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The 100,000 Gater.
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Introducing Altera’s EPF10K100.
The highest-density Programmable
Logic Device ever.

With 100,000 gates, Altera signals a new era
¥ for programmable logic. Big enough to handle most gate
array designs and larger than any FPGA, the EPF10K100
satisfies even the most feracious appetite for density. From
prototyping 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 b'ocks can
pack up to 24K bits of on-chip RAM, with room for other
complex megafunctions such as mierocontrollers and DSP

' AMPP (Altera Megatunction Partnecs Program)

and PCI 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 seamless
integration with your existing design environment.

It's time to give your designs more bite.

K high density, exceptional performance,
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. A1ONAP2. We'll send you a free FLEX 10K
information kit. Or, find us at http://www.altera.com
on the world-wide web.

FLEX 0K
information
it

yoration Aftera, FLEX, and MAX+PLIIS are registered trademarks anc ELBX 10K, MAX+PLUS It and EPF10K100 are trademaris of Altera Corporation AMPP, A tera
and The Attera Aifvantage are service marks of Altera Corporation Al other trademarks are the groperty of their respe: tve holders All nghts reserved
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A quick and easy change
can bring super results.

With the same footprint as its
multimode twin, HP’s line of
powerful, laser transceiver
components makes your transition
to single mode fiber applications

effortless.

Until now, designing communications
cards for single mode fiber applications
has often meant using separate, fiber-
pigtailed components. But today, with
HP’s drop-in SMF transceivers, upgrad-
ing your designs from MMF is easier
than ever.

How easy? Just swap in HP’s same-
footprint 125 Mbd FDDI and 155 Mbd or

622 Mbd ATM SMF transceiver products.

Class 1 eye-safe, these small-footprint
components immediately expand your
offerings to intermediate-reach applica-
tions of up to 15 km or more. And, with
HP’s volume production, costs are
among the lowest in the industry.

“SEE US AT OFC!”

Not only that, HP’s SMF components
provide the same quality and reliability
you've come to expect from HP. Which
means you can be assured of both top-
of-the-line performance and the kind of
service and support that only HP can
provide.

And when you're ready for more?
Gigabit Ethernet is around the corner.
And 2.5 Gbd ATM and bi-directional
transceiver products are currently on
the drawing boards.

So don't delay. To get super perfor-

mance, make a quick and easy change:

HP SMF.

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

available by fax (U.S. and Canada).
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Call
1-800-537-7715
ext.2027 for free
product literature
and information
on discounted
samples.
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NETWORK.

Make a call from any phone and, chances are, AMD
communications silicon will connect you. Since 1979,
we've worked with our telephony and networking
customers to develop and implement innovative
communications I[ICs. You can find those ICs
in products from our customers like Siemens,
Ericsson, NEC, Pulsecom and DSC. Last year alone,
more than 20 million new phone lines worldwide utilized
AMD communications ICs. And the wide range of AMD
silicon used in communications hardware comprises
over 40% of our business. Work with us and together
we can put that expertise to use in your next product.

Make the call today and see how we can help.

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

"”'/a, ‘, Q

AMD communications
silicon includes
Ethermet controllers
and repeaters, linecard
ICs, programmabile
logic devices, flash
and EPROM memory,
and embedded

processors.

AMD communications
technology can be
found in the phone
systems of more
than 95 countries

around the world.

AMDt



25 to 1910MHz

SURFACE MOUNT V(CO’s ... 513%

JTOS/JCOS SPECIFICATIONS

Time after time, you'll find Mini-Circuits surface mount voltage
controlled oscillators 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 procuction can
rocket your design from manufacturing
to market with lightening speed.
Soar to new heights...specify
Mini-Circuits surface mount VCO’s.

ACTUAL SIZE

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

[JMini-Circuits

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com

Model Freq. Range Phase Noise Hamonics V.-« Current (mA)  Price
(MH2) (dBc/Hz) dBc) 1Vto: @+12vDC  $ea

SSB@ 10kHzTyp. Typ Max (5-49p
JTOS-50 25-47 -108 19 15V 20 13.95
JT0S-75 37.5-75 110 27 16V 20 13.95
JTOS-100 50-100 -108 35 16V 18 13.95
JT0S-150 75-150 -106 -23 16V 20 13.95
JTOS-200 100-200 -105 25 16V 20 13.95
JTOS-300 150-280 -102 28 16V 20 15.95
JTOS-400 p -102 25 16V 20 15.95
JTOS-535 300-52¢ -97 28 20 15.95
JTOS-765 485-765 -98 30 16V 20 16.95
JTOS-1025 685-1025 -94 28 16V 22 18.95
JTOS-1300 900-1300 -95 28 20V 30 18.95
JTOS-1650 1200- 1650 -95 -20 13V 30 19.95
JTOS-1910 1625-1910 -92 13 12v 20 19.95
JCOS-820WLN  780-860 -112 13 20V 25 (@9V) 49.95
JCOS-820BIN  807-832 -112 -24 14v 25 (@10V) 49.95
JCOS-1100LN  1079-1114 -110 15 20V 25 (@8V) 49.95

Notes. *Pncas far JCOS models are for 1 to 9 quantity. **Recured to cover frequency range
See “RF/F Desgmer's Guide™ or “VCO Designer's Hundbook™ for complete specifications

DESIGNER'S KITS AVAILABLE

KJTOS1 1 of sach (10 peces). JTOS-50, 75, 100, 1580, 200, 300, 400, 535, 765, 1025, only $149.95
K-JTOSZ 1 of each (7 preces): JTOS-50, 100, 20G, 400, 535, 765, 1025, only $99

K-JTOSS 2 of each (6 pieces): JTOS-1300, 1650, 1910, only $114.95

147 148

ACLE READCR SERVICE CARD

For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You.

F 234 Rev Oria
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gigahertz communications.
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Sensor and display driver advances offer lower power,
higher performance, and higher resolution capabilities.
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After a long gestation period, the first distribution
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quality and options that we may never have thought of.

Product Features

TEST & MEASUREMENT
New Functions Enhonce Spectrum Analyzer Flexibility .. 113

Complex modulation schemes in new communications
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If you've been bitten by a bad optocoupler, we can help you recover from the trauma.

Our proprietary Optoplanar® structure ensures reliable performance, and our
expanded capacity enables us to deliver on time and at competitive prices.

Don't get bitten again. Choose an optocoupler that behaves the way it should
from a company you can depend on.

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

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

QT

OPTOELECTRONICS

United States 800-533-6736
France 33 01/43.99.25.12
Germany 49 089/96.30.51

United Kingdom 44 [0] 1296/39.44.99

Asi ific -24
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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
READER SERVICE NUMBER 198
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Digi-Key C orporatmn, 701 Brooks Ave South,
Thief River Falls, MN 56701-0677

Toll-Free: 1-800-344-4539 » Fax: 218-681-3380
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Visit us on the Internet « http://www.digikey.com
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MARCH 1997
Computer Telephony Expo ’97,
Mar. 4-6. Los Angeles Convention
Center, Los Angeles, California.
Contact (212) 691-8215.

IPC Printed Circuits Expo 97 &
40th Annual Meeting, Mach 9-
13. San Jose Convention Center, San
Jose, Califonria. Contact JoAnn Gal-
luzzi (847) 509-9700; Internet:
http://www.ipc.org.

Embedded Systems Conference
East, Mar. 10-12. Hynes Conven-
tion Center, Boston, MA. Contact
(617) 821-9222; e-mail: esce@ex-

MicroGrid Precision-Expanded Metal Foil B | poreg.com.

. T 3 B
Highly engineered characteristics. Up to 95% open area. In most metals. PCB Desiggn, ConferanceWodt,

Call for a free sample Mar. 15-21. Santa Clara Convention
Center, Santa Clara, California. Con-

tact PéB Design Conference., P'O.
Box 472, Canton, Massachusetts
02021, (617) 828-9185; fax (617) 828-

C O aipmiy @Fosiade | 8198,
16 Commercial St.,POBox 427, Branford, CT 06405 203/481-4277 FAX.203 488-6902

European Design & Test Con-
READER SERVICE NUMBER 110 ference (ED&TC ‘97), Mar. 17-
20. CNIT Conference & Exhibition
Centre, Paris-La Defense, France.
Contact ED&TC Conference Secre-
® tariat, CEP Consultants Ltd., 43
UltraSWItCh Manor Pl., Edinburgh, EH3 7EB,
UK; (44) 131-300 3300; fax (44) 131-
® SCSI-3, Fast/20 ® Switching: 1-to-2 or 2-to-1 303 3400; e-mail: edtc@cep.u-

® Differential (or Single Ended) 1-t0-3 or 3-to-1 e

® Wide (16 bit) bus 1-to-4 or 3-to-1 Antennas: Principles, Design,
and Measurements (Short
Course), March 18-21. Mission
Bay, San Diego, California. Contact
Kelly Brown, NCEE, 1101 Massa-
chusetts Avenue, St. Cloud, ¥lorida
34769, (407) 892-6146; fax (407) 892-
0406.

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

Portable By Design Confer-
ence and Exhibition, March
24-27. Santa Clara Convention
Center, Santa Clara, California.
Contact Betsy Tapp, (201) 393-6075,
fax (201) 393-6073; e-mail: porta-
ble@class.org.
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J’  CLEANED,

S\E/L A0,
COOK

CASSED AND

XIDIZEL

TIMEAND ¥TFiE/AGAIN.

JUSKANOTHER DAY
IN SURGERY.

Steris’; Cidex, Sterrad™ and autoclaving don’t threaten the cable assemblies from Precision Interconnect.
These high performance interconnect systems are engineered, manufactured and tested to withstand hours '///‘

and hours of sterilization, plus the other physical abuse of the operating theatre. And still deliver power, light,

and signal with RF/EM compatibility to hand-held and portable surgical devices every time. Have precise elec-  pproision
tronic requirements and unique mechanical and environmental challenges? Go ahead. Make our day. WCG,,OM

Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131.
Internet: heep://www.precisionint.com Sales ottices in U.S., Europe and Japan. READER SERVICE 164
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It's no longer
system-on-a-chip
or time-to-market.

With SPGAs,

its 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.

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

Take it to a higher level,

©1997 Actel Corporation. All rights reserved. Actel Corporation, 955 East Arques Avenue, Sunnyvale, CA 94086.
Actel Europe Ltd. Daneshill House, Lutyens Close, Basingstoke, 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 block.

High per}ormance

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.

UNCLE URL
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www.microl 6.toshiba.com

TOSHIBA

TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC.
1-800-879-4963
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TFT Color
Displays

Immediate Availability

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

lc“:dc 408.523.8200

CORPORATION
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Looking for Op Amp Books?
Gain Technology Has Them!

A,

5 NEW! &
Photodiode Amplifiers " Optimizing Op Amp
Op Amp Solution Performance
By JeraldGraeme By Jerald Graeme
This is the World's only A practical hands-on
reference book from the guide to optimizing
World's leading authority ... Op Ampcircuits...
* Photodiode Modeling * Feedback Conditions
* Op Ampi-to-V Converters « Power Supply Bypassing
« Bandwidth & Stability « Phase Compensation
« Noise Analysis «Noise, Distortion
and Reduction andMore
See the Light! Ogptimize Your Designs!
252 Pages 226 Pages
105 llustrations 102 lltustrations

Only $49 plus S&H Only $55 plus S&H

Ordering information

Gain Technclogy Corp. U.S. Orders: International Orders:
2700 W. Broadway Blvd. 800-341-4246 520-628-9000

Tucson, AZ 85745

PH: 520-628-9000 Order On-line: Additional Information:
FAX: 520-622-0076 www.gain.com info@gain.com

** Contact us for custom IC design services **
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MARCH
Communication Design Engi-
neering Conference, Mar. 25-27.
Washington Convention Center,
Washington, DC. Contact (617) 821-
9219; e-mail: cdec@exporeg.com.

DSP World Spring Design Confer-
ence, Mar. 25-27. Washington Con-
vention Center, Washington, DC. Con-
tact Denise Chan, Miller Freeman Inc.,
(415) 278-5231; e-mail: dsp@exoreg,com.

SOUTHCON ‘97, Mar. 25-27.
Raleigh Civic and Convention Center,
Raleigh, NC. Contact Electronic Con-
ventions Management, 8110 Airport
Blvd., Los Angeles, CA 90045; (800)
877-2668 ext. 243; fax (310) 641-5117;
e-mail: southcon@ieee.word.org.

Second Conference on The New
Integrated Service Provider
(Supercarrier ‘97), Mar. 26-28.
Washington Vista Hotel, Washing-
ton, DC. Contact (800) 822-6338 or
(202) 842-3022 ext. 317; Internet:
http://www.brp.com.

Sixth International Verilog
Conference, Mar. 31-Apr. 2.
Santa Clara Convention Center,
Santa Clara, CA. Contact MP Associ-
ates, 5305 Spine Rd., Suite A, Boul-
der, CO 80301; (303) 530-4562; fax
(303) 530-4334; e-mail: iveinfo@ive-
conf.com.

APRIL

INTERMAG ‘97, Apr. 1-4. Hyatt
Regency Hotel, New Orleans, LA.
Contact John Nyenhuis, School of Elec-
trical Engineering, Purdue University,
West Lafayette, IN 47907-1285; (317)
494-3524; fax (317) 494-2706; e-mail:
nyenhuis@ecn.purdue.edu.

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

IEEE International Reliability
Physics Symposium, April 7-10.
Adams Mark Hotel, Denver, CO.
Contact IRPS Publishing Services,
P.O. Box 308, Westmovreland, NY
13490; (315) 339-3971; fax (:315) 336-
9134; e-mail: 103227.2074@com-
puserve.com.
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Put Your Design On The Fast Track

Power Amplifier

Solutions

Bread Boarding’s A Zip With A Free Evaluation Kit!
PRA26 rnee evaL kit PRAOS rrecevarkim

Two 2.5A Rated Amplifiers on One Die, in One More Power, More Speed. More Internal Dissipation
Package, Priced $3.45* Are the Many Reasons this Make the PAOS a Power Amplifier Player in Linear,
Power Amplifier is a Popular Fit for Half, Full Bridge Rotary Motor Drives, and Sonar Transducer Drivers

Motor Drivers

Supply: 100V-350V lgyr: 30A

Supply: 5V-40V lgyr: 2.5 Pp: 250W SR: 100V/us
Pp: 36W *10K Price: $3.45
R9
Rt A2 180K R3
10K e 12K I ¥ 10K 2
§r2v R |4
10K f)

10V I 1 R5
= s ULTRA-
A .{AMJ, 8 SONIC
% DRIVE
[z paze) {m PAZE l
[:l " A6

mi m
RS S 1uF mF
s0k S | 5,1( &
TUNED
TRANSFORMER
Bidirectional Small Motor Drive Sonar Transducer Drive

PAY2 FAee EvAL KIT! PAYS FRee evaL kiT!

A Low Cost, High Voltage Combination has this One Die Does it .-\ll_for this Mon_oIiFhic PO\‘\'(‘I‘
Power Amplifier Stacking up on Piezo and ATE \1111)!1ﬁer Rated at 5A Quiput, 150V Total bupply,
Driver Boards Thanks to a Space-Saving Single-in- Making it Ready to Drop into Transducer Drives And
Line Package Magnetic Deflection Applications

Supply: 100V-350V lgyr PEAK: 120mA Supply: 30V-150V lour: 5A

IstanDBy: 2mA 10K Price: $17.90 Pp: 85W 10K Price: $17.90

Re

( [
X SWEEP _ { .75v‘
SAMPLE ‘ Vg [ GATED Py
k. R,

i OSCILLATOR cL
e R w2 } | L - PA4S5 »—”]
z=Jx% vy? L AMA——- J\ +
=, & ) Bl

I PA42 o
Y SWEEP _ TO
SAMPLE . FOCUS i=cdY
GRID Vo oy Ca
v oy
Dynamic Focus, CRT Display v Simple Piezoelectric Transducer Drive
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This Complete H-Bridge Hybrid
PWM Amplifier Pushes the
Envelope With A 250k}z
Switching Frequency

IM<-I0 MOO-IW

Bridge Supply: 16V-80V
lour PEAK: 15A
Efficiency: 94%
Switching Freq: 250kHz

-NY: % %
m- ey SOIIIE0 J o/ Aircraft Audio

Free evaluation Kits available with the single unit purchase of the fotlow IS PAO4, PADS, PAZb, PAX2, PABT, PBSO/PBSS, SAO1, SA02, SAS0, SAS1 Limit 3 free Kits per custoner,
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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, so you
work smarter, faster. Besides a
reduction in design time, you'll
reduce your circuit’s size and
weight, reduce procurement
time and costs. And thru April
30, 1997, with the purchase
of selected power amplifier
and PWM amplifier models,
you'll receive a free evalua-
tion kit!. Apex Evaluation
Kits make breadboarding a
zip!

Free Data
Book and
Application i‘..‘m,
Notes : ’;m.,.
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 email
prodlit@teamapex.com.

Or visit our web site at
http://www.teamapex.com.

www.teamapex.com

To Request Our Free
Data Book Ontine
E-Mail: ProdLit@teamapex.com
or http://www.teamapex.com

1S©9001
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Australia, New Zealand (08} 8277 3288
Belgium/Luxembourg (323) 458 3033
Conada (613) 592 9540

Daehan Minkuk (oz) 745 2761
Danmark 70 10 48 88

Deutschland (6172) 488510

Espana (1) 530 4121

France (01) 69-071211

Hong Kong (852) 23348188

India 22 413 7096

Israel 972 3 9345171

Italia (02) 6640-0153

Nederland (10) 451 9533

Nippon (3) 3244-3787

Norge 63-89 8969

Osterreich (1) 203-79010

Peoples Rep. of China (852) 233485188
Rep. of South Africa (021) 23 4943
Schweiz (0049) (6172) 488510
Singapore 65-742-8927

Suomi (0049) (6172) 488510

Sverige (8) 795 9650

Taiwan-Rep. of China (02) 722 3570
United Kingdom (1438) 36966

l | PEX’
ptech
Apex Microtechnology Corp.
5980 N. Shannon Road

Tucson, Arizona 85741-5230



~
o
o
~
Py
>
o
-<
2
o
@
w
-
~
=z
]
wv
-
[=)
=
=z
o
E
-
&=

ONE OF
THE BEST
WEAPONS
TO FIGHT
VIOLENT

CRIME

DOESN'T

COST

1-800-WE-PREVENT

CALL TO RECEIVE FREE INFORMATION.

57, TAKE A BITE OUT OF
4.GRIME
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TECHNOLOGY BRIEFING

Why Just A “V” Chip?

h, television, you can't live with it, and you can't kill the network executives.
AAlthough we don’t watch much TV at home, the one or two hours that it’s on

at my daughter’s day-care center ensures that she’ll still get a snootful of
what passes for American culture. Fortunately, Bob (our very own Mr. Mom) is
very selective, alternately exposing the kids in his charge to Barney and ESPN.
Since Bob is a rabid sports fan (as well as an excellent caregiver), I expect that
Anwyn will soon be dispelling the ignorance of football and baseball that I've
carefully cultivated over the years.

With the arrival of my new daughter, my concern over the dreck oozing into
our homes has shifted from impersonal disgust to deeply personal outrage.
While home sick one day, I surfed past Oprah and Geraldo to look at what was on
the air for kids. Some of the stuff on Nickelodeon was excellent (actually better
than most adult shows!), but for the most part, the spew from the screen was as
bad or worse than the trash that permanently warped my own childhood. I was
appalled at the celebration of violence, consumerism, and anti-social values, and
that was only the commerecials! It was so bad in
fact, that it made me a V-Chip convert.

Free speech is a critical element of a free society,
but so is the “off” switch on my radio, television, or
computer. Heaven help us if the current onslaught
of Big Brother-like laws and technology make it
past the Supreme Court. We don’t need some wacko
congressman’s idea of “communications decency”
jammed down our collective throats. The V-Chip is
little more than a sophisticated off switch to filter
stuff we don’t want in our homes without imposing
our taste or morality on anyone else. My only disap-
pointment is that big money managed to gut the rat-
ing system so that only part of the shows on the air
will actually be rated, and even then, they will be
tagged using calculatedly imprecise generalities. COMMUNICATIONS

We need an expanded ratings and screening system that will help keep the real
offensive crud out of our homes while not dumbing down programming to the
point where the only things allowed are “Gilligan’s Island” reruns and Rush Lim-
baugh. I have some ideas for filtering criteria, and I'm sure you do as well.

eHow about a “Z” chip? It would disable all home-shopping channels that refer
to cubic zirconium, celebrity-endorsed hair appliances, and other useless products.

eWhile it may be nice, an “N” chip that filters out all negative and nonfactual po-
litical campaign material could erase up to 90% of the electoral activity in America.

eRuss Gerches, Electronic Design’s sales manager, suggested we whip up a
“DT” chip to shelter our kids from the “daytime television” shows, formerly
known as soap operas. Great idea! I don’t want Anwyn to assume that the moral-
ity portrayed in “General Hospital” or “Days Of Our Lives” bears any resem-
blance to acceptable behavior.

The same applies to the Internet. Rather than make a huge fuss about the con-
tent of cyberspace, we should be worrying about the incredible abridgments of our
constitutional rights that are now taking place. One reason that we enjoy such a
robust culture is that it is based on the free exchange of our ideas, even if it means
putting up with bigots, hate-mongers, and other assorted cretins. One of the cur-
rently available plug-in “Web-Sitters” for your Internet browser could help shield
your kids from the seamy side of the ‘Net until they are old enough to decide for
themselves. I hope that by the time Anwyn knows how to hack past the filtering
software, she’ll be able to talk with me about anything she encounters out there.

Meanwhile, I've decided to terminate our cable service. We'll just have to en-
dure the hardships of books, music, crafts, and (occasionally) the fuzzy images
that the antenna in our attic can snag out of the air Who knows, we may have to
talk to each other. What do you think? Write me at leeg@class.org.
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If you build electronic systems,
you understand the importance of pick-
ing the top technology partner.

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

New, low cost software to automate
logic design.

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

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

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

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

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

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

2 XILINX
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HiGH POWER INTERNATIONAL
TRANSFORMERS
Signal’s HPI
transformers
incorporate
unique coil
construction
that complies
with interna-
tional safety
, standards

. that results in
| a smaller

~ and lighter
transformer. The HPI transformers operate from
2000 VA to 3500 VA, have dielectric sirength of
4000 VRMS Hipot, and leakage current that meets
medical applications.

The transformers are recognized to UL 506 and
certified to CSA C22.2 #66, VDE 0550 and TUV
IEC 950.

CONTACT: Signal Transformer Co.,

Insilco Tech ies Group, 500 Bayview Ave.,
Inwood, NY 11096-1792.

Phone: (516) 239-5777; fax: (516) 239-7208.
] READER SERVICENUMBER 205

INTERNATIONAL PRINTED CIrRCUIT
TRANSFORMERS

Signal Trans-
ormeris One-

4-All™ (14A)
printed circuit
mount trans-

rmers are de-
signed for use in
international
low power ap-
plications. Rec-
ognized to UL
586 and certi-
fied to CSA C22.2 #66, VDE 0805 / EN 60950,
and IEC 950, the transformers also have the creep-
age and clearance necessary fo comply with inter-
noﬁonﬁc:' safety standards. -

With an atiny r range of 2.5 VA fo 56
VA, the tror?sperformerg g?ev:.lesed ;grow power appli-
cations and provide high isolafion of 4000 vﬁﬁ\s
Hipot.

CONTACT: Signal Transformer Co.,

Insiko Technc?logies Group, 500 Bayview Ave.,

Inwood, NY 11096-1792,

Phone: (516) 239-5777; fax: (516) 239-7208.
READER SERVICE NUMBER 206

MORE-4-LESS™ INTERNATIONAL
TRANSFORMERS
Signal's M4L
Series high-
ower, iso-
ation trans-
formers
satisfy UL,
VDE, IEC,
ond CSA
transformer
requirements
for low power
isolation in numerous applications.

The M4L Series transformers comply with UL
544, the standard for both medical and dental
equipment, and UL 506, the standard for specialty

urpose fransformers with 250 volt or less input.
?he are available in models from 300 VA to
1,000 VA, are compact, and lighter than
conventionally wound trans b
CONTACT: Signal Transformer Co.,
Insilco Techn?logies Group, 500 Bayview Ave.,
Inwood, NY 11096-1792.
Phone: (516) 239-5777; fax: (516} 239-7208.

READER SERVICE NUMBER 207

MULTI-PURPOSE INTERNATIONAL TRANSFORMERS

Signal Transformer’s Multi-Purpose Interna- Featuring unique coil construction and wind-
ﬁoncg Series {MP1) high-power transformers op-  ing med'hogs the MPI transformers have excep-
erate from fionally gooci isolation of 4000 VRMS Hipot and
200 VAto  low leakage current. They also have a 5 mil thick
900 VA  copper Faraday shield to reduce common mode

and fea- noise. Faston/screw type shock-proof terminals
ture higher  are used on the series.

volumetric  CONTACT: Signal Transformer Co.,

efficiency  Insiko Tech ies Group,

than con- 500 iew Ave.,

ventional  Inwood, NY 11096-1792.

50/60Hz  phone: (516) 239-5777;

frans- fax: (516) 239-7208.
formers READER SERVICE NUMBER 208

Industry standard
pin to pin
capability has

just landed!

Signal's new Low Profile
Transformers deliver all
these additional benefits
at no extra cost:

taking over
the world.

» Construction designed to
meet 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 character-
istics 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.

I‘Callezr'dowdetailzd%

Signal Transformer
/11114

Signal Transformer Co., Inc.
Insilco Technologles Group

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

Fax: (24 hrs) 516-239-7208

READER SERVICE NUMBER 204



TECHNOLOGY

NEWSLETTER

Standards Recommendations
Proposed For System-Level HDL

n response to a System Level Design Workshop, spon-
Isored by the Project Technical Advisory Board

(PTAB) of the EDA Industry Council, a number of
recommendations were set forth to help speed stan-
dards development for a new system-level design lan-
guage. Today’s hardware description languages (HDLs)
are insufficient for the upcoming challenges presented
by systems-on-silicon design flows.

For example, two of the more popular HDL-
s—VHDL and Verilog—were originally defined with
discrete event simulation semantics. Since their incep-
tion, though, the need for a comprehensive description
of design intent has changed substantially. Studies of
current industry trends indicate that this problem will
only get worse, creating a major bottleneck to future
growth of the semiconductor and system electronics in-
dustries. The workshop grew out of the industry-wide
need to identify key system-level design problems that
face chip and electronic systems designers.

Among the specific recommendations made by the
workshop attendees was the creation of a language
that’s coupled with extensions from today’s current de-
sign languages, such as VHDL and Verilog, for continu-
ity across the full design flow. They also recommended
emphasizing formal semantics for standardized descrip-
tions of system-level properties and constraints with
the ability to support both operational and declarative
methodologies. In addition, a high level of priority was
given to the development of co-design support for em-
bedded software mixed with hardware, stressing co-
specification and partitioning for verification, and the
need to follow up on the upcoming VHDL ‘98 revision to
make sure it defines a clean interface to the new envi-
ronment. For more information check out the group’s
web site at http//www.cfi.org/sld. cA

Light-Emitting Polymer To Be
Made Available To Researchers

esearchers who want to explore the practicalities of
Rlight-emitting polymers can buy sample quantities

of the Precursor PPV (polyphenylene vinylene)
material developed by Cambridge Display Technology
Ltd., Cambridge, England. The company holds a dozen
or more basic patents on light-emitting plastics and its
applications. (ELECTRONIC DESIGN, January 8, 1996, p.
42).

Marketing director Mark Gostick says he is now tak-
ing orders at $1000 for 200 ml of the material “This is
sufficient to make quite a few displays for research pur-
poses,” he says. The material is supplied in solution
ready for spin coating or screen printing onto sub-
strates. Each sample comes with a data sheet that con-
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tains the details needed for purchasers to make work-
ing displays. Already a number of large corporations
have taken up the offer. “We expect them to use the
sample materials to gain confidence in the concept of
plastic display technology,” Gostick adds. “The translu-
cent yellowish liquid is a good vehicle for polymer test-
ing.”

There are conditions attached to the sale, Gostick in-
sists that purchasers sign a non-analysis agreement be-
fore the material is delivered, and that they not attempt
commercial production without first negotiating a li-
cense. He stresses though that CDT doesn’t plan to
supply commercial quantities of the material, and is
currently nearing completion of negotiations for the li-
censing of the manufacture of the LEP material by a
“large chemicals corporation”.

Lifetime has been increased dramatically. A year
ago, this seemed to be a major problem with the tech-
nology with power on lifetimes of little more than 3000
being achieved. Now Gostick claims that lifetime has
been tripled. Under accelerated testing conditions, dri-
ven at 3.3 V, and with a current density of 10mW/cm?,
unencapsulated devices have been in operation for
more than 10,000 hours without showing signs of decay,
he says.

Now Gostick says CDT is turning its attention to de-
veloping “high information content” displays including
those able to emit a range of colors. For more informa-
tion, go to the company’s web site at
http://www.cdtltd.co.uk, or call +44 (0)1223276351. E-
mail is: mgostick@cdtltd.co.uk pF

Simulation Models Expected To
Aid In B-2 Bomber Testing

s part of a $2 million, 14 month contract awarded
Aby the U.S. Air Force Dept.’s Oklahoma City Air

Logistics Center, Analogy Inc., Beaverton, Ore.,
will supply simulation models for use in the B-2 Stealth
Bomber depot test and repair program. The company
plans to employ its hardware description language,
known as MAST, as the foundation for these models.
The language is especially well suited to deal with com-
plex, mixed-technology, mechanical and electrical cir-
cuitry, and can offer high model fidelity capabilities.
Moreover, models written in MAST can be customized
and reused.

Specific models being developed for the simulation
and design of test programs for the B-2 Bomber's elec-
tronic systems include op amps, voltage regulators,
ADCs, DACs, pulse-width modulators, analog switches
and multiplexers. The simulation is intended to provide
a better understanding of how the Bomber’s electronic
systems function and of their operational range. Faults
are isolated without jeopardizing valuable Stealth
Bomber components. For further information, contact
the company at (503) 626-9700. cA
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TECHNOLOGY

NEWSLETTER

Trade Association Will Promote
Mezzanine-Module Standards

ith a charter to promote international open stan-
dards for mezzanine boards, the GRoupIPC-

North America (GRoup-NA) was established as
a branch from the parent organization, GrouplPC,
which operates in Europe. The main goal of the initial
organization was to provide a worldwide forum for the
exchange of information on IndustryPack (IP) and PCI
Mezzanine Card (PMC) technologies.

GRoupIPC-NA will promote market acceptance and
the use of PMC and IP technologies; disseminate infor-
mation about products, applications, and technical re-
quirements that employ or affect IP or PMC technolo-
gies; and provide marketing and technical support to
users, distributors, and manufacturers of related prod-
ucts. Promotion will occur through trade conferences,
tutorials, and articles. Over 30 companies are already
part of GRoupIPC-NA, including Digital Equipment
Corp., Force Computers, GreenSpring Computers,
Hewlett-Packard, IBM, Motorola, Spectrum Signal
Processing, and Systran. For more information, contact
the GRoupIPC-NA at (937) 427-9735, or on the Internet
at http//’www.GRoupIPC.com. RN

Individvalized Laser Treatment
Rids Port-Wine-Stain Birthmarks

octors faced with removing port-wine-stain birth-
Dmarks using a laser have had to estimate the laser

energy and pulse length needed to successfully
complete the task. However, results achieved from a
four-year collaborative effort between researchers at
the University of California at Irvine’s Beckman Laser
Institute and Medical Clinic and the U.S. Dept. of En-
ergy’s Lawrence Livermore Lab (Livermore, Calif.)
eliminates the guesswork by individualizing treat-
ments.

Port wine stains are birthmarks that occur when an
excessive number of oversized blood vessels near the
skin’s surface. Approximately 12,000 Americans are
born each year with these discolorations that range
from light pink to deep purple.

Converting a computer code developed by Liver-
more electronics engineer Dennis Goodman, the re-
searchers were able to improve astronomical imaging
into a diagnostic tool. With that tool, doctors can pin-
point the precise laser parameters needed to remove
port wine stains on an individual patient basis.

The diagnostic technique starts with a subtherapeu-
tic laser pulse that is directed onto a patient’s skin and
blood vessels. An infrared camera system records im-
ages as the laser heats the skin’s melanin (the material

that gives skin its color) and the blood. As the laser heat
flows back to the skin’s surface, it helps identify the lo-
cation, depth, and other data for the port-wine-stain
blood vessels. This data, in turn, is converted into clini-
cal images by Goodman’s code. Only one sequence of
measurements is needed for physicians to be able to ob-
tain the data they need to treat individual port wine
stains using Goodman’s code. “This is particularly valu-
able because port wine stains vary not only from one
person to the next, but from one location to another on
the same patient,” says Tom Milner, an assistant profes-
sor of surgery and optical physicist at Beckman. Good-
man’s code (program) generates images that permits
the researchers to enter data about a stain and then de-
termine how much laser energy is needed.

Another key element of the individualized treat-
ments has been the development of a new laser to treat
port-wine-stain patients. The laser delivers bursts of
energy from a one-half thousandth of a second to 10
thousandths of a second.

Clinical trials using the complete three-dimensional
diagnostic technique have started and will continue for
about one year. For more information, contact
Lawrence Livermore Labs at (510) 422-1100. RE

New Class Of Polymer To Boost
Low-Cost MCM Manutacture

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

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

The materials were modified to have excellent adhe-
sion to commonly used materials such as silica and alu-
minum, while also fusing well with copper and noble
metals like gold and silver. The polymers require no ad-
hesion promoter or adhesion layer (e.g., titanium, tanta-
lum, or chromium), and have been shown to remain as
adherent films even after being placed in boiling water
for two hours.

Sponsored by BF Goodrich and conducted by Bid-
strup and a group of PRC graduate students, the re-
sults of the research are expected to “demonstrate util-
ity in both semiconductors and packaging by offering
superior performance over traditional materials, while
reducing manufacturing cost,” says Kohl.

For additional information, contact Georgia Tech’s
Dr. Paul A. Kohl at (404) 894-2893; or through the e-mail
at paul.kohl@che.gatech.edu. Or contact Dr. Sue Ann
Bidstrup at (404) 894-2872 ; e-mail: sue.allen@che.gat-
ech.edu. P
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...-From The Linear 1C Company Everybody Follows

Device networks just got better with our new l.\ﬂ
UC5350 CA.N. compatible transceiver.
Everybody likes this rugged plug and play
network solution because it saves money,
reduces design time, increases production
line reliability and minimizes down time. With the UC5350,
cross-wiring and loss of ground device faults will no longer destroy
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
makes automating more affordable than ever before.

For free samples and application information call today!
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The UC5350 Advantage

iSO 11898, SDS, DeviceNet Compatible
Cross Wire Protection

Loss of Ground Protection

50nS Propagation Delay Maximum
30kohm Minimum Input Impedance

* O & o o

@ UNITRODE

TEL: (603) 429-8610

http:/www.unitrode.com « FAX: (603) 424-3460
7 Continental Boulevard + Merrimack, NH 03054
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SP504

The Future of Network Communication
in a Single Chip.

The SP504 is the newest release in the SP500 Series The SP504 offers an efficient single chip solution
family of programmable serial interface T for serial ports that require supporting
transceivers from Sipex. Built on market multiple physical interface standards.
experience, the SP504 includes such Serial port designs for Frame Relay,
features as single resistor V.35 X.25, and networking routers can be
termination, programmable charge simplified by the SP504. The SP504
pump, and two new modes of operation, : can be used in either DTE
V.36 and EIA-530A. " or DCE systems.

tt1 11T vt rnll

The SP504 supports the popular interface standards If Board Space, Power, or Performance

for Wide Area Network serial ports: RS-232 (V.28), are problems with your WAN port,
¥ AV ; 4 g

RS-422 (V.11), V.35, V.36, EIA-530, or EIA-530A. W A the SP504 is the simple solution.

22 Linnell Circle, Billerica, MA 01821 Tel. 508-667-8700 Fax 508-670-9001 web site: www.sipex.com
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TECHNOLOGY BREAKTHROUGH

Packaging Concept For Optoelectronic Components
Eases Integration In Fiber Optic Systems

ssembling optoelectronic com-
Ap(ments to make high-speed

fiber-optic transmission sys-
tems is complicated by the need to
splice fiber “pigtails.” A new packag-
ing concept devised by a small
British company seeks to ease the
task with a push-fit coupling that
more tightly integrates standard
“butterfly” laser packages with its
own unique modulator package.

The idea, developed by Integrated
Optical Components (10C) Ltd.,
Witham, Essex, initially provides
more integration between the two
critical components in a fiber system,
the laser and the external light mod-
ulator. Adrian O’Donnell, IOC’s chief
scientist, explains that these compo-
nents are currently interconnected
with lengths of fiber known as “pig-
tails” for lightwave input and output
(Fig. 1). When they are assembled
onto a printed-circuit board, the join-
ing of the fibers is a highly skilled
manual task that precludes the use of
automatic component handling sys-
tems, slowing down the production
process and adding cost.

O’Donnell says this problem is
magnified with the introduction and
wide-scale deployment of wave-divi-
sion multiplex (WDM) transmission
systems. In WDM systems, the ca-
pacity of an optical fiber is increased
by using it to transport a number of
independent lightwaves, each capa-
ble of transporting telecommunica-
tions traffic at rates of 2.54 to 10
Gbits/s. Each lightwave channel re-
quires its own laser and modulator.

“WDM systems are currently be-

== ; 4 -

1. A conventional light medulator package with optical-fiber pigtails for
interconnnection with a laser and to the transmission line.

[

N

Modulator

e
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Modulator

2. Proposed mechanical configuration of an integrated laser modulator. The top shows the laser
and modulator separated while the bottom shows both plugged into each other.

ing designed with as many as 16
channels per fiber,” O’Donnell says.
He points out that the International
Telecommunication Union specifica-
tions allow for a4 maximum of 32 chan-
nels with wavelength separation of 8
nm. “In order that systems of that
complexity can be manufactured in a
practical and economic manner, there
is a desperate need for a new way to
assemble optical components to in-
crease circuit-board packing den-
sity,” he says.

He explains that one suggested
approach, including the laser and
lithium-niobate modulator chips into
the same physical package, is not a
practical proposition at present.
Lasers that can show equal efficiency
at each of the wavelengths desig-
nated for high-density WDM sys-
tems are not avail-
able as of now.
Therefore, they

fully selected at
the time of manu-
facture to cover a
specific range of
channels.
* On the other hand,
Fo I0C’'s modulators
S0 are  inherently
wideband devices,
so a single type of

-

have to be care- |
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component can be used at any wave-
length within the range covered by a
WDM system. As a result, WDM sys-
tem manufacturers need to be able to
“mix and match” lasers and modula-
tors to give optimum performance.
That implies that the two compo-
nents must be in separate physical
packages.

The solution is to add a fixed opti-
cal connector ferrule to both laser
and modulator packages (Fig. 2). Al-
though it may appear to be a rela-
tively straightforward mechanical
engineering problem, O’'Donnell
stresses that optical and commercial
constraints combine to complicate
the design.

The basic requirement is to ensure
that the coupling can always be made
accurately and repeatedly without
signal loss. O'Donnell says he has
identified two potential optical mech-
anisms for achieving this.

One approach is to use fibers care-
fully aligned within the ferrules so
they physically butt together within
the coupler. Another may be to use
an intermediate micro-lens system at
the physical interface within the cou-
pling so that the two fibers don’t
physically touch each other. Each
technique has its advantages and dis-
advantages, according to O'Donnell,
who tends to favor the second solu-
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tion at present.

But O’Donnell knows that any
proposed solution can only be
adopted if his customers, the WDM
system manufacturers, and their cus-
tomers, the major telecommunica-
tions network operators, like it and
find it helps them make reliable sys-
tems and maintain them more effi-
ciently. “We especially have to en-
sure that the laser manufacturers
are prepared to adopt the integrated
laser-modulator coupling (ILMC) ap-
proach first as a concept, and then,
more importantly, that they will
agree on a universal physical stan-
dard.”

Conscious of the caveats, O’'Don-
nell is approaching the industry with
caution. He stresses that his com-
pany is not planning to foist a new
connection system on an unsuspect-

ing industry. While it claims to be one
of the leading suppliers of lithium-
niobate external light modulators
(justified by a 1995-96 sales perfor-
mance that equaled independent pro-
jections for the entire world market),
he says he understands that the com-
pany is still relatively small in terms
of the industry as a whole. “We want
this to become an accepted industry
standard,” O’Donnell comments.
O’Donnell already has had deep
discussions with a number of equip-
ment makers and has gotten at least
one European laser maker to agree
to work on the project. Now, the plan
is to demonstrate the concept to the
world. This will be done at the
OFC’97, the Optical Fiber Confer-
ence, sponsored by the Optical Soci-
ety of America, Dallas, Texas, Feb.
18-20, with working components. If

the idea is generally welcomed, then
10C could be manufacturing its mod-
ulators in coupled packages before
the end of this year.

For the future, O’Donnell sees a
great potential for a similar approach
to the packaging of other compo-
nents that are used to make multi-
channel 10-Gbit/s systems. In addi-
tion to the optical lightwave
“carrier,” the I0C’s modulators also
need to connect with “conventional”
microwave devices that carry the
signal that is to be impressed onto
the lightwave.

For more information, contact In-
tegrated Optical Components Ltd., 3
Waterside Business Park, Eastways,
Witham, Essex CM8 3YQ; +44
(0)1376 502110; e-mail: adrian@in-
topt.com

Peter Fletcher

Low-Cost, Emissive Flat-Panel Display
Challenges LCD And Plasma Schemes

in CRT displays, an emissive flat-

panel technology developed by
Telegen Corp., Redwood City, Calif.,
promises large-area displays (up to 40-
in. diagonals) at manufacturing costs
comparable to those of CRTs. And the
glass vacuum container needed for the
display is about half an inch thick,
making the display a promising candi-
date for wall-hanging television sets
or industrial/advertising displays.

The technology is based on a warm-
cathode, high-vacuum approach that,
unlike conventional CRT technology,
does not rely on a multi-kilovolt anode
potential or a shadow mask. Rather,
the high-gain emissive display
(HGED) employs an X-Y anode grid
and a bias voltage of just 80 V. That
bias voltage is applied to both grids to
select the desired pixel location—the
grid coordinate where the X and Y
grids both have the 80-V potential.
External high-voltage drivers provide
the anode voltages.

Phosphors provide a light output of
about 20 foot-Lamberts (ft-L) for the
current prototype/proof-of-concept
display. However, higher light outputs
will be possible in future versions of
the display. Contrast ratios for HGED

Based on phosphors like those used

| panels can exceed 10,000:1—a much
E higher value than achievable with ac-
' tive matrix LCDs (40:1, typical) or
' field-emission displays or FEDs
' (100:1). Additionally, the display
i brightness will be controllable
» through a pulse-width modulation
technique, which sets the amount of
time that each pixel is turned on and
off within each frame.

The pixels also respond quickly to
address requests. Switching times are
in the several-nanosecond range, al-
lowing designers to drive the displays
at high frame rates (180 Hz and
higher). The high frame rate, in turn,
would allow designers to employ a se-
quential scan system to produce fully-
saturated color displays that have
simpler control circuits.

In the frame-sequential approach,
the three colors are interleaved on a
frame-by-frame basis. With this ap-
proach and a 180-Hz frame rate, each
color paints 60 full frames, yielding an
effective frame rate of 60 Hz. This rate
is more than sufficient to handle video
and graphics.

With currently available lithogra-
phy and manufacturing technologies,
| pixel sizes of 0.3 mm are easily pro-
» duced, and sizes of 0.2 mm and smaller

are possible. Subsequently, HGED
resolution can pack as many as 14.7
million pixels on a 13-in. diagonal dis-
play. The high pixel resolution of the
HGED also promises much sharper
images, even when compared to CRT-
based systems.

Currently, Telegen has created a
proof-of-concept 6-in. diagonal mono-
chrome/gray-scale display that oper-
ates at 180 frames/s. It has fabricated
a larger-area color display. The 6-in.
unit consumes about 4 W of power,
while a 14-in. color display would con-
sume about 25 W. These high power
levels would, in many cases, rule out
the display for use in portable sys-
tems. However, the panel technology
would fit nicely into applications such
as desktop computer systems as a
CRT replacement.

Manufacturing overheads also are
much lower than with other technolo-
gies. The cost to build a full-sized
HGED manufacturing plant is less
than $50 million, according to company
officials. That figure is less than a tenth
of the cost for a plant for FED or ac-
tive-matrix LCD production. The com-
pany estimates it will take another 18
to 24 months to prepare production fa-
cilities to mass-produce the display.

For more information, contact Jes-
sica Stevens,Telegen’s president and
chief executive officer at (415) 261-
9400.

Dave Bursky
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Simulate Your
Design...

fecccecccce

Understand It!
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AR simulators produce reams of data. But only one presents '
the data in o format that enables you to quickly and easily (B
understand it —MicroSim PSpice” It's used by more
engineers than all other analog simulators combined. Here is

one reason why.

With a dlick of the mouse, MicroSim PSpice exiracts data from a

whole set of analog waveforms and displays the dota on a single screen. MicroSim
PSpice A/D ever displays mixed analog/digital simulation results together. You can
immediately see the effects of changing several

different variables all ot one time. You can explore the

relationship between changes in your crcuit and

changes in its behavior in order to determine

performance trade offs. With MicroSim PSpice, you can

spend your fime creating better designs.

MicroSim PSpice »,

Contact MicroSim at 1.800.245.3022 o 714.770.3022
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Two things
VME board
One,ithasal
Two, itS

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

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

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

MOTOROLA

Computer Group

What you never thought possible.
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SGRAM Modules from SMART:
Video performance that sizzles.

SGRAM Modules from SMART

144-pin 5O DIMMs

2MB 256 Kx 64 100 MHz
4MB 512K x 64 100 MHz
Custom designs available

3-D. 24-bit color, and full motion video aren't
just for the top-of-the-line anyimore. Not when
mufti-media and the CD-ROM version of
“Marauding Retina Destroyers from Planet X™
are the driving forces in computer technology, and customers demand
killer performance without melting down their bank accounts.
Synchronous Graphics RAM
(SGRAM) modules from SMART
I iy e gatists s | Modular Technologies, Inc., are ri
Moduls gies, lnic., are right
in synch with this trend. Available in 2-MB and 4-MB configurations,
organized as 256 K x 64 and 512 K x 64, these extremely thin 144-pin
SO DIMMs are ready-made tor 64-bit bus architectures.
There are more factors to high-performance modules than just
form. At 100 MHz, memory modules have to act as integral parts of

vour systen. not just add-ons. Your system
won't perform if timing isn't perfect and
signals aren't clean. At SMART, we use
advanced design simulation and we fine-
tune prototypes on 200-MHz testers to be sure our designs will work
perfectly in your system. And every module we make is 100" tested.
When vou re exploring Planet X on a 100-MHz bus, it's no time
to experiment with Brand X. Go with SMART. the technology leader
in the design and manufacture of high-speed modules for OEMs.
For information on standard and custom designs, and to see if
your company qualifies for —
free samples. contact SMART ;: SMART
by phone, fax, or e-nuil, or == Modular Technologics
visit our web site.

SGRAM Modules — The SMART Way

USA phone (+1) 510623 1231 USAfax (+1) 510623 1434 Europe (+44) 1908 234030  Asia (+61) 93619705  E-mail info@smartni.com
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M A review of developments at the 1997 1SSCC

15SCC"97: A Hallmark Year Of
Abundance And Breakthroughs o s,

very year, presentations at the
IEEE International Solid-State
Circuits Conference seem like
they just can’t get much better,
and this year’s set of papers is no excep-
tion. At the San Francisco Marriott Hotel
earlier this month, the conference hosted
its largest number of papers in a
good many years—over 160
breakthrough presentations,
not counting evening panel
discussion sessions and tu-
torials and workshops.
Multimedia technology
in its various forms was
the main theme for the
conference, and it was fea-
tured as part of most of the
opening plenary presenta-
tions, as well as throughout the

took on many forms, from the com-
munications technology needed to trans-
fer MPEG data streams from satellites to
TVs, to the digital processors and ADCs
needed to transform the video and audio
streams into digital data or back into ana-
log form, to the memory subsystems
needed to store the data. Roughly half the
papers at this year’s ISSCC can be thought
of as multimedia-related. Of course, there
are also many other topics incuded in the
conference, sensor technology, new

emerging quantum technologies, and ele-
mental design techniques for low-power
analog and digital circuits.

In the next 20 pages you will find excerpts
and highlights of a majority of the papers
presented at ISSCC. The discussions are
roughly divided into five sections, collect-
ing papers from various sessions and
grouping them into
themes—Analog Technology
(analog circuits, filters, com-
munications-related circuits),
Real-World Interfaces
(ADCs, sample-hold circuits,
etc.), Communications Tech-
nology (satellite transceivers,

SOTS, memory, image proces-
sors, etc.), and Sensors (imaging
and sensing circuits). Although the
following reports barely delve into the
details presented in the full papers, they
capture many of the highlights of the pa-
pers and provide some perspective as to
their relative significance.

If you would like a copy of the full pro-
ceedings and supplementary slide set
(available in printed or CD-ROM formats),
contact the IEEE on their ISSCC website
at http://www.isscc.org, or John Kennedy at
the IEEE office in Palo Alto, Calif., at (415)
494-7115; fax (415) 494-6509.
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Who's putting tomorrow together?

People with vision, who can look at a PC and
see the future there. People who imagine

group video communication, interactive tele-
vision, 3D virtual environments, and more - a
world of new possibilities in a single package.
People whose minds are alive to the potential
of multimedia. If that's the race your imagina-

tion's running, we're right alongside you.

Setting the pace with a complete range of
digital audio, video and graphics solutions to
help keep you ahead. With our new TriMedia
processor for high end programmable media
processing. And dedicated chipsets for appli-
cations like desk-top video, video conferencing
and games, ready to build into your mother-
board. And with innovations in bus, peripheral

and interface technologies, supporting common

USA tel. +1-800-447-1500, ext. 1317. Europe fax. +31-40-272-4825, quote “pc”. Asia fax. +852-2811-9173, quote “ED"



standards ke PCI, IEEE1 394 and USB With the latest
graphics technology that makes high realism 3D
possible - and affordable, including leading edge
videographics controllers, CD-ROM-based tech-
nologies, imaging and display. Run with them
and who knows how far your imagination can
take you. So see the future today at www.semi-
conductors. philips.com. Because together we

can make tomorrow’s multimedia come alive.

mye multimedia

PCs come alive
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INBOARD POWER

at 5 VOLTS

250-425 Vin
4.6” X2.2"Xx 0.43" (above board)

Model Number: V375A5C400A
Single Piece Price: $180
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PFC COMPATIBLE

1-800-735-6200

http://www.vicr.com US55

N VICOR
Component Solutions For Your Power System Blaninh e’ S

23 Frontage Road, Andover, MA 01810 Tel: (508) 470-2900 » Fax: (508) 475-6715
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TECH INSIGHTS

Innovation Continues To Thrive As
Circuits Get Denser And Faster

Drgital Advances Lead To Single-Chip MPEG-2 Encoders,
600-MHz RISC CPUs, and 4-Gbit DRAMs.

Dave Bursky

igh-performance processors and large mem- filter is used to improve both the coding effi-
H ory chips have typically been the highlight ciency and the picture quality when less-than-

of the digital portion of every ISSCC pro- perfect video material is processed.
gram. This year’s program was no exception, Capable of full MP@ML encoding, a single
with a full session on multimedia signal proces- chip, detailed by NEC Corp., Tokyo, Japan, in
sors, two sessions on advanced RISC processors, paper 16.2, concentrated on reducing chip power
and a large session on dynamic RAM technology consumption so that all the functions could be in-
that included the largest DRAM to date—4 tegrated and housed in a low-cost package. The
Gbits on one chip. Additional sessions investi- 3.1-million-transistor chip they developed con-

gated areas of specialized-processing sub-blocks SPECIAL sumes just 1.5 W thanks to the use of an adap-
and fundamental technologies for next-genera- REPORT tive, search-area motion estimator and demand
tion digital ICs. clocking. The encoder contains the first and sec-
It wasn’t that long ago that the circuitry ond search units and an embedded cache mem-
needed to encode a video signal into an ory. The cache memory comprises two dual-
MPEG-2 data stream required a rack-size port and two single-port memories that
cabinet. At this year’s Session 16, three function as a pseudo 8-read/1-write mem-
single-chip MPEG-2 encoders, capable ory. This design reduces, by 80%, the
of main-profile@main level or main bandwidth needed by the motion esti-
profile@studio profile (MP@ML or mator to transfer data to external
MP@SP) encoding, were presented. synchronous DRAMs, keeping the
In paper 16.1, designers from the operating frequency of the SDRAMs
Philips Research Labs, Eindhoven, down to 81 MHz.
The Netherlands and Philips Semi- Plenty of on-chip parallelism is the
conductor Systems Laboratory, key to a 2.2-Goperation/s video DSP
Hamburg, Germany, collaborated to chip described by Sony Corp., Tokyo,
create a chip they dubbed I.McIC. Japan, in paper 16.3. Although the
The chip is an MPEG-2 video encoder \ ¢ chip performs MEPG-2 encoding with
that delivers MP@SP data. The chip \ % MP@ML, it does require separate sup-
employs about 4.5 million transistors to %\ port for the motion-estimation computa-
compress the video to a “good” quality '9@/\ : tions. On the chip is a dual-RISC con-
signal data stream of about 5 Mbits/s and to W troller, a vector processing unit, a

an “excellent” quality data stream at 10 variable-length coder/decoder, and various ad-

JANSTITUTE o~

Mbits/s. Noise in such compressed data streams dress generation and control blocks.
was an issue, so designers incorporated special The high-definition television (HDTV) market
noise-reduction circuitry on the chip to improve is another challenge for video processors. The
the image quality. higher resolution and signal bandwidth will re-
The chip architecture is divided into a front- quire even more horsepower to be incorporated
end, back-end, memory interface, macroblock on a chip. Matsushita Electric Industrial Co. Ltd.,
compressor, application-specific instruction-set Osaka, Japan, in paper 16.8, detailed a 23-Gopera-
processor, and control block. These sections com- tion/s programmable systolic-array processor.
municate with each other through FIFO buffers Packing about 4-million transistors, the processor
in a dynamic data-flow fashion. The execution of operates at an internal clock rate of 129.6 MHz
a sub processor stops when it needs data from a and consumes about 7 W from a 3.3-V supply.
FIFO buffer (data not available), or when it Three such chips would be required to perform
writes data to a FIFO that is full. Noise redue- HDTV (MUSE) signal decoding in real time.
tion is performed by a recursive, motion-com- On each chip, 90 video-processing elements
pensated spatio-temporal noise filter. This noise (VPESs) are configured into a systolic array so
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that data can constantly be supplied
to all VPEs, eliminating various
data-transfer overheads. Each VPE
has a simple structure that consists
of a data processing block, a network
control unit, instruction registers,
and a decoder.

A simple approach to real-time
compression of motion pictures em-
ploying vector quantization (VQ) was
also proposed by Rohm Corp., Kyoto,
Japan, in paper 16.9. The VQ approach
uses an input vector containing 16 ele-
ments of 8-bit numbers, matched with
2048 template vectors within a 540 ns
period. That would allow a full-color
image of 640-by-480-pixels to be en-
coded in less than 30 ms.

The company also developed a
new program for generating the code
book needed for the templates. The
software, universal self-organizing
mapping (LSOM), was developed by
modifying and optimizing the Koho-
nen’s self-organizing map. A general-
purpose code book of 2048 template
vectors has been created, and can be
applied to any kind of picture.

High-performance CPUs and build-
ing blocks were described in Sessions
10, 14, and 25. Running at the highest
internal clock rate for a 64-bit CPU, a
600-MHz version of the Alpha proces-

sor, developed by Digital Equipment
Corp., Hudson, Mass. (paper 10.7), in-
corporates dual 64-kbyte caches to de-
liver an estimated throughput of 40
SPECint95 and 60 SPECfp95. Design-
ers at DEC employed a CMOS process
with six levels of metallization and
0.35-um minimum features, to pack
the processor’s 15.2 million transistors
on a 17-by-18.9-mm chip. When pow-
ered by a 2-Vpower supply the CPU
dissipates 72 W.

The high speed typically would
cause a significant amount of switeh-
ing noise but, designers dedicated
198 pins of the 587-pin package to
Vpp and Vgg connections. Further-
more, designers mounted a 1-uF ca-
pacitor to the surface of the chip to
augment the on-chip decoupling in-
cluded beneath routing channels.
The capacitor helps manage the
power-supply noise components near
the chip/package supply-loop reso-
nant frequencies.

In addition to the high clock speed,
the processor achieves its high
throughput by performing out-of-or-
der execution. Out-of-order execu-
tion is achieved by first reading four
instructions, plus a next-address
pointer from the instruction cache
during each fetch cycle. The next-ad-

ACK
ACK

REQ

0DST | DDST

ACK ACK

REQ
REQ

DOST | DOST

Input
vectors

SR1 L1

Output
SR2 vectors

——

A vector of N words

| pIOM

N PIop

£ pIog
¢ plom

ACK = Vector acknowledge;

C = Muller-C element;

CD= Vector completion detector;
CG = Clock generator;

DDST = Data-driven self-timing;
L = Logic;

REQ = vector request;

SR = Vector shift register.

Fig. 1. Able to operate at a data rate of 20 Gbits/s, this self-timed vector processor, developed
jointly by the University of California at Berkeley, Yokohama National University, and IBM,
employs a data-driven, self-timing scheme--represented by the DDST blocks-- to implement a
superconducting, single-flux quantum logic and memory circuit.

dress pointer predicts the address of
the subsequent four instructions and
indexes the cache in the next cycle.
In parallel, a branch predictor re-
solves the prediction.

Fetched instructions are dis-
patched to integer/memory and float-
ing-point pipelines, issued and exe-
cuted out of order, and retired in
order. During dispatch, register
specifiers are renamed to eliminate
false dependencies by a pair of 12-
port register mappers.

With a clock speed of 550 MHz, an-
other version of the Alpha processor
developed by Mitsubishi Electric
Corp., Itami, Japan, in conjunction
with DEC, includes on-chip support
for MPEG-2 encoding and decoding
through the addition of 13 instrue-
tions to the architecture (paper 10.6).
The chip can deliver a 30-frame/s
DVD playback stream with stereo-
quality audio, in addition to perform-
ing normal data processing tasks. In-
struction-set extensions include
operations for motion-video estima-
tion. They are fully pipelined and
able to execute with a two-cycle la-
tency. Caches on this chip are much
smaller than on the other Alpha
chip—a 16-kbyte direct-mapped in-
struction cache and an 8-kbyte dual-
ported data cache.

A biCMOS process, developed for
use on a PowerPC-compatible, super-
scalar processor allows the processor
to operate at clock rates of 533 MHz
and beyond. Detailed in paper 10.1,
the biCMOS chip was developed by
Exponential Technology Inc., San
Jose, Calif. to deliver more than dou-
ble the throughput of currently avail-
able CMOS PowerPC chips.

On the chip is a three-way-super-
scalar architecture that can issue one
integer or floating-point, one
load/store, and one branch instrue-
tion in parallel. A six-stage pipeline
(fetch, decode, address calculation,
cache access, miss detection, and
write) executes the instructions. To
support the high clock rates, design-
ers kept the level-1 caches small, 2
kbytes each. The caches were direct-
mapped to access their data quickly,
0.8 ns. Also, a 256-entry, branch-pre-
diction table is coupled with the in-
struction cache.

Pushing the 64-bit, Version 9
SPARC architecture to new perfor-
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- — Sense Sense e
amplifier amplifier
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MSB
Restore level 1
{2Ch x MSB + Cb x LSB}
1 Vee 13 Ve Vrestore = Vec e
LSB
0 203 Vee 0 (gnd)

Fig. 2. To perform the sense and restore operations required in its 4-Gbit DRAM memory cells,
NEC designers created this simple, two-section sense and restore circuit. The two sections of the
bit lines are connected by transfer switches that allow two bits to be stored in each memory cell
by detecting the half-Vec and either Vec or Ground levels at different stages in the read cydle.

mance highs, designers at Sun Mi-
crosystems Inc., Mountain View,
Calif., have upped the clock rate to
330 MHz and enhanced the memory
subsystem of the 4-way superscalar
architecture. Some of those improve-
ments were made possible by moving
the design to a 0.35-um CMOS
process with five levels of metal in-
terconnections. That design allows
the chip to shrink to just 12.5 mm on
a side and consume less than 30 W
when powered by a 2.5-V supply.

Papers 10.4 and 10.5, detailed the
next-generation Pentium/Pentium-
Pro processors that include the mul-
timedia instruction extensions
(MMX). From Intel Corp., Santa
Clara, Calif., were details of a 300-
MHz CPU that packs 7.5 million
transistors on a 203 mm? chip. The
chip has separate data and instrue-
tion caches of 16 kbytes each. The
chip also features a dedicated 1.2
cache bus with source-synchronous
clocking, supporting various exter-
nal cache configurations.

A five-level-metal process was se-
lected by designers at Advanced Mi-
cro Devices Inc., Milpitas, Calif., for
their 8.8-million transistor, x86-com-
patible CPU with multimedia exten-
sions. Dual 32-kbyte caches provide
more on-chip memory than the Intel
CPU offers, and account for most of
the difference in transistor count.

Dual 64-kbyte, two-way, set-asso-

ciative caches are a key feature of a
200-MHz PA-RISC processor de-
scribed in Session 25. Developed by
designers at Hewlett-Packard Co.,
Fort Collins, Col., the 32-bit proces-
sor employs a simple, two-way su-
perscalar architecture. The com-
bined resources allow the chip to
deliver a throughput of 7.75
SPECint95 and 7.56 SPECfp95 when
running in a 160 MHz system.
Moving to an eight-way, set-asso-
ciative cache architecture, but halving
the cache sizes to 32 kbytes each, a su-
perscalar version of the PowerPC
processor developed by IBM Corp.
and Motorola Ine., both in Austin,
Texas, runs at a clock speed of 250
MHz. The architecture, described in
paper 25.2, includes an integrated L2
cache controller, six execution units,
and dynamic power management cir-
cuits that can trim the operating
power to about 5 W when the chip is
powered by a 2.5-V supply.
Examining pieces of the CPU ar-
chitecture, papers 25.3, 24.4, 25.4 and
25.5 detail two new cache designs; a
compact 54-bit multiplier; and a 1-
GHz, 64-bit datapath, respectively.
The store-barrier cache described in
paper 25.3 by IBM Corp., Microelec-
tronics Div., Essex Junction, Vt.,
provides a 32-entry, two-port archi-
tecture that dvnamically predicts
and reduces load/store hazards. The
technique is similar to Branch pre-

diction, but when applied to
load/store hazards, it can be used to
delay a load operation that is later in
the program order. Once the speci-
fied store is completed, the corre-
sponding load can continue.

A dual-port cache macro that ac-
cesses in 2 ns was the result of devel-
opments at Hitachi Ltd., Tokyo.
Japan. The macro, detailed in paper
24 .4, is a dual-port, 16-kbyte memory
organized as a 512-word-by-256-bit
array. It can perform read and write
operations simultaneously in the
same cycle at 285 MHz. Two ad-
dresses are sent to the cache continu-
ously in a single cycle. If the same ad-
dresses are accessed in a single cycle,
the previous data of the cells are sent
to the read bus and the write data are
written to the cells. That technique
allows the cache to respond to a store
instruction in a pipeline in one stage,
without using a hit signal.

High-speed in the data path was
the goal of researchers from Toshiba
Corp., Tokyo, Japan, when they de-
veloped an early-completion-detect-
ing ALU that can operate in data-
paths that clock at 1 GHz. Also
implemented in a 0.25-upm CMOS
technology, the data-path design ex-
ploits the fact that in asynchronous
systems, the longest path for individ-
ual operations of a logic circuit is gen-
erally much shorter than a critical
path of the circuit. ’

Experimenting with single-flux
quantum technology, an advanced re-
search project presented in Session 7,
details a 20 Gbit/s, self-timed vector
processor. Developed by researchers
from the University of California at
Berkeley, Yokohama National Univer-
sity, Japan, and IBM Corp., Austin,
Texas, the work is based on supercon-
ducting single-flux quantum logic and
memory. The ones and zeros are rep-
resented by the presence or absence,
within a timing window, of a quan-
tized-picosecond voltage pulse (one
single-flux quantum, SFQ).

To implement a functional block, re-
searchers created a self-timed vector
processor that employs an asynchro-
nous-timing scheme. Data-driven self-
timing (DDST) registers remove
global-clock-distribution problems
and accommodate process variations.
Data is processed by deep-pipelined,
DDST logic circuits that treat the data
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as a vector that is composed of certain
number of words (F'ig. 1). That vector
is stored in a vector-shift register.
Logical ordering is achieved through
the use of block-level vector hand-
shaking (vector-request and vector-
acknowledge signals).

Performing the computation are
Mueller-C elements. These elements
are blocks that perform a logical AND
of the input acknowledge and request
signals, and generate an output SFQ
pulse to initialize the clock generator.
A 4-bit vector-completion detector is
implemented by serially connecting
two SFQ T-flip-flops, forming a 4-bit
binary counter that provides a pulse
for every four SFQ pulses.

Multivalued logic is just the basis
on which designers at NEC Corp.,
Tokyo, Japan, have relied to craft the
industry’s largest DRAM (deseribed
in Session 4). The 4-Gbit memory
chip, described in paper 4.6, actually
contains 2 Geells, but each cell can
store two bits. Such a scheme has al-
ready been proposed for flash memo-
ries, but this is the first implementa-
tion in a dynamic memory structure.
Fabricated in a 0.15-pum triple-well
CMOS technology, the cell area
comes to just 0.23-um?. This yields a
rather large chip area, 986 mm?.

To handle the four-level storage,
the sense and restore scheme devel-
oped by NEC starts with two bit
lines that are separated into two sec-
tions by transfer switches. This de-
sign sets up a capacitance ratio of 2
between section A and section B
(Fig. 2). Bit lines are precharged to
the half-V, level, and transfer

switches are ON during a standby
cycle. In an active cycle, a word line
is selected, and the charge stored in
the cell is transferred to the bit line.
Then the transfer switches turn off,
and the bit lines are isolated. Subse-
quently, the sense amplifier in sec-
tion A is activated, and the bit lines
are driven to Vee and ground, de-
pending on the stored data.

The amplified data is the most-sig-
nificant bit of the stored data, be-
cause the reference level is half V..
The MSB is transferred to the other
bit lines through a crosscoupled ca-
pacitor, and changes the bit-line level
for subsequent least-significant-bit
sensing. Then the sense amplifier in
section B is activated and the LSB is
sensed. Finally, the transfer switches
turn on, the charge on each bit line is
shared, and the read-out data is re-
stored to the memory cell.

High-performance synchronous
DRAMs were the subject of paper
4.5. Designers at Fujitsu Ltd., Tokyo,
Japan, detailed the use of an on-chip,
register-controlled, delay-locked
loop to trim clock access time to 1 ns
in the memory timing. The RDLL
structure keeps the DRAM stable
versus temperature, voltage, and
process variations.

The RDLL consists of a variable-
delay generator with a logic-gate
chain, a shift register for indicating
the optimal tap point in the chain, a
phase comparator for comparing the
internal clock and the external clock
phase, and a set of replica cirecuits for
simulating a delay in the internal
clock path (Fiig. 3). The replica cir-

cuits include an output buffer with a
dummy capacitance and a loop circuit
that automatically tracks the exter-
nal clock. Thus, data outputs coincide
with the rising edge of the external
clock and are independent of the am-
bient temperature and process para-
meters. One drawback to the RDLL
approach, it has a comparatively long
lock-on time (100 cycles after the
power-on sequence) needed to adjust
the delay tap. However, it should not
pose a serious problem in terms of
system operation.

With large memory chips, one
time-consuming operation is testing
the memories. To circumvent that
problem, designers at Oki Electric
Co. Ltd., Hachioji, Japan, described
in paper 4.4, an on-wafer, built-in,
self-test scheme that can perform
failed-bit searches for 1-Gbit
DRAMs at rates of up to 200 Gbits/s.

The approach they developed in-
cludes a 4-kbit very-long-word bus
and on-wafer test management units
to probe the memory arrays. This ap-
proach shortens the wafer test time
to less than 1/100 the time required
for bit-by-bit testing. The test-man-
agement unit includes a failed-ad-
dress aligner circuit that converts a
transferred 4-kbit word into two
streams of 10-bits-by-16-words of
failed-address data.

Large blocks of DRAM are form-
ing highly integrated systems on a
chip that can take advantage of wide,
on-chip buses, and the higher-mem-
ory density possible with DRAM
over SRAM memorycells. In paper
4.1, designers at Texas Instruments
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Inc., Dallas, Texas, and Miho,
Japan, described an innova-
tive DRAM architecture that
forms the heart of an embed-
ded-DRAM module that can
be integratred and merged
| | into a logic process.

i The DRAM employs a dual-
i | sense-amplifier array that
! | eliminates the penalty im-
! | posed with synchronous-
i | DRAM architectures. Two
i | sense-amplifier arrays, SA1
and SA2, are available for one
memory array. A bank bound-

Fig. 3. A register-controlled, digital-delay locked loop or RDLL developed by Fujitsu to improve synchronous
DRAM performance, employs a shift register and replica circuits to set the delay tap on the delay-locked
loop. This design allows automatic optimization of the proper delay and independence from small changes in

ambient temperature, supply voltage, and process parameters.

ary, a data accessible/inacces-
sible border of the sense-am-
plifier array, does not exist in
the new approach. Any loca-




SIMPLE
SWITCHER

AND SHAPING THE FUTURE are trademarks of National Semiconductor Corporation. € 1996 National Semiconductor Corporation All rights resenved.

Stwitchers Made Simple. and MOVING

Simple Sunicher,

NATIONAL SEMICONDUCTOR®

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 LM2587 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, i's available in 3.3V, 5V, 12\
and adjustable output voliage 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 litle

space, step up o 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: http://www.national.com’see/Im2587

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, ¢ all 81-143-299-23(K)
in Southeast Asia, fax us at 852-2376-3901

National Semiconductor

Voving and shaping the fulure.



ELECTRONIC DESIGN / FEBRUARY 17, 1997

-

EDA

Marketing Tool!

The 1996 Electronic Design
Automation (EDA) Study
sponsored by Electronic Design
magazine, provides critical
survey information with a focus
on EDA marketing executives
and user/engineers. Conducted
by the market research firm,
EDA Today, L.C.,
results have been compared,
compiled, and studied to
serve as strategic marketing
opportunities for suppliers.

Survey results will
present information on:

* The respondents
* Platform trends
¢ Internet and web usage
¢ Spending patterns
¢ Design trends
* Cross tabulation results
on issues occuring in
the EDA industry

ELECTRONIC DESIGN

YES, send me
of The 1996 EDA Study for
$495.00 each + $5.00

copy(ies)

I

I

| S&H per copy.

| Add state and local sales tax where applicable

| O Amex

| O visa [0 Master Card

: Card# Exp. —
Account name

I

I Name

| Signature

| Company

I

| Address

I City.

I State Zip

| Phone.

| Fax.

Fax this order form to:
201/393-6073
Electronic Design, Attn:
Deborah Eng, or contact
EDA Today, L.C.
at: WWW.edat.com

TECH INSIGHTS ISSCC—DIGITAL |

tion of the memory array can be ac-
cessed by both SA1 and SA2. While
one sense amplifier array is active
the other is being precharged. Once
data on the addressed page is trans-
ferred from the memory array to
SA1 (or SA2), the memory array is
disconnected from SA1l. This
arrangement allows precharging the
memory array and preparing it for
the next cycle.

In paper 14.1, researchers at the
Electrical Engineering and Computer
Science Department of the Univer-
sity of California, Berkeley examined
various architectural approaches for
CPU chips with wide memory buses
and vector processing. The theoreti-
cal-vector processor, using a 0.18-um
DRAM process and occupying about
600 mm?, could integrate 16-multiply-
and-add units, running at 500 MHz.
The processor also has 16, 1024-bit-
wide memory ports running at 50
MHz, yielding a collective throughput
of 100 Gbytes/s of memory band-
width. Popular algorithms such as
Linpack could execute at 8 GFLOPS,
about five times faster than the Cray
T-90 vector supercomputer.

One more practical example, pre-
sented in paper 14.3, details the
forthcoming design of a parallel
processor that combines 256 Mbits of
DRAM and four 32-bit RISC proces-
sors. Developed by researchers at
the Computer Science and Communi-
cations Engineering Department of
Kyushu University, Fukuoka, Japan,
the parallel-processing RAM also in-
cludes SRAM caches for each 32-bit
processor (8 kbytes of instruction
cache, 16 kbytes of data cache). The
256 Mbits of DRAM is divided into
four blocks, one associated with each
RISC processor.

When memory can’t be integrated
onto the same chip as the logic, high-
speed or wide bus interfaces are
needed to provide the high band-
width needed to transfer data. Ex-
amining various interface options,
designers at Rambus Inc., Mountain
View, Calif., have developed some
improved timing schemes. These
schemes reduce clock skew and jitter
so future DRAMs will be able to op-
erate with data rates of 1.3
Gbits/pin/second (650-MHz clock
rate), delivering a 5.2-Gbyte/s data
rate over a 32-bit-wide interface.

A 300-MHz, dual-port graphics-
RAM macro, detailed by Mitsubishi
Electric Corp., Itami, Japan, in paper
24.3, employs a novel port-swap ar-
chitecture. That port-swap architec-
ture allowed designers to reduce cell
area by 24% over the standard dual-
port cell without impacting memory
performance. The palette memory
includes a read/write MPU port and
a read-only pixel port. Internally, it
shares the ports with a single bit line
that is swapped via internal cross-
bar switches, reducing the cell area.

Both IBM Corp., Essex Junction,
Vt., and NEC Corp., Tokyo, Japan,
have developed high-speed, 4-Mbit,
external-cache SRAM devices that
operate at 350 MHz and 500 MHz, re-
spectively. The IBM SRAM, pre-
sented in paper 24.5, achieves a 4.1-
ns flow-through access time and
employs self-timed, self-resetting,
and low-signal-swing circuitry.

NEC, has developed a pipeline-
burst cache SRAM that includes a
point-to-point noise-reduction coding
scheme in the I/0 structures. De-
tailed in paper 24.6, the 1/0 circuits
include push-pull output drivers that
contain impedance control circuits.
These drivers can achieve series-ter-
mination by matching the impedance
of the output driver transistors to
the transmission-line impedance. A
customized ball-grid-array package
also was developed to precisely
match the impedance of the data
lines in the package.

Making a NAND-based flash
memory appear to the system as a
non-volatile virtual DRAM, design-
ers at Samsung Electronics Co. Ltd.,
Kiheung, Korea, have combined the
best of both the DRAM and flash
memory. In the so-called NVDRAM,
fast, random-access time was
achieved with a NAND flash mem-
ory by using a folded-bitline architec-
ture. DRAM-comparable column-ad-
dress-access time was achieved by
sensing and latching 4k cells simulta-
neously. Dual on-chip 512-byte
buffers hold data during read and
write operations.
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~ From Transceivers To Op Amps,
Analog Continues Productivity

Bandwidth Maintenance And Signal-To-Noise Ratios Are
Key Points Of Discussion At The ISSCC.

Paul McGoldrick

nalog circuits are facing many challenges back through the substrate must be dealt with
Aas power supply voltages move toward 3.3 since CMOS does not have a buried layer to pro-
[ V and lower values. Some of the key is- vide device isolation. To get around that problem,
| sues include maintaining bandwidths and sig- the IF amplifier is realized as a chain of three iden-
nal-to-noise ratios. Lowering the operating tically-configured amplifiers that each have their
current or providing a standby mode are unity-gain bandwidth limited to 700 MHz.
added goals in communications and consumer The three-stage approach also lowers power
system design that have been placed on de- consumption. Gain for the IF amplifier is pro-
signers as well. Sessions at the ISSCC on fil- grammable over a -20-dB to +60-dB range in 2-dB

tering, low-power design, communication SPECIAL steps, but the first stage of the amplifier has a
building blocks, and amplifier design provided REPORT fixed 0- or +20-dB gain so that noise factor is mini-
many insights regarding design approaches mized, while the second stage switches in three
for next-generation analog functions. main steps, including attenuation, and the third
As the supply voltages on high-frequency stage in the needed 2-dB steps. Gain changes are
circuits, particularly IF sections, continue to realized with switched-sets of smaller differ-
fall toward 3 V, the main design challenge ential pairs on both the inputs and loads.
is in creating operational amplifiers with An alternative to conventional I-Q modu-
high open-loop gain and large band- lation was proposed by the National
widths to eliminate errors in the out- Chiao-Tung University, Hsin-Chu, Tai-
put. The output voltage swing also wan, in the form of a phase-amplitude,
must be large enough to maximize vector modulation scheme that can
the signal-to-noise ratio. These re- generate higher frequency IFs (paper
quirements are key aspects for func- 5.2). It is felt that the modulation is
tions such as sample-and-hold cir- particularly suitable for constant-en-
cuits, delta-sigma modulators, and velope phase-modulation schemes,
switched-capacitor (SC) filters. such as Gaussian-filtered minimum
shift keying (GMSK), where no ampli-
tude modulation is required.

Communication Building Blocks
In highly-integrated transceivers In the circuit, a multiphase voltage-con-
used in wireless telephones, single-conver- trolled oscillator (VCO) generates 64 differ-

- = \c‘
sion superhetrodyne architectures have be- r Y OF peNT ent phases of the IF equally divided around
come popular as a means to reduce the number of the full 360° period (Fig. 1). The VCO output fre-

passive filters required in the circuitry. Gain can quency is 4X the input reference and the phase-
be provided at either the IF frequency or at the lock loop (PLL) contains a divide-by-four, a phase-
baseband frequency, but as designers at ETH- frequency detector and a charge pump controlling
Zentrum, Zurich, Switzerland, and Toshiba Corp., the VCO. The 6-bit phase control selects a phase of
Tokyo, Japan, have found, the high-gain IF ampli- the VCO output in the multiplexer, effectively
fier is preferable over a baseband amplifier since converting digital-to-phase, with the amplitude
the IF amplifier prevents offset and flicker noise changed by the (arbitrary) 3-bit control of the
from significantly degrading the signal. variable-gain output amplifier. Oversampling and
The companies have developed a programma- an IF filter can push quantization noise outside the
ble 71-MHz IF amplifier, fabricated in 0.4-mm desired frequency band to filter it off.
CMOS, that is part of a 900-MHz transceiver. The The IC was fabricated on a standard 0.6-mm
amplifier, described in paper 5.1, delivers a maxi- single-poly, double-metal CMOS semiconductor
mum gain of 55 dB while drawing only 2 mA from process and with a single 2-V power supply con-
a 3-V supply. However, to achieve the high gain at sumes 90 mW when operating at 100 MHz, with a
the IF, instability problems due to parasitic feed- PLL lock range from 82 to 106 MHz. Spurious
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1. Able to generate high intermediate frequencies, this VCO-based circuit developed at the
National Chigo-Tung University performs phase-amplitude vector modulation.

tones are all smaller than the main car-
rier by more than 41 dB, while time-
domain phase jitter measured 29 ps
rms and phase noise of the carrier was
-91 dBce/Hz at 10 kHz offset.

IF amplifiers have a direct gain
function and they also perform dy-
namic range compression by acting as
an AGC or limiting amplifier without
using any feedback loops. The simplifi-
cation of receiver configurations
makes them suitable for burst-mode
operations such as time division multi-
ple access (TDMA). Higher frequency
IFs are in the offing when millimeter
wireless systems offer services with
bit rates of more than 10 Mbit/s and
multi-GHz logarithmic/limiting ampli-
fiers will be needed.

Low voltage operation, of course, is
a continuing need for portable equip-
ment, and resistive crosstalk in silicon
substrates is a major problem in
achieving high-gain, multi-GHz opera-
tion. NTT System Electronics Labo-
ratories, Atsugi, Japan, described (pa-
per 5.3) a 2-GHz monolithic
silicon-bipolar logarithmic/limiting
amplifier that solves many of the prob-
lems. It accomplishes this by introduc-
ing a waveform-dependent current
phase shifter that compensates the in-
trinsic dependence of unit-amplifier
phase shifts on input signals, and by
silicon layout techniques that mini-
mize crosstalk within and across the
silicon substrate.

The IC dissipates 250 mW at 3.3V
and has a received signal strength in-
dicator (RSSI) with a log-linear (semi-

logarithmic) characteristic 60-dB dy-
namic range. The first implementation
of the device used six cascaded unit
amplifiers and seven full-wave recti-
fiers in the architecture, all in a fully
differential configuration.

It has taken a while but the utility
companies are becoming aware that
they have a transmission capability on
their power distribution network and
that at a minimum it might be used for
remote control and monitoring of the
network; schemes also are proposed
for reading utility meters in resi-
dences. Under a European Commis-
sion Esprit project, support has been
given to Alcatel Mietec, Brussels, Bel-
gium, and Landis & Gyr, Zug, Switzer-
land, to develop a power line carrier
(PLC) modem using half-duplex, 300
to 1200 baud data streams modulated
in a band of 9 to 95 kHz, via an FSK-
like scheme (paper 5.4).

The analog front-end of the PLC
modem chip under development re-
quires a very high dynamiec-range re-
ceiver (105 dB) and a direct-synthesis
transmitter; the power network is not
characterized for transmission quality,
so impedance can range from 1 to 80
W , causing signal levels to range from
about -63 dBm to +8 dBm. Noise levels
also are highly unpredictable but are
typically around 450 nV/OHz over the
frequency band, while disturbances
can be 30 dB above the useful level.
Consequently, 8th order filters are
needed prior to FSK demodulation
while on the transmit side harmonies
of the modulation must be kept 60 dB

down because of the antenna-like be-
havior of the power lines.

Wireless Transceivers

Continuing their work on 900-MHz
transceiver building blocks, the Uni-
versity of California at Los Angeles
has taken them and developed a proto-
type, single-chip 900-MHz spread-
spectrum transceiver fabricated in 1-
mm CMOS (paper 7.2). The
compelling attraction of large-scale in-
tegration to simplify systems raises
questions as to how well digital CMOS
can coexist with the radio front-end,
provide isolation with large amounts
of gain, or resist modulation of the
VCOs by the power amplifier.

In their paper the authors pre-
sented design techniques for mitigat-
ing these possible problems and mea-
surements from the transceiver to
validate their approaches. On the ISM
902-928 MHz band with a 3- to 3.5-V
supply, and a data rate of 160 kbit/s, re-
ceiver sensitivity was -105 dBm at 10
dB signal-to-noise ratio, the power
amplifier output range was -17 to +14
dBm with a noise floor at -138 dBm/Hz
and an active receive current of 120
mA and transmit current of 100 mA.
The results basically validate the use
of CMOS for an entire mixed-signal
radio-on-a-chip.

The subcarrier capability of FM
broadcast transmissions has been a
relatively well-kept secret; these sub-
carriers, though, have been used for
remote control of the transmitter
equipment, commercial broadcasting
of stock pricing, background music
and numerous paging schemes. The
European RDS (Radio Data System)
uses a subcarrier at 57 kHz with 2.4
kHz reserved either side—and apart
from its original use as a warning sys-
tem to motorists, the subcarrier also is
authorized for use as a pager channel.
Work by Mixed Signal Struectures,
Roubaix, France; Info Technologies,
Rungis, France; Info Réalité, Venden-
heim, France; and the Polytechnical
University of Bucharest, Romania, re-
sulted in the development of a 2.2 to
3.5 V pager multi-chip module (MCM)
in a standard TQFP package that fol-
lows a standard FM radio front-end
(paper 18.1). Two ASICs are actually
in the MCM, which together consume
<300 mA in the active mode and <2
mA in the power-down mode.
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The design of a GSM trans-
ceiver using one main IC
(plus power amplifier dual-
synthesizer and peripherals
such as SAW filters) was de-
seribed by Hitachi Ltd.,
Yokohama, Japan, and The
Technology Partnership,
Cambridge, U.K., in paper
18.2. The main circuit em-
ploys quadrature-modulation
PLL translator technology
with an offset mix in the
transmit path. The receive
path is a double superhet that
uses a low-noise amplifier
(LNA) with active bias, two
Gilbert-cell mixers, a pro-
grammable-gain linear ampli-
fier and quadrature demodu-
lator. The second oscillator
VCO is on-chip, and separate

Tuning port

ments presented by the
Massachusetts Institute of
Technology, Cambridge,
Mass., and Analog Devices
Inc., in paper 22.2. The proof
of the concept was imple-
mented as a custom CMOS
fractional-N synthesizer. In-
corporated on the chip are a
continuous-time filter requir-
ing no external components
or tuning, a digital pipelined,
MASH-architecture D-S con-
verter and a 64 modulus di-
vider that supports any divi-
sion value between 32 and
63.5 in half-cycle increments;
dead-zone problems are
avoided by the inclusion of a
phase/frequency detector
within the loop.

A CMOS front-end for a

power control functions are
provided for receive and
transmit. The IC is imple-
mented in a 0.6-mm pure bipolar
process with an frof 15 GHz in a 48-pin
low-profile QFP package. Supply
range is 2.7 to 3.6 V and the IC con-
sumes about 32 mA in the transmit
mode and 48 mA in receive.

Gilbert-cell mixers also are used in
an integrated double-conversion re-
ceiver design from the University of
California at Berkeley for the Digi-
tally Enhanced Cordless Telephone
(DECT) standard (paper 18.3). The
conversion is wideband with channel
selection made at baseband with low-
pass signal processing; there is no
band-pass filtering at the IF's. The en-
tire RF, IF and baseband signal path
is fully differential. The channel selec-
tion at baseband is, of course, like di-
rect-conversion reception but there is
no oscillator needed at the operating
channel and the design of the local os-
cillators can be optimized. The refer-
ence sensitivity of the prototype was -
90 dBm with a power dissipation of
198 mW from a 3.3-V supply.

A two IC chip set for DECT inte-
grates virtually all but the receiver
LNA, the transmitter power amplifier
and filters in work reported by
Siemens, Diisseldorf and Munich, Ger-
many, (paper 18.4). The result is a re-
ceiver sensitivity of -95 dBm in the
single conversion channel. To increase
the isolation between oscillators and
the PA, the transmitter buffer stage is

included on the receiver IC. Two regu-
lators also are on the transmitter IC,
as are the PLL and control logic for
both sides. The chips are fabricated in
Siemens' 25 GHz B6HF bipolar semi-
conductor process.

A little less integration is involved
in the work for DECT reported by
Analog Devices Inc., Wilmington,
Mass., where a baseband/IF IC as well
as the LNA and PA are needed (paper
18.5). The design also was done in a 25-
GHz bipolar process, and the chip in-
cludes a single-conversion receive
chain, the upconverter transmit chain,
as well as on-chip local oscillator distri-
bution, a VCO, a low- dropout voltage
regulator, and a node controller. A syn-
thesis operating mode (where the
VCO-only is active) is provided in ad-
dition to Receive, Transmit, and
Standby. Minimum operating voltage
is 2.7 V. The mixer on the transmit side
is a degenerated Gilbert cell, while the
receiver mixer is a class AB micro-
mixer designed from an idea provided
by Barrie Gilbert. The receive chain
draws 37 mA at 3 V, while the transmit
chain draws 32 mA.

More Building Blocks

A 1.8-GHz transmitter chip that
avoids the use of mixers and DACs to
generate I and Q waveforms by
dithering the divider within a phase-
locked loop was the focus of develop-

2. A balanced 1.5 GHz VCO that packs an integrated LC resonant tank
was jointly developed by Carleton University and Nortel.

portable GPS receiver, in-
cluding LNA and mixer, was
described by Stanford Uni-
versity, Stanford, Calif., in paper 22.3. |
Implemented in a standard 0.35-mm
digital process and consuming just 12
mW from a 1.5-V supply, the chip
demonstrates the use of CMOS for
wireless applications. The dynamie
range of the receiver is determined by
the care taken in the design of the lin-
earity of the mixer and the noise fig-
ure of the LNA.

In anticipation of the complete inte-
gration of the GPS receiver (with a
DSP core) these two blocks were de-
signed with differential architectures,
which results in a higher, but still ac-
ceptable, amplifier noise. A system of
biasing the cascode amplifiers with a
common-mode feedback scheme maxi-
mizes the use of the limited power |
supply headroom so that the amplifier
will operate reliably on 1.5 V regard-
less of process, supply, and tempera- \
ture variations.

The time division multiplex access
(TDMA) use of the frequency bands
for GSM and DECT requires that
power amplifiers be ramped on and off
rapidly for the transmit bursts. The
recommendations dictate strict spec- |
tral templates to balance the rates of
control with the spectral emissions. |
Just such a demand was met by
Philips Semiconductors, Zurich,
Switzerland, and Niirnberg, Germany,
in their development of a Power
RAMping (PRAM) controller (paperJ
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22.4). The circuit offers all the controls
for RF power amplifiers in bipolar or
GaAs for the GSM, DCS1800 or
PCN1900 standards.

The PRAM forms a control loop
around the power amp with the ramp-
ing curves stored as target values; the
actual output power is fed back for
comparison and control. The start of a
transmit burst, the minimum and
maximum power, and the burst dura-
tion are set using a fast digital control
bus and a real-time trigger signal. The
device, which can be a library item
with the power amp, can be pro-
grammed in real-time via the chip’s
digital control bus with a maximum
operating speed of 10 MHz.

Analog Techniques

The Automatic Test Equipment
(ATE) market is increasingly demand-
ing higher speed, lower costs, higher
pin-counts, and more accurate timing.
Schlumberger Technologies, San Jose,
Calif., and NTT System Electronics
Laboratories, Kanagawa, Japan,
worked in collaboration to develop a
600-MHz pin electronics IC (paper
23.3). The chip integrates the major
ATE pin electronic components of a
driver with termination function, a
programmable load, a window com-
parator, and hard clamps.

By integrating the driver and ter-
mination switching, the pin-electron-
ics chip allows for far faster testing. It
has a timing error of less than 25 ps for
pulse widths as short as 0.8 ns. It also
reduces voltage glitches on the test

| pins, lessens the degradation of the

minimum pulse width, and removes
propagation delay mismatches. A sili-
con complementary bipolar process
was used with an fr of 9 GHz for npn
and 5 GHz for pnp transistors. A GaAs
MESFET device was not used be-
cause of the inherent problem known
as “flow tails.”

Controlled oscillators are a core
component of communications sys-
tems . Important characteristics of the
devices include frequency, tuning
range, linearity of control voltage (or
current) to frequency, phase noise,
stability, and cost of fabrication. In the
last few years, there have been some
competing arguments about the de-
sign directions in which to go with
technologies for the implementation,
running from ring oscillators to relax-

ation circuits to monolithic induc-
tance/capacitance elements.

In paper 23.5, the Korea Advanced
Institute of Science and Technology
and the Electronics and Telecommuni-
cations Research Institute, both in
Taejon, Korea, presented their re-
search in which they built and com-
pared three types of CMOS current-
controlled oscillators. A three-stage,
single-feedback oscillator was com-
pared with two other types:a three-
stage, double-feedback and a four-
stage, triple feedback circuit.

The simplification of
receiver configurations
makes IF amplifiers

svitable for burst-mode

operations such as
TDMA

The oscillators were buiit fully dif-
ferential and used steering-logic delay
cells. The frequency range for oscilla-
tion was found to be wide, about a
decade, with all three exhibiting good
linearity; the maximum operating fre-
quencies of the three were 1.39, 1.58
and 1.69 GHz for the single-, double-,
and triple-feedback, respectively.
Power dissipations of the core blocks,
with a 5-V supply, were 123, 110, and
78 mW, respectively.

Examining the operation, particu-
larly the tuning range, of a monolithic
LC voltage-controlled oscillator at low
supply voltages was the object of work
performed at Hewlett-Packard Labo-
ratories, Palo Alto, Calif. Detailed in
paper 23.6, the coupled oscillators
form a quadrature generator at 1.8
GHz with a tuning range of 120 MHz
and a phase noise of -100 dBc¢/Hz at 500
kHz offset. Inductors with a value of
10 nH are used; they consist of two
stacked-spiral structures, achieving
roughly four times the inductance of
one spiral of the same area. The para-
sitic capacitance of the inductors plus
inter-oscillator couplings reduce the
variable part of the tank capacitance
from 780 fF down to about 270 fF.

Carleton University and Nortel,

both in Ottawa, Ontario, Canada, pre-
sented their work on a balanced 1.5
GHz VCO also using an integrated L.C
oscillator in paper 23.7. This circuit is a
further alternative to the controver-
sial wire-bond inductor techniques,
with coplanar inductors, polysilicon
capacitors and on-chip varactors
formed in a 0.8-mm biCMOS process
withan 11 GHz {T (Fig. 2).

The circuit shows the output being
taken from the collector instead of the
normal emitter-output on a true com-
mon-collector Colpitts oscillator. This
isolates the load from the tank circuit
and increases the Q of the oscillator.
Each side of the oscillator is a nega-
tive-resistance circuit, where the base
input impedance is negative when the
base resistance is low enough.

The authors believe the phase noise
is the lowest reported in a fully-inte-
grated LC oscillator at -105 dBe/Hz at
a 100-kHz offset with a 3.6-V supply,
meeting not only DECT but also CT-2
system specifications. The output
level also is among the highest at -6.6
dBm into a 100-W differential load,
thus avoidingthe use of buffers. The
tuning range of the VCO is 150 MHz
with less than 1 dB of output power
variation over the range. Power con-
sumption is 40 mW at 3.6 V, including
the biasing circuitry. An enhanced
version of the VCO is under develop-
ment with a parallel LC tank in the
collectors, instead of resistance, to
maintain phase noise performance at
lower operating supplies.

An output buffer is included on-chip
in a design described by Hewlett-
Packard Co., Newark, Calif., to get a -
3 dBm output from a family of silicon
bipolar VCOs over a 1.1-to-2.2-GHz
range (paper 23.8). These circuits have
the tank and tuning fully integrated,
and a varactor characterized with a 3:1
capacitance range from 0-to-3-V re-
verse bias and a Q of 30-50 across the
frequencies. Phase noise (at 100 kHz
offset) ranges from -105 to -99 dBc/Hz
from 1.1 t0 2.2 GHz. The tuning ranges
are from 150 to 250 MHz. All three
take about 15 mA supply current and
will operate over arange of 2.7t05.5 V.
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because our workstation is based on open systems standards, you'll find it will integrate easily into your

distributed
existing network. So instead of having to work within the constraints of a proprietary

@ system, you'll have the flexibility to accommodate your needs, whatever they are. Of

course, with Distributed Access, you'll also be assured of a transparent connection
a ¢ ¢ e s s
to all the information you need throughout your enterprise. Even in RISC/UNIX environments.
Another benefit is the result of our partnerships with leading independent software vendors

like Adobe, Autodesk, Bentley, EDS Unigraphics, Kinetix, PTC, SDRC and Softlmage. Because these

solutions have been thoroughly tested, you'll get optimum performance and compatibility.

YOUR RELIANCE ON CONVENTIONAL WORKSTATIONS

IS ABOUT To CHANGE FOREVER.

Finally, our workstation provides a lower cost of ownership—not only through price: performance

but also through Compaq’s in(lustry-leading management features

and comprehensive service and support programs. Including
hundreds of resellers specially trained for your market.

All said, the Compaq Professional Workstation is unlike
any workstation you've ever used before. Which, of course, is
exactly the point. For more information on Compagq
workstations or Distributed Access, visit us at

www.compag.com or call 1-800-318-7774.

So what'’s under the hood? 1-2 200MHz Pentium® Pro processors with NT 4.0, a 256K cache, up to 512MB
quCC DIMM memory, an Ultra-Wide SCSI controller, and advanced 2D/3D graphics accelerators.

COMPAQ

Has It Changed Your Life Yet?
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Think big.

(With a little encouragement from Murata.)

<

PLL Module
HFQ Series

Murata technology innovations in materials, components  and PLL modules for such applications as PCS, PHS,

and production systems are paving the way toward GPS and WLAN. And we're not stopping there. By the
high quality and fully functional turn of the century Murata’s VCO
integration of RF modules. Qur § rcoame ¥CO - DLL Module MQX series will be miniaturized
new HFQ 551 series single output wn] 3,;7:2'72‘2"“ @m-ﬂrm ' to 20 sq mm while meeting the
PLL module for digital cellular . -:,11332."'":"2, ‘,’,igg:oms,,';,,::;s';;ﬂu_zm demands of future frequency
(GSM/PDC) 2nd local oscillator H «+ B L plans of over 5.0 GHz. It’s just
combines the PLL IC, VCO and — MO S one more way Murata is thinking
Passive Loop Circuitry into an S e e ahead to help you think big. For
ultra small - 92 sq mm (9.8 x " free technical manuals, catalogs
9.3 x 2.7 mm) - surface mount package. Other designs  and more product news, just call o
following the same technology trend include VCO 1-800-831-9172, extension 642.  masster in Hectronies

©1996 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved.
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TECH INSIGHTS

Speed and Resolution Dominate
A/D Converters at 1SSCC

Track/Hold Amplifiers And Pure-Sampled Analog
Signal Processing Reappear At ISSCC.
Frank Goodenough

built with the SiGe npns. These comparators all
have differential preamplifiers (Q1, Q2, Q3) on
their inputs (F'ig. 1). At high input frequencies the
input signal feeds into the reference node via ca-

technology’s obituary now are probably hiding
their collective heads. The reason behind that

shame is that at this year’s ISSCC, 23.1% (the
largest percentage) of the 164 accepted papers pacitor C; The decoding XOR gates are based on
were analog. However, on closer inspection of the Gilbert multipliers. The open collector output
papers in the other classifications, a trend appears. stages (Q4/Q5) drive 50 Q loads.
Analog-IC technology dominates the conference. While their circuit simulation indicated the
Papers discussing this technology include such top- sampling rate could be upped to 10 GHz, testing
ics as communications, sensors and imagers, disk- the chip, even at the 8 GHz rate, could prove to be
drive electronics, signal processing, and technol- SPECIAL quite difficult. As the ICs get faster, they get
ogy directions. In fact, even some of the digital REPORT harder to test due to a lack of high-frequency test
papers describe phase-locked loops and clocks, equipment. To test the ADC, designers had to re-
which also have their roots in analog technology. sort to beat-frequency testing to determine band-

This year, ISSCC has seen a bumper crop of width. The use of FFTs to determine distortion
innovative new designs, with analog-to-digi- was found to be impossible.
tal converter (ADC) and sample-to-hold While ADCs abound, DACs are conspic-
amplifier (SHA) presentations filling uous by their absence. This year there
two sessions. Session 8 covers general-
purpose converters that offer unique
combinations of speed, power, and
resolution, and Session 13 details
high-resolution, oversampling
ADCs. Additional ADC papers also
are hidden in other sessions, embed-
ded as part of more complex circuit
discussions, or as part of the emerg-
ing technologies session.

In fact the fastest ADC, a 4-bit, 8-

Those gurus who, a few years ago, wrote analog

developed by Yokogawa Electric
Corp., Tokyo, Japan. Intended for pro-
viding programmable precision de
voltages for IC-tester pin drivers, the
chip contains a 12.7-bit, 28-channel
DAC.

The circuit does not have to be
trimmed at any time during its manu-
facture or when in use. To eliminate cal-
ibration, designers combined a triple-
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