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Why Just
Simulate Your
Design...

Understand It!

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

With a click of the mouse, MicroSim PSpice extracts data from a

\
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whele set of analog waveforms and displays the data on a single screen. MicroSim Extract performance from Macros and functions

PSpice A/D even displays mixed analog/digital simulation results together. You can

immediately see the effects of changing several
ditferent voriables all af one time. You can explore the
relationship between changes in your circuit and
changes in its behavior in order to defermine
performance trade offs. With MicroSim PSpice, you can
sperd your time creafing better designs.
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MicroSim PSpice
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many simulations (A ) to allow you to measure

see how complex circuit performance (E ) from
behavior varies with complex waveforms (D
component value chonges (B

Histograms (€ ) show

production yields with

component tolerances
i /

MicroSim

O0rCAD and MicroSim Have Menrged!
Call 1-888-671-9501 Today and Find Out More About
Windows NT EDA From-The New OrGAD




You need the world’s first choice* in one-time programmable
8-bit microcontrollers.
Now. Off the shelf. Right to you.
With no hassles.
o Our dedicated OTP manufacturing capacity for our most
popular devices (listed below) assures a ready supply through
Motorola’s woridwide distributors.
But we deliver more than just OTPs. On these devices we
offer complete solutions, with a full range of development
tools, reference designs, applications support, and software. Q}CUSQY
Plus we’ve created a virtual OTP shopping mall on the Web. 0
In an instant, it shows you specs on the devices, recommended Q
development tools, product availability, distributors, and E
stocking information. \\A
We’re dedicated to getting you the OTPs you need. When J, OQ/
you need them. Visit www.motorola.com/semi/otp and see ust
for yourself.

EPROM RAM - PACKAGES
A

68HC705KJ1 1.2K 16-DIP, 16-SOIC
~ 7|7 68HC705B16 15K 352 34 52-PLCC, 64-QFP
68HC705C8A 8K 304 | 31 40-DIP, 44-PLCC, 44-QFP
68HC705C9A 16K 352 | 3 40-DIP, 44-PLCC, 44-QFP
68HC705J1A 1.2K 64 | 14 20-DIP, 20-SOIC
68HC705L16 16K 512 | 39 80-QFP
68HC705P6A 4.6K 176 | 21 28-DIP, 28-S0OIC

www.motorola.com/semi/otp

*Over 2.5 billion Motorota 68HC0S MCUs shipped. O

©1998 Motorola, Inc. Al rights reserved. Motorola and (M) are registered trademarks of Motorola, Inc. Semi con dUCtor P T Oducts SeCtOI'
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TRS (Todd Rack System)
N+1 redundant power racking

system, front panel hot pluggability,
up to 6 KW in a 3U (5 1/4”) rack.
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RMX-350
Hot swap,
350 watts,
multiple output, power factor
corrected. AC equivalent of TMX-350
in form and fit.

Solutions for
Critical
Applications

F TMX-350
Hot swap, 350
E watts, multiple output, 48 VDC input.

Equivalent of RMX-350 in form and fit.

Todd offers a wide range

of hot swap products from
350 W — 6 KW. Todd'’s
engineering team provides
standard, modified standard,
custom and vatue added
solutions based on your form
fit and function requirements.

TCM-1000 .
Hot swap, 1000 watts, power

factor corrected, single output,
current sharing.

POWER SUPPLIES

TODD PRODUCTS CORP.
oY 50 Emjay Boulevard
R ] Brentwood, NY 11717 USA

= 800 223-TODD

, TEL: 516 231-3366
Q y FAX: 516 231-3473
;:g':*'; EMAIL: info@toddpower.com
TUV Rheinland <

WEB: http://www.toddpower.com

SPH-1200
Hot swap,
1200 watts,
power factor corrected, single
output, current sharing.

e

Giving you the power to
build better products.
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Technology
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Technology

Breakthrough ........32
* Combined laser and
magnetic techniques '
promise storage densi-

ties of 40 Gbits/in.” ‘
* High-power laser tech- |
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safety and durability of
metal structures
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I Sensors Expo Brings Sensor Technology Into Sharper Focus 72
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39 Systems-On-A-Chip And Advanced IC Processes
Take Center Stage At The CICC

40 Digital — Circuit Density And Smaller Geometries
Drive CICC's Digital Sessions

46 Analog—C1CC Portends Evolution In Data
Converters And Analog Circuits

52 Communications — Foundations For Communi-
cation’s Future Laid At CICC ‘98

58 EDA—Catch A Glimpse Of The Future Of EDA
Tools And Methodologies

67 Integrated Low-Voltage ADCs Achieve High
Speed And Accuracy

e A family of high-speed ADCs taps

A-X modulation and digital filtering

to obtain true 16-bit performance at

27V

SENSOR TECHNOLOGY

72 Conference Brings Sensor Technology Into
Sharper Focus

® The latest advances in sensor-based systems
and applications are highlighted at this years
Sensors E.xpo.
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The idea for a surface-mounted, chip-type
safety capaciior came to ns in a tlash.

Our safety capacitor for power supplies is the only surface-mounted one in the world. And it’s
a perfect example of how we think. We're constantly coming up with new ideas to enhance the
value of your next-generation designs with our family of application-specific capacitors.
Including microchips that bring capacitors inside the IC package. Low inductance capacitors for
ever-increasing microprocessor speeds. And cap arrays that free up real
estate in your cell phones, PCs and more. Whatever your design, Murata can
deliver the application-specific capacitors you need to make your ideas work.
Contact us before you begin your next project. Because the tiniest idea

can spark an even bigger one. Call 1-800-831-9172 or www.murata.com. mnovator in Electronics

© 1998 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, Ga. 30080. All Rights Reserved.
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83 Generate Advanced PWM Signals Using DSPs

® On-chip timers and registers enable DSP con-

trollers to generate symmetric space-vector
PWM signals for three-phase motors.

93 ADCs Lend Flexibility To Vector Motor-Control

Applications

e Available either as discrete devices or, more
recently, packaged with a DSP core, ADCs are
stepping up to wser requirements.

102 Power Supply Considerations For Servo Amplifiers

o Specifying to real-world, power-supply re-

118 Ideas For Design

o Improvements on the circuit-break locator
o Improve group delay response in the anti-
aliasing filter

® ADC clock gating circuit maximizes data
throughput

o Power interruption tester for restait circuit
e Connect any keyboard with any microcon-
troller using only one pin

128 Pease Porridge

* Bob’s mailbox

130 Walt's Tools And Tips

® Spice programs
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Rome wasn't
built in a day.
our ASIC can bhe.

The industry’s first and only true ASIC alternative.

Fully programmable, 40,000 system gates, 80 MHz performance, on-chip RAM, and
complete software and core support starting at under $3.00. Fully PCI compliant in
both 5 and 3.3 volt versions.

Bottom line? The ASIC of tomorrow is available today, and your local distributor is the
perfect forum to learn more about it.

www.Xilinkx.com
X XILINX

The Programmable Logic Company™ READER SERVICE 167

Marshall E

insight
1-800-261-9602 Ext.3225 www.marshall.com  1-888-488-4133 www.insight-electronics.com 1-888-747-NUHO www.nuhorizons.com
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Technology Lab 51 Gt valt |
Divided into eight design-specific sections- J=H1 & : 111 |
Analog Design, Communications/ ap1 B 11 |
Networking, Components/Packaging it 19
(PIPS), Computer Boards & Buses, Digital 1@1 1 19
Design, Electronic Design Automation GEl @ gy, Bl
(EDA), Embedded Systems & Solutions, AFL A ”’ it
and Test & Measurement-you can find the Rk 3k
/ _technical infgrmo}:ion you Biii Columns 1 |
H&‘]M*\-t\\_,nee right away. JATET N 188 18T 0
\\\E\“‘ v VIS et ,

SEs e e ED Job Bank

To find out what your value is in the job market
2| today, or if you're looking for another position

d

S
sy
S —

e SESSEE that fits your qualifications, ED Job Bank |
Recent Issues features the latest job openings by some of the |
o0 1116 0160 hottest companies in the industry. )
Communi
15 25071555 |
If you're searching for market-related REs O !
in(ormofion, recommended reading, or need TR S |
3 Cv TRIG
a laugh, the Commumrt pages have what i |
you're looking for. Click into the Book Shelf, 1) |
ED University, or Comedy Club, and see =
what else is out there beyond the workbench! Ideas For Desian
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Microelectronics offers
a growing range of
full-compliance
AC'S7, analogue codec
devices for multimedia
applications.

Our standard AC
Audio Codec
WM3701. is now joined
by new devices with
added features
including 3-0 steren
enhancement and trug
line-level output.

3.3 and dv operation

Full compliance with the AL'37
specification

Caost-effective solutions for PC
manufacturers

48-pin TOFP package
for greater flexibility

Low power consumpticn

Our AC'97 forms part
of the high quality
range of
interface signal
processing products.
To locate your nearest
Selling Agent. dawnload
the latest data sheets
or find out more about
the entire
Microelectronics range,
visit our web site at
http://wwwwolfson.co.uk
READERSERVICE-166

AC’97

Wolfson Microelectronics Ltd
Lutton Court

Bernard Terrace

Edinburgh EHB 9NX

United Kingdom

Tel: +44 (D) 131 667 3386
Fax: +44 (0) 131 667 5176
http://www.wolfson.co.uk
Email: sales@wolfson.co.uk
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1987, Galil introduced

—

CALL 1-800-377-6329 TODAY

FOR YOUR FREE PRODUCT GUIDE, INCLUDING A
TECHNICAL REFERENCE ON MOTION CONTROL.

Visit us at www.galilmc.com

10 perform coordinated motion along 2

Today, Galil continues to be the standard
bearer for motion control solutions in
equipment used to manufacture such
intricate devices as semiconductors
and printed circuit boards. Accurately.
Dependably. Affordably. That’s the
tfocus of the world’s most complete line
of high-performance motion controllers
for steppers and servo metors. Our
advanced controllers can position loads
with an accuracy of .1 micron or better.
At a stunning 62.5 microseconds per
axis servo update rate. Along with
high speed binary command processing
and a DMA communications channel
for instant data access. Let the

value in Galil

= ——=—12
controllers GALIL
meve you, too.

©1997 Galil Motion Control, Inc ¢ 203 Ravendale Drive » Mountain View, CA 94043
800-377-6329 ¢ 650-967-1700 » Fax: 650-967-1751 » Email: galil@galimc.com

READER SERVICE 146
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Industrial Single

Board Computers
& Systems

Half-size PC/AT ISA Bus V'E!l:msm
PC/104 Compatible
*Up te 233 MHz Pentium® Process

with MMX™ technology
*ip to 256MB of DRAM
*PCI Video w/ Flat Panel

& CRT operations
*PCI £(IDE) and Fast SCSI 2
*1(Base-2/T4&

PCI 20/100Base-TX
#Battary-Backed SRAM
*Jp to AMB Bootable Flash
sCompactflash IDE compatible cisk module
*Boot Block Flash BIOS

FPULICYaA

PCI-ISA PICMG Compatible

*From 100 -tz Pentium™ t 233 MHz Pentium
pracessor with MMX ™ technology

*Up to 512MB of DRAM

*PCl Video w' Flat Panel & CRT operations

*PCI EIDE & PCI Fast & Uitra SCSI 2

* 10Base-2 /& PCI 10/100Base-TX

*Up to 4MB Eootable Flash

*Compactflash IDE compatibte disk module

*Boot Block  lash BIOS

Portable SBC

Low Power Hand-Portable
industrial SBC

*Up b 133 MHz Pentium
Processor, SPGA package

*Two dual-port PCl-to-PC Card™
CardBus controller unit
supoerting 4 TYPE | or If
or 2 TYPE il PCMCIA slots

*1MB EDO DRAM, SVGA Video
with Flat Panel & CRT operations

*SoundBlaster ™ and Windows

tompactPt!

compatible hardware
TEK-CPCI

Computer Platform

_.*Development system chassis with
| free 6U & three 3U CompactPCI ™ siots,
a penpheral bay, two EIDE connectors
& up ta 2 hot-swappable
= pawer supplies

*PICMG Rev 2.1 comphant SBC
with up to 233 MHz Pentium*

=L processor with MMX™ technology

(nboard Floppy EIDE &
107100 Base-T¥ Ethernet intertace

®SVGA periphera adapter board
wath support for up to 2MB of
v«Ceo memory

TEK-PAK

Flat Panel
Computer System

VPer's trdustrial SBC
*Active/Pessive
Matrix Color LCO
*Extended temperature
EL displays
*Resistive/Capacitive
tougascreen
*NEMA sealed enclosures

U.SJCAN.: Tel- 1-800-387-4222
US. Ted 15611 883-E491 ~ Fax (561: 8£3-6690
WEB ADDRESS "tp feww teknos com SALES sales@teknar

The inteltnside isg0 o0 Pentiun are sgeteeat trademary. wnd WX 55 2 trademars
of Intel Corporation Other trademanas 3-2 the pragirty 0 W e bl swiss

l d
- e\
INDUS IRIAL COMPUTERS INC
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Ultra Bright

LEDS

Featuring:
* Brightness up to 18,000 mcd/m?2

« Colors from 567 to 644 nm

e Surface mount and through hole
- Taping and binning available

- Expert technical support

Standard bright lamps and
displays also available

purd 408.523.8218

email@purdyelectronics.com

LECTRONICS -
www.purdyelectronics.com

CORPORATION

Supporting electronics manufacturers for over 65 years

READER SERVICE NUMBER 123

combines the enclosure
versatility and functionality demanded by engineers with the
modern style appreciated by their customers. Choose from:

Hand-held cases for portable applications such as
data acquisition and field test & measurement -

available with RFI screening
VEF O

* IP64 and instrument cases for OEM
and consumer, electrical, electronics
VERO Electromcs, Inc.

and telecomms applications
Call us at 1-888-549-VERO for more
information, or to find out about our VIP. 5 Sterling Drive
(VERO Integrated Packaging) Program: Wallingford, CT 06492
engineered packaging solutions from ARG 1205) 901

email: vero@vero-usa.com
off-the-shelf to full custom. Web: WWW.vero-usa.com

READER SERVICE NUMBER 181

MAY 1998
[EEE International Conference on Robotics and
Avtomation, May 16-21. Katholieki Uni-
versiteit, Leuven, Belgium. Contact
Georges Giralt, LAAS-CNRS,
Toulouse, France, +33 61-33-63-48; fax
+33 61-33-64-55; e-mail: giralt@laas.fr.

IEEE Power Electronics, Spedialist Conference
(PESC “98), May 17-22. Sea Hawk Hotel &
Resort, Fukuoka, Japan. Contact Tsu-
tomu Ogata, NTT Integrated Informa-
tion & Energy Systems Labs., Midori-
cho, Musashino, 180 Japan; +81
422-59-2350; fax +81 422-59-2347; e-
mail: ogata@ilab.ntt.jp

IEEE Vehicular Technology Conference (VTC),
May 18-21. Westin Hotel, Ottawa, On- |
tario, Canada. Contact Tara Hennessy,
Industry Canada, 300 Slater St., Ot-
tawa, Ontario, K1A OC8, Canada; (613)
990-4711; fax (613) 952-5108; e-mail:

| hennessytara@ic.ge.ca.

Fourth PC Developers’ Expo & Conference,
May 18-22. San Jose Convention Center, |
San Jose, CA. Contact Anna Brooks
(800) 690-3858 or (619) 673-0870; fax
(619) 673-1591; www.annabooks.com.,
e-mail: expo@annabooks.com.

48th IEEE Electronic Components & Technol-
ogy Conference (ECTC ‘98), May 25-28. Shera-
ton Hotel & Towers, Seattle, WA. Con-
tact Components Group, EIA, 2500
Wilson Blvd., Arlington, VA 22201,
(703) 907-7536; fax (703) 907-7501; e-
mail: judya@eia.org. |

l

IEEE International Symposium on Circuits &
Systems (ISCAS ‘98), May 31-June 03. Mon-
terey Conference Center,Monterey,
California. Contact Sherif Michael, De-
partment of Electrical & Computer
Engineering, Naval Postgraduate
School, Monterey, California 93943;
(408) 656-2252; fax (408) 656-2760; e-
mail: michael@ece.nps.navy.mil.

JUNE

IEEE 25th International Conference on
Plasma Sciences (ICOPS), Jun. 1-3. Raleigh
Plaza Hotel, Raleigh, North Car-
olina. Contact Sharon D. Moore, Con-
tinuing Education Specialist, North
Carolina State University, Box 7401,
147 MeKimmon Center, Raleigh,
North Carolina 27695-7401; (919)
515-8165; fax (919) 515-7614; e-mail;'

s_moore@ncsu.edu.



SHRINKING BUDGETS.

SHRINKING TIME LINES.

| SHRINKING SPACE.

4 MAYBE IT'S ABOUT TIME YOU MOVED TO SOMETHING

{1 SMALLER

"4 YOURSELF

= In the daily burden to fit more into
less, here’s a solution you may not have
considered- upgrade.

Because moving to the newest
members of the LITTLE FOOT™ MOSFET
family, means moving to smaller, lower
on-resistance devices. They're ideal for

load switching, battery switching, DC/DC

conversion, or motor drive applications.
There’s also good news for your
budget: these smaller, better parts won’t
R cost more.
R So let the budgets and the timelines
o, and the space available shrink. When you
upgrade to our smaller, better performing
MOSFETs, your ideas won't have to.
For more information, or a LITTLE FOOT
Data Book, call 1.800.554.5565 ext. 565.

| o e FNEAIXTTeNDSGEd | 800.554.5565
4 V(;s-4 5V
- g —_——
T R T i VISHAY
) - T g i in a smaller package
£ _»  Si3441
H Ly ;’- fa'zu?‘?s‘z than your present
Sl o [ ( 2} 3
$0-8\ )Tss 0P-8 JTSOP 6 \ ) sor-23 & solution with an easy M
|| s LITTLE FOOT upgrade.
4 Ves=10V
Sid410 L Si6410 0 o .
WE e www.siliconix.com
S| sisa0 _ sie3e
= 30mQ 28mis Vishay-Siliconix. 2201 Laurelwood Road, Santa Clara, CA 95054.
§ SiG?m »  Si3456 Fax: 408.567.8995. Faxback service: 408.970-5600.
5 S i a1 155304 European Saies: GERMANY: 0130 857 320. ITALY: 02-332 121.
2| - a( r‘ka(“‘ e \“; UNITED KINGDOM: 01344-707300.  FRANCE: 1-30 60 71 87.
$0.8\.../Ts50p-8\ . /Ts0p6 (- 50723 SCANDANAVIA: 08-733-0090.  ©1998 Vishay-Siliconix. All rights reserved




CAN VERIFY I+

Any design. You decide how many transistors. How complex. How deep
it goes into deep submicron. And Calibre will verify it atl in a matter
of hours.

Not weeks. Not even days. But hours.

That's why HAL Computer Systems, a Fujitsu company, chose Calibre
to verify their Llatest microprocessor design. ALl 177 million
transistors of it. Full custom. At a geometry of 0.25u. Calibre did it
in just 19 hours.

Yes. 19 hours. No other verification product could even do it.
In any amount of time.

So before you commit to silicon, remember: If you can design

it, Calibre can verify it. Visit us at www.mentorg.com/dsm, or call
1-800-547-3000.

THE POWER 10 CREATE®

R VICE 1
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f You Think Omron Only Makes Relays,

Read Between

t's true we're the world's number

one relay supplier. So it's not
surprising to learn that design engineers
and specitiers know us for our relays.

But we also manufacture the
world’s most complete line of switches
and photomicrosensos.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics.
computer peripherals. appliances. and
HVAC equipment. just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engincers

and specifiers

worldwide.

What does ali this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application. vou're looking at a
considerable cost savings. Plus vou'll
see vour design go into production that
much faster.

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

And everything Omron makes is
100% tested., available to you world-
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Our Lines.

wide. and backed up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for.
call now to receive our Standard
Products Catalog or visit our web site at
http:, www.oei.omron.com. For a
directory of techinical data sheets. call
ControlFax at 1-847-843-1903 and ask
for document =50.

If vou respond to innovation and
more etficient ways of doing business.
it's a story worth reading,

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG. IT'S FREE!

OMRON

WE HAVE THE FUTURE IN CONTROL
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EDITORIAL

We’re In The Information Age

rian Halla, chairman of the board, president, and CEO of National Semicon-
B ductor, Sunnyvale, Calif., recently asked, “How many people use a PC to com-

pute?” No one in the audience of semiconductor executives at the Semico Re-
search Corp., Phoenix, Ariz., conference raised a hand. Halla used the question to
back up his point that we have moved beyond the time when computers were em-
ployed to do actual computing.

According to Halla, we have migrated away from the Computer Age, and are
now knee-deep in the Information Age. From here on, the computer (in a variety of
forms) is the primary vehicle for gaining access to a world of real-time information.

Can'’t argue the point. When I want to crunch numbers, play with forecasts or
statistics, I whip out my nine-year-old HP business calculator. It has all the horse-
power and intelligence I need. It boots up instantaneously, is extremely portable,
doesn’t mandate the latest version of Windows, and requires absolutely no main-
tenance or support contract.

What Halla and other ship and computer executives are talking about nowa-
days is the belief that the public's thirst for aceess to information will be quenched
by an array of low-coast (sub-$1000) information appliances. And, from the statis-
ties I've seen, they’re right on target.

Of course, he has a lot riding on the information age. When Halla took over the
reins at National a couple of years ago, he reshaped the company to focus on a sys-
tem-on-a-chip strategy. In fact, National just publicly announced a new system-
on-a~chip that is set to ship June 1999. The 266-M Hz chip features graphics, audio,
network, and communications capabilities.
| Nationalisn't the only company working toward the goal of delivering an all-in-

one information technology to the masses. The mission is to deliver an appliance
that sits in your family room where you can have access, via a wireless keyboard,
to a high-definition monitor where video, audio, multimedia, communications, In-
ternet, and arcade functions are at your fingertips.

I purposely left out “work,” because I just don’t see any productive work being
done in a family or living room. Hmmm, should I finish the article or click over to
that neat, new interactive Internet game? You get the point.

The success of such a box will come down to price and marketing. The technol-
ogy is there to make it happen. It will be interesting to see who can pull it all to-
gether fastest, and deliver the first, all-in-one,
Information Age appliance.

Tom Halligan
Editor-in-Chief
thalligan@penton.com
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2 3 cPCl Proceso

PEP the company that puts mare ndustrial computing
power Into less space than any company in the world, has
done it again with the remarkable new CP310. Everything
about it is designed to maximize your industrial computing
power, functionality and versatility. Here's how:

 We use an ACC Micro 2051 chip set
(including a level 2 write-back cache controller,
DRAM contraller, PCl and 1SA interface} as
the Pentium system controfler. This optimizes
the data burst rate relative to the task being  **
performed. {With other CPUs. sending data Y
bursts that are too small or too large
hampers response time.)

e Qur on-board, integrated, enhanced IDE controller,
eliminates the need for an extra slot. (Most competitive
modules lack an IDE controller; auxiliary units must be
mounted off-board and have no enhancements.) One IDE
interface supports two hard d:sks; the other features an
ATA FLASH interface for solid state disks up to 20 Mbytes.

* \We've routed all of the CP310's critical user 1/0s ) ‘
directly to the front panel for easy access ta the main A
module interface (that includes two communications
ports, a PS/2 keyboard and system hard reset).

* We offer you a high-performance package (with
Pentium 166 MHz pracessor) and a mid-range
package (with Pentium 133 MHz processor).

And, we've even made the CP310 compatible with MS-00S
e 0S/2", UNIX", GNX", Microsoft Windows™ 3.1, 3.11, 'S5
and NT and other systems.

More 3U) Powery Joo!

The CP310 is PEP's first CompactPCl
board. Other products include SVGA/
Flat panel graphics, Frame-grabber,

LAN {100 Base-TX] and Fieldbus 1/0.

Industrial computing requires just
the right tools. The PEP CP310 has
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them all budlt-in! Call now for details.

.,

Modular Computers

A little PEF means a lot e/ power.
PEP Modular Computers, Inc.

750 Holiday Drive. Building 9
Pittsburgh, PA 15220

412/921-3322

Fax: 412/921-3356

E-mail: info@pepusa.com

Toll free: 800-228-1737
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NEW!

PCR-SIN15 Series:
15 Watt Sine-Wave
Ring Generator

Ideal for TUET Channel Bank
& Digital Loop Carrier
(DLC’s) Applications

Intellizent Telecom Power

¢ Sine-wave output <5% THD
(high crest factor)

¢ Compact size: 2.5" x 2.5" x 0.5"

¢ User Adjustment from 86vrms
(15REN) to 45vrms (40 REN) output

¢ 4-quadrant high efficiency design

¢ Convection cooled —40° tc 85°C
operation

4 Zero crossing signal

¢ Overload & short circuit protected

¢ Lowest cost solution for high
volume applications

¢ Off-hook detection signal

¢ Supports output frequencies of
16.7, 20, 25, 30 & 50 HZ

¢ Off-the-shelf components ready
for immediate shipment

Also available,
1w (3 REN), 3w (5 REN), 5w (5 REN)
& 30w (50 REN) Sine Wave Ring Generators

Call, Fax, or E-mail us today
Jor the Latest Information
on these Products.

41 Werman Court
Plainview, NY 11803
Tel: (516) 756-4680
Fax: (516) 756-4691
E-mail: pwrdsine@erols.com
Web site: www.powerdsine.com

TECHNOLOGY BRIEFING

I’'m A Believer

fter sitting through two multiday conferences focusing on the topic of intellec-
Atual property (IP) for the semiconductor industry, I feel very optimistic about

the future of the IC industry. However, unlike the religious fervor associated
with cult indoctrinations, I came away with a strong belief that the semiconductor
industry has taken the proper steps in nurturing IP from its early, faltering steps to
its current preadolescent stage. Additionally, the industry has set in motion various
standards organizations and activities that will help guide the maturation of IP into
a strong and solid technology. This technology will lend its muscle to the Herculean
task of implementing chips that contain tens of megagates.

Today, most design-tool suppliers estimate that a good designer can craft new
cireuits at the rate of about 100 gates per day. Such productivity is woefully inade-
quate to achieve the six-to-12-month turnaround times demanded by system de-
velopers who must have megagate-complexity chips for advanced systems. Thus,
reuseable circuit blocks can end up increasing productivity by 10-to-100 fold. Cir-
cuit designers can pull multiple, large-circuit functions (CPU cores, bus interfaces,
multimedia engines, communications blocks, ete.) from a library, add some appli-
cation-unique circuitry, and then rapidly assemble all the blocks into a single,
highly-integrated chip.

But, as was pointed out at both the Silicon Strate-
gies and IP"98 conferences by speaker after speaker,
most IP blocks are not really ready for prime time.
They are either missing some of the support ele-
ments such as test vector files, or timing informa-
tion, or they have not been made general enough to
merge with most design systems. Most blocks of IP
must be massaged or significantly modified before
they can be used in most design flows. Additionally,
there are many other issues, some business related,
that are still in their embryonic stages and must be
addressed—licensing fees and/or royalty payments,
and data security to prevent unauthorized reuse.

More importantly, for the system designer, failure DAVE BURSKY
responsibility must be determined. SOOI Ks

Many of the presentations at both conferences focused on approaches that in-
tend to standardize the interfaces to the IP blocks, or define a standard set of
: support information that should be included along with the block’s HDL de-
[ seription or the physieal block description (in the case of a “hard” block). Once
| the block interfaces are a bit more uniform, the majority of a design can be done
at a higher level of abstraction. Rather than focus on small-circuit blocks such as
multipliers, data paths, and the like, designers can “assemble” most of their de-
sired chips from cores: a CPU here, a DSP block there, an MPEG decoder, ete.
Such a high-level design considerably reduces the design turnaround time, when
' everything comes together perfectly.

The software industry is also in same state. At the recent JavaOne conference,
many companies were demonstrating Java Beans, small Java programs (applets)
| that are “encapsulated” with a standard interface that allows them to be plugged
| into an overall software framework. These Java Beans are, in my mind, the
i equivalent to the megacell building blocks in the IC industry. Perhaps the IC ven-

dors might observe how well the Java industry seems to be cooperating to allow
| the mixing and matching of the Java Beans to create the desired blend.
| The ASIC industry as a whole, though, is not quite plug-and-play yet. It is
| getting better, and in another few years, I think designers will see tremendous
| gains in system-chip design productivity. In the meantime, it will take the effort
| of many semiconductor companies and EDA tool suppliers working in lockstep

to create the standards and tools that will be needed. These firms also need to
i work in tandem to update existing [P and design new IP blocks to follow the
| new standards. This cooperation will make designing a chip as easy as building
miniature houses with an Erector Set or Lego blocks.

Dave Bursky can be reached at dbursky@class.org.
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Instrumentation Software

EWS

NATIONAL INSTRUMENTS - THE LEADER IN VIRTUAL INSTRUMENTATION SOFTWARE SOLUTIONS

LabVIEW 5.

Acquire Data

with Excel
Control GPIB, Serial, and plugin data
acquisition (DAQ) boards with Measure™ B

0 - The Power
to Make It Simple

If you need instrumentation test systems combined with the latest computing
technologies in one easy-to-use package — LabVIEW 5.0 delivers. With the
Instrumentation Wizard, you can connect your instruments and control them from

software in minutes. For better system reliability and performance, LabVIEW 5.0 applications
multithread automatically with no additional programming. Plus, LabVIEW integrates ActiveX
so that you can use ActiveX controls in LabVIEW, or LabVIEW code in other programs to
create complete open systems. Visit www.natinst.com/labview to order your upgrade.

LabWindows/CVI
Version 5.0 -
Rock Solid for Test

=)
e |
",T:.f' g

20 NEW Add-on
Software Tools
for LabVIEW 5.0

Twenty new third-party add-on software
tools take advantage of LabVIEW 5.0
technologies, including multithreading,
ActiveX, and multilingual support, to offer
complete solutions for test and measurement. Tools include software for increasing
test throughput, quality assurance software, validation testers, and more!

rtesy of LIRS

The new LabWindows /CVI instrument
driver architecture brings fast execution of
test programs for production test and full
debugging capabilities for the test engineer.
With rapid C code generation and all the
tools you need for test, you build better
systems faster!

New for LabWindows/CVI 5.0

* Automate instrument driver
development with new Wizard tools

» Add functionality with ActiveX automation

» Use OpenGL for 3D visualization of results

And much more!

INSTRUMENTS

The Software is the Instrument

y NATIONAL

ActiveX Controls for
Instrumentation

ComponentWorks™ 1.1 adds 32:bit ActiveX
controls for advanced data acquisition operations from
Visual Basic, Visual C++, Borland Delphi, or Internet
Explorer. Use the flexible GUI controls to build distributed,
Internet-based virtual instruments. ComponentWorks
includes the following;:

* Graphs and strip charts
* Knobs, meters, gauges, and dials
e Thermometer and tank displays

* Analysis, signal processing, curve-fitling,
statistics
¢ Analog 1/0, digital 1/0, counter/timers

Call today for your FREE evaluation Software Showcase CD
or for more information on these new products.
(800) 661-6063

U.S. Corporate Headquarters » Tel: (512) 794-0100 ¢ Fax: (512) 794-8411 e info@natinst.com * www.natinst.com

Worldwide network of direct offices and distributors.
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_/icron’s 100 MHz SDRAM module.
Its the digital equivalent of an adrenaline rush.

roo Muz socuriows | Micron, the master of SDRAM production, now follows up their popular 66 MHz product with a family

DENSITY CONFIGURATION

azme  mnsoerrsomms | O 100 MHz solutions. Whether you're looking for 16MB, 32MB, 64MB or 128MB modules,

64MB  8Mb x 64/72 DIMMS
128MB  16Mb x 64/72 DIMMS

oM ORENTS ALSO AvaILADLE Micron’s 100 MHz DIMMs will launch your products into high gear. For data sheets call 1-208
sMs . x1 1o 368-3900 or visit our web site. www.micron.com MI:HDN
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Choose from a
complete line of
TO-5 relays.

¢ Commercial/
Industrial /COTS

* Military
Approved/QPL
Rated

« Hi-Rel Space Rated

.

f—
e—

Typical applications:

* Aerospace/Aviation

¢ Commerciai
Communications

* Military Electronics/
Equipment

¢ RF Switching

* Space Satellites

* Test & Measurement
Equipment

» Industrial Controls

* Missile Systems

&

3
ot

Whether your applications call for
products used in commercial industrial
environments, aerospace, defense
electronics or space satellites,
Communications Instruments Incorporated
(Cll) has a TO-5 relay designhed to

specifically meet your needs.

No other company in the world offers
more QPL’ed, P level TO-5 relays than Cll...
which simply means that regardiess of
your application, you can rely on the
highest quality and reliability offered in
the industry.

Few things fit more applications

than our TO-5 relays.

N\

In addition to TO-5 relays, Cll manufactures
a complete line of high performance crystal
can and solid state relays, as well as a broad
line of standard and custom solenoids.

The products are produced at two modern
manufacturing facilities just south of
Asheville, N.C.

CH also provides technical and application
assistance to help customers select the

proper relay to meet their specifications.
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Call or write for
a free catalog on
Cil's TO-5 relays
or for Cll’s full

line catalog.

@il Cll Technologies

Communications R

Instruments, Inc.” DiviSion

P.0O. Box 520 e Fairview, N.C. 28730
(704) 628-1711 » FAX: (704) 628-1726
Email: info@ciidiv.com

Web Site: http://www.ciidiv.com



Anmnouncing

JITO™ Just-in-Time Oscillators™ from Fox

Custom and Standard Frequency
Oscillators in 10 Working Days!

Leave it to Fox, America’s premier frequency control

products manufacturer, to redefine oscillator

excellence, This time we've made the world's best

oscillators even better by making them available to ™

vou even faster. Because we know that when vou're
bringing new designs to market, every day counts.

The Fox JITO line combines unparalleled oscillator . ™
performance and reliability with the fast-turn delivery JUST IN TIME OSCII'I'ATORS
and ordering flexibility thal meets your toughest
prototyping and production needs.

JITO Derinep (Anp Oscittator

CAPABILITY REDEFINED):

Employing a proprietary PLL-based technology.
the Fox JITO series combines maximum oscillator
quality and performance with deliveries that cut
industry-standard lead times from 10 weeks to a
mere 10 business davs! All that plus:

® (;ustom and standard frequencies from 340 kHz
up to 125 MHz

® |00 PPM stability

® 3.3 or 3 vols; 0 to 70°C operaling range

® Both SMD and thru-hole packaging available

® [ox quality built-in and test verified

® ‘Total technical support from the industry leader

® Shipment in 10 business days. Period. Try us! :
The Fox JITO series. The world's best oscillators in F ox E I c Ct ronics
10 working days. Lels face it...in this business. We're On Your Frequency.
liming i everything. Perfect for | 5370 Enterprise Parkway
Buildto Order 2 Forl Myers, FL 33905 o
Tel: 888-GET-2-FO\ THE

F x Fax: 941-693-1554 WEB
www.foxonline.com
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TECHNOLOGY

NEWSLETTER

ICCE Unveils Algorithms, Circuits
That Offer More For Less...

igital technology’s splash into what was once the
D unquestioned domain of analog entertainment elec-

tronics has forever altered the landscape of stereo
systems, television receivers, home theaters, cellular
communications, and other consumer products. At this
year’s IEEE International Conference on Consumer
Electronies, May 31-June 4, at the Los Angeles Airport
Marriott Hotel, Calif., presentations will cover a broad
range of topics, from advanced VCR circuits to set-top
box architectures to personal communication solutions.

Tutorials on Sunday and Monday, May 31 and June 1
provide designers with updates on the latest technolo-
gies—a pair of 8-1/2 hour presentations on Sunday
evening let designers either get an update on the latest
details of the IEEE 1394 serial bus, or an overview of
the ATSC digital television standard. On Monday are
six similar length tutorials that cover “Video Format
Conversion,” “Digital TV: Transmission System & Re-
ceiver Design,” “European Digital Television Broad-
casting Systems,” “Video Coding Tools in MPEG-4,”
“Security Systems for Digital Television,” and “Digital
Cordless Telephony.”

The rest of the conference will consist of 28 technical
paper presentation sessions that cover a myriad of top-
ics, plus a special poster paper session and an evening
panel that discusses the “Advanced Digital TV Roll-Out
Scenarios” in transporting or storing digital video im-
ages. Image size is a key concern to minimize transmis-
sion time or maximize storage. In trying to solve some of
those issues, Session 3 focuses on new approaches to
coding images by using Fractals, visual block pattern
truncation, DCT-based Wavelet transform coding and
other techniques, while Sessions 4, 7,9, 10, 15,21, and 22
all detail developments in many aspects of digital video.

...Such As In Digital Television
And Cable Systems...

or example, Sessions 4 and 10 focus on digital TV
F video decoders and system architecture and testing.

Session 7 explores digital camera designs, while Ses-
sion 9 examines improvements in motion-estimation
and compensation algorithms for better image coding.
Sessions 21 and 26 focus a bit more on improvements to
redisplay images on the receiver, with presentations
highlighting picture-in-picture processing, better image
filtering and stability, digital video encoding and decod-
ing schemes for NTSC/PAL, and PC-based video
phones. Session 27 discusses the merging of the PC and
television when it comes to video and graphies. Topics
include 3D graphics, scan conversion techniques, aJava-
based video editing system, a distributed and collabora-
tive graphics rendering system, and multimedia syn-

chronization techniques.

Communication systems, both satellite and base-sta-
tion based, also receive lots of attention at this year’s
ICCE. For instance, Sessions 23 and 28 are devoted to
OFDM (orthogonal frequency division multiplexing)
and related topies to show off the latest techniques in
designing digital-video-broadcast receivers and im-
proving front-end performance. Session 22 examines
the latest developments in cable networks, while Ses-
sion 18 takes a look at the latest architectural ap-
proaches in the design of cable and satellite set-top
boxes.

...While Sinking Its Teeth Into
Issues Involving The Set-Top Box

he set-top box, discussed in presentations in Session
T 18, provides the gateway for many types of audio,

video and Internet capabilities on the home receiver.
Among the presentations, which span a wide range of is-
sues, are performance benchmarking, a 1394 digital in-
terface to link the box and the PC, a receiver decoder
card for the PC, Internet support for digitally-encoded
music, streaming video, and desktop video conferencing.

Other communications-related papers can be found
in Session 2, which covers digital connectivity for wire-
less, ATM, and Ethernet network issues. Session 5
deals with Satellite and Terrestrial delivery, including
an overview of the local multipoint communication sys-
tem (LMCS) being set up in Canada, and a look at both
transmission systems and receiver design for satellite
digital broadcasting.

Speech recognition and speech-based control are the
focus of Sessions 6 and 12. Session 6 examines speech
and other intelligent user interfaces to handle functions
like browsing the web, performing web queries, per-
forming call management, and creating voice memos.
Session 12 delves into portable user interfaces for home
systems and digital cameras, as well as graphical user
interfaces for automotive navigation and digital media
computer systems.

Containing a montage of topics, the special poster
session will have 17 parallel presentations, some with
actual demonstrations. Topics include the design of a
new push-type content delivery system, the develop-
ment of a PC card receiver for FM subcarrier data
broadeasting, a long cable PHY for IEEE 1394, a new
protocol architecture to move ATM data over 1394, a
low-power chip that transmits audio and video data us-
ing infrared, a new low-bit-rate speech-coding algo-
rithm that will be used in the new MPEG-4 standard,
and a 3D computer graphics system for digital TV ap-
plications. For information on attending the conference,
contact the IEEE International Conference on Con-
sumer Electronies, 67 Raspberry Patch Dr., Rochester,
N.Y. 14612-2868; Diane Williams, (716) 392-3862; fax
(716) 392-4397; www.icce.org. DB
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From the low-cost R3041 to the
260 Mips 4GBps RV5000, IDT has the
MIPS” RISC processor with the right

price, performance and power to meet

your system requiroments.
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1 53 powering

what'

next.

Theres a digital revolution going on and [DT 1s power
ing the products that are changing the way the world
communicates. From base staticns 10 set-top boxes to
networking systems that cnable today’s superfast LANs
and WANs — you'll find IDT technology in the worlds
most sophisticated computing, communications and

networking products

That’s not surprising with 1DTs on-going record
of innovations like ZBT" SRAM optimized for high
bandwidth communications. Powerful MIPS® RISC
processors that move at speeds never before possible
Communications memories such as FIFOs and Dual
Port RAMs. And ALVC Logic wth delays less than 3ns
In short, the technology you need for today’s most

advanced products.

Pus these together with IDTs performance-tuned
manufacturing capability and ou~ commitment to
techniczl and design support and you'll be able to
quickly convert your ideas inta market-leading
products. To find out more about how IDT can help
you power whats next, visit our website or call us
today at 1-888-438-3332 ¢xt. 100

www.idt.com/idt98
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With delays less than 3ns and an
ulradow power level (0.4mW
typical), IDT's ALVC high-perfor-
mance logic devices are ideal for
taday's 3.3V system designs.

ZBT SRAM (Zero Bus Turnaround ™)
Is the new standard for high band-
width communications, offering
100% bus utitization.

L

SWITCHSTAR™ is a highly

1.24 Gbps
wtion that
the cost of network switching.

@IDT
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NEWSLETTER

Universal ADSL Working
Group Activity Expanding

he Universal Asynchronous Digital Subscriber Line
T(ADSL) Working Group, a consortium of industry

leaders working to accelerate the adoption and
availability of high-speed communications, has acceler-
ated its technical efforts and expanded its membership.
The goal of the Universal ADSL Working Group
(UAWG) is to propose a simplified version of ADSL
based on open, interoperable standards that will pro-
vide consumers with high-speed communications over
existing copper phone lines at up to 25 times the speed
of current analog modems.

The new Universal ADSL standard being proposed
by the UAWG is a slower-speed, consumer-oriented
adaptation of traditional ADSL devices. It doesn’t re-
quire the use of a“splitter” to segregate voice and data
traffic at the customer’s location. This will allow rapid
acceptance by eliminating the costs associated with in-
stalling additional equipment by carriers.

The Universal ADSL Working Group consists of
Compag, Intel, Microsoft, and leaders in the networking
and telecommunications industries, including 3Com, Al-
catel, Cisco, Ameritech, Bell Atlantic, BellSouth, GTE,
Eriesson Telecom AB, Lucent Technologies, MCI, Nor-
tel, PairGain, Paradyne, Rockwell Semiconductor Sys-
tems, Siemens, Sprint, Texas Instruments, Tut Systems
Inc., US West, and Westell Technologies, among others.
The goal of the Universal ADSL specification work is to
contribute an interoperable extension of the ANSI stan-
dard T1.413 ADSL. The proposal will be submitted
through the ITU standardization process to gain global
acceptance and leverage current deployment of T1.413-
based equipment by telecommunications carriers
around the world. More information on the UAWG may
be obtained at www.uawg.com. LG

Intelligent Room Responds

To Verbal Commands

cientists at M.L.T. are bringing the idea of an intelli-
S gent room toward reality. At a press event in con-

Junction with the Council on Competitiveness Na-
tional Innovation Summit, graduate student Michael
Coen demonstrated an intelligent room capable of re-
sponding to verbal commands.

Coen presented a paper on this technology for the
Spring Symposium on Intelligent Environments of the
American Association of Artificial Intelligence. Coen is
developing the room for his doctorate.

One intelligent demo room, which simulates a com-
mand center for disaster relief, is able to respond to a
user’s verbal request for a layout of the Virgin Islands
by projecting a map on the wall. The intelligent room in-
corporates a variety of artificial-intelligence technolo-

gies such as speech-recognition programs and machine
vision. These programs, in turn, receive raw data to de-
termine, for example, the location of the user through a
variety of cameras and other embedded devices in the
ceiling and walls.

The Intelligent Room is controlled by a modular sys-
tem of software agents. These 30 distinet, interlinked
software agents runs on ten networked workstations.
The agents primary task is to link the room’s tracking
speech recognition and video systems with information
retrieval systems.

The researchers are developing an advanced version
of the software that coordinates the room. One of the
more developed components of the room is the speech-
recognition technology. It expands the kind of capabili-
ties available in commerecially available speech-recogni-
tion software packages. The new software will be used
in an Advanced Research Agency (ARPA) project
called the Command Post of the Future.

For more information, contact Elizabeth A. Thom-
son, at the MIT News Office (617) 258-5402; thom-
son@mit.edu. JC

Protonic Nonvolatile Memory
Irons Out Stubborn Problems

onvolatile memory, although a mature and rather
N robust technology, does have its drawbacks. Pre-

sent nonvolatile memory technologies, for exam-
ple, often require a high programming voltage and long
write times, and are plagued by the obstacle of limited
write cycles.

Attempting to come up with a nonvolatile memory
technology that isn’t so problematic, Sandia National
Laboratory, Albuquerque, N.M., is involved in an exten-
sive research and development project focused on devis-
ing an entirely new class of technology. The approach
the laboratory came up with—protonic nonvolatile
memory—is able to save computer data in the event of a
power failure by making protons in the primary storage
mechanism of information. This memory technology is
low power, operates at high speed, and has a demon-
strated reliability of just over 1 million cycles.

Researchers have applied this technology to what’s
being termed a nonvolatile field-effect transistor. Dur-
ing the device’s operation, protons sandwiched between
silicon layers in the memory-retentive protonic chip
maintain the memory state when power is removed.
The device is inexpensive, easy to build, and compatible
with a majority of existing manufacturing processes.
Researchers, therefore, expect that it will significantly
impact the entire multi-billion dollar nonvolatile mem-
ory industry. For further information, contact the Me-
dia Relations department at Sandia National Labora-
tory at (505) 844-8066, or check out the Lab’s web site at
wnow.sandia.gov. CA

Edited by Roger Engelke
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e The industry’s best linearity
performance.

* High-impedance signal inputs with
built-in sample-and-hold.

o A power-down standby mode.

« Compact 32-lead TQFP packages.

e National’s WaveVision evaluation
board with Windows-based software
for dynamic testing of our entire

high-speed ADC family.
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to-use and perfect for high-performance applications. All of which makes our new
ovnluatio,. tools g
nd

A/D converters the perfect choice for your next imaging and communication systems design. Wavevia;
sion,

National Semiconductor

WHAT can WE BUILD FOR YOU?®?






LeCroy floors
the competition.

Introducing the New LC564A Scope.
Powerhouse Performance at a
Knockout Price.

Are you facing tough challenges in designing leading-
edge products? Could you use a powerful oscilloscope
in your corner?

Consider the new LC564A. You just can’t beat the specs.
On top of its record-breaking combi-
nation of bandwidth, maximum
sample rates and memory
I length...it's priced to be a winner.
There's much more to learn
about! Like phenomenal new
triggers and an outstanding jitter
analysis option.

Call 1-800-4 LeCroy or visit our web site
(www.lecroy.com). You'll be flat out amazed!

LC564A - The New Price/Performance Leader

Company LeCroy Tektronix Hewlett-Packard
Model LC564A TDS754C HP54825A
Bandwidth 1 GHz 0.5 GHz 0.5 GHz
Maximum Sample Rate 4 GS/s 2 GS/s 2 GS/s

Maximum Single Channef Memory 250 kpoints 50 kpoints 32 kpoints

Price $19,990 $17,990 $18,995

Prices and specifications of base model color DSOs without options
Prices and specifications accurate at time of publication
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TECHNOLOGY BREAKTHROUGH

Combined Laser And Magnetic Techniques
Promise Storage Densities Of 40 Ghits /in.Z

torage densities in pure magnetic-
s based disk storage systems are

starting to hit an upper limit of
about 10 Gbits/in.? However, by com-
bining an advanced laser light delivery
system with a novel head design and a
micromachined electromechanical sys-
tem for fine servo control, researchers
at Quinta Corp., San Jose, Calif., a divi-
sion of Seagate Inc., expect to achieve
storage densities of 40 Gbits/in.2 and be-
yond. Dubbed the Optically Assisted
Winchester (OAW) technology, the
scheme delivers a laser light beam to
the read/write head. That beam con-
trols the fine servo, which positions the
head very accurately.

Most researchers believe the super-
paramagnetic limit—the point at which
traditional hard-disk media can no
longer hold a stable domain—to be be-
tween 20 and 40 Gbits/in.2 However,
Quinta researchers expect the OAW
technology to exceed that limit by early
in the next decade. Not only can the
technology be applied to a single platter,

it also can be used in multiplatter drives
and with removable-media drives.

The four key systems in the OAW
approach include the advanced light de-
livery system, a unique head design, a
novel servo system, and a nonmetallic
recording media substrate (plastic).
The light delivery system is based on an
optical switch module that generates
light pulses and switches their destina-
tion between the actuator arms in as lit-
tle as 1 ms. A network of fiber-optic ca-
bles no thicker than human hairs spans
the drive’s actuator arms and carries
light pulses to the read/write heads.

The design of the read/write head it-
self combines an advanced magnetic
head technology for vertical recording
with micro-optic lenses that focus the
fiber-optic’s light pulses onto the media
surface. Less then 350 um in diameter;
the lenses are several times smaller
than anything yet created, and can fo-
cus the laser’s light sharply on the me-
dia surface, while also providing a large
margin of error to account for potential

A combination of five technology enhancements will help future disk drives to pack data at
densities of up to 40 Gbits/in. . An optical switching module (1) routes the laser light, while
hair-thin optical fibers (2) route the light to the new read/write heads (3), which incdlude both a
microlens and a unique electrically controlled mirror (4). The laser beam is then focused through
the lens so that it will hit the platter (5) in a very precise location.

flying-height variations (see the figure).

The laser light exiting from the end of
the hair-like fibers strikes microma-
chined mirrors no larger than the head
of a pin. The reflected light goes through
the objective lens and is focused on the
magnetic surface of the platter.

After the read/write heads are posi-
tioned using standard servo position-
ing, small electrical currents are routed
along the actuator arm in order to cause
a slight change in the reflection angle of
the mirror. This causes the beam posi-
tion on the surface to change. Conse-
quently, this permits very fine adjust-
ments to be made in the head position,
allowing the system to employ much
tighter track spacings while achieving
higher densities. Researchers estimate
that the system can achieve over
100,000 tracks per inch.

Although the media used in OAW
systems is constructed in a manner sim-
ilar to that of traditional Winchester
platters, the substrate can be made
from plastic, which is lighter and less
expensive than aluminum. Plastic also
permits some preformatting of the me-
dia so that the servo track could be in-
cluded as well.

The magnetic layer on the OAW
discs consists of amorphous, rare-earth
transition metals that can support theo-
retical area densities much higher than
those possible with conventional Win-
chester storage media. The amorphous
nature of the magnetic layers also
avoids the super-paramagnetic limit of
conventional Winchester media and al-
lows the use of vertical recording tech-
niques rather than conventional longi-
tudinal recording.

The vertical recording technology
helps reduce the size of the data regions
on the platter, thus further improving
storage capacity. To write the data, the
optical pulse from the laser is sent
through the fiber and positioned by the
mirror onto the platter’s surface. The
beam heats the material, and then the
planar coil on the read/write head is
pulsed to set the polarity of the mag-
netic domain in the platter. To read
data, the laser is switched to a lower
power intensity and passes polarized
light through the magnetized spot. The
Kerr rotation of the magnetie domain is
then detected by analyzing the re-
flected beam, very much like how mag-
netic optical disks are read.

The cost of embedding the technol-
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TECHNOLOGY BREAKTHROUGH

ogy in the disk drive is estimated to be
about the same as for the much higher-
precision electromechanical positioning
systems, so drive prices shouldn’t be
forced to unaffordable levels. Further-
more, since the heads have a flying

height several times that of standard |
media—15 pin.—and have a good depth
of focus (about 30 um), there are fewer E
causes of data errors and drive malfunc- !
tions and the forthcoming drives should !
offer at least as good MTBF ratings. |

Expectations are that drives based
on the technology may come out of R&D
by late this year with production some
time next year. Contact Quinta at (408)
952-5000, Internet: www.quinta.com.

Dave Bursky

pulse power roughly equivalent to

that of a nuclear power plant,
promises a significant impact on a num-
ber of industries, including aviation,
medical, and the military. The
neodymium-doped glass laser, originally
developed by researchers at the
Lawrence Livermore National Labora-
tory, Livermore, Calif., for national de-
fense applications, features an average

A new type of laser, with a peak

| power of 600 W and a peak power of

3,000,000,000 W.
The new laser also boasts a fire rate

| of 10 pulses per second. By comparison,

the best commercial laser available to-
day only fires one pulse every two sec-
onds (see the figure). Because of this ex-
traordinary performance, researchers
believe the laser and adaptations of its
original design will lead to new manufac-
turing techniques. These, in turn, could
have effects such as improving the

High-Power Laser Technology Poised To Boost
Safety And Durability Of Metal Structures

| Technicians align the new 600-W (average power) neodymium-doped glass luser at Lawrence
Livermore National Laboratory. The device outputs a peak pulse power of 3,000,000,000 W.

safety of aircraft and the durability of
hip-joint implants.

One of the initial areas targeted by
this technology is peening, or surface
treatment, of metals. To assist in this ef-
fort, Livermore researchers linked with
Metal Improvement Co., Paramus, N.J.
As part of the Cooperative Research
and Development Agreement
(CRADA) between the two organiza-
tions, work to adapt the laser technol-
ogy will begin immediately and is ex-
pected to last two years.

The conventional method for peen-
ing, known as shot peening, works by
bombarding a material with miniature
metal balls, the size of a grain of salt.
This induces compressive stress that ef-
fectively prevents metal fatigue and re-
duces corrosion. While the idea of laser
peening was originally introduced as an
alternative to this conventional method
back in the mid-1980’s, the high cost and

S

slow response of available lasers pre-
vented their adoption in this application.

Laser peening is not expected to re-
place conventional shot peening com-
pletely. Instead, the technology will be
be used in areas where more intense
compressive stress is needed. Testing
has shown that while conventional shot
peening can only reach a depth of about |
1/100 of an inch to instill compressive
strength, the laser-peening method ex-
tends roughly four times deeper. The re-
sult is that metal structures can be made
stronger and the end product safer.

The neodymium laser also has signifi-
cant implications for life-cycle costs, reli-
ability, and damage tolerance. In the avi-
ation industry, for example, laser
peening of jet engine components like
turbine blades, disks, rotors, and shafts ‘
could eliminate stress cracking. In par-
ticular, it could increase the resistance of '
turbine blades to strikes from foreign
objects, such as birds, ice, or stones.
Damage from these strikes can easily
propagate through the entire blade,
leading to failure, and even destruction
of the aireraft’s engine.

Researchers are also investigating
the use of this technology for the elimi-
nation of high-cycle blade fatiguelJa ma-
Jjor propulsion concern for the U.S. Air
Force. Recent testing shows that laser
peening increases metal fatigue
strength 10% to 40%, allowing engines
to operate at higher stress loads without
metal fatigue. Additionally, laser-
peened engine blades have an average
lifespan three-to-five times longer than
blades peened using conventional tech-
niques. At a cost of roughly $40,000 a
blade, the savings are obvious.

Other areas where the technology
might prove useful include oil-drilling
tools, marine engines and shafts, rocket
engine parts, and in the chemical and
power-generation industries. Commer-
cial products manufactured using laser
peening are expected to be roughly two-
to-four years away from introduction. '

Contact Lawrence Livermore’s Pub- |
lic Affairs Office at (925) 422-1100.

Cheryl Ajluni J
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SCSI

NO MATTER WHAT LINE
YOU’RE ON.

'DALLAS

Terminator

The DS2118M Ultra2 LVD/SE SCSI Terminator
from Dallas Semiconductor operates in three
modes to simplify your design effort: SE (Single-
Ended), LVD (Low-Voltage Differential), and
HVD (High-Voltage Differential) isolation.

SCSI Standards Changing a Little

Too Fast for You?

Thanks to the DS2118M’s multi-mode operation,
you can implement LVD in your current designs
while also giving the end user SE backwards-
compatibility with their legacy SCSI devices.
And, of course, it’s SCSI-1, Fast SCSI and Ultra
SCSI-compatible.

One Chip. Three Modes. Autoselection.

It doesn’t get any easier than this. If the
DS2118M is connected to an LVD-only bus, it
will use LVD termination. If any SE devices are

connected to the bus, it will use SE

termination. Ifan HVD device is
connected, the DS2118M will isolate
the termination from the bus. All of this
is accomplished automatically by sensing
the voltage on the SCSI bus DIFFSENS line.

Tightest Tolerance

The DS2118M provides 5% tolerance over the
full temperature range on both LVD and SE ter-
mination resistance—the lowest in the industry.
It also has a mere 3pF of power-down capaci-
tance. Available in a 36-pin SSOP package, the
DS2118M provides active termination of 9
signal line pairs.

To terminate your SCSI problems,
give us a call.

& DALLAS

B’ SEMICONDUCTOR

Visit our Web site at http://www.dalsemi.com
4401 South Beltwood Parkway, Dallas, Texas 75244-3292 4 Phone: 972-371-4448 4 Fax: 972-371-3715
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M Previewing the latest developments at the 1998 Custom Integrated Circuits Conference

|C Processes
Take Center

Stage At The

1998 CICC

Monday May 11
8:00am.t0500 ' m
(Educational sessions)

i ?uesday May 12
8:00 to 9:30 a.m.

10:00a.m. to 12:00p.m.
(Technical sessions)

1:00 to 2:00p.m.
(Exhibitors’ oreview
sessions)

2:00 to 5:00p.m.
(Technical sessions)

Wednesday May 13
8:30a.m. to 12:00p.m.
(Technical sessions)

~ 2:00 to 5:00p.m.
(Technical sessions)

8:00 to 11:00p.m.
(Evening panel
sessions)

Thursday May 14
8:30a.m. to 12:00p.m.
(Technical sessions)

1:30 to 5:00p.m.
(Technical sessions)

-

Current issues in

Session 1
IC Design

Sess'on 2
High level design
techniques

“Session 1: Welcome/opening
“To the rescue of Moore's Law,” by Aart J. de Geus, president and CEO, Synopsys

Session 2
Digital circuits for
communications

Session 1
Cascade Design
Automation, EPIC,
Mentor Graphics,
Tanner EDA
Session 5
Wireless circuit
design
techniques/
technology

Session 9
Audio and video
signal processing

Session 13
IP creation and
management

Session 17
Analog design
challenges in

deep-submicron
process technology

Session 20
Wireless
transceivers and
systems
Session 24
Low-powerthigh-
performance circuits
anc techniques

Session 3
Analog techniques

Session 2

Frequency

Technology,
Simplex Solutions

Session 6§
System-on-a-chip
integration

Session 10
Modeling for
high-frequency
design

Session 14
Deep-submicron
library design

Session 18
IP—intellectual

property or intense

pain?

Session 21

Custom circuits and

non-volatile
memories

Session 25
Reliability and test
in deep-submicron

design

Session 2—continued

Systems-On-A-Chip And Advanced

he 20th annual Custom Integrated Circuits Conference
(CICC). 10 be held May 11-14 at the Santa Clara Westin
Hotel and the Santa Clara Convention Center. Calif..
provides a multifaceted demonstration of the latest design
techniques. circuit architectures, advanced processing.
design tools, and test techniques for custom ICs. As the
leading forum for IC development. this vear's CICC features a rich
program that includes 24 technical sessions. four educational sessions.

and three evening panel sessions covering a wide variety of topics (see
the table). Several exhibitor marketing sessions. in addition to a general
exhibition that runs concurrently with the technical paper sessions. round
out the CICC's program.

Our conference preview focuses on four main technology areas:
digital. analog. communications, and EDA technologies. Digital
advances are highlighted by developments in system chips.
programmmable-logic devices. and deep-submicron processes. Analog
innovations include developments in data converters. op amps. and

1998 CUSTOM INTEGRATED CIRCUITS CONFERENCE (CICC)

Session 3
Advanced integration
issues

Session 4
Wireless 1C Design

remarks and ‘keynote address

Session 4
Design and analysis
of oscillators

Ultima Interconnect
Technology,
BTA Technology

Session 7
Low-power
approaches to digital
signal processing

Session 11
Data converters

Session 15
Wireline
communications

Session 19
Electrical engineering
education: Is it up to
today's job challenge?

Session 22
Advanced simulation
techniques

Session 26
Phase-locked-loop
design and

applications

Session 3
Accurel Systems
International,
CADABRA, NWL
Ltd., Silicon Access

Session 8
IC technologies
trends and future

Session 12
Innovations in
programmable-logic
architectures

-Session 16
Amplifiers and

sample/hold circuits

Session 23
Analog modeling
and CAD

Session 27
DSM issues, tools,
and methodologies

CMOS characterization for
better analog circuits.
Communications growth is
seen by a renewed emphasis
on device theory. oscillator
design. and monolithic RF-
circuit analysis. And. EDA
developments in simulation
techniques and innovative
modeling methods wrap up
our conference projection.

The Keynote address, “To
the Rescue of Moore’s Law.”
will be delivered on Tuesday
morning by Aart J. de Geus.
president and CEO of
Synopsys Inc. It examines
“how design teams will
traverse the increasingly
complex path from concept to
finished chip.” in the modern
design environment.

The General Chairman for
this year’s CICC is Robert
Cordell. the Conference
Chairman is Rakesh Kumar,
and the Technical Program
Chairman is Brian Fitzgerald

For conterence registration,
contact CICC. 101 Lakeforest
Blvd.. Ste. 270, Gaithersburg.
MD 20877; (301) 527-0902
(ph). (301) 527-(994 (fax); E-
mail: cicc@his.com.
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TECH INSIGHTS

CICC PREVIEW

Circuit Density And Smaller Geometries
Drive CICC’s Digital Sessions

System Chips, Programmable Logic Advances, And Deep-Submicron Processes
Continue To Challenge Design Engineers. DAVE BURSKY

ith the phrase “system-on-a-
w chip” rolling off the lips of al-

most every ASIC supplier, de-
signers trying to implement these
chips struggle with many issues, from
defining and integrating the blocks of
intellectual property (IP) to working
with deep-submicron processes. The
digital technology papers at this year’s
Custom IC Conference provide de-
signers with a montage of new tech-
nology approaches, examples of sys-
tem-chip design, and early looks at
evolving technologies for megagate
system integration.

Examining the advances in sys-
tem-on-a-chip design, Sessions 6, 13,
and 27 focus on function integration,
creation of IP (reusable building
blocks), and deep-submicron

(MI), all the functional blocks can re-
main independent of the silicon, allow-
ing easier mix-and-match approach to
silicon design.

The backplane implements a fully-
distributed protocol that unifies all of
the communication traffic between
the various IP blocks on the chip. The
protocol is used as part of the interface
modules that tie each IP block to the
bus. There are four basic module
types: snooping, target, initiator, and
backplane bridge. In the interface
module, clock signals are decoupled,
data widths are adjusted, out-of-band
signals are routed, addresses are
matched, and IP core-device-control
and status registers are implemented.

In another session paper, jointly

i developed by CSELT, Torino, Italy,
i and SGS Thomson, Agrate Brianza,
' Italy, designers examine the imple-
\ mentation of a virtual chip set—the
i creation of a parametric IP library for
| system-on-a-chip design. Basically,
E the designers have created a para-
! metric VHDL IP library based on
i synthesizable system-level modules,
» where any element can be cus-
E tomized, connected, and merged with
' the others. The library consists of
! modules, each written in RT-level
» VHDL, and each implementing a pop-
i ular function in different application
E areas such as data communications or
! telecom. The modules can then be
i mapped during device simulation into
. any technology.

The remaining papers in

design and methodology is-
sues, respectively. Presenta-

9 Local zero-delay interconnect array
40

tions in Session 8 highlight
various trends in advanced
processing technologies for
high-density ASICs. Session
12 and 21 cover develop-
ments in programmable logic
architectures and custom cir-
cuit design, and several
ferro-electric memory imple-
mentations, respectively.
Many approaches for sys-
tem-on-chip integration try

product
terms

PAL
section

e

Session 6 include a methodol-
ogy for synthesizing interface

R

to leverage the use of an on-
chip bus to interconnect the
various major blocks assem-
bled on the chip. In an invited
presentation in Session 6,
Sonics Ine., Los Altos, Calif.,
details a new on-chip inter-
connect that employs an ac-
tive bus interface between

k]
product
terms

PLA
section

coedfese

32 OR terms

the functional blocks to form

XOR<0>

2

D X0R<19>

Control
l:nn: controllers directly from tim-
{> | ing diagram specifications, by

researchers at Labratoire
LASSO, University of Mon-
treal, Quebec, Canada, and an
analysis of pin versus gate
proportions in heterogeneous
systems, jointly done by the
Microelectronics Research
Center at the Georgia Insti-
tute of Technology, Atlanta,
and LSI Logic Corp., Milpi-
tas, Calif. Another paper
looks at the building blocks
needed for a single-chip, GSM
baseband processor by LSI
Logic, Milpitas, Calif., and
Oasis Design, Austin, Texas.
Finally, there’s a CPLD im-
plementation of a motion-de-
tection algorithm for video
surveillance by the Univer-

OR<0>

P ORAY

an on-chip communications

1. The logic array block in the CR960, developed by Philips, is
subsystem (the silicon back- subdivided into two sections: The first is a PAL block containing 88 40-
plane). By using a consistent input product terms, eight of which are used to form control p-terms.
interface to the blocks of IP, The second section contains a PLA that provides 32 p-terms used to

the Sonic module interface drive an array of 20 32-input OR terms.

sity of Bradford, West York-
shire, United Kingdom.
Several related papers in
Session 13 deal with the cre-
ation and management of IP.
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The struggle to build your own 12-bit, 4-wire touch screen
controller “with all the extras” is over! Let us tell you about the
smallest packaged, highest resolution A/D converter available.

Your one-chip solution, ADS7843 12-bit sampling A/D has ALL
“touch screen interface” features, including drivers capable of
sourcing enough current for a 2009 “leg.” In addition to
improved performance plus low cost, ADS7843 has an easy to
use SPI/SSI serial interface, low power operation (<0.6mW at
75kHz), and “touch interrupt” to alert the processor that operation
has begun. ADS7843 can also operate in a sense mode (ratiometric)
to eliminate gain and offset errors due to driver, power supply,
temperature, and touch impedance variations. Its full power-down
control and single supply operation (2.7V to 5V) make it a perfect
solution for battery-powered systems.

12-Bit A/D

643 p

Key Applications:

* PDA (Personal Data Assistant)
* Touch Screen Monitors

* Touch Screen White Boards

Key Features:

« Synchronous Serial Interface

* Programmable 8- to 12-bit Resolution
« Full Power-Down Control
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ADS7843 comes in a 16-lead SSOP package with pricing starting
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In the first paper, designers from MO-
SAID Technologies Ine., Ontario,
Canada, examine ways to reinvent the
DRAM to more-efficiently use it as a
building block in embedded applica-
tions. The second presentation by
Toshiba Corp., delves into the design
of a DRAM module generator that al-
lows designers to get custom DRAM
organizations with minimal effort.

CMOS Advances

Investigating some of the deep-
submicron design trends, the first in-
vited paper in Session 8 provides an
overview by researchers from
Toshiba Corp., Kawasaki, Japan, of
expected CMOS advances up through
the year 2010. The other invited pre-
sentation from Sematech and Mo-
torola Inc., both in Austin, Texas,
looks at the impact the high resolution
required by lithography systems will
have on IC mask design.

In its view of the future of CMOS,
Toshiba digs into the technical and
economic challenges posed with cir-
cuits based on 0.1- and sub 0.1-pm de-
sign rules. The speaker notes that
there are many concerns and even
some pessimistic observations re-
garding the realization of 16- and 64-
Gbit DRAMSs with 0.1-um and smaller
design rules.

Some of the concerns include the
skyrocketing production costs in-
curred with additional process steps
and increased price of the equipment,
and a saturation of the operating
speed due to signal and clock propaga-
tion delays in the long and dense inter-
connects. Other issues are the degra-
dation of yield and reliability due to
the large number of transistors and
other elements on a chip, and the in-
crease in power consumption and heat
generation, also due to the large num-
ber of devices on the chip.

Additionally, as gate dimensions
shrink, the gate leakage current due
fo short-channel effects becomes an
ever-increasing issue. Then again,
there’s the channel resistance and the
drain and source resistances, which
tend to increase to suppress the short-
channel effects. Therefore, ways must
be found to reduce resistances while
suppressing the short-channel effects,
or the downsizing of the MOSFETs
will be almost meaningless.

When experimenting with transis-
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Output logic
(D flip-flop,
multiplexers,
drivers, efc.)

Comparator logic

— Ouly

2. At the heart of the computationally optimized, programmable logic circvit developed at the
University of Toronto, is this simple bit-slice containing o full adder composed of two XOR gates
and the carry logic. Four bit slices and additional logic form a partial add, subtract, and multiply
block used in implementing the data path operations.

tors that have gate lengths of 0.04 pm,
gate-oxide issues also limit perfor-
mance because many researchers see
a 3-nm “limit” on thickness due to di-
rect-tunneling leakage. However,
Toshiba researchers have halved the
thickness to just 1.5 nm, and still
achieve good transistor characteris-
tics, thus further downsizing the tran-
sistor structures. In practice, they es-
timate that the limit for gate lengths
will be down at about 0.025 um, while
propagation delays for a transistor
may drop by two orders of magnitude
to about 0.1 ps. Practical designs
might only see a propagation delay of
about 1 ps/gate.

The second invited presentation
deals with the mask-creation issues
that crop up in producing the ex-
tremely fine-featured devices in the
next ecentury. More complex pattern-
handling algorithms must be put in
place to handle the several-orders-of-
magnitude increase needed to create
the masks. Additionally, for 100-nm
and smaller features, new post-optical
lithography techniques will be needed,
and the presently undeveloped tech-
nologies will require radical changes in
data handling.

Putting some of the research to
work, designers at the Device Devel-
opment Center of Hitachi Ltd., Tokyo,
Japan, have developed a 0.2-um,
seven-layer, metal CMOS process. It
includes some new interconnect scal-
ing rules that take advantage of op-
tional wide lines and line repeaters.
The resulting circuits deliver a 1.5-

times speed improvement and a four-
fold increase in integration without
any RC delay increase over its 0.3-um
process.

Researchers from Lucent Tech-
nologies’ Bell Laboratories, Orlando,
Fla., detail a merged 2.5- and 3.3.-V,
0.25-um CMOS process that employs
four or five levels of metal. Targeted at
ASIC design, the process integrates
both 2.5- and 3.3-V transistor strue-
tures on the same chip, with the addi-
tion of just one extra ion-implant mask
level. Such an approach allows the co-
integration of functional blocks that
operate at either supply level, rather
than two separate chips that each op-
erate at either 250r 3.3 V.

Connections With Lasers

Laser technology has long been
used in memory and other logie cir-
cuits to open metal links, disconnect
blocks of circuits, and enable other
blocks to repair bad rows and columns
in storage devices, or configure some
gate arrays. However lasers can also
be used to make connections, as
pointed out by researchers from the
Materials and Nuclear Engineering
Department of the University of Mary-
land at College Park. They describe an
additive technique using IR lasers that |
allows them to form solid metallic con-
nections between two standard levels
of metalization, with resistances of less
than 0.8 Q2 per connection.

The laser-connection technique
banks on two intrinsic factors: When
heated, metal expands and becomes
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very “plastic” in that it will flow into
nearby openings; and the dielectric is
fairly brittle, so when the underlying
and overlaying metal expands due to
heat, the expansion will cause many
microfractures in the dielectric.

When the metal reaches the de-
sired temperature from the laser heat-
ing, it will then flow into the new frac-
tures in the dielectric, forming a
connection between the two metal lay-
ers. This entire operation can take
place all within the time of a Q-
switched laser pulse (about 15 ns),
with energy from 0.60 to 0.85 J, and a
spot diameter of 3.5 um.

Such a laser technique could be
used for last-minute circuit modifica-
tions on full ASIC designs, or on pro-
grammable logic circuits, giving de-
signers more options for modifying
the connections. More options also will
be discussed in Session 12, which deals
with innovations in programmable
logic architectures.

For example, a new SRAM-based
architecture will be put to work in a
complex, programmable logic device
that was unveiled by Philips Semicon-
ductors, Albuquerque, N.M. The ar-
chitecture of the CR960 is based on 12
identical logic cores (called FastMod-
ules), that communicate with each
other using an interconnect matrix,
the global zero-delay interconnect ar-
ray (ZIA). A single-poly, five-layer
metal CMOS process using 0.35-um
drawn channel lengths is used to fabri-
cate the circuit.

In each FastModule are four logic
array blocks (LLABs). Each LAB con-
tains 20 macrocells, 12 of which are
“buried” (have no external I/0). Com-
munication between the four LABs is
accomplished with a local ZIA routing
pool. Additional circuitry, such as shift
registers, scan registers, memory ele-
ments, and associated controllers are
also on the chip and used for test and
configuration. Therefore, one Fast-
Module can feature considerable func-
tionality, and offer a combinatorial de-
lay of less than 5.8 ns and a clock to
output delay of 4.8 ns, both under
worst-case conditions.

Each LAB has two sections: a pro-
grammable array logic (PAL) block
that contains 88 40-input product
terms, and another programmable
logic array (PLA) block that contains
32 p-terms that drive an array of 20 32-

input OR-terms (F'ig. 1). Eight of the
40-input product terms are used to
form control p-terms. Outputs from
both the PAL and PLA blocks are
arranged into 20 identical, ordered
groups of signals, each carrying four p-
terms and one OR-term. Each group
of signals produces two outputs
(formed by OR-ing and XOR-ing the
OR term with the sum of four p-
terms). These two outputs serve as
I/0 macrocell inputs.

Over 8.5 million transistors are in-
tegrated to form the CR960. Most of
those transistors are buried deep
within the various logic paths. That
makes the standard methods for logic
testing unwieldy because innumer-
able sets of test vectors would be re-
quired to evaluate every device. As a
result, designers incorporated special
test circuitry that provides 100% de-
vice coverage.

First the chip was divided into two
major sections, controllers and core.
Controllers were tested using full-
scan technology, while the core was di-
vided into 12 sub-blocks that all share
the same test controls, but have their
own internal scan chains and bound-
ary-scan chains. By subdividing the
blocks, some test-time reduction can
be achieved, because the sub-blocks
can be exercised in parallel.

Optimized For Computing

Appropriate for computational ap-
plications, a novel, field-programma-
ble architecture will be detailed by the
Department of Electrical and Com-
puter Engineering at the University
of Toronto, Canada. Researchers cre-
ated a configurable, compute-inten-
sive block containing a flexible data
path and control circuitry.

Set up in a nibble-wide configura-
tion, each block can perform a ripple-
carry addition, subtraction, and par-
tial multiplication (Fig. 2) These
blocks can be connected through the
on-chip interconnect to form complete
adders, subtractors, and multipliers
of any word width. The design devel-
oped at the university is only five-to-
seven times less area efficient than a
custom chip. General-purpose FPGAs
are estimated to require about 22
times more area than a custom circuit
to perform similar computations.
However, some of the FPGA ineffi-
ciency may be due to non-optimal syn-

thesis tools for the FPGAs.

Another application-optimized pro-
grammable circuit, this time a field-
programmable, analog array will be
detailed by researchers from the De-
partment of Electrical Engineering
from Texas A&M University, College
Station. The array is targeted at sig-
nal processing applications. Based on
simple, current-mode primitive am-
plifiers that allow operation at high
frequencies and low voltages, the cir-
cuit was implemented in a digital
CMOS process. It can be programmed
to operate over two decades, from
several tens of kilohertz to a few
megahertz. A modular array of cells
forms the chip, with each array con-
taining three subcells: a configurable
analog cell (CAC), a programming
register, and programming logic. The
CAC block is based on an active cas-
code integrator, and can be configured
to form an integrator, an amplifier, or
an attenuator.

Boosting FPGA Efficiency

Taking advantage of the embedded
memory arrays in FPGAs to imple-
ment certain logic functions can result
in more efficient use of the FPGA re-
sources. This assertion comes from an
analysis presented by the Department
of Electrical and Computer Engineer-
ing at the University of British Co-
lumbia, Vancouver, Canada. When not
used for storage, embedded memory
arrays can extend the logic functional-
ity by using the RAM as ROM-like
look-up tables. The paper explores the
effects of memory-array depth, width,
and flexibility on the array’s efficiency
when implementing logic. The results
indicated that the best efficiency oc-
curs when the array blocks contain be-
tween 512 and 2048 bits, and have
word widths that are configurable as
1,2, 4, or 8 bits wide.

The remaining papers in the ses-
sion, both by Altera Corp., San Jose,
Calif., detail the architectures of the
company’s third generation EEP-
ROM-based MAX9000 CPLD and the
SRAM-based FLEX6000 program-
mable logic circuits. The 560 macrocell
EPM9560A is the first member of the
MAX9000 family, and is fabricated
with a 0.5-um, triple-layer metal
process. The process, combined with
architectural enhancements, keeps
the cross-chip propagation delay to
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less then 7 ns and the chip area to less
than 100 kmils?.

The FLEX 6000 architecture, on
the other hand, employs a register-
rich, look-up-table approach, with
very efficient interconnect and rout-
ing that achieves a small chip area and
allows for in-circuit configuration.
Like the MAX9000, the first members
of the FLEX6000 will be built on a 0.5-
um, triple-level metal process.

In a related presentation in Session
13, researchers at the University of

California at Los Angeles have devel-
oped an approach that “fingerprints”
circuit blocks used in FPGAs. This
process can provide some degree of
copyright protection and allows them
to quickly be identified if used in other
logic circuit implementations. The ap-
proach places a secure, but transpar-
ent signature in the FPGA block. That
block can then be further integrated
into a full FPGA design, which actu-
ally buries the watermark still further,
making it harder to find.

1
|

Many other digitally oriented pa- ‘
pers covering nonvolatile memory

technology, low-power processing,
and a multitude of process and design-
related issues will provide additional
insight into the future of custom cir-
cuit design. In its entirety, of course,
CICC covers a much broader range of
technologies—mixed signal, commu-
nications, and sensor technologies to
name a few—and the presentations in
all those areas provide solid insights
regarding the future of the industry.

CICC Portends Evolution In Data 1
Converters And Analog Circuits '

CMOS process technologies con-

tinue to push performance in both
analog-to-digital converters (ADCs)
and digital-to-analog converters
(DACs). This evolution is being ex-
ploited by a wide range of applications,
including imaging, video, and RF
transceivers used in communications.
So it comes as no surprise that this
year’s CICC focuses on developments
in this area, as it also sheds light on
special characterizations of CMOS for
analog and RF circuits. An important
CICC session, “Amplifiers and sam-
ple/hold circuits,” tracks advance-
ments in high-speed op amps and
track-and-hold circuits.

Because one-bit, A-X modulators
lend themselves to CMOS, they have
been widely used in high-linearity,
moderate-bandwidth data converters.
But now, designers are exploring
multibit techniques. Key reasons in-
clude better signal-to-noise ratio
(SNR), and desired output with much
less out-of-band noise, thereby easing
post-filtering requirements. An added
benefit is that the output signal is less
sensitive to edge jitter.

But multibit modulators pose prob-
lems such as component mismatch
and unshaped noise due to DAC er-
rors. Several mismatch-shaping

D elta-sigma (A-X) modulators and

schemes are under development for
both discrete- and continuous-time
implementations of multibit A-X mod-
ulators. Session 11, “Data convert-
ers,” proposes one solution. Paper
11.1, “Modified mismatch-shaping for
continuous-time A-X modulators,” a
joint effort of Oregon State Univer-
sity at Corvallis; Analog Devices,
Wilmington, Mass.; and Portland,

| As Improvements In A-X Modulators Drive Performance In ADCs And DACs, |
' CMOS Characterization Promises Better Analog ICs. ASHOK BINDRA l

Ore.-based Veris Industries, suggests
a modified mismatch-shaping princi-
ple to reduce the spectral artifacts
caused by element switching. ‘
By adding extra constraints to the
vector quantizer in a general mis- |
match-shaping system, dynamic er-
rors caused by element switching in a
continuous-time, A-X modulator are
reduced in the band of interest. The
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1. Aimed at CMOS image sensors, this Nyquist-rate, multichannel, bit-serial ADC uses successive
comparisons to output one bit at a time simultaneously from all pixels. In this scheme, several
pixels share one detector circuit, while a DAC/controller is shared by all pixels.
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Low Cost, AY Stereo Audio CODECs

The PCM3000/1/2/3 are single chip stereo audio CODECs (A/D
and D/A) with single-ended analog inputs and outputs. The ADC
core employs Delta-Sigma modulation with 64x oversampling,
and includes a digital decimation filter and high pass filter. The
DAC core employs Burr-Brown's proprietary Multi-Level Delta-
Sigma architecture which includes an 8x oversampling digital
interpolation filter. PCM3000/1/2/3 accepts all industry-standard
data formats. The PCM3000 aad PCM3001 operate on a +5V
power supply, while the PCM3002 and PCM3003 operate on a
+3V power supply
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The PCM3000 and PCM3002 can be controlled with a
3-wire serial interface for special features, such as digital
attenuation (256 steps), digital de-emphasis, and soft mute.
The PCM3001 and PCM3003 can be controlled with 3 format pins
to select data format. An ideal price/perfermance solution for a

wide variety of audio applications such as DSP-
based surround sound/effects processors,

software modems. The PCM3000/1/2/3
are priced from@in 1,000s.

digita! mixers, digital recorders, and%

Products Description vmge Bits Dg:la‘;leic THD+N Package (solilA)XS%\{%: 3 Szmg:'#
PCM3000 CODEC +5V 1618 96dB -88dB 28-Pin SSOP 11342 83
PCM3001 CODEC +5V 16/18 96dB -88dB 28-Pin SSOP 11342 84
PCM3002 CODEC +3V 16/20 94dB -86dB 24-Pin SSOP 11414 85
PCM3003 CODEC +3V 16/20 94dB -86d8 24-Pin SSOP 11414 86

Recommended resale in USD: FOB USA.
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researchers claim to have confirmed
the results via Matlab simulations and
an FPGA implementation. In both
cases, they used a third-order, low-
pass modulator with nine-level quanti-
zation and associated modified mis-
match-shaping logic. The results
indicate that the spurious-free dy-
namic range (SFDR) of the modulator
improves by 15 dB, and noise floor de-
creases by more than 5 dB over de-
signs that do not use shaping. Accord-
ing to the researchers, the method
proposed here can lead to the develop-
ment of high-speed, high-linearity,
continuous-time A-X modulators.

A-X For RF Baseband

Similarly, researchers at the De-
partment of Electrical Engineering
and Computer Sciences, University of
California at Berkeley, push the dy-
namic range and bandwidth with low-
power dissipation of A-Z modulators
for direct conversion in the RF base-
band path of receivers. Using a 0.72-
um CMOS process, the researchers

» . fi ] '

Parameter Single-ended, three-stage Fully differential three-stage
| dc gain 82dB 122dB
| Gain bandwidth 230 MHz 138 MHz |
Slew rate 150 V/us 360 V/us
i Phase margin 49° 70.6° |
| Gain margin 11.5dB 8.5dB Y Vs 1
| Power 3.0V/2.5V 42mw 11 mw

developed “A 13-bit, 1.4-Msample/sec-
ond A-Z modulator for RF baseband
channel applications,” (Paper 11.2)
that operates at low voltages.

This circuit uses a cascade of three
second-order loops operating at a 16x
oversampling ratio. It also utilizes a
two-stage op amp with an all-nMOS
signal path and capacitive-level shift-
ing between the stages. Operating at
3.3 V, the modulator achieves 77 dB of
dynamic range, and dissipates only 81
mW power. The wide dynamic range is
needed to detect a small desired signal
in the presence of strong adjacent-

channel interference. While earlier
wideband and dynamic range issues
have been addressed for direct con-
version at 5 V and higher, the Berke-
ley paper attempts to significantly cut
power consumption for these devices
by combining architectural enhance-
ments with low-voltage design.

The remaining papers in Session 11
present Nyquist-rate converters for
imaging and video applications. A pa-
per from the Information Systems
Laboratory of Stanford University,
Stanford, Calif., describes a “A
Nyquist-rate, pixel-level ADC for
CMOS image sensors” (Fig. 1).
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The paper shows that a pixel-
level ADC achieves a good
SNR and low power consump-
tion at very low speeds. This
technique uses successive com-
parisons to output one bit at a
time simultaneously from all
pixels. Using this scheme, the
researchers fabricated a 320-x-
240-pixel image sensor with an
ADC in a 0.35-pum process. The
chip consists of a 160 x 120 ar-
ray of 2-x-2-pixel blocks, each
sharing the one detector circuit,
a row decoder, column-sense
amplifiers, and multiplexers.
The one detector circuit is im-
plemented using a 1-bit com-
parator and a 1-bit latch. In this
design, the ADC demonstrated
integral and differential nonlin-
earities of 2.3 and 1.2 LSBs at 8
bits, respectively.

The last three papers Session
11 describe developments in
low-power, high-speed DACs
operating at 3.3 V and below.
While Philips Research Labs’
Digital VLSI Group in Eind-
hoven, The Netherlands, will

2. The current sensor chip (a) stamps a 0.005-C2 metal loop into its lead frame as a sense resistor (b),
which provides a 5-mV, full-scale signal at 1 A. This complete solution can detect a positive or negative

current with 9-bit accuracy.

discuss an 8-bit “Video-rate
DAC using reduced-rate, A-X
modulation,” (Paper 11.4), the
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paper by Cicada Semiconductor,
Austin, Tex., describes “A 325-MHz,
3.3-V, 10-bit CMOS DAC core with a
novel latching circuit” (Paper 11.6).
The second, very compact device com-
bines the digital decoding latch and
switch driver functions into a single
circuit to keep the die area of the DAC
core to about 0.135 mm?. According to
its designers, this is a substantial re-
duction in size compared to previous
designs. The core architecture em-
ploys a double cascoded p-channel cur-
rent-source array with a 5-bit seg-
mented MSB and a binary 5-bit LSB,
to achieve less than 1 LSB of differen-
tial and integral nonlinearities.

Many video and wireless communi-
cations applications are demanding
high-resolution, high-speed DACs
with very-low-glitch energy. A paper
from the Dept. of Electrical Engineer-
ing, ESAT-MICAS, Belgium, proposes
“A 12-bit, 200-MHz low-glitch CMOS
DAC” (Paper 11.7). Its designers claim
to have measured glitches of only 0.8
pVs. To obtain this very-low-glitch en-
ergy specification, the circuit uses a
new driver based on a dynamic latch.
Measured integral nonlinearity is bet-
ter than +0.5 LSB, and power con-
sumption is 140 mW at the maximum
conversion rate. Fabricated using 0.5-
um CMOS, the DAC operates at 2.7 V.

Characterizing CMOS

Digital CMOS processes have often
proved inadequate for precise analog
and RF circuits. But, for reasons of
cost and time-to-market, many mixed-
signal and analog ICs must be derived
from a common mainstream digital
CMOS process. Although, several ef-
forts are underway to generate accu-
rate models to tailor the process for
analog design, the work is still not
complete. An invited paper in Session
3, “Analog techniques,” proposes to
address this issue.

Paper 3.1, “CMOS technology char-
acterization for analog and RF de-
sign,” from the Electrical Engineering
Dept. of the University of California at
Los Angeles, describes various tests
and techniques to quantify device be-
havior for analog applications. Accord-
ing to the author, the design of analog
and RF circuits in digital CMOS, en-
tails many difficulties because the de-
vices are characterized and modeled
to simple benchmarks such as current

drive and gate delay. And, this gets
worse with scaling, as semiconductor
manufacturers migrate from sub- to
deep-submicron CMOS processes.

By contrast, analog circuits must be
optimized with respect to a number of
parameters such as speed, noise, lin-
earity, matching, and dc characteris-
tics. Consequently, the need is dire for
specialized analog characterization of
the process. Toward that goal, the pa-
per describes a set of properties and
test vehicles to characterize both ac-
tive and passive devices in CMOS.
These include de and ac behavior, lin-
earity, matching, noise, and tempera-

Digital CMOS
processes have often

proved inadequate for
precise analog and
RF circuits.

ture dependence. The paper indicates
that similar techniques must be
adopted for RF design, but cautions
that RF circuits are more specialized,
having substantial variability of de-
vice and circuit parameters with
process and temperature.

Paper 3.3 from National Semicon-
ductor, Grass Valley, Calif., “Current
sensor IC provides 9-bit + sign result
without external sense resistor,” de-
tails a solution to accurately represent
currents as high as 1 A and above using
sense resistors. The current sensor IC
incorporates a metal loop within the
leadframe (F'ig. 2). The loop acts as a
sense resistor and provides a 5-mV,
full-scale output at 1-A sense current.
The IC measures the sense voltage,
and corrects for the temperature coeffi-
cients in the loop. It then provides a 9-
bit PWM output. Fabricated on a 1-um
CMOS process, this circuit consumes
less than 125 pA in the operating mode,
and below 3 pA in the sleep mode. It
employs a chopped A-Z ADC to gener-
ate a PWM signal proportional to the
current, and minimizes offset voltage.

An EEPROM-based, gain-trim cir-
cuit allows nulling of the error resulting
from the stamped 0.005-Q resistor’s
+2800 ppm/°C temperature coefficient.

To compensate for the sense-resistor’s
temperature drift, the on-chip voltage
reference was also incorporated with a
similar temperature coefficient.

Amplifiers

Session 16, “Amplifiers and sam-
ple/hold circuits,” covers the latest de-
velopments in op amps. The quest for a
multistage op amp that provides the
best combination of high gain, wide
bandwidth, fast slewing, and excellent
power efficiency in CMOS continues.
Joint work by National Semiconduc-
tor’s LAN Products Group, Santa
Clara, Calif., and the Dept. of Electrical
Engineering at Arizona State Univer-
sity at Tempe, yielded “A multistage
amplifier topology with embedded
tracking compensation” (Paper 16.1).

The amplifier requires only n-2 em-
bedded RC compensation networks
for n gain stages. In addition, the re-
searchers developed a low-power,
tracking RC compensation technique
that ensures stability and fast settling
over process, voltage, and tempera-
ture variations. Implementing this
scheme in 0.6 um n-well CMOS, the
team developed a single-ended, three-
stage amplifier with one tracking RC
compensation network, as well a
three-stage fully differential version
(see the table). The work is supported
by grants from the NSF Center for
the Design of Analog/Digital ICs
(CDADIC), and Hewlett-Packard Co.

Paper 16.2 “A 120-MHz, 12-mW
CMOS current-feedback op amp,” dis-
cusses a device derived from a novel
compound transistor with a higher
transconductance than a single MOS
transistor. It comes from the Imperial
College of Science, Technology and
Medicine, London, U.K.

Session 16 will also report on “A
CMOS instrumentation amplifier with
600-nV offset, 8.5 nVAHz of noise, and
150-dB CMRR” (Paper 16.3). Devel-
oped by scientists at the Swiss Fed-
eral Institute of Technology’s Inte-
grated Systems Laboratory, Zurich,
the device has a gain of 77 dB +0.3 dB,
and a bandwidth of 600 Hz. Key to its
performance is a chopper technique
that’s used in conjunction with a band-
pass filter matched to an on-chip oscil-
lator. Because no external components
or trimming are needed, the amplifier
can serve as a building block in many
microvolt-signal sensor applications.
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Foundations For Communication’s
Future Laid At CICC ‘98

CICC Provides A Rare Opportunity For Comm Circuit Engineers To Compare Notes On
The Perils And Promises Of Submicron Design. LEE GOLDBERG

he 1998 CICC promises to be a
T gold mine for communications de-

signers. One of the distinguishing
features of this gathering is that it is
not simply a place to trot out one’s lat-
est widget. It also is a very active fo-
rum for taking a close look at the de-
sign methodologies and processes
that will be used to design tomorrow’s
integrated circuits.

The insights provided at CICC
come none too soon. While marketing
types glibly prattle on about the dawn
of the age of the “system on a chip,”
engineers and scientists throughout
the world are busily trying to make
the technology meet the hype.

In addition to a formidable array of
novel, single-chip solutions for wired
and wireless communication, this

year’s sessions are chock-full of solu-
tions to the new classes of problems
emerging as designs migrate towards
deep submicron processes.

Back To Basics

Some of the most interesting work
at CICC is on the basics. A re-empha-
sis on device theory, oscillator design,
and monolithic RF circuit analysis is
happening because designers must
contend with running their chips at
higher frequencies even as feature
size, operating voltages, and power
budgets shrink. These opposing de-
mands are causing them to re-examine
the assumptions that have character-
ized both CMOS and bipolar circuit de-
sign for the past half-decade or more.

Session 4, entitled “Design and

Analysis of Oscillators,” typifies this
“back to basics” movement. While on-
chip oscillators using monolithic pas-
sives have been in production for some
time now, the higher operating fre-
quencies and sophisticated, multi-
phase modulation schemes used in the
next generation of products are de-
manding much higher levels of perfor-
mance than ever before. Develop-
ments from this and other sessions
will be essential to integrating precise
high-frequency sources onto commu-
nication ICs.

In his paper, “On the Exact Design
of RF Oscillators,” Q. Huang of the
Swiss Federal Institute of Technology,
Zurich, presents a rigorous analysis of
the phase noise exhibited in Colpitts-
type oscillators. From this he derives
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an exact formula for the
phase noise-to-carrier ratio
for a given design.

Given the use of standard
CMOS processes, the author
arrives at three possible
methodologies to improve
sideband noise and carrier
ratio. While raising bias cur-
rent is not desirable in most
applications, Huang de-
scribes methodologies for
cutting inductor losses and
calculating the minimum size
of the circuit’s capacitive ele-

tor fabricated using standard

t oV | cMOS processes.
éﬂ:‘ They address the practical
problems involved with de-
R2 signing low-power, phase-
—VW—e—o0it | stable, CMOS RF oscillators

that have a wide enough tun-
ing range to compensate for
the relatively large varia-
tions in the values of passive
components normally en-
countered in bulk CMOS fab
lines. The result is a circuit
that employs multilayer in-
ductors and switched capaci-

ments permitted by process
variations. The extremely
detailed explanation of the
trade-off methodologies that
follows should prove valu-
able to the many designers tackling
GHz+ designs.

Similar topics also were addressed
in “Phase Noise And Timing Jitter In
Oscillators,” presented by a team of
researchers from Bell Laboratories,
Murray Hill, N.J. The team describes
its efforts to apply “a rigorous nonlin-
ear analysis for phase noise in oscilla-
tors,” and reaches some interesting
conclusions. Rather than becoming
undefined at the carrier frequency,
the power spectrum of an oscillator
assumes a Lorentzian profile about
each harmonic.

They also uncover a phenomenon
whereby “the average spread of the
timing jitter grows exactly linearly
with time,” allowing the use of a single
scalar constant to characterize both
jitter and spectral broadening due to
phase noise. Based on these observa-
tions, the researchers show how they
have developed efficient computa-
tional methods for predicting phase
noise in circuits.

Other important topics in Session 4
include “Phase Noise in Multi-Giga-
hertz CMOS Ring Oscillators,” from
the Center for Integrated Systems,
Stanford, Calif., and a paper entitled
“Nonlinear Behavioral Modeling And
Phase Noise Evaluation In Phase
Locked Loops,” presented by the
Electrical Engineering Department of
Catholic University (ESAT-MICAS),
Heverlee, Belgium.

Phase Locks To Go!
Phase-locked loops and other fre-
quency sources also enjoy a significant
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degree of attention in Session 28. Typ-
ical of these papers was “A 2-V, 1.6-
GHz BJT Phase-Locked Loop,” pre-
sented by the Department of
Electroniecs Engineering, at the Na-
tional Chiao-Tung University, Hsin-
Chu, Taiwan. Anticipating applica-
tions in the cellular, pager, and PCS
markets, the team designed a low-
voltage PLL using BJT transistors
fabricated in 0.8 um biCMOS. An LC-
tuned negative resistance oscillator
shares the chip with its companion
PLL, drawing a total of 225 mW of
power consumption.

The Georgia Institute of Technol-
ogy, Atlanta, in conjunction with
Rockwell Semiconductor Systems,
Newport Beach, Calif., produced a pa-
per entitled “A 1 GHz, Low-Phase
Noise CMOS Frequency Synthesizer
With Integrated LC VCO For Wire-
less Communications.” In the paper,
tshey describe how they built a syn-
thesizer with 64 programmable fre-
quency channels. They enjoy a fre-
quency resolution of f..¢/ 64 and a
phase noise figure of -110 dB/NHz at a
200-kHz offset frequency. The frac-
tional-N architecture achieves this ex-
tremely low noise figure by employing
a noise-shaping method that sup-
presses fractional spurs using high-or-
der sigma-delta loops.

Also in the session is “RF-CMOS
Oscillators With Switched Tuning,”
presented by the Electrical Engineer-
ing Department of the University of
California, Los Angeles. The paper’s
authors tackle the tough topic of sup-
plying a highly stable, tunable oscilla-

2. A common-source LNA avoids noise due o parasitic effects commonly
found in common-gate reclizations. Early samples of this unit have
demonstrated noise levels as low as 1.7 dB.

tors connected by MOS ana-
log switches designed to
have low on-resistance and
parasities.

Wired communications also
was represented in Session 28 with
“2.488 Gbit/s Bipolar Clock and Data
Recovery IC For SONET (0C-48),”
presented by AMCC Corp., San
Diego, Calif. The paper described a
bipolar silicon I1C that performs both
clock recovery and data retiming fune-
tions for OC-48 data streams. This de-
velopment is notable for several rea-
sons, including its single-chip
implementation, low power consump-
tion (800 mW), and low external com-
ponent count. Employing a first-order
active filter in its loop, the chip
achieves a jitter generation of 2.8 ps
rms, and an impressive jitter transfer
figure of less than 0.005 dB.

The importance of truly flexible fre-
quency sources was driven home by
“A 2.7V 900 MHz/1.9GHz Dual-band
Transceiver IC for Digital Wireless
Communication.” The paper was a
joint effort between Broadeom, Irvine
Calif., and Rockwell International,
Newport Beach, Calif. The chip that
forms the heart of the system incorpo-
rates a receive, transmit section, plus
a local oscillator that boasts a phase
noise level of -106 dB~NHz (Fig. 1).

CMOS Does Microwaves!

With the increasing price and per-
formance pressures in the wireless
arena, we are seeing the humble CMOS
device being pressed into service in ar-
eas never conceived of even five years
ago. It is no surprise then, that CICC’s
Session 5, “Wireless Circuit Design
Techniques/Technology,” was devoted
almost exclusively to applying CMOS
circuits in the microwave spectrum.
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One of the most valuable papers of
the conference was given by the RF
Technology Group at the Wireless
Communications Center of the Univer-
sity of Waterloo, Ontario, Canada. In
“Microwave CMOS—Devices and Cir-
cuits,” the authors address the techni-
cal challenges and of designing front-
end CMOS RF circuits, and how to
apply microwave design methodologies
to meet them. One of the more impor-
tant points made is that although com-
mercial CMOS processes exist with
F’s of 20 GHz and beyond, the transis-
tor structures designers traditionally
use are not optimized for high-fre-
quency applications.

The paper uncovers three primary
reasons for this apparent disconnect.
The first is that the models currently
available for MOSFET devices (such
as HSPICE) don’t do a good job in pre-
dicting power gains and noise figures.
Secondly, most MOS RF ICs employ
design topologies that are simply
copied from BJT and MESFET de-
signs, and don’t take advantage of the
fact that complementary devices can
be used. Finally, the authors indicate
that “many (MOSFET) concepts and
design methodologies have to be re-
formulated to include some mi-
crowave concepts.”

The paper then goes on to present a
series of new models for MOS transis-
tors, and design methodologies which
make use of the information contained
in the models. Emphasis is placed on
understanding how gate resistance af-
fects performance and accurate noise
modeling at microwave frequencies.

Toward the end, design methodolo-
gies for classical applications, such as

LN As and downconversion mixers, are
explored in depth. The information con-
tained in this and other papers at CICC
will help designers deliver much more
efficient and effective MOS-based RF
components, without having to wait for
advances in process technology.
CMOS LNAs also were a topic of
discussion for a team representing the
Swiss Federal Institute of Technology
and Toshiba Corp., Kobe, Japan. In the
paper, “Broadband 0.25 micron CMOS
LNAs with Sub-2 dB NF for GSM ap-
plications,” the authors explain how
they cracked the magic 2-dB noise bar-
rier—no easy trick, even when using
more suitable bipolar technologies.
Achieving an inexpensive low noise
is of great significance, since it is one of
the key components affecting the per-
formance of cellular handsets. The
team employ a common-source input
architecture for the first stage (rather
than a conventional common-gate
arrangement) to achieve devices which
had good impedance, and linearity
characteristics, and demonstrated
noise figures as low as 1.74 dB (Fig. 2).
Another novel development in Ses-
sion 5 was “A 1 GHz Programmable
Analog Phase Shifter for adaptive An-
tennas.” Written by researchers from
the University of Toronto, Canada, the
paper describes a programmable ana-
log phase shifter which can be used in
adaptive antenna systems to steer the
direction of an antenna array. The bipo-
lar device was small enough to permit
up to 16 phase shifters to be put onto a
single chip. This technology may have
significant applications in advanced cel-
lular systems which employ adaptive
picocells to enhance coverage and
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bandwidth density.

In addition, ESAT-MICAS made a
pair of interesting contributions to Ses-
sion 5. The first, “A 10 mW Inductor-
less Broadband CMOS Low Noise Am-
plifier for 900 MHz Wireless
Communications” described a part
which offered a noise figure better than
3.3 dB while drawing only 3.4 mA from
its 3.0-V supply. Rather than use a clas-
sical heterodyne receiver architecture,
it makes use of a novel current-reuse
technique in an all-nMOS open-loop
configuration.

In the second paper, “A 1.5V, 3 GHz,
Wide Band CMOS Quadrature Direct
Up-Converter for Multi-Mode Wire-
less Communications,” the team from
Heverlee presents a novel device
which includes a wide-band polyphase
filter, a set of linear quadrature up-con-
verters, and a single-ended output
stage (Fig.3). It demonstrates over 35
dB of mirror suppression within its op-
erating range of 700 MHz to 3 GHz. De-
vices like this could be integrated into
the transmit path of an RF IC, elimi-
nating the need for much of the IF and
RF filtering used in conventional archi-
tectures today.

RF Systems

Session 20, “Wireless Transceivers
and Systems,” also provides a wealth of
information on this emerging genera-
tion of integrated RF chips. For per-
spective on this burgeoning field, it may
be useful to read the paper written by
B. Razavi from the University of Cali-
fornia, Los Angeles’ Electrical Engi-
neering Department. Entitled “Archi-
tectures and Circuits for RF CMOS
Transceivers,” it covers receiver topolo-
gies such as heterodyne, direct-conver-
sion, and image-reject, and contrasts
their relative strengths and weak-
nesses. The author then examines the
design of other building blocks such as
LNAs, mixers, baseband interfaces,
and oscillators.

Also of note in Session 20 was “A
High-Q 200-MHz Low-Power Fully In-
tegrated Bandpass IF Filter,” pre-
sented by SGS-Thompson, Crollen,
France, and France Telecom, Meylan,
France. A combined effort by re-
searchers from Alcatel Bell, Antwerp,
Belgium, SSL, Swindon, England,
TEMIC, Heilbronn, Germany, and Al-
catel SdM, Charleroi, Belgium, pro-
duced an interesting report entitled
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“Silicon Germanium and Silicon Bipolar
RF Circuits for 2.7 V Single-Chip Radio
Transceiver Integration.” The paper
describes the basics of the low-voltage
design and preliminary measurement
results for this very promising single-
chip transceiver.

The receiver section employs a bal-

anced-quadrature-demodulator archi-
tecture, realized by means of an input
differential pair with emitter degenera-
tion. The single-ended LNA signal is
converted to a balanced radio signal to
drive the mixers using capacitive cou-
pling. On the transmit side, a zero-IF
single side-band mixer is followed by a

pre-power amplifier (PPA) Current-
mode operation was employed to en-
sure that the balanced baseband I and Q
inputs to help the amplifier use its small
(2.7-V) supply voltage swing efficiently.
The PPA then delivers its 0-dB output
signal to a 1:2 transformer before deliv-
ering it to the input of an external PA.

Tools And Methodologies

Advanced Simulation Techniques, DSM Issues, And Innovative Modeling
Methods Highlighted At CICC. CHERYL AJLUNI

s in past years, issues related to
A Electronic Design Automation

(EDA) play a central role at the
Custom Integrated Circuits Confer-
ence, (CICC). In part this is because of
the ongoing migration to system-on-a-
chip design, as well as the availability
of smaller design geometries. These
factors have stressed the limits of
available EDA tools and methodolo-
gies, and forced vendors to seek new
techniques to supplement traditional
design practices. In particular, the
EDA issues highlighted at this year’s
CICC include advanced simulation
techniques, designing in a deep submi-
cron (DSM) environment, develop-
ment of DSM libraries, and new mod-
eling techniques for analog and
high-frequency designs.

Simulation Techniques

Despite the onslaught of research
and development in new EDA tools
and design methodologies, simulation
still remains a staple of the designer’s
EDA diet. But, with the rising com-
plexity of IC’s in recent years, tradi-
tional simulators are being strained to
the limits of their capabilities. As a re-
sult, attention has focused on improv-
ing simulation techniques to address a
variety of application-specific issues.
Session 22, “Advanced simulation
techniques,” offers a look at some of
the tools and methodologies that are
now being introduced for implement-
ing advanced simulation techniques.

“Modeling and simulation for low

power in mixed-signal integrated sys-
tems,” from the Katholieke Univer-
siteit Leuven, Heverlee, Belgium,
shows how to make modeling and opti-
mization of the power consumption in
mixed-signal integrated systems a re-
ality. Targeted at telecommunications,
portable electronics, and wireless
communications, these techniques fo-
cus on minimizing the system’s power
consumption at the architectural level,
and maintaining this state throughout
all lower levels of the design hierarchy.

Several technological advances and
the development of a tool for architec-
tural-level exploration and optimiza-
tion of analog RF-receiver front-ends,
known as ORCA, make this concept
feasible. The tool allows the different
blocks in the design to be modeled at a
behavioral level, with simulations
performed in the spectral domain for
realistic input power spectra. This
means that the designer can interac-
tively explore a variety of RF-re-
ceiver topologies, and examine all as-
sociated design trade-offs. Building
on this development, researchers for-
mulated an optimization algorithm for
determining the optimal analog-digi-
tal partitioning for a mixed-signal sys-
tem, as well as a method for modeling
the power of analog blocks. Addition-
ally, a system for custom synthesizing
analog blocks with minimum power
consumption is presented.

A technique for analyzing circuits
with widely separated frequencies
comes from Bell Laboratories, Murray

Catch A Glimpse Of The Future Of EDA

Hill, N.J., and is summarized in
“MPDE methods for efficient analysis
of wireless systems.” The numerical
method is based on the multirate par-
tial-differential equation (MPDE ) for-
mula. It makes simulation of a number
different types of circuits such as de-de
power converters, switched-capacitor
filters, and RF mixers, now possible.
The technique works by represent-
ing multirate signals as functions of
more than one time variable. In this
mannet, it is possible to analyze strong
nonlinearities together with widely
separated time scales. This technique
has achieved simulation speed in-
creases of more than two orders of
magnitude, as compared to more tradi-
tional simulation methods. It can also
be used to abstract compact, high-level
models from detailed circuit deserip-
tions of wireless system components.
As gate counts rise and component
speed increases, the ability to perform
accurate timing verification at the sys-
tem level becomes crucial. Just such a
technique is the focus of a joint effort
on the part of researchers at Stanford
University, Stanford, Calif., and the
University of California at San Diego.
As summarized in “Practical timing
analysis of asynchronous circuits us-
ing time separation of events,” the
technique works by modeling inter-
acting asynchronous controllers and

datapath elements using special tim- |

ing constraint graphics. Performance |

metrics and cireuit timing constraints

that need to be checked are then for- |




;\EW‘

SYSTEM

; . \ 1 = ! Limit ‘i I ET
5 MI @ N1 l] ‘F @ R . . - : . | Registers Masking

| and 3
Temperature WATCHDOG Interrugt

: 0sor Sensor Comparators |'= Control

; oz - +— g Speed
z r 'y y ’

BUILT-IN

National’s new LM80 — the afford-

able system-on-a-chip hardware

q R E & l’ A\ a l’ L " T Y monitor for system designs.

3 p - D)) « Temperature sensor accuracy to +3.0°C
« Seven voltage monitors/analog inputs

z » Two fan speed monitors (+10%)

* An 8-bit AY A/D Converter to ensure
low noise

» User-programmable threshold limits
for all monitored parameters

« Two-wire serial bus (I°'C} interface

National’s next-generation LM80 is just what the designer ordered! This successor to our ground-

breaking LM78 integrates the essentials of hardware monitoring onto a smaller, low-priced Visit ug
at

system-on-a-chip. Making it both cost- and space-efficient to build system reliability w""""-"utional.co.,.,
. . . S sea/Lmg
into every design. The LM80 monitors system parameters generating interrupts whenever or can u.°,
a&
critical conditions are exceeded, and a erts the system to take necessary corrective action— 800"‘-’72-9959

for more on the
system benefirs of

. Nati .
to assure your system’s robust performance in the marketplace. “':,"':'8 nNew
80,

eliminating potential problems before users ever see them. All this—and more—

National Semiconducior

Youyce



4
o
o
E
™~
=z
o
7]
9
a
-4
=
o
oo
G
ua
=

TECH INSIGHTS

CICC PREVIEW |

mulated as time separations between
appropriate events. The time separa-
tions between all pairs are computed
in a single pass.

Another interesting development, a
transistor-level simulator for switched-
current (SI) integrated circuits, hails
from Columbia University, New York,
N.Y. As detailed in “Simulator for
switched-current integrated circuits,”
the simulator operates on the assump-
tion that the circuit completely settles
within each switching interval. This ef-
fectively reduces the transient analysis
to a simple problem of solving for a set of
nonlinear algebraic equations for each
switching interval. Assuming small-sig-
nal operation, the frequency response
can then be easily obtained by running a
single transient simulation to extract
the bias point. A standard frequency-do-
main analysis for switched networks is
then performed to complete the process.

DSM Issues

Issues surrounding deep submicron
(DSM) design are not new. In fact,
much of the attention given to the
EDA industry today either deals with
what DSM means, or how it impacts
the traditional design environment.
What's really needed though, are ways
to improve current tools, techniques,
and methodologies for dealing with
these DSM issues. Two sessions at this
year’s CICC, Session 14, "Deep-submi-
cron library design,” and Session 27,
“DSM Issues, Tools, and Methodolo-
gies,” focus specifically on this point.
They offer practical, real-world advice
intended to help the designer steer
through the quagmire of obstacles en-
countered in a DSM environment.

The topics in Session 14 range from
the timing qualification of a 0.25-um
CMOS ASIC library, and an automatic
layout generation system for CMOS
uniform height cells, to a standard cell
methodology for the development of a
complex, mixed-signal, analog and
digital Power IC.

Cadence Design Systems, San Jose,
Calif., presents a newly developed al-
gorithm that can compute the effec-
tive capacitance in DSM circuits. Com-
pared to more conventional
algorithms, this technique exhibits
significant improvements in both ac-
curacy and speed. As explained in * A
new algorithm for computing the ef-
fective capacitance in deep-submicron

circuits,” the technique relies on a
table of circuit simulation results.
Here, designers obtain the effective
capacitance of any circuit. Derived
from a series of Spice simulations in
which the driver circuit closely repre-
sents a typical MOS driver, the algo-
rithm interfaces with industry-stan-
dard empirical timing libraries. As a
result, the algorithm also interfaces
with timing-driven EDA applications.

Of particular interest are “Manu-
facturability analysis of standard cell
libraries,” from Level One Communi-
cation Systems, Sacramento, Calif.,
and “An overview of library charac-
terization in semi-custom design,”
from Motorola, Phoenix, Ariz. The
first paper discusses a methodology
for comparing multiple cell libraries,
whether in-house or commercial. It
also details an application illustrating
the prime advantages of building an
internal library for high-volume de-
signs. The second paper assesses cur-
rent characterization flows, and
delves into such topics as data man-
agement, the effects of resistive inter-
connect, and high-frequency design,
as well as rapid retargeting of existing
libraries to new processes.

While Session 14 focuses more on
DSM library design issues, Session 27
targets the tool- and methodology-
specific end. In particular, some of the
topics include a look at what a fabless
design company will encounter as it
moves into the DSM design environ-
ment. Special emphasis is on the types
of design flows and libraries required
for 0.35-um and smaller feature size.
Additionally, there’s a technique for
saving power dissipation in large data-
paths that reduces unnecessary
switching activity on wide buses.

A new router is also presented that
effectively reduces antenna effect
damage. Developed by Mitsubishi
Electric Corporation, Hyogo, Japan, it
works by combining a traditional
router and a modification of wires us-
ing a rip-up and reroute method. The
technique has been successfully
demonstrated and results in minimal
die size and performance penalty.

A new method for inserting buffers
into a circuit, in conjunction with gate-
sizing techniques, offers better power-
delay and area-delay trade-offs. The
technique, developed by Cadence De-
sign Systems, San Jose, Calif,, is based

on a delay model which incorporates
placement-based information, and the
effect of input slew rates on gate delays.

Of particular interest is a VLSI de-
sign technique developed to deal with
standard cell placement. The proce-
dure, which hails from the University
of Waterloo, Ontario, Canada, works
by combining a method for iterative
construction with a nonlinear pro-
gramming local improvement method.

As described in “A nonlinear pro-
gramming and local improvement
method for standard cell placement,”
the technique is specifically intended
to work for row-based, standard cell
layout with instance sizes of up to tens
of thousands of cells. During operation,
the iterative construction method pro-
vides an initial placement. This con-
struction technique spreads cells
evenly through the placement area,
and as a result, generates a good legal
placement that can then be utilized as
input for a local improvement method.
The local improvement method takes
this initial placement and searches to
see if it can find a better one.

Another interesting development,
for growing and inserting clock trees
on low-power chips, comes from IBM
Mieroelectronics Division, Endicott,
N.Y., and is detailed in “A new direc-
tion in ASIC high-performance clock
methodology.” When utilized with an
automated balanced router and a spe-
cial clock buffer cireuit, it is suitable
for a large variety of chip sizes, pack-
age types, latch counts, and operating
frequencies.

Key features of the method are that
it refrains from adding wires unneces-
sarily, it avoids the noise and power-
supply drop associated with localized
high-current-density clock circuits,
and it accounts for high-frequency ef-
fects such as inductance. It has been
proven to work, and can serve a large
number of macrocells and cores. The
method also handles greater than
40,000 master/slave latch pairs in ei-
ther a flat or hierarchical environment.

Advances In Modeling

While simulation remains a staple
of any EDA design flow or methodol-
ogy, the key to making simulation runs
accurate and worthwhile is good mod-
els. Accurate, detailed models become
even more important in a complex
DSM design environment. They are
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required for optimal completion of any
design. This year, in recognition of the
increased focus on developing accurate
models, CICC features two sessions

dedicated to analog modeling and mod-
‘ eling for high-frequency designs.
Session 10, “Modeling for high-fre-
quency designs,” features such topies
as a fast, integral-equation-based
method for full-wave extraction in lay-
ered media; a methodology for simul-

taneous calibration of eritical ac MOS- |

| FET model parameters; and an
evaluation of MOS compact models
that focuses on BSIM3v3.

An algorithm for generating upper
and lower bounds on inductance, in-
cluding frequency dependencies,
comes from Carnegie Mellon Univer-
sity, Pittsburg, Pa. These bounds are
useful for fast calculation of worst-
case induetance, and can be utilized as
a quick screening process to evaluate
the impact of inductance over a speci-
fied frequency range.

In “Nonlinear macromodels of large,
coupled interconnect networks,” re-
searchers provide a look at a new
macromodel for the crosstalk effects be-
tween adjacent interconnects. The
macromodel brings together a reduced-
order representation of the equivalent
impedance and coupling seen at each
driver output, and a network order-re-
duction-based macromodel of the over-
all linear interconnect network. The

macromodel, which takes into account |

the driver nonlinear behavior, has been
proven successful in application to 0.25
um, high-density CMOS technology.
Another interesting development
hails from Bell Laboratories, Lucent
Technologies, Murray Hill, N.J.,
“How to make theoretically passive,
reduced-order models passive in prac-
| tice.” Researchers developed a new
variation on the symmetric multiport
Pade via Lanczos algorithm (SyM-
PVL). Based on a new band Lanczos
| process with coupled recurrences, the
algorithm produces stable and passive
models for all circuits characterized by
pairs of symmetric positive semi-defi-
nite matrices. This development is sig-
nificant because, until now, it has been
virtually impossible to produce unsta-
ble and nonpassive models using tradi-
tional circuit-reduction methods.
| Session 23, “Analog modeling and
CAD,” offers a look at such topics as a
behavioral model of a digital-to-analog
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| technique results in a behavioral sig-

converter (DAC), a switched-current
circuit technique for the fabrication of
mixed-signal ICs in a conventional
CMOS process, and a look at the timing
jitter of oscillations in digital system
applications. A process for transform-
ing small-signal modeling into control
system modeling comes from the
Katholieke Universiteit. This modeling

nal-path model that shows the different
poles and zeros along the signal path.
This feature provides valuable insight
into a circuit’s operation, and makes it
possible to perform pole-zero place-
ment of specific design parameters.

In “Schematic-driven module gener-
ation for analog circuits with perfor-
mance optimization and matching con-
siderations,” from Washington State
University, Pullman, Wash., a technol-
ogy-independent, correct-by-construc-
tion, module-generation technique for
analog circuits is deseribed. The layout
is generated as an optimal stack of
transistors with complete inter-module
connectivity. Design constraints are
taken into consideration, and the port
structures for each module are created.
A fully parameterized, design-rule-in-
dependent module is then generated to
match the selected cireuit partition.

Another innovative development
comes from the Katholieke Univer-
siteit, and is detailed in “Mondriaan: a
tool for automated layout synthesis of
array-type analog blocks.” The paper
discusses the development of a new
tool set that is specifically targeted at
the physical design automation of ar-
ray-type analog blocks. This flexible
tool solves the layout synthesis prob-
lem using a three-step procedure: ]
floorplan generation, symbolic place

| and route, and technology mapping.

!

The process is technology indepen- |
dent and takes into consideration the
typical analog constraints.

The breadth of information pro-
vided at this year’s Custom Inte-
grated Circuits Conference offers not
only a look at the future of EDA, but
real-world solutions that designers
can utilize today to improve their de-
signs. As a result, for any designer
faced with issues of DSM design, or
who requires the speed and accuracy
that comes from the use of either ad-
vanced simulation techniques or new,
more comprehensive models, CICC is
one resource that can’t be overlooked.
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