004, with an output
current of 12.5 A (14 A peak), are not
at any real disadvantage. Also avail-
able with a 5-bit VID, the RCB004,
like the LXM1700-xx, provides the
flexibility to support the entire Pen-
tium Pro processor family with a sin-
gle motherboard design. The module
has an output-voltage selection range
of 1.3 to 3.5 V, and offers a relatively
high efficiency of greater than 84%.
The set-point accuracy is typically
within £0.8 V, while the load and line
regulations are typically within +0.8
and +0.1%, respectively. Short-circuit
protection is provided.

Another Klamath-capable offering
comes from VXI Electronics. Deliver-
ing PentiumPro VRMs since Q3 1995,
VXI has recently rolled out its 5-bit,
VID 073-20715-01 VRM with a pro-
grammable-voltage output from 2.1 to
3.5 Vin 100-mV steps. and from 1.3 to
2.05 Vin 50-mV steps (Fig. 3). With an
output current of 14 A, the module is
ready for upcoming processor itera-
tions. Overvoltage, undervoltage, and
short-circuit protection are provided.
The operating temperature range is 0
to 60°C.

Semtech Corp. has recently re-




WIDEBAND

0P ANPS
ITH HEGH

PERFORMANCE

(Up to 350MHz)

AND MICRO
FOOTPRINTS.

(SOT-23 TinyPaks)

lara, USA

FOB Santa (

n USD.

Y06 National Semic

SHAPING THE FUTURF

COMLINEAR TINYPAK OP AMPS
CAN REDUCE SPACE, SAVE
MONEY AND IMPROVE YOUR
SYSTEM’'S PERFORMANCE.

HIGH-SPEED OP AMPs
TinyPak SOT-23 Packages
350 - ®CLCA0S
£5/-712dBe
2nd/3rd Harmonics
300
2 250 -
H
Ee 201 O
- OCLCA04 RIanIY.
Diff gain/phase
= 2600V/,
§ i 150 Slew th‘o
E 100~ © CLC450
. * otk aw  [0omAL,
105nV/uHz  Dingle Supply
50 Input V Noise Low Power-7.5mW
w A =420
0

CLC PART/KEY SPEC

Strapped for space, but need big op-amp perfor-
mance? Choose our 2600V/psec CLC404' for high
speed. The 0.02%/0.02° diff gain/phase CLC4006 for
video. The -65/-72dBc 2nd/3rd harmonics (20MHz)
CLC409! for low distortion. For low input voltage
noise, you can't beat the 1.05nV/vHz CLC425. And
for single-supply 5V designs requiring high output,
and low power (7.5mW) pick the 100mA CLC450.

These TinyPak devices mirror their larger SOIC
and DIP cousins in specs. They have most of the
same features too. But they take less space, so you
can tuck them away in tight spots, often boosting sys-
tem performance. You'll find prices as low as *$1.39
in 1000s.

FREE DEMO BOARD WITH TINYPAK.
For free samples, demo board, datasheets,

and application support, contact us at:
CALL: 1-800-272-9959 Ext. 711.

INFO CARD: Mail or Fax

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

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300
in Southeast Asia, fax us at 852-2376-3901.

N National Semiconductor

Moving and shaping the future.




ELECTRONIC DESIGN / JANUARY 20, 1997

Need some help
with that?

Turn your
excess inventory
intoa
tax break
and help
send needy
kids to college.

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

for your company.

Call (708) 690-0010

E/:\L

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

Excess inventory today....
student opportunity tomorrow

TECH INSIGHTS

VRM TECHNOLOGY |

READER SERVICE 191

leased its MP60 module with an out-
put of 13 A and a 4-bit VID code for
voltages from 2.1 to 3.5 V. A straight-
forward module with a minimum com-
ponent count, the MP60 is designed
for long-term reliability. Companies
such as Semtech and LinFinity, with
backgrounds in regulator IC design,
can leverage their experience to bring
to market a reliable, robust version of
what is, essentially a larger regulator
IC, as opposed to a scaled-down power
supply. This advantage also helps
them to optimize their particular IC
design for best results.

The other benefit to having this
background is the level of support
these IC houses can offer the board
designer. If an on-board solution is
the final goal, IC houses-turned-
VRM-vendors have the means to of-
fer their particular regulator along
with a circuit diagram, bill of materi-
als, Gerber files, and any other form
of help necessary to implement a par-
tial to full board-level design.

At the extreme end of this com-
plete solution offering, companies
such as Celestica tend to actively
avoid the regular, commodity end of
the market, and instead focus on
high-end custom applications. Key to
Celestica’s converters is the power
ASIC (PASIC) that combines power,
analog, and digital functions on a sin-
gle chip. Using chip-on-board tech-
nology, the PASIC is soldered onto
an insulated metal substrate, and
wire bonded to form the electrical
connections. This method gives a
base reliability off the line of five mil-
lion hours MTBF.

The company is prepared to back up
its assertion of reliability and perfor-
mance by providing extensive qualifi-
cation testing at the system level. The
latest design, the model UHR-005-
BP4-029-SNV, takes a 5-V input, and
provides up to 12.4 A with an output
voltage that is 4-bit controlled in 100-
mV increments from 2 to 3.5 V. Specifi-
cations include an efficiency of 83%;
line and load regulations of 0.03% of
the output voltage, and 100 mV, re-
spectively; a transient response of
3.5% of the output voltage; and a ripple
of 3 mV. Output overvoltage and over-
current protection, as well as input un-
dervoltage lockout are provided.

Such custom design work, for the
most part, is unwarranted. Solutions

such as the AA39 from Astec America
Inc. are perfectly capable of meeting
the di/dt requirements (up to 124 A) of
the PentiumPro, with room to spare.
Along with a 4-bit VID, the module
comes with output crowbar and track-
ing overvoltage protection that varies
as the output voltage is programmed.
Despite the high performance lev-
els achieved by VRM manufacturers
to date, the rapid advances in tech-
nology and the laws of physics are
turning against them. It won’t be
long before symmetrical multipro-
cessing with two to four 20- to 40-A
ultra-high-speed processors becomes
the norm, breaking through the mod-
ule’s limitations. With the quick-and-
easy solution no longer viable, other
options, such as distributed power
architectures, will be essential. In
the meantime, VRMs will suffice for
a number of board iterations to come.

For more information contact:

Astec America Inc.
Carlsbad, CA 92009
Collon Lee (619) 930-4706
CIRCLE 540

Celestica Inc.

North York, Ontario, Canada
Chris Stratas 800-461-2913
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Garden Grove, CA 92641
Andrew Stewart (714) 898-8121
CIRCLE 542
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San Diego, CA 92121
George Hill (415) 966-7819
CIRCLE 543

Semtech Corp.

Newbury Pk. CA 91320

Tony Armstrong (805) 498-2111
CIRCLE 544

VXI Electronies

Milwaukie, OR 97222
Joseph Chang (503) 652-7300
CIRCLE 545

How VALUABLE CIRCLE
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MODERATELY 538
SLIGHTLY 539
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| Designing Power Systems
- Around Processor Specifications

Bigger And Faster Microprocessors Demand Close Attention To The
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succession of trends in micro-
Aprocessor technology is setting

new ground rules for supplying
power to these devices. The
changeover began when the high-
performance Pentium processor
broke with the traditional model of a
microprocessor, drawing its power
from the 5-V plane on the system
board.
|  With the advent of the Pentium
about three years ago, two major
changes occurred with respect to the
way in which power is generated and
distributed in a system. First, the
lower voltages required by advanced
chip fabrication processes drove sup-
ply voltages below 5-V. As a result,
designers of systems and power con-
version circuitry had to adapt to
lower, non-standard (and sometimes
variable) voltages. Second, the Pen-

tium ushered in the need for aggres-
sive power management for miero-
processors running in desktop sys-
tems. Such advanced processors
produce large, fast changes in the
current they draw, forcing designers
to use active voltage regulation
closer to the load. Initially, this was
not a problem because a simple solu-
tion for a load drawing less than 3 A
was to place a linear voltage regula-
tor near the microprocessor.

But microprocessor transistor
counts and operating frequencies will
continue to increase, leading to
larger current swings and the need
for developing design rules to handle
new and more powerful devices.
When properly followed, the appro-
priate design rules minimize prob-
lems and ensure that the processor’s
power supply will be a dependable

|
|
|

Rules For Power Conversion And Distribution.
STEVE GOODFELLOW and DON WEISS, Intel Corp. MS JF1-50, 2111 NE 25th Ave., Hillsboro, OR 97124; (503) 264-4110;

part of the system. Designers of mi-
croprocessors, computer systems,
and voltage regulation devices are
utilizing these approaches to create
solutions.

Chip Changes

Microprocessor supply voltages |
will continue to fall as processor fea- |
ture sizes continue on a steady down- |
ward path that has carried them be-
low 1 micron now and a projected
size of 0.2 to 0.3 um in the next two
years. Shrinking feature sizes allow
many more devices to be packed on a
chip, and transistor counts for Pen-
tium processors are now in excess of
1 million and on the rise toward 10 |
million (Fig. 1).

While processor geometries de-
cline, the frequencies at which they
operate have been rising since their
introduction in 1971. The older Pen-

[ Trassions tium processors run at better than |
N per die 100 MHz and internal clock frequen- |
108 - cies for the more advanced models
P ” are already at 200 MHz (F'ig.2). The
| 107 - growing number of devices on a chip ‘
PentiumPro together with increasing clock fre-
: 106 - Pentiym  processor quencies combine to produce larger |
| Intel4g6 processor currents than occurred with the ear- |
105 Intei3gs  CPU lier microprocessors, despite the |
CPy shrinkage of feature sizes.
10 In just a few short years, proces-
| sor current draw has increased ten-
1 fold, from about 1 A in 1992 t0 10 A |
[ today . The shorter clock cycles re- |3
‘ 102 sulting from higher clock frequencies | =g
W 4 mean that the processor is changing §
| states faster. And the state changes |5
| 1 : : l . : : include transitions'back and forth be- ' g
| 10 17 1980 1985 1990 1905 2000 fwegn low- and. hlgh-pqwer states |}~
| Source: Intel eading to an increasing rate of 3
| change of current (di/dt) at the B4
1. The number of transistors in microprocessors has increased steadily over the years as processor’s power supply pins. ¥
processing advances continue to permit smaller feature sizes. The latest Pentium processors The tremendous changes in micro- |§3
| contain over 1 million transistors and future devices may pack around 10 million. processor architectures and comput- g

|
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ing power demand a new set of de-
sign rules to provide sufficient power
for efficient and reliable operation,
but such a trend has been underway
for a few years. Power manage-
ment—the ability of devices in a sys-
tem to reduce their power consump-
tion when at rest—began with
mobile computers in response to user
demand for longer battery life. The
need accelerates as processors be-
come faster and larger and thus con-
sume more power. Power manage-

| ment moved to the desktop when

ELECTRONIC DESIGN / JANUARY20, 1997

government and commercial buyers
sought computers that consumed
less power during idle periods.

The result from a power supply
perspective is that the supply must
be prepared for a processor to shift
between high and low current-draw

in less than a microsecond. When desk-
top power management techniques
began growing four years ago, proces-
sors typically drew about 1 A (Fig. 3).
Any increase or decrease in current
was a manageable fraction of the of the
several Amperes supplied by the bulk
5-V supply in typical systems. But
then processors began todraw 2 to3 A
from a dedicated 3.3-V source. That
meant that the total load seen by the
supply could change quickly between
levels approaching its minimum and
maximum limits. With current loads
rising even more in the latest proces-
sors, the potential current swings have
grown accordingly.

System designers must power the
processor from a source that main-
tains acceptable efficiency at the
maximum load and remains stable at

the minimum load. At the same time
they must contend with the effects of
current transients encountering the
inductive elements of power distrib-
ution paths. An important design ob-
jective is to reduce the inductance in
the distribution path and to increase
the ability of power conversion cir-
cuitry to respond to current tran-
sients. The goal is to keep the supply
voltage within processor specifica-
tions by controlling Ldi/dt voltage
variations.

While computer system users sel-
dom place a premium on power man-
agement, it is an important consider-
ation from a designer’s standpoint.
The reason is that even if the system
is programmed carefully to avoid
power management states, load vari-
ations must be taken into account.

3.3 V: Here Today, Gone Tomorrow

Ithough Intel’s top-of-the line
Pentium Pro Microprocessor

runs off a 3.3-V power supply
and such supplies are very common
in contemporary computer sys-
tems, this voltage level may not be
around much longer. The prevail-
ing trend among processor manu-
facturersis to get away from indus-
try standard voltage levels like 3.3
V. Over the past few years, proces-
sor supply voltages have dropped
from 5V to 3.3 V and may go down
as low as 1 V in years to come, so it
becomes unlikely that a standard
voltage level will work for all de-
vices. The reason is that a proces-

sor must use a voltage that gives it
an optimum mix of performance,
which usually increases with a
higher supply voltage, and power
dissipation, which decreases with
supply voltage.

To anticipate the likelihood that
different processors could be used
in systems depending on their per-
formance/power requirements, de-
signers should develop a power
supply board that incorporates a
voltage regulator capable of read-
ing a supply-voltage code sent out
from the processor. The regulator’s
supply voltage varies according to
the code received from the proces-

sor. Pentium Pro processors, for
example, use a 4-bit code to tell the
regulator the voltage that they
need (see the figure and table).

A 150-MHz Pentium Pro oper-
ates from 3.1 V so it would send the
regulator a 0100 code to get the
proper voltage. A 180-MHz version
of the device runs best at 3.3 V
s0 its code to the regulator is 0010.
The table illustrates part of the
16-step range originally defined
by Intel for the Pentium Pro.
The addition of a fifth bit to the
code extends the range of supply
voltages below 2 V for future
Processors.

Prcocessor pins Vee |
| I T ' (Vdc) | VID (0:3]
VID3 VID2 VID1 VIDO :
1 1 1 1 No Valtage
CPU |
t 1 Processor regulator
1 1 1 0 21 |
0 1 0 1 30 | DR -
0 1 0 0 3.1 |
0 0 1 1 32 |
0 0 1 0 3.3 ‘
0 0 0 1 3.4 l
0 | 0 | 0 | 0 | 35|
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TECHNOLOGY PERSPECTIVE

PROCESSOR POWER MODELING

1000 E
L PentiumPro processor 50X
100 E
- ‘:‘ Pentium processor
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Source; Intel

2. Increasing clock frequencies improve the performance of Pentium processors, but higher-speed
operation increases a chip’s power dissipation. High-end Pentium processors are already ot 200

MHz and the trend is clearly up for future devices.

Even without externally driven !
power management, large parts of |
the chip vary their current demands |
as they shift back and forth between |
active and idle states. As they do, the E
sum of their currents can show up as |
asizeable current swing at the micro- |
processor’s Vi pins. E

)

Develop Models

Early in the process. developing a
power delivery system design re-
quires accurate models for the die

case change in current demand, the
voltage at the die remains within de-
sign levels. Figure 5 illustrates typi-
cal current waveforms at the inter-
faces. At the die level, voltage
transients must be viewed as aver-
aged over a processor clock cycle.
Progressing outward from the die to
the package to the board, granularity
increases from nanoseconds to mi-
croseconds. At each point in the path,
voltage specifications must ensure
that transients at the die do not ex-

and package. The Premium
Pro processor provides a
good example for examining
the delivery of power from
the wall to the chip. The die
and package models become
part of an overall simulation
model that includes inter-
face connectors, system
boards, voltage regulators 1

Amperes

10

PentiumPro processor

Pentium processor

1486 CPU

|
tend outside of the processor’s speci-
fied minimum or maximum voltage. |
The measure of effective power |
delivery is the voltage at the heart of
the die. If the supply voltage to de- ‘
vices in a critical path falls below a
specified minimum during a critical
clock cycle, the processor may mal- |
function. Voltages in excess of the |
specified maximum will threaten the
high reliability users expect from the |
processor. ‘
Meeting the V¢ voltage chal-
lenge begins with the chip manufac- |
turer. High frequency design tech- |
niques call for a power distribution ‘
system that keeps voltage transients
within specifications. The path re- |
quires low series resistance and in-
ductance and low-inductance and
low-resistance shunt capacitance.
Since the die itself creates changes in
current demand, on-die capacitors
are required to handle these fast
transients. This decoupling reduces
the worst-case current demand at
the package to approximately 4 A/ns.
Decoupling on the package is de- |
signed to reduce the current ramp at
the board to 1 A/ns. ‘
The system designer must deal
with this 1 A/ns worst-case transient
on the board. For example, to ensure
that the voltage level on the board
does not vary by more than +140 mV, ‘
the decoupling inductance is on the |
order of 140 pH since,

L = Vdi/dt 1
=140 x 10 (10%) = 140 pH.
Available high-speed ceramic |
surface-mount decoupling ca-
pacitors have inductances on
the order of 1 nH. Adding the
board’s trace and via induc-
tances results in an effective
decoupling-capacitor indue-
tance of 3- to 4-nH. Approxi-

and system power supplies
and constitutes a power de-

livery system model (Fig. Z
4). The simulation results
will lead to design rules for e

the use and placement of
high-speed and bulk decou-

1 i
1990 1992 1994 1996

Source: Intel

mately 30 such capacitors
would be needed to achieve
the desired inductance lev-
els. A further concern is the
distribution path from the
decoupling capacitors to the
voltage regulator. To ensure
that Ldi/dt drops are within

pling capacitors, and perfor-
mance and placement re-
quirements for the voltage
regulator.

The design consists of en-
suring that. with a worst-

3. Dramatic changes in microprocessor current draw in the last few
years are a result of increased packing density of transistors on a chip
and higher operating frequencies. This places great demands on the
performance of power-delivery systems, particularly with respect to
current transients, which are many times greater than the steady-state
valve.

tolerable levels, the high-
speed decoupling must be
sufficient to reduce the effec- |
tive current ramp seen by
the voltage regulator to 30 |
A/us. This requires that the
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4. A partitioned power-delivery system requires accurate models of the die, package and all
of the boards, interconnects and other components that comprise the total simulation model.

regulators.

high-speed capacitance provide about
30 uF of total filtering capacitance.
The design implementation of this
would consist of 30 1-uF ceramic de-
coupling capacitors on the board. As
the microprocessor industry pro-
gresses to more sophisticated pack-
ages, the package can include these
capacitors, eliminating the need for
them to be mounted on the board.
The voltage regulator supplies the
current required by the processor
while maintaining required voltage
levels. A slew rate of 30 A/us is be-
yond the capability of conventional,
cost-effective regulators so low-ESR
bulk capacitance is required. This ca-
pacitance will be typically on the or-
der of tens of thousands of pF to
meet slew-rate requirements, and
[ with a parallel equivalent resistance
| of less than 10 mQ. The actual
amount of capacitance will vary with
the response time of the regulator so
an integrated approach is needed. In
addition, the regulator must have ad-
ditional bulk capacitance at its input
to keep the current transient it pre-
sents to the system power supply
within 0.04 A/us to minimize supply
transients. Otherwise, the regulator
could induce transients on a 5-V in-
put from the system power supply

From this model comes the decision on where to place decoupling capacitors and voltage

that would upset logic devices and
cause random system errors.

Many system manufacturers meet
these requirements with voltage reg-
ulator modules that contain the bulk

— ]
|

capacitors. System designers can |
choose to put low cost, standard |
headers on their boards and use volt-
age regulator modules available from
a number of vendors. A header pro-
vides an upgrade path for board im-
plementations that can be adapted to
future processors.

An obvious design goal is to place
the voltage regulator as close as pos-
sible to the processor. However, a
number of other devices should also
be close to the processor, including |
those that must communicate with it
across its high-performance bus. ‘
Maximum spacing from the regulator
to the processor is a function of four
factors: The overall voltage error
“budget,” the per-inch resistance and
inductance of the interconnect, the
maximum current level, and the
worst-case current ramp.

Toward The Future

Advancing processor technology is
pushing supply voltages down to-
wards 1V (see “3.3 V: Here today,
gone tomorrow,” p. 54). Figure 3 sug-
gests that maximum currents could
be heading up towards 50 A within
the next few years. This will strain
power delivery technology and will
require close cooperation between mi-

25 +—

(07— T

Bulk decoupling
(De/de converter)

Current (amperes)

Package decoupling
-10

Local decoupling

1
P ——

5. Typical current waveforms at the interfaces of the processor packoge and circuit board show
that the steepest current transients occur dosest to the die and reduce in severity moving
outward towards the local voltage regulator. The key is to ensure that the voltage at the die

does not exceed specified design levels.
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croprocessor manufacturers such as
Intel and the power conversion indus-
try to develop solutions for the chal-
lenges ahead. These types of solutions
must achieve the following goals:

Xantrex Gives Your Next Project | |- advncesinsubsirate eemor

ogy and new capacitor designs will be
A Powerful Heud Start required to decrease the effective in-

° ductance of on-board decoupling ca-
pacitors to less than 10 pH.

¢ Larger values of bulk capacitance
will be required with no increase in
capacitor volumes. Falling supply
voltages help in this case by allowing
lower rated voltage for capacitors.

* Regulator efficiency must be main-
tained at a level above 80%. This can
only be achieved by the development of
lower on-resistance switching FETS.

* The power delivery system itself
also must be revisited. In future sys-
tems of this type, a centralized multi-
ple-voltage power source, such as those
that are already used today in personal
computers, may not be as cost-effective
as a more distributed approach. The
optimal power distribution design may
consist of a power source with only one
or possibly two voltage outputs with
the remaining voltages, supplied by
point-of-load regulators.

¢ Finally, the solutions must meet
the product cost structure of the sys-
tems using microprocessors.

Power Supplies That Deliver Power You Can Rely On.

Model

XHR 60-18 Steve Goodfellow is Program

Manager for Industry Enabling in
Intel’s Microprocessor Division 6.
He works with developers of tech-
nologies such as power conversion,
preparing to handle the needs of sys-

Imagine the flexibility to control power When you order your power supply
sources anyway you want! Well you can with from Xanirex, we're all involved to ensure
Xantrex power supplies. Now you'll have no you get whot you need exactly! And, we

limits on your ability to create and fest your pay the shipping costs. Order from Xantrex tems using advanced microproce-
next innovative project. Xantrex guarantees today and receive the benefits of reliable sors. He holds a BS in electrical engi-
consistent, precisely-controlled power. Choose power. Call 1-800-667-8422. neering from MIT, Cambridge,

from o wide variety of products-60 watts 1o 6 Mass., and an MBA from Indiana
University, Fort Wayne.

kilowatts. Control them with 10 turn pots to fibre
optics. Or, fell us what your specific needs are Don Weiss is a Senior Staff De-
and we'll design and deliver  customized power XAN TR E x sign Engineer in Intel’s Platform
supply-on time and on budget. The Power To Rely On Architecture Lab. He is directly re-
sponsible for ensuring that the in-
dustry has economical power deliv-
ery solutions in place for Intel’s
leading-edge processors. He holds an
MSEE degree from Stevens Institute
of Technology, Hoboken, N.J.
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Cleaner switching.
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* Optimized for high-frequency. high-voitage applications
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like power supplies and lighting ballasts.

® . pramatic cost and performance improvements for
your designs.

* 85% reduced Miller capacitance significantly

Powe r § M O S F ET improves dv/dt immunity.

IR Higher Efficiency

Gate Charge Waveform By simply plugging in our Low
Charge HEXFETs, your existing
design will switch faster and with
greater efficiency, thanks to a gate

charge reduction of 40%.
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to reduce or eliminate your
snubber circuitry. Reduce your
gate drive costs with its lower
gate charge. And eliminate your
gate clamping zeners with its
30V maximum Vgg rating.

SpE—

[l
D Standard
- IRF740

aaagllanania
\AAAS RAREA N

oy Low Chargs
[ ———— t,, Sandord ———P

——=-—t -~

LY Cleaner Switching

For the same gate drive, Low
Charge HEXFET power MOSFETs
cut switching time in half.

Or, if you have an existing design
that rings or oscillates, you can
use the Low Charge HEXFET
(plus a larger gate resistor value)
to achieve cleaner gate drive

) waveforms at the same frequency.

Low Charge HEXFETs
are the solution.
TO-220

TO-247 /

AXEEXEXNY

( More Power To You.

IRF740LC-400V, .55(), 10A

IRFP350LC--400V, .30, 18A - - X
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IRFBCA40LC-600V, 1.21), 6.2A IRFP450LC-500V, .404), 16A ‘ g
IRFPA60LC-500V, .27, 20A I‘)R P _CT rer
IRFPCS50LC--600V, .60(, 13A i \\s '

' 1 ) IRFPC60LC-600V, .404, 16A

Fax-On-Demand: Doc #151
For a completz list of IR Low Charge HEXFETs, call our US 310-252-7100

Fax-On-Demand system. UK 44 1883 733 420
1997 intecnational Rectifier Corporation Internet: hitp:/www.irf.com
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| "~ PRODUCT INNOVATION

A 20-kHz Switcher Adapts
UPSs For Consumer Use

By Changing From 60-Hz to 20-kHz Operation, A
Flyback Switcher Cuts The Size, Weight, And Cost
' Of A 250-VA, 120-V Uninterruptible Power Source.

FRANK GOODENOUGH

ost of today’s uninterruptible
[ Mpower supply (UPS) designs

use a line-frequency (isolation)
power transformer regardless of
whether they have a high or low
power rating. These transformers,
consisting of bulky beige boxes have
a reputation of being difficult to use
and unsightly in a typical home-office
environment.

In an effort to improve these de-
vices, designers at American Power
Conversion (APS) devised a low-cost
and attractive 250-VA (150-W) UPS
using high-frequency switching reg-
ulator techniques. Packaged as a new
product called Back-UPS Office, the
power source is readily manufac-
turable, and is contained in a rugged
package with dimensions of just 2.7-
in. high, 16.9-in. long, and 7.15-in.
deep (F'ig. 1). The power source
| weighs in at just over eight pounds,
fitting neatly under a desk or hang-
ing on a nearby wall.

When utility power fails or goes
into brown-out conditions, Back-
UPS Office provides 250
VA of 115-V, of ac line
power for up to six min-
utes. That’s more than
enough power to handle at
least three system-critical
components, such as a per-
sonal computer, monitor,
and external storage de-
vice. In addition, this UPS
provides surge protection
for both ac and telephone
lines. The latter protection
is aimed at Internet users
and network data lines. To
facilitate this function, the
unit includes

gle-line- or network-compatible
jacks.

Like most UPS devices, Back-
UPS Office consists of five major
functional blocks: a battery (sealed
lead-acid type), a battery charger, an
ac-dc inverter, an input-output surge
protector and filtering, and a micro-
processor-based controller.

Alternate Switching

As previously noted, in many of to-
day’s line-frequency UPS designs,
the inverter’s power FETs alter-
nately switch the relatively low bat-
tery voltage (typically 12 or 24 V)
across the primary winding of a step-
up transformer at the line frequency.
The transformer raises the battery
voltage so that the ac line voltage ap-
pears across its secondary winding.
The output waveshape is a rec-
tanglar pulse with peak and rms val-
ues equivalent to the pure sinusoid
provided by the utility.

To maximize flux coupling be-
tween the transformer’s primary and

F T SN l
a 1. The user-friendly UPS from American Power Supply, called Back-UP$
modem/10Base-T network Office, is a 250-VA uninterruptible ac-line power source that’s designed
cable port consisting of sin- for consumer use. It tokes up less than 340 in.3 and weighs eight pounds.

secondary windings at the line fre-
quency (60 Hz), the power supply
must use a large, heavy transformer
with a core of laminated iron. A typi-
cal 250-VA, 60-Hz transformer can
run up to 36 in.? in volume (about four
inches per side), and can weigh sev-
eral pounds.

To beat the weight and bulk prob-
lem, APC designers switched the op-
erating frequency of the inverter
from the typical 60-Hz line frequency
to 20 kHz. That change allowed them
to use a smaller and lighter, ferrite-
core transformer. Instead of first
converting the battery voltage to ac,
and then raising it to the line voltage,
the power supply first converts the
battery voltage to a higher de volt-
age using a 20-kHz flyback-topology
dc-de converter.

The dc output voltage of the fly-
back converter is set at the equiva-
lent of the peak value needed by the
UPS. A power MOSFET bridge con-
nects this high-voltage bus across
the load at the line frequency to per-
form the inversion to ac.

Some Squeeze
The new circuit also makes the
UPS more manufacturable. The 20-
kHz transformer is about nine cubic
inches in volume (its dimensions are
. under two inches per side),
N .
"‘ and weighs only a few
"~ ounces (Fig. 2). That’s
] small enough for designers
Y to make use of automated
¥ pick-and-place mounting
on the pc board during
manufacturing. The larger
60-Hz transformer usually
requires bolting or riveting
to a metal chassis, which
adds more weight.

The final assemly process
is performed manually due
to the unruly flexible wires
needed to connect the line
cord and battery to the pe-
board assembly. As a re-
sult, APC’s designers fo-




You know how important it is to
be cool. So do we. That’s why we
developed new ultra high efficiency
half brick DC/DC converters.
Designed with advanced planar

technology, these devices not only
look interesting, but will provide you
with the highest usable power density
in the industry. In addition, our
patented design is so rugged, units
are delivered standard without lids or
potting for optimal airflow. They’re
even water washable.

These half bricks are ready for
quick plug-in with standard pin outs
and electricals, and in many cases,
may not need fans or heat sinks.
What’s also cool is that they’ll outlive
anything you’ve ever used before.

So what are you waiting for? Pick
up the phone and give us a call today.

Fax: 617-782-7416
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50-100 Watt DC/DC Converters*

* Broad 34-75 Vdc Input Range

* Remote Sense

* Remote Shutdown

* Thermal Protection

* 1500V Isolation

+ Constant Frequency

+ Case Size: 2.0" x 2.28" x .490"

* Meets Worldwide Safety
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* Lower power units and smaller packages also available.
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Looking for

Consultants?

EEE-USA's Directory of Electrotechnology

Comsaltaats is a must for any company or
institution that uses technical or
management consuitants. The Directory lists
independent consuitants who are operating
as sole practitioners or in small businesses
and also gives detailed information regarding
specific areas of expertise.

Prepared by the Coordinating Committee
of the Alliance of IEEE Consuitants’
Networks, the Directory is available as a
searchabie database on the Web at <http//
www.ieee.org/usalyDOCUMENTS/CAREER/
AICN/dbform.htm!>

Or, for a free hard-copy version, contact

Bill Anderson at:

THE INSTITUTE OF ELECTRICAL
% AND ELECTRONICS ENGINEERS, INC.

IEEE United States Activities
1828 L Street. NW. Suite 1202
Washington. DC 20036-6104

Phone: 202-785-0017 Fax: 202-785-0835
Email: w.anderson@eee.org
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2. Instead of using a 60-Hz step-up /isolation transformer at the output of its inverter, Back-UPS
Office switched to a 20-kHz fly-back topology switcher. As a result, American Power Supply
designers cut the size of their transformer from 36 in.3 to 9 in.5.

cused on adding as much value as
possible to the pc-board assembly
and the enclosure early on in the de-
sign cycle. The end result is that no
wires or fasteners are required to
connect and mount bulky items such
as the power switch, the circuit
breaker, or the indicators.

Meeting Consumer Demands
Because Back-UPS Office is de-
signed for consumer use in the home,
battery replacment had to be implie-
itly safe and easy. It’s impossible to
switch a battery off, so using a battery
meant that an inherent energy hazard
had to be addresed. That is, designers
had to make it impossible to short out
the battery while it’s being changed.
To solve this problem, APC’s de-
signers teamed up with battery ven-
dors to design a battery whose termi-
nals are recessed into its high-impact
plastic case. To cut the risk of acciden-
tally touching the connecting wires,
shrouded quick-disconnect terminals
are employed. The enclosure’s bat-
tery compartment is covered by a lid
that’s removed by pushing two flexi-
ble locking tabs. Consequently, bat-
tery replacement is as simple as re-
placing the batteries in a TV remote
control. There’s no worrying about
hazardous energies, or the need for
complicated instructions or tools.

Back-UPS Office operates from an
input-voltage range of 98 to 132 V ac
and over an operating-temperature
range of 5 to 113°F. It takes 6 ms
(maximum) for the battery to kick in
after line power fails. The surge en-
ergy rating/peak current capacity is
240 Joules/6500 A. In the course of
operation, the UPS dissipates 27
BTU/hour on line, and 85 BTU/hour
running from the battery.

Battery recharge time can be from
8 to 12 hours. The most pertinent
measure of a UPS’s performance is
its battery run time. A sampling of
Back-UPS Office’s run times for var-
ious PC products is: 5 to 6 minutes for
a Pentium 133 with a 15-in. monitor;
6 to 10 minutes for a Pentium 125
with a 15-in. monitor; 7 to 13 minutes
for a Pentium 100 with a 15-in. moni-
tor; and 14 to 21 minutes for a 486/386
with a 14-in. monitor.

PRICE AND AVAILABILITY

The Back-UPS Office costs §17"

American Power Conversion, P.O. Box
278, 132 Fairgrounds Rd., West Kingston,
R101892; (401) 789-5735; fa.r: (401) 789-
3710. CIRCLE 556 [
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New Product Update

Analog Front End Chip for HDSL/MDSL Systems

AFE1103, AFE1104, and AFE1105 are the first members of a family of Analog Front Ends
(AFEs)—these single-chip solutions greatly reduce the size, cost and power requirements
ot an E1/T1 rate HDSL or MDSL system by providing the active mixed signal circuitry
needed to connect an HDSL digital signal processor te the existing telephone company's
twisted pair infrastructure. Designed for HDSL systems from PairGain Technologies,
Brooktree, and Metalink, they feature a scaleable data rate to allow operation over a range
of 196kbps to 1.168Mbps. Their transmit and receive filter responses change automatically
with clock frequency. Each device is composed of transmit and receive sections.
Applications for HOSL systems with these AFE chips inciude Internet access, T1/E1
transmission, MDSL, wireless base stations, network switches, routers, and internet-
working. Key specs are: scaleable data rate, 250mW dissipation, and +5V single power
supply. Packaged in a 48-pin SSOP and priced from $13.40 in 10,000s.

Reader No. 81 FAXLINE No. 11331, 11330, 11346

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

ADS7824 and ADS7825 are low power, monolithic 12- and 16-bit sampling A/Ds with
4-channel input multiplexer and a parallel/serial output pprocessor interface. Both can be
configured in a continuous conversion mode to sequentially digitize all four channels—
ideal for industrial process control, and test & measurement. Key specs: +2 LSB max INL
(ADS7825), 0.5L.SB max INL (ADS7824), 16 bits DNL no missing eodes, single +5V
supply, and S0yW power down mode. Available in a 28-pin 0.3" DIP or 28-lead SOIC.
ADS7824 is priced from $12.30 in 1000s; ADS7825 from $34.50.

Reader No. 82 FAXLINE No. 11303, 11304

Burr-Brown Corporation

A

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

ADS7820 and ADS7821 are 12- and 16-bit, 100kHz sampling
A/Ds. Their 0 to 5V input range, combined with single 5V
supply, make them ideal for industrial process control, test
and measurement, and analytical instrumentation applications.
ADS7820 key specs: 72dB SINAD with 45kHz input, and +1/2
LSB INL/DNL. ADS7821 key specs: 86d8 SINAD with 20kHz
input, +3 LSB max INL, and no missing codes. Available in a
28-pin 0.3" DIP or 28-lead SOIC. ADS7820 is priced from
$10.25 in 1000s; ADS7821 from $28.70.

Reader No. 83 FAXLINE No. 11322, 11323

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

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

Reader No. 84 FAXLINE No. 11336

PG

New Sacono?, ..
Low Cost Stereo Audio D/A

PCM1720 is a SoundPLUS, low cost stereo audio D/A complete
with 3rd-order Az modulator, digital interpolation filter, and an
analog output amplifier. It accept 16- 20-, or 24-bit input data
in either normal or S formats, and operates at sampling fre-
quency up to 96kHz. Key specs: 256fs or 384fs system clock,
single +5V power supply, multiple sampling frequencies, and
left, right, mono, mute output modes. Packaged in a small
20-pin SSOP (fine lead pitch) and priced from $3.30 in 1000s.

Reader No. 85 FAXLINE No. 11333
BURR - BROWN?®

Burr-Brown Corporation * P.0. Box 11400 « Tucson, AZ « 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 * http://www.burr-brown.com/



IMPROVE

Your PCS Receiver’s

PERFORMANCE

With NEC's New Miniature

99¢ GaAs HEMTs

INTRODUCING THE NEw NE34018...

w +30dBm Output IP3 @ 2GHz

W -/8dB Input Return Loss @ 2GHz
® 0.8dB NF, 16dB Gain @ 2GHz

| 99¢ in 100K quantities

...IN ULTRAMINIATURE PACKAGES:

° o L

Housed in SOT-343 packages (right), these new HEMTS
are nearly half the size of conventional SOT-143 devices.

PLus Two New SOT-343 MESFETs!

NE76118 MESFET

® 0.8dB Noise Figure @ 2GHz
W /3.5dB Associated Gain @ 2GHz

® Use as an oscillator, 2nd stage LNA,
or buffer amp

W 72¢ in 100K quantities

NE25118 Dual Gate MESFET

® 20dB Power Gain @ 900MHz

m /./dB NF @ 900MHz
Use as Mixer, AGC Amp, or LNA
W 57¢ in 100K quantities
Booth

615

Wireless
Show

NEC

4590 Patrick Henry Drive

Need a high performance first stage LNA for your PCS,
GPS, or WLAN receiver? Our new NE34018 GaAs HEMT
delivers! You get low noise and high output IP; all in
a low cost, superminiature SOT-343 plastic package.
Nearly half the size of a conventional SOT-143 device,
the NE34018 can help miniaturize your handheld
wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of new

miniature plastic transistors from NEC.

If you'd like more information, call our CEL/FAX automated

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

Noise Figure (dB)

s Santa Clara, CA 95054

»

-

NE34018 NoiSe AND GAIN PERFORMANCE

“"! 25

{ [ 20 %
f o {15 g
10 &
' 0
4/’nr/
’ |
1 2 3 4 5 6 789
Frequency (GHz)

For instant Product Data by fax, call:

800-390-3232

For a data package call our
24 hour automated Fax
number and request
Document #144

(U.8. and Canada)

-..Or visit us at
http://www.cel.com

California Eastern Laboratories

s 408 988-3500 = http://www.cel.com
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M Exploring the world of analog, mixed-signal and power developments

Architectural Breakthrough Moves
Conversion Into The Mainstream

8-bit, 200 Msample/s ADC Dramatically Reduces The Number Of
Comparators Needed, Die Size, And Power Consumption In
Comparison With Flash Converter Technology.

vercoming some of the
Obasic limitations of the =

ECL-compatible flash
converter has been a need of
designers working in the
high-speed arena. Power con-
sumption of flash technology
is relatively high and track-
and-hold circuits (necessary
to eliminate aperture uncer-
tainty, or jitter) have gener-
ally been expensive and are
external to the chip.

The AD9054 from Analog
Devices is made on a new
high-frequency process with
an integral track-and-hold
amplifier. It employs a novel
architecture using a bit-per-
stage string for the four most-
significant bits (MSBs), with
the four least-significant bits
(LSBs) derived from a 4-bit flash
converter (Fig. 1). (In the few flash
converters available with track-and-
hold amplifiers on-chip, the power
dissipation for the IC is higher than 5
W.)

Optimized For Speed

The AD%054 is an 8-bit monolithic
analog-to-digital converter (ADC)
optimized for high-speed operation,
low-power dissipation, small size,
and ease of use. The encoding rate is
at least 200 Msample/s while the full-
power (-3-dB) analog bandwidth is
typieally 380 MHz. The input inter-

Paul McGoldrick

pF of input capacitance. The

master-slave setup allows the
input to be optimized while
isolating the ADC from duty-
cycle variations of the clock.
The performance of the track-
and-hold ampli-
fier is better than
that which could
be 1dentified as an external
component to a flash con-
verter, while novel cireuit
techniques have been de-
. signed to maintain harmonic
* distortion performance up
through the Nyquist fre-
| quency in the all-npn process.

. Both second and third har-

faces directly to TTL, CMOS, or pos-
itive-ECL levels in either a single-
ended ot in a differential mode. With
a built-in +2.5-V bandgap reference,
most cireuit applications will require
only the provision of a +5-Vpower
supply and an encoder clock source.
Clock and control signals also can be
driven in single-ended fashion or dif-
ferentially at TTL, CMOS, or PECL
logic evels.

The IC has two built-in track-and-
hold amplifier stages with the first
acting as a buffer in a master-slave
arrangement (Fig. 2). Input resis-
tance is typically 65 kQ with just 2

~ monic distortions are at —60
~ dBc for an input frequenecy of
10.7 MHz, and -56 dBec for 76
MHz, while two-tone inter-
modulation distortion is at —60 dBc.

A Patented Architecture

The bit-per-stage encoding is
formed by a patented Analog De-
viees architecture called MagAmp
(magnitude amplifier.) Each Mag-
Amp determines one bit and passes a
residue signal on to the next stage;
the residual from the fourth Mag-
Amp passes to a 4-bit flash converter
(Fig. 2, again).The segmentation be-
tween the MagAmp and the flash
was determined as the best compro-
mise between speed, power and die
size. The number of comparators in a
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ANALOG OUTLOOK 200-MSAMPLE/S ADC|

— -

flash analog-to-digital con-
verter would be 2" - 1, which
for an 8-bit converter would
| be 28 -1 = 255, With the Mag-

Amp / flashconverter

arrangement, the comparator
| count is dramatically reduced

with 2¢ —1 = 15 comparators
| for the 4-bit flash plus one
| comparator for each Mag-
Amp, yielding a total com-
parator count of 19. This is a
dramatie savings in the com-
parator array design and

creating the residue signal for

the next stage or the flash. The out-
put of the MagAmp is a folded replica
of the input with the location of the
| fold being designated by the com-
parator trip point (Fig. 3).

The same single-bit-per-stage ar-
chitecture has been used in previous,
but slower, Analog Devices’ products
such as the following devices: the
AD9042 (12-bit, 41-Msample/s) for
terrestrial base-stations; the
AD9057 (8-bit, 60-Msample/s) for
| camcorders; and the AD9059 (dual-

version of the AD9057.)
} To maintain the highest possible
bit-error rate (BER), the data from
| the MagAmp and flash sections of
| the encoder are in gray-scale format.
I A separate decoder converts the
data into binary format and feeds
| them to a switchable 2:1 de-multi-
plexer, and is user-selected through
a Format select line to give either
dual- or single-channel outputs (Fig.
2, again)

| digital output is interleaved to the

two 8-bit TTL output banks (each at

| one-half the clock rate) such that the
ADC can be operated at the full 200-
Msample/s conversion rate. With the
demultiplexer switchedto the
off,condition, the digital output is di-
rected at only the A output bank and
the data conversion rate is limited to
100 Msamples/s.

In the demultiplexed condition,
the cost and speed of the external
digital interfaces is considerably re-
duced by providing TTL-compatible
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gives large power reductions. 1.200-MSample/S Analog-to-

The MagAmp cell consists with this 8-bit, low-cost device from Analog Devices. The
of a comparator cell plus an AD9054 employs a novel architecture that dramatically reduces
amplifier. The comparator de- the number of comparators needed, makes for a small die size,
termines the bit and sign of and cuts down on power consumption compared with flash
the signal with the amplifier technology.

digital conv

outputs. This allows the converter
to interface with standard
TTL/MOS gates, including those in
ASICs. Sixteen TTL outputs could,
however, have produced a consider-
able drain on the power-supply rail
so it was necessary to produce a de-
sign having variable-drive capabil-
ity

The circuit determines drive cur-
rent based on the difference between

ersion is possible

]

and the output stages can switch
| 10 pF at 100 Msample/s. The data
align input information from the
user aligns the data with specific
| encode edges to ensure the out-
8 puts end up at the expected
ports.

| CMOS Without The Oxide
The AD9054 is being fabricated
| in a new high-frequency process,
known as EP-107, in Analog De-
| vices’ wafer fab facility in Lim-
erick, Ireland. The semiconduc-
tor process is actually a 0.6-um
biCMOS one with an fp of 20 GHz
produced on 6-in. wafers.

The performance of the npn
transistors in the circuit gives
the breakthrough encoding-rate
speed and analog bandwidth of
the IC. The oxides in the biCMOS '
process had, however, not been |
qualified at the time of the design of ’
the ADC. As a result, the present
circuit is completely fabricated in
bipolar technology and it therefore
can be compared directly with
bipolar flash converters which
typically dissipate 2 W at the
150-Msample/s mark but are bur-
dened with the limitations of ECL

the internal control signal and the ex- ! output levels and external latch-and-
ternal data bit. Only small amounts | hold, circuits compared to the
of steady-state current are drawn | 500 mW dissipation of the AD9054
Tra:l(- :
and-
hold 1 MagAmp1| |MagAmp2| |MagAmp3| |MagAmpd
= > -
Input §
Track-
and-
hold 2 I
Gray to binary decode
2.5V
sy %
2:1 demultiplexer
Clock 1 1 |
¥ 8-bit TTL outputs 841t TTL outputs
timing
‘— generalor I8 o8
Encode Encode Format 078-D08 OADIA  Data Dala
select align align
2. Block diagram of the Analog Devices’ AD9054 shows the split architecture of MSBs being
encoded by MugAmps (mognitude amplifiers) and the LSBs by the flash.




Introducing The Fluke Lifetime
Limited Warranty For Multimeters.
Some things you buy on a whim. And
regret later. But now we have something
you'll never regret: genuine Fluke Digital
Multimeters, backed by our new lifetime

limited warranty.

Every member of our rugged and
reliable Fluke 20, 70, and 80
Series DMMs now comes with
our new lifetime warranty.
That’s a lifetime longer than
standard warranties on the other
bargain-basement meters.

Which is reassuring. As is knowing that

you've already purchased the DMM
known for its unsurpassed quaiity,
reliability, accuracy, and ruggedness.

Limited
Lifetime
Warranty!

FLUKE.

Some
things
come
and go.

<- [ |

Others
last a
lifetime.

Every Fluke multimeter is built in the
United States, under a quality system
certified to meet ISO 9001 requirements.
They're easy to use, with faster response
times that give you readings in seconds,
and at a glance.

It's no wonder millions of professionals
have chosen Fluke DMMs as the only
name they trust.

For more information on the
DMMs that last a lifetime, call
Fluke today at 1-800-44-FLUKE.

Or visit our website at

www.fluke.com. It's one move
you won't live to regret.

Fluke. Keeping your world
up and running.

¢ 1996 Fluke Corporation. P.O. Box 9090, M/S 250E, Everett, WA, USA 98206-9080. U.S. (800) 44-FLUKE or (206)
356-5400. Canada (908} 390-7600. Europe (31 40} 2 678 200. Other countries (206} 356-5500. All nghts reserved

FLU-262-101.
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Power
Amplifier
Solutions

With more than 80 models
of high power, high voltage
and PWM amplifiers, Apex
Microtechnology has the
off-the-shelf solutions to help
trim your design time. You
work smarter, faster. Besides
a reduction in design time,
you'll reduce your circuit’s
size and weight, reduce
procurement time and costs.
You'll also benefit from the
higher reliability that's built
into each Apex hybrid and
monolithic power amplifier
design.

Free Data Book and
Application Notes
Information on all 80 models
of Apex power and PWM
amplifiers is provided in the
new 7th edition Apex Power
Integrated Circuits data book.
To request your free copy,
call 1-800-862-1021, fax
520-888-3329, or e-mail
ProdLit@teamapex.com.

Or visit our web site at
www.teamapex.com.

&

www.teamapex.com

Put Your Design

PA4E

A Low Cost, High Voltage Combination
has this Power Amplifier Stacking up on
Piezo and ATE Driver Boards Thanks to a
Space-Saving Single-in-Line Package

When vou combine the PA42's $17.90 price tag
in LOK pieces with its footprint measuring less
than one fourth that of a TO-3 package, the
PA42 is the choice for high density applications.
lts 2mA maximum standby current is also
consistent with high density, and remember, this
monolithic is rated up to 350V total supply and
120mA output.
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Dynamic Focus, CRT Display

PA45

One Die Does it All for this Monolithic
Power Amplifier Rated at 5A Output,
150V Total Supply, Making it Ready to
Drop into Transducer Drives And
Magnetic Deflection Applications

Going bevond the realm of most hybrid power
amplifiers. the monolithic PA45 pushes a 150%
supply range while delivering up to 54 output
current, and a 27V/ps slew rate. The PA45 is
capable of 85W of power dissipation and is
priced $17.90 in 10k pieces.
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Simple Piezoelectric Transducer Drive

PAOS

More Power, More Speed, More Internal
Dissipation Make the PAO5 a Power
Amplifier Player in Linear, Rotary Motor
Drives, and Sonar Transducer Drivers

It it's speed with power vou need. then the PAOS
provides 304 of output current at 4 100V/gs.
The PAOS achieves this exceptional speed on a
100V total supply while it internally dissipates
up 1o 250W. A very flexible power op amp, the
PAOS features external shuidown control,
optional hoost voltage inputs and thermally
limited output stages.

7 i
*ULTRA-'

SONIC
| DRIVE

V. TUNED
TRANSFORMER

Sonar Transducer Drive

PAA?

This Hybrid Keeps its Cool While
Running on High Voltage Supplies and
Delivering 200mA Continuous Current

in Programmable Power Supplies and HV
Instrumentation Applications

The PA87 combines a 450V total supply with
200mA of continuous output current while
running cool with only 3.8mA max standby
current. This makes the PA87 an autractive
solution for driving lurge capacitive loads and
powering piezoelectric applications. Its [0-pin
hermetic SIP package makes the PA8T a
solution that's easy to apply and certainly worth
considering.
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On The Fast Trac

Power
Amplifier
Solutions

PA26

Two 2.5A Rated Amplifiers on One Die,
in One Package, Priced $3.45*, Are the
Many Reasons this Power Amplifier is a
Popular Fit for Half, Full Bridge Motor
Drivers

9A50

This Low Cost, Complete H-Bridge
Hybrid PWM Amplifier Is Available
Fully Screened To MIL-H-38534

The $450 offers full bridge operation up to
80V with 5A of continuous output. Rated
97% efficient, the SA50 delivers up 10 400W
to the load. Inside its hermetic. TO-3
package. this hybrid contains smart
lowside/highside drive circuitry, as well as
internal PWM generation 10 allow
switchmode operation from an analog

The PA26 saves valuable real estate by putting
two 2.5A rated power amplifiers on a single die,
in a single 12-pin SIP package. The PA26
provides the fit for bridge mode configurations
or applications designed with multiple ampli-
fiers per board The PA20 is also extremely

affordable priced at “$3.45 in 10K pieces. signal.
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Bidirectional Small Motor Drive Servo Motor Driver

afA01

This Industry First Hybrid PWM Amplifier Switches Its Way To 97% Efficiency And
2000W of Power in Brush Type Motor Control, Reactive Load Applications

\lso known as « switching or Class D amplifier, the SA01 is an industry first hybrid P¥M (Pulse
Width Modulated) amplifier. High efficiency is the beauty of PWM technology, and with a 97%
cfficiency rating, operational on single supplies up 10 100V and capable of 20A continuous, the SAQ1
can deliver up to 2000W to the load while reducing the need for bulky, space consuming heatsinks.
The SAO1 is also loaded with thermal protection features inside its hermetic power-dip package
measuring just 2in?.
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Motor Drive With Tach Feedback
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B PWMA pllﬁers * Under development
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For Immediate
Product Information
Call 1-800-862-1021
or FAX (520) 888-3329

To Request Our Free
Data Book Online
E-Mail: ProdLit@teamapex.com
or http://www.teamapex.com
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Apex Microtechnology Corp.
5980 N. Shannon Road
Tucson, Arizona 85741-5230
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ANALOG OUTLOOK 200-MSAMPLE/S ADC|

with the analog bandwidth secured
internally.

Interesting Applications

The fact that the ADC is bipolar but
is on a biCMOS-based process allows
for some very interesting future de-
sign projects with the AD9054 at its
core. The applications of the AD9054,
as is, will include medical imaging
processors, digital instrumentation,
digital data storage channels and
video processing. Those sound rather
basic but there are some enormous im-
plications. In digital instrumentation,
for example, where the existence of
the IC could open up a completely dif-
ferent, and larger, range of digital
storage oscilloscopes, previously the
cost of high-speed flash ADCs was
only part of the implementation prob-
lem, with the input analog circuits be-
ing a major, separate, limitation.

In video, 8-bit processing for RGB
analog-to-digital conversions is cur-
rently sufficient for the display mar-
ket, but the devices have not been
available for the conversion of the
higher pixel rates. With three chan-
nels of AD9054 ICs operating at 200
Msample/s, the pixel rate needs for all
display modes up to 1280 by 1024 are
covered, and most of the 1600-by-1200
rates are covered as well (frame rates
of 75, 80 and 85 Hz produce pixel rates
between 202.5 and 229.5 MHz.) This
opens up the possibility of direct drive
by analog RGB signals into high-reso-
lution scan converters, LCD monitors
in projection, and micro-mirror and
plasma forms. It is expected that a
number of video products that use the

FULE POWER TRUT BANUTIIDT

4. Performance curve for the AD9054 shows the plot of signal-to-noise + (distortion) ratio

(SINAD) aguinst the input frequency.

same process will be coming from the
group in Limerick in the near future.
The ADC also opens up another
segment of the direct-conversion
market in the general communica-
tions sectors with quadrature-ampli-
tude modulation (QAM) demodula-
tors for cellular and satellite
base-stations and the implementa-
tion of simpler, and cheaper, spread-
spectrum receivers. The product also
should allow the economic develop-
ment of some medical imaging pro-
jects that have been languishing.
Other performance measures of
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3. Signal and comparator waveforms of the four MagAmeps in the encoding in the AD9054.
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the ADC are that there are guaran-
teed no missing codes, and both dif-
ferential and integral nonlinearity
are typically within 0.75 LSB. The
converter also features zero-gain er-
ror. Aperture delay is typically 2 ns,
while aperture jitter is typically 5 ps
rms. The effective number of bits is
typically 7.35 at 10.3 MHz and 6.70 at
76 MHz; signal-to-noise+(distortion)
ratio (SINAD) slips from 46 to 42 dB
from 10.3 to 76 MHz (Fig. 4). For
video uses, differential phase typi-
cally measures 0.8° and differential
gain is 1.0%. The input voltage range
is 1 V peak-to-peak centered at +2.5
V with no input offset voltage.

PRICE AND AVAILABILITY

The AD9054 is available in a 44-
lead TQFP package and is sampling
now. The part is priced at $25 each in |
10,000-unit lots. ‘

Analog Devices, Inc., One Technol-
ogy Way, Norwood, MA 02062; (800)
ANALOGD (262-5643) or (617) 461- |
3392; Internet: http:/fwww.analog.com.
CIRCLE 503

How VALUABLE CIRCLE
HIGHLY 534
MODERATELY 535 | |
SLIGHTLY 536 |




There’s only one way
to get a 100% guaranteed
FPGA conversion.

It’'s simple. AMI has completed over 800 successful netlist conversions. With this
kind of experience and our proven Netrans”conversion tools, we have the confidence

to guarantee your design works right the first time, or you pay no NRE"

KAMI

AMERICAN MICROSYSTEMS, INC.

1-800-639-7264

American Microsystems, Inc. * 2300 Buckskin Road, Pocatello, Idahc 83201 « www.amis.com

Copyright ©1996, American Microsystems, Inc. *some restrictions apply
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Lack of Board Space

Bugging You???
= p P m

NEW S0T1-23 Tiny Package Amps from
the High Performance Amplifier Leader

Footprints about one-fourth of the \ I
board space compared to the SO-8 "
-

SOT-23 SO-8
EL2150C 125 MHz EL2170C 70 MHz EL2180C 250 MHz
5 mA, Single Supply Amp 1 mA, Current Mode Amp 3 mA, Current Mode Amp
* +3V to £6V Operation * +3V to 6V Operation * +3V to £6V Operation
* Input/Output — Common * 100 mA Output Current * 1200 V/us Slew Rate
Mode to Ground * $1.90 in 1,000 units * $1.99 in 1,000 units

e $2.29 in 1,000 units

o s :
{o-;,z Attention Designers! wiF— Dw
T

E-mail us with your e-mail address so that we can ol
. "‘ * keep you apprised of the most recent product info,
_ {//’ and we’ll send you our new 1997 Data Book. v+ ] -

Contact factory to find out about other amplifiers that will be available in the SOT-23 package
Elantec’s full amplifier product line is available in our 1997 Data Book,
2 1997 Short Form Selection Guide, or call our literature hot line at 1-(800)-882-2109,
e'an tec faxback service: 1-(800)-328-2113, e-mail: info@elantec.com,
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS and our world wide web site: http://www.elantec.com — For samples/technical
questions: 1-(888)-ELANTEC.

ELANTEC SEMICONDUCTOR, INC. ™ §75 Trade Zone Bivd. I Miipitas, CA 85035 ™ (408) 8451323 ™ (800) 333-8314 ™ FAX (308) 845-8305
European Sales: 44-171-482-4586 ™ FAX 44-171-287-1028
Distributed by: Marshall Industries ® Insight Electronics ® Nu Horizons ® Gerber Electronics ® Zeus/Arrow
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Silicon MEMS Technology Is
- Coming Of Age Commercially

Micromachined Sensors And Actuators Are Expanding Into New
Applications As They Tackle The Challenges of Scarce CAD Tools,
And A Lack Of Standardized Packaging And Testing Methods.

Roger Allan

icroelectromechanical systems (MEMS) ing, control and actuation circuitry, on a single chip.
Mtechnology is coming of age. That was the “The importance of MEMS is that it is a key
message emanating from “The Commer- enabling technology, producing market sectors
cialization of Microsystems ‘96” Conference, Oct. that are much larger than the MEMS devices
6-11, Kona, Hawaii. The conference was cospon- themselves,” according to Roger H. Grace, pres-
sored by Semiconductor Equipment Manufac- ident of Roger H. Grace Associates, San Fran-
turers International (SEMI) and the Engineer- cisco, Calif., a technology marketing consulting
ing Foundation. firm. For example, micromachined tips for scan-
MEMS refers to a broad class of microma- ning-force microscopes, produced by many, cost

chined sensors, actuators, and systems that ex- SPECIAL only a few dollars, yet they’re critical for the pro-
ploit electrical, mechanical, radiant, thermal, REPORT duction of microscope systems costing upwards
magnetic, and chemical phenomena. Although of $100,000. The micromachined accelerometer is
most MEMS chips are another example.
made of silicon, they Used for air bags in
also can be made of autos, it costs only
other materials (ce- about $5, but it makes
ramies, quartz, poly-
mers, plastics, thin
films, magnetic met-
als, as well as other
kinds of metals). While
MEMS devices like
pressure sensors, ac-
celerometers, valves
and spray nozzles have
reached full commer-
cialization,a host of
equally-lucrative appli-
| cations are alos await-
ing full commercializa-
tion (Fig. 1). They
include chemical, bio- Germany, estimates
medical, vibration, flow, the MEMS market
temperature, and hu- Output gear of a microengine developed by Sandia National Laboratories. Individual will go from $3 billion
midity sensors, pumps, red-blood cells at lower right and upper left are shown for comparison. A grain of pollen in 1995 to roughly $13

systems  costing
around $200. He com-
pares MEMS ICs as
technology enablers
to the microprocessor
that enabled the com-
puer revolution.
| Eiven the most pes-
simistic estimates put
the total MEMS mar-
ket at several billion
dollars. Dr. Guido
Tschulena, sgt Sensor
consulting, Wehrheim,

gyroscopes, latches, sitsin the center. billion at the turn of
mass-storage devices, the Century. And
microfluidic systems, relays, switches, microposi- worldwide funding for MEMS R&D seems to sup-
tioners, active filters, displays, deformable optics, port that view.
microoptical benches, active conformable surfaces,
| and military applications. And more applications Applications Abound
! opportunities are emerging (Table 1). In a harbinger of things to come, Motorola
’ For the first time, MEMS devices are putting Semiconductor Products, Phoenix, Ariz., re-
the digital electronic revolution “in touch” with cently introduced one of the first low-cost com-
| real-world analog variables of pressure, temper- mercial CO gas sensors, retail.ng for $10 each in
ature, speed, acceleration, humidity, fluid flow, what Motorola says “low-volume” quantities.

and so on. The possibility now exists for a total The development was an international effort, in-
closed-loop control system, complete with sens- volving a licensing agreement with the Swiss

possible total air-bag |
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ANALOG OUTLOOK COMMERCIALIZATION OF MEMS |

| MEMS production evolution timetable As mentioned earlier, silicon is not
Pressure sensors — T > the only micromachined material for
Accelerometers automotive sensors. BEI Sensors and
G Semsers Systems Co., Campbell, Calif., micro-
Valves machines quartz to produce an automo-
Spray eczies tive gyroscope for General Motors’ ve-
| Displays hicles (Fig. 2). The gyroscope employs
x g the Coriolis effect, where a rotational
| Chomical sensers motion about the sensor’s longitudinal
Rate sensors BT D> | | axis produces a voltage proportional to
I Micro relays SN D> | | the rate of rotation. The sensor re-
| | | | I | | | | I | places the tradi'tional spinning-wheel
1955 160 165 1970 1975 1980 195 1990 1995 2000 2005 2010 gyroscope which consumes a lot' of
Cast reduction/ . power, is heavy, and has an operating

- Dinﬂ“fy D app“nuo“ cmnsmn so"ne:s'::'::‘?‘&iﬁs;“ cm““msv lifetime of Only afew thousand hours.
[ Product evaulation [ Full commercialization (415) 821-6881 Analog Devices sees a number of
‘ other applications on the horizon for

| 1.By the turn of the century, more MEMS applications are projected to reach full
commercialization. One promising application not shown is photonics /optoelectronics, for which
| there was insufficient data to project at the time this artide was prepared.

company Microsens S.A. The sensor
was developed and is manufactured
at Motorola’s Center of Excellence,
Toulouse, France.

MEMS developments are world-
wide, with Europeans mounting a
strong effort (Table 2). MEMS fund-
ing in Europe, Japan, and the Far
East, is pervasive, with national, re-
gional, state, and local governments
providing programs and funds to
l MEMS companies and academic or-

ganizations. In the U.S,, funding also

has been forthcoming. However,
| much of it has involved money for
large national and academic laborato-
ries (see “Needed: A greater U.S.
commercial-funding effort,” p. 80).
|  The European Commission has

funded the Europractice project as
| part of the Espirit Program. Com-
posed of four clusters of companies, the
project’s goal is to improve the compet-
itiveness of the European microsys-
tems technology (MST) effort through
the use of the latest technological tools
and techniques, with recent emphasis
being put on greater commercializa-
tion of and better user access to MSTs
(Table 3). (Note: MSTs, as Europeans
call them, include sensors, actuators
and microstructures, as well as other
microtechnologies that could be
processed mechanically. MEMS is a
major subset of MSTS).

One such company pushing the com-
mercialization effort is Switzerland’s
CSEM in Neuchatel, a leader in pro-
ducing microminiature structures.
Last year, CSEM unveiled a coil-based

MEMS, besides automotive. These in-
clude low-g accelerometers for video
pinball machines (to check for tilt), for
virtual reality systems, and for the
global-positioning satellite (GPS) mar-
ket. It also sees vibrating-accelerome-
ter applications in gyroscopes. The con-
sumer white goods sector (household
appliances) also is considered a promis-
ing one. The company has an ongoing
codevelopment program with North-
eastern University, Boston, Mass., for
micromachined switches and relays.
Another company commercializing
MEMS devices using surface microma-
chining technology is Silicon Mi-
crostructures, Fremont, Calif., a
wholly-owned subsidiary of Exar Corp.
Late last year, it introduced an ultra-
low pressure sensor that can measure 0
to 0.15 psi full scale, and is priced be-
tween $1.00 and $2.00. The joining of
forces by Silicon Microstructures and
Exar is an example of a maturing

micromachined sensor for automotive
speed and position sensing, as well as a
wireless transceiver that measures a
car tire’s pressure and temperature.
Automotive applications are the
largest MEMS market, with medical
(mostly disposable blood-pressure
sensors) and industrial applications
following suit. Recently, Analog De-
vices, Wilmington, Mass., spear-
headed the development of surface mi-
cromachined automotive sensors with
a MEMS automotive accelerometer.
German companies like Siemens AG
in Munich, Robert Bosch GmBH in
Reutlingen, and Temic GmBH in Hel-
bronn (a subsidiary of Daimler-Benz)
also are eyeing the automotive micro-
machined sensor market, particularly
accelerometers for air bags.

TABLE 1: MEMS PRODUCTS OPPORTUNITY LEVELS

Opportunity
Level | Activity Example | Result of success
1 Retrofit existing products } Lower-cost accelerometer. * Reduce unit cost.
at lower cost. « Increase profitability.
W2 L A R [ ! ¥ Seaid  Provide market-sector entry.
2 Retrofit with performance | Smart diaphragm gauge. « Improve competitive
| enhancement. | | position.
'; |« Increase revenue in an
existing industry sector
ik | P e J = l (automotive).
3 New application level | Automotive tire-pressure Growth in a market subsector
[= A& imonilonng system. | (within automotive). :
B New application level Il. | Personal navigation system. | Creates a new market sector
VSR JenE EARLTY REE atNT | (personal navigation systems).
5 New application level Illl. | Microairplane with significant | Probably would create a new
| range and payload. industry.
From “Why Companies choose to use, or not use, MEMs technology,” by Willliam N. Carr, NJIT,
Newark, N.J. Presented at the “Commercialization of MEMS '96" Conference, Kona, Hawaii, Oct.
6-11, 1996.
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1. Speed. 5. Schematic Driven Simulation 8. Automatically Generate
Dr. Spice is fast - 2 times faster than Dr. Spice links tightly with OrCAD, Spice Models
other Spice simulators on average ProTel, and VIEWlogic. Select a net, Dr. Spice ModelMaker creates
and up to 10 times faster on large or component, or pin in your schematic models of parts from data sheet
difficult circuits. and Dr. Spice plots its waveforms. By parameters. Enter points graphically
2. Ease of Use simply clicking on a component, you and ModelMaker automatically
Dr. Spice 2000 A/D is extremely can also display its model parameters, generates accurate SPICE models.

operating point information, or run a
parameter sweep. You can run ) )
simulations, set up stimulus, create plot 9. Autom.atl.call.y Calculate
windows or back annotate results onto ~ Power Dissipaticn

your schematic, all from Capture menu ~ Dr. Spice au'tor‘nati'(:ally calculates
items. the power dissipation of every

device. You can also specify a
maximum instantaneous power limit

easy to use for both beginners and
experts. You can access all features
by menus and dialog boxes. Every
dialog box provides immediate
access to extensive online help.

3. Superior convergence

In a test using the industry 6. Non-Linear Magnetics for for any device in ths circuit. If th
standard MCNC benchmark Power Supplies dor any e 1c§ mh' - cireutt. 1t the
suite, Dr. Spice 2000 A/D ran Attention Power supply designers: (evice exceeds this power rating, an
over 93% of the circuits; the Dr. Spice 2000 A/D provides the alarm" occurs.
other leading brands ran just 87% Chan non-linear magnetics model. 10. Parameter Sweeping
and 0278, respectively uses model parameter which come  SWeep (or step) anlysis allows you
4. Fast Built-in Mixed A/D directly from the magnetics' data ;gjx:i?igz:?ceei)rigtjdzl vanine
Dr. Spice 2000 A/D simulates even sheets. The Dr. Spice 2000 A/D speciﬁc,ations temperature, or user-
tightly-coupled mixed-signal model library includes over 2500 X ’

. i i defined parameters.
designs, Its fast built-in mixed Chan magnetics models. %
signal engine uses compiled C . ' - ®
models for maximum performance. 7. lerary Support DeutsCh
Primitives include gates, flip-flops, Dr. Spice 2000 A/D has the largest ‘l I RCSGaI'Ch
latches, state machines, hbrarx avall{ible’ .Wlth over 20,000 Deutsch Research 700 E. £l Camino Real
comparators, decoders, parts, including virtually all Suite 130, Mountain View. California 94040
multiplexers, adders, and RAM manufacturers' libraries. 1-800-20 SPICE info@det tsch.com

www.deutsch.com
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2. This gyroscope micromachined out of quartz by BEI Sensors and Systems resides in many
General Motors’ vehicles. Its operation is based on the Coriolis effect.

MEMS technology, wherein larger
companies with more powerful pro-
cessing resources (like Exar) purchase
innovators in silicon micromachining
technology (like Silicon Microstrue-
tures). That trend includes Lucas pur-
chasing NovaSensor, EG&G purchas-
ing IC Sensors, Microflow being
acquired by I/0 Sensors, a Japanese
company purchasing Microsensor
Technology, and BTI buying Sensym.
Disposable blood pressure sensors
made by such companies as Lucas No-
vaSensor, Fremont, Calif., and EG&G's
IC Sensors,Milpitas, Calif., have spear-
headed the entry of MEMS devices

into the biomedical field. A host of
other applications for implantable bio-
medical MEMS devices including
chemical sensors are on the horizon.
There also are many consumer ap-
plications opening up as a result of ad-
vances in silicon micromachined de-
vices. One example is an “upscale”
high-accuracy and long-life bathroom
weighing scale made possible by an ad-
vanced pressure-sensor design from
Measurement Specialties Inc., Fair-
field, N.J. The scale is made up a non-
breakable and thick clear-glass plat-
form with an LCD readout bonded to
the bottom of it. The platform sits atop

four load cells, one in each corner. The '
company also has penetrated the con-
sumer market with inexpensive key-
chain tire-pressure sensors, complete |
with an LCD and a lifetime battery cell.
Last year, the company made an impor-
tant contribution to industrial pressure
sensors with an all-media-compatible
sensor, the MSP-300 series, at an OEM
cost low enough that the company
claims “it is virtually unmatched.” Ac-
cording to Joe Mallon, MSI’s president,
a cofounder of NovaSensor, and a sili-
con micromachining pioneer, “the key
was our revisiting an old technology of
microfusion and combining it with a
cost-effective package design and
keeping tight control over labor costs.”
An exciting potential market for op-
toelectronic ICs and micromachined
structures is in communications. Micro-
mechanical structures are useful here
as fiber-optic aligners and reflective
modulators for the implementation of
residential “on-demand” movies. In |
fact, researchers at Bell Laboratories,
Holmdel, N.J., already demonstrated
the feasibility of an inexpensive moder-
ate-performance micromachined mod- |
ulator for use in fiber-to-the-home
telecommunications systems. They
fabricated a mechanical anti-reflection |
switch (MARS) that can be used ina
wave-division-multiplexed (WDM)
passive optical network (Fig. 3).
Several MEMS experts interviewed |
for this report felt that the optoelec-
tronic IC field is a potentially huge one

TABLE 2: WORLDWIDE MICROSYSTEM TECHNOLOGY EFFORTS
Number of research centers ‘ Number of companies
Country involved in MSTs ALY involved in MSTs Moy National funding A
France* | 25 1aboratories or universities. | About 100 companies are developing microsystems | About $13 million per year from 1993 to 1994. |
(08 i o8 |in the frame of the national microsystem program. | $14 million for ASIC development.
Germany* IMore than 100 laboratories, More than 160 companies are developing $66 million per year from 1994 to 1999(ASIC

| Fraunhofers, universities.
Switzerland* | 15 federal schools and

| universities. 5
United About 20 laboratories.

Vo S e 0 e S IR B .
Netherlands* 3 universities.
B uches RS BLEp R e
United States* More than 25 laboratories
| (national ones included).

£z | R Ey ot
Korea About 10 laboratories.

Japan*

713 instin;les.

microsystems in the frame of the national
| microsystems programs. =
More than 100 companies will develop
| microsystems in the frame of the MINAST program. _
i About 20 companies.

development included).
EGArnillic;'\ p; ;(ear from 1996710 20007

.r;Io specich fundir:g. :

5 to 6 companies.
Difficult estimation; certainly more than 100
| companies (small- and medium-size entities and
| microelectronic companies).
About 15 companies.

| hgs;eciﬁc funding.

$5 million in 1995, $7.5 million in 1996, and $15
| million forecast in 1997.

'More than 30 companies (members of the Micro
| Machine Center).

$25 million per year (25 billion Yen in 10 years).

*Major activity. From “Microtechnologies, microsystems: Industrial applications and analysis of the U.S., Japanese, and European situation,” presented by
Jean-Christophe Eloy of CEA/Technologies Avencés, Grenoble, France, at the “Commercialization of MEMS '96" Conference, Kona, Hawaii. Oct. 6-11, 1996.

|
|
|
$20 million per year from 1994 to 1997 (DARPA). ’




This Wallet May Not Exist Yet,
But The Microprocessor For It Does.

To see the future of personal access to information, communication and entertain-
ment, just check your hip pocket. Or look on your wrist. Or in your glasses.

Because that’s where the electronics revolution is headed. Off the desktop and out
into the world at large.

[t's a journey that requires an entirely new microprocessor technology. One that does
far more with far less in terms of power consumption, space requirements and cost.

Enter the Hitachi SuperH™ Series, a revolutionary RISC-based microprocessor that
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! for MEMS devices acting as fiber align-

ers and connectors, switches, filters,
\ and displays, as well as for printing ap-

plications. Texas Instruments, Dallas,
[ which spent several years developing
| its digital micromirror device (DMD)
l technology using micromachining tech-
[ niques, is now beginning to cash in on

its advantages for displays and modula-
I tors in a broad range of applications.
| The company is developing a DMD
| system consisting of millions of individ-
| ually controlled silicon micromirrors,
| each 17 pm on a side, that could be used
| for flat-panel high-resolution displays.

| Data Storage On The Horizon
| Data storage is another potentially
| large application for micromachined
structures. An industry consortium ini-
tiated by the Universities of California
at Berkeley and Los Angeles is devel-
oping a high-accuracy MEMS posi-
tioner for magnetic disk read/write
heads. The positioner will allow for 0.1-
um servometer positioning accuracy
and 100-Gbit/in.? data densities.

IBM has developed a plastic-disk
| read/write-head technology where mi-
crodimples are created by a MEMS tip
during the write operation. The read
operation is similar to a record player
reading of dimples. Densities of 20
Gbits/in.2 have been demonstrated and
densities of 80 Gbits/in.? are targeted.

An interesting MEMS application is
in micronozzles for spray systems. Al-
though silicon micromachined strue-
tures have made a quantum advance in
ink-jet printers (one of the earliest ef-
forts to develop micromachined nozzles
for ink-jet printers was undertaken by
Kurt Petersen, then of IBM Research
Laboratories, San Jose, Calif)), it was-
n’t until SprayChip Systems Corp.,
Lanham, Md., brought its experience in
atomizer concepts to bear on a miero-
scopic scale that spray systems were
revolutionized. The company microma-
chines a silicon chip with an array of
very small microscopic-scale nozzles to
produce a family of “designer
sprayers” for automotive fuel injectors,
medical nebulizers and inhalers, fire
suppressors, biomedical cell sorters,
and pharmaceutical paint-pigment and
food-product powder production (Fig.
4). A nozzle diameter of about 10 pm
can have an array of spray holes with
25-um center-to-center spacings.

Kurt Petersen, president of

Cepheid, San Jose, Calif., a cofounder of
NovaSensor, Fremont, Calif., and a sili-
con micromachining pioneer, sees a
new market for MEMS in “micro in-
strumentation.” Such instruments will
not only serve medical applications, but
also chemical, industrial, scientifie, en-
vironmental, and geothermal applica-
tions as well. He sees a new class of mi-
cromachining-based microinstruments
emerging for liquid and gas chromatog-
raphy, flow cytometry, optical and mass
spectroscopy, electrophoresis, poly-
merase-chain-reaction (PCR) and im-
muno assays, and for measuring water
and soil contaminants.

Which Process Is Best?

Before the development of Analog
Devices’ surface-micromachined ac-
celerometer two years ago, most

MEMS devices were bulk microma-
chined, wherein material is removed
from the silicon wafer through wet or
dry etching. Surface micromachining,
on the other hand, instead of penetrat-
ing the wafer, adds and removes vari-
ous materials from the wafer. This tech-
nique is more compatible with standard
processes for making analog and digital
ICs and can yield smaller-size devices.
It suffers, however, from the fact that it
is essentially two-dimensional, a limita-
tion for some applications.

A eritical problem with surface mi-
cromachined devices is stiction (the
sticking of a mechanically released
part, such as a cantilever beam, to an-
other surface). This reduces process
yields. In general, the larger the
MEMS device’s aspect ratio (the ratio
of the micromachining depth to the

Needed: A Greater U.S.
Commercial-Funding Effort

ing levels to over $20 million a year, up from $2 to $3 billion a year.

Over the last few years, the U.S. Government has boosted MEMS fund-

DARPA also has active funding in MEMS dual-use development pro-

grams with millions of dollars for both the military and commercial sectors.
But these are paltry sums compared with funding from other countries. Ger-
many, for example, invests some $70 million a year in a variety of MEMS
projects. Japan’s Ministry of International Trade and Industry (MITI) funds
the 10-year Micromachine Program with over $200 million a year.

Moreover, unlike the U.S., much of the funding by other countries is
provided to industry. In the U.S., national laboratories like Sandia Na-
tional Laboratories, Lawrence Livermore Laboratories, and the Jet
Propulsion Laboratories, as well as university research facilities, are regu-
larly provided much larger funding sums than private industry. These lab-
oratories continuously develop notable advances in MEMS technology, but
little of this translates into “practical” products in the commercial sector.
As aresult, the U.S. is constantly behind other countries in applying prod-
ucts based on leading-edge technologies like MEMS.

The automotive sector is a good example. In the last few years, automotive
air-bag systems based on MEMS accelerators have been making driving in
the U.S. safer. Micromachined sensors also are making for “smarter” vehi-
cles. However, Europe and Japan have been applying MEMS technology to
automobiles long before us, fostered in part by national and local government
funding. The same can be said in the telecommunications sector.

What this all boils down to is that the U.S. has many great ideas when it
comes to MEMS technologies, but little of that results in “down to earth”
practical commercial applications. There are many in industry who are
wary of government help, and some of the concerns they raise are legiti-
mate. However, when viewed in an international context (and we are part
of a global international economy) many of these concerns are secondary.
Perhaps it's time for national, state and local governments to take stock of
MEMS technology and provide the funding that will foster small- and
large-company innovations. That will in turn create more commercial-mar-
ket opportunities for MEMS technology.
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Tomodify an IC, you
can spend weeks going
back to square one.

Oronly hours
going through a
Micrion FIB system

Until recently, if you wanted to modify an IC
prototype, you had to go back to the circuit lay-
out—and spend weeks redesigning, remasking
and refabricating.

But now you can have a revised, fully func-
: tioning prototype in a matter of hours. All you
An IC Modified By Focused  N€€d is a Focused lon Beam system from

lon Beam Technology.  Micrion. Like the market-leading Micrion 9000.

It lets you perform microsurgery on your IC quickly and easily. It
also gives you high resolution imaging for a better view of the
device features, unparalleled system stability for more accurate
machining, and our patented charge neutralization technology to
prevent electrostatic discharge (ESD) damage.

So next time you need to rewire a prototype, don't go back to the
drawing board. Go to your phone and call Micrion at 508-531-6464.

We'll save you some expensive, time-consuming steps. So you
can get those new designs to market faster.

FIB PEVICE
MODIFICATION The Micrion 9000

Focused lon Beam System.

A Micrion

Where the future is in focus.

Micrion Corp., One Corporation Way,
Centennial Park, Peabody, MA 01960-7990
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Phosphosilicate glass

(a) Silicon

(b)

\

3. Operating principle of the micromechanical anti-reflection switch (MARS), a micromachined
modvlator for fiber-to-the-home applications, was developed by Bell Laboratories. In one
state, the membrane is suspended above an air gap, resulting in the light beam being reflected
at a high rate (a). In the other state, the membrane is in contact with the substrate, resulting

in an anti-reflection condition (b).

width), the less of a problem stiction
poses. Thus, bulk micromachined de-
vices, which have higher aspect ratios
than surface micromachined ICs, have
less of a stiction problem, and HARM
(high-aspect-ratio MEMS) devices
have the fewest stiction problems.
HARM devices are generally microma-
chined using electron-beam sources,
lasers, deep X-rays (the Germans use
the acronym LIGA for this technique),
and ultraviolet rays.

Another problem with surface mi-
cromachined devices is that they usu-
ally require thicker films to be de-
posited for the necessary mechanical
behavior of the silicon. The thicker lay-
ers are a challenge for the reactive-ion
etching (RIE) that is being used in bulk
micromachined devices.

Nevertheless, many experts agree
that surface micromachining technol-
ogy holds the promise of higher levels
of on-chip integration, with the sensing
and/or actuation element residing on
the same chip with signal-conditioning,
control, and interface electronics, once
these challenges are solved.

Janusz Bryzek, president of Intelli-
gent Micro Sensor Technology, Fre-
mont, Calif., and cofounder of No-
vaSensor, points out, “There are three
major factors that make silicon micro-
machining technology attractive for
the MEMS industry. Surprisingly to
many, the potential of integrating an
electronic circuit together with a sen-

sor so far was not one of them.”

The three factors Bryzek is refer-
ring to are silicon’s excellent mechani-
cal properties, its batch manufactura-
bility, and an available IC industry
infrastructure. To support his argu-
ment that on-chip integration has so far
eluded the MEMS industry, he points
out that only 8% of the largest MEMS
market, pressure sensors, includes on-
chip integrated signal conditioning.
And only 12% of all micromachined ac-
celerometers have on-chip integrated
signal conditioning.

It’s therefore not surprising that
many makers of MEMS devices make
use of hybrid approaches with separate
signal-conditioning chips designed ex-
clusively for that purpose. Companies
such as MCA Technologies, Santa
Clara, Calif., specialize in producing
mixed-signal ASICs designed specifi-
cally for MEMS sensors and actuators.

However, a development out of San-
dia National Laboratories, Albu-
querque, N.M., may point to a solution
of the integration problem. Re-
searchers there developed a process
that allows the monolithic integration
of both micromechanical and CMOS de-
vices on the same substrate (Fig. 5).
Sandia is presently negotiating with
several major semiconductor IC ven-
dors to license this technology. Sandia
is also working with researchers at the
University of California at Berkeley to
minimize the stiction problem for the

1

|
1
process it developed, for the case of
MEMS devices with high aspect ratios.

Karen Markus, director of the
MEMS Technology Applications Cen-
ter at MCNC, Research Triangle Park,
N.C., points out that “there’s really no
one process technology that’s best.”
Like everything else in engineering,
it’s a matter of trade-offs (Table 4). She
advocates, at least for now, a flip-chip
bonding approach developed at MCNC
where two die, one containing the sen-
sor/actuator and the other containing
the signal-conditioning electronics, are
solder-bumped together. She elabo-
rates, “given that MEMS continues to
evolve, the likelihood is that you'll want
to change your MEMS design, and thus
the flip-chip approach is probably the
best one for the majority of applications
which are presently small- and
medium-volume ones.” These applica-
tions include product designs with fea-
tures that are constantly changing and
with short life spans.

MCNC’s MEMS Technology Appli-
cations Center serves as a focal point in
the transition of MEMS technology
from the research and concept stages
to commercial applications. Acting as a
manager of intellectual property, it is
accessible by small and large compa-
nies for engineering prototyping and
development. The center provides low-
volume custom manufacturing capabil-
ities, as well as education and training
in MEMS technology.

The downside of the flip-chip ap-
proach is that bonding leads produce a
lot of capacitance that can be a problem
with high-frequency circuits. In addi-
tion, the flip-chip approach is more
costly than a monolithic approach.

Affordable MEMS CAD Tools
Design tools that support a wide
spectrum of design requirements have
been slow to arrive for MEMS devices.
This is due to a lack of interest by CAD
tool vendors to support what they con-
sider specialized requirements. What-
ever MEMS CAD tools were available
have been relatively expensive. As a
result, small consulting firms, like
Tesseract Engineering Consultants,
San Jose, Calif., headed by Wendell E.
McCully, have arisen to service this need.
One problem has been a perception
by design-tool vendors that MEMS
technology is similar to conventional IC
technology. While there are many sim-

_J




Give Your Scope
State of the Art

Differential Measurement Capability.

INSTRUMENTS

The Model 1855 is a stand-alone 100

MHz differential amplifier designed
to function as a signal conditioning
preamplifier for your oscilloscope,
digitizer or spectrum analyzer. The
Amplifier’s Gain, CMRR, Overdrive
Recovery and Common Mode Range
capabilities combine to allow direct
measurement of such diverse signals
as individual D/A LSB’s or a
switching supply’s upper gate drive.
Tiny aberrations in large signals can
be viewed using the Differential
Offset Generator which can extend
the oscilloscope’s display range to

over 150,000 divisions. The Model

1855 is shown with the Preamble
Instruments switchable XC100
10X/100X Differential Probes.
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Measure Directly (in circuit):
J  D/A Settling Time

Power Transistor Saturation
Characteristics

Snubber Diode Turn-on
Characteristics
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3  Small Ripple Riding on Large
DC Voltages

Small Signals in Noisy
Applications

Non-ground Referenced
Control Logic Signals
Floating Signals, Safely
Differential Communication
Signals
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Amplifier Characteristics:

100 MHz Bandwidth

Very Fast Recovery From Overdrive
100 uVolt Resolution Comparison
Voltage Generator

Common Mode Range up to the
Probe’s Maximum Rating

100,000 to 1 CMRR

High Rejection of Fast dv/dt
Common Mode Signals

1 Meg / 100 Meg Input Resistance
0.1% True Differential Offset
High System Sensitivity (X10 Gain)
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Beaverton, OR 97007-0118
INSTRUMENTS (503) 646-2410, 800-376-7007

INTERNATIONAL DISTRIBUTORS: AUSTRIA: Elsinco GmbH (43} 1-815-04-00; BELGIUM: Optilas B V. i31) 172-43-12-34; BULGARIA:Elsincc h e Strelbishte (359) 2-5861-31, CZECH REPUBLIC. Elsinco Praha spol. s r.0. (42) 2-49-66-89;
FRANCE: Francaise dInstrumentation (33) 25-71-25-83; MUNGARY: Elsinco KFT (36) 1-269-18-50; /SRAEL: Dan €l Technclogies, Ltd. (372) 03-647-8770 JAPAN. TOYO Corporation, (81) 3-5668-6800; KOREA

Myoung Corporation, (82) 2-784-9942; LUXEMBOURG: Optilas BV. (31) 172:43-12-34, NETMERLANDS: (31) 172-83-12-34, POLAWD. Elinco Polska Sp 20.0 (48) 22-39-69-79; SLOVAKIA Elsinco Bratislava spol. s r.o
(42) 7-784-165; TA/WAN: Cha Wei Electric Trading Co, Ltd 2-5614-2211, UNMITED KINCDOM: TTi (48) (01480) 412451
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| ous diameters, thin, and ultra-thin sub-

ilarities between the two, MEMS de-

vices are really a subset of conventional TABLE 4: RELATIVE PROS AND CONS OF
ICs. and as such should be considered THREE PROCESSES FOR MICROMACHINED DEVICES

custom devices. MEMS devices often Process | Performance Size Yled ~ Cost  Simplicity
require unique substrates. They need | |Hybrid = K [

odd-orientation erystals and wafers, | [Monolithic o 1 . 5 =3 |
cdouble-sided polished wafers with vari- === = 3 .

" g From “The Challenges of infrastructure: Supporting the growth of MEMS into production,” Karen W.
strate thicknesses, and bonded-wafer ! | Markus, Director. MEMS Technology Appilications Center, MCNC, Research Triangle Park, N.C [
substrates as well. Presented at the “Commercialization of MEMS '96” Conference, Kona, Hawaii, Oct. 6-11, 1996

Things are beginning to change for
the better, however, with the realiza-
tion by some CAD tool vendors that
MENMIS technology is on the verge of
becoming a major enabler for large
markets. Companies like Microcosm
Technologies, Cary, N.C'., and Tanner
Research, Pasadena, Calif., are now
providing high-level MEMS design
tools, some of which can run on PC plat-
forms, at affordable prices. A number
of universities like the Massachusetts
Institute of Technology (MIT), Cam-

| -

Muystie tools, are also offering help. The
multinser MIZMS Processes (MUMPS)
of MCNC is designed to provide low-
cost access to MEMS design tools. ' (Fig. 6). Its MEMCAD 3.1 is an inte-
MCNC also makes available Smart- | grated suite of design, visualization and
MUMPS for integrated MEMS devices | analysis software tools architected to
and LIGAMUMPS for high-aspect-ra- | make possible complex MEMS devices.
tio MEMS devices. All these tools are 1 The environment combines the best in-
available over MCNC's TechNet via ' dustry and proprietary analytical soft-
the World Wide Web. ware to offer solutions for multidomain

Microcosmis a leader in MEMS soft- | problems such as electrostaties, me-
bridge, Mass., with their MEMCAD | ware tools, devoting all of its efforts ex- | chanical, coupled mechanical, optical,
tools, and the University of Michiganin « clusively to CAD tools for MEMS. | and magnetostatics. Collobrative de-
Ann Arbor withtheirCAEMEMS and ~ Headed by its chief technical officer D1~ velopments are underway to add mi-

John Gilbert, a renowned expert in |
MENMS modeling and simulation, it ot~
fers the MEMCAD suite of design tools

' TABLE 3: TECHNOLOGIES ON OFFERS IN EUROPRACTICE |

PARTNER Manufacturing Manufacturing Manufacturing Manufacturing
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Bosch, HL Planar, Sagem, Sextant, GEC Marconi Materials CSEM, ‘
Fraunhofer Institute LAAS CNRS, Technology, Rutherford = Twente Microproducts, |
TECHNOLOGY FhyglSIT, GMA, CEA-LET! Appleton Laboratory, Holland Signaat |
Fraunhofer Institute CRL, TWI, Epigem |
FhgIMS, Microparts l
|
Surface micromachining silicon . ° ° .
Bulk micromachining silicon ° . . .
Micromachining on quartz . . .
Laser trimming/ablation/drilling . . .
Electroforming . . *
1
LIGA . . l
Excimer laser o l "
l Micromolding ° . !
Electroplating . . ° :
Polymer materials . ° ‘
| GaAs components °
ASIC design . . . .
Silicon on insulator < .
|
Chip and wire assembly . . . °
Fllip chip/solder bump . a »
|
Multichip module ° . .
[Anodic bonding/silicon bonding . . °
Biosensitive layers ° ° .
Magnetic layers » - o |
Piezoresistive layers . .
From "MST markets and products in Europe,” presented by Dr. Guido Tsculena at “The Commercialization of MEMS ‘96" Conference, Kona, Hawari, Oct.
6-11, 1996. Table was originally part of an article entitled “Microsystems in the 4th Framework Programme" by Dirk Beernaert and J. Malcolm Wilkinson, |
Technology for Industry Ltd., Wilburton, Cambridgeshire, England.
— —————— — - ——— - - —_— e — J
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and mixed A/D SPICE simulation, a full suite of analyses
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ANALOG OUTLOOK COMMERCIALIZATION OF MEMS |

crofluidic and macromodeling
capabilities for system simula-
tors. Microcosm has licensed
core technology from MIT,
where Dr. Gilbert was in
charge of MIT’'s MEMCAD
program. The company’s col-
lobrative efforts involve MIT,
Carnegie-Mellon University,
| Pittsburgh, Pa., Stanford Uni-
| versity, Stanford, Calif., the
| University of California,
| Berkeley, and the University
| of Pennsylvania, Philadelphia.
| Tools like L-Edit Layout
| Editor from Tanner Research
[ canrunon PC, MAC and Unix
| machines to support poly-

Gas coflow
supply tube

Silicon chip
(typically 1 mm to 1 cm)

Micronozzle array on silicon chip

measuring a micromechanical
silicon wafer’s absolute thick-
ness from 2 to 500 um with 0.6-
um precision, and accuracy
within 2.25 um. Relative
wafer total-thickness varia-
tion can be imaged over a 40-
mm-diameter region with
thickness resolution from 0.1
to 0.2 pm. Companies like

gies, Nashua, N.H., with its
high-pressure superecritical
CO; cleaner and KARL SUSS
America Inc., Waterbury
Center, Vt., with its wafer
aligners, probes, bonders and
coaters, are providing the im-

| gons, arcs and curves. The
company’s tools support 2D
layout design entry and 3D
modeling generation and visu-
alization, enhanced cross-sec-
tion and visualization, all-an-
gle design-rule checking,
finite- and boundary-element
multidomain analysis/resuits visualiza-
tion, and behavioral-model creation.
DARPA has funded Tanner with $5
million to develop design tools for com-
mercialized MEMS devices. SOLIDIS
is another useful CAD tool for MEMS.
Developed at the Physical Electronics
Laboratory of ETH, Zurich, Switzer-
land, it allows rapid and cost-effective
optimizations of MEMS designs.

Interface Efforts

Interfacing of MEMS devices to
other electronic circuits is making im-
pressive strides, particularly for indus-
trial electronic applications. The Inter-
national Electrotechnical Commission
| (IEC) has initiated a broad effort to
create MEMS standards for sensor
output signal formats and control-net-
work communication protocols.

The IEEE also has proposed a draft
standard for transducer-to-micro-
processor interfacing, known as the
IEEE-P1451.2 Draft Standard for
Transducer to Microprocessor Commu-
nication Protocols and Transducer
Electronic Data Sheets (TEDS) For-
mats. Released for balloting last Au-
gust, it simplifies transducer connectiv-
ity to existing data networks.

Process Tools Advance
MEMS devices would not have been
able to reach their present status with-

out the support of the right processing
equipment. And equipment vendors
have been paying attention to the
growing MEMS market and are pro-
viding the needed advanced tools.

For example, MEMS devices often
require rapid, nondestructive and accu-
rate evaluation of the absolute and total
thicknesses of unique substrates. With
that in mind, Virginia Semiconductor,
Fredricksburg, Va., developed a proto-
type optical micrometer capable of

4. A micronozzle array on a silicon chip made by SprayChip Systems.
The micronozzles can be dosely spaced—a nozzle diameter of about
10mm yields a center-to-center spacing between nozzles of just 25
mm. These microscopic-scale nozzles make possible spray systems for
fuel injectors, medical nebulizers and inhalers, fire suppressors,
biomedical cell sorters, and pharmaceutical paint-pigment and food-
product powder production.

petus for greater commercial-
ization of MEMS devices.
Ultratech Stepper Inc., San
Jose, Calif., the leading vendor
of MEMS optical lithography
systems, recently designed,
built, and tested a new optical
lithography  technology
known as scanning array lens lithogra-
phy (SALLY). SALLY is designed to
project a large effective image field
sized that spans the width of any sub-

GTE Equipment Technolo- |

strate, thus allowing exposure in a sin- |

gle scan. The system has been opti-
mized for a numerical aperture of 0.10,
allowing large-aspect-ratio resist im-
ages to be achieved, an important de-
velopment for HARM devices.
Presently, lithographic systems us-
ing ultraviolet-light exposures are ca-

CMOS device area

Pim-enlmm nitride

Micromechanical device area

stud
Arsenic-doped epitaxial layer

Mechanical
polysilicon

n-type silicon substrate

5. This novel process developed at Sandia National Laboratories allows the monolithic integration
of both micromechanical sensor /actuator mechanisms and CMOS electronics on the same silicon
chip. The micromechanical devices are built in o trench. This trench is then refilled with oxide,
planarized, and sealed to form the starting water for CMOS processing.




ONCE. YOU'VE. (REATED THE

O YOU DO FOR AN ENCORE?

Introducing
Integra Station,
the Windows-based PCB
design solution from
Mentor Graphics.
German precision meets

the ease of Windows.
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In a country that’s renowned for its quality, precision engineering and leather trousers.
Integra Station is the undisputed market leader for designing PCBs on Windows 95 and
Windows NT™ machines. Proven on 1.900 seats and counting. it’s the board layout solution of
choice when designers need unparalleled features. reliability and suppon. along with the ease and
performance of the 32-bit Windows operating systems.

And now Mentor Graphics introduees Integra Station to the rest of the world.

Integra Station is the only product in its category to use a single database. ensuring that your
layout matches your schematic every time. Variant technology lets vou ereate hundreds of variations
from a single design. You can also capture design data from schematics or layout as reuse modules.
which can be stored as separate data elements for reuse in other designs.

Talk to vour Mentor Graphics sales rep or call 1-800-5347-3000. dept. ME1 4. for a free demo
of Integra Station. You can also visit our web site at www.mentorg.com.

Soon you'll understand why Germans think it’s the greatest thing since sliced bratwurst.
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pable of producing MEMS devices with
| aspect ratios from 3:1 to 5:1. Aspect ra-
tios of 50:1 to 100:1 can be achieved
with LIGA techniques like synchro-
tron exposure. However, depth-of-field
focus problems need to be solved for
such methods to be cost effective.

Testing Is A Challenge

Testing MEMS devices is not an in-
significant issue. Together with pack-
aging, they constitute the largest part
of the cost of producing a MEMS de-
vice. Not the least of the testing issues
is a lack of standardized test methods
and equipment. This is due to the fact
that no two micromachined sensors are
alike, even if they’re functionally the
same such as two pressure sensors.
Most of the available test systems for
MEMS devices are expensive and com-
plex custom systems. Many are cus-
tom-built in-house systems.

There are no standard methods for
testing, and for evaluating test results
to the sensor’s material properties. Nor
are sensor-material mechanical proper-
ties adequately defined. The problem is
compounded by the fact that functional
testing of a sensor or actuator requires
environmental control as well as the
test electronics circuitry. Questions
arise as to what needs to be tested and
how? How do you define reliability lev-
els and test for them? Reliability test-
ing for conventional electronics circuits
are inadequate for MEMS devices.

There’s no basic set avaialable for
parametric test structures for key
MEMS process parameters. Methods
for monitoring mechanical material
properties like Young’s modulus, pois-
son’s ratio, fracture strength, etc., are
still under development.

Most electronic circuits operate at
either 3.3 or 5 V. Many MEMS devices,
on the other hand,
require higher op-
erating voltages.

With such issues
in mind, the inte-
gration approach
using surface mi-
cromachining may
look more favor-
able than other
process techniques
(testing one chip,
for example, costs
less than testing
two or more chips
in a flip-chip or hy-
brid approach).

Packaging
Closely related to
the testing chal-
lenge is packaging.
According to many
experts, packaging
can represent up to
80% of a MEMS de-
vice's cost. Like
testing, no two sen-
sor packages are
alike, although ,
companies like Mo-
torola Semiconduc-
tor and others are

6. High-performance MEMS CAD tools like MEMCAD 3.1 from Microcosm  trying to make in-
Tedwologies are making possible relatively inexpensive modeling and
simulation of MEMS devices. Depicted above is the diaphrogm of o

| pressure sensor displaying the slice-plone internal stress. Below is the
I same diophrogm displayed as a wire-mesh structure.

roads into develop-

ing standardized

packages.
Packaging was a

ANALOG OUTLOOK COMMERCIALIZATION OF MEMS

key consideration in the all-media-
compatible pressure sensor Mea-
surement Specialties produced for
the industrial market at low cost, and
mentioned earlier in this report.

Packaging of MEMS devices im-
pacts system performance. Moisture
creeping into a sealed package, for
example, can create stiction and thus
a failed sensor. Vacuum packaging is
desirable for MEMS devices, but this
may add to the cost. Moving parts
within a MEMS device can experi-
ence vicious damping. The package
itseif can affect a sensor’s perfor-
mance. For example, a PZT-based
packaged sensor may already be
sensing, even though no stimulus is
present at its input, due to the strain
on the device caused by the package.
In developing the DMD mentioned
earlier in this report, Texas Instru-
ments had to tackle the large prob-
lem of how to get rid of the large
amounts of heat generated within
the DMD package caused by the light
energy inside the device.

Some semiconductor vendors feel |
that for MEMS devices to achieve |
high-volume commerecial applications,
it is necessary that existing applica-
tion-specific packages be standard-
ized and thus packaging costs will be
driven down. Thus far, only automo-
tive, medical, and consumer white-
goods sectors have been able to drive
large-enough volume businesses to
support customized packaging.

However, there are many small- to
moderate-volume applications for
MEMS devices in which the MEMS
sensor/actuator is the enabling tech-
nology for a much larger market.
Given this scenario, it may well be that
large companies and organizations
benefiting from MEMS devices in
such sectors will collaborate with
MEMS device manufacturers to solve
the critical testing and packaging is-
sues. It seems that the millions of dol-
lars being spent on commercializing
MEMS technology worldwide may
produce testing and packaging solu-
tions that are now confronting MEMS
technology.
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JUST
LISTEN...

TOM BEAVER PHILIP WENNBLOM ROBIN SAXBY VAUGHN WATTS
Vice President Director, Strategic Planning President & CEO Diredor of
Worldwide Marketing ~ Mobile and Handheld Products Group ~ Advanced RISC Machines Mobile Computing Architecture
Motorola, Inc. Intel Corporation (ARM) Texas Instruments

. « . and you will hear four important
industry leaders offer their views
on the future of the portable industry.

One luncheon and you’ll understand the importance
of the designs you're now working on.
Get a leg up on the trends and technology that will shape
portable products in the twenty-first century. Attend the...

Partable

sIDesign
CONFERENCE & EXHIBITION

MARCH 24-27, 1997

Keynote Luncheon ¢ March 25, 1997

Santa Clara Convention Center, Santa Clara, Calif.

Contributing Sponsors: Benchmarq Microelectronics; Intel Corporation
For Conference, Exhibition, or Luncheon information, call: 201/393-6075; fax: 201/393-6073



( X

S Y g A

.....

"""""

Micro-Cap\V. .
Victory over the analog/digital
simulation challenge.

The conflict’s ended. And you'e the
winner —with this fifth generation of
Micro-Cap, the industry’s premier
PC-based interactive CAE design tool.
Incorporating a native digital simu-
lator with PSpice*compatible syntax,
Windows-based Micro-Cap V"
seamlessly integrates
analog /digital simu-
lation and begins a
whole new era.
Micro-CapV gives
you a sketch and sim-
ulate environment
that’ easier to learn,
easier to use. Aided by

massive device library with models
for over 7500 parts, you work quickly
and smoothly —one keystroke, for
example, initiates on-line simulation.
Further, this triumph comes at a
very acceptable cost—$3495—less than
half the price of would-be contenders.
: Yet, while cost
™ s strictly contained,
design power is
prodigious. A few
samples? Analog

Parameter stepping;
Monte Carlo analy-
sis. Nonlinear

familiar SPICE models ™
and extensions, a multi-page
hierarchical schematic editor and a

_—— magnetic modeling.

An optimizing model generator. Lossy
transmission lines. On-schematic
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behavioral modeling.

node voltage/state display. Real-time
waveform plotting. Individual device
temperatures.

We could go on, but our free
brochure and demonstration disk can
give you all the details. Ask for them.
And begin reaping the rewards of
total victory.

Spectrum Software
1021 S. Wolfe Road
Sunnyvale, CA 94086
(408) 738-4387

FAX (408) 738-4702

Micro-Cap V™ is a trademark of Spectrum Software
All other names are trademarks of their respective holders.
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DESIGN APPLICATION

~ Video Quality Measurements

~ In Modern Television Systems

| In-Service Testing From Vertical
Interval Signals Will No Longer Be Possible.

DAVID K. FIBUSH, Tektronix Inc., Howard Vollum Industrial Park, Beaverton, OR 97007-0001; (503) 627-6289;

|
l
| fax (503) 627-1707.
|

| n the last 50 years, various meth-
I ods of testing television systems
and evaluating video quality have
| progressed from the use of general-
purpose oscilloscopes to a well de-
fined set of measurements using tele-
vision-specific instruments. The
introduction of digital techniques
| into the traditional analog television
| system over the past 15 years has in-
creased the range of specifications to
| be evaluated, but has not changed
the basic testing paradigm: Indirect
measurements using test signals.
The recent introduction of practical
video compression techniques has
added a whole new dimension to
video-measurement methods and the
need for instruments to directly mea-
sure picture quality.

With the explosion of video com-
pression applications, there has been
a tendency by some engineers to
equate digital video with compressed
video. Such a definition of digital
video is certainly not accurate and
can lead to improper operation of a
system and ineffective use of that
part of the system that uses com-
pressed video. Beyond that, analog
video is sometimes completely ig-
nored, even though modern televi-
sion systems use varying amounts of
analog video, including at least the
pickup device and display. The point
is, in operating and testing a modern
television system, the analog and
full-bandwidth digital segments of
the video path must be considered.

Composite analog television sys-
tems use a limited set of video signal
types throughout the production and
distribution chain. There are compo-
nent red/green/blue (RGB) signals in
the camera and display device with
the composite PAL, SECAM, or
NTSC signals predominant in most of

the processing and distribution chain.
Such systems are basically linear,
which means that indirect measure-
ment methods can be used. Degrada-
tion of appropriate test signals is
measured to characterize a portion of
the processing chain providing good
correlation with picture quality re-
sults. Concatenation of measurement
results {rom a series of processes also
retains that correlation. Full-band-
width digital video simply extends
the concepts of analog video into a
more robust signal form often includ-
ing component mode operation in-
stead of composite for further video
quality improvement.

RGB video is produced in the camera
and processed into one or more of
several possible formats: Analog
composite, digital composite, analog
component, or digital component.
TFuli-bandwidth digital video is an ex-

tremely important part of today’s |

television system. Program-produc-
tion processes must be full-band-
width digital (or analog) in order to
manipulate the audio and video to
produce the desired artistie results.
Following program production,
the television signal may be com-
pressed for storage, efficient trans-
mission, or intra-facility interconnec-
tion in digital form. Typieally, this

. will be MPEG compression resulting

Modern Television System

A complete modern television sys-
tem is complex, requiring conversion
of the video signal into a variety of
signal types, including nonlinear
compressed forms (Fig. 1). Analog

in an MPEG transport stream (MTS)
that may be multiplexed with other
MPEG transport streams for trans-
mission or interconnection.
Although frequency-division mul-

tiplexing is commonly used for RF

V-RGB ;
— Camera |V Pf(]'dlICNOI.lI' L MPEG MTS MPEG "ms
[ Camera ::controlunil_. recurdnpg.edﬂmg, ! compress FeWIT traqspon
— A | specialeffects | A multiplexer [~ e
programs
Intra-facility MTS
interconnections
RF Satellite, cable, RF lir4e]
demod lerrestrial fransmission modulator
ATM Broadband network ATM [
gateway gateway
v Distribution quality i
Transport | MTS Decompress TV set
delm“"lip'efe’ 1 Contribution quality
- Production; —— -
Other recording, editing, f—— —
programs special effects

1. A modern television system is made more complex by the need to convert the video signal
into a variety of signal types, including nonlinear compressed forms.
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MPEG compression difficult nonlinear
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i ~——  Protocol nificant portion of

transport stream . .
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2. The need for multiple signal types also generates a requirement for

multiple layers of testing.

transmission of television signals,
new systems use time-division multi-
plexing (TDM) which is generally
more robust for the same transmit-
ted power and provides a suitable
digital channel for compressed tele-
vision signals. It is important to note
even compressed digital video broad-
casting to the home will start with
full-bandwidth digital video to drive
the bit-rate efficient, statistically-
multiplexed compression system.
The broadband network provides
a variety of transmission methods.
Traditionally these have been voice-
channel oriented with special data
mapping for digital television sig-
nals. Use of asynchronous transfer
mode (ATM) hides such formatting
from the user. At the receive end of a
transmission system, the desired
program is demultiplexed from the
MTS and the program data is decom-
pressed. One advantage of compres-
sion is the capability of providing dif-
ferent picture quality levels based on
bit rates. Distribution quality to the
home may be adequate with bit rates
of 2 Mbit/s to 8 Mbit/s for standard
definition television (SDTV) and 20
Mbit/s for high definition television
(HDTV). Contribution quality is re-
quired if further production process-
ing is planned for the received signal;
in that case, bit rates of 18 Mbit/s to
50 Mbit/s are required for SDTV and
270 Mbit/s to 400 Mbit/s for HDTV.
Video testing in this modern tele-

count the various
signal  format
changes affecting
the video throughout the system be-
fore application of any picture qual-
ity measurement algorithm.

Testing Layers

Three key testing layers (uncom-
pressed, protocol, and transmission)
can be defined for the modern televi-
sion system (Fig. 2). Each has its
own subset of more detailed testing
layers. Quality measurements at the
uncompressed level now consists of
two parts, signal quality and picture
quality. Signal quality measurements
are indirect, that is, made with a
suite of test signals whose resulting
distortions will determine transmis-
sion-channel or video-processing
characteristics. These test signals
can be very short, such as just one
line in the vertical interval. In a com-
pletely uncompressed system such
testing will give a good characteriza-
tion of picture quality (with the ex-
ception of helical-scan analog video-
tape recorders).

This is not true for the compression
encoder/decoder part of the system.
Traditional test signals are relatively
simple compared to a natural scene and
are easily compressed with little distor-
tion or loss. Due to the ease of compres-
sion, these signals do not evaluate the
encoder/decoder process. Therefore,
picture quality measurements require
a direct method, natural scenes, or an
equivalent thereof, which are much
more complex than traditional test sig-

nals. These complex scenes stress the
capabilities of the encoder resulting in
nonlinear distortions that are a func-
tion of the picture content.

Once the picture has been com-
pressed, the resulting data is format-
ted for intra-facility connections.
Some examples for the use of such
connections include: Program inter-
change between video-disk servers,
or several video/audio encoders
sending single-program transport
streams to a multiplexer to produce a
multi-program transport stream for
satellite broadcasting. This is an ap-
propriate layer for protocol testing
because the data formatting can be
quite complex and is relatively inde-
pendent of the nature of the uncom-
pressed signals, or the eventual con-
version to inter-facility transmission
formats. Typical protocol-testing
equipment will be both a source of
known valid, or specifically invalid,
signals and an analyzer which locates
errors with respect to a defined stan-
dard and determines the value of
various operational parameters for
the stream of data.

There are a number of competing
compression methods for video that
use discrete-cosine transform (DCT)
based coding. Other methods, such as
fractiles and wavelets, are used for
some applications. Picture quality test-
ing should be designed to be coding-
method insensitive whereas protocol
testing is very much dependent on the
coding and transmission methods. In
order to send the television data to a
remote location, one of many possible
digital data transmission methods is
used. This might be by cable or satel-
lite using a suitable modulation sys-
tem, or by the broadband network us-
ing a channel- or switch-formatting
such as OC-3 or ATM packets.

Signal Quality Testing

Video systems are intended to dis-
play a picture that accurately repre-
sents the scene being scanned by the
camera. With today’s special effects’

capabilities the displayed pictures '

may differ in an artistically-defined
manner from the original. None-the-
less, at some point in the processing,
where the artistic changes are com-
plete, the resulting pictures are to be
accurately transmitted to the final dis-
play device. To test the video system,
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a logical sequence of tasks must be
performed generally starting from the
basic camera/display combination and
working toward the more complex
parts of the signal processing system.
As each part of the system is tested to
its specifications, an observer should
still have a look to make sure nothing
important or unusual was missed.

Signal quality of the uncom-
pressed video remains critical for
systems that use compression for
several reasons:

*The input to a video compression
codec must be accurate, in compli-
ance with appropriate standards, and
be of a high quality to provide for ef-
ficient encoding.

*Video processing such as adding
titles and special effects cannot be ac-
complished in the compressed domain.

eProduction facilities will not use
full compression due to the cost and
quality of compression codecs.

*The only way for different com-
pressed formats to be interchanged
is at the full bit-rate level.

This leads to a strong requirement
for testing of the analog and full-
bandwidth digital portions as well as
the sophisticated compression and
transmission systems.

Measurement practices for analog
television systems are well-defined.
They are based on the linear system
premise that video distortions pro-
duced in a system may be accurately
determined by passing suitable test
signals through the same system.
This is an indirect measurement
method. A series of different tests
are required to verify that the sys-
tem will produce acceptable pictures.
One test alone will not do the job.

A minimum set of tests for an ana-
log system might be: luminance am-
plitude, rise/fall times, bandwidth,
group delay, signal-to-noise ratio,
and waveform non-linear distortions.
For composite systems (PAL/NTSC)
chroma amplitude, chroma phase,
differential phase and differential
gain are also important. A matrix of
tests and specifications can be associ-
ated with different qualities of video
signal transmission but no one num-
ber or mathematical combination of
parameters will describe the result-
ing system operation.

Reference : Degraded
picture picture
Low 1
Feature o -~ Feature
. data | Feature extraction
extraction ditference
Results
(a) S R
Reference - Degraded
picture picture
1 Picture 1
Picture | picyre | data [ Image
image | dald | gaa processing
processing ditference | Results
(b)

3. Engineers can take two basic approaches to
objective picture quality measurements, the
use of extracted feature comparison (a) or
picture differencing (b).

Processing and interconnecting
video in a digital form eliminates
most of the signal quality loss prob-
lems of an analog system. As the tele-
vision industry transitions from ana-
log to digital video combinations of
composite and component systems,
the preference is for all-component
video operation. Until recently, trans-
mission to the home viewer of this
higher-quality digital signal has been
accomplished by compression back to
the composite analog domain while
still providing a picture quality im-
provement over an all-analog system.
With the advent of digital transmis-
sion it is now possible to deliver com-
ponent-quality video to the home.

In a digital video system the com-
ponent analog signal is converted to
digital in accordance with the sam-
pling standard, ITU-R BT.601 (for-
merly CCIR Rec 601). Formatting
and studio interconnection of the digi-
tized signal follow a related standard,
ITU-R BT.656, leading to additional
functional layers and a variety of tests
to be performed. For operational pur-
poses, the monitoring of equivalent
analog video signal properties is still
important due to the presence of op-
erational controls in the digital chain.

Where testing of the analog signal
required only that various parame-
ters be measured on a single wave-
form, digital testing requires three
types of analysis: Digital signal cod-
ing, digital data formatting, and pa-
rameters relating to the digital
waveform. Although all three of
these measurement types can be per-

formed with a single instrument,
there is significant processing be-
tween each pair of layers with differ-
ent analysis methods for each layer
as well. Again, a suite of appropriate
test signals is required.

In a compressed video system, it is
not just the compression method that
determines the resulting picture
quality. The quality of the video input
to the compression system has a sig-
nificant affect. Some of the factors to
consider are:

eIncorrect amplitude or de level
may causing clipping of the picture or
inefficient use of the 8-bit, 256 signal
levels.

oIf the bandwidth is limited (soft
picture) it is actually easier to en-
code; however that may not repre-
sent the desired picture quality.

eAny defects that make the pic-
ture more complex will use coded bit
rate in an inefficient manner. These
could be such things as ringing, jitter,
noise, or composite-component pro-
cessing artifacts.

*Processing to remove noise or
other artifacts can product better re-
sults through a compression system.

Within the compression system,
complex pictures and motion are
more difficult to compress. Although
the specific encoding algorithm is key,
the encoding parameters have a di-
rect effect on quality, more bits, or
longer GOPs (group of pictures) give
better quality. A strength of MPEG is
that the power of the compute engine
and cleverness of the encoding can be
improved over time while maintain-
ing compatibility with older decoders
that comply with the standard. This is
because only the decoder is standard-
ized, and the encoder design can be
improved as increased compute
power becomes available.

In a compression system there are
a number of picture impairments
that may occur. Loss of spatial reso-
lution is often less noticeable, yet is
the first to occur due to the coarse
quantizing of the high spatial fre-
quency components. Loss of tempo-
ral resolution most often occurs in
low bit-rate systems, but also will oc-
cur in other systems where the mo-
tion estimation cannot cope with the
speed or type of motion in the scene.
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Picture cropping can be intentional
as with the MPEG-2 main profile at
main level (MP@ML) or uninten-
tional, in processing of the picture
before the compression process. Typ-
iecal DCT artifacts are blockiness
(block or macroblock in size), edge
“busyness,” flat-area noise (some-
times called “mosquito noise”), and
picture elements misplaced due to
motion-compensation inaccuracies.

Picture Quality Testing

Although the term “picture qual-
ity” is commonly used, what is actu-
ally measured is picture degradation.
A reference motion sequence is com-
pared to an impaired motion se-
quence producing a difference value
as a measure of picture quality.

Today, measurement of picture
quality is accomplished by subjective
methods, people evaluating the dis-
played video. In its more scientific
forms this takes a large amount of
time and resources. The widely-used
ITU-R BT.500 was originally devel-
oped for non-compressed video sys-
tems. It has been, and continues to
be, updated to include more aspects
of human response to a variety of
viewing situations and the types of
defects possible in compressed tele-
vision systems.

It is interesting to note that the
development of more complete sub-
jective testing methods emphasizes

the fact that objective signal quality
testing methods do not have perfect
correlation with subjective resuits.
In an operational broadcast environ-
ment, the subjective evaluation is
generally accomplished only by ex-
pert observers, is still not calibrated
in any meaningful manner, and is cer-
tainly not automatic.

What is desired is an objective pic-
ture quality measurement method.
In development of such a method,
three aspects should be considered: a
measurement paradigm based on the
complete video processing chain, an
algorithm that correlates well with
subjective measurements, and stan-
dardized test materials. A necessary,
but not sufficient, requirement for
meeting the correlation requirement
is selection of an appropriate mea-
surement algorithm. Choice of the al-
gorithm alone is not sufficient be-
cause processing in the compression
codecs or other parts of the system
can have significant effects in calcu-
lation of the objective measurement
results.

There are two basic approaches to
objective picture quality measure-
ments: Extracted feature compari-
son or picture differencing. The fea-
ture-extraction method has
advantages for remote location mea-
surements where the source pictures
are not available (Fig. 3a). However,
results of experiments conducted at

Encoder ——|  Decoder
i | &
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= 299799 9 99 = |
= b Compute [ Test
2 seconds E engine results
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4. This proposed technique for objective picture quality measurement uses only about two
seconds of video sequence, but it also allows for five or more seconds of continuous video that
con be repeated or palindromed for longer viewing for subjective assessment.

Tektronix indicate picture-quality
measurement methods that use dif-
ferencing of processed images at the
measuring device provide the best
correlation between subjective and
objective measurements (Fig. 3b).

A set of objective measurements
has been standardized by the Ameri-
can National Standards Institute as
ANSI T1.801.03. Some of the para-
meters measured by the standard
are: Average gain, offset level, active
video area, spatial shift, spatial infor-
mation, temporal information, radial
average of spatial frequencies,
added/lost motion energy, added/lost
edge energy, added/lost spatial fre-
quencies, and peak signal-to-noise
ratio (PSNR). All but one of these
measurements, PSNR, can be accom-
plished using the feature-extraction
method. PSNR is a very intuitive
method—a calculation based on sim-
ply taking the absolute difference be-
tween video frames. Although PSNR
can give misleading results in some
situations it is still a benchmark mea-
surement and can be useful for con-
trolled experiments.

A combination of several T1.801.03
measurements was evaluated exten-
sively for correlation between objec-
tive and subjective results. Unfortu-
nately, the results of experiments did
not show a high enough correlation to
be included in the standard. There-
fore, in the scope of the standard it
states, “Experimental results indi-
cate that the objective measures pre-
sented here are insufficient to predict
viewer responses with the accuracy
needed to discriminate similar sys-
tems. This standard is intended to be
especially useful as a basis for com-
paring the present operational readi-
ness of a system with the same sys-
tem’s past performance.”

Although there are examples
where a system is more or less in-
variant, the general case is change,
either in the characteristics of the
system such as changing the com-
pressed bit rate or simply the con-
catenation of an uncontrolled variety
of compression schemes during pro-
gram production or transmission.

What is needed for picture quality
measurement is an algorithm that is
based on the human visual system. Such
an algorithm has been developed by Dr.
Jeffrey Lubin at Sarnoff Labs in Prince-
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ton, NJ. It is known as the “JND Image
Quality Metric” where JND stands for
just-noticeable difference. The refer-
ence and degraded digitized images are
individually processed through several
stages representing specific character-
istics of the human eye. Following those
processes the resulting picture data for
the two images is subtracted providing
a map whose intensity is related to the
human perception of the differences be-
tween corresponding areas of the two
pictures. Single number results of pic-
ture quality differences can be derived
from the difference data using such cal-
culations as peak or mean values. Inclu-
sion of the JND Image Quality Metric in
a suitable test instrument is expected to
provide the foundation for standardiza-
tion of objective picture quality mea-
surement methods.

Measurement Considerations

In order to make objective mea-
surements of picture quality it is nec-
essary to ensure the two video se-
quences are presented to the
instrument in much the same manner
as required for subjective tests. That
is, gain and dc level of both the lumi-
nance and chrominance must be
closely matched. In addition, there
must be temporal alignment and
very accurate spatial alignment.

These latter two requirements are
due to the need to do some sort of a dif-
ferencing process between video
frames as done with PSNR and the
JND Image Quality Metric model. An-
other requirement is that the test ma-
terial be such that the system being
measured is working at or near the
limits of its capabilities. This has al-
ways been done with traditional ana-
log measurements (an example would
be use of the 2-T pulse) and is even
more important to stress the nonlin-
ear characteristics of video compres-
sion systems. Again, as has been true
in the past, one test sequence (signal)
will not be sufficient. Therefore, a
number of difficult test sequences
must be used to test video compres-
sion systems.

Studies that compare subjective
and objective picture quality measure-
ments generally conclude there is a
moderately wide variation in subjec-
tive results. This conclusion is often
emphasized by one or more scenes
whose subjective quality does not pro-

vide good correlation with objective
measurements. It may be desirable to
develop an objective method with no
algorithm-breaking scenes; however,
standardization of well-behaved and
truly representative scenes should
provide very useful results.

Considering that some program
material does not conform to signal
quality test results in today’s analog
systems (striped shirts at a frequency
near color subcarrier) and that objec-
tive tests for compressed video sys-
tems are predicted to be only 90% to
95% accurate, it would seem appropri-
ate for the industry to agree on a vari-
ety of standardized motion sequences
for objective measurement of picture
quality. This will allow development
of very useful, if not perfect, picture
quality measurement equipment.

Use of specific test scenes means
that testing has to be “out-of-ser-
vice.” This paradigm for video test-
ing will not be popular with those
who have previously used vertical in-
terval test signals (VITS). Although
in-service testing with the actual
program material would be logisti-
cally possible in some applications
(monitoring a direct broadcast satel-
lite system at the up-link location), it
might not provide meaningful results
for a majority of the program mater-
ial that does not stress the system.
Beyond that there is an operational
parameter that may not be satisfac-
tory with general program material.

The time needed to make the mea-
surement is an important feature in
test equipment. If the picture match-
ing: gain, spatial alignment, etc., is to
be done on program material, a large
amount of compute time will be re-
quired to make correlation calcula-
tions. This is in addition to the time
required to just make the measure-
ment after the two video scenes are
correctly matched. Therefore, it is
proposed that some known alignment
signals be added to the video se-
quences for rapid picture matching.

Objective measurements of pic-
ture quality including temporal as-
pects of the human visual system
should be possible with about two
seconds of video sequence. However,
subjective assessment by an expert
viewer may also be desired so the
test-sequence source should provide
five or more seconds of continuous

video that may be repeated or palin-
dromed for longer viewing (F'ig. 4).

The video source could be a tape
recorder of suitable quality; however, a
test signal generator would be much
more cost effective. Included in the
video are suitable alignment signals to
speed the measurement. After the
video has passed through the system
under test the appropriate two seconds
are captured by the measurement in-
strument. Within the instrument is a
copy of the reference sequence, thereby
allowing end-to-end testing of a system
where the source and destination are a
great distance apart. Because of the
compute power required for a temporal
analysis, results are likely to take up to
a minute or more to calculate.

Compressed video systems are
subsets of a larger system that in-
clude traditional analog and digital
video processing. The non-com-
pressed part of the system must be at-
tended to with care because the qual-
ity of the input to the compression
system has a great affect on its ability
to effectively perform its task, while
both the input and output video pro-
cessing can obscure the measurement
of picture quality.

In addition to use of a picture-differ-
encing algorithm, quality measure-
ments require use of standardized test
sequences to ensure strong correlation
between objective and subjective re-
sults. Out-of-service testing using
standard test sequences with align-
ment patterns will provide objective
picture quality measurements suitable
for comparison of different systems, as
well as day-to-day operation of sys-
tems using concatenated compression
methods and differing bit rates.

David Fibush is retired and con-
sults with Tektronix in the area of
MPEG-2 transport-stream testing
and video quality testing for com-
pressed television systems. He was '
formerly with Ampex Corp. A fellow
of the SMPTE, he has spent 30 years
in television engineering. Fibush has
a BSEE and an MSEE from the Uni-
versity of California, Berkeley.
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PRODUCT INNOVATION

Telecom Chip Set For STM-4 Solutions
'Is Complete To Bellcore Standards

The Latest Use Of High-Frequency Processes And
Two Serial/Parallel Rate Conversions Are Now
Offered In The 3.3-V Range.

PAUL McGOLDRICK

(synchronous digital hier-

archy/synchronous optical net-
work) market is currently in a feed-
ing-frenzy for integration and cost
reductions. But in order for an IC
manufacturer to be a player, they
obviously need to have good high-
frequency processes, either in sili-
con or gallium arsenide (GaAs). The
higher degrees of integration are
probably going to come from silicon
and Maxim Integrated Products is
now throwing its hat into the ring
with a chip set covering the full
range of applications on the high-
frequency side of the transceiver.

The 622-Mbit/s SDH/SONET

Five Basic Blocks

The chip set cosnsists of five basic
blocks which canbe grouped into
three sections for the receiver and
two for the transmitter (Fig. 1). On
the receive side, the ultra-low-power
preamplifier (MAX3664) takes the
fiber’s signal current detected on a
photodiode up to a voltage level suffi-
cient to drive the clock-recovery and
data-retiming IC (MAX3675).

From there, the recovered digital
signal is fed into the deserializer IC.
There are two versions of the lat-
ter—one converts the serial data into
4-bit-wide parallel data (1:4) at 155
Mbit/s (the MAX3681), and another
converts the data into 8-bit-wide par-
allel data (1:8) at 77 Mbit/s
(MAX3680). The difference is depen-
dent on the particular carrier’s over-
head capabilities.

The reverse, but with only two
ICs, happens on the transmit side.
The parallel data words are serial-
ized up to 622 Mbits/s from either 155
Mbit/s (MAX3691) or from 77 Mbit/s
(MAX3690). In addition, each IC

contains a fully-integrated PLL for
clock synthesis. The output of the se-
rializer goes to the laser driver IC
(MAX3667). This last IC is the only
one that requires pnp stages, and is
manufactured on Maxim's CB-2
process, while the others all use
Maxim’s flagship GST-2 process. The
entire line of integrated circuits are
designed for single-rail 3.3-V power-
supply operation.

Receiver Lineup

The MAX3664 is a transimped-
ance amplifier which has been de-
signed for OC-12 applications (Fig.
2). The small photodiode current at
the summing node is converted to a
measurable differential output volt-
age with the shunt feedback resis-
tance. The gain is 6 kQ for small sig-
nals while a feedback diode limits the
output voltage with larger inputs.
The paraphase amplifier converts
the single-ended input into differen-

tial outputs with a voltage gain of 2.
The outputs from the internally-bi-
ased emitter followers are back-ter-
minated and are designed to drive
loads down to 100 Q.. A de cancella-
tion loop, using low-frequenecy feed-
back, cancels the de component of the

input signal so that the signal current |

is centered on the amplifier’s dy-
namic range. The loop performance is
determined by an external capacitor
on the low-pass filter.

The clock-recovery and data-re-
timing IC, the MAX3675, has both
analog and digital inputs available
(Fig. 2, again). The latter would be
inputted through a PECL buffer.
The analog inputs drive a limiting
amplifier which consists of four full-
wave logarithmic detector stages of-

fering a small signal gain of about 42 |

dB with a 3-dB bandwidth in excess
of 750 MHz.

The input signal can range from
3.6 mV to 1.2 V pk-pk. The limiting
amplifier drives the clock/data-re-
covery block and also provides re-
ceived-signal-strength indication
(RSSI) and a loss-of-power indicator
that can be programmed at any
threshold voltage. In applications
where the digital inputs are used, the

Receiver
Optical ___| Pre-amplifier Data & Deserializer | Parallel
input clock recovery data
MAX3664 MAX3675 MAX3680 (1:8) or,
MAX3681 (1:4)
Transmitter
Driver Serializer & | quuun Parallel
clock data
ical MAX3667 MAX3690 (8:1) or,
o MAX3691 (8:1)

1. The basic arrangements of the Maxim SONET /SDH chip set for 622-Mbit /s transmissions

from optical input to parallel data and vice versa.
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B oo o L
™
~ Transtmpedance Paraphase
Photodiods ampliier amplifier

DC cancellation
amplifier

strength indicator

RO o TS R RS A DN e e . L0S
inputs | + Serial | ¢ outputs
= — B = I EEELE |
' latch ‘ it [ ”u?lzl {
' . , 2 o .
) Phase/ — ; D-o—v register regigtar =
] frequency Serial ! ' :
1 3 detector clock ' ;
f::u&“ Limiting ! : Ny :
' amplifier veo ! consler X
: Loss of W . LVDS
’ lock ' ' o clock | |
] indicator S Sl esasccssaasseacanas -
: Filter & Signal |,
-: - Teve sift || defector || o5y pm; ,
] power
! indicator
' Received signal

limiting amplifier block is powered
down to conserve power.

The receiver’s integrated phase de-
tector produces a voltage which is
proportional to the phase difference
between the incoming signal and the
| internal 622.08-MHz clock. Its PLL
drives the error voltage to zero, which
aligns the recovered clock to the data.
A frequency detection function is in-
cluded in the loop to speed up the ac-

2. Block diagram of the receive channel of the Maxim OC-12-compatible chip set.

quisition time when the data are out-
side the bandwidth of the system. The
PLL has a second-order transfer
function with the bandwidth set by
the loop filter which is a transconduc-
tance amplifier with external filter
components. The data latch provides
serial data to the deserializer IC.

The MAX3681 is the 1:4 deserial-
izer in the chip set, converting the
622-Mbit/s serial datat stream into

Latch

P S S T S PG T D P ST A |
I
I
| 4-bit 4-bit
[ | os | input shif
inputs .| register register
|
—_— |
}
|
_
I
| o
System _,
+ frequency Veo
. : detector
1
I
Parallel
dlock T Control
|
i e e
MAX3691

transmissions.

3. The transmit channel of the Maxim MAX36XX chip set for 622-Mbit/s SDH/SONET

half-bytes of 155-Mbit/s, 4-bit, paral-
lel data. The MAX3680 uses the same
basic arrangements for the conver-
sion to 77 Mbit/s for users with
slower applications who want to run
their overhead at less than 100 |
Mbit/s. The 4-bit shift register clocks
incoming data on the positive transi-
tions of the serial clock, which also is
fed to a 2-bit counter to be divided
down to the parallel clock rate, latch-
ing the output register every four
bits of incoming serial data. |

Both the inputs and outputs of the
MAX3681 are low-voltage differen-
tial signals (LVDSs) based on IEEE-
1596.3 standard with 250 to 400 mV |
pk-pk differential swings giving fast |
transitions, good noise immunity and
low power dissipation. Termination |
of the LVDSs is between the invert- |
ing and noninverting lines.

The parallel data lines together
with the parallel clock would be fed
off in the application to the overhead
termination and management with
microprocessor control and alarms.

Transmitter Lineup ‘

On the transmit side, the opposite |
would be the case with data. Frame
pulse and clocks being provided to an
overhead control to produce a 155-
Mbit/s parallel data stream.

E—
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The 4:1 serializer IC, the
MAX3691, takes in the half-byte-
width parallel data and their associ-
ated clock through the input regis-
ter (clocked at 155 MHz) and
shift-registers it to the 622-Mbit/s
serial rate (Fig. 3). The system clock
can be a submultiple of 622.08 MHz
and the PLL fully synthesizes the
0C-12 clock with a maximum output
jitter of 13 ps. The center frequency
of the voltage-controlled oscillator
(VCO) is set with laser wafer trim-
ming,

The MAX3667 is a complete laser
driver for 622 Mbit/s. It accepts dif-
ferential PECL inputs and provides
complementary output currents.
Both modulation and bias currents
can be set from 5 to 60 mA. A monitor
diode can be set up in an automatic
loop for control of average power
(bias current) and modulation signal
control over both the temperature
range and lifetime of the diode.

Conclusions

Thanks to its careful attention to
detail and efficient partitioning of
functions, Maxim’s design team has
arrived at a cost-effective solution
for the termination of high-speed op-
tical communications links. As 622-
Mbit/s links become more commonly
used, these parts will help designers
meet the increasing pressure to de-
liver equipment that climbs ever
higher on a steepening price/perfor-
mance curve.

PRICE AND AVAILABILITY

The MAX366, is available in die form, in
an 8-lead SO, and in 8-lead mMAX pack-
ages at $15 each. The MAX3675 is available
in die form, and in 32-lead TQF Ps at $45
each. The MAXS$681 is available in a 24-lead
SSOP at $19 each. The MAX3680 i3 avail-
able in a 28-lead SSOP, also at $19 each. The
MAX3690 and MAX3691 are both available
in 32-lead TQF Ps at $50 each, as i8 the
MAX3667, also available in die form at 815
each. All prices are in 1000-unit lots. The
MAX3664, MAX3681, and MAX3680 are
available now; the others will be available in
March.

Maxim Inte rated Products, 120
San Gabriel , Sunny vale,
9,086; (800) 998 8800 or ( 408) 787-
7600; Internet: http: howno.mazim-ic.com.

CIRCLE 502
How VALUABLE CIRCLE
HiGHLY 531
MODERATELY 532
SLIGHTLY 533

You can’t buy a better 2 channel
FFT analyzer - at any price.

SR780...$9950 (u.s. list)

Unlike many analyzers,
frequency response
measurements to

100 kHz are no problem
for the SR780.

The SR780 performs

1000 averages in @

few seconds - other
analyzers can take minates.

RN -

* mance 2 channel FFT analvzer you can buy We're so conﬁdent that the
SR780 will improve your measurements we challenge you to do a compari-
son yourseif. Cali us and we’il send you a unit for a two week evaluation.

Using the SR780 swept-sine
source, the measured zero in this
anti-aliasing filter graph is
resolved to a depth of -144 dB
from the pass band.

Stanford Research Systems
Telephone: (408)744-9040 FAX: (408)744-9049

Email: info@srsys.com WWW: hitp://www.srsys.com/srsys/
©1996 Stanford Research Systems. HP prices and specifications per 1996 catalog and data sheets.
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PRODUCT INNOVATI

;Monolithic IC Oscilluior Has

Near-Quartz Stability

| A Tiny 200-kHz To 100-MHz IC Oscillator Offers
| 1% Frequency Stability Over Commercial Temper-

FRANK GOODENOUGH

You’re a system designer and you

need a relatively precise oscilla-
tor in the frequency range be-
tween 200 kHz and 100 MHz. It’s got
to meet specifications over the com-
mercial temperature range. You
don’t need crystal accuracy, nor can
you afford it. Any conventional RC
oscillator you might design can’t cut
your stability needs, and just as im-
portant, will take too much expen-
sive pe-board area. In addition, you
don’t have a stable oscillator to phase
lock to or to count down from.
Designers in need of such an oscil-
lator may find what they’re looking
for from the folks at Dallas Semicon-
ductor. They realized that there
could be a variety of applications for
that type of oscillator (analagous to
the ubiquitous 555 timer), and there-
fore created the DS1075, a simple IC
with the desired oscillator perfor-
mance (Fig. 1).
Called the EconOscillator, the chip

ature Range While Operating At 5V +10%.

is crammed into an 8-pin SOIC pack-
age and contains a novel oscillator
circuit capable of operation from a
few hundred kilohertz to beyond 100
MHz (see “How Does The EconOscil-
lator Work?” p. xx). The oscillator’s
stability approaches that of a crystal-
based oscillator, and the EconOscilla-
tor does not require additional exter-
nal components. In addition, its
output frequency is user- or factory-
programmable.

Typical applications range from
backup system clocks to a handy lab
clock/oscillator. This fixed-frequeney
oscillator permits the user to buy an
off-the-shelf IC and digitally pro-
gram it in the system during or prior
to manufacture. Design changes are
accomodated on-the-fly simply by
programming different values into
the IC (or by reprogramming previ-
ously-programmed devices).

The EconOscillator consists of an
on-chip master oscillator factory pro-

+V
Q
Internal Divide-by-m 081075 Reference
nferna -by- wasian
illat prescaler
| i T Muttiplexer \ output
| — 1
I om_ll_l_ Power down ﬂablc
E—— t__ /_J __»Programmahle \[
' - divide-by-n Oaciair
| —I_ / output
' 5 Program
Optonsl registers
oscillator
input J7 Power down/
select reference

| 1. The DS1075 econoscillator from Dallas Semiconductor contains a unique programmable high-
frequency (100-MHz) oscillator that offers stability close to that of a crystal oscillator over wide

variations in temperature and supply voltage.

grammed between 66 and 100 MHz
(Fig. 2). Variations in its output fre-
quency due to changes in tempera-
ture and/or supply voltage are com-
pensated for and combined with a
programmable divider to provide a
wide range of possible output fre-
quencies. The value of the program-
mable divider is stored in EEPROM,
which can be programmed at the fac-
tory by request, or may be config-
ured by users to suit their individual
preferences. The master oscillator is
factory trimmed to be within 0.5% of
the nominal value, and exhibits a
variation over the commercial tem-
perature range of less than +1%. On-
chip compensation for supply-volt-
age variation allows operation at 5 V
+10% with less than a +1% variation
in output frequency.

The accuracy, although not up to
that of a crystal oscillator, is ade-
quate for many applications. And for
these applications, the instability is
offset by the lower cost and smaller
footprint of the 8-pin SOIC package
when compared to that of metal-can
crystal oscillators. ,

The DS1075 also offers features
not found on other crystal oscillators.
An output-enable function ensures
that the output will only be disabled
or in a high-impedance state when
it’s low, preventing pulse distortion
as a result of the enable signal tim-
ing. Likewise, when the output is en-
abled, only full output pulses will be
produced. In addition, a power-down
command turns off most off the inter-
nal circuitry and reduces current
drain to the microampere level. On
power-up, this circuit combines with
a power-on-reset function that in-
hibits the output until the oscillator
has stabilized.

Timely Timing

Timing-reference options further
enhance the flexibility of the
EconOscillator. For instance, an ex-
ternal clock signal of up to 50 MHz
can be fed to the DS1075’s optional
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tains a novel oscillator cireuit ca-

pable of operating over a fre-
quency range from below 200 kHz to
over 100 MHz. Its stability runs
close to that of a erystal oscillator. It
uses a feedback topology similar to
that of phase-locked loops (PLLs),
but because it’s a standalone oscilla-
tor, there’s no reference frequency
for the circuit to “lock” onto.

The circuit contains a voltage-
controlled oscillator (VCO) whose
output frequency, £, is the output
for the EconOscillator (Fig. 1). A di-
vide-by-N (+N) circuit divides down
the VCO’s output to produce the
feedback frequency, f,. The feed-
back circuit stabilizes the loop and
controls the DS1075’s output fre-
quency with f,,.

A control voltage for the VCO is
derived from two resistors—R and
Rreq—wWhich are fed by a pair of
identical current sources—I, and L.
The voltages across resistors R and
R drive difference-amplifier A.
Its output feeds a low-pass filter
(LPF) that removes noise and be-
comes the control voltage (VC) for
the VCO.

At the heart of the circuit lies the
frequency-controlled resistor, Ryeq-
Actually. Ry  is a simple switched-
capacitor circuit (Fig. 2). The
switches turn on and off with alter-
nate phases (¢1 and ¢2) of the feed-
back frequency, f,,.

The charge Q on the switched-ca-
pacitor C is given by the equation:

Q=CV.

The current i running through C

is expressed as:
C=C(dV/dT)=CV/T
where T = 1/f,,.

As a result, the current is equal
to £,CV.

Because R = V/i, the effective re-
sistance of Rpeq = 1/f,C, where C is
the value of the capacitor in the
switched-capacitor circuit. There-
fore, when f, rises, R, drops. As a
result, the voltage at the plus input
of the difference amplifier drops, re-
ducing the value of the control volt-
age (VC) to the VCO.

The DS1075 EconOscillator con-

+5V

=1y

i

LPF

veo

fout | Tout
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I:} Rireq
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The VCO’s output frequency is
directly proportional to its control
voltage, so the output frequency
drops when R decreases. When
Rireq €quals R, VC remains constant
and the output frequency also is
constant. The output frequency f ;¢
of the complete circuit is therefore
given by the equation:

fout = N/RC

EconOscillator’s nominal fre-
quency is set by the values of N, R,
and C. In the DA1075, N and C are
constant, and the value of R is

+8V

11

-
(o]
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trimmed with the programmable-
resistor technology that’s used in
Dallas Semiconductor’s silicon delay
lines. These trim values are stored
in EEPROM.

The oscillator’s temperature and
voltage coefficients are very low.
Operating the two frequency-set-
ting resistors from current sources
and using the unique feedback-loop
oscillator topology keeps the volt-
age sensitivity low as long as the op-
amp’s open-loop gain is high.

Temperature stability is a fune-
tion of the temperature coefficients
of the values of R and C. While the
capacitor’s temperature cofficient is
small enough to be negligible, the
resistor’s temperature coefficient is
not. However, the temperature co-
efficient of the frequency controlled
resistor Ry is controlled to within
+100 ppm/°C over the specified tem-
perature range. This temperature
coefficient also depends upon the
nominal value of the resistor, which
is trimmed during the fabrication
process to provide the correct nomi-
nal frequency and the best tempera-
ture coefficient.

Contributed by Rick Downs, the
applications development manager
for Dallas Semiconductor Corp.
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2. Packages in a tiny 8-pin SOT(-,—the DS1075 EconOscillator can be used as a back-up system
oscillator that's ready to cut in automatically if the system dock goes array.

oscillator input pin to be used as a
reference instead of the internal os-
cillator (or used in conjunction with
it). Alternatively, a crystal as high as
25 MHz can be connected to the op-
tional input to produce a very stable
reference frequency.

Either the internal reference or
one of the previously mentioned ex-
ternal options can be user pro-
grammed via the on-chip EEPROM.
The reference choice can be made pin
selectable by using an alternate func-
tion of the power-down pin (the func-
tion of this pin is determined by the
EEPROM).

A buffered output, derived from
the external reference, is available
and may be disabled to save power.
Because the internal oscillator is run-
ning at a higher frequency than the
external reference, a simple on-chip
prescaler circuit divides down the in-
ternal oscillator to a similar fre-
quency value. These features allow
easy generation of submultiples of an

existing stable reference, the gener-
ation of a stable reference, or the
generation of a “limp home” clock in
the event that a system clock be-
comes unavailable.

The available output frequencies
and the various operating modes of
the device are all programmed into
an on-chip EEPROM. This EEP-
ROM is programmed by powering up
the device in a program mode, where
the output serves as a serial input to
the EEPROM using the Dallas 1-
wire technology.

The programmed values can be set
at the factory for volume orders, or
can be user-programmed via a devel-
opment board available from Dallas
Semiconductor. This board, the
DS1075K, connects to a standard PC
running Windows 95, and lets the
user easily set the various output fre-
quencies and operating modes, ex-
periment with changes, and program
the desired parameters into the de-
vice. Once the device has been pro-

grammed, applying a 5-V supply to
the device results in normal opera-
tion.

It’s user-programmable option
makes the DS1075 well suited for
breadboarding new applications and
for pre-production runs. Any
changes can be quickly accomodated
by reprogramming the parts by
hand. For volume production, on the
other hand, the required EEPROM
values can be programmed at the fac-
tory prior to shipment.

The DS1075's reasonable accuracy
with no external components, en-
able- and power-down modes, choice

of timing reference, user program- |
mability, small surface-mount pack- |

aging, and low cost combine to make
the EconOscillator suitable for many
applications. Based on the ease of im-
plementation, the ability to re-

progam almost instantaneously, and '

the savings in cost and board space,
system designers may find the
DS1075 to be a preferred alternative
to erystal oscillators for many appli-
cations.

The cost of the DS1075 compares
well with a typical metal-can-based
crystal oscillator. However, to imple-
ment some of its features in a crystal
oscillator would require additional
logic circuitry that could up the total
cost by a factor of two. In fact, it
would be cheaper and easier to use
the DS1075’s erystal-reference op-
tion and just hang a crystal on one
pin. In addition, the DS1075 would
require less pe-board area and less
assembly time.

PRICE AND AVAILABILITY

The DS1075 is available in 8-pin DIPs
and 150-mil SOICs. In quantities of 1000,
the 8-pin DIPs cost $1.62 each, and the 150-
mil SOICs cost $1.70 each. Four versions of
each package type are available. Their nom-
inal output frequencies are factory pro-

grammed at 100, 80, 66, and 60 MHz. The de- |

velopment/ evaluation kit (DS1075K), which
allows programming and software control
over the operating modes of the DS1075, is
available from Dallas Semiconductor at ap-
proximately $60 each in unit quantities.

Dallas Semiconductor, 4401 S. Beltwood
Pkwy., Dalllas, TX 752,4-3302; contact
Steve Brightman at (972) 371-3865.

CIRCLE 502
How VALUABLE CIRCLE
HIGHLY 528
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SLIGHTLY 5_30




ANALOG OUTLOOK

combination of a CCD image sen-
sor, sample-and-hold amplifier,
ADC, and timing generator on a sin-
| gle ceramic carrier with a built-in

The Micro Unit CCD is a hybrid

lens. The hybridunit produces digi-
tized raw data that can be processed
by the host computer. Or, if it’s
needed, the data can be processed
with a camera signal-processing DSP
to give a standardized, formatted
digital Y, B-Y, R-Y.

Ideal applications for the unit
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PRODUCT FEATURES

Highly Integrated Compact CCD Camera
Targeted For PC/Desktop Video

would be when it is built into a PC for
desktop video, or in a laptop or PDA.
Other applications include portable
video phones, vehicle cameras, door
video phones, and toys. With a size of
only 17.5-by-17.5-by-9.8 mm, the unit
is easily installed as a embedded part.
The fixed focal length lens of F2.8/f =
2.9 mm delivers a horizontal viewing
range of 48° from 20 cm to infinity.

The part is mounted in a 64-pin ce-
ramic LCC, with the CCD image sen-
sor being the new ICX096 (for 525-
line/NTSC) or ICX097 (for
625-line/PAL). These are interline
transfer CCDs with a 1/6-in. optical
format. They replace the ICX086/087
CCDs, reducing the chip size by 43%
to 3.30-by-2.95 mm. Active pixel
count is 510 (horizontal) by 492 (ver-
tical) for the ICX096, and 500-by-582
for the ICX097.

The chips are fitted with a yel-
low/cyan/magenta/green comple-

mentary color mosaic filter. They can
be shuttered at variable speeds, al-
though they would be typically be op-
erated at frame rates of 1/60 and 1/50
s for the ICX096 and 097, respec-
tively. A low-noise amplifier is built
into the chip.

Resolutions of up to 330 TV lines
are possible with the basic chip,
while the Micro Unit CCD operates
with a 362-by-492 pixel configuration
and a resolution of 200 TV lines, con-
forming to the Common Interna-
tional Format (CIF). It outputs 9-bit
color CCD raw data. Power con-
sumption is about 630 mW.

Production quantities will be
priced at about $60 each. Commerecial
production will begin in the second
quarter of 1997.

Sony Semiconductor Company of
America

3300 Zanker Rd.

San Jose, CA 95134

(800) 288-SONY, or (4L08) 955-6572

fax (408) 955-5176;

Web at http://www.sel.sony.com.
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kHz pulse-width modulation
(PWM) amplifier. It contains a
full-bridge output circuit, which pro-
vides 10 A of continuous output drive

The SA02 amplifier is an 80-V, 250-

for applications from brush-type mo-
tor drives to hi-fi amplifiers. With a
power bandwidth out to 25 kHz,
other applications for the hybrid
switching or Class-D amplifier could
be in vibration cancellation, shaker
tables, or high-speed linear micro-
stepping motors.

The heat sink requirements for a
PWM amplifier are reduced by a fac-
tor of about 5:1 compared to analog

10-A, Full-Bridge Output, Hybrid PWM
Amplifier Delivers 94% Efficiency

amplifiers. Moreover, the high
switching frequency allows for
smaller, lighter filter components,
with efficiency at the 10-A, 80-V lev-
els typically running at 94%. The out-
put bridge is in an H-bridge format,
and the four FETS are provided with
individual temperature sensing. The
bridge can be operated from 16 to 80
V with up to 800 W continuous out-
put power and 1200 W peak power.
The maximum thermal resistance
Jjunction-to-case is 1.6 °C/W, and the
typical thermal resistance junction-
to-air is 15 °C/W. The gain-band-
width product is 4.5 MHz and the
open-loop gain into 10 kQ is a mini-
mum of 94 dB.

The internal clock is available to
drive other amplifiers, or it can be
driven and locked by another ampli-
fier or other external clock source. A
separate integration amplifier is ava-
iable on-chip and can be used prior to
the pulse-width modulation. The

characteristics of the integrator can
be externally varied.

The inputs to the modulator can be
accessed externally for applications
such as those in digital motion or
sensing.tem. Current sensing can be
separated out while a different pin is
provided for logic-level controlled
shutdown of all output bridge drivers
in either a shutdown-current or shut-
down-voltage mode.

The 18-pin steel package is her-
metically sealed. An evaluation kit
with a pe board and heat sink (EK02) |
is available for prototyping, while |
general assistance is available from
the company in both the data sheet
and their catalog. Pricing is $295 in
100-unit lots. Sample devices are
from stock, production orders require
six weeks.

Apex Microtechnology Corp.

5980 North Shannon Rd.

Tucson, AZ 85741

(520) 690-8608

e-mail:
PRODLIT@TEAMAPEX.COM

Web: http:/fwww.teamapex.com.
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This interactive, easy-to-use productivity tool
is an EE'’s guide to the future.
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of ELECTRONIC DESIGN on CD-ROM

Electronic Design on CD-ROM includes all of the articles, illustrations and
line drawings that appeared on the pages of Electronic Design between
1990 and 1994. Complete with a search engine and hypertext links, it is a

compendium of value added design information available nowhere else.

To order, simply complete, mail or fax this card or call: 201/393-6062; Fax 201/393-6073.

ELECTRONIC DESIGN's CD-ROM Amount Mail to:

O Single order:
O Multiple order: Quantity: x $95 = 611 Route 46 West

Please add $5 for S & Hperdisk Hasbrouck Heights, NJ 07604
Total Attn: CD-ROM Order Dept.

or fax: 201/393-6073

Electronic Design CD-ROM

Method of Payment: [ Master Charge 0O American Express [ VISA

Account Name Account #

Signature Expiration Date

Name Title

Company

Company Address

City State Zip

Phone Fax E-mail

(Allow 6 to 8 weeks for delivery)



Cheryl Ajluni

oday’s IC designers need more from their de-
Tsign software than ease-of-use and flexibility.
The software also must have good interfaces
to other point tools and must be cost-effective.
But bridging the gap between what designers
want and what tool vendors deliver is only one of
the challenges that designers must face. Don't
forget about shortened design cvcles, higher
speed (50 MHz and
above), and more com-
plex designs. At 0.5-
um design rules these
obstacles are manage-
able. But as geome-
tries shrink, things can
get quite difficult.
Many existing tool
sets show signs of
cracking at 0.35 pm.
And at 0.25 um, every-
thing falls apart. This
area, known as decp
submicron (DSM),
poses special chal-
lenges to designers
who are used to the
current design metho-
dologies. The problems

and resistance, which
in the past were not important, have now become
crucial to the success of a design.

Parasitic extraction (PE) is the part of the de-
sign flow that takes these factorsinto effect. PE is
now under heavy investigation by vendors hoping
to provide DSM IC designers an easy, quick, and
accurate method of dealing with the explosion of
parasitic data that invariably oceurs. Conse-
| quently, having the right parasitic-extraction
| tools has now become more critical than ever,

Electronic Design
Automation

SPECIAL
REPORT

~ New Parasitic-Extraction Tools
Needed For DSM Flows

IC Designers Face New Challenges As Geometiies
Migrate Toward 0.25-um Design Rules.

leaving DSM designers to wonder, if the tools ‘,

they have now can’t do the job, then what will.
The issues that arise from design withina DSM
environment and the reasons why they arise are
relatively straightforward. At 0.5-um and above.
gate delays dominate over interconnect delays.
The extent of parasitic extraction may be only on
a few nodes and the information can, in fact, be an
estimation. That is, the
devices’ resistive and
capacitive effects can
. be viewed in terms of a
lumped-RC model.
These estimations are
acceptable because the
overall effects of the
parasitics are small,
and any resulting error
between the lumped-
RC model estimation
and the true parasitic
effects is trivial, caus-
ing no adverse affects
to the design. Thus,
multiple iterations let
the design converge on
itself to an answer.
Just the opposite is

arise because issues Indeep submicron abstraction, context-based techniques can be used for 3D modeling. true, as the industry
such as capacitance Art courtesy of Simplex Selutions Inc.

progresses to smaller

geometries. At (.35 um
the roles start to switch, and by 0.25-um , the rift
is evident, leaving current design methodologies
to completely fall apart. Interconnect delays now
dominate over gate delays. and the physies of the
interactions between the device’s components,
such as metal layers, wires, and transistors,

e S ¢ |
comes heavily into play. Consequently, designers

can no longer estimate things like resistance or
capacitance in terms of one lumped-RC model.
Roy McGuffin, 1)1e~1dent and CEO of Ultima
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Interconnect Technology Inc., Cuper-
tino, Calif., explains that “as geome-
tries shrink into the 0.25-pm range,
interconnect is the biggest challenge
affecting circuits’ performance and
reliability, and accounts for as much as
70-80% of the overall performance.
| Typically RC interconnect delays are
ignored or poorly approximated dur-
ing design synthesis, and this results
in designs that do not meet their per-
formance goals.” Instead, designers
need very accurate values for the par-
asitics now affecting the design. What
starts to become evident about design
in the DSM area then is that success
depends critically on two factors: Be-
ing able to extract good parasitics,
and being able to accurately analyze
the huge amounts of extracted data.

What complicates this situation
more is that there’s no easy migration
path from today’s design methodology

to one that will work at 0.25 um and
i below. Parasitic-extraction tools,
which will play a central role in the de-
velopment of new design methodolo-
gies have some maturity of use
though, having been around for
roughly five years. The most notable
of these tools is Cadence’s Dracula.

On the surface, it would seem easy
enough to simply tweak current ex-
traction tools to work in the DSM en-
vironment. In fact, many companies
with existing tools are doing just that.
But this process is not as easy as it
sounds. Even startup companies dedi-
cated to bringing extraction tools
based on new technology to the mar-
ket quickly have hit some pot holes.
Part of the reason is that the whole is-
sue of parasitic extraction in a DSM
environment is so complicated. It’s
| not, as some in the industry might like
to believe, only a matter of choosing
the right technology approach. It also
involves being able to correctly imple-
ment that technology.

Designers and EDA tool vendors
aren’t used to dealing with the physics
of parasitic interactions within a de-
sign. In fact, the interactions them-
selves are not always well understood.
Try designing something when you're
not sure what the design is, how it
should work, and what it should look
like. It’s next to impossible.

Chi Won Low, a technology man-
ager in Bell Labs quasi 3D develop-
ment project Clover, explains, “In the

past, people could live with a lumped-
C model. At 0.35 pm, though, there is
a turning point. For the first time, the
metals cross-section becomes an issue
because its width and height are
equal. At 0.25 pm, the aspect ratio of
height to width is 1:2, and the trend
will continue. In the year 2010, the as-
pect ratio of 0.08-um designs will be
1:4. The bottom line is that because of
this, the lumped-C model won’t work
anymore. You just can’t get it accu-
rate enough. So, in the past where the
designer had to worry about just one
net, now that one net is broken up by
resistors and capacitors. You, could,
for example, now have ten resistors
and/or capacitors for each net. And
because you can no longer get an accu-
rate, precalculated lumped-C value,
the delay calculation is impacted, in
effeet, divorcing today’s design
methodology from reality.”

To further complicate matters, in a
DSM environment, capacitance is
hard to extract and takes more time.
On the other hand, chips are now big-
ger and more complex than before, so
even if a machine runs faster it will
still take more time to extract the par-

asitics. These two things don’t make it |
any easier to shorten design cycles.
One way to manage these delays is by
first reducing the data. Consequently,
all eritical nets in a design can be iden- |
tified, and then all parasitics can be
extracted from these nets. Non-criti-
cal nets can then be dealt with using
today’s extraction methods.

Many technology approaches are
bantered about to deal with critical-net
parasitic extraction (see “Deep-Submi- |
cron Extraction Techniques,” p. 114). ‘

|
t

And vendors seem to be lining up on
both sides of the spectrum, either us-
ing the technology for implementation
into modified versions of their current |
extraction tools, or using it in newly
developed extraction toolsets. [
While many of the companies fran- |
tically working to provide solid solu-
tions in DSM parasitic extraction
would argue about approaches and
methodologies, most tend to agree on |
a few basic facts. One of the most im- |
portant things that they all share is
the belief that speed and accuracy are |
very closely linked, and that any suc- |
cessful tool will be able to empower
the designer to trade-off how much |

30
library-

3D parasitic-extraction design flow !
[
Technology GDSII ‘
file LEF/DEF
[
[
30 library Net
generator decomposition

|
|

30 geometry
pattern

' !

!

Library
lookup

3D field
solver

T

RC
circuits

Net
merging

DSPF/SPICE
net lists

1. This flow chart details the steps involved in extracting parasitic information from a design
using Ultima’s newest tool offering— the Ultima-PE parasitic-extraction tool.
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Changing the world of FPGA design.

EXEMPLAR LOGIC, WITH ITS VISIONARY NEW GALILEO™
TOOL SUITE, DELIVERS ALL THE BENEFITS OF A
HIGH-LEVEL DESIGN PARADIGM TO THE FPGA WORLD.

Today’s complex FPGAs demand this complete, high-
performance, standards-based environment for synthesis,
simulation and timing verification.

COMPLETE HDL SYNTHESIS SUPPORY

Increase your design productivity and portability with our
HDL Logic Explorer™ package, and gain Synopsys-compat-
ible VHDL and Verilog language support.

BACK-ANNOTATED HDL SIMULATION

The industry’s most popular VHDL simulator, V-System, is
fully integrated with a complete back-annotated timing
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Call 1-800-861-FPGA or email: info@exemplar.com

EXPERT RESULTS OUT OF THE BOX
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FULL TIMING VERIFICATION

Verify your design’s timing constraints with Galileo’s
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timing; and NetScope;" for easy schematic viewing of
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Take advantage of design reusability with our high-
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time he wants the extraction process |
to take versus how accurate the re- .
sults need to be. Of course, if a lot of E
aceuracy is required, then the process !
will take longer than if the designer is !
willing to live with less accuracy. "

People also agree that net-by-net |
extraction in a design no longer works |
in DSM. Instead, the solution will re- i
quire that different techniques be
used to extract parasitics from critical !
versus non-critical nets. Regardless |
of whether or not a designer chooses |
| to limit the amount of parasitic infor- |

 Deep Submicron Extraction Techniques

process technologies requires

not only analysis of designed-in
lumped electrical devices (transis-
tors, precision resistors, diodes),
but also the unintended distrib-
uted elements (resistance, capaci-
tance, and inductance) in intercon-
nect lines. Determining
interconnect parasitics in a deep-
submicron design requires two
steps. The first step is process-
technology characterization, as
models or libraries, to construct es-
timates for the possible parasitics.
The second is geometric full-chip
extraction to determine the loca-
tion of the parasitics and apply the
[ models or libraries, then generate

The density of deep-submicron

mation from non-critical nets in a de-
sign, the virtual data explosion will
still occur. The bottom line is that
many designers are already working
in a 0.35-um design-geometry range,
and 0.25 um is just around the corner.
These IC designers who will have no
choice but to deal with the DSM is-
sues are looking frantically to EDA-
tool vendors to show them the right
path and to deliver on a set of tools
that will make DSM design possible.
SEMATECH, a non-profit R&D
consortium of ten leading semicon-

compliance reports or electrical
networks for analysis.
Interconnect process character-
ization involves using field solvers
to determine the magnitude of ca-
pacitance and resistance. Field
solvers are calibrated with actual
measurements on silicon. Field
solvers discretize the layout struc-
ture in 3D (or 2D), and solve
Laplace equations using finite ele-
ment methods, finite difference,
boundary element, random walk
Monte Carlo, geometry-indepen-
dent measured equation of invari-
ance, and fast multipole methods.
Because this type of analysis re-
quires enormous compute time, it
doesn’t realistically scale to full-

12 Quasi 30 (20-by-20) vs. 3D approach 0%
galmn €T ot a S <A Tt e _ Quasi30 emor - 60%
1 50%
08 1
& { 4%
5 054
5-;- 1 30%
04+ 3D capacitance
P + 20%
02+ Quasi 30 capacitance Simplex error . =
) 2 , , : —y , - 0%
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
Width/thickness of a conducting wire

modeling versus the Quasi 3D approach.

A. This graph, compiled by Simplex Solutions Inc., offers a comparison of error bounding 3D

. ductor companies, joined together to |
! develop advanced software tools for |
1 chip parasitic extraction and signal-
! integrity verification. They’ve re-
' cently taken steps to address the is-
| sues associated with DSM design, ef-
. fectively validating what many in the
E EDA industry have seen coming for
! quite a while—a major rift between
¢ what smaller geometry devices can
' potentially achieve in terms of perfor-
. mance and what current tools will al-
 low to be designed. They've started
« the Chip Hierarchical Design System

chip levels. To effectively handle
full-chip extraction, designers
need geometric layout extractors.
Geometric layout extractors
take three basic forms: Boolean,
edge, or context-based. Boolean
extractors analyze transistors and
interconnect by applying Boolean
operations to the polygon shapes of
the design. The shapes are condi-
tionally combined (OR. AND) to
determine the distance between
conductors and layers. Edge ex-
tractors identify the edges of tran-
sistors and interconnects by trac-
ing the outer portions of the
polygon shapes. In either case,
rule-based extraction files are used
to first identify the type of inter-
connect (lateral, area, fringing),
and then apply the appropriate
equation to calculate the capaci-
tance. Boolean and edge-based ap-
proached are 2D (or 2D-by-2D).
For today's processes that con-
tain six to seven metal layers and
hundred of thousands of nets per
chip, Boolean methods have a
number of drawbacks. First,
there’s slow execution speed. The
number of Boolean operations re-
quired to identify and capture all
major parasitic components in-
creases as conductor spacing de-
creases and additional layers are
added. Also, complexity is a prob-
lem. Boolean rule files are defini-
tionally complex and lengthy.
Boolean operations in layout ex-
traction are semantically limited
to the identification of 2D strue-
tures. Lastly, pattern-dependence
is a drawback. Capacitances are
defined as a measure of identified
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(CHDS) program, which is expected

. gram came about in response to the

to culminate in the development of | Semiconductor Industry Association

tools to speed submicron chips to mar-
ket. Greg Ledenbach, SEMATECH ‘s
director of design says, “Our aim is to
establish a new Chip Hierarchical De-
sign System that will enable our part-
ners, and ultimately the entire indus-
try, to have the open, standards-based
tools and information to accelerate
the speed of bringing products to
market.” In effect, this will allow end
users to design chips with up to 28
million transistors. The CHDS pro-

patterns on a layer that doesn’t ac-
count for multibody capacitance, a
frequent occurrence in deep-sub-
micron technology.

Recent approaches take cross
sections of 2D geometries and con-
struet a quasi-3D (or 2D-by-2D)
view of interconnect (see the
figure). These quasi-3D profiles
are stored in libraries along with
their capacitances. During extrac-
tion, the patterns of interconnect
are matched to the library pat-
terns to calculate net parasitics.
This approach suffers from aggre-
gation errors that occur when the
library elements are pieced to-
gether. If a match to structure is
not found, then the process may re-
vert to a 2D field solution produc-
ing disappointing run times.

Edge extractors are more effi-
cient than Boolean methods, how-
ever, they still require an ever-ex-
panding command set to identify
the complex interconnect struc-
tures. Most edge extractors can't ef-
ficiently account for the third di-
mension of interconnect. Neglecting
the third dimension seriously limits
the predictability needed to bound
the error of the results. Without er-
ror predictability, designers must
increase guardbanding.

The newest extractors, like Fire
& Ice from Simplex Solutions, are
context-based. Context-based par-
asitic extractors look at each con-
ductor in its natural three-dimen-
sional surroundings and store both
the transistor and connectivity of
the physical design in specialized
geographical data structures.
These structures are optimized for

i (STA) roadmap that highlighted a
' number of real show stoppers for the
' design-automation industry as it
' moves toward smaller and smaller
. geometries. With the number of tran-
E sistors per chip growing at 21% per
1 year, current design methods will
' soon reach a breaking point. As a re-
' sult, three contracts were issued in
' 1996 specifically targeted at timing-
. driven design, standards for various
i interfaces, and on-chip parasitic ex-

fast range query operations so that
the polygons can be quickly tra-
versed to identify all the surround-
ing nearbody conductors.

The context-based technique is
faster than the rule-based
approaches because it identifies all
types of capacitors at any given
conductor in one data-structure
lookup. The context-based method
stores and retrieves information
on all surrounding conductors
without user elaboration of edge-
detection rules or exercising
Boolean operations.

In the context-based technique,
a halo region around each conduc-
tor of interest outlines the bound-
ary of influence related to all other
nearbody conductors (see opening
tllustration). Once a capacitor is
identified, the effect of the nearby
conductors is accounted for in its
total capacitance value. The range
of the halo region and implementa-
tion issues are the only limitations
on the accuracy of this method.

Context-based extraction is
ideal for enhanced 3D models
constructed from process informa-
tion and field solvers. Three-di-
mensional analytical models bound
the error in full-chip extraction to
within 10%. This kind of accuracy
gives full-chip timing and noise-
analysis tools the appropriate in-
formation to enable designers of
deep-submicron ICs to prototype
electrical behavior before chip
manufacturing.

Contributed by Shashank Goel,
vice-president of verification prod-
ucts for Stmplex Solutions Inc
San Jose, Calif.

*

traction and signal integrity to get at
physical parameters in a design. The
last part of the program, focused on
PE, was won by Bell Labs, a division
of Lucent Technology, Murray Hill,
N.J. This multimillion dollar, three-
year contract headed by Bell Labs
also will include efforts by OEA Inter-
national Inc., Santa Clara, Calif., and
Ultima Interconnect Technology Inc.,
Cupertino, Calif. Bell Labs’ role as the
prime contractor, will be to develop
chip parasitic-extraction and signal-
integrity verification tools for 0.25-um
designs, with a roadmap to 0.18-um
geometries. Deliverables of the con-
tract will include a net parasitic-ex-
traction tool based on the company’s
widely recognized Clover tool suite
for layout extraction and verification.

One of the tool’s benefits is its use
of an internally developed, patented
PVL algorithm for solving differen-
tial equations., a powerful mathemati-
cal function that takes huge amounts
of interconnect net data and reducesit
to a number that will give the end
user the accuracy desired at the
fastest speed possible. The critical
nets can then be handed over to, for
example, tools from OEA, which
would do a careful modeling.

Bell Labs also has been charged

with specifying and developing inter- |

connect and compact electrical models
to be used in the CHDS system, as
well as a standard net interface with
OEA’s 3D NET-AN field solver inte-
grated for high-accuracy parasitic ex-
traction and Ultima’s fast critical-net
3D extractor. The resulting CHDS
tool will be made available to SE-
MATECH members, who will beta
site the tools as early as the fall of
1997. Worldwide EDA users will get
their opportunity around 1998.

Of the two subcontractors, OEA is
best known for its accurate 3D solvers
and power-analysis solutions, while Ul-
tima’s claim to fame is fast, yet not as
accurate, critical net 3D extraction.
OEA'’s contribution to the CHDS pro-
gram will be in providing enhance-

ments to its chip parasitic-extraction |

and signal-integrity verification
(CPR&SIV)tools. The company will be
working on a new technology evalua-
tion tool with a variable accuracy
whereby users can specify higher accu-
racy for the most critical nets, signal-in-
tegrity checks, process variables errors
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estimated, and with special
net handling for power and

Extraction solution requirements

ing. While many in the indus-
try feel that Dracula will still

clock nets. This tool will help
| IC designers make critical
| decisions in the entire deep-
submicron process.

OEA'’s current field-simu-
lator offering, the NET-AN
3D eritical-net field solver,
based on the internally de-
veloped Cheetah field solver,
provides the end user seam-
less full-net extraction in an
IC design. It works by read-
ing a GDSII database and
other information on a eriti-
cal net. It then selects a set of
nets and begins to build a 3D

Flexibility

play arole, perhaps in the ex-
traction of non-critical nets,
ultimately it will be the com-
panies’ response to the ex-
traction of critical nets that
will be its defining factor. To
that end, the company plans
to make a major tool an-
nouncement later this year.
While details are being kept
quiet, the company does of-
fer its understanding of what
type of solution will be
needed to address parasitic
extraction in the DSM area.
Bernie Mills, Cadence

model. Following a full 3D
field simulation, the output is
in the form of a fully distrib-
uted RCL Spice subcircuit
on the net. As part of the
companies contract, expect to see
many tool enhancements, including the
addition of multi-net capability, an all-
net extractor, and speed upgrades.

Ultima’s Roy McGuffinsays that
DSM brings up some big problems.
“Because of the amount of parasitics
that must be extracted, you end up
with a data explosion. So, when you
try to simulate, the simulator dies.
And, of course, it used to be that the
designer could live with design inac-
curacy, but now in DSM you can’t be-
cause interconnect delays play such
an important role in the design.”

To address this issue, the company
offers Ultima-PR, a parasitic-reduc-
tion tool that reduces the data file
while maintaining accuracy. In addi-
tion, Ultima also developed the Ul-
tima-DC delay calculator that solves
for cell-interconnect dependency us-
ing a patent-pending proprietary
model to drive the cells, and then take
this data into account when calculat-
ing delays. Ultima-PR reduces ex-
tracted parasitic data to decrease the
computational and storage burden of
IC simulators with typically less than
1% accuracy loss, while Ultima-DC
computes cell and interconnect delays
for DSM IC designs.

Ultima’s newest development is
the Ultima-PE, a parasitic-extraction
tool based on its 3D critical-net ex-
traction technology that will fit into
the existing design flows of Cadence,
Epic, and Lucent (Fig. 1). Ultima’s

approach to extraction is to take the
nets and break them down into 3D
cubes, generating a representation li-
brary of components that totals
roughly 200 3D structures for each
process. Closed-form lookup tables
can then be used to match the values
in libraries, providing extraction
times similar to 2D-based solutions.
Relying on technology that’s similar
to Chaco or partitioning algorithms
where a complex problem is broken
into smaller more easily solvable
problems—and when recommended
provides one solution more accurate
then the sum of its parts, Ultima de-
composes the nets and recombines
them to minimize the boundary effects.
Ultima-PE incorporates a usage
model to augment its rules-based ex-
traction by allowing the results to
identify critical nets to be extracted
by Ultima-PR. Also, the net-based
PE tool uses the high-performance
GIMEI 3D solver, which gives results
comparable to other solvers but 30-50
times faster than industry standards.
The tool also has a re-meshing algo-
rithm that provides solutions based
on time or accuracy requirements.
For many EDA-tool vendors, para-
sitic-extraction tools are not new. Ca-
dence, San Jose, Calif., has had its
Dracula PE tool on the market for the
past five years. And it has performed
quite well. With DSM issues starting
to come into play, though, the com-
pany has had to rethink its tool offer-

2. According to CADENCE, solving the parasitic-extraction issue brought
about by the migration to smaller geometries is like fitting together all

the pieces of a puzzle. Each puzzle piece must play an equally important
role in order to offer the designer maximum flexibility.

spokesperson, explains that
“parasitic extraction is part
of the whole timing/intercon-
nect problem, as well as an is-
sue of capacitance. Our pre-
vious extraction tools provided
solutions at the 2D level. But, for DSM,
new models are needed. The tools need
to become more sophisticated, such as
with a 3D formula-based approach that
takes a look at the multibody effects of
capacitance. New technology develop-
ment will be centered around this ap-
proach.” Cadence differentiates its 3D
formula-based approach from the
more generic 3D method in that it uses
3D numeric solvers working on very |
small structures. Information obtained
from these structures can then be used
as input for a field solver. According to
Cadence, “full chip 3D is unreasonable,
because most field solvers, including
3D numeric field solvers, are prohibi-
tively slow.” Cadence though, is look-
ing at taking the numeric approach and
making it real-world applicable to gen-
erate coefficients for the rest of the ex-
traction process.

Cadence has taken the position
that how good a parasitic-extraction
tool for DSM design is will be not just |
a measure of how much data it can
handle, but how accurate the data is
and whether or not it will have the ca- ’
pability to give the designer answers
as to whether the chip will work or
not. Tool usability and the ability of a |
tool to provide consistent answers is
tops on the list of user priorities (Fig. i
2). To that end, the upcoming an- |
nouncement promises delivery of a
tool that will combine reduction tech-
nology coupled with extraction data.
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In this manner, the designer has the
flexibility to do either full-chip extrac-
tion or critical-path extraction. In ad-
dition, it will focus on an overall tim-
ing solution (does the entire chip meet
timing requirements?).

Mentor Graphics, San Jose, Calif.,
another company offering parasitic-
extraction capabilities as part of its
Calibre toolset, like Cadence, plans to
announce this year a parasitic-extrac-
tion tool for DSM design. Mentor,
with much of its focus on system de-
sign and verification, is sure to bring
to the table a tool that willbridge the
gap between physical and implemen-
tation domains of a traditional design
flow, creating an interface that will
shrink overall cycle time.

Avant!, Sunnyvale, Calif., also has
given a lot of thought to the need for
new parasitic-extraction tools for use
in DSM design. To that end, the com-
pany has developed a technology
known as full-chip smart extraction.
Using this simulation-based extraction
technology, the designer has the abil-
ity, at any stage in the extraction
process, to specify a desired delay ac-
curacy. Smart extraction then auto-
matically optimizes computer resource
requirements to provide this accuracy.
One of the prime benefits of this tech-
nique is that it significantly decreases
computer runtimes and peak memory
requirements by up to ten times that of
full-chip extraction without the use of
smart extraction technology. Other
features that set this technology apart
from other extraction techniques is its
ability to enable delay-based sensitiv-
ity analysis to determine the level of
RC detail required for each net and in-
telligent limiting of extraction detail to
create a circuit file of useable size while
still providing the delay accuracy of an
exhaustive full-chip RC extraction.

The company’s tool offering, Star-
R version 2.0, is based on the smart-
extraction technology and is designed
to seamlessly integrate into existing
CAD environments by interacting
with a host of industry-standard for-
mats and interfaces (Fig. 3). It can ex-
tract parasitic information and delays
to within 5% of actual chip implemen-
tation, and analyze designs with more
than 20 million transistors. The tool
relies on the use of 3D field-solver
process-simulation tools to automati-
cally generate capacitance models.

These extraction models can then be
matched with actual silicon processes
using a silicon-characterization and
model-calibration service.

Another company well known for
its extraction tool, Arcadia, is Epic
Design Automation, San Jose, Calif.
They are not just thinking about the
issues brought up by DSM design in
the next couple of years, but to the
year 2000 and beyond. As the com-
pany puts it, getting nanometer
ready. Says Les Speruiell, director of
technology marketing, “in the past,
designers could completely ignore the
analog effects of design, which is why
digital has taken off. But, at the 0.25-
pum mark, silicon begins to rear its
ugly head and says, “You can't ignore
me anymore!” The result is that the
designer has to pay more attention to
the interconnect and not the design.
The big question is how can the de-
signer design in this way and still get
the product to market quickly?

Toward that end, Epic sees hierar-
chy and the ability to manage data as
chunks of hierarchy, as being a erucial
part of the overall DSM solution tools.
This not only helps designers do para-
sitic-extraction estimations very
early in the design, but also makes it
easier to bring back-end features to
the front of the design cycle. Effec-
tively, it’s not necessarily the technol-
ogy that will need to change to ad-
dress many of the issues being raised
by DSM design, but rather the tech-
nology implementation. The Arcadia
tool, in keeping with this train of
thought, offers four different trade-
offs of accuracy-versus-speed, giving
the designer flexibility to choose the
appropriate level.. Les adds that “the
Arecadia tool is not in bad shape, but in
the future some improvements will
need to be made to bring up its capac-
ity and performance.”

Simplex Solutions Ine., San Jose,
Calif., has a mission to make deep-
submicron semiconductor technology
accessible to the mainstream commu-
nity of IC designers. The company
takes its strength from looking at the
whole picture: timing, signal integrity,
and IR, as opposed to the rest of in-
dustry which is looking at pieces.
These strengths are reflected in the
company’s tool offering for parasitic
extraction. The tool, Fire and Ice, be-
gan shipping last October and has a

two-part flow. According to Shashank
Goel, vice-president of verification
products, “The first part is T-Cad, a
fast 3D analysis whose output is a set
of adaptive models developed from
the analysis of the device structures
that are used in the extraction. The
second part is physical data under-
standing of interconnects.” In effect,
the company offers not only the tech-
nology, but also a method of imple-
mentation that gives speed, accuracy,
full-chip verification, full-chip capaci-
tance extraction, and IR extraction.
The tool uses standard formats and
fits into existing design flows.

Bill McCaffrey, technical marketing
director for High Level Design Sys-
tems, San Jose, Calif., says that “the
synthesis process is part of a highly it-
erative deep-submicron design flow
where rapid feedback of highly accu-
rate parasitic extraction, parasitic re-
duction, and delay-calculation informa-
tion is required. These tools need to
give feedback in hours rather than
days in order for deep-submicron de-
signers to meet aggressive chip perfor-
mance targets and design schedules.”

HLDS'’ solution directly answers
these concerns through the integra-
tion of solver-based technology to
properly model parasitic effects. It
not only features next-generation ex-
traction that handles the increased
design sizes and complexity of deep-
submicron designs while providing
very fast runtimes, but also provides
designers with quick iterations be-
tween the logic and layout phases.

Compass Design Automation, San
Jose, Calif., has a unique take on the
whole issue of parasitic extraction.
According to Steve Compolt, “Part of
the problem with DSM is this issue of
data explosion. Compass says just
don’t create the data explosion in the
first place. To do this we have a two-
fold approach: characterization of the
transistors and characterization of
the parasitics. Some people believe
that you have to do both of these all at
once and this creates the data explo-
sion. So, you either deal with a capac-
ity explosion problem or an inaccu-
racy problem. To deal with the
inaccuracy problem people go to 3D.
But, here again, you get a data-explo-
sion problem. The real test is silicon
correlation. This is why Compass
takes a two-prong approach.”
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The company offers several extrac-
tion tools: Silicon Navigator, which
has Extract 2 with a source-drain re-
sistance option; Interconnect Extract;
and Extract 2. Extract 2 has many
features, including hierarchical short
checking, overlap extraction, fringe
and lateral capacitance, the extraction

of inter-layer contact resistance
l through area/resistance lookup ta-

bles, and extended layer derivation
| that’s enhanced to handle an unlim-
ited number of layers. The company
also offers the Phantom extract tool
that extracts cell-interconnect para-
sitic information to within 1% of
Spice. As Compolt explains, “The
company’s real differentiation is that
it has real silicon test chips to validate
the whole extraction process, and the
extraction tools fit into existing de-
sign flows.”

While a handful of EDA vendors
struggle to find ways to handle para-
sitic effects of DSM design, other
EDA software vendors are trying to
figure out how to put these develop-
ments in the hands of IC designers
quickly. According to Bruce Yanagida,
director of the Design Tool Depart-
ment at Cascade Design Automation,

Bellevue, Wash., “Today, more than
ever, with tools depending on the ac-
curacy of the parasitic-extraction
technology, is has become vitally im-
portant to be able to offer this technol-
ogy to mainstream IC designers. Part
of the problem though, is how to make
the tools available. After all, academi-
cally developed technology and real-
ity are two very different things, and
if you can’t implement the technology
then what good is it?”

With this in mind, the company
opted to partner with somone whose
parasitic-extraction tools have re-
ceived rave reviews rather than start
at ground zero and develop PE tech-
nology from scratch. Its choice, the
Arcadia tool from Epic Design Tech-
nology, seamlessly interfaced to Cas-
cade’s Epoch 8.0 Seamless Physical
Design environment. Aradia’s RC-ex-
traction technology is actually embed-
ded into the Cascade design environ-
ment, making it virtually invisible to
the designer. The extraction technol-
ogy enables highly accurate full-chip
capacitance analysis, as well as net-
by-net RC parasitic extraction includ-
ing area, fringe, and coupling effects.

Extracted information using Epic

3. AVANTY'S parasitic-extraction product, called Star-R, is based on the patent-pending smart-
extraction technology. Its high accuracy helps designers reduce costly iterations due to
undetected timing problems common in deep-submicron IC designs.

technology is comparable to that from
a full 3D field solve. But extraction
time is considerably less. And, be-
cause the technology is embedded , IC
designers are provided a push-button
solution to extract critical paths using
static timing-analysis tools, instead of
examining parasitics on a net-by-net
basis before putting information into a
database for analysis. This embed-
dedapproach holds benefits for the
mainstream designer as well, because |
it assumes that the company, not the
designer, will try to understand how
extraction technology works, how it
can be used, and how it’s applied.
Bruce explains “Cascade sees main-
stream designers today coming up
against many of the so-called DSM is-
sues, and we feel the solution we pro-
vide is adequate today to deal with
these issues, as well as those that may
arise in the next year with nothing
more than some improvements to the
accuracy of the extracted data.”

Also taking this lead is Silicon Val-
ley Research Inc., San Jose, Calif. Ex-
clusively licensed to distribute the
parasitic-extraction technology as
packaged in the Clover tool developed
by Bell Labs, it hopes to secure its posi-
tion as an IC-design-tool provider for
design in a DSM environment. As
Cascade and SVR illustrate, key to |
successful DSM design is for main-
stream designers to have a set of eas-
ily accessible and easily useable tools.

While most of the attention is fo-
cused on changing design methodolo-
gies in a DSM environment, 1C de-
signers will have at their disposal a
variety of parasitic extraction tools to
choose from. But, Shashank Goel re-
lates that “with the issue of dealing
with parasitic extraction of resistance
and capacitance well underway, five
years from now we can expect to see
similar difficulties, only this time the
issue will be inductance.” SEMA-
TECH is sponsoring a study on pre-
sent and potential needs for modeling
on-chip parasitic inductance for com-
plex custom ICs. The study will be done
by OEA as part of SEMATECH’s CHDS ‘

program.
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EDA WATCH

Deep-Submicron Design — Changing
The Landscape Of Design Automation

tomation (EDA), or as some refer
to it, Electronic Systems Design
Automation (ESDA), is in the midst of
tremendous upheaval. In the past,
EDA companies existed in their own
little worlds, content to carve out spe-
cific niches. But now, due to changing
circumstances, they're getting in-
volved in all areas of the design-au-
tomation process. The traditional de-
sign paradigms are starting to break
down as geometries get smaller; com-
pletely breaking apart at 0.25 um.
This rift occurs in current design
methodologies, which no longer are
driven by gate delays. At 0.25 um, in-
terconnect delays now drive gate de-
lays, and the physics of the compo-
nents start to break apart, making
modeling a non-trivial task at best.
The consequences of this design
disparity has sent many companies
scrambling to carve out a path for
themselves for deep-submicron de-
sign (DSM) solutions. Toward that
goal, two factions have evolved: Those
companies heralding the all-in-one so-
lution, and those opting for the open
platform otherwise known as the
“best-of-class point-tool solution.”
The first approach focuses on pro-
viding one-stop shopping to the EDA
end user. It requires that all interfaces
between tools be seamless, that no
translation of data be required, and
that the end user be able to work in
the same environment throughout the
entire design cycle. MicroSim recently
introduced a tool that accentuates the
all-in-one approach. DesignLab not
only provides support for analog and
digital designs, but FPGAs as well.
Fostering interoperability and com-
pletely seamless integration, it is rea-
sonably priced at $13,500 in the U.S.
Its benefits include a faster design cy-
cle, easy movement from one function
to another, fewer operation errors,
and forward and backward concurrent
access to all facets of the design cycle.
In keeping with the all-in-one design
solution, it holds the promise of helping
designers build better circuits, which
according to MicroSim, will “drive

The world of Electronic Design Au-

change, setting the standard for what
people end users will begin to expect
from companies in the coming years.”
The company also claims that working
with a product that is part of an inte-
grated family of products gives the de-
signer access to all facets of design.
Consequently, if the designer gets to a
point where a problem arises, it is pos-
sible to easily go back and fix it. The de-
signer also can trade off different facets
of the design; a function not available in
the past with assembly line trade-offs.

On the other end of the spectrum is
the approach offered by Protel,
deemed an “EDA renegade.” Moti-
vated by the knowledge that one solu-
tion may not be a perfect fit for every
conceivable design scenario, it began
work three years ago on an open plat-
form of tools known as the EDA
Client. Available for roughly 15
months, the platform is heavily mod-
eled after the current client server,
multivendor, multiapplication, multi-
tool platform. Specifically addressing
the inability of point tools to work well
together, it offers a user-friendly in-
terface and eliminates integration
gridlock. The platform, which allows
small vendor startup companies to
bring their EDA technology to the
market quicker, radically changes the
EDA tool delivery model. A vendor
simply uses Protel’s free development
software to design its technology into
a tool for the EDA Client platform.
The platform then becomes like a soft-
ware factory, where the designers can
easily and quickly pick and choose the
best tool for the job, capturing exper-
tise in all areas of design from
schematic capture, and simulation to
pe-board layout, all within the same
virtual design environment.

The open-platform approach en-
ables the designer to gain quick access
to new technology because the time to
get new tools to the market is dramat-
ically decreased. In fact, no contracts
or nondisclosures are required to be
signed. But, while the approach may
sound palatable—a number of compa-
nies have already designed tools for
the EDA Client platform—it remains

to be seen whether or not it will be
widely adopted. Likewise, the all-in-
one method is not a bed of roses ei-
ther. Although it offers many benefits,
many questions remain unanswered.
For example, how can one set of tools
work well in every situation? And, as-
suming one set of tools can work in
every design scenario, what happens
when shrinking geometries begin to
cause a breakdown in the current de-
sign methodology? Does the entire
tool set have to change or just get
modified to address the different ob-
stacles? And ultimately, by what cri-
teria can the designer decide which
all-in-one solution is the best?

Some companies smartly antici-
pated the coming changes to design
methodologies that DSM will bring,
and have begun seeking out ways to
improve their current product offer-
ings. For some, in-house development
is the answer. For others, the solution
is to look outside their corporate
structure. In fact, many of the acquisi-
tions, mergers, and partnerships over
the past year have been in direct re-
sponse to these coming changes.

Avant!, for example, has seen much
activity lately, acquiring companies
with technologies specifically tar-
geted at design in the DSM environ-
ment, and carving out a leadership po-
sition in the Integrated Circuit
Design Automation (ICDA) arena.
The AreSys merger focused on place
and route, floorplaning, and optimiza-
tion, while the ISS deal targeted veri-
fication and extraction. Most recently,
the mergers with Anagram and Meta-
Software sought to target high-capac-
ity circuit simulation, timing and
power analysis, and accurate circuit
simulation, circuit characterization,
and process modeling, respectively.

Cadence recently acquired Cooper
and Chyan Technology (CCT) and
High Level Design Systems (HLDS).
The CCT deal secures ownership of
the most widely used autorouter, and
picks up all of CCT’s recent activity.
Last year, CCT acquired Unicad, a
supplier of pe-board electrical in-
tegrity, analysis, and optimization
tools, and entered into a long-term
agreement with Synopsys and IBM to
help Sematech solve the challenge of
designing chips with geometries of
0.25 pm and below. The HDLS merger
specifically targets floor planning,
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considered by some an issue crucial to
a successful DSM design. As Intellec-
tual Property (IP) comes of age and
ASICs start to look like pe boards,
system planning will get more critical.

Mentor Graphics has positioned it-
self to offer a key all-in-one solution for
DSM designs. It acquired Royal Digi-
tal with its Sceptor technology to help
tightly integrate the transfer of de-
signs from pe-boardCAD tools to fab-
rication suppliers; and Interconnectix
with interconnect synthesis to enable
first-pass success by addressing inter-
connect problems caused by increas-
ing percentage of critical nets in a de-
sign. Mentor Graphics formed a
strategic business unit, Inventra, to
deal with all aspects of the emerging
IP. As part of this formation, the com-
pany acquired dQdt (Dimension in
Quick Design Turnaround), a supplier
of parameterized DSP soft cores and
design services; CAE Technology, a
developer of reusable soft corés for pe-
ripheral controllers; and Systolic
Technology Ltd., a developer of
reusable cores for telecommunica-
tions. The new unit will try to offer the
largest variety of synthesizable, sys-
tem-level building blocks (soft cores).

Viewlogic Systems recently teamed
with Applied Microsystems and Eagle
Design Automation to offer embedded
system and ASIC development teams
a complete hardware/software co-veri-
fication solution, and with Motorola to
develop a next-generation ASIC de-
sign methodology to unify logical and
physical design. An arrangement with
Synopsys will enable a significant re-
duection in the time needed to create,
distribute and support accurate, se-
cure Verilog simulation models.

While not a full accounting of all the
recent activity in the EDA community,
these mergers, acquisitions, and part-
nerships show the great state of flux
the EDA industry is in, and the extent

The Intusoft newsletter is a publication
dedicated to discussing topics related
to the spice circuit simulators. Each
issue contains application notes, techni-
cal articles, and modeling techniques
that help engineers simulate.

to which vendors will go to strike a
leadership position into the uncharted
DSM design territory . This year may
very well determine which approach
will come out on top—the all-in-one or
the open platform. Ultimately, the win-
ning approach will surely be the one
that puts the designer’s needs first in
the design-methodology flow, and not
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PRODUCT INNOVATION

lTeclm Based Design

| High-Level Systems Design Tool Offers Design-
| Team Management, Automated Optimization, And

CHERYL AJLUNI

hese days, designing complex
electronic systems is becoming

more common than designing a
single electronic function or system.
But this requires a slew of new design
capabilities for use early on in the de-
sign cycle. And even with these new
capabilities in place, systems design
can be a daunting task. In the past, de-
sign teams could work effectively in
isolation simply by throwing their
completed portion of the design over
the wall to the next engineer. But the
complexity of today’s projects is fore-
ing companies to use larger engineer-
ing teams to meet their goals, which
means that designers can no longer
work in serial fashion.

A parallel design flow requires
keeping track of every team mem-
ber’s activity, and this is no
easy task. And adding to the
problem, ASICs are starting
to look more like pc boards
as geometries continue to
shrink, making the use of in-
tellectual property (IP) cru-
cial. Systems designers and
project managers who are
finding it difficult to effec-
tively design and manage
large, complex systems by
today’s standards are left to
ponder their options in an
IP-prevalent, deep-submi-
cron world.

To address the growing
requirements of systems de-
signers and engineering
managers, many electronic-
design-automation compa-
nies have chosen to focus on
what their next product of-

fering will be. However, Alta 1. Intelligent Design Optimization allows systems designers to do
optimization trade-offs by avtomatically and intelligently running
has opted for another sequences of simulations.

Group, Sunnyvale, Calif.,

| S =

Virtual Troubleshooting/Debugging Capabilities.

route—they improved upon its exist-
ing SPW system design tool. Tradi-
tionally focused on individual-system
design productivity for wireless,
multimedia, and networking product
design, the algorithmic-based tool
enables designers to quickly evalu-
ate and optimize alternative design
ideas before committing to an imple-
mentation path.

Joining Forces

In light of the problems facing to-
day’s engineering managers, though,
the tool has now been extended to fo-
cus on engineering collaboration for
system-level design, with special em-
phasis on tool usability and design-
team productivity. This move not
only helps simplify the design of com-

System-Level Tool Upgrades For

plex electronic systems, but with the
inclusion of three key technology de-
velopments will, as Gary Smith,
EDA analyst at Dataquest explains,
“allow system-level design tools to
move out of the lab and into the main
design flow.”

Version 4.0 of the SPW tool offers a
number of benefits not previously
possible. In the past, for example, sys-
tem-level design tools have lacked the
functional capability to allow for team
collaboration or concurrent engineer-
ing across large cross-functional engi-
neering teams. One prime benefit of
SPW 4.0, however, is that it lets engi-
neers from multiple disciplines, such
as system architects, hardware and
software engineers, and RF engi-
neers, work together concurrently in
system design. Subsequently, there's
much less risk of getting caught at the
back end of a design with an integra-
tion problem that could have been
avoided by dealing with it much ear-
lier in the design cycle.

Time-to-market also is improved
because the tool allows for
automatie design-parame-
ter optimization and rapid
system integration. Both
functions were previously
unheard-of for main product
design flows. Engineering
managers, who in the past
may have had difficulty
keeping track of one project
with a small number of de-
sign-team members, can
now use SPW 4.0 to manage
many different designs and
revisions of designs at the
same time. And they get the
same result: A fully verified
system-level design that can
be handed off an to IC de-
sign-implementation group.
Key enablers of these bene-
fits are three technology de-
velopments featured within
the SPW 4.0 tool. The first,
called Intelligent Design
Optimization (IDO), pro-

~
o
o
=
o~
>
o
<
>
=
<
-
~
=
-
v
P
=}
=
=z
o
§
-
el




~
o
o
—
=3
o~
>
oc
<
—4
z
-y
-
~
=
o
»
ad
(=}
=
=
(=]
ac
g
=
-

I T Y S, P C-5OARD DESIGN|

vides 4 means for the de-
signer to identify the opti-
mal combination of design
parameters, even when
faced with thousands of pos-
sible choices (Fig. 1).

In the past, this highly it-
erative process would have
been done by brute force,
whereby designers were

forced to evaluate and opti-
mize designs manually and
repetitively. With IDO, de-
signers simply enter script
in TCL/TK format to direct
a simulation run. Accord-
ingly, system-design para-
meters can be swept across
ranges of values that ave ei-
ther defined by the designer
or determined dynamically
during the sequence of simu-
lations. Then, with each sub-
sequent simulation itera-
tion, parameter values can be varied
according to results obtained from
the previous simulation. In this man-
ner, the software is able to intelli-
gently and automatically process
complex sequences of simulations
based on previous knowledge, not
brute force.

Integrate And Debug
Interactive Virtual Prototyping
(IVP), another feature of SPW 1.0,
enables designers to rapidly inte-
grate and debug complex system de-
signs (Fig. 2). It does this by virtu-
ally eliminating the need for
batch-mode simulation, normally a
tedious, costly and time-consuming
prospect. Instead, using an interac-
tive probing feature built into IVP,
the designer can stop a simulation
run at any point, and hook up various
collection and analysis probes to any
node in a system block diagram.
Then, by resuming the simulation,
and even running it in slow motion if
desired, designers can effectively
verify that everything is working at

| the critical system nodes according

to plan. They can even do trou-
bleshooting on the fly. This is signifi-
cant because having the ability to in-
vestigate a problem while it’s
occurring enables designers to find

| out about any potential “show-stop-

pers” early in the design cycle, when
there is still plenty of time to make
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necessary changes.

Unfortunately, the alternative
would be to wait until a prototype of
the design has been completed be-
fore any problems can be identified.
At this point, troubleshooting is
much more difficult and expensive.
And today’s complex systems design
doesn’t provide the flexibility in
terms of time and project budget to
accommodate this outdated option.
IVP eliminates this practice by pro-
viding troubleshooting results early
in the design cycle, when there’s still
time to make cost-effective changes.
Once a problem is identified, SPW’s
interactive debugger lets designers
set breakpoints, pause/step/resume
simulations, highlight blocks where
the simulation is halted, and dis-
play/modify signal values at cur-
rently active nodes. The result is that
the tool simplifies and speeds the
troubleshooting process.

Team Collaboration

One of version 4.0’s most signifi-
cant features is its ability to enable
large design teams to collaborate ef-
fectively on complex design projects.
This is possible thanks to the devel-
opment of Workgroup/Data Manage-
ment technology, which creates both
private and group repositories of de-
sign data that are similar to read-
only file folders. Control of access
and modification privileges to these

2. The Interactive Virtual Prototyping feature simplifies and speeds the
entire troubleshooting/debugging process by enabling real-time data
probe collection and onalysis.

repositories can be deter-
mined by the engineering
manager or among the mem-
bers of a design team. This
feature works directly to
bridge the organizational
gap, by mandating that
everyone working on the
project stays on the same
track and that the project
stays on schedule. Conse-
| quently, svstem-level de-
‘ signers and managers can
- control to varying degrees
the design team members,
the design project, and the
design version.

Other capabilities offered
by the Workgroup/Data
Management software tech-
nology include the ability to
view the status and history
of current design revisions,
and track data object modifi-
cations by other team members.
Data-branch creation and merging,
an advanced technique that enables
members of a design team to inde-
pendently modify system compo-

nents, track changes, and subse- '

quently reconcile them, and
design-build management also are-
possible with this software.

In addition to the three key soft-
ware developments, SPW 4.0 also
has a number of other benefits.
These include a network/protocol in-
terface, processing control simula-
tion, cycle-based simulation, cycle-
accurate processor models, and
static/dynamic data-flow simulation.
Other features promise ease-of-use,
such as design capture via block dia-
grams, finite state machines (FSMs),
and C/C++ coding. Users also will en-
joy fast, system-level simulation and
advanced analysis capabilities.

PRICING AND AVAILABILITY

The SPW 4.0 tool will he available in the
first quarter of 1997 on the SunOS, Solaris,
and HP platforms. Pricing starts at $30,000.
Current users of the SPW tool will have ac-
cess to the new release under the mainte-
nance program at no added cost.

Alta Group of Cadence Design Systems
Inc., 555 N. Mathilda Ave., Sunnyvale, CA,
94086; (408) 733-1595. CIRCLE 504

How VALUABLE CIRCLE
HIGHLY 546
MODERATELY 547
SLIGHTLY 548




Fast. Reliable. Affordable.

Parallel port
EMP-20
$449.95

Stand-alone
SA-20 (gang)
$750, SA-10
{single) $550

Parallel port
EMP-10
$219.95

PC based
$139.95

Needham’s Device Programmers

Now the easiest and most cost-effective way to
read, program and verify 2716 — 8 megabit
EPROMS. Support for Micros, Flash, EPROM,
16-bit, PLDs, and Mach (call for support list for
specific models, or download demos from our
BBS or web site).

Easy to use menu driven software features on-line
help, and a full-screen editor. Support for macros,

read and save to disk, and split and set options.

For more information call

(916) 924-8037

NEEDHAM ELECTRONICS, INC.

4630 Beloit Drive, #20, Sacramento, CA 5838
FAX (916) 924-8065 « BBS (916) 924-8094
(Mon. — Fri. 8 am — 5 pm, PST)
http://www.needhams.com/
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¢ Free technical support
¢ Free software upgrades

* 1 to 2 year warranty on all
parts and labor

¢ 30-day money-back guarantee
e Made in the U.S.A.

¢ All models include software,
on-line help, cables, and
power transformers
(where applicable)



Palm-sized PC Microcontroller packs industrial 1/0 power
with embedded PC control.

When a proven technological innovator emerges in any industry, it becomes Octagon PC
the one to watch. Octagon Systems’ new PC Microcontroller™ series blends 1/0 Microcontroller Series
innovation with embedded PC control. The PC Microcontroller series not only CPU 40 MHz
provides a uniquely integrated hardware platform, but includes the industry’s oy s 'ffg;zl,s“
largest suite of embedded software in flash memory. You get the best of all oA = sl ¥
worlds-a single card industrial solution that you can adapt Analog /O Upto 10
to hundreds of applications without the com- CAMBASIC v
patibility problems of multiple card variations. Networking v
Each of the Octagon PC Microcontroller cards 2:3:‘;:‘:5 :
includes DOS 6.22, but will run under QNX as DRAM Supplied 2 MB
well as many other popular real-time operating Flash Supplied 1 MB
systems. They also include CAMBASIC, SRAM Supplied 128K
Octagon’s fast multitasking control language that | RealTimeClock v/
supports all the I/0O on the card-no drivers to g:?gssg‘::;e;t ;’340/1005
write. Each 4.9"x 4.5” package is rated from -40°

to 85°C, plugs into an ISA bus slot or operates
stand-alone with a 5V supply.

The Octagon PC Microcontroller series. It’s loaded with software.
There’s no memory to buy. You don't need a
professional programmer. And it eliminates the
headaches of mixing and matching the CPU, I/O and
software from different sources. It’s an irresistible new
product family from Octagon Systems-1.0. with 1.Q!-the
latest innovation in our sixteen year history of success.

(GEZ) OCTAGON SYSTEMS®

6510 West 91st Avenue Westminster, CO 80030 USA
TEL: 303-430-1500 FAX: 303-426-8126 www.octa.com
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An Intelligent 1/0

| Subsystem
Elimanates The Need
For Multiple Drivers
For The Same Device
- And Offers Options
For High-Speed Data
Transfer.

Pavline Shulman, Wind River Systems.
1010 Atlantic Ave., Alumeda, CA.,
95501; (510) 748-.4100;fa.r (510) 814-
2010.

quiet the busy mind is to focus it
on a simple, repetitive task. We can
apply this ancient wisdom to the de-
sign of network servers by focusing on
1/0, that is the inbound and outbound
flows of information between the host
CPU and the attached peripherals.
Doing so rewards us with servers that
are more powerful in terms of

throughput, more flexible in the vari-

ety of devices they can use, and more
available because they are able to iso-
late and recover from faults. Beyond
these possibilities, it creates new I/0
capabilities because increased intelli-
gence is added to I/O processing.

The heart of I/O processing is the
process of managing the many inter-

Today
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