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Component Data Retrieval

Select parts, and Capture EE
retrieves manufacturing data

from corporate databases

and automatically places it

in the schemati

Materials
Generation

s e o Output current,
(ANALAUSARRN sz Ng J correct part lists
at any time in multiple,
user-defined formats.

Constraint-Driven
Place-and-Route
Pass design constraints
and part data automatic-
ally from Capture EE
mto [.ll_‘.l'llf Plus, for a correci
first pass at the board.
2

Shape-Based

Autorouting

Route complex

designs to

completion quickly,
with tight interactive
control over the results
using the SmartRoute
autorouter.

Auto-ECO
and Back
Annotation
Forward
schematic
changes to Layout
Plus and back- -
annotate board b 3
changes to Capture, Full Fabrication
quickly and easily. File Output
Verify Gerber files
and output complete
reports for a board
that's ready-to-build.
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What’s
e Fastest

rack 'Io
Finished
Board?

New OrCAD Capture
Enterprise Edition- and
OrCAD Layout Plus’
for Windows NT.

With OrCAD’s new solution for PCB
design you’ll save time, reduce re-work
and have a ready-to-build board faster.
New OrCAD Capture Enterprise
Edition features a built-in component
information system. It assures that
you’re working with approved parts
and eliminates time consuming,
error-prone manual entry. Capture EE
passes the physical component data to

: OrCAD Layout
LT L
o . 7P Plus, so you
C'\PTIEE LMHPLLS start your
. layout with
{ s g correct parts.

This minimizes
component errors and gets your design
out the door faster.

Take the first step to faster board
design. Ask for a free OrCAD Desktop
Solutions demo CD. Order through
our web site at www.orcad.com or call
OrCAD Direcr today at 1-800-671-9511.

OrCADM

Bringing Electronic Design to the Desktop




Just Another High Performance Op Amp? Solutione o

Save Space, Save Money
The Apex PA26 puts two 2.5A
power operational amplifiers on
a single chip, in a 12-pin single
in-line package. That saves valu-
able real estate. At $3.45 in 10K
pieces, $5.75 in 100s, it also
saves you money.

Single or Split

Supply Operation

For applications requiring multi-
ple amplifiers per board or bridge
mode configurations, the PA26
provides the fit. In single supply
applications, the extended com-
mon mode range allows 0V in-
puts, and its superior output
swing abilities let it drive within
2V of supply at an output current
of 2A. This allows the PA26 to
drive a 34V load up to £2.5A.

Get 3A or Military
Certification, or

Buy The Die

The PA25, PA21 and PA21M/883
are the T0-3 counterparts to the
PA26. In their “A” grades, both
the PA25A and PA21A can deliver
3A peak output. For military
certification, the PA21M/883 is
shaked, baked, rattled and rolled
to meet MIL-PRF-38534 screen-
ing. The PA25DIE is also avail-
able in 10-piece evaluation
packages and large waffle tray
quantities.

Free Data
Book and
Application
Notes
Information on
: ) \ the PA26/PA25/
Product Specifications : PA21M series,
Part # Lk 0w Y Vigar A \G plus alt 80 models of Apex
A% z.a SVAN AW 1WE L . ) power and PWM amplifiers is
MWA;M o ::3 :‘ z x:ig: gg: , provided in the 7th edition
508 WAV YN VEI0R DE Apex Power Integrated Circuits
3 'iW'B! SWV vl dsveok 1ol data book. To request your free
- 1o TGS Movion: suiinsl Sn 0928 2 sorkimmes o). copy call 1-800-862-1021,
fax 520-888-3329, email
prodlit@teamapex.com,
or visit our web site at
http://www.teamapex.com.

@

www.teamapex.com

To Request Our Free
Data Book Oniine
E-Mail: ProdLit@teamapex.com
or http://www.teamapex.com
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SINGLE POWER-SUPPLY

FLASH

EXPLORE

Go farther with your designs. AMD’s 2.7 volt-only flash
provides the flexibility your new products require
the industry’'s lowest power consumption, high speeds
and an extended operating range of 2.7-3.6 volts
AMD’s flash requires only one power supply. It's the
ideal solution for innovative battery-powered devices
like today’'s hottest handheld GPS devices, cell phones
and PDAs. Take your designs where no one else has
gone before and let AMD’s single power-supply flash

get you there. To learn more please contact us today

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

AMD's 5.0 volt-only
and 2.7 volt-only

Flash families give
you the industry’s
' widest range of

design options.

9 The Global Positioning
System from Magellan
combines GPS
nawvigation with two-

- way digital messaging
via the ORBCOMM
satellite system. k's
not available until earty
‘97, but you can get
the 2.7-volt only flash

- technology inside it

from AMD today.

AMD¢1



25kHz to 2500MHz
from $/50

5-YR. GUARANTEE *

Our tough SBL mixers just got ‘
tougher, by including Mini-Circuits™ .~
exclusive Ultra-Rel® diodes that can
endure 160 hours of test at a scorching
300°C. Rugged, more reliable mixers in
your systems lower test costs, production costs,
and increase systems reliability.

Over the past twenty years, millions of SBL units
were installed in formidable industrial and commercial

SBL SPECIFICATIONS (typ.}
Frequency Conv. Loss

lsoAation (dB) LOLevel Price$ ea.
L

applications. Under severe operating conditions, they have Model Mz} 8} H (dBf') (10aty)
earned the reputation as the world's most widely accepted . By R R
mixers, based on quality, consistent performance in the field, SBL-1Z “0-1000 6.5 35 25 +7 7.25
and lowest cost. SBt'1'1 0.1-400 5§ 4:_”:! C(i +7 7.25
In addition to the Ultra-Rel® diodes, each SBL contains N T R T B
components that can withstand the strenuous shock and Sgt‘:lﬂh ) gi% gg gj; gg +1 5.65
vibration requirements of MIL-STD-28837 along with mare Dy ey : 2 4N 8.20
than 200 cycles of thermal shock extending from -55°C to +100°C. SEimE e e e
Every Ultra-Rel® SBL mixer carries a five year guarantee. . gBL-BLH 0.07-250 4.9 60 53 41 8.20
Unprecedented 4.5 sigma unit-to-unit repeatability is also AT o AR D SO
guaranteed, meaning units ordered today and next year will SBL-1ZMH 21100 65 20 25 4+l 11.70
provide performance identical to those delivered last year. S aprtta e U e e
Tougher SBL mixers, spanning 25kHz to 2500MHz, with +7dBm, . FEBnLo: S%S(t‘oup‘eds e ee . B
+10dBm, +13dBm and +17dBm (LO models), are priced from
$4.50 each (qty. 10) and are available only from Mini-Circuits. * ULTRA*RELY MIXERS 5 yr. Guarantee
Don't settle for a substitute or equivalent...insist on Ultra-Ref® SBL'S.  with extralong life due to unique HP monolithic: diode construction,
0°C high ge, 10 s therr hcok, vibration,
Mini-Circuits...we’re redefining what VALUE is all about! acceleration, and vvlk:n:ux»)ssnxtk exceeding MIL "equirements.
Mini-Circuits’
[JMini-Circuits L

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

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

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

F 143 Rev A



May 1, 1997 Volume 45, Number 9

EDITORIAL OVERVIEW

I Design Techniques And Communications Spotlight CICC 97 37
Videoconferencing Is Getting Better And More Affordable 89

I NiCd—Still The Most Popular Low-Cost Battery Solution 105

I Smart Battery Standards Simplify Portable System Design 115

I Get Higher Effective Resolution For Temperature Measurements 131

B Optimizing Compiler Technology Streamlines Complex Systems 153

TECH INSIGHTS

37 Design Techniques And Communications Advances
Take the Spotlight At CICC’'97

38 Core-Based Design Leads The Way To Flexible
System Solutions

o Multiple design approaches come together at
CICC to build high-performance, low power
digital circuits.

50 High Frequency Dominates CICC's Analog Wosld
* Op amps, amplifiers, filters, photodetectors,

modulators, and data converters are all on the
agenda.

62 EDA-Tool Improvements Advance Next-
Generation Circvit Designs

o Submicron, RF, clocking. and low-power de-
sign solutions emerage at CICC .

TECH INSIGHTS

68 New Architectures 1Cs Processes To Open
Communication Frontiers

+ & Developments in wireless and ATM systems

are featured at this year’s CICC.

73 Test Papers Target Mixed-Signal, Design-For-
Test Topics

* Open-loap feedback helps speed verification
of a churge-pump PLL’s operating frequency
range without frequency measurements.

75 EIF ‘97 Highlights Technology Advances

* Desiyn engineers, engineering managers,
and company management will find topics of
interest af the Electronics Industries Forum.
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RAID SYSTEMS

DISK DRIVES

hen cQmimunicatipns companies!
physical layer ICs for théir Fibre Channel
subsystems, they call sse. \We've been
supplying 1 Gb/s communication ICs for six
years, and are now shipping integrated
Gigabit Ethernet transceivers as well as
1 Gb/s optoelectronic receivers.

Turn to the worlds leading producer of
Fibre Channel devices for affordable, superior,
proven performance. For your
Communications Products Data Book,
samples, or technical assistance, contact us
now and explore new worlds of high
bandwidth possibilities.

1-800-VITESSE

or www.vitesse.com -

1 Gb/s 10-Bit
Transceiver

The industry’s first
integrated Fibre Channel
transceiver offers low
power (650 mW) and
lows cost. [VSC7125]

1.25 Gb/s 10-Bit
Transceiver

The first Gigabit Ethernet
transceiver provides the
highest performance and
lowest power (700 mW)
solution.

[VSC7135]

1 Gb/s
Hub/Repeater
This low cost, fully
integrated hub circuit
retimes 1 Gb/s Fibre
Channel data and
bypasses faulty ports.
[VSC7120]

1 Gb/s Quad Port
Bypass Circuit
Integrating four port
bypass circuits into one
package reduces jitter
accumulation, power, pin
count and cost
[VSC7121]

1 Gb/s 20-Bit
Transceiver

8 The Fibre Channel

Vsc1126 > |

-'." ) ‘\‘\\ >".
Tgcs‘\\\\\\,\‘s‘“

N % @

industry’s first 20-bit
transceiver reduces real
estate, power and cost.
[VSC7126]

1 Gb/s Integrated
Optoelectronic
Receivers

The world'’s first, they
lower cost and real
estate while improving
sensitivity and noise
performance. [VSC7800
Family]

high bandwidth

oooooo sesosses

solutions

VITESSE

SEMICONDUCTOR CORPORATION
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_____ CONSUMER ELECTRONICS
83 3D Accelerator Chip Adds A Third Dimension To
2D Graphics oy

* Operating in tandem witha 2D #0000,
graphics accelerator, a single chip [0 :
accelerator makes possible work- 310 4§
station-like graphics while deliver- 0
ing peak performance of 150 million pixels/s.

89 Videoconferencing Is Getting Better And More
Affordable

e Dedicated chips, high-power microprocessors,
and innovative software arve making posstble
high-quality and low-cost computer-based
videoconferencing systems.

105 NiCd—Still The Popular Low-Cost Battery
Solution

* Despite the falling cost of “greener” and longer-
lasting alternatives, NiCd batteries remain
prevalent in low-cost, consumer-oriented appli-
cations.

115 Smart Battery Standards Simplify Portable
System Design

* Dueto their ability to normalize the interfaces
between batteries and their host systems, SBS
and SMBus have quickly become de facto stan-
dards.

118 Manufacturers Of Rechargeable Batteries
120 Product Features

125 PIPS Products

ANALOG OUTLOOK

131 Obtain Higher Effective Resolution For
Temperature Measurements

o Combining hardware and software technigices
m A-3 ADC cireuits with fromt-end analog gain
can provide the right-performance.
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copy of the article plus $1.00 per page is paid directly to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 {Code No. 0013-4872/94 $2.00 +1.00). Can. GST
#R126431964. Canoda Post International Publications Mail {Canadian Distribution
Sales Agreement Number 344117). Copying done for ofher than personal or internal
reference use without the express permission of Penton Publishing, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed to the editor.
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145 Low-Cost And Low-Power Universal Op Amps
Arrive

* A pair of wide-bandwidth, low-power op amps
offer designers basic building blocks that can
play many roles in analog or mived systems.

150 Power Op Amps Sport Rail-to-Rail 1/0 Control
Upto3AAL70V

* General-purpose power ICs handle 0.5 A and 3
A, driving 22 Qand 136 Qwhile operating from
a single 70-V supply.

SOFTWARE TECHNOLOGY

153 Optimizing Compiler Technology Streamlines
Complex Systems

» Embedded applications are driving the evolution
of optimizing compilers that speed up software de-
velopment and simplify code debugging.

161 Product Features

165 Pease Porridge
* Bobs Mailbox

167 Walt's Tools And Tips

| o The well-stocked toolbox

167 The Well-Stocked Toolbox
* Some handy resoerces to keep you up to date

169 Ideas For Design
* Digital control selects analog cycles and burst

Srequency

s Waveform generator produces biological-stimuldi
signals

* Special BIOS interrupt for real-time data acqui-
sition and control

176 New Products

182 European Products

ANALOG OUTLOOK | QUICKLOOK |
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The New Standard For
Portable Power Design

Linear Technology Leads The Way
In Switching Regulators

Every day, the market's insistence for more features in portable electronic
products places greater demands on the performance of battery-powered supplies.

One company - Linear Technology - has taken the lead, shipping the industry’s most
complete product line of high efficiency switching ICs for controlling portable power.
Linear Technology is delivering solutions that help you meet the changing power
requirements of your portable products.

The LTC*1439 product family is a prime example. It's our new generation
of single and multiple output synchronous DC/DC controllers, offering unparalleled
design flexibility and functionality without yesterday’s tradeoffs. Now, with our
exclusive Adaptive Power™ output stage, you get high efficiency and low quiescent
current without giving up constant frequency operation. And, our new family lets
you use N-channel MOSFETs exclusively without sacrificing low dropout capability.

Why do distributors rank Linear Technology as the one company with the
fastest growing product line? Simple - we design the parts you want, with the flexibility
you need, and then deliver them on time. There's no design power shortage here.

LY LA

FROM YOURMIND TO YOUR MARKET
AND EVERYTHING INBETWEEN



Linear Technology’s new
LTC*1439 multiple output
DC/DC controller offers
breakthrough technology
advancements that make
designing notebook computers
and other portable electronics
easier. Now you can add the
multimedia and communications features
you want without worrying about noise
and efficiency tradeoffs. Here are just
some of the breakthroughs offered by
the LTC1439:

* The exclusive Adaptive Power™
output stage delivers high efficiency
and low quiescent current (<300pA)
while maintaining constant frequency
over two decades of load current.

* Dual controllers drive N-channel
power MOSFETSs exclusively and
operate at up to 99% duty cycle for
extremely low dropout.

* Extra output voltages are easily added
thanks to a linear regulator controller
and secondary winding feedback loop.

New DC/DC
Controller Family
Powers Portable
Electronics

Does your portable
product need single,
dual, or multiple
output voltages with high efficiency
and low noise? Linear Technology
has you covered with our complete
LTC1439 DC/DC controller family.

All members of the family drive
N-channel power MOSFETs in a fixed-
frequency current mode architecture.
Some of the devices feature Adaptive
Power operation which maintains
a constant operating frequency while
reducing switching losses at low
output currents.

An auxiliary linear regulator
controller can be used to add additional
low noise, low dropout output voltages
such as 2.9V or 12V. And a special
secondary feedback pin allows

Battery secondary windings to be
o e Charger regulated independent of the
| Battery SRR primary load.
| Back- PCMCIA
"—‘; SR Most of the LTC1439 family
% Micropower Linear include a power-on-reset (POR)

ﬁ Comparators

Corporation

Technology LDO

Regulators

timer which generates a signal
delayed by 2'° switch cycles

.~ | Highest provides

Efficiency
Power

Power for

Micropower

after the output is in regulation.
An additional comparator is

Portables

&t Management

RS232
Interface

Bl Micropower
ADCs

* The start-up sequence is fully
programmable and an internal power-
on-reset (POR) timer is provided.

* A true Phase-Locked Loop (PLL)allows
shifting the switching frequency or
synchronizing it to an external source.

* [ndustry's broadest input voltage
range: From 3.5V to 36V.

References |

also available for use as a low

. Dbattery comparator.
PR AL Complete control of

the operating frequency is

available. You can choose the
frequency, shift it over a 2:1 range,
or synchronize using a self-contained
phase-locked loop (PLL). Preset 5V and
3.3V outputs are available, or output
voltages may be adjusted overa 1.2V
to 9V range. Output currents may be
programmed from 500mA to 10A.

LY, LTC and LT are registered trademarks, and Adaptive Power is a trademark of Linear Technology Corporation
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LTC1439: Multiple Output, High Efficiency, Low Noise
Synchronous DG/DC Controller

You are also in control of regulator
start-up. Separate run pins for each
DC/DC and linear controller allow
complete freedom in supply sequencing.
Dual controller versions are available
which shut down all functions to a
minuscule 15pA supply current or

CPU Power RF Systems

LTC1436
LTC1435

LTC1436-PLL
LTC1437

LTCI1439
Family

LTC1438 LTC1439
LTC1538-AUX LTC1539

Dual/Multiple Outputs

leave a 5V standby regulator
and auxiliary comparator active
for keep-alive applications.

LTC1439 family members are
available in a variety of surface mount
packages including SO (narrow),
QSOP, and SSOP styles.

Portable Power Control:
A Full Range of Solutions

The LTC1439 family is only the
latest in Linear Technology’s wide selection
of power control products for portable
electronics. Some of the other product
families available include battery
chargers, battery-backup controllers,
PCMCIA switching matrices, and power
management switches.

For more information on the
LTC1439, contact Linear Technology
Corporation, 1630 McCarthy Blvd.,
Milpitas, CA 95035. 408-432-1900.
Fax: 408-434-0507. For Literature
only, call 1-800-4-LINEAR.
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| GHz Clock
Oscillators,
Less Than
3psec Jitter!

Master clocks, frequency multipliers,
VCXOs, and programmable synthe-
sizers, ideal for high performance
computer, telecommunications,
ATE, and data communications
applications.
* 300MHz-1GHz
* 10, 25, or 40 ppm stability
= Single supply operation
= Extended temperature

ranges

* ECL/PECL logic
compatibility

SONET Designers!
622.08 MHz VCXOs
available NOW for

your SONET applications!
Call for further
information and
specifications.

ro networks corp.
324 Clark Street,

Worcester, MA 01606

Tel. (508) 852-5400

FAX (508) 853-8296

E-Mail - sales@mnc.com

Web Site - http://www.mnc.com
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No Distributor Turns
Your Order Faster!

On orders placed by
5:00 pm central time.

Rated #1 for ...

e Availability of Product

 On-Time Delivery

 Overall Performance
..5 Years in a Row!

READER SERVICE 108

Call, write fax or visit us on the
Internet for your FREE CATALOG today’

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls, MN 56701
Toll-Free: 1-800-344-4539 » Fax: 218-681-3380
Order Online www.digikey.com
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47th Electronic Components & Tech-
nology Conference, May 18-21. The
Fairmont Hotel, San Jose, CA. Con-
tact Jim Bruorton, Electronic Indus-
tries Association, 2500 Wilson Blvd.,
Arlington, VA 22201-3834; (864) 963-
6621.

Finishing ‘97 Conference & Exposi-
tion, May 19-22. Rosemont Conven-
tion Center, Rosemont (Chicago), IL.
Contact Society of Manufacturing
Engineers; (800) 733-4763.

19th IEEE International Conference
on Software Engineering, May 19-23.
Boston, MA. Contact W. Richard
Adrion, Dept. of Computer Science,
University of
Masachusetts/Amherst, 307 LGRC,
P.O. Box 34610; Amherst, MA 01003-
4610; (413) 545-2742; e-mail:
adrion@cs.umass.edu.

IEEE Instrumentation & Measure-
ment Technology Conference (MTC ‘97),
May 20-22. Chateau Laurier, Ottawa,

Ontario, Canada. Contact Robert
Myers, Conference Coordinator, 3685
Motor Avenue, Suite 240, Los Ange-
les, California 90034; (310) 287-1463;
fax (310) 287-1851; e-mail: bob.my-
ers@ieece.org.

OEMed Midwest, May 21-22, Rose-
mont Convention Center, Rosemont,
IL. Contact Exposition Excellence
Corp., 112 Main St., Norwalk, CT
06851; (203) 847-9599; fax (203) 854-
9438.

OEM Electronics Midwest, May 21-
22. Rosemont Convention Center,
Rosemont, IL. Contact Exposition
Excellence Corp., 112 Main St., Nor-
walk, CT 06851; (203) 847-9599; fax
(203) 854-9438.

Canadian Conference on Electrical &
Computer Engineering, May 25-28.
Delta Hotel, Newfoundland, Canada.
Contact David Collett, Newfound-
land & Labrador Hydro, P.O. Box
12400, St. Johns, NF, A1A 4KT7,
Canada; (709) 737-1372; fax (709) 737-

1782; e-mail: t.d.collett@ieee.org.

Fifth IEEE International Conference
on Properties & Applications of Dielec-
tric Materials (ICPADM), May 25-30.
Sheraton Walker Hill, Convention
Center, Seoul, Korea. Contact Joon-
Ung Lee, Department of Electrical
Engineering, Kwangwoon Univer-
sity, 447-1 Wolgye-Dong, Nowon-Ku,
Seoul, 139-701, Korea; (82)-2-910-
5144; fax (82)-2-942-0107.

Next Generation Telephony West:
Voice Over the Internet, May 28-30.
Hotel Monaco, San Francisco, Califor-
nia. Contact (800) 822-6338 or (202) 842-

3022 ext.317; Internet:
https//www.brp.com.
JUNE

IEEE International Conference on
Neural Networks, June 1-5. Houston,
TX. Contact Nicolaos B. Karayian-
nis, Dept. of Electrical & Computer
Engineering, University of Houston,
Houston, TX; 77204-4793 (713) 743-
4436; fax (713) 743-4444.

&HCs New Ultra-Miniatures Are Hugel

A Huge Success, That Is.

Our new Utlra-Miniature DIP Switch series
guarantee more useable board space and
exireme reliability. Both series have gold
plated contacts and are process compatible.

9 8mm DIP Coded Rotary Switches

o Compact design, 8mm sg. x dmm (h)

o Actuators with superior detents and o-ing seal
o SMT, thru-hole or right angle thru-hole terminals
o 10 position BCD and 16 position hexadecimal
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&I surtace Mount Hal-Pitch DIP Switches

o Terminal spacing is .050°; low profile .098" (h)
o Bifurcated wiping slide contacts

¢ SPST; 4,6 and 8 position models

¢ Available in tape and reel packaging

For more information and free samples, call
(800) 635-5936 or fax: (617) 926-6846

& ® C&K Components, Inc.
57 Stanley Avenue
Watertown, MA 02172-4802

The Primary Source Worldwide.@.




IF YOUR BRAIN wAS 95% EFFICIENT,
YOU COULD PROBABLY DERIVE TT TO A BILLION PLACES, ORDER PIZZA
TELEPATHICALLY, AND LEVITATE SMALL PETS. SO JUST IMAGINE WHAT YOU CAN
po WiTH MOSFET TECHNOLOGY THAT ENABLES 95% EFFICIENCY.

Inside all of our craniums lies three
pounds of sophisticated, highlv-developed and
utterty inefficient equipment. Luckily, however, a
few of us at TEMIC harnessed some of the power

in our gray matter and created something infinitely

more efficient-PWM-optimized LITTLE FOOT
MOSFET technoiogy.

Standard MOSFET Technology
*

.
/] Fr
V.'A "v"“rm,,

1.8MH

PWM optiimized MOSFE Te-hiolngy
>

10mA
A 7~

Our MOSFETSs can significantly raise
DC/DC conversion efficiency fron 85% to as high
as 96.2843%. And what can you do with that?
Create smailer, lighter products, extend battery
lifee of current products, or develop something in
hetween. In other words, anything vour cerehel
lum can come up with.

Something else to keep in mind: Using our
optimized MOSFETs is a virtual no brainer. In fact
they can easily be used as drop-in improvements
for your current smalloutline MOSFETSs.

You can drastically improve DC/DC con
verter efficiency with lower switching losses at fre-
«quencies up to 2 MHz. Lower losses also mean

1 fewer thermal problems, a huge pius for today’s
portabte designs. And, of course, issues of size

and speed have heen successfully addressed.
Part of a suite of praducts from TEMIC
{which includes the trusted Siliconix brand),
LITTLE FOOT MOSFETSs are used by some of the
top portable companies in the world. Just imagine
what you can do. Call 1-800-554-5565 ext.533
for your LITTLE FOOT design kit. It could truly be
one of the most intelligent things you've ever done.

wWww.temic.com

TEMIC

Semiconductors

TEMIC is a comgany of Daimle~Benz. Members of TEMIC Seminconductors: Telefunken Semiconductors, Siticoniy, Matra MHS, Dislog Semiconductor. 2201 Laurelwee Road, Santa Clara, CA 95054 Fay: 408-567-800
TEMIC European Sales: GERMANY: 0130 857 320, URITED KINGDOM: G1344-707300. FRANCE: 1-30 60 71 87. ITALY: 02-332 121 SCANDANAVIA: 08 7330000, 0 1097 TEMIC. Al rights reserved
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Ethernet/Fast Ethernet
Controllers
Cost-¢ffective 10/100
Vbps PCI solutions for
cveryvthing from routers
and switches to servers
and PCs.
Even a Oigitaf

Emicondycy, e
CardBus NEUFast Etherpey
: Controtig,
chip for
laptops. SRR

mq'\\a\ d
Semiconducior
pCl Bridge

PCl-to-PCI Bridges
Expand to the nth degree
with on-chip support for
nine devices, plus robust
byffering and full compli
ance with PCI 2.1 specs.

Strong A{RV™
Incredibie perfor
mance with ultra
low: power usage.
Ideal for consumer appli
cations like PDAs, smart
phaones and Internet
appliances.

. -
Digital
Semiconductor™

Video Codec

Vultimedia

The industry’s most cost
¢ffective video codec.
bringing MPEG authoring
and video conferencing

to the Windows™ desktop.

{Ipha Microprocessors
Simply the world's fistest,
soaring lo 500 VIHz
and bevond. The
performance
JSor demanding
Windows NT™
applications —plus
Windows compatibility:

Meet the microprocessors that are rocketing designers to success:
StrongARM™ chips that drive supercomputer performance on AA
batteries. Alpha chips that are the fastest on earth. Plus a full family
of processor-independent PCI solutions: Highly integrated Fast
Ethernel chips. Bridge chips that free you from frustrating load limits.

And video chips that are fueling tomorrow’s multimedia products,

They’re semiconductors.
today. But you can also What’s more,
we’re increasing the presence use them as

- jaunchpads. -
[

marketplace through key alliances with Mitsubishi, Samsung
and VLSI. So if you’ve got plans that are ready to take flight, call
DiciTal, Semiconductor™ at 1-800-332-2717, exl. 41. Or for all the specs,

surf to hutp://www.digital.com/semiconductor/launch.htm.

Whatever it takes.”" READER SERVICE 109

© 1997 Digntal Equipment Corporation Dwawal. the Do, logo and Dvairaw Semiconductor are trademarks and Whatever it takes 1s a serwce mark of Digital Equipment
Corporation StrongARM is a trademark of Advanced RISC Machines Ltd Mitsubishi is a registered trademark of Mitsubishi Efectric Corporation. Samsung is a trademark
of Samsung Electrones Co. LTD WLSI 15 a trademark of VLS| Technology. Inc. Windows Is a registered trademark and Windows NT 1s a trademark of Microsoft Corporation



Digial
Semicorductor™
PCi Bridge




ake your first billion,

LW el b e N ’
Wy ZvIa

lmprove your performance with: Single 200M Hz

Pentium® Pro processor. upgradable to dual Pentiug

Pra processors. First-ever 1GB of maximum memor

Fastest 16X max (variable speed) CD-ROM drive.
PENTIUM.PRO

FROCESDOR | B 2D Matrox Millennium graphics care.




then give it away.

jsscocccc

To: Marketing
From: R&D

Here it is guys, the first-ever 1 billion
transistor chip!

The people in the lab nearly popped

their pocket protectors! The folks in
sales were speechless (you know how
rare that is).

Now, it's all yours.
Take it and run with it!
— Andrew

Introducing the
IBM IntelliStation.

A graphics workstation

and powerful PC

all in one.

call 1 800 426-7255 ext. 5136.

! Busis

Vachines Co

P

'MH: denotes internal dock speed of the microprocessor only; other factors also affect application performance. IBM and IntelliStation are trademarks or reg; d trade

Mnkv no mistake. It will happen.
The world’s first billion transistor
chip. The designer might even be
you. And when you design it, you'll
probably want to create it on the
IBM IntelliStation? That’s because
IntelliStation combines all the capa-
bilities of a powerful PC together with
a number-crunching workstation.
Add programs like Cadence, Mentor
and Viewlogic, now on Windows NT,”
so you can design, zoom, pan and
navigate your .00 micron silicon
structures using eye-popping 31)
graphics. You can run your project
management programs, write e-mail,
access powerful digital libraries
and even the Internet. And do all
this at the very same time. On the
same high-resolution monitor. Want
a highly flexible, extremely manage-
able system that'll grow right along
with you? Then visit our Web site at
www.pc.ibm.com/intellistation/go.
Or call the number below. And get
more information on the incredible
IntelliStation. It’s certain to improve
your performance in billions of ways.
IBM IntelliStation.

Nothing gets in the way
of a good idea.

Solutions for a small planet.

ks of

The Intel Inside logo and Pentium are registered trademarks bf Intel Corp. Microsoft and Windows NT are trademarks or regis-

tered trademarks of Microsoft Corporation. Other company, product and service names may be trademarks or service marks of others. © 1997 IBM Corp. All rights reserved.
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Serial/Parallel
Conversion or
Networks

Parallel to Scdal
Partﬂoi <;§'
Dah and ‘

CY233

Wire Saver

Parallel- . Serial - Parallel

@5 5@
CY233 CY233
Serlal to Parallel

Serialin|| @ """ Out,
and Modo
CY233

Selection

Host Ring
Serial Ring Network with up to
]:Slerodu or Stations (2048 /O Lines)

e
| cY233 % Cy233 pe==| CY233

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

The CY233
is available
from stock @ $45/eq,
$30/25, $27/100, $16/1k
Prototyping kit also available. Call
for free info or to order $10 manual.

5]

PO Box 3000 ¢ San Gregorio CA 94074
Tel: 415-726-3000 ¢ Fax: 415-726-3003

www.ControlChips.com

-.,...C‘%
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jl ELECTRONIC DESIGN

"EDITORIAL ]

The Internet: Push Or Pull?

new word has been added to the jargon of Internet users and on-line con-
Atent providers: push. The word has been splashed on the covers of Business

Week and Wired magazines, on the front page of the Wall Street Jowrnal,
and in the Business Section of the New York Times, to name a few publications.
Just what is push technology? It's the idea that Internet content providers will
push data directly to an Internet user over specialized channels, rather than
having that user “pull” the data from the Internet at his or her convenience. For
example, if you want the latest weather forecast, you shouldn’t have to search
for it. It should come directly to your screen. The same goes for news, sports re-
sults, stock market data, ete. Web browsers could have this kind of information
on the sereen in the background while you're busy searching the Internet for
hard-to-find information. There’s merit to the idea.

But if it’s pushed too far, it sounds to me like TV broadcasting. Just give them
soap operas, G-rated movies, or whatever all day, and the users will come. This
scenario is exactly contrary to what the Internet was meant to be all along—a
place where users can surf to their hearts’ content, for information that’s avail-
able to everyone. Internet users don't need a big brother telling them what they
can have (and by extension what they don't, and thus, can’t have).

Many of our readers rely on the Internet for data sheets and applications in-
formation on specific products they’re pursuing. But it’s a sure bet they wouldn’t
want all of a vendor’s available information pushed at them. What'’s really
needed here are faster, more-intelligent search engines that let Internet users
more efficiently locate and pull the data they’re looking for.

And what about bandwidth? Overzealous use of push technology certainly
won't help the ‘net congestion problem. Even now, most net users are resigned
to periodic delays, lost packets, and routing breakdowns.

Large media providers have a legitimate business reason for championing
push technology. It allows them to target Internet users as true subscribers in-
stead of mere hits. However, these same Internet users, whether they’re pro-
fessionals or amateurs, are just as available to any other information provider,
and consequently, cannot be considered select customers.

In the long run, the push approach risks alienating Internet users by turning
them off with a flood of information they can’t follow. Many of us have already
experienced information overload by merely subscribing to a few e-mail lists
and e-zines about topics that really interest us. I think it's far better to have an
open Internet environment than one dominated by a handful of large media
providers. What do you think? rallan@class.org.

Ry Gl

Executive Editor




NEED INFORMATION STORAGE IN A HARSH ENVIRONMENT?
THE VMEM-F1 DELIVERS!

Single slot solution, 3U/6U, up to 192 MByte Flash L
Maodular Flash in 4 MByte pages
Designed for harsh ments

o111 or. r‘ Eh S PEP Modular Computers Inc.
Shock and vibration tolerant . h g

g 750 Holiday Drive, Building 9

Very low power consumption, Extended temperature Pittsburgh, PA 15220
Flexible memory configurations (DRAM, SRAM) Tel: (412) 921 3322

s 3 3 2 Fax: (412) 921 3356
PEP - a provider of industrial solutions. E-mail: info@pepusa.com

PEP - your competent partner for industrial systems! READER SERVICE 156 Toll free: 800-228-1737




What if we could treat our TV like a PC?
Harness digital technology to surf the Net
- as well as hundreds of channels! Use it
as a videophone?! Or simply to order a
pizza! What if? Today's vision, tomorrow's
reality. Questions you're asking, answers
you've been working to find. So have we,
and we're here to help you reel tomorrow

in, with digital technology solutions that

can narrow the gap. With integrated
chipsets for digital interactive set-top boxes,
high speed cable modems and satellite data
receivers, and a host of PC-based digital
broadcast systems. And with software,

reference designs, evaluation boards and

applications expertise to speed up develop-

ment. All backed by our firm commitment
to standards like DVB, DAVIC, MPEG and

USA tel. +1-800-447-1500, ext. 1315. Europe fax. +31-40-272-4828, quote “tel”. Asia fax. +852-2811-9173, quocte "ED




redefine

ey et G —

IEEE-802.14. Wherever your imagination's
going, we can offer silicon - and supporzt -
to shorten the journey. Plus the power to
deliver when, where, and at the price you

need Sc see the future today at

www.semiconductors.philips. com. Because

tomarrow's TV technology depends on every- PHILIPS
ong who's asking, What ff And because
together we can redefine the future.
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Delivery—
stock to one week

y L-J See EEM

- Sh or send direct

* for Free PICO Catalog.

\ call toll free 800-431-1064

il in NY call 914-738-1400

FAX 914-738-8225

P ' CO Electronics, Inc.
143 Sparks Ave., Pelham, N.Y. 10803-1837

E Mail-HLSC73A@prodigy-com
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TECHNOLOGY BRIEFING

The “Crazy Aunt In The Basement”

uring his first Presidential campaign, Ross Perot revived an image that has

been latent in the Ameriean mindset. It was that of the “crazy aunt who lives

in the basement. Everybody knows she’s there, but nobody talks about her.”
Perot was alluding to issues of the economy, but this image of dysfunction and de-
nial can be applied to other areas, such as software tools and software quality.

One of the distinct messages I got from the recent Embedded Systems Con-
ference in Boston was that there is a growing dissonance between what people
expect to be able to do with tools and what they expect to pay for them.

I admit to being one of those who rejoiced that the advent of Windows as a se-
rious development environment would stimulate expectations for tools signifi-
cantly lower in price than those available under Unix. This somewhat naive no-
tion was based on the existence of several very fine C++ integrated
development environments, all priced around $500.

While the Windows-based C++ IDEs are all excellent products, they sell in
very high volumes that cannot be compared to the more specialized tools needed
by embedded developers. Yet the expectation of many developers still is that
such tools should be, to put it bluntly, cheap. Indeed, there has been a tendency
for many embedded tool vendors to try to bring the
first generation of their Windows-based products
in at significantly lower prices than those products’
Unix counterparts. This has not been a long-term
advantage.

Given the prevalence of some genuine horror
stories of cost overruns, missed ship dates and just
plain failed projects, it seems time we rethink some
of the stories we’ve been telling ourselves around
the crazy aunt in the basement. The point is, we
know she’s there just like we know that investment
in quality up-front can save us a fortune in the long
run. But experience in the trenches shows it’s not
as rosy as we’d like to believe.

How does one really evaluate the quality or us-
ability of a given tool, and also the ability to use that Emboddod Systoms /Soltware
tool with other tools? Or whether that tool is really appropriate to the job at
hand? When things don’t go right, how do you figure out, or—more impor-
tantly—how long does it take to figure out what is wrong? Have you discovered
some problem with a compiler the vendor didn’t realize was there? Is there some
reason the TCP/IP stack you bought doesn’t want to work with the RTOS you
think it should work with?

How much expensive engineering talent has to sit on the phone with another
vendor’s support people? And, having spent time getting tools to work, is your
organization now under pressure to rush development or not test quite as much
in order to meet the implacable deadline? Thus does the disease ultimately
spread to the hands of the end-user?

And from a vendor’s point of view, what is the cost of all those incoming sup-
port calls? What is the real cost of a bug that goes out the door? Well, we know
the answer to these rhetorical questions, don’t we? Whatever the actual num-
bers, the answer is: “A heck of a lot more than investing in quality tools and thor-
ough testing in the first place.” Yes, we all know it, but like the crazy aunt in the
basement, we haven't really wanted to acknowledge it, looking for maybe a way
around the cold, hard fact.

It’s understandably scary to be the first vendor to say, “Yes, my tool costs
$32,000, but it will absolutely pay for itself many times over in terms of reliabil-
ity, thoroughness, ease of use and meeting time-to-market requirements.” The
alternative, however, is a dynamic, vibrant industry that could be ever so much
more so if it weren’t squandering millions in productivity trying to retro-fix
things that should already work. It’s a huge problem, but the only way to start
solving it is to frankly admit to ourselves that it exists. (Tom William's e-mail
address is: tomwillm@ix.netcom.com.)




It’s just that easy — with LabVIEW. If you need to

Think it.

make measurements and analyze your data but don’t

have a lot of time, LabVIEW is just what you need.

Wire It.

Create measurement and analysis systems

in a fraction of the time it takes with any other

software. Virtually every industry survey has shown

that the G language in LabVIEW is the most popular

development tool available for data acquisition,

analysis, and presentation.

Run it.

More scientists and engineers are getting
results faster and easier with LabVIEW.

Call today, and turn your ideas into reality.

INSTRUMENTS

The Software is the Instrument’

y NATIONAL

U.S. Corporate Headquarters
Tel: (512) 794-0100 e Fax: (512) 794-8411

info@natinst.com ® www.natinst.com
Worldwide network of direct offices and distributors.

Copvright 1996 National Instruments Corporation. All rights reserved

ames |isted are trademarks of trade names of their réspectrv

Point your Web browser to www.natinst.com to get a
complete schedule of upcoming technical seminars

—

[ LbVIEW Labotstory Monrtoring System. vi *
e Edt Qoersle st Wedow® Heb
B[] pil]

LabVIEW

It’s Just that Easy

LabVIEW Data Acquisition System
fie Edt Operste ‘A Windows Help

| isjieln]
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Call for your

FREE LabVIEW
Productivity Study
today.

(800) 433-3488

(U.S. and Canada)

FREE evaluation software avallable.



Everything

we Know about

Micron knows Synchronous DRAMs inside and out. Micron’s
proven, .35} process technology ensures outstanding product
Eerformancc and reliabili?'. Add to that, production efficiencies that
ave evolved over years of producing both DRAM components and
modules. And because Micron produces components @nd modules at
one location, the highest standards in the industry are applied from
fabrication and assembly to final test. That’s a big advantage.

So, consider Micron when choosing a source for SDRAM modules.

Micron puts a lot into SDRAM DIMMs, so you get a lot out of them.

Configuration Package Also available

2Meg x 8 44-pin TSOP 256K/512K x 64  144-pin SODIMM
2 Meg x 64 144-pin SODIMM (Graphics solution using our

2Meg x64/72  168-pin DIMM 256K x 32 SGRAM component)

4 Meg x 64/72  168-pin DIMM

For additional information, visit Micron at MI:HDN

www.micron.com/mti or call 208-368-3900.
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It You Think Omron Only Makes Relays,
Lines.

Read Between Our

I t's true we're the world’s number
one relay supplier. So it’s not
surprising to learn that design engineers
and spedifiers know us for our relays.

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

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 phoso-
microsersors the
preferred choice
of design engineers
and specifiers

worldwide.

<

What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Plus you'll
see your 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-
amplified 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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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.oet.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 efficient ways of doing business,
it's a story worth reading,

1-800-55-OMRON

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

OMRON



Backlight Inverter Squeezes

Up To 38% More Nits
From Every Watt.

Silka
LENE
_

Ideal for 12.1" panels*

* Low profile, single-sided
PCB only 8mm high

* Jitter-free dimming

* Single analog dimming

Part No. Vi

T, SR

=18 _t_. -

* Patent pending CS-ZVS
fechnoﬁ:;y provides high-
efficiency and low noise

* Over voltage, short circuit

= ¥ -

Viame lyawe  Efficiency

control input, 0 to 2.5 volts  LXKM1596

7.0V - 30V 240 - 600Vrms

Up to 7mA 90% and over temperature protection

® Logic controlled sleep mode  LXM1597

4.5V - 6.5V 240 - 600Vrms

Upto7mA  90% ° Floating or grounded output

LXM1590/91* 4.5V - 30V 240 - 600Vrms

Upto7mA  90%

*OEM model, customizable electronics and form factor

Less power in — more lumens out. Watt could
be better! XXCAL tested 3 top notebooks using
the original backlight inverter and Linfinity’s
LXM1590. Here are the results.

Light Output Efficiency-Eff (Nits/Watt)

Bl Onginal Inverter
B Linfinity-LXM1590

50
40
30

20

N N |

N ] &
Notebook 1* Notebook 2 * Notebook 3*
* Top of the line models from major manufacturers

Nits/Watt

A comprehensive information

package including data sheets, technical
papers and an XXCAL report summary

is available now. Just call, fax or write:
Linfinity Microelectronics, 11861 Western
Avenue, Garden Grove, CA 92841
714-898-8121, Fax: 714-372-3566 o

O LINFINITY

7 ataB ok—Call Toda
Call 800-LMI-7011 7 P&

IVisit IR GGl hitp: //www linfinity.com
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Industry Group Formed To
Champion VDSL Standards

iile the world champs at the bit for more band-

width in its telecom networks, a group of semi-

conductor, modem, and communications network
equipment firms recently formed a coalition to promote
development of interoperable standards for very-high-
speed digital subscriber loop (VDSL) technology.

As currently defined by ANSI’s T1E1.4 committee,
VDSL is a collection of physical-layer transmission
schemes and protocols intended for short-haul, high-
speed applications. They would provide a choice of sev-
eral symmetric and asymmetric line-rate profiles, with
transmission speeds ranging from 13 to 52 Mbits/s. The
group, which includes companies like Analog Devices,
Broadcom, Harris Semiconductor, Lucent Technologies,
Orckit, and Brooktree/Rockwell, is hoping to accelerate
the standards process by developing system specification
proposals to be presented to the ANSI working group.

After much analysis, all members of the coalition have
endorsed the use of single-carrier, line-coding technolo-
gies, including carrierless amplitude/phase (CAP) and
quadrature/amplitude modulation (QAM) for VDSLs
downstream link. Agreement on recommendations for
upstream transmission technologies is anticipated later
this year. According to the coalition’s new release, de-
spite some member company’s involvement with multi-
carrier technologies, such a discrete multitone (DMT),
the mono-carrier approach was endorsed unanimously.
This was because VDSL is intended to operate over
shorter distances than its slower cousin, ADSL, and the
cost/power sensitivity of local-loop applications.

For further information, contact Phil Lazowick at
Broadcom Corp., 16251 Laguna Canyon Rd., Irvine, Cali-
fornia 92618; (714) 450-8700; Internet: http//www.broad-
com.com. LG

Nonlinear Dielectrics Offer

Microwave Tuning Alternative

aterials called nonlinear dielectrics can provide
Mvery precise, continual broadband or fine-tuning

of high-performance passive microwave and RF
devices. Researchers at Los Alamos National Labora-
tory used the materials to develop an electrical tuning
technique that can replace the clumsy and relatively
crude mechanical method that requires tuning screws
built into the devices.

The method takes advantage of the fact that an elec-
trical field induces changes in some dielectric thin films
that can be used to control electrical tuning. The dielec-
tric tuners are easily adjusted for differing require-
ments or equipment, and they can be miniaturized and
integrated into conventional circuitry.

The researchers say the turners are better than

semiconductors for some applications and are well-
suited for high-performance microwave equipment
used in wireless communications, which demand high
peak-power capacity or fast switching speeds. For
more information, contact Gary Kliewer at (505) 665-
2085, or through e-mail at garyk@lanl.ogv. JN

High-Speed Encryptor For WAN

Traffic Under Development

cheduled for roll-out in late 1998, work has begun on
Sthe development of a low-cost, high-speed encryp-

tor for U.S. government and commerecial applica-
tions. Dubbed TACLANE, the encryptor is a joint pro-
jeet undertaken by GTE, Needham, Mass., and
Mykotronox, Torrance, Calif., and is intended to dra-
matically reduce the cost of network security. It will
provide key-agile encryption capable of supporting
multilevel applications at rates suitable for broadband
backbone applications.

The TACLANE system is intended for providing
economical high-performance encryption over IP and
ATM networks, such as the Global Broadcast System
(GBS). It also can replace more conventional trunk en-
cryptors, further reducing network security costs. Ad-
ditional information on TACLANE can be found on the
World Wide Web at: http://www.rainbow.com, and
http//www.gte.com. LG

Lubrication-Free Low Friction

Wire Is Environment-Friendly

new resistance wire, called Low Friction, employs
Aa modified surface structure that reduces friction

to the point where lubrication during coiling and
other forming operations is eliminated altogether. As a
result, according to its manufacturer, Swedish-based
Kanthal AB, the need to clean with the environmen-
tally harmful trichlorethylene, or using other organic
solvent-based methods, is eradicated.

Conventional coil manufacturing requires that an oil-
based lubricant is used on the wire’s surface to reduce
friction during the forming process. Friction damage can
scratch the wire, and the coil will develop large pitch
variations. This leads to uneven temperature distribu-
tion and reduces the coil's effective lifetime. If a lubricant
is used, it must be cleaned off using trichlorethylene.

By eliminating the harmful lubrication process, not
only is there a significant savings monetarily, but more
importantly, impact on the environment is reduced dra-
matically. In addition, the new material should provide
a more uniform and higher production quality with
fewer steps in the production process. Time also is
saved: For high-temperature applications that require
a very clean surface, such as in the making of tubular el-

~
o~
o~
—
g
~
=z
o
&
a
4
=
o
o
G
-
=




~
o
o
=
-
>
-<
=
~
=z
e
v
o
[=)
b4
=
o
=
—
e
s
)
-

- \

NEWSLETTER

ements, the wire need only be cleaned in water at a tem-
perature of around 90°C.

For more information, contact Victor Vanguele in
Bethel, Conn., at (203) 744-1440, fax (203) 748-2229; or
Richard Fareham at Stoke-on-Trent, U.K. at +44 1782
22 48 00, fax: +44 1782 20 26 06. RE

Manufacturing Breakthroughs
Made In YAG Microchip Lasers

AG lasers (YAG = yttrium-aluminum-garnet) pro-
Yduced through a collective manufacturing process,

may pave the way for mass production of compact,
robust, and reliable components that are maintenance-
free and able to adapt to many telemetry applications.
For instance, a laser telemeter used to measure flight
time, otherwise known as a chronometer, measures the
time taken by a light wave to reach a target and return
to a receiver.

To meet the needs of telemetry, the laser must emit a
beam of a few kilowatts in peak value. Concerning preci-
sion and selectivity, the laser must offer very low diver-
gence (around one milliradian).Other characteristics
such as TEMyy, transverse mode and pulse duration, as
well as being simple, compact, reliable, and low cost, are
just as essential.

The production process for the microchip starts with
a single-crystal bar of yttrium-aluminum-garnet, mea-
suring one inch in diameter. Developed by the Grenoble-
based company Crismatec (Saint Gobain Group), the
crystal bar is cut up into fine slices around one millime-
ter thick, each of which is optically polished. A saturable
absorbent (YAG crystal doped with quadrivalent
chrome Cr4+) is deposited by liquid-phase epitaxy on
the slice of amplifying crystal so that it can generate
pulses in Q-switch mode.

The next step involves polishing the rear face to elim-
inate the deposit. The YAG crystal is inserted into a cav-
ity and mirrors are placed directly by thermal evapora-
tion or physical vapor deposition. One of the mirrors will
be transparent to a wavelength of 0.808 um to let the
pumping beam through, but will reflect the full laser
beam generated at 1.064 um. The other mirror is par-
tially transparent at 1.064 pm, while reflecting the
pumping beam. The operation supplies between 200 and
300 YAG microlasers.

A laser diode is mandatory for pumping when YAG
microlasers are used in telemetry. Pumping can be indi-
rect, using a pigtail-type optical fiber of one or two me-
ters, or indirect with or without a microlens. Sfim ODS’s
lasers are able to emit continuously or in pulsed Q-
switch mode. The continuous YAG microlaser is dedi-
cated to interferometry or spectroscopy applications. It
emits a beam of 10 or 50 mW in the near infrared spec-
trum (1.064 pm). According to Jean-Pierre Herriau,
sales manager at Sfim ODS, “the new developments will
make it possible to clear the 100-mW mark.”

Possible applications other than laser telemeters in-
clude lidars, the marking and treatment of materials
with the highest levels of infrared energy, and the align-
ment and plotting after frequency is doubled using a
KTP crystal.

For additional details concerning the lasers, contact
Jean-Pierre Herriau, Sfim ODS, 14, rue Paul Dautier,
78941 Velizy, France; phone: (33.1) 34 63 39 37; fax (33.1)
34 63 39 06. RE

Data-Storage Technology Is Focus

Of Joint Development Agreement

mation Corp, Oakdale, Minn., and TeraStor Corp.,
ISan Jose, Calif., shook hands on a joint venture to de-

velop media for a new class of rewritable mass stor-
age based on TeraStor’s breakthrough Near Field Re-
cording technology. According to Imation, Near Field
Recording creates a new category of multipurpose
mass-storage technology, leveraging a combination of
hard-disk and optical technologies.

Significant improvements are expected in perfor-
mance, a ten-fold capacity advantage, and a lower-
cost -per-gigabyte than current storage options.
Other advantages of using Near Field Recording
technology are that it builds on existing removable
hard disk (HDD) and magneto-optical technologies,
and that it delivers random access performance. Fur-
thermore, the technology isn’t constrained to only
fixed or rigid media; and it’s form-factor-, platform-,
and operating-system-independent.

Near Field Recording technology combines three
patented technology advances. First, there’s the “flying
head,” which is a modified version of the flying
read/write head found in conventional hard-disk drives.
The head flies at a controlled distance over the record-
ing media, thus eliminating the cost of a servo system
for focus. The “solid immersion lens,” the optical ele-
ment in the head that’s closest to the media, signifi-
cantly reduces the magnetic bit cell size, which in-
creases recording density. And “first surface
recording” material on the surface of the substrate, and
then recording on that “first” surface. With this ability,
lower-cost substrates can be used, and higher areal
densities are achievable.

According to Imation, the anticipated capacity and
performance characteristics of Near Field Recording
technology would make it ideal for business customers
who manage local-area and enterprise networks con-
necting end users of PCs and workstations. At the same
time, the technology should be competitive with other
solutions for the desktop user.

For further information, call Imation at 1 (888) 466-3456,
or surf into the company’s web site at: http://www.ima-
tion.com. TeraStor can be contacted at (408) 324-2110; fax
(408) 324-2143. RE

Edited by Roger Engelke
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Lagic Synthesis
Lattice's ispDS+ Fitter is

optimized to give the best VHDL
and Verilog design realization.

ispDS+ Timing
Analyzer

Lattice’s Static Timing Analyze
disalays pin-to-pin path
delays in an easy-to-read
spreadsheet format.

ispDS+ Pin Assignment

With the ispDS+ graphical
Pin Edi-or, quickly lock signels
to specific device pins.

ISP Daisy Chain Download

Lattice ISP DaisyﬁChain Dlownload
3 < programming software allows you
ispDS+ Explore Tool \ to concurrently program up fo
The Explore tool automatically ; 100 devices in-system.
optimizes performance and \
logic fit for your design.

[aunch Your HI oNS
With The Power of Lattice ispDS+

Unleash the power of your VHDL and Verilog-HDL designs with Lattice’s ispDS+ logic design tools.
Lattice’s new ispDS+ HDL synthesis-optimized logic fitter is specifically designed for use with your existing
third-party design tools to get the most out of your logic designs.

Viewlogic, Synplicity, Cadence, Mentor Graphics, Synopsys, Synario, OrCAD... all popular CAE tools
are supported by Lattice’s powerful software. With the ispDS+ tools, you'll be up-to-speed in no time and
maximizing the performance and utilization of your HDL designs.

Lattice’s ispDS+ development system has it all... the best logic fitter, powerful Timing
Call Analyzer, graphical Pin Editor, design Explore Tool, and much more. And it supports
BTSN the World's Fastest PLDs—Lattice’s ispLSI” families of in-system

programmable CPLDs. Choose from over 250 device densities, speed %% - ®
: For a Free grades. and package options... available now! A a Ice
ispDS+ System Catapult your next design to a higher-level of performance and ;7141 Semiconductor
Test Flight utilization. Call us today at 1-888-ISP-PLDS and ask for information ~ * Corporation
packet 332 or visit our web site at www.latticesemi.com. The Leader in ISP™ PLDs

iductor Corp 1SpL.SI Is a registered trademark of Lattice Semiconductor Corp ISP and 15pDS+ are trademarks of Lattice Semiconduc!
names are trademarks or registered trademarts of thew respectve holoers
Corporate Headquasters: Tel (503) 681-0118 Fax (503) 681-3037 « France: Tet (33) 1 69 33 22 77, Fax (33) 1 60 19 05 21 « Germany: Tel (49) 289-317-87-810, Fax {49) 089-317-87-830
« Hong Kong: Tel (£ 29, Fax (852) 231D-2750 « Japan: Tei. (81) 3-5820-3533, Fax (81) 3-5820-3531 « Korea: 822) 583-6783, Fax. (822) 583-6788
« Sweden: Te) (46) 3-601-292G Fax (46) 8-601 228 - Taiwan: Tel (8862) 577-4352 Fax (8862) 577-0260 » United Kingdom: Tel (44) 1932 831180, Fax (44) 1932 831181
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TECHNOLOGY BREAKTHROUGH

Synthesis Technology Migrates Towards
The High-End Design Environment

tion, synthesis has worked to dra-

matically shape the face of the
Electronic Design Automation (EDA)
industry, propelling designers into a
world of test vectors and iterations. In
fact, synthesis technology has virtu-
ally revolutionized the design para-
digm, becoming synonymous with de-
sign and enabling a more automated

Since its inception and implementa-

approach. Little about the technology |

has changed over the years, and, in
truth, nothing really needed to
change. The technology worked well
for chips on the order of 5000 to 30,000
gates. But with the advent of deep-
submicron (DSM) designs, its ability
to be used, as is, in high-end designs
has come into question.

Ambit. Santa Clara, Calif., recog-
nizing the need to find a way for syn-
thesis to be migrated into the cutting-
edge designs of tomorrow, has
developed a number of technologies to
pick up where the traditional synthe-
sis methodology and its increasingly
apparent limitations have left off (see
the figure). In particular, the com-
pany’s attempts at a synthesis tech-
nology espouses a three-fold ap-
proach: a pin-based timing analyzer,
new technology mapper, and an innov-
ative modular and programmable ar-

chitecture. The benefits of this tech- '

nology coupling are substantial,
giving a five times improvement in
capacity; reducing the time spent in
synthesis phase by half; and for a
given area, at least 10% better quality
of timing results.

As gate counts near the 100,000 -
200,000 mark, many difficulties with
traditional synthesis methodology

[ have come to light. At this magnitude

————

of gate counts, chip integration,
achieving desired chip performance,
and modeling DSM technology accu-
rately, can be formidable tasks. Addi-
tionally, there are the endless itera-
tions needed through the synthesis
and layout processes. And, with high
gate counts, the timing analysis virtu-
ally breaks down. Today’s designer,
forced to work under pressure from
shorter design cycles and time-to-
market goals, simply doesn’t have the
time, or the resources, to make tracli-

tional synthesis techniques work in a
cutting-edge, DSM world. Com-
pounding all of these problems is that
constraint management through hi-
erarchy and time budgeting is still
done manually.

In part, the difficulties arise be-
cause at the heart of traditional syn-
thesis is a combined algorithmic and
rule-based technology mapping ap-
proach that is unable to work with
very big library elements. The over-
all effect of this approach, coupled
with its strict, serial-format imple-
mentation, is that it can be cumber-
some to use on large designs, thereby

]
\

necessitating large run times. In con-
trast, Ambit’s newly developed tech-
nology mapper is based on a parallel
algorithm approach using a Boolean, |
as opposed to a tree-based, algo- |
rithm. Multiple choices of design
types and performance goals are
evaluated in parallel. The algorithm
with the best improvement or imple-
mentation wins. ‘
Because the technology mapper can
evaluate all possible implementation
choices in parallel, it is much quicker
than traditional synthesis technology.
And, since it can map to much bigger
cells, the quality of the design is bet-
ter. An added benefit is that its solu- |
tions are more predictable, due to the
fuct that it allows for an accurate con-
vergence of mapping results. Conse-

Design goal

Set swilches
Modify constraints

Rewrite RTL
Change hierarchy

Set switc

Rewrite f

Not met Not mel

Hand-off

Sel swilches
Modify constraints
Rewrite RTL
Change hierarchy

Step one

Design goals
met?
Write RTL

Specify constraints Step Two

Use toolset

Not met

Hand-oft

Schedule time

Schedule time

Traditional synthesis technology faces a number of limitations that make it difficult to migrate
into o high-gate-count, deep-submicron-design environment. The hierarchical synthesis
technology proposed by Ambit, on the other hand, is specifically intended for use in cutting-edge
designs, and can be easily implemented into the current design methodology. It significantly cuts
the number of design iterations and speeds the synthesis process. Rather than endlessly
tweaking a design, Ambit’s design approach is direct—write RTL, specify constraints, then push
a button. To accomplish this task, a number of technology advances, such as the pin-based timing
engine, and hierarchy capability, needed to be developed.

~
o
=
2
~
=
(=]
el
bd
=}
=
i =
[=}
ac
C
=
il




~
o~
o
>
<
=
~
=
o
vy
L
a
b4
=
o
a
G
4
— |
el

TECHNOLOGY BREAKTHROUGH

quently, as constraints get tighter
there is a better margin of improve-
ment. And, small changes in the con-
straints do not cause wild swings in
the synthesis results.

Since the parallel-algorithm tech-
nology mapper does not maintain a
cumbersome rule set, faster run
times can be achieved. The technol-
ogy offers a less stringent code re-
quirement, as well. Larger cells, an
8:1 multiplexer, for example, can be
located in the middle of a design,
without setting special optimization
switches, or using any special pro-
grams in the source code. The use of
an algorithmic approach during the
optimization process also means
there is less memory consumption
because the number of iterations is
substantially decreased.

Until now, traditional timing-analy-
sis tools have been path based. With
this approach, a path-based algorithm
must update the timing for an entire
path each time a gate structure is
changed at any point in a path.

In sharp contrast, Ambit has de-
veloped a pin-based technology ap-
proach in which all necessary timing
information is kept at every point
within the netlist, and at every pin in
the design. For each net, the informa-
tion is stored both at the driving pins
and the receiving pins to allow cor-
rect modeling of wire delay. With this
approach, individual parts of a design
can be extracted from the total de-
sign for timing analysis. Since accu-
rate information comes with each
part of the design, the analysis can be
completed using accurate informa-
tion, as opposed to guestimations of
the correct information.

As a unique feature of the pin-
based design, netlist alterations can
be performed incrementally, thereby
allowing analysis of large designs in a
short time. For example, when a gate
is resized, the timing information is al-
tered only at the pins within the gate’s
immediate scope. In addition, queues
are maintained in the data structures
that indicate additional nodes that are
out of date. Those nodes are updated
only if they are involved in further op-
timization operations.

The pin-based timing-analysis en-
gine offers a number of benefits over
the more traditional path-based ap-
proach, including improved timing and

accuracy. In fact, it allows million-gate
designs to be timed using moderate
CPU and memory space. And, due to
its high accuracy (roughly 99%) during
timing optimization, correct gate se-
lection, gate sizing, and buffering is
guaranteed. The pin-based technol-
ogy also is an order of magnitude
faster than the path-based techniques
currently in use.

Two additional technology ad-
vances, accurate exception characteri-
zation of false paths and multicycle
paths, and automatic converging time
budgeting, are incorporated into the
pin-based timing-analysis approach.

Characterization refers to the
process of extracting timing con-
straints for a subdesign given a
mapped netlist. The difficult part of
this task is being able to accurately
predict path exceptions such as false
paths or multicycle paths. Tradition-
ally this characterization has been
done using a path-based approach,
meaning characterization of path ex-
ceptions is often random.

To deal with this limitation, de-
signers typically include path excep-
tions in the lower module time bud-
gets. This inclusion is done manually.
With this approach, exceptions can
be easily tracked. Individual tags are
kept for each exception source point.
For example, at a point where two
exceptions converge, each one is kept
as an individual tag. With the extra
tags for path exceptions, the charac-
terization of the convergent point is
completely accurate.

A pin-based timing-analysis ap-
proach also allows for accurate time
budgeting. Traditionally, the time bud-
get is distributed between combinato-
rial logic in multiple pieces of hierar-
chy. Using a proprietary, budgeting
technology algorithm to distribute de-
lays, this process can be fully auto-
mated. It does this by initially gener-
ating a first-pass netlist using a
default budget, that would, for exam-
ple, use a 50% duty cycle on all module
inputs and outputs. Once completed,
an automatic timing budgeter would
distribute the delays through the de-
sign’s hierarchy.

Another innovative technology ad-
vance developed by Ambit is a fully
programmable, modular architecture
that supports multiple, simultaneous
delay calculators such as linear and

nonlinear, DCL, and user-defined.
With this type of architecture, the
designer can create design-indepen-
dent custom optimization tech-
niques. Designers also can write a
generic transform for the design, to
make the appropriate netlist alter-
ation and improve the quality of re-
sults on the chip. The transform can
then be applied to future designs for
consistent results.

Programmability of the synthesis
technology implementation is possible
because the architecture’s environ-
ment is built around the standard pro-
gramming language, TCL. With pro-
cedures and built-in functions, long
complex scripts in older languages can
be quickly rewritten, without having
to depend on outside tools such as
perl. In addition, the TCL capability
allows the use of either customized or
off-the-shelf optimization techniques.

The synthesis technology, proposed
by Ambit, also is unique in that it is
truly hierarchical—able to work on hi-
erarchical designs, and not just indi-
vidual modules. With a new hierarchy
constraint-management technique in
which constraints do not need to be re-
peatedly applied, the synthesis tech-
nology is able to accommodate the
needs of million-gate designs with
minimal intervention.

By comparison, using traditional
synthesis techniques, a design must
be broken down into modules. The
individual modules are each synthe-
sized, then integrated back together.
The integration is dictated by a set of
constraints applied to every level of
the hierarchy. At this point, the de-
sign, now in the form of a chip, is run
through a time-consuming, static
timing analysis. During this time the
designer is forced outside the native
synthesis static-timing tool for chip-
level sign-off.

With Ambit’s utilization of an opti-
mization technique with a capacity
significantly larger than traditional
synthesis technology, static timing
analyses run times are an order of
magnitude faster. This allows the na-
tive synthesis tool to be a static timing
sign-off engine for a large chip.

For more information, contact,
Ambit Design Systems, 2933 Bunker
Hill Road, Suite 215, Santa Clara,
CA 95054, (408) 566 8000.

Cheryl Ajluni
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S + M Siemens Matsushita Components

COMPONENTS

SAW filters

that span the globe

Section of a wafer for
a low-loss filter.

When you come to us with a need for
SAW filters, you can be designing into
DECT, GSM, PCN, PCS, AMPS, CT,

ISM, PHS, PDC or IS 54 ... After all, with
the broadest SAW selection worldwide,
we've got the right RF and IF solution for
every mobile communication standard.

Broadcast standards
aren’t likely to throw us
either, no matter what
letter of the alphabet,
terrestrial, satellite or
cable. Our SAW filters
can handle them all. For
perfect conditioning of
picture and sound in
TVs and videos, DAB
and DBS receivers.

Not forgetting our own standards -
excellent performance and quality,
surface-mount designs, compact plastic
or metal packages. Plus a Singapore-
based SAW design center for close-up
support in Asia-Pacific.

For SAWs that match your standard,
write us at

Siemens Components, Inc
Special Products Division

186 Wood Avenue South

Iselin, New Jersey 08830-27 70
Fax (908) 6 32-28 30

Or look into our SAWSs on Internet at
http:/Amvww.siemens.de/pr/index.htm

Designing the Future -
Siemens Matsushita Components
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Desian Xicor

Engineering Bulletin

New Product and Applications Information for Design Engineers

High Speed 64K Bit E2PROM With
Segmented Write Lock Out
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® Block Lock™ allows partitioning of the E2PROM Array into Read Only

Secure System
and Read/Write segments

Reduce Design * Multiplexed Address/Data Bus
- Direct Interface to popular micro-controller familes

* 60ns access supports higher performance

* Toggle Bit Polling for early end of write detection

* Page mode write allows up to 128 bytes fo be
written in one write cycle

Speed Up Sys
Program

Minimize Chi . .
an dlg:lnv“ezgoarls e Single chip memory system,

No external glue logic needed

Xicor ond Block Lock ore registered trademarks of Xicor, Inc. Intel i o rogistered trodemork of Intel, Corporation.

World Wide Web: http://www.xicor.com
Corporate Headquarters: Phone (408) 432-8888, Fax (408) 432-0640, Attn: Marketing Literature Dept.
For further information on these products, please use the publication’s reader service number or contact one of the nearest sales offices listed below.

U.S.: Northeast Region: Phone (617) 899-5510, Fax (617) 899-6808 Southeast Regloa: Phone (407) 740-8282, Fax (407) 740-8602 Mid-Atiantic Region: Phone (203) 743-1701, Fax (203) 794-9501
North Central Region: Phone (630) 372-3200, Fax (708) 372-3210 South Central Region: Phone (972) 669-2022, Fax (214) 644-5835 Southwest Reglon: Phone (714) 752-8700, Fax (714) 752-8634
Northwest Reglon: Phone (408) 292-2011, Fax (408) 980-9478 Internatienal: Nerthern Evrepe: Phone (44) 1993.700544, Fax (44) 1993.700533 Central Europe: Phone (49)89/461.0080, Fax (49) 89/460.5472

READER SERVICE 206



l

M Previewing the latest developments at the 1997 Custom Integrated Circuits Conference

Design Techniques And Communications

Advances Take
The Spotlight At

(1CC'97

1997 CUSTOM INTEGRATED CIRCUITS

CONFERENGE (CICC) TECHNICAL PROGRAM

| Education sessions
| 8:00a.m.-5:00 p.m. |+ IC design » Wireless IC design « Interconnects and Spice modeling

| Monday, May 5

Tuesday, May 6
| 8:00-9:30 a.m.

Broadband Communications ICs: Enabling wide-area networking into the 21st Century

lb:6O a.m.-Noon

i

!
! -

Session 5
Analog techniques

2:00-5:00 p.m.

Session 9
RF IC technology

| V_Vednesday. May 7 |
| 8:30 a.m.-Noon
’
;

2:00-5:00 p.m. Session 13
Data converters
l;— —_— - - -
8:00-10:00 p.m. Session 17

Panel discussion:
“Smith chart meets
Spice,” a CAD
nightmare in RF iC
design

|
|
|

}hursday. May 8
8:30 a.m.-Noon

Session 20 [
Wireless ICs

< 2:00-5:00 p.m. Session 24
| Radio circuit design

| techniques

—

he 19th Custom Integrated Circuits Conference (CICC), to

be held May 5-8 at the Santa Clara Westin Hotel and the

Santa Clara Convention Center in Calif., provides a

multifaceted demonstration of the latest design techniques.

circuit architectures, advanced processing, design tools,

and test techniques for custom ICs. This year, 24 technical
session will cover analog technology, data communications, data
processing. multimedia. low-power design techniques, RF circuit
design. design tools. and many other topics. Four tutorials, three panel
sessions, as well as several exhibitor marketing sessions in addition to a
general exhibition that runs concurrenly with technical paper sessions,
round out the program.

Opening the conference will be a quartet of educational sessions on
Monday, May 5. These tutorials provide backgrounders on Advanced
Interconnects, Design and Analysis of Submicron ULSI Interconnects,
MOSFET Modeling and Spice. and On-Chip ESD Protection
Techniques. Technical paper presentation sessions will provide
designers with a full palette of technology developments that will be
used to create the next
generations of analog and
digital circuits (see the table).

The Keynote presentation
by Dr. Henry Samueli.
cofounder and vice president
of Broadcom Corp., examines
broadband communications
ICs and how they will enable

Session 1
Keynote address

Session 2 | Session 3 | Session 4 TG e 5
Data transmission | IC reliabitity | Keeping in synch: wide-area networkmg " t.he
and equalization PLLs and their 21st Cemur)’: Nearly a third
» o i) application of the technical presentations
Session & Session 7 | Session 8 will address all types of
Core-based chip ; Clocking and Analysis for deep communications such as RF
design | low-power submicron J Ay
methodologies | wireless. telecomr_numcatlons.
Session10 | Session1l | Session 12 and data communications, and
Analog and digital test|  Audio and video | Circuit techniques, one of the three evening
DSPs | image storage and panels will also focus on RF
BRI  1C desi gn. The focus on
Session 14 Session 15 Session 16 communiczitions is a major
Digital Library design and RF modeling and )
communications modeling simulation change fI'Om past CICCS.
Session 18 | Session 19 demonsgratlmg .the lmpaCt
Panel discussion: i Panel discussion: communications 18 havmg on
What should it cost Fab capacity: all i
to test your chip? | Estimating the market the overall mduslry. . .
, For conference regisgtration,
I —  contact CICC, 101 Lakeforest
Session 21 i Session 22 Session 23 B]\'d.. Ste. 270, Gaithersburg,
Fab technology for DSP for Power, interconnect, MD 20877; (301) 527-0902
wireless applications | communications and | and noise analysis £ p
A (ph); (301) 527-0994 (fax);
g TR (o) PRI hitp:/fieee.org/conference/cicc.
Innovationsin = Physical design Low-power, For hotel reservations. call
programmable device automation low-voltage circuits (408) 986-0700.

architectures
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TECH INSIGHTS

CICC PREVIEW

Core-Based Design Leads The Way
To Flexible System Solutions

Multiple Design Approaches Come Together At CICC To Build
High-Performance, Low Power Digital Circuits. DAVE BURSKY

< ime-to-market issues have figura- | or going to more optimized algorithms | hardware/software partitioning ap-
{ T tively pushed designers’ backs to 1 for evaluation. proach based on a new use of hierar-
: the wall, demanding previously chical modeling. In a typical codesign

unheard of turn-around time deadlines ! Exploring Design Space process, the input is the system model

that just a few years ago were thought
to be impossibly short. One key aspect
that has helped to reduce the design
cycle is the reuse of circuit functions
from one chip design to another. The
reuse of intellectual property (IP) has
become a new aspect of custom circuit
design—designers are not only craft-
ing their circuits more modularly so
that sections can be split off and used in
other designs, but blocks are being de-
signed elsewhere where they can be
imported and incorporated into any
company’s current design.

At the upcoming Custom Inte-
grated Circuits Conference (CICC), a
full session and papers scattered in
other technical presentation sessions
highlight some of the core-based and
building block developments that will
make designing the next generation of
chips much quicker and easier. In Ses-
sion 6, for example, all the papers are
| devoted to core-based design ap-
proaches, with the lead presentation
by the Alta Group of Cadence Design
Systems Inc., Sunnyvale, Calif., exam-
ining the use of virtual prototyping to
speed circuit development (paper 6.1).
By assembling blocks of IP and even
representations of physical structures
such as a control panel, simulations
can be done to validate the architec-
ture or functionality of the system.

However, as the author, James
Rowsen, pointed out, verification is
one of the most difficult design prob-
lems today due to the limited amount
of computer horsepower available,
and the limited ability to accurately
model many aspects of a design. But
the problem can be made more
tractable by splitting verification into
a set of independent tasks, which can
then be executed on different engines

Examining the hardware and soft-
ware partitioning for the modeling of a
design, researchers from Ecole Poly-
technique of Montreal, Quebec,
Canada, and Mentor Graphics Corp.,
Wilsonville, Ore., detail a

specified as a set of blocks or opera-
tions with all their interdependencies.
The input language can be an HDL or
a programming language. The model
is then partitioned to assign input
blocks to hardware or to software,

Hierarchical model

Select one Jevel
Classical codesign process

- e e - - . - = e . - - - - - - - - -

System model

1
Partitioning New

[ Pan|:|on1 LParmng l [ Pam{mna ] I Pani:ioM ]

Iy ? E % S

| hw panmon l [swmnmom Sw panmon 2| |sw partition SJ
[ |

Interface synthesis

Co-implementation

Evaluation '

Final implementation

1. By enhancing the typical codesign methodology through the addition of multiple partitioning
stages to more efficiently explore the design space, the scheme developed by the Ecole
Polytechnique of Montreal and Mentor Graphics provides a means to better analyze the design
alternatives and find the most optimal solution.
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Some Rail-To-Rail Op Amps
Merely Drive Loads.
Ours Are Designed To Drive Markets.

T EEREEEE =

AT T — N T

At just 25¢* the new
AD853x family is priced
a lot like other rail-to-rail
amps, but it delivers so
much more.

For starters, there’s output
drive — a full 250 mA peak.
Plenty for driving either
resistive or capacitive
loads, which means faster
modems, sharper LCD
screens and higher

quality speaker sound.

(per amplifier @5V) that
makes it perfect for portable
applications. Or to drive a
high current load in a low
current application.

Ideal For Applications With
Wide Output Swings.
Thanks to the rail-to-rail
design, these specs are guar-
anteed. Period. Whether
you’re operating from a
+3 Vsupply,a+5V
supply, or anything in
between. So you can
use it to buffer CMOS DACs, ASICs or other

= P> Quad: ADB534 . . . .

s b B Dual: ADSS32 rail-to-rail output swing devices.

B $50 o cccmcmc e e cce e ® Single: AD8531~ = .

5 > No wonder the AD853x family has already

g s100 . »_ . p - been designed into modems, cameras

£ ' l and computers by companies like

€ 050 ~-----mmmm------ M 0. U.S. Robotics, Olympus and Sharp.

& €000 = = = e So before you settle for any old op SHa

' 5K 25« 100K amp, take a look at what’s new %
Volume from Analog Devices. You & 5

. . . S < Q

High Speed Performance With Low Input Lo Tt Ry o chis o ¥a
price of our performance. = Y

Current And Low Distortion.

As for performance, the AD8531 single, AD8532
dual and AD8534 quad have it all. Bandwidth
of 3 MHz. Slew rate of 5V/psec. Low distortion,
too. Plus a low supply current of just 750 pA

For of samples and information
call 1-800-ANALOGD (262-5643) and ) &
For data sheets dial AnalogFax® at

1-800-446-6212 (Faxcode 1980) or visit us on
the World Wide Web.

ANALOG
DEVICES

Analog Digital. Solutions.

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106.
Distribution, offices and application suppart available worldwide.

*USD 100,000s, per amplifier of the AD8534 quad, recommended resale, FOB U.S.A.
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. L

Preset B
[ Y S0 DN St l
|
02 o PSETB
03 o D Q Y
Sa Sh HDINB
(hardwired to internal
node of C-module)
FCB
(hardwired to FCLK net) ——
RC —
08 {>¢ [ CLRB
Clock $ Clock P Clear B
(@) A0 B0 Al B1 (b)

2. An enhanced logic cell (a) developed by Actel for use in a high-density sea-of-modules ardhitecture can map over 4000 useful logic functions. An
accompanying flip-flop cell (b) indudes Preset and Clear inputs as well as multiple control inputs that can configure the circuit to meet the user’s needs.

into account the estimated perfor-

mance for both hardware and soft-
| ware and the communication over-
| head (Fig. 1).

The improved scheme developed by
the researchers allows a more efficient
exploration of the design space by en-
hancing the classical process with a
range of abstraction levels such that
each level provides a new

[
]
i guided by a cost function that takes
i

level to allow the designer to start
with an input behavior at the process
level, codesign it, and if the perfor-
mance constraints are not satisfied,
select a deeper level of granularity to
increase the number of basic blocks.
When creating models of IP blocks,
defining the timing abstraction model
is one of the more-difficult tasks. In
paper 6.3, Cadence Design Systems, in

conjunction with the University of
Michigan, Ann Arbor, examines a
methodology for creating timing mod-
els of large blocks (>5000 transistors)
through the use of static timing analy-
sis. The methodology captures the
block’s propagation delays and the
slew rates at its outputs. More impor-
tantly, the scheme abstracts all the in-
ternal setup, hold, and loop constraints
of the block. By using all the

model, in terms of complexity,
for the same input system.
Four modeling techniques are
used: Finite state machines
for control and communica-
tion systems, flowgraphs and
trees for DSP applications,

To external
memory

To other field-programmable
systems-on-chips

abstracted information, an ac-
curate block timing model can
be created and used to repre-
sent the block’s temporal be-
havior.

communicating processes for
concurrent systems, and ob-
ject-oriented models for soft-

Lastly, in paper 6.4, several

ware applications.
Furthermore, based on

the granularity of the model-

ing techniques, two classes of

models are available—those
that consider the input sys-
tem behavior only at the op-
eration level, and those that

el CHCHCHOH ; £ th l
n-chip oo Digital pe'r§pect1vgs of the recently
memory mEE 1 10 initiated Virtual Socket In-
Diaital cels terface Alliance (VSIA) will
A g T be presented by Laurence
Mlcmg;or:esor Canfiouraion IeMmo : Cook of Toshiba America
s i 4 Electronic Components Inc.,
San Jose, Calif. The VSIA’s
c"';’."e"“: :D:_D?‘B_ Analog goal is to level the playing
(g:t)i I:ul?atai:n s 10 field of ASIC vendors by
et AN cell defining a common set of in-
________________________ il

terface standards for inte-
grating virtual components

consider the input system be-
havior only at the process or
functional-block level. The
new modeling system em-
ploys a variable granularity

3. A merging of CPU, programmable logic, and configurable analog
dircuits let the researchers at SIDSA, Mikron, the University Politecnica
de Catalunya, and the Universidad de Seville create a true field-
programmable system-on-a-chip that can accept analog or digital inputs
and deliver analog or digital results.

(blocks of IP software,
firmware, hardware) into
system ASICs. By doing so,
it will be easier for ASIC de-
signers to obtain blocks of IP







As one of the largest
suppliers of analog and
mixed-signal IC prod-
ucts for military and
aerospace applications,
National Semiconductor

knows the upgrade path

as well as anyone.

WHAT WE KNOW BETTER THAN
ANYONE ELSE IS INNOVATION
Innovation in system integration and design. Testing
standards and reliability assurance. And organizational
and partnership strategies that make for fast, effective
product design. development, and delivery—whether
“off the shelf” or customized for your environment

and application.

SYSTEM
INTEGRATION
AND DESIGN

At National, we have more
than 30 years’ experience in

analog and mixed-signal

were using our

R|C expertise in  sys-
Viy =] b
c—I— vy tem design and
06 integration 10 cre-
80MMz : s
Bandpace ale  innovative
Filter

solutions for

space, radar, com-
munications, and other Mil/Aero applications—rom
interface and logic design to amplifiers and multiplexers,

H-bridge drivers,
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digital/analog con- 3 |
R
verters, tempera- @ © p
)
ture sensors, and e / N
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Frequency (MHz)

With ample bandwidth for high-speed active filters,
for example, our new CLC449 wideband current feed-
back amplifier delivers the signal processing perfor-
mance required in today’s Mil/Aero applications—along
with excellent differential gain and phase values, wide
dy-namic range, and a very low power consumption
rate.

And our new Low Voltage Differential Signal-
ing. or LVDS, quad line driver-receiver devices offer a

data-link solution for Mil/Aero applications such as tar-

NATIONAL IT'S

engineering. And

get tracking, video, and other point-to-point (<10m)
data transmissions where both high speed and very
low EMI are essential. Pin-compatible with lower-per-
formance LS, FAST, and CMOS RS-422 components,
National's QML LVDS driver-receivers deliver band-
widths up to 77.7MHz (155.5Mbps). faster switching,
and low noise at supply currents as low as 25mA (dri

ver) and 11mA (receiver).

SCAN: BECAUSE THERE'S NO
ALTERNATIVE TO RELIABILITY
To ensure that today’s Mil/Aero systems can be tested
quickly and economically, National helped create the
IEEE 1149.1 Standard for Boundary SCAN Test.
Boundary SCAN addresses the physical access issues

raised by today’'s dense. complex circuit board designs



and advanced packaging techniques. So the SCAN test
strategy improves system fault coverage and improves
test throughput, thus cutting test and development costs
and improving time to market. National offers a wide

range of SCAN products for Mil/Aero applications in

both package and cell-based custom options.

CBU: FILLING THE GAP
IN CUSTOMIZED ASIC DESIGN
To fill the technology gap in high-density semi-custom

ASICs and answer the unique design service and sup- 4

port requirements of the Mil/Aero marketplace,
we've formed the Customization Business Unit, or
CBU. A partnership with Cadence Spectrum
Design Services of San Jose, California, and
Aspec Technology of Sunnyvale, California,
the CBU operates as a single business

unit headed by National.

Megacells/ASSP Functions

Processes, Technologies and tools

Each parntner brings its unique core

competencies to CBU, offering Mil/Aero |
customers a complete range of design
services, deep submicron development
technologies, and advanced manufac-
turing services for producing highly-
integrated system-on-a-chip
CMOS

National can accept designs at

custom solutions.
virtually any stage. But from
netlist hand-off to prototypes, the CBU’s mis-
sion is always the same: Provide “first-time”

working silicon in less than 12 weeks.

NATIONAL: MOVING TO
THE NEXT LEVEL IN MIL/AERO

In today’s Mil/Aero environment, meeting
spec means more than simply upgrading. It
means  improv-
ing performance
while reducing
scale, and reach-
ing the market
faster than ever.
And that takes
higher levels of integration, and truly forward thinking
about design, development, and delivery strategies.

For all of the above, there is no better partner than
National. No one with our expertise in mixed-signal
_integrated system design, process technology, or
& tools. And no one with our commitment to creat-
ing customized solutions to both technical and
development problems. If you're looking

for the next level in Mil/Aero system

Gate Arrays, Datapath & Standard Cells

design, not just the next upgrade
path, look to National.

CBU Business Methodology

FOR MORE INFO ON MIL/AERO PRODUCTS CONTACT US AT:
CALL: 1-800-272-9959 EXT 773
IN EUROPE: +49 (0) 8141 351492/5
WEB: http://www.national.com/appinfo/milaero

ﬂ National §

NATIONAL SEMICONDUCTOR®, N ®, are trademarks of National Semiconductor Corporation. ©1996 National Semiconductor Corp

on. All rights 1 d
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CICC PREVIEW

and import them into their de-
sign. The scheme also will
make it easier for [P providers

MPEG-2

bitstream Video input

to create and distribute new
blocks/functions.

Additional discussions of
design library creation and
dedicated building blocks are
distributed throughout the
conference, but Session 15
clusters a number of such pre-
sentations to discuss library
design and modeling. In paper
15.2, designers from Kyoto
University, Japan, detail

Motion-
estimation

faad]

Variable

Serial Block Bus

Instruction

ROM External

X7y ROM,

Data

Input

t

length
output e loader | |controlier

i

interface

=— Instruction

ROM I, Qit.

HEET PO

II DRAM interface |

E
33

P2Lib, a process-portable cell
library and the tools used to

i

MPEG-2 encoder chip

create the library elements.

Extemal DRAM |

One distinctive feature of the
library and tools is the ability
to quickly characterize the
timing and power dissipation
of the blocks. The analysis is
done with an analytic-oriented
methodology in conjunction

(a)

Instruction RAM (32 kbytes)

)

with circuit simulation tools for
accurate characterization.

Dynamic Logic

Another tool developed by
researchers at the Depart-
ment of Electrical Engineer-
ing at the University of Wash-
ington, Seattle, employs a
self-timed dynamic-logic struc-

ture as the basis for creating a

decoder

W

uni

030V
core

2q

7

Gontrol signals

\/

Memory unit Register file

— ’2

Memory PC
control control

o/ \win\

general-
purpose
registers

- ’2

R

= 64-by-32-bit

{5 i

Integer unit

\ | Dual 64-bit accomulators |

logic family. Detailed in paper
15.3, the clock-delayed domino
logic was developed to provide
non-dual-rail gates with in-
verting or noninverting out-

(b)

Ry 64 v

Data RAM (32 kbytes)

puts. That makes the logic as
easy to synthesize as static cir-
cuits and allows synthesis tools
developed for static circuitry
to be readily usable on this
logic. Synthesis tests performed using |
benchmark circuits developed by the E
Microelectronics Research Center of !
North Carolina (MCNC, in Research !
Triangle Park) yielded speed improve- |
ments of from 2.17 to 6.28, compared .
to their static-logic counterparts. E

Creating a logic model to better sim- !
ulate and then fabricate a circuit, de- !
signers at Toshiba America Electronic 1
Components, San Jose, Calif., detailed E
a full-function Verilog model of the logic !
for a phase-locked loop (paper 15.6). !
While most other models bypass the |
actual phase-lock function, this model |

accurately represents all the major
characteristics of a PLL and allows the
simulation of the effects of actual filter
elements. Furthermore, the model will
provide accurate representations of
clock deskew from a clock tree as well
as model the synthesis of other fre-
quencies from a clock input.

Most of the library blocks created
by the tools will be reused in various
chips, possibly through the use of com-
pilers that will custom configure a li-
brary block the system under design,
or in many cases, as a predefined block
that will just be “dropped” in. One ex-

]
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]
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I
I
1
]
1
1
1
1
1
I
1
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1
]
L]
]
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1
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]
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]
]
'
'
]
]
'

4. The heart of a real-time MPEG-2 encoder /decoder chip (a) developed by Mitsubishi Electric consists of a
pair of dual-issue RISC processor cores that operate at a 250 MHz dock rate (b). Each core indudes 32-
kbyte instruction and data caches and employs a very-long-instruction-word architecture to aflow the full
encoder chip to deliver a peak throughput of 1 gigaoperation per second.

ample, presented in paper 15.1, de-
scribed a reusable embedded DRAM
macrocell developed by designers at
Lucent Technologies, Murray Hill,
NJ. Another is a 16-by-16-bit left-to-
right carry-free multiplier presented
as paper 22.7 by researchers from Lu-
cent Technologies and Bell Laborato-
ries, both of Allentown, Pa. The multi-
plier block can operate at 200 MHz
when fabricated using a 0.35-um
CMOS process and was developed as a
building block for use in next-genera-
tion digital-signal processors. Another
block described in paper 12.5 covers a
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"Honey, | shrunk the
T1/E1 solution®’
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Presenting the world’s most
space-efficient T1/E1 solution.

When you see what we've squeezed
onto the new FALC54 (PEB 2254),
you'll be amazed at its tiny size.

Integrated clock, framer, controller
and more.

In addition to its on-board line inter-
face, the FALC54 also integrates a
clock for enhanced reliability, a framer,
an HDLC controller, deep Tx/Rx FIFOs
(64Bytes in each direction), and a
16-bit CPU interface. Yet it
comes in an 80
MQFP package.

Perfect with
the MUNICH32.

Ideal for internet- i
working applications—%
the FALC54 also
integrates seamlessly with our highly
successful MUNICH32 communica-
tions controller, which handles up to
32 data channels.

The FALC54. It's one more small
example of how Siemens—a world
leader in communications ICs—
offers you the solutions you're
looking for.

FALCSA TY
Contact Siemens Reference Design
for your T1 Application Nate
Reference design
kit. Ask for
Ext. 4, Lit. Pack
#M12A042.

1-800-77-SIEMENS

http://www.sci.siemens.com

©1996 Siemens Components, Inc.
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250-MHz dual-port cursor RAM de-
veloped by Mitsubishi Electric Corp.,
Itami, Japan.

One logic area that can quickly
leverage the IP is the programmable
logic arena, which takes the IP, syn-
thesizes the required logic, and then
configures the programmable chip to
overlay that logic on its configurable
array. To make it easier to assimilate
more complex IP blocks, designers at
the programmable logic suppliers are
defining new base-array architec-
tures. For example, in paper 25.1, de-
signers from Actel Corp., Sunnyvale,
Calif., have crafted a high-perfor-
mance, high-density sea-of-modules
architecture that takes advantage of
the company’s novel metal-to-metal
antifuse configuration elements.

Able to implement arrays with den-
sities of from 5000 to 200,000 gates the
sea-of-modules approach includes an
improved logic cell, a flexible intercon-
nect architecture, and full-featured
“fracturable” flip-flops that are inter-
mixed with the logic cells. The cell is an
enhanced version of the multiplexer-
based cell used in the company’s previ-
ous FPGA families (Fig. 2). Over 4000
logic functions can be mapped into the
cell, and several different hierarchical
cell clusters are then built from the
logic cells and the flip-flops.

Another synthesis-efficient array,
detailed by researchers from the Mi-
croelectronics Group of Lucent Tech-
nologies, Allentown, Pa., in paper 25.3,
highlights architectural improve-
ments over previous OrCA families
that make the chips in the 3C/3T fam-
ily friendlier to logic synthesis tools.
The array architecture includes look-
up table combinatorial logic, an abun-
dant number of flip-flops, and PAL-
type decoder blocks, all grouped in a
twin-nibble fashion. The basic pro-
grammable logic cell contains a pro-
grammable function unit (PFU) and a
supplemental logic and interconnec-
tion cell (SLIC). Together, they pro-
vide a flexible building block that sup-
ports typical glue logic and most
common functions that make up be-
havioral-level code, such as adders,
subtractors, counters, accumulators,
comparators, multipliers, and single-
and dual-port RAMs.

A research project at the Depart-
ment of Electrical and Computer En-
gineering at the University of

Toronto, Ontario, Canada, has led to
the development of an FPGA architec-
ture that employs cluster-based logic
blocks to achieve a more area-efficient
logic array. Detailed in paper 25.5, the
cluster analysis assumes “n” basic
logic elements in a cluster, with each
element consisting of a 4-input look-up
table, a D-flip-flop, and a simple output
multiplexer. The study examines the
optimization of the logic to determine
the best number of logic elements to
put into a cluster, the total number of
distinct inputs that the programmable
routing can provide to each cluster,
and how those factors affect chip area-
efficiency. As a result of the analysis,
the researchers concluded that a clus-
ter containing four basic logic ele-
ments would be the optimal size.

Low power consumption is the
thrust of an FPGA family developed by
Altera Corp., San Jose, Calif., and de-
tailed in paper 25.2. Designed for 3.3-V
operation, the FPGAs will offer capaci-
ties of up to 130 kgates and employ
some internal circuit tricks to deal with
the interface requirements as system
power supplies go from 5 to 3.3, and
eventually, to 2.5 V. In a second presen-
tation in the same session (paper 25.4),
designers from Altera provided details
of a 5000-gate complex PLD fabricated
with electrically-erasable configuration
elements and a configurable frequency
multiplier that allows the chip’s inter-
nal clock frequency to run at up to 140
MHz, thus allowing the circuit to han-
dle high-speed buses and other high-
performance system needs. The EEP-
ROM-based configuration cells are
programmed through a serial interface
that also is capable of being used as a
JTAG-compatible test port.

Analog Goes Digital

Although digital logic lends itself
best to field configurability, many ana-
log systems would love to have a field-
programmable analog circuit. Just such
a development will be described in pa-
per 25.6—a joint effort between de-
signers at Motorola Inc., Tempe, Ariz.,
the University of Arizona, Tucson, and
Pilkington Micro-Electronics Ltd.,
Cheshire, U.K. The array consists of a
sea of switch-capacitor-based analog
cells that is surrounded by configura-
tion logic. Some RAM is local to each
analog cell, and that memory helps con-
trol the function of the cell. The analog

array can be programmed to perform
many of the routine tasks associated
with control systems: Linear and non-
linear signal processing capabilities to
provide a wide range of waveform gen-
eration functions, or various phase and
magnitude characteristics.

Offering mixed-signal capabilities
along with an on-chip processor core
and blocks of programmable logic, a
novel chip developed by SIDSA, Par-
que Tecnologico de Madrid, Spain, in
conjunction with WML of Solihull,
England, Mikron GmbH, Eching, Ger-
many, the Universitat Politecnica de
Catalunya, Barcelona, Spain, and the
Universidad de Sevilla, Spain will be
detailed in paper 6.4. The chip contains
a set of programmable and intercon-
nectable analog cells, a block of pro-
grammable logic, and an 8051-equiva-
lent microcontroller core implemented
with synthesis tools (Fig. 3).

The FIPSOC (field-programmable
system on a chip) project will rely on a
fully-integrated design and prototyp-
ing environment that is being devel-
oped to configure and evaluate the cir-
cuit. The tools must not only handle the
logic configuration needs of the FPGA
section, but the analog configuration as
well, not to mention the programming
needs of the 8051 microcontroller. The
chip is fabricated using a 0.5-pum triple-
metal CMOS process provided by At-
mel Corp.’s ES2 division in Europe.
The configuration cells in the array are
MOS transistor switches controlled by
RAM look-up tables.

The use of modular design tech-
niques and reusable building blocks is
fairly obvious in functions such as mul-
timedia circuits, which often require
“standard” functions such as multipli-
ers, ALUs, and memory arrays. A
real-time MPEG-2 encoder/decoder
chip developed by Mitsubishi Electric,
for example, includes dual, identical
CPU cores on the chip along with dual
32-kbyte caches and many other
blocks needed to perform the MPEG
encoding in real time (F'ig. 4a). De-
signers estimate that the chip is about
20% smaller using the dual CPU ap-
proach that if they were to have cre-
ated a chip employing dedicated logic.

The processor core consists of a
250-MHz, dual-issue RISC CPU, a
hardware block that decodes very-
long-instruction words for execution
on the CPUs, a 64-word-by-32-bit gen-
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eral-purpose register file, an integer
unit with ALU, a pipelined 32-bit mul-
tiplier, and dual 64-bit accumulators,
and a memory unit that controls ac-
cess to the caches (Fig. 4b). When per-
forming encoding, the chip employs
both of the 250-MHz cores. The first
performs the steps of coding mode de-
cision, subtracting the previous frame,
discrete cosine transformations, quan-
tization, rate control, and scan. The
second processor performs the 1Q, in-
verse DCT, and reconstruction steps,
as well as system control tasks. Exter-
nally, just some DRAM for the data
buffering and a motion-estimation
chip must be connected.

On The Edge

Eying visual communications, pa-
per 11.2 describes the VLSI imple-
mentation of a single-chip encoder/de-
coder developed by the Department of
Information Systems Engineering at
Osaka University, Japan. The circuit
incorporates a new scheme for a de-
tailed edge detector that can seek the
horizontal and vertical edges simulta-
neously, thus saving time. The circuit
also can reuse the central processing
element array for both the vector

quantization and motion estimation,
thus reducing the amount of on-chip
logic, and keeping the chip area to
72.24 mm? and the power consumption
to just 147 mW when running at 10
MHz. The chip can deliver QCIF im-
ages (176 by 144 pixels) at 10 frames/s
with a bit rate of less than 30 kbits/s.

Tackling JPEG encoding and de-
coding, researchers at Sanyo Elec-
tric Co. Ltd., Anpachi-gun, Gifu,
Japan, have a developed a compres-
sion and decompression chip that can
handle VGA-size images (640-by-480
pixels) at up to 30 frames/s or handle
still images with resolutions of up to
2048 by 2048 pixels. In their presen-
tation, paper 11.3, designers at Sanyo
described the new JPEG compres-
sion and decompression core that in-
cludes the DCT and inverse DCT, a
quantization and inverse-quantiza-
tion bloek, and the Huffman
coding/decoding block. Most of the
blocks can execute in parallel, thus
reducing the time needed to process
the data—the chip can average one
symbol per clock cycle.

Discrete wavelet transforms will be
the topic of paper 11.4 from the De-
partment of Electrical Engineering at

National Taiwan University, Taipei,
Taiwan, R.0.C. The wavelet technol-
ogy allows designers to implement a
very efficient architecture for the one-
dimensional discrete wavelet trans-
form decomposition. The approach
employs two stages of systolic decima-
tion filter banks to guarantee a high
throughput and optimal computation
time. The wavelet technique decom-
poses data into components of differ-
ent frequencies, such that there is
good time resolution at high frequen-
cies and good frequency resolution at
low frequencies. This approach is good
for analyzing signals that have discon-
tinuities or sharp spikes.

Also in this session, a pair of pa-
pers, one from NEC Corp., Tokyo,
Japan, and another by Texas Instru-
ments (TI) Inc., Dallas, (papers 11.5
and 11.6, respectively) spell out in de-
tail different approaches to audio de-
coding functions for Dolby AC-3 and
MPEG playback. The NEC effort led
to the creation of a building-block
that can be added to a design library
as a core. TI designers, on the other
hand, crafted their decoder as a sepa-
rate chip with a dedicated 16-bit
RISC processor at its center.

High Frequency Dominates
CICC’s Analog World

Op Amps, Amplifiers, Filters, Photodetectors, Modulators,
And Data Converters Are All On The Agenda. PAUL McGOLDRICK

accused of being just a little too

commercialized. However, at this
year’s event, attendees may find it re-
freshing to experience a range of ana-
log technology papers that are much
less commercially-oriented and are
more in the research spirit that IEEE
conferences usually are.

In the analog world, the preponder-
ance of development work appears un-
doubtedly at the high-frequency end
of the spectrum. Although there also
will be a number of low-power, low-
voltage designs presented for sample-
and-hold uses, op amps, and log ampli-

I n recent years, the CICC has been

fiers, many of these designs are in-
tended for further penetration of the
RF market by reducing cost, improv-
ing performance, or just changing the
parameters about how we think about
some problems.

An invited paper from the Univer-
sity of California at San Diego looks at
the thorny area of what technology
will win out for which part of the inte-
gration of the single-1C radio. The ex-
tremists at either end of the process
spectrum won’t like the results, but
the analysis presented makes sense.

In some other papers, researchers
detail several single-chip receivers,

but the circuits were designed for
somewhat specialized applications
rather than serve as a general-pur-
pose receiver. Additional presenta-
tions at the conference describe re-
search on low-voltage circuits that
operate at supply levelsof 1 V.

Analog Techniques
Sample-and-hold  amplifiers
(SHAsS) are crucial pieces at the data-
acquisition interface of multi-step ana-
log-to-digital converters (ADCs) and
also serve as timing and bandwidth-
limitation solutions at the input of one-
step flash and interpolative-architec-
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1. Fabricated with o production SiGe process, this low-noise amplifier developed by IBM
operates at 6.25 GHz and exhibits a minimum noise factor of 2.2 dB and a gain of 20.4 dB.

ture ADCs. SHAs are fundamentally
difficult to design because they are al-
ways the limiting factor in the overall
performance potential of the acquisi-
tion system.

Behzad Razavi, a researcher at the
University of California at Los Ange-
les, provides an overview of design
techniques for SHAs in high-speed,
low-voltage ADCs with various archi-
tectures (paper 5.1). Some design ex-
amples for newer developments are
described covering a series CMOS
sampler, distributed sampling,
switched emitter followers, all-npn se-
ries sampling, and speed-up using an
emitter follower and current impulse
ina biCMOS SHA.

Particularly useful is a
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320.25-MHz input frequency (paper
5.2). Instead of a switched current
source in the tail of a differential pair,
the charge-domain device uses a
charge source in the tail; a fully-de-
pleted charge transfer creates the
sampling pulse that changes domains
from the input voltage signal to the
output charge signal.

The test cell has been implemented
in a 2-um CMOS/CCD technology.
Two different test set-ups were re-
quired to measure performance in
both the signal and noise arenas.
SFDR was constant from low fre-
quencies up to 320 MHz, and then fell
fairly steadily to 55 dB at 960.25 MHz.
Simulations suggest that about 18 dB

might be added to the SFDR. The
small area used by the sampler also
suggests that practical architectures
could use multiple samplers, also mak-
ing the circuit suitable for other appli-
cations such as ultra-low-power dis-
crete-time amplifiers.

Fully-balanced analog circuits offer
the best immunity to interference
from digital noise, a situation typical in
mixed analog/digital circuit implemen-
tations. Existing examples of fully-
balanced circuits require complicated
design procedures such that the de-
signer has to start from scratch even if
a single-ended version of the circuit
exists. Two new general methods of a
fully-balanced design are presented
by Toshiba Corp., Kawasaki, Japan
(paper 5.3). The designs help to consid-
erably reduce the design time and still
yield high-performance results; the
systems use a new architecture that
can be directly related to the single-
ended circuit.

In what has become a year of op
amp developments, the Catholic Uni-
versity of Leuven, Heverlee, Belgium,
describes a fully-differential CMOS op
amp with a complementary rail-to-rail
input stage and a Class AB output
stage (paper 5.4). The input stage has
anovel biasing scheme that uses a cur-
rent-regulating loop to keep the sum
of the biasing currents constant. The
gm variation is less than 4% while the
0.7-um CMOS technology can handle
supply rails from 1.5 to 3.3 V. The
unity-gain bandwidth is 4.3 MHz with
a load capacitance of 15 pF and a
power consumption of 300 pW.

Helsinki University of Technology,
Espoo, Finland, will present two pa-
pers associated with their de-

novel technique for measur-
ing the output spectrum of an
SHA by re-sampling with an-
other SHA integrated on the
same chip, guaranteeing that
the second SHA only samples

le{= =1,

sign work for digital commu-
nications. The first paper

Anal
sy
and hold

involves a new temperature-
compensated logarithmic am-
plifier that uses seven cas-
caded limiting current

the held levels, and alsore- | W
lieving problems of 50-Q2 ter-
minations in testing.

Analog Devices Inc.,
Wilmington, Mass., describes
a wideband sampler based on
a charge-domain gated g,

= T T e

ALU

- [ s

E | amplifiers for piece-wise ap-
proximation of the log funec-
tion, and a current peak de-
tector for a 60-dB dynamic
range of signal amplitude

'
§ D_out

with a temperature accuracy
within £1 dB from -20 to

cell. The sampler yields a 2. The individual cell architecture of a multiple cell array developed at
the Massachusetts Institute of Technology for mixed-signal cakulations
namic range (SFDR) of 72dB  of pixel valves in early vision applications. The results are then sent

measured spurious-free dy-

at 160 Msamples/s with a off-cell for additional processing.

+80°C. The amplifier was
built in a 1.2-pm CMOS
process and can operate with
a supply as low as 2.2 V while
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consuming about 3 mW (paper 5.5).

The second paper discusses the de-
sign, for Nokia, of a 3-V, g, C-filter
with on-chip tuning for the low-volt-
age channel selection for CDMA com-
munications (paper 5.6). The chip also
has a low current consumption (typi-
cally 16 mA) and employs a novel float-
ing-resistor transconductor. The sev-
enth-order elliptical ladder filter uses
14 transconductors with an extra one
on the input to compensate for a 6-dB
loss in the prototype.

The filters are tuned with capaci-
tor matrices that employ a 5-bit digi-
tal control interface. This approach
uses more chip area than does tuning
the transconductor, but it also has a
lower power consumption. Results
show a passband gain in excess of 30
dB, a ripple of less than 1 dB, and a
minimum stopband rejection of 57
dB. The circuit is fabricated on a dou-
ble-polysilicon, double-metal, 1.2-um
CMOS process.

Advanced RF ICs

The whole topic of high-level inte-
gration for wireless communications is
liable to bring out as many opinions as
there are people asked. An invited pa-
per from Lawrence Larson from the
Center for Wireless Communications
at the University of California at San
Diego, summarizes the trade-offs be-
tween the competing technologies in
what is a hugely complex arena that
many would argue from their own
vested interests (paper 9.1).

The predictions are that the semi-
conductor content of a cellular handset
will fall from the current $76 to about
$58 by the year 2000, primarily be-
cause of the increased integration us-
ing CMOS. The logical extension of
such CMOS integration to the radio
functions to form a “single-chip CMOS
radio” might seem plausible but the
technical requirements are consider-
ably more multidimensional. Com-
pared to the digital 1C, where power,
speed, and yield are the major perfor-
mance metrics, the RF IC also has to
contend with issues of noise, linearity,
gain, and efficiency.

Larson covers the systems require-
ments and the candidate technologies
with time-to-market issues as well as
performances. “In these areas,” Lar-
son concludes, “traditional silicon
bipolar and GaAs technologies possess
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3. The University of New South Wales’
floating-gate MOSFET current source in circuit
form (a), and its cross-section (b). The two-
input gate structure allows for device
operation in a DAC to be ot less than 1 V.

an edge at this time. Nevertheless, in
the long run, CMOS technology will
acquire many of these qualities, and
silicon bipolar and GaAs technologies
will find themselves increasingly
pressed by competition with CMOS in
the 1-t0-2.5-GHz frequency range. RF
CMOS is one of the most actively re-
searched areas in the integrated cir-
cuits community.”

One of the newer technologies, sili-
con-germanium, (SiGe), was able to
report on a low-noise amplifier (LNA)
at this year’s International Solid-State
Circuits Conference with a 0.95 dB
noise figure, a power gain of 10.5 dB
and a 2-mW power dissipation at 2.5
GHz. That results in a figure-of-merit
of about 5.5 mW-! {gain/(dc power x
noise figure)}. At CICC, impressive
numbers also are reported for a 6.25-
GHz LN A using SiGe with a minimum
noise figure of 2.2 dB, a gain of 20.4 dB
and a dissipation of 9.4 mW, from
IBM’s T.J. Watson Research Center,
Yorktown Heights, N.Y. (paper 9.2).
The LNA was fabricated using the
company'’s standard production-level
technology with three levels of alu-
minum metallization and conventional
intermetal dielectric layers.

The LNA consists of a cascode am-
plifier with an emitter-follower output
stage (Fig. 1). The effective imped-
ance of the on-chip tank L.C load is in-

creased with the common-base cas-
code transistor (Q2) while the input '
transistor is biased with a resistive di-
vider. Current mirrors (Q4 and Q6)
provide bias currents to the current
sources (Q5 and Q7) in the two stages.
Capacitor C2 bypasses the current
source in the input stage and also mod-
ifies the input impedance.

The circuit was designed for opera-
tion at 5.8 GHz but a process change
modified the specific capacitance of
the on-chip capacitors to set the peak
at 6.25 GHz with the 3-dB bandwidth
extending from 5.5 to 7 GHz. A higher
figure-of-merit could be achieved by
replacing the input current source
with an inductor, reducing supply-rail
needs to about 1.8 V and reducing
power consumption.

What is probably the first inte-
grated front-end receiver with an in-
tegrated image filter will be reported
by Carleton University, Ottawa,
Canada, and Nortel, Ottawa, Ontario,
Canada, for the 1.9-GHz DECT band
(paper 9.3). Using an external 2.2-GHz
local oscillator for high-side mixing,
the input LNA is followed by an image
reject filter tuned at the image fre-
quency of 2.5 GHz positioned before
the Gilbert mixing cell for conversion
to the IF. Conversion gain of 33.5 dB is
achieved with a noise figure of 4.9 dB
and 50 dB of image rejection at 2.5
GHz. The image rejection can be
tuned over the 2.4-t0-2.63-GHz range.
The part was fabricated in Nortel’s
0.5-um silicon bipolar technology that
provides an f of 25 GHz. Current con-
sumption is 15.9 mA at 3 V. Further
work is taking place to improve linear-
ity and to match the RF input.

Hewlett-Packard (HP) Laborato-
ries, Palo Alto, Calif., reports a signifi-
cant breakthrough in RF power am-
plifier technology with a 1-W
monolithic 800 to 900-MHz low-cost
digital CMOS device operating at only
2.5 V (paper 9.5). Typically, a GaAs,
LDMOS, or biCMOS amplifier for
these frequencies required a supply of
about 5 V to achieve a 1-W output. Al-
though the HP amplifier is primarily
designed for constant-amplitude ap-
plications, the potential exists for lin-
earization using envelope elimination
and restoration techniques.

Input matching to the power ampli-
fier is provided by a T-network trans-
forming a 200-Q resistive load to 50 Q. J
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4. A micromachined variable capacitor, built on a silicon substrate that can be included in
monolithic devices such as VCOs, was developed ot the University of California at Berkeley. The
capacitance is adjusted by bias voltage’s electrostatic action that moves the more flexible plate

doser to the fixed plate.

Gain stages were fabricated as band-
pass stages with inductive loads, need-
ing no de headroom and avoiding the
low-frequency saturation problems of
cascaded differential-pair amplifiers.
Three stages, working in the Class A
mode, then in Class AB, drive the
third stage at the rail-to-rail voltage
for Class C/D operation to drive a
| switched-mode output stage, similar
to a Class-D amplifier. Small-signal
gain is better than 30 dB with power-
added efficiency at 42% for the 0.8-um
fabrication process.

One of the limitations on the imple-
mentation of direct-conversion re-
ceiver techniques is the process of lo-
cal-oscillator (L.O) self-mixing, where
leakage of the LO signal back to the in-
put amplifier stage and the antenna is
reflected back to the mixer where it is
converted as a dc offset. A balanced
harmonic mixer from Toshiba Corp.,
Kawasaki, Japan, has a structure that
is inherently symmetrically balanced,
separating the LO, RF and baseband
signals (paper 9.6). The measured re-
sults show that dc offsets caused by
self-mixing are reduced to levels that
are less than the noise level.

DVB, Filters, And Arithmetic
Hyundai Electronics Industries,
Kyoungki-do, Korea, and Odeum Mi-
crosystems, San Jose, Calif., present
an elegant single-chip DVB-compliant
receiver with variable-rate QPSK de-
modulation, Viterbi decoding, de-in-
terleaving, and Reed-Solomon decod-
ing (paper 11.7). Using a fixed-rate
sample clock, the design seamlessly
handles data rates from 1 Msymbol/s

to 45 Msymbols/s.

The symbol rate can be controlled
within 0.01% of the desired value with
possible timing errors corrected
through a symbol-tracking PLL. The
Viterbi decoder accepts 3-bit soft-de-
cision samples of the I and Q compo-
nents of the received signal with the
core architecture tuned to a rate of 1/2.
Depuncturing logic with an associated
FIFO buffer precedes the core logic to
equalize the data rates for the higher
data rates of 2/3, 3/4, 5/6 and 7/8.

Unlike conventional schemes
where the encoder output is re-en-
coded to compare with the input to
verify synchronization, the scheme
here is to use the principle of convolu-
tion coding such that the convergence
length is substantially different in the
in-sync and out-of-sync conditions. A
novel change also is made in the
Reed-Solomon decoder, where one
Euclidean ALU with its associated
register arrays is time-shared to re-
place 16 ALUs. This block is clocked
at twice the speed of the others in or-
der to keep up with the input data.
The result is that the decoder has
been implemented with fewer than
14,000 gates.

A programmable analog arithmetic
circuit is presented by MIT, Cam-
bridge, Mass., with addition, subtrac-
tion, multiplication, and division at 7
bits of resolution (paper 12.6). The cir-
cuit was designed for use in early-vi-
sion systems and can allow low-power
operation while retaining most of the
flexibility of a digital processor. The
architecture of a single cell consists of
a digital control register, an analog

SHA to store data, the ALU and a
switch fabric, which routes analog
data among the storage unit, the
ALU, and the four 1/0 lines (Fig. 2).
The processor cells are arranged in a
rectangular array in which each cell
can communicate with its four neigh-
bors, all of which can be executing a
different instruction.

In the complete array, limited only
be the size of the die, the processing
cells receive a stream of analog volt-
ages from the imager for each pixel.
The system requires that the pixel
values and any mathematical opera-
tion from its neighbors are used for
such tasks as edge detection. Any re-
maining processing would be done off-
chip in a digital processor. The
ADC/DAC combination used in the
processing is limited in the first imple-
mentation by the fact that the output
cannot go above the reference voltage
or below zero. As aresult, outputs can-
not be higher than 255 or be below
zero for subtraction.

A position-sensitive photodetector
using CMOS with a 16-by-16 binary
array is discussed by the University of
Ouly, Finland (paper 12.7). The array
can detect multiple spot positions si-
multaneously with sub-pixel accuracy.
The array consists of a 16-by-16-ele-
ment photodetector array and addi-
tional circuitry for global threshold
setting, re-setting, and readout. Set-
tings can be done from either an exter-
nal current input, or from a current
generated internally by background
illumination sensors in the vicinity of
each array corner. These sensors con-
sist of four photodiodes sized the same
as the pixel photodiodes, thereby pro-
ducing the same current levels. The |
triggering level can be set from 0.5t04
times the average background illumi- |
nation levels. l

Data Converters

An invited paper from the Catholic
University of Leuven, Heverlee, Bel-
gium, discusses the problems encoun-
tered as voltages are lowered on
CMOS ADC operations (paper 13.1).
At a supply rail of less than 2 V, it is no
longer possible to implement
switehed-capacitor converters. That is
due to the fact that there is no longer
enough overdrive to turn on the tran-
sistors used as switches. Techniques
will be discussed in the presentation to
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for your system. In addition to the 150
(and growing) types of 68HC0S5 MCUs,
you can now select one of our fully
upward object code compatible
68HCO08 microcontrollers.
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The 68HCO08 Family offers even higher-
performance with faster clock speed
options and more features for your
system design. But the 68HCO8 doesn’t
just provide more instructions and regis-
ters, it also runs 68HCOS object code.
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Families offer complete support and a full
suite of third-party development tools.

So, if your system needs a “world-
class” 8-bit solution, specify the world’s
first choice: Motorola. Our global

manufacturing is already ramped-up
to deliver production volumes
anytime, anywhere.

For more information on either the
68HCOS or 68HCO8 Families, call

1-800-765-7795 ext. 881 or request

by FAX at 1-800-765-9753.

You may also visit our Web site at
http://sps.motorola.com/csic.
When it comes to 8-bit solutions,
there’s a world of difference with
Motorola MCUs.
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show how to employ switched op amps
instead of the voltage-multiplying
techniques that have been suggested
up to now. A 12-bit, A-£ ADC operat-
ing at audio frequencies is introduced
using such techniques with a 1.5-V
supply rail and consuming less than
100 uW. The disadvantage of the
switched op amp is that although it al-
lows for “true” low-voltage operation,
it introduces additional active ele-
ments at each integrator, except at the
input, adding to the die area. Power
consumption is not increased, how-
ever, because the devices are only
turned on for half the time.

Oregon State University, Corvallis,
Ore., describes the use of MOSFETs
in their accumulation region as capaci-
tors for a second-order switched-ca-
pacitor A-X modulator, using only basic
digital 1.2-um CMOS (paper 13.2).
Measured results from the 16-bit, 3-V
modulator give a peak SNR of 96 dB
and a peak S/THD (2nd to 5th harmon-
ics) of 94 dB with a 6-kHz bandwidth,
5.4-mW dissipation and a 3.6-V capaci-
tor bias. The results show that it is
possible to design high-linearity
switched-capacitor circuits without
double-polysilicon capacitor tech-
niques. The prototype suffered from
requiring large drive voltages which
should be corrected by increasing the
input capacitors.

A more conventional implementa-
tion using capacitors will be presented
in paper 13.3 by researchers at the
Nokia Mobile Phones R&D Center,
San Diego, Calif. In their design of a
second-order demodulator, they fabri-
cated high-resolution A-X DACs with
a 0.5-um low-power CMOS process,
employing double-polysilicon and
triple-level metal interconnections.
The design neatly combines the DAC
and second-order filter into the same
step, eliminating the conventional
post-analog filter. The resulting reduc-
tion in die size to 0.18 mm?® and power
to 700 uW are impressive, along with a
dynamic range of 85 dB and an audio
bandwidth of 300 to 3400 Hz.

A 0.9-V supply DAC has been de-
veloped by the University of New
South Wales, Sydney, Australia, using
a standard 1.2-um CMOS technology.
An experimental 6-bit DAC was fabri-
cated and it exhibited less than a 0.46
LSB linearity error, a 5-Msample/s
conversion rate and a power consump-

tion of 320 pW. To operate in the 1-V
supply range, a new floating-gate
MOSFET current source was devel-
oped (Fig. 3). Both the current-source
and current-switch functions are com-
bined into a single, two-input floating-
gate PMOS transistor, MFG, whose
inputs are V; and Vy,. Since the poten-
tial of the floating gate depends on
both inputs, it is possible to turn the
current-source on and off with Vg, and
to control the current output with the
bias, Vi, The minimum supply voltage
is equal to the threshold voltage of
MFG plus the turn-on voltage.

Fiber Preamp And Modulator

A wide-dynamic-range and high
transimpedance silicon bipolar pre-
amplifier for 10-Gbit/s optical fiber
links will be reported on by Hitachi
Ltd., Tokyo, Japan (paper 14.3). The
circuit uses a limiting amplifier after
the transimpedance stage to over-
come the trade-off with high dynamic
range. A 3-dB bandwidth of 10.5 GHz
was achieved with a transimpedance
of 1 kQ, a dynamic input range of 2
mA pk-pk and an equivalent noise
current input of 12 pA/Hz using 35-
GHz bipolar technology. The transim-
pedance fluctuation was only 0.5 dBQ
from 50 MHz to 8 GHz, attributed to
the optimization of the function resis-
tance and the bias network. The tran-
simpedance could be doubled to 2 kQ
using the circuit’s differential outputs.
The device is linear for input currents
of less than 400 uA pk-pk (400-mV
output voltage.)

Hong Kong University of Science
& Technology, Clear Water Bay,
Hong Kong, and Broadcom Corp.,
Irvine, Calif., will present work on an
all-digital implementation for a
broadband PAM and QPSK modula-
tor, avoiding the design pitfall of the
separate DAC function at the trans-
mitter being provided by a non-sys-
tem designer (paper 14.5). Here, the
transmit DAC and FIR filtering
functions are merged with significant
reductions in complexity. The modu-
lator produces a direct analog output
at either baseband or IF. The imple-
mentation is very efficient because all
computations are performed in the
analog current domain while the ana-
log multiplier employs a current-divi-
sion technique that is suitable for dig-
ital CMOS processes. Coefficient

tap-weights are in digital form and
can be easily modified.

Novel RF Techniques

In one of those pushes to show
that CMOS has a life outside base-
band, Level One Communications,
Sacramento, Calif., will present work
in paper 20.3 on a low-noise, 1.6-GHz
CMOS PLL with an on-chip, passive,
loop filter. The complete IC consists
of an LC VCO using spiral inductors,
divider, phase detector with charge
pump, and the loop filter. The refer-
ence used is at 61.5 MHz, a division
ratio of 26. The reference tone
feedthrough is below -80 dBe with
phase noise at -105 dBc/Hz at 200
kHz offset from the carrier. The de-
vice is functional from 2.7 to 5 V with
a dissipation of 90 mW at 3 V. The
tuning range of the oscillator is 1.6
GHz + 100 MHz.

Philips Semiconductors, Sunny-
vale, Calif., together with UCLA and
the Sharif University of Technology,
Tehran, Iran, explains their work on a
method for precise wideband quadra-
ture signal generation, necessary for
any number of modern wireless sys-
tems (paper 20.4). The oscillator out-
put, fed from an integrator, passes
through an improved ECL divide-by-
two stage to give the quadrature sig-
nals. Any output phase error is con-
verted to an error signal which is fed
back to correct the difference. A phase
accuracy of better than 0.5° was
achieved over an output frequency
range of 40 to 500 MHz without exter-
nal tuning.

The scheme’s accuracy depends on
the phase detector that is a modified
Gilbert cell. This must be highly sym-
metrical and the layout used was such
that circuit and layout mismatches
should also be corrected by the loop.
The part is being called the level-
locked loop (LLL) and is fabricated in
1-um biCMOS.

Concorde Microsystems, along with
the University of Tennessee,
Knoxville, Tenn., will describe a single-
chip, direct-conversion receiver for the
VLF band of 10 to 100 kHz, providing
both analog and digital I and Q outputs
(paper 20.5). The VLF band has advan-
tages for short-range RF sensing over
the conventional portable bands. Up to
about 100 feet, magnetic-wireless de-
tection is simple, sensitive and requires
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no license. The receiver implemented |
consists of a low-noise preamplifier, a
direct-conversion mixer with I and Q 1
outputs, and dual baseband IF stages
with pin-programmed gain. The I and
Q local oscillator signals are also pin-
programmed in the PLL followed by a
pin-programmed post divider. The re-
ceiver is designed for the reception of
phase-modulated signals in the 10 to
100 Hz range.

The University of California at
Berkeley presents work on a micro-
machine-based variable capacitor for
VCOs (paper 21.3). The capacitor is
fabricated on a silicon substrate allow-
ing its incorporation in a monolithic
design (Fig. 4). The capacitor consists
of a thin aluminum plate suspended in
air nominally 1.5 um above a bottom
aluminum layer and anchored with
four mechanical folded-beam suspen-
sions acting as springs. The low sheet
resistance allows for the achievement

of high Q factors. The size of the plate
is a compromise between the achiev-
able capacitor values and the warping
of the plate. With a chosen plate size of
200 by 100 pm, the nominal capaci-
tance is 200 fF.

When a dc bias is applied across the
capacitor, an electrostatic force pulls
the top plate down, reducing the air-
gap and increasing the capacitance by
up to 50%. A prototype VCO built us-
ing the technique in a Colpitts configu-
ration and with a commerecially avail-
able inductor achieved a 400-fF tuning
range from a nominal capacitance of
800 fF. The circuit, where the para-
sitics increased the overall capaci-
tance to about 2 pF, exhibited a mea-
sured Q of 62 at 1 GHz.

A GSM receiver will be deseribed
by Bell Laboratories (Lucent Technol-
ogy), Murray Hill, N.J., using a modi-
fied low-IF conversion process (paper
24.4). The process has the LO and RF

bands overlapping so that the output
IF is low, but not actually direct con-
version. This avoids some of the cur-
rent problems of direct conversion
with significant demands on the base-
band filters.

However, when the dc offsets are
moved away from the IF sufficiently,
ac coupling can simply be used to re-
move them. The dynamic range issues
that are present with direct conver-
sion are still a concern with low-IF
techniques, and Bell experimented
with a double-low-IF (DLIF) receiver
that reconverts the low-IF outputs
back up to frequencies where low-cost
ceramic filters can be effective. The
low-pass filters at the first IF need
only be low-order to provide image re-
jection for the second conversion. For
GSM, Bell used half the channel spac-
ing for the first IF (at 100 kHz) and
then used 10.7 MHz for the second, a
standard in consumer applications.

EDA-Tool Improvements Advance
Next-Generation Circuit Designs

Submicron, RF, Clocking, And Low-Power

ith the EDA industry migrat-
Wing to smaller-geometry de-
signs while incorporating
greater complexity with higher-speed
and lower-power circuitry, designers
are faced with many challenges. All
too often, there’s just not enough time
or money to search for solutions. In
fact, many designers are forced to
piece together makeshift solutions
from a grab bag of current design
flows and available tools. Even though
this approach has a number of limita-
tions, it gets the job done. For the typ-
ical designer working against tight
time-to-market deadlines, just getting
the design out of the door is the bot-
tom line. But for some, the special
challenges of deep-submicron, radio
circuit, system clocking, and low-
power designs, make even achieving
the bottom line a difficult task.
As designers venture into the deep-

| Design Solutions Emerge At CICC. CHERYL AJLUNI

submicron design area, they are faced
with many issues that didn't exist pre- |
viously. The complete domination of i
gate delays by interconnect delays, !
and the emergence of a host of issues !
related to device parasitics have ques- |
tioned the very usability of current :
tools and methodologies. Toward this i
end, two sessions at the CICC, Session !
8—Analysis For Deep Submicron, and !
Session 26—Physical Design Automa- |
tion, take a hard look at many of the |
concerns and issues related to deep- i
submicron design and current feasible !
options for designers flounderingina !
state of confusion. !
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Gigascale Challenges

In Session 8, Paper, 8.1, from re-
searchers at the Georgia Institute of
Technology, Atlanta, details the de-
rivation of a stochastic interconnect
distribution for gigascale integration

(GSI). The distribution can be used for
on-chip random logic networks and de-
seribing optimal architectures for mul-
tilevel wiring networks. This multi-
purpose derivation can be employed in
a number of ways: to enhance a criti-
cal-path model for clock-frequency es-
timation, to estimate dynamic power
dissipation in signal wires, or to deter-
mine the optimal scaling of the cross-
sectional dimensions of interconnects
in a multilevel network. With this in-
terconnect information chip size can
be determined.

Compared to other distributions
which describe only local interconnect
requirements, this new distribution
offers an all-encompassing description
of local, semi-global, and global wiring
requirements. The researchers used
the optimized three-tier network dis-
tribution on a test chip and effectively
showed that it could provide a 0.46X
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reduction in chip size, or a 1.7X in-
crease in clock frequency over the
more conventional two-tier design.

Inherent in the ability of designers
to design ICs is the use of accurate and
complete models for circuit simula-
tion. Without these models, it is virtu-
ally impossible to correctly character-
ize the circuit elements and parasitics
that comprise the IC. Papers 8.2 and
8.4, from Motorola Inc., Tempe, Ariz.,
and Carnegie Mellon University,
Pittsburg, Penn., respectively, ad-
dress the issue of accurate models.

Paper 8.2 provides more of an
overview of the issues related to com-
pact modeling. Details of some of the
common and not-so-common guide-
lines for compact modeling and char-
acterization are offered, along with
some of the typical numerical weak-
nesses and corresponding solutions. In
addition, researchers examine some of
the often-overlooked aspects of high-
frequency modeling.

Conversely, Paper 8.4 describes a
technique for generating sparse RC-
interconnect macromodels. The tech-
nique works by inserting an artificial
intrinsic delay in the transconduec-
tance terms between distant ports.
This design is possible thanks to the
low-pass filter characteristic of the
RC-interconnect circuits. It effec-
tively lightens the computational load
during circuit simulation. With the de-
lay in place, the ports are decoupled.
Because any error that has been intro-
duced can then be measured in terms
of the poles and residues of the RC cir-
cuit, accuracy versus sparsity trade-
offs can be easily made.

Constraint-Driven Placement

Session 26 attacks the deep-submi-
cron issue from another angle by ex-
amining the placement and routing
(P&R) problems with their corre-
sponding solutions. In Paper 26.1, Ca-
dence Design Systems, San Jose,
Calif., details the development of a
new constraint-driven placement tool.
This tool, the Device-Level Placer
(DLP), attacks the problem of full-cus-
tom mixed-signal design by providing
the designer with a quick way of ob-
taining feasible layout configurations
and exploring the effects of applying
different sets of constraints.

The DLP software works by using
a direct approach based on a combina-
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tion of techniques. These techniques
include a force-directed placement,
augmented by a min-cut partitioner
that has been modified to guarantee
the enforcement of an entire set of
geometric constraints and iterative
optimization. Any infeasible P&R con-
figurations, typically due to overcon-
straints, are automatically detected
and the designer is notified. The tool is
capable of handling full-custom lay-
outs of cells with large sets of geomet-
ric constraints.

Paper 26.4 addresses a technique for
placement of large-scale gate arrays
using a fast-placement-improvement
algorithm. Developed by Mitsubishi
Electric Corp., Hyogo, Japan, the algo-
rithm consists of a new cell-padding
phase and a fast-iterative-improve-
ment phase. In the padding phase, lo-
cal-routing chip congestion is reduced
by expanding the size of the cells in the
congested regions and relocating them
to eliminate the cell overlap. Relative-
cell positions are preserved throughout
the relocation process. The iterative
improvement phase then minimizes
the objective function that takes the lo-
cal congestion into account. Its speed is
derived from the use of a new gain-es-
timation method to determine the best
position in which to move a cell.

Papers 26.2 and 26.3 from the Uni-
versity of Washington, Seattle, and
NTT System Electronics Laborato-
ries, Kanagawa, Japan, respectively,
focus on routing. The first paper offers
a solution to the over-the-cell routing
challenge that occurs in VLSI physi-
cal-design automation. A newly devel-
oped, multilayer, graph-based router
that can handle obstacles on any layer,
specifically addresses this problem. It
works by improving the performance
of a maze router with rip-up and
reroute (R&R) capability.

The second paper presents an
overview of a routing methodology
and CAD tools used in designing a gi-
gabit/s LSI IC with deep-submicron
technology. Net-classification tech-
niques are employed, along with a
high-performance router and a high-
precision delay analyzer. The analysis
is based on a top-down/bottom-up hi-
erarchical approach. To show the use
of the tools, the presentation describes
how the methodology was employed
to design an ATM switch-element LSI
using 0.25-um CMOS/SIMOX technol-

ogy. The resulting chip had a through-
put of 40Gbits/s and an internal clock
frequency of 312 MHz. Designing ra-
dio circuits for use in the wireless/per-
sonal communications electronics
market is another area that poses dif-
ficulty for today’s designer, and is ad-
dressed in Session 24—Radio Circuit
Design Techniques. The challenge is
how to effectively deal with the sec-
tion of the system operating at RF.
Many designers would like to be able
to deal with RF the same way they deal
with analog—by breaking the design
into blocks, then simulating the differ-
ent blocks separately. The blocks are
then brought back together towards
the end of the design cycle. All too of-
ten, though, when this method is used,
interface problems occur that can
wreak havoc with a design. And, with
the signal frequencies, time con-
straints, and types of analysis required
in RF design, using simulators such as
Spice often results in poor accuracy,
and drains on computation resources.

Better Simulation Tools

A few general- and special-purpose
simulation tools have emerged in re-
cent years specifically targeted for
use in RF design, but, generally, they
have not been understood well
enough to be used properly. Paper
24.1, a combined effort from re-
searchers at Washington State Uni-
versity, Pullman, Wash.; Lucent Tech-
nologies, Murray Hill, N.J.; Bell Labs,
Allentown., Penn.; and Lucent Micro-
electronics, Allentown, Penn., specifi-
cally addresses this lack of under-
standing by attempting to demystify
the features and limitations behind
some of the tools currently available.

Some of the basic concepts related
to RF design, as well as RF simulation
techniques, also are presented. The
rest of the session details the method-
ologies used and results of work done
on five RF-based designs including a
900-MHz RF low-noise amplifier in a
0.9-um CMOS (University of Califor-
nia, Los Angeles in conjunction with
Broadcom Inc., San Jose, Calif.), a 2-V
low-power single-ended 1-GHz CMOS
direct-upconversion mixer (KU Keu-
ven, Heverlee, Belgium, Lucent Tech-
nologies and Bell Labs , Murray Hill,
N.J.), abiCMOS double-low-IF re-
ceiver for GSM (Samsung Electronics
Co. Ltd., Kyunggi, Korea), a fully inte-
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grated 5-MHz-IF digital FM demodu-
lator (University of Illinois, Urbana),
and a completely integrated single-chip
PLL with a 34¢-GHz VCO using 0.2-um
E-/D-HEMT-Technology (Fraunhofer
Institute of Applied Solid-State
Physics, Freiburg, Germany).

Another session, Clocking And
Low Power Methodologies (Session
T), takes a hard look at how the in-
creasing demands of VLSI chip design
continue to challenge the limits of
power and performance, specifically
focusing on workable design and
analysis techniques. A total of seven
papers cover a variety of topics includ-
ing a 3D parasitic distributed RLC ex-
traction method for evaluation of the
clock delay of VLSI multilevel inter-
connects (Texas Instruments Inc.,
Dallas), and a genetic algorithm ap-
proach for estimating the maximum
power dissipation and instantaneous
current through supply lines for
CMOS circuits (University of Califor-
nia at Santa Barbara).

Of special interest is a hierarchical
decomposition for single-stage clock
designs presented in Paper 7.1. The
technique works by splitting the design
into global and local distributions, and
replacing the leaf wiring of the clock

route with shortest-path-style routing.
This technique, ideal for designing the
interconnect distribution for single-
stage clock circuits, can offer perfor-
mance improvements in the 3X area,
reduce the total wire used by 6%, and
reduce the runtime by an order of mag-
nitude on clock circuits with a few hun-
dred to a few thousand latches.

Researchers from IBM Microelec-
tronics, Essex Junction, Vt.; Cadence
Design Systems, San Jose, Calif.; and
First PASS, NW Palm Bay, Fla., in
Paper 7.2, also report on the develop-
ment of a comprehensive clock
methodology. Specifically optimized
for microprocessor designs or other
large integrated functions containing
smaller sub-blocks or cores, the
methodology incorporates a number
of different components. Some of
those components include the cluster-
ing and balancing of clock loads, multi-
ple-clock domains, a balanced clock
router with variable-width wires to
minimize skew, hierarchical clock
wiring, automated verification, an in-
terface to the Cadence Design Frame-
work I environment, and a complete
network model of the clock distribu-
tion, including loads.

The methodology provides for good

performance, and is able to minimize
the design time without consuming
large amounts of wiring tracks or
adding needless wiring capacitance.
Researchers will report on how this
methodology was used to create an en-
tire clock network—including verifi-
cation, in less than three days with a
clock skew for the entire chip of ap-
proximately 180 ps.

In Paper 7.5, researchers from
Toshiba Corp., Kawasaki, Japan, de-
seribe an automated design technique
that reduces power by using two sup-
ply voltages. The approach employs
an Extended Clustered Voltage Scal-
ing (ECVS) structure for synthesis,
along with P&R techniques. The
structure synthesizer works by clus-
tering the gates off the critical paths.
This design effectively reduces the
voltage, saving power. Then a P&R
tool assigns either the reduced or
unreduced voltage to individual rows
to minimize area overhead. As tested
on the random logic modules of a me-
dia processor chip, the combination of
techniques was able to reduce the
power by an average 47%, with a ran-
dom logic area overhead of 15%. Addi-
tionally, no degradation in the perfor-
mance of the chip was witnessed.

New Architectures, ICs, Processes
To Open Communication Frontiers

Developments In Wireless And ATM Systems
Are Featured At This Year’s CICC. LEE GOLDBERG

aking the ICs for the next gen-
M eration of communications net-

works is not simply a matter of
smaller, faster, and cheaper. While the
speed and density of mircochips con-
tinues to climb at a surprisingly pre-
dictable rate, they are invariably out-
paced by the performance
requirements of the emerging Gigabit
networks and universal wireless ser-
vices. The real keys to electronics’
steady evolution are the quantum-
leap innovations that lie beyond
Moore’s curve, in the realm of solid-
state physics, information theory, and

advanced mathematics.

Developments presented at the
CICC will pave the way not only for
tomorrow’s ICs, but will serve as a
foundation for technologies whose im-
pact will be felt for many years to
come. While the conference has
yielded a wealth of developments in all
areas of communications, perhaps the
two that will see the most activity are
wireless and ATM systems.

Wireless Developments
As wireless systems become more
widely employed for both voice and

data, several issues have arisen that
may limit their aggressive price/per-
formance goals. For example, the
trend toward using on-chip passive
components is very promising, but the
performance limitations of microma-
chined capacitors and inductors are
still far from ideal. In paper 20.2, “A
Fully Integrated Spiral-L.C. CMOS
VCO Set with Prescaler for GSM and
DCS Systems,” researchers from
ESAT-MICAS, Heverlee, Belgium,
and Toshiba Corp., Tokyo, Japan, de-
scribe a methodology for optimizing
the design of spiral inductors, and how

J
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it is applied to VCOs operat-
ing in the 900 MHz and 1.8

done with a standard 0.4-p
CMOS process. According to
the authors, the inductor’s se-
ries resistance and its para-
sitic coupling to the substrate
must be minimized to provide
the phase-noise performance
and power efficiency re-
quired by cellular and PCS

a) Octagonal

b) Symmetrical

eas and resist multipath and
fading effects. Generally,
these systems have been
bulky and expensive, but re-
searchers from Broadcom
Corp., Irvine, Calif., and the
Integrated Circuits And
Systems Laboratory at
UCLA, will address the is-
sue in their paper, “A 42-
Mbit/s, Multi-Channel Digi-
tal Adaptive Beamforming

systems.

Rather than using exotic
techniques such as forming
inductors with bonding wire,
the authors applied finite-ele-
ment analysis and simulation
to look at how the conventional
method of forming them in the chip’s
metallization layers could be opti-
mized. From this work, three impor-
tant principles can be derived. The
first states that the width of the con-
ductor traces cannot be made ex-
tremely large, otherwise the inductor
will suffer from excessive high-fre-
quency resistance, due to increased
skin effect. Next, the inductor’s spiral
must not be filled up with conductor
traces to the middle of the coil, since
the inner loops contribute much more
to internal eddy current effects than
to the component’s overall inductance.
Finally, a coil’s surface area must be

limited to minimize substrate losses.

Using these lessons, an unusual
coil shape was devised, which com-
bined an octagonal profile (for better
inductance/resistance ratio), and a
nested symmetrical coil layout that
minimized surface area and allows
the use of a single inductor in a per-
fectly balanced differential oscillator
(Fig. 1). The resulting designs yielded
inductor Qs of 5.6 and 8.6 for the 900
MHz and 1.8 GHz oscillators, respec-
tively, and were successfully incorpo-
rated into VCO/prescaler chips with
excellent results.

Also in session 20, the Integrated
Circuits And Systems Laboratory at
UCLA, Los Angeles, Calif., will de-
liver a thorough overview discussing
the “Challenges in the Design of Fre-
quency Synthesizers for Wireless Ap-
plications” (paper 20.1). The presenta-
tion explains that frequency synthesis
was more difficult to achieve than
most electrical functions insofar as it
involved performing algebraic opera-
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tions on frequencies. This type of task
is much more difficult than on more
commonly manipulated properties,
such as current and voltage. The au-
thors also examined the challenges
faced at the architectural and circuit
design level, and provided a detailed
analysis of the advantages and disad-
vantages of many of the most popular
solutions (including integer-N, frac-
tional-N, dual-loop, and direct digital
synthesis) employed today.

Another area where significant ad-
vances are being made is in active an-
tennas. Active antennas use phased-
array techniques to shape their active
region, allowing satellite systems,
wireless LANSs, and cellular networks
to more highly segment coverage ar-

1. These on-chip inductors were developed for use in high-performance
V(Os that operate in the 900- and 1800-MHz region. An octagonal
profile (a) yields a better inductance ratio than square profile inductors.
The symmetrical configuration allows the use of a single inductor in a
perfectly balanced differential oscillator (b).

QAM Demodulator for Wire-
less Applications” (paper
14.4). This presentation de-
scribes how advanced DSP
techniques could be used to
combine inputs from multi-
ple antennas to create a “virtual”
phased-array receiver.

The paper uses a wideband coher-
ent M-ary quadrature-amplitude mod-
ulation (M-QAM) modem as an exam-
ple. The modem they describe uses a
frequency-hopped RF front-end, op-
erating in the 2.4-GHz unlicensed ISM
band. The receiver’s adaptive beam-
forming network is designed to reject
co-channel interference or provide
anti-jamming capability. A chip to per-
form these functions was fabricated in
0.8-py CMOS. 1t is fed by a four-channel
front-end that de-hops the signals
from the antennas and feeds each sig-
nal to its own analog-to-digital con-
verter (Fig. 2).

The digitized signals from the front
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2. A multi-channel, multi-ontenna digital receiver can use its DSP capabilities to create an
adaptive beam-forming system to “steer” its sensitivity, resolve multipath problems, and
compensate for other fading phenomena. In this example, frequency-hopping signals from
multiple ontennas are fed through o front end where they are “de-hopped,” digitized, filtered,
and fed to the adaptive beam-forming filter (ABF) network. A decision-feedback network
continvously adjusts the ABF's filter weight values.
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end are fed into the demodulator chip,
which performs a digital downconver-
sion to baseband while simultaneously
separating the complex I and Q signals
of the QAM signal. After more filter-
ing, the four channel signals are com-
bined with the adaptive beam forming
weights into a single, complex signal.
These weights are derived from an
adaptive feedback network that also is
embedded in the chip.

Evolving IC Processes

At conferences like CICC, it is
quite apparent that new develop-
ments in semiconductor processing
technology will continue to play a ma-
jor role in defining the shape of tomor-
row’s communications. Much of this
research is aimed at producing high-
frequency devices on ordinary silicon,
using as much standard CMOS pro-
cessing technology as possible. By
avoiding exotic materials and
processes, developers hope to bring
the cost of wireless, broadband, and
other high-frequency communications
applications within the reach of the av-
erage consumer.

One excellent example of this will
be a discussion on employing “Thin-
Film Silicon on Insulator Technology
for Portable Wireless Communica-
tions” (paper 21.1), prepared in a joint
effort between Motorola’s Communi-
cation Products Laboratory, Mesa,
Ariz., and the Electrical Engineering
Department of the University of Cali-
fornia, Los Angeles. The paper pro-
vides a detailed look at the state-of-
the-art thin-film silicon-on-insulator
(TFSOI) technology. Both bonding-
and-etchback and implanted-oxygen
techniques are explored, while con-
trasting their relative advantages and
disadvantages.

Meeting ATM’s Challenges

Despite persistent rumors of its
demise, ATM is alive and well, and liv-
mg in an increasingly large number of
network backbones, telecommunica-
tions networks, and other broadband
infrastructures. With its standards fi-
nally approaching maturity, the next
hurdle ATM will face is the develop-
ment of appropriately priced line-in-
terface and switching components
that can handle the high speeds and
complex protocols.

Switching and cell processing func-

tions can either be handled by fast,
general-purpose RISC processors, or
by state machines, fabricated in dedi-
cated logic. While programmable
processors such as the RISC types
have the advantages of being able to
track changing applications require-
ments and standards, they cannot typ-
ically handle data rates much above
155 Mbits/s.

On the other hand, dedicated logic
is fast, but costly in terms of gate
count, and runs the risk of being obso-
lete as ATM standards evolve. One re-
cent trend is a hybrid approach, which
employs a processor whose architec-
ture has been optimized for processing
ATM cells. To date, only Maker Com-
munications, Waltham, Mass., has a
commercially-available architecture
employing an ATM-optimized CPU,
but there is considerable interest in
this approach.

Following this trend, an ATM-opti-
mized processor will be presented in
session 22 by the NEC Corp.,
Kawasaki, Japan. Entitled “An ATM
Application-Specific Integrated
Processor” (paper 22.1), the presenta-
tion spells out the details of a new
dedicated architecture that consists
of a custom-crafted CPU core, a
pipeline input cell buffer, and a con-
tent-addressable memory (CAM).
This architecture is intended to give
the chip both high performance and
reconfigurability.

The researchers identified a group
of “primitive” ATM functions, such as
accepting incoming cells, extracting
header information, and recognizing
different types of cells and processing
them accordingly. Depending upon
their complexity and how much the
funections varied from cell to cell, they
were implemented in various ways, as
hardwired logic, software-program-
mable logic, dedicated instructions
within the CPU, or short groups of
macro instructions that the processor
carries out.

The cell processor was imple-
mented as a four-stage pipeline archi-
tecture, with state-machine con-
trolled memory buffering at each
stage. The on-chip CAM was used to
compress memory size requirements
and speed the execution steps within
the processor.

ATM switching also is an area un-
dergoing significant innovation. In

small-to-medium-sized applications,
many designers are turning to a
shared-memory architecture, which
stores incoming cells in a multi-byte-
wide memory. A controller reads the
cell’s address and tells the appropri-
ate output port where to find it. If ad-
ditional intelligence is added, prior-
ity queue buffering can also be
implemented.

In “A Single-Chip Controller for
1.2 Gbit/s Shared Buffer ATM
Switches,” researchers from both the
Japanese and U.S. divisions of NEC
describe their switch design efforts,
the switch architecture, and its poten-
tial applications. The controller uses
standard external SRAMs to form the
switeh’s cell buffers, header transla-
tion tables, and control memories,
thus greatly reducing the amount of
specialized silicon required. The chip
can support multiple line interface
speeds, using a standard UTOPIA 11
interface. It also employs a novel
buffer control scheme known as “re-
queuing” which enables very high
throughput multicast switching.

A New Look At The PHY Layer

The issues surrounding the physi-
cal layer of ATM also will be addressed
at CICC. Among those papers, one of
the most intriguing is “A Skew-Toler-
ant CMOS Level-Based ATM Data-
Recovery System With PLL Topol-
ogy” (paper 22.3), presented by the
University of Leuven, Heverlee, Bel-
gium. It demonstrates a novel ap-
proach to data recovery for high-
speed networks that uses high-speed
multi-sampling techniques rather
than a PLL or DLL.

A test chip was fabricated from
standard cells in 0.7-y CMOS. From
initial tests, it appears to be fairly im-
mune to wander, clock- and data-jit-
ter, and propagation phase shift. The
622-Mbit/s data-recovery system is
capable of operating with a 25% toler-
ance on the absolute position of the
signal’s edge through the use of an in-
telligent sample selector, whose func-
tion is to extract the correct data
from an oversampled input. In addi-
tion to any performance issues, the
elimination of on-chip PLLs bypasses
the costly and difficult task of imple-
menting a few highly demanding ana-
log functions on a predominantly digi-
tal chip.
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Test Papers Target Mixed-Signal,
Design-For-Test Topics

Open-loop Feedback Helps Speed Verification Of A Charge-pump PLL’s Operating
Frequency Range Without Frequency Measurements. JOHN NOVELLINO

cent years on design-for-testabil-

ity (DFT) strategies for digital
circuits. But mixed, analog-digital cir-
| cuity is becoming more popular, and
DFT techniques for these designs are
not as well developed. Taking note of
that, Session 10 of the Custom Inte-
grated Circuits Conference (CICC) in-
cludes a paper by G. Devarayanadurg,
P. Goteti, and M. Soma from the Uni-
versity of Washington, Seattle, who
present a testability strategy for em-
bedded charge-pump phase-locked
loops that takes advantage of bound-
ary scan.

The proposed technique verifies
the operating frequency range of the
PLL without the time-consuming fre-
quency measurements. Instead, the
authors use the fact that the PLLs op-
erating range depends on the fre-
quency range of its voltage-controlled
oscillator (VCO). They propose con-
verting the circuit’s closed-loop sys-
tem with tight feedback and large
variations in time constants into an

Alot of work has been done in re-

open-loop circuit. They add a test pin
for an analog test signal and use an
IEEE-1149.1 scan register to shift in
voltage values and disable the VCO
feedback (see the figure). This tech-
nique allows them to characterize the
VCO by sampling its dynamic delay,
which takes nanoseconds instead of
the milliseconds needed for a fre-
quency measurement.

The area overhead for the DFT
block was less than 10%. The authors
say that neither the lock characteris-
tics of the PLL, nor its operating fre-
quency range were affected by the
DFT block. A 5% shift in the time axis
was noted.

A wider discussion of DFT for
mixed-signal circuits is featured in a
paper examining ways to improve the
testability of mixed-signal ICs by Gor-
don W. Roberts of the Microelectron-
ics and Computer Systems Labora-
tory at McGill University, Montreal,
Quebec, Canada. Roberts notes that
these days analog circuitry often is
embedded in a mixed-signal device
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with no external 1/0 access. And with
the inherent difficulties of testing ana-
log circuitry, compared to digital cir-
cuitry, the analog testing could cost as
much as 50% of product’s total cost.
Roberts looks at some of the testing
problems of analog circuitry. For ex-
ample, a digital circuit’s function can
be described by a closed-form expres-
sion, like a set of Boolean equations.
But analog functionality is always de-
scribed by a nominal behavior and an
uncertainty range, with acceptable er-
ror typically as little as 0.1% to 1%.
The author describes some possible
solutions to the analog measurement
problem, including two proposed ana-
log test buses and built-in self-test
techniques. One bus, which would al-
low 100-MHz operation, involves ob-
serving a node voltage at an external
pin by first converting the voltage to a
current using a local V-to-I circuit,
then moving it off chip through the
bus. Also discussed is the IEEE-
1149.4 test bus, which would be com-
patible with the IEEE-1149.1 bound-
ary-scan standard. That

Up

OFT block —0 Analog

Boundaty-:V Scanjp

proposal is scheduled for a vote
next year.

A third paper in the session,
from Thomas Almy of Tek-
tronix Inc., Beaverton, Ore.,

FREF
O

PREF

Phase
detector

Current
source

NREF

Voltage-
controlled
oscillator

LR

k)

TMS = Test mode select

Py

-0 Four

describes a way to make pre-
cise at-speed timing measure-
ments via boundary scan. The
technique embeds timing-ana-
lyzer macros on an ASIC to
take advantage of IEEE-
1149.1 and make timing mea-
surements with a resolution 32
times smaller than the clock
period. The technique uses the
boundary-scan Runbist com-

ment commands and results

A proposed technique for increasing the testability of embedded charge-pump phase-locked loops adds a pin
for an analog test signal and uses an IEEE-1149.1 boundary-scan register to shift in voltage values and to

disable the voltage-controlled osdllator feedback.

over the scan chain. The work
was done under a Defense Ad-
vanced Research Projects

mand and transmits measure- |
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Agency research contract.

The design incorporates 16 chan-
nels, each of which can capture or
drive up to 62 events. More events can
be handled by dividing a test into a se-
quence of bursts. The scheme was suc-
cessfully used to make on-chip, at-
speed timing measurements, and was
more accurate than traditional auto-
mated test equipment.

Improvements Sought

According to the author, the tech-
nique can be improved by converting
the analyzer design into ASIC macros.
Making the design more flexible re-
duces its size when its full capability is
not needed. Finding a way to control
the analyzer and circuit under test,
without the need for a fast external
pattern generator additionally im-
proves the technique. Also, Tektronix
contracted with LogicVision Inc., San
Jose, Calif., to incorporate the timing
analyzer into its test synthesis tools.

For designers not yet convinced of
DFT’s importance in the overall suc-
cess of a project, the session includes a
tutorial that lays out the benefits, in
fact the necessity, of using some kind
of DFT technique for complex digital
ICs. Alluding to the old practice of de-
sign engineers completing their work
and then “throwing the design over
the wall” to the test engineer, a tutor-
ial on DFT will be presented by the IC
Business Div. of Hewlett-Packard Co.,
Palo Alto, Calif.

The author, Peter C. Maxwell,
notes that economic success depends
heavily on time-to-market and prod-
uct cost, both of which are strongly in-
fluenced by the test process. Chip
quality is a eritical factor of production
cost, and quality requirements map di-
rectly to test, he says.

In general, he says, DFT aims to
improve the controllability and/or the
observability of a circuit. Doing so
makes the circuit more testable and
provides higher fault coverages.
Therefore, adding DFT to a design im-
proves quality and shortens test de-
velopment and execution time, which
reduces cost.

The paper discusses fault models,
scan design, and DFT guidelines (in-
cluding representative design rules). It
also examines some cost/benefit trade-
offs and concludes with some compo-
nents needed for a composite test suite.
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EIF ‘97 Highlights
Technology Advances

Design Engineers, Engineering Managers, And
Company Management All Will Find Topics Of
Interest At The Electronics Industries Forum.

John Novellino

(EIF) of New England, the con-

ference and exhibition formerly
known as Electro, will make its debut
May 6-8 at the World Trade Exhibition
Center, Boston, Mass. The highlight of
the Forum from the design engineer’s
viewpoint will be the Technology
Summit, with its 44 sessions covering
seven tracks: Concurrent engineer-
ing, automated test technology, elec-
tromagnetic compatibility, micro-
electronic assembly, computers and
networks, communications, and bio-
medical electronics.

Four other summits—Interna-
tional Standards, Supply Chain, Edu-
cation and Industry, and Regional De-
velopment—will appeal to the entire
range of disciplines involved in the
electronics industry. A trade show fea-
turing manufacturers of components,
devices, and systems will accompany
the approximately 120 sessions in the
conference and technical programs.

“Our overall goal is to ensure that
New England continues to be the
breeding ground for technical innova-
tions in this country,” said Fausto Mo-
linet, president of Matrix Interna-
tional and chairman of the Technical
Summit. “Our goal will be accom-
plished by educating engineers and
executives about the very latest de-
velopments in electronic manufactur-
ing and design.”

Besides emerging technologies, the
conference will cover business growth
strategies, retaining jobs in New Eng-
land, global marketing, and access to
capital. “The Forum will bring to-
gether representatives from the en-
tire electronics marketplace—from
company managers to engineers, from
government officials to venture capi-
talists, and from university professors

T he Electronies Industries Forum

to the engineering leaders of the fu-
ture,” said Pete McCloskey, president
of the Electronic Industries Associa-
tion (EIA). The EIA and the IEEE
Region I are among the 24 business,
government, and educational organi-
zation that formed a strategic alliance
to sponsor the EIF.

The concurrent engineering track
tackles a subject that is becoming
more important as time-to-market
goals shrink. One session, TC2, pre-
sents case histories from three major
companies to show how virtual proto-
typing supports concurrent engineer-
ing by demonstrating detailed product
functionality, even at the concept
stage. As a result, says speaker Don-
ald M. Stewart of The Concurrency
Group, various disciplines, and poten-
tial customers, can contribute to the
product early in the design process.
Another session, TC6, offers tips on
how to use product platform planning
to implement product strategies. The
speaker notes that using common plat-
form elements provides a number of
benefits, but many companies have
problems transitioning from single-
project to multiple-project planning.

With the increase in the use of elec-
tronic equipment, including wireless
devices, and the mandatory standards
imposed in Europe last year, electro-

One session describes
material and process

improvements that
may reduce the cost of
MCM substrates.

magnetic compatibility (EMC) is an-
other issue of concern for many design-
ers. Three sessions in the EMC track
discuss various government and indus-
try standards. Session TE2 focuses on
the Federal Communications Commis-
sion’s (FCC) technical requirements
that ensure the compatibility of radio
transmitters and electronic equipment
and recent and proposed changes in
equipment authorization require-
ments. Another session, TE3, will pro-
vide an update on the European EMC
standards and regulatory issues, in-
cluding certification procedures. Fi-
nally, the multiple standards of indus-
try groups for shielding effectiveness
of conductive paints and coatings, gas-
kets, and enclosures will be the subject
of session TE5.

In the communications arena, two
of the six sessions revolve around In-
ferno, Lucent Technologies’ operating
system for multimedia, consumer, and
network applications. Both presenta-
tions include representatives from Lu-
cent among the speakers. Session TT5
will introduce Inferno to attendees
and discuss some early applications.
Session TT6, comprising a workshop
and tutorial, goes into more detail.

Three of the four remaining ses-
sions involve RF and wireless tech-
nology. TT3 is a shortened version of
a tutorial on the principles of high-ef-
ficiency RF power amplifiers in
classes B through F. TT4 discusses
wireless local loops, which are 1-to 10-
GHz systems being using to provide
POTS in Eastern Europe, Asia, and
the Middle East. Higher-frequency
versions (upper K band) are being
looked at to offer competitive services
in the U.S. The third session, TT2, ex-
amines the application of fractal math-
ematics to antenna design. The small
profiles of antenns based on fractal
matehmatics can be integrated into
the transceiver casing, and thus made
invisible to the consumer.

Flow-control topics and switching
predominate in the computers and
networks track. Sessions TN2 and
TN3 take up rate-based flow control
and quantum flow control, respec-
tively. Flow control for packet-data-
based data networks is discussed in
session TN4. This presentation exam-
ines interactions between TCP/IP and
network flow-control mechanisms and
across interfaces between packet and
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cell networks. It considers packet
quantum flow control as a core net-
work capability.

An important issue in IP switching
networks is the definition of a flow and
its granularity, which can vary over a
wide range. Session TNb5 looks into
the trade-offs that must be considered
and the limitations of the current tech-
nology. The session contends that
there is no one right aggregation level
in IP switching systems, and that pa-
rameter should be left to network de-
signers to optimize.

A strong emphasis on multichip
modules (MCMs) and ball grid arrays
(BGAs) are highlights of the micro-

electronic assembly track. Session
TM3 notes that although MCMs can
improve performance and reduce the
size of electronic packages, cost issues
have inhibited their use. But the Con-
sortium for Vehicle Electronics was
started to address this and other prob-
lems. The presentation deseribes sev-
eral material and process improve-
ments that potentially can reduce the
cost of MCM substrates. Promising
techniques include replacing expen-
sive high-temperature resins with
multifunctional epoxies, using alterna-
tive reinforcements to enhance lami-
nate dimensional stability, and pri-
mary imaging with liquid resists

A session on flip chip technology for
BGAs reviews the several flip chip as-
sembly processes available and their
suitability for different markets. The
presenter argues that solder-bumped
flip chips meet the widest range of cur-
rent product requirements. The vari-
ous solder-bumping processes also will
be analyzed for their strengths and
weaknesses for both IC packaging and
direct chip attach methods.

r
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EIF 97 TECHNOLOGY SUMMIT TRACKS

Concurrent
Engineering

Juesday, May 6
10:00-10:45 a.m.
Motivators and
metrics for product
development

10:45-11:30 am.
Three case histories
of virtual prototypes
to support concur-
rent engineering

11:30 am.-12:15 p.m.

Design for quality
(DFQ) for new
products

2:30-3:30 p.m.
Design for
environment and
life-cycle
management
3:45-5:00 p.m.
Designing for
optimum
performance

Wednesday, May 7
8:45-9:45 a.m.
Secrets to success-
fuily implementing
strategy through
product platforms

10:00-10:45 a.m.
1SO 9000 in product
design and team
structure for new
product development

10:45-11:30 am.
Making concurrent
engineering work in

your company

11:30 am.-12:15 p.m. |

Breakthrough ap-
proach to engineer-
ing-design problem

solving

Automated Test
Technology

Tuesday, May 6
10:00 A.M.-Noon
Automated test
systems
development trends

2:30-5:00 PM.
Test instrumentation
development trends

Wednesday. May 7
10:00 A.M.-Noon
Future automated
test challenges and
technologies

Electromagnetic
Compatibility
Juesday. May 6
10:00-11:00 a.m.
Medical device
EMI-ANSI issues

11:00 a.m.-Noon
Recent advances in
FCC EMC and equip-
ment authorization
requirements
2:30-3:30 p.m.
| Update on European
! EMC standards and |

regulatory issues |

3:45-5:00 p.m.
Hearing aid-digital
cell-phone
interference issues

Wednesday, May 7 |
8:45-9:15 a.m.
Shielding effective-
ness-Why don't we
have a consensus
industry standard?

9:15-9:45 a.m.
Electrostatic
discharge-A tutorial

10:00-11:00 a.m.
Noise filtering on |
cables !

11:00 a.m.-Noon
EMC systems design

Microelectronic
Assembly

1:00-4:00 p.m.
Advanced micro-
electronics packag-
ing technology

4:15-5:00 p.m.
SMT solder paste
printing: A training

perspective

Thursday, May 8
8:45-9:30 a.m.
Low-cost multichip
module substrates

9:30-10:15 a.m.
High-volume
excimer laser drilling
of vias for MCM and
BGA applications

10:30-11:15a.m.

for ball grid array

11:15 a.m.-Noon
BGA component
considerations and a
method for ball
attachment

Noon-1:00 p.m.
Photonics packaging
automation

Communications Computers and Biomedical
Networks Electronics
Wednesday. May 7
1:00-1:45 p.m. 2:15-3:00 p.m. 2:30-3:30 p.m.
Evolution of a Fuzzy systems New electronic cir-
| multistage switching theory and cuits in optical
network with broad- applications analytical chemistry
cast traffic analyzers
1:45-2:15 p.m. 3:00-3:45 p.m. Thursday, May 8
Fractal antenna ap- Rate-based flow 8:45-9:45 a.m.
plications in wireless control Novel applications of
telecommunications spectroscopy for
diagnostic breath testing |
I 2:15-2:45 p.m. 3:45-4:30 p.m.

High-efficiency RF | Quantum flow control

power amplifiers,
classes B though
F-Principles
3:00-4:00 p.m.
Current state of

wireless local loop | packet data networks

4:00-5:00 p.m.

| Fiip chip technology | Introduction to Infer-

no and applications
of Infernc in
communications

Thursday. May 8
8:45a.m.-1:00 p.m.
Workshop and
tutorial on Inferno in
programming and
systems applications

4:30-5:15 p.m.
Flow control for

Thursday, May 8
8:45-9:30 a.m.
| Levels of tiow
aggregation in IP
switching networks

9:30-10:15 a.m.
Overview of tag
switching

10:00-1:00 p.m.
| Internet tutorial: Put-

| ting up your billboard |

on the information
superhighway
10:30-11:15a.m.

Access to the home:
Cable modems

11:15 a.m.-Noon
| Access to the home:
| ADSL

|

|
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Transceivers Support Nearly Any Wireless Data Application

trum baseband controllers sim-

plifies the design of direct-se-
quence wireless data systems by
integrating all of the baseband cir-
cuitry required to implement a ra-
dio. Depending on an application’s
requirements, designers can choose
different controllers with data rates
ranging from 1 to 16 Mbits/s, and
compatibility with the soon-to-be-fi-
nalized IEEE 802.11 wireless data
standard. All the chips have a high
level of programmability, enabling
designers to tailor parameters such
as data rate, chipping code length,
| and modulation format for a particu-

lar application.

Each SX04x transceiver controller
contains a generic microprocessor in-
terface and a full-duplex transmit re-
ceive message processor circuit. The
transmit section includes a data scram-
| bler, packet generator, CRC generator,
pseudonoise (PN) code generator, and

T he SX04x family of spread-spec-

modulation mode formatter

In the receive section, functions
such as the PN code generator, syn-
chronization and tau-dither tracking
loop, integrate-and-dump control, data
descrambler, packet decoder CRC
checker, demodulator, and RSSI, are all
handled on-chip. The chip’s baseband
output, input, and receive PN code
lines simplify interfacing to the SX051
IF transceiver IC or any other radio’s
IF section.

For many controller applications,
the SX043 transceiver’s low cost and
flexibility make it a good choice. With
a programmable chipping rate of up to
64 Mchips/s, it can support a maximum
data rate of 2 Mbits/s using QPSK or
DQPSK modulation, and a PN code of
length 63.

At lower chipping rates, it can gen-
erate code lengths of up to 2047 chips.
This allows designers to select an opti-
mal combination of transmitted
power, system process gain, system

bandwidth, and data rate for a particu-
lar application.

The SX043’s highly programmable
architecture also enables it to employ
a wide variety of well known other
modulation schemes, including QPSK,
DQPSK, and 8/16-level QAM. Its user-
controlled shutdown modes and 3.3-V
(with 5-V option) operation make it
ideal for power-sensitive handheld
portable applications. Transmit-only
and receive-only versions of the
processor (SX041 and SX042) are
available for cost-sensitive, single-di-
rection applications.

To accelerate the development
process, a complete ISA bus-based
evaluation kit also is available. It in-
cludes the DEV043 ISA bus PC in-
terface card, an interface cable, a
fully functional baseband develop-
ment board, and a set of software dri-
vers. Using this software, the base-
band section can be programmed and
operated under the control of any

HIGH PERFORMANCE CLOCK
SYSTEM DESIGN SOLUTIONS

We'd like to show you what our
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standard PC with an open ISA bus
slot. A breadboard area on the base-
band pe board and complete source
code listings permit designers to make
additions and modifications to both
the hardware and software.

If higher data rates are required,
the SX049 spread spectrum trans-
ceiver can be used to support data rates
of up to 16 Mbits/s. Capable of both
half- and full-duplex operation, the
SX049 shares many basic features with
the SX043, but in addition supports in-
dependent transmit and receive codes,
as well as selectable code serambling to
facilitate so-called “spectral whiten-
ing.” It supports packetized synchro-
nous protocol (HDLC), including abort
sequence generation and checking, au-
tomatic zero insertion/deletion, and ad-
dress field recognition.

Transmit- and receive-only vari-
nts of the SX049 also are available
the SX047 and SX048, respectively)

_plications where unidirectional
ration is desired.

If standards-based wireless data is
desired, the SX045 will enable rapid

new PLLs do to skew.

development of equipment that sup-
ports the IEEE 802.11 wireless data
standard. While its architecture bor-
rows heavily from the other SX04x se-
ries, it has additional features that
help it perform the radio control and
data-transfer functions of the physi-
cal-layer convergence procedure
(PL.CP) and PHY layers, providing an
integrated control/data interface be-
tween the Media Access Controller
(MAC) and the radio.

With its generic microprocessor in-
terface (8 bits of data, 6 bits of ad-
dress), the SX045, sports 16-byte
transmit and receive buffer FIFOs
with programmable capacity flags. Its
programmable 11-bit recirculating
PN code generator is fully program-
mable, with a default setting to the
802.11 standard.

Besides selectable data rates and
modulation formats (1-Mbit/s
DBPSK and 2-Mbit/s DQPSK), the
controller has an on-chip despreading
and early/late-correlator tracking
loop that assists in precise tracking of
the receiver’s correlation peak. Inter-

INTRODUCING THE CLOCKWORKS™ PLLS.

—

ready to plug in and pare your timing budget

down to almost zip. Less than 200 picoseconds.

clock, from 25Mhz on up, you're home.
Lowest jitter. Tightest skew. Lowest price.
Call today and talk to someone who knows
fast clocking problems and can put the
solutions in your hands in no time.
Telephone 408-980-9191 or 800-788-3297.
www.synergysemi.com

info@synergysemi.com
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The first high end, low-jitter

solutions available off the shelf,

If you're trying to line up the edges on a fast

face to the radio includes a clear-
channel assessment circuit, a radio
control port, as well as a Digital-to-
Analog Converter (DAC) that can be
used to control the RF amplifier’s
power level. |

Available now from the manufae- |
turer, the SX043 is priced at $18 each
in 10,000-piece quantities. The com- |
panion SX041 and SX042 cost $8 and
$13 each respectively. The DEV043
development kit is available for $495.
Sampling now, and available in pro-
duction quantities in May of this
year, the SX049 transceiver con-
troller is priced at $21 each, with the
SX047 and SX048 costing $10 and
$15, respectively. The SX045 802.11
transceiver is due out in the second |
quarter of this year, and is antici-
pated to cost below $10 each in lots of
10,000. |

American Microsytems Inc. |

2300 Buckskin Rd.

Pocatello, ID 83201

(208) 233-4690

CIRCLE 590
LEE GOLDBERG
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MEETINGS

|
| JUNE

Canadian Wireless ‘97 Conference
and Trade Show, June 3-5. Palais des
Congres, Montreal, Quebec, Canada.
Contact Monique Trottier, CWTA,
275 ruse Slater St., Suite 2004, Ot-
tawa, Ontario, Canada K1P 5HY;
(613) 233-4888; e-mail:
mtrottie@cwta.ca

International Symposium on VSLI
Technology, Systems, and Applications,
June 3-5. Grand Hyatt Hotel, Tai-
wan, China. Contact T. P. Ma, Dept.
of Electrical Engineering, Yale Uni-
versity, 15 Prospect St., New Haven,
CT 06520-8284; (203) 432-4211; fax
| (203) 432-7769.

’ Mixed Signal Test Workshop; June 3-
6. Seattle, WA. Contact M. Soma;
(206) 685-3810; e-mail:
soma@ee.washington.edu.

American Control Conference (ACC
‘97), June 4-6. Albuquerque Conven-
tion Center, Albuquerque, NM. Con-
tact Steven Yurkovich, Department
of Elec. & Engrg., Ohio State Univ.,
2015 Neil Ave., Columbus, OH 43210,
(614) 292-2586; fax (614) 292-7596; e-
mail: s.yurkovich@i.ee.org.

IEEE International Conference on
Communications (ICC 97), June 8-12.
Montreal, Canada. Contact Celia
Desmond, Stentor, Fl. 6b, 33 City
Center Dr., Mississauga, Ontario
L5B 2N5, Canada; (905) 615-6507; fax
(905) 615-8421; e-mail:
celia.desmond@tc.resonet.com.

IEEE/MTT-S International Microwave
Symposium (MTT 97), June 8-13. Con-
vention Center, Denver, CO. Contact
John Dunn, Dept. of Electrical &
Computer Engineering, University
of Colorado, Campus Box 425, Boul-
der, CO 80309; (303) 492-5920, fax
(303) 492-5323; e-mail: dunn@boul-
der.colorado.edu.

IEEE International Symposium on Cir-
cuits & Systems (ISCAS 97), June 9-12.
Hong Kong Convention & Exhibition
Centre, Hong Kong. Contact ISCAS ‘97
Secretariat, Department of Electrical &
Electronic Engineering, University of
Hong Kong, Pokfalam Rd., Hong Kong;
(852) 28592710; fax (852) 25598738; e-
mail: iscas97@hkueee.hku.hk.

34th Design Automation Conference
(DAC ‘97), June 9-13. Anaheim Con-
vention Center, Anaheim, CA; Con-
tact MP Associates Inc., 5305 Spine
Rd., Suite A, Boulder, CO 80301,
(303) 530-4333; fax (303) 530-4334.

ASIA TELECOM ‘97 (TIA), June 9-14.
Singapore, Asia. Contact (703) 907-
7736.

IEEE International Conference on
Consumer Electronics {(ICCE), June 11-
13. The Westin Hotel O’Hare, Rose-
mont, IL. Contact Diane D. Williams,
67 Raspberry Patch Dr., Rochester,
NY 14612-2868; (716) 392-3862; fax
(716) 392-4397.

Virginia Tech/MPRG Symposium on
Wireless Personal Communications,
June 11-13. Campus of Virginia Tech,
Blacksburg, VA. Contact MPRG
Conference Coordinator Jenny
Frank (757) 686-3765, or Jack Lilly,
(540) 231-4849 or

International Solid-State Sensors
and Actuators CGonference (Transducers
97), June 15-19. Hyatt Regency Ho-
tel, Chicago, IL. Contact Kensal D.
Wise, 1246 EECS Building, Univer-
sity of Michigan, 1301 Beal Ave., Ann
Arbor, MI 48109-2122; (313) 764-
3346; fax (313) 747-1781.

IEEE Digital Cross Connect Systems
Workshop VII (DCS 97), June 16-19.
Banff Park Lodge. Banff, Alberta,
Canada. Contact James H. Simester, Lu-
cent Technologies, P.O. Box 3030, Room
4J-526, 101 Crawfords Corner Rd.,
Holmdel, NJ 07733-3030; (908) 949-7336;
fax (908) 949-2724, e-mail:
sims@bostare.ho.att.com.

Third Conference on Object-Oriented
Technologies & Systems (Coots 97),
June 16-20. Marriott Hotel, Portland,
OR. Contact USENIX Conference Of-
fice, 22672 Lambert St., Suite 613,
Lake Forest, CA 92630; (714) 583-8649;
fax (714) 588-9706; e-mail: confer-
ence@usenix.org; Internet:
http://www.usenix.org.

IEEE International Conference on
Systems, Man, and Cyhernetics, June
16-20. Hyatt Orlando, Orlando, FL.
Contact James M. Tien, Chair, DSES
Department, Rensselaer Polytechnic

Institute, Troy, NY 12180-3590; (518)
276-6486; fax (518) 276-8227; e-mail
tienj@rpi.edu.

IEEE/ASME International Conference
on Advanced Intelligence Mechatron-
ics, June 16-20. Contact Hideki
Hashimoto, Institute of Industrial
Science, University of Tokyo, 7-22-1,
Roppongi, Minato-ku, Tokyo 100, Ja-
pan; (81) 3 3402 6231 ext. 2359; fax
(81) 3 3423 1484.

IEEE Sixth international Fuzzy Sys-
tems Conference, June 20-25.
Barcelona, Spain. Contact Ramon
Lopez De Mantaras, IITA-CSIC
Campus U.A.B., 08193 Cerdanyola
del Valles, Spain; (34) 3-580-95-70.

IEEE Power Electronics Specialist?
Conference (PESC 97), June 22-27. R:
gal Riverfront Hotel, St. Louis, M
Contact Philip T. Krein, University
Illinois, 1406 W. Green St., Urbana, I
61801; (217) 333-4732; e-mait
krein@uipesl.ece.uiuc.edu.

IEEE International Symposium on In-
formation Theory, June 29-July 4. Ulm,
Germany. Contact Han Vinck, In-
stitue of Experimental Mathematics,
University of Essen, Ellernstr. 29,
45326 Essen, Germany; (49) 201
3206458; fax (49) 201 3206425.

Sixth IEEE international Fuzzy Sy
tems Conference, June 30-July '
Barcelona, Spain. Contact Ram 4
Lopez de Mantaras, IITA-CS,
Campus U.A.B. 08193 Cerdanyola
del Valles, Spain; (34) 3 580 95 70.

JULY

Fifth USENIX TCL/TK Workshop, July
14-17. Tremont House Hotel, Boston
MA. Contact USENIX Conference
Office, 22672 Lambert St., Suite 613,
Lake Forest, CA 92630, (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet:
http://www.usenix.org.

IEEE Power Engineering Society Sum-
mer Meeting, July 20-25. Interconti-
nental Hotel, Berlin, Germany. Con-
tact Executive Office, IEEE Power
Engineering Society, Post Office Box
1331, Piscataway, New Jersey 088" -
1331; (908) 562-3864; fax (908) 9.
1769.
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they don't have it.

Lambda will configure a power supply any
way you need it and deliver it in

The UltraFlex” Series. lﬂMBﬂ A

Flectronicsine.



Lambda’s UtraFlex” Series

TN Modular power
supplies with any

combination of
outputs, delivered
in two weeks.

There’s no need to panic just because you

need a power supply that doesn’t seem to
be available from stock. In two weeks or
less, Lambda will ship a prototype 400W or
600W supply with any output voltages
and signals you need. The UltraFlex~ Series
provides high performance and high power
density, with ei¥ther a power factor
comrected AC input or a 48VDC input.

With leading edge and proprietary circuit
design (280 KHz fixed frequency converters,
synchronized circuits, planar magnetics),
advanced thermal management and
surface mount technology, these power
supplies offer state-of-the-art power densi-
ties, exceptional flexibility, reliability, and
outstanding performance.

Lambda's UltraFlex Series gives you the
fiexibility you need to cope with today’s fast-
paced new product development cycles and
relentless time-to-market schedules.



Customized
Power Supplies
Available In

Lambda has a complete selection of standard, off-the-shelf
modules with varying combinations of output voltages,
currents, and system interface/monitoring signals. This

2 Wooks ensures that your power supply is tailored to your specific
needs without the high cost associated with a custom supply.
And prototype quantities are shipped in just two weeks.

Compact These high density, low profile packages measure only

Packages 2.5 x 5-inches, fitting easily into tight system enclosures.

Fully Regulated
& Independent

Lambda provides 1 to 10 fully regulated and independent
outputs which can be used as + or — polarities. Select from

Outputs 2V to 48VDC output modules to power any combination of
logic, analog, or ancillary circuits.

Universal The 85-265VAC wide range input meets worldwide require-

AC Input or ments, minimizing inventory and reducing system integration

48VDC Input costs. Wide range 36V-75VDC input is also available.

Power Factor
& Harmonic
Correction

Active power factor and harmonic correction circuitry ensures
compliance to EN60555-2 and EN61000-3-2, while improving
input power quality, line regulation, AC noise immunity and
reliability worldwide.

System Interface
& Monitoring

AC Power Fail, Global Inhibit, Module Inhibit, Output Good,
Margin/Remote Adjust, Current Monitor, and Active Current

Signals Share ensure ease of system design and integration.
international Safety agency approvals to UL1950, CSA22.2 No. 234,
Safety Agency EN60950/IEC950, and the CE mark (Low Voltage Directive)
Approvals ensure compliance worldwide.

Meets Worldwide Conducted EMI meets FCC/EN Level B specifications on all

EMI Requirements

AC input models.

Input Transient
Protection

Input transients, input noise, and ESD protection per
EN61000-4-2/4/5 Level 3, ensure reliable operation through a
multitude of operating conditions.

Fixed Frequency
Converters
With Sync Input

Minimizes output noise and provides a means to externally
sync the power supply, avoiding system-sensitive frequencies.

Remote Sense

All outputs have remote sensing capability to offset external
voltage drops, due to load lead losses or isolation diodes.



How To Configure

1. Select Your Power Supply Case. 2. List The Required Output Voitages and Curre:
Refer to the Case Configuration and Your Output Modules.
Output Module Code Guide. Base your Refer to the DC Output Module Codes Guide.
selection on the total output power you with 2V to 48V outputs. You may choose as m
need—either 400W or 600W—and the up to five module slot widths. Single output mo
corresponding package size. higher current requirements (refer to the currer

UAK1-

UltraFlex Series

Case Configuration & Output Power Code

OUTPUT

POWER CASE SIZE WEIGHT CASE INPUT
(WATTS) (INCHES) LBS. CODE  VOLTAGE
400W 25x5x10 5.5 A 85-265 VAC
600w 25x5x11 6.0 B 85-265 VAC
600w 25x5x12 6.5 C 36-75VDC

(cases hold up to 5 module slots)

Interface Signal Option Code

SIGNAL

CODE DESCRIPTION OF INCLUDED SIGNALS & FUNCTIONS B

J = NO OPTIONAL SIGNALS: The standard DC Output Module has Remote Sense,
Overcurrent and Overvoltage Protection.

K S INPUT SIGNALS (Global): Input Power Fail, 5V Standby, Global Inhibit, Fan
Stop/Thermal Alarm, Fan Inhibit, Sync Input.

T = OUTPUT MODULE SIGNALS: Module Inhibit, Margin, Remote Adjust, Output Good,
Current Monitor & Current Share: Active Current Share & Module Inverter OK.

¥4 = INPUT SIGNALS (Global): Input Power Fail, 5V Standby, Global Inhibit, Global

Output Good, Fan Stop/Thermal Alarm, Fan Inhibit, Sync Input & QUTPUT
MODULE SIGNALS: Module Inhibit, Margin, Remote Adjust, Output Good,
Current Monitor & Current Share: Active Current Share & Module Inverter OK.

Notes: 1. Output Module Signals and Current Share options only available on single output
modules.

2. Global Output Good Signal is provided with Input Signals option when individual
modules have Output Signals option.

3. Signals are valid with outputs loaded.

Input Voltage & EMI Code

1 = PFC, 85-265 VAC, 50/60 Hz, Class B EMI
4 = DC INPUT, 36-75 VDC, EN55022A

Example:

The above model (UAK1-HJJP) number is for an UltraFlex Power H = 5V/60A (2-slots)
Supply, 400 Watts, 2.5x5x10 -inch Standard Case, Input Signals J=12V/17A (1-slot)
(Global) 85-265VAC, PFC, Class B EMI Input, with 4 Output J=12V/17A (1-slot)
Modules (defined at right). P = 24V/8.5A (1-slot)

Total 5-slots



5 You Need, and Select 3. Select Your Input and Output 4. Call 1-800-LAMBDA-4 for pricing

: - Interface Signals. and delivery.

1ie modules are available Refer to the Interface Signals Option confi )

y modules as you need— Code Guide. Select the fully config- s Fﬂ?:;" :’,::a,, e .
lles may be paralleled tor ured Z option for 2 week delivery on Lt )
share option). prototype quantities.

HJJP
|

Output Module Codes
400 & 600 watt cases (A, B, or C Cases) can hold up to five module slot widths.

MAX CURRENT AMPS MAX POWER WATTS Vout sLoT MODULE
@ 50°C @ 50°C

OUTPUT
VOLTAGE ADJUST RANGE WIDTH CODE

SINGLE OUTPUT MODULES

2V 30.0 66 1.8-2.2 1 A
2v 60.0 132 1.8-2.2 2 B
2v 100.0 200 1.8-2.2 3 C
3.3V 30.0 108 3.0-3.6 1 D
3.3v 60.0 216 3.0-3.6 2 E
3.3V 100.0 330 3.0-3.6 3 F
5V 30.0 150 4.5-6.0 1 G
sv* 60.0 300 4.5-6.0 2 H
SV 100.0 500 4.5-6.0 3 1

12v 17.0 204 10.8-13.2 1 J

12v 30.0 360 10.8-13.2 2 K
12v 50.0 600 10.8-13.2 3 L
15v 14.0 210 13.5-16.5 1 M
15v 24.0 360 13.5-16.5 2 N
1s5v 40.0 600 13.5-16.5 3 0o
24V 8.5 204 21.6-26.4 1 P
24V 15.0 360 21.6-26.4 2 Q
24V 25.0 600 21.6-26.4 3 R
28V 12.0 336 25.2-30.8 2 8
36V 11.0 396 32.4-39.6 2 3
48V 4.0 192 43.2-52.8 1 S
48V 8.0 384 43.2-52.8 2 T
48V 12.5 600 43.2-52.8 3 U
DUAL OUTPUT MODULES*

12V & 5V* 10.0& 4.0 150 +10% 1 \
5V & 12v* 10.0 & 4.0 150 +10% 1 W
12v & 12v? 10.0& 4.0 150 +10% 1 Y
15V & 15V 8.0 & 3.0 150 +10% 1 4
NOTES:

1. Peak Rating 10A and 4A for up to 1 minute.
2. Other output voltages are available. Contact the factory with your specific needs.
3. When using the 600W AC Case B, derate as follows:
H Module: 5V@55A W Module: 5V@8A, 12V@4A
V Module: 12V@8A, 5V@3A Y Module: 12V@8A, 12V@3A
These modules have no derating up to 40°C for the 600W case.
4. Spaces and dashes shown in the above catalog number are not used when entering order.
5. On dual output modules, output 1 has the highest current rating.



Sample Configurations

MAX UNIT PRICE PER DELIVERED QUANTITY
POWER OUTPUT 1 OUTPUT 2 OUTPUT 3 OUTPUT 4 1 8 10 28 MODEL

400W 5V@30A 12V@17A 12V@10A S5V@4A $702 $585 $540  $502 UAK1-GJV
400W 5V@30A 12V@17A 12V@4A 5V@10A 702 585 540 502 UAKI-GIW
600W 5V@30A 12V@30A 12V@4A 12V@10A 814 732 666 610 UBK1-GKY
600W 5V@30A 24V@15A 12V@4A 12V@10A 814 732 666 610 UBK1-GQY
600W S5V@60A 12V@17A 12V@17A 5V@30A 897 807 734 673 UBK1-GHJJ
600W 5V@60A 12V@17A 12V@4A 12V@10A 814 732 666 610 UBK1-HJY
600W 3.3V@30A 48V@8A 12V@4A 12V@10A 814 732 666 610 UBK1-DTY

rrxn OUTPUT 1 OUTPUT 2 OUTPUT 3 OUTPUT4  OUTPUTS umz'm! Pin “uv::E ° ouu;:m/ MODEL
400W 5V@30A 12V@17A 12V@4A 5S5V@10A 48V@4A $822 3685 $633 $587 UAKI-GISW
600W 5V@60A 12V@17A 12V@4A 5SV@10A 24V@8.5A 947 852 775 710 UBKL-HJPW
600W 5V@60A 12V@17A 12V@4A 5V@10A 48V@4A 947 852 775 710 UBKI1-HISW
Notes:

1. These models include wide range 85-265VAC PFC input, FCC/EN Level B EMI Filter, Input Signals
(Global), and Overtemperature Protection.

. All outputs include Remote Sense, Overcurrent & Overvoltage Protection.

. Output number does not represent output location.

. Single output modules may be paralleled for higher current ratings with current share option.

. Total output power and individual output current ratings may not be exceeded.

. Output ratings are valid from 0 to 40°C. See previous page for 50°C ratings.

. Output Module Signals and Current Share are optional. Contact the factory for price and availability.
. Output Module Codes must be in alphanumeric order.

O ~NOOOOA WON



URtraFlex Series

AC Input
liNe......seanassesnmassin. 85-265VAC, 47-63 Hz (Case A&B).

DC Input
36-75VDC on Case C.

Inrush Current
Less than 40A peak.

Efficiency
75% typical at nominal line voltage.

EMI
Conducted EMI conforms to EN55022, Level B, and
FCC Docket 20780 Part 15, Subpart J, Class B for AC input
versions. Conducted EMI to EN55022A for DC input models.

Power Factor and Harmonic Correction
All models are compliant with EN60555-2 and EN61000-3-2, with
up to 250 VAC input. Power factor is 0.998 typical at full load.

Input Transient and ESD Protection
|EEE-C62.41, Category A3; IEEE-587 Category B;
EN61000-4-2/4/5 Level 3.

Regulated Voltage
line regulation............. Less than 0.1% for line variations from
85-265VAC. Less than 0.2% for dual
output modules.

load regulation............ Less than 0.4% for load variations from
no load to full load and full load to no
load. Less than 0.8% for dual output
modules.

cross regulation.......... Less than 0.1% between single output
modules. Less than 3% between dual
outputs with 25% load change on high
current output.

ripple and noise.......... Less than 0.33% or 15mV RMS. Less
than 1.0% or 50mV pk-pk (less than
50mV pk-pk on 5V and 12V outputs) on
single output modules. Less than 1.0%
or 50mV pk-pk on dual output modules.

temperature

coefficient.................... 0.02%/°C.

Output Adjustment Range
+10% of nominal output voltage on all models.

Thermal Protection
The power supply will shut down in the event of an overtempera-
ture condition (the fan will continue to operate). To restore opera-
tion, the supply must cool down and the AC input must be recycied.

Overcurrent Protection
Overcurrent protection on single output modules limits the
current from 110% to 120% of current rating on outputs
greater than 400W. (110% to 150% of current rating on
outputs less than 400W.) Upon removal of the overload
condition, normal operation resumes automatically.

Overvoltage Protection
Factory-set overvoltage protection from 120% to 130% of nomi-
nal output on single output modules. Dual output modules have
factory-set overvoltage protection of 120% to 140% of nominal.
Internal circuitry will shut down the individual output module.
Reset the OVP by cycling the input power.

Preload
External preload is not required on single output modules. Dual
output modules require 1A minimum load on the highest current
output (Output #1).

Dynamic Response
+25% load change (from 75% base at a rate of 1A/usec) will
result in output deviation of less than 2% or 100mV peak
(125mV for less than 5V outputs). Output recovery to within 1%
of nominal to be less than 300psec.

Holdup Time
The output voltage will remain within regulation limits for
20msec at full load with nominal 115/230VAC line input.

Remote Sensing
Remote Sense compensates for total cable drop of up to
0.5VDC. Available on all outputs.

Isolation Ratings
Conforms to safety agency requirements.

Cooling
Cooling is provided via an internal DC operated
ball-bearing fan.

Operating Temperature Range
Full operation from 0°C to +50°C with 100% rated power
on most models. Derate linearly from +50°C to 50% power at
+65°C. Derate H, V, W and Y models in 600W case starting at
+40°C to 50% power at 55°C.

Storage Temperature
-40°C to +85°C.

Military Specifications
Shock — MIL-STD-810E, Method 516.4, Procedure |.
Vibration — MIL-STD-810E, Method 514.4,Category |, TP1.

Mounting
Two mounting surfaces on all models.
Physical Data
Weight
Case Lbs. Lbs. Dimensions
Code Net Ship (inches)
A 5.5 75 25x5x10
B 6.0 8.0 25x5x 11
C 6.5 8.5 25x5x12
Safety Agency Approvals

The UltraFlex Series meets UL 1950, CSA 22.2 No. 234, TUV,
ENG60950/IEC950, and SELV. All models carry the CE mark to
indicate conformance to the Low Voltage Directive.

Guarantee
Lambda'’s three year guarantee includes labor as well as parts.
Guarantee applies to operation within published specifications
at the end of three years.



The UltraFlex Series.

To order, or for more information on the
UltraFlex Series, call 1-800-LAMBDA-4/5,
8amto 8pm east coast time.

Worldwide Lambda Staffed Sales and Service Otfices

International, New York France, Paris

LAAMBOA ELECTRONICS 'NC
Export Dept
TEL 165944200

Canada
LAMBDA ELECTRONICS
(CAMADA) INC
TE. " 826.361-2578
148956330
China, Shanghai
SHANGHAI NEWNC LAMBIA
ELECTRONICS CO LTD
TE. 21-485-077
England, lifracombe
COJTANT-LAMBDA LTR
TEL 44-271-865856

L-87A 497

LAMBCACBUTANT 5 A
TEL 3310012 1487
Germany, Achern
LAMRDA FLECTRON.CS
Gt

TEL 49-07841-6806-D
Hong Kong

Japan, Tokyo
NEMIC-LAMBDA K K

TEL 81234474411
Korea, Seoul
NEMIC-LAMBDA KOREA
TEL 82-2-586-1171
Malaysia, Senai
NEMIC-LAMBDA M) SCN

NEMIC-LAMBOA HOWG KCNG  BHD

TEL 852:2420-6693
lseael, Tel Aviv
NEMIC-LAMBDA LTC

TEL 972-3-902-4333

taty, Milan

LAMBDA ELECTRONIES 1 L
TEL 39-2-660-40540

150 9001

CERTIFIED COMPANY

TEL 60-7-599-3301
Singapore
NEMIC-LAMBDA(S) PEL™D
TEL 65-251-7211

Taiwan
NEMIC-LAMBDA TAIWAN
TEL 886-3-980-5255

LCAC
A

Worldwide Lambda
Represcntatives

Australia, Adelaide

# D Fishes & Co PTY LTD
TEL 61082773208
Brazil, Sso Paulo
Powerkne Priductos
Electrimees Ltda

T=L §5-11-601-8250

Chile, Santiago

Imas

TEL 86-2-232-8616
)

pelec
TFL $6-2-231-5381
India. Bangalore
C13 Pewer Conversan PVT LTD
TEL 91-80-563-1917
Mexico
Manterrey
Cywden Co
TEL 52-83-652020
Maaco City
Mexitek, S A
TEL 52-5:575-0929
Venezuela, Caracas
Veusing, CA
TE.58-2-241 0081

Worldwide Website
httywww larr bdapoweseom

Curve B EMI

Universal 85-265VAC Input

Power Factor Correction

<D
Current Sharing % - %

Input Power Fail

Fan Stop / Thermal Alarm
Output Current Moniter
5V Standby Voltage
‘Output Good Signal
Synchronization Input
Output Margining
Remote Adjust

Global Inhibit

Individual Output Inhibits
AC or DC Inputs

Fan Inhibit Control

LAMBDA

Electronicsinc.

515 Broad Hollow Road, Melville, NY 11747-3700
Tel: 516-694-4200 Fax: 516-293-0519




IC and FET Market Review and

Forecast 1996-2000,” from
Strategies Unlimited, the worldwide
market for gallium arsenide (GaAs)
RF and digital semiconductor de-
vices will spill over the $2 billion
mark in 2000. GaAs integrated cir-

According to a new report, “GaAs

QUK

W Edited by Mike Sciannamea and Debra Schiff

Slicing Off A Piece Of The GaAs Pie

geted applications, such as cable and :
satellite TV will be serving up 11% of i
the world market. Computer net-
working applications will see 6% of
the market, and military and trans-
port applications will swallow the re-
mainder of the world market, 6%. In
comparison to discrete devices, GaAs

LOOK

ICs are a faster growing commodity,
expected to expand their market
share from over 60% in 1996 to 75%

in 2000. The push for greater produc- |

tion of wireless telephones will see
analog IC sales rising from $655 mil-
lion to $1.3 billion at the turn of the
century. That growth represents a
19% annual increase. Exploding
rates of data communication are re-
sponsible for the rise of GaAs digital

cuit (IC) and transistor |
(FET) demand is ex- |
pected to expand 15% :
per year over the next
four years from $1.3 bil- ‘
lion in 1996 to $2.2 bil- |
lion in 2000. This mar- l
ket is driven by a strong
global demand for com- |
|
|
l

Computer ———-"

munications applica-
tions, such as data and
satellite communica-
tions and wireless tele-
phones. These applica-
tions will be eating up
68% percent of the de-
mand for GaAs ICs and
FETs at the millen-
nium. Consumer-tar- L

World GaAs IC And FET Market In 2000

Industrial 6% Mititary 5%
Transportation 1% ~ < \ / -

Communications
68%

Source: Strategies Unlimited

ICs in gigabit communication net-
works—from $115 million in 1996 to
$327 million in 2000. The jump is seen
as an annual growth of 30%. As far as
the world share of GaAs device pro-
duction goes, North America took
47% of shipment revenues in 1996,
shadowed closely by Japan with 44%.
European production saw 7% of
world shipments. The new report re-
views the applications, markets, sup-
pliers, and technology for GaAs RF,
digital and microwave devices. The
report is priced at $3950. Contact
Strategies Unlimited, 201 San Anto-
nio Cirele, Mountain View, CA 94040;
(415) 914-3438; fax (415) 941-5120; In-
ternet: http://www.strategies-u.com.
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S —

ARTIST: JIM MILLER

THE ENVELOPE, PLEASE

neering from Vrije Universiteit Brussels, Belgium,

was recently awarded to Joseph Keithley, founder
of Keithley Instruments. The faculty of the engineering
department presented the award to Keithley for his ca-
reer contributions to engineering.

Previous recipients of the award include W. Brandt
Goldsworthy, William Hewlett, S. Honda, and David
Packard.

Keithley Instruments was founded in Keithley's
small workshop in Cleveland, Ohio, in 1946. The shop

The very prestigious Medal of Excellence in Engi-

manufactured extremely sensitive scientific test and
measurement instruments. Particular uses for the
equipment included measuring very low levels of cur-
rent, voltage, or resistance.

Keithley was elected to the National Academy of En-
gineering in 1992 for his contributions to electronic test
and measurement. That same year he received the
Cleveland Engineering Society Leadership Award.
Keithley is a Fellow in the Institute of Electrical and
Electronics Engineers, as well as a Fellow of the Amer-
ican Association for the Advancement of Science.

I
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| common emitter configu- |

Ideas For Design: Hybrid Hi-Fi Amplifier,
L. Feldman and S. A. Lipsky, Madison
Fielding Corp., Brooklyn, N.Y.

The development of a
highly stable transistor-
ized preamplifier has
yielded a hum, noise, and
microphonic-free “front
end” for a standard vac-
uum tube audio amplifier.
As even the best vacuum |~
tube preamplifiers have
not yet been able to yield
hum figures much in ex-
cess of 60 db below full ,
output, a transistorized |
unit is a considerable de-
sign improvement.

The circuit uses two
npn transistors in the |

M
7

ANV
T
)

is a grounded emitter con- [ -

figuration with emitter resistor R2 bypassed to avoid a high input impedance
(50,000 ohms) by means of emitter degeneration. The junction R2 and R3 is by-
passed to ground by C2. Q2 operates as a high-gain amplifier. The output Q1 is
fed to the base of Q2 through C6. An overall negative inverse feedback loop op-
erates between the emitter of Q1 and the collector of Q2 to stabilize the gain,
reduce distortion and provide equalization as described below. The overall
gain of the preamplifier is better than 34 db. An input of 10 mv will give 0.5 v
output at 1000 cps in the phono position. This gain includes 22 db of feedback
used for equalization.

The transistor circuit is called upon to amplify and equalize all low level
sources such as microphone (which requires a flat response), phono (which re-
quires the RIAA playback characteristic) and tape-head (which requires the
7-1/2 in. per second NARTB playback curve). All equalization is accomplished
by feedback for improved distortion by a three-position slide switch. The basic
amount of feedback is about 22 db, leaving enough bass boost for the tape-head
playback curve down to 40 eps.

In the diagram, the switch is shown in the phono position where C4 deter-
mines the bass cross-over frequency, R10 determines the mount of mid-fre-
quency feedback, and C3 determines high frequency de-emphasis. In the mi-
crophone position, only resistive feedback is employed (flat response) and in
the tape-head playback position, the cross-over feedback is altered and de-em-
phasis is removed. (Electronic Design, May 1, 1957, p. 78)

This was one of the early Ideas for Design, which is still one of the maga-
zine’s best-read sections. And we’re also still looking for good ideas to publish.
In addition, we've increased our author stipend tenfold from $10 to $100 in the
past forty years.—SS

I §ﬂ-.
ration. The input stage Q1 I

Editor’s Note: The May 1, 1957 editorial masthead was the first in which
the name of one of the industry’s most experienced editors appeared: George
Rostky got his start in publishing with us, moved to other magazines, later re-
turned to Electronic Design as Editor-in-Chief, and is now Editor Emeritus at
one of our worthy competitors, EE Times. Happy Anniversary, George!—SS

BACK TO SCHOOL

“Management Problems of the Tech-
nical Person in a Leadership Role” is
a seminar designed to assist technical
specialists in making the transition to
manager/supervisor. Among the top-
ics that will be discussed include dis-
covering what it takes to shift from
technical specialist to effective leader;
preparing solutions for common prob-
lems encountered by technical man-
agers; and learning to get what is need
from nontechnical people. The semi-
nar fee is $195 per person, and will be
held in various locations around the
country. For dates and other informa-
tion, contact Fred Pryor Seminars,
2000 Shawnee Mission Pkwy.,
Shawnee Mission, KS 66205; (800) 938-
6330; fax (913) 722-8585.

“Intranets: Design & Implementa-
tion” is a two-day workshop examines
the business needs that an Intranet
will address, the real system require-
ments and costs associated, and how
to provide the necessary infrastruc-
ture, tools, and training to its users.
Other topics of discussion include pos-
sible Intranet applications, database
integration, system and user manage-
ment, available products and services,
and client and server components.
Course fee is $795. For more informa-
tion, contact American Research
Group, 114 Edinburgh So., Cary, NC
27511, (919) 461-8600; fax (919) 461-
8646; Internet: http//www.arg.com.

FEEDBACK LAND

So, we've begun hanging a few
items on the old (and we d% mean
OLD) cubicle walls here in Has-
brouck Heights, but there’s still
space for a letter from you. All fancy
stationery aside, it's really the sug-
gestions that concern us. Of course,
we like love letters and fan mail, but
like any good section in a successful
magazine, we need to change and
grow. Please send us your input. E-
mail us: Mike Sciannamea at
mikemea@class. org, or Deb
Schiff at debras@ csnet.net.
Stamp afficionados may send their
paper goods to: QuickLook, Elec-
tronic Design, 611 Route 46 West,
Hasbrouck Heights, NJ 07604. Our
fax number is (201) 393-0204.
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At Mill-Max, enduring qualities like reliability, trust, and ingenuity serve as the
foundation for our commitment to innovative product development. We take
great pride in our ability to respond to unique interconnect chalienges. Our
vertically integrated, 140,000 square foot plant allows total s
control of resources, from raw materials to finished product. | Tosc st
which offers the highest level of wechnical flexibility. As g
North America’s largest manufacturer of precision machined
IC sockets, connectors, and interconnect components, we
apply experience and expertise to serve our customers with
maximum interconnect solutions.

Call today for your new Design Guide 10 IC Sockets and
Interconnect Components. 516-922-6000.  Or for technical
support, e-mail us at: techserv@mill- max.com

Reliability.

READER SERVICE 140

The Parthenon, temple at Athens.  receptacle prevents solder and
Its 46 Doric columns were flux contamination thus assuring
specially proportioned and con- maximum reliability.

structed for maximum reliability. ,—\ Visit us Online
Mill-Max Pin Receptacles. ﬁ",atwwwmlllmaxcom
Highly regarded engineering and discover the latest in
achicvements in their own right application notes and
They offer wide compliancy: the product data.
ability to accept round, square and A=
rectangular component leads.
Each receptacle is comprised of a
multHinger, full hard beryllium
copper contact installed into a
precision machined shell. 29 sizes
of contact are available to accept
component leads in the range
of 012" to 102" dia. The
closed bottom design of __&‘:

Parthenen Athens

Built in celebration ul{the o Nl(}(s Atheha thel
Parthenon Femains an endv Feslm
extraordinary achicveme et ;.Inu;m;,
acstheties. After 23 centuries it dontinues to
withstand the ravages of time; structural
integrity intact. Engineered in 47 BC for
Maximum Reliability.
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Technology changes. System and equipment requirements evolve. You need
a power conversion company that meets your needs today, not yesterday.

Conversion Devices, Inc. now offers well over 800 standard “Off-The-
Shelf” DC/DC converters to fit nearly every application requirement you
may have today. But just as important, our continuing strong commit-
ment to research and development; state of the art manufacturing tech-
nology and stringent quality controls insure that we will offer the DC/DC
converters needed for tomorrows applications.

CDI products range from 1W to 500W. Standard features include Ultra-
Wide input ranges, low profile packaging, cument sharing capabi

units are shipped from our 1S0-9001 approved facili
Call now for our new 160 page, four color handbook

=
CONVERSION
"‘d "> pEvICES, INC. TEL: (508) 559

A Member of the ADWEST Group FAX: (503) 559-9288
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CONFERENCE CALL

The Society for Information Dis-

play’s 1997 edition of its annual

Symposium, Seminar, and Exhi-
bition (SID ‘97) will be held May 11-
16 at the Hynes Convention Center,
Boston, Mass. The event is described
as a forum for discussion on advances
in electronie-display products, tech-
nology, systems, applications, manu-
facturing, and testing. SID ‘97 in-
cludes over 60 technical sessions, 330
exhibit booths, and an evening panel
session. Among the topics to be dis-
cussed in the technical sessions are
display-addressing techniques, opti-
cal components, display phosphors,
and interactive display systems.
Featured are celebrations of two of
the display industry’s most signifi-
cant anniversaries: The 100th anni-
versary of the invention of the Braun
tube—the first modern cathode-ray
tube (CRT)—and the 25th anniver-
sary of the first active-matrix liquid-
crystal display (AMLCD). For con-
ference registration and other
information, contact Mark Goldfarb,
Palisades Institute for Research Ser-
vices, 1745 Jefferson Davis Hwy.,
Suite 500, Arlington, VA 22202; (703)
413-3891; fax (703) 413-1315.

on Testing Computer Software

will be held June 16-19 at the
Sheraton Premiere (Tyson’s Corner),
Washington, D.C. Test engineers,
software engineers, development
managers, and test managers are
among the industry professionals
who are urged to attend the confer-
ence. Some of the topics that will be
addressed at the conference are the
management of software testing, the
application of various software test-
ing techniques, and Year 2000 Con-
version testing. Full-day technical
session subjects include “Founda-
tions of Software Testing Tech-
niques,” “Automating Software Test-
ing,” and “Testing for Year 2000.”
Vendor exhibits of products and ser-
vices complete the conference pro-
gram. For more information, contact
USPDI, 612 Ethan Allen Ave., Suite
100, Takoma Park, MD 20912; (301)
270-1033; fax (301) 270-1040; e-mail:
admin@uspdi.org.

The 14th International Conference




sSuperH

RISC engine

IC solutions
for the hottest
applications from
2-way wireless
paging to
Windows" CE

Handheld PCs.

Hitachi ICs bring

your Diggest

These days, the biggest ideas in con-
sumer electronics are all about the same
size: Handheld. They’re now the “Wow”
of Wall Street; the “Egad” of editors. And
theyre the electronics industry offering a
hand to millions who have not yet “gone
digital”” For OEM:s of successful Personal
Access products, their ever-increasing
integradon within the size, power and
cost constraints of handheld systems is
good reason to shake hands with Hitachi.

How to get bigger, better, smarter,
smaller. Thanks to Hitachi’s ability to
combine its best-selling line of MPUs,
MCUs and advanced memory devices,
and deliver these as integrated solutions,

ICCas down oo sive.

we have become the leading IC supplier
for handheld systems. In fact, Hitachi’s
SuperH RISC Engine is the processor of
choice for the overwhelming majority of
the new Windows CE Handheld PCs.
Hitachi helps you hit the small
time. To learn how you can get small
fast, phone 1-800-446-8341, ext. 800. Or
visit our web site at www.hitachi.com.
At Hitachi, we understand that the
trick is not to think big; the trick is to
think big, then to think really, really small!
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The worlds
smallest Flash
producer...

Sharp’s Sxtmm, Mb,
ball rd amay
chip-size ash package.

¢

(Actual size)

Commit this to memory: Sharp offers one of the world's largest capacities in Intel-compatible Flash and one of the broadest lines of packages and densities-including



e smallest chip-size package of all. For all the reasons to source your Flash from Sharp, call 1-800-642-0261, ext. 404. Or get detailed product data from our web site.

SHARP

FROM SHARP MINDS
COME SHARP PRODUCTS"
www.sharpmeg.com/flash
READER SERVICE 233 .St m , .;dd;m
Far East North Headquarters: Tokyo, Japan, Tel: 427-21-5639 « Far East South Headquarters: Jurong Town, Sngapore, Tel: 65-268-6868 c Aolex Incorporated
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ISOuch— Compliance Pain

trouble implementing its ISO/QS-

9000 quality initiatives, take
heart—there’s help available. Rob
Kantner, author of “ISO 9000 An-
swer Book,” QS-9000 Answer Book,”
and “Get ISO 9000—Or Get Lost!”
looks at “ISO 9000: 10 Common Pit-
falls” in the Winter 1997 issue of
“Myriad Views” from Informative
Graphics.

The first pitfall is “working around
the IS0/QS-9000 system.” This
translates into not implementing the
IS0 9000 system completely. Kant-
ner’s example is the issue of cus-
tomer complaints and general prob-
lem solving techniques. One thrust of
the ISO structure is to institute a
categorical documentation system,
and use that system in daily business
affairs. In the past, companies ad-
dressed issues by treating them as
one-time-only occurrences, solved
the problems as they came up, failed
to document them, and went on with
business as usual. This first pitfall
sees employees continuing to treat
their corrective/preventive mea-
sures in the same manner. Another
place where this pitfall crops up is in
the “approved vendor” process. Em-
ployees are continuing to buy from
unapproved vendors. New products
and processes are introduced into
manufacturing without proper docu-
mentation. All of these issues will be
picked up in internal audits, which, if
the documentation were followed,
would be held on a regular basis.

If your company is having some

Audit Policy

The second pitfall, “playing cat-
and-mouse with registration asses-
sors,” can be answered with the
adage “honesty is the best policy.”
Consultants tell businesses that they
shouldn’t volunteer any information
to the assessor, just answer the ques-
tions and move on with the audit. By
taking this tack, it tells employees
that it’s policy to hide mistakes,
fudge results, and treat assessors as
inquisitors. But for ISO/QS-9000 to
work, the company’s performance
can only be improved by getting an
effective assessment of the process.
Dealing with the problems that crop
up at any company in an honest and

open way allows them to be ad-
dressed in an equally realistic way.

Pitfall Three, “appointing a junior
person as management representa-
tive,” deals more with the politics of
an organization than the ability of the
individual to actually do the job.
Coming into a business during the
IS0/QS-9000 process can be more
than overwhelming. What is needed
in this position is an individual who
has the confidence of top manage-
ment, years of experience in the com-
pany, respect of all involved, and
someone who truly understands the
process. Most of all, this person must
have the attitude of improving the
company’s worth by implementing
the ISO 9000 system.

Correcting The Corrections

“Inhibiting the corrective action
process,” Pitfall Four, addresses the
problems that arise when companies
fool around with the corrective/pre-
ventive action process. According to
Kantner, they do this by publishing a
list of “permissible” topics for correc-
tive action requests (CARs), re-
stricting who can initiate CARs, and
insisting that CARs be approved by
managers before reviewed. These re-
strictions limit the power of CARs.
In the ISO 9000 process, all employ-
ees should have the power to issue
CARs and submit them to impartial
individuals for consideration. Al-
though some companies brag about
the small number of CARs that are
issued, the real number they should
be examining is the number of frivo-
lous CARs that are initiated.

In the ugly end of the business is
Pitfall Five, “using the IS0/QS-9000
system to discipline people.” In some
cases when a CAR is written or an in-
ternal audit goes badly, the employee
most closely involved gets written up
or is reprimanded. What should be
happening is that names are left out
and functional titles are used instead.
If it is an employee performance is-
sue, management should treat it as a
training issue. If further incidents oc-
cur, it then becomes a personnel is-
sue—but outside of the ISO/QS-9000
system.

Pitfall Six, “working the correc-
tive action process only partway,”

seems pretty self-explanatory, but
common sense doesn’t always pre-
vail. Even if a company has the ISO
9000 corrective/preventive action
subprocess implemented, it must be
followed up. When CARs aren'’t fol-
lowed up, companies will find the
same causes showing up in their fu-
ture CARs. The source of the prob-
lem often isn’t found until a pattern
appears in the CARs. Not only is the
follow-up process required by the
standard, but it is key to the correc-
tive/preventive process.

Another political pitfall, number
seven, “appointing only supervisors
and managers as auditors,” can lead
to dissension among the ranks. By
forming an internal ISO/QS-9000 au-
dit team made up of individuals from
every level and function of the com-
pany, compliance heads are spread-
ing out the workload, involving peo-
ple in the process who ordinarily
don’t have a lot of “power” in the or-
ganization, and promoting teamwork
in the company.

The eighth pitfall, “creating bales
of procedures, work instructions, and
forms,” may seem tough to avoid, but
following the Bauhaus tradition of
“Less Is More” does work. Standard
operating procedures don’t need to
fill volumes. People just won’t use
them, if that’s the case. Quality poli-
cies can be kept to under 50 pages.
Auditors aren’t interested in the size
of your documented process, they
want to see how you implement it.

Pitfall Nine, “having a vague,
meaningless quality policy state-
ment,” means that the company is
trying to protect itself from failing
quality audits. Quality policy state-
ments must be pertinent to the com-
pany and customers. Related goals
and objectives must be specific and
measurable, and easily understood.

Finally, “accepting less than full
compliance with the system” is a trap
that employers fall into when their
staff falls short, and they decide to
Jjust “work around” them. Tolerating
that behavior defeats the purpose of
ISO/QS-9000, creating two systems:
the official and the real. Management
must work to get all workers on the
team, and keep them there.

Rob Kantner may be reached at
(313) 722-4334, or via his web site:
http//www.cris.com/~rob4334/iso.htm.

—DS




Low-Cost, SINGLE-RAIL
Voice-Banp CODEC.

Application Table Microphone

Primary 13-bit Linear Mode Master
Application  |p-Law Device |A-Law Dewice |Clock (MHz) Serial Data
15-19,15-54-136. | TIVR20AC36 | TLVA20AC37 2048
Digital Cordless. Lo o
CO and PBX TCM320AC36 | TCM320AC37 DSP

15-19,1S-54136 Frame Sync VBAP
Digital Cordless, | TIVR20ACS6 | TWa20ACS?

X1 X2
€O and PBX,
(Noise Cancellaton | temanacss | TCMI20ACS? D

Disabled) System
- 2 $ ’J Clock | Clock and Frame

Generation

Master Clock TCM320ACxx

Voice-band audio processors (VBAP™) from Texas
Instruments provide a full-duplex interface between
voice/audio signals and a DSP. This single-chip, single-

3-V aperation

20-mW operating mode
4 . rail audio CODEC provides simultaneous transmit

5-miV standby mode encoding (ADC) and receive decoding (DAC) with

2-mW power-down mode transmit and receive filtering and 8-kHz framing for a

Direct interface to piezo speaker and electret standard voice channel. The family of VBAP devices

microphone is pin-selectable for 8-bit companded p-law or A-law

Compatible with TMS320 and other and 13-bit linear mode.
industry-standard DSPs

) ) d For a free Wireless & Telecommunications Products data book and
Available in 20-pin SOIC, 48-pin TQFP VBAP application report, contact us at:

il 1-800-477-8924, ext, 5021
e i or http: fwww.ti.com/sc/5021

EXTENDING YOUR R E ACH
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SGS-THOMSON MICROCONTROLLERS ARE
MAKING THEMSELVES RIGHT AT HOME
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LET OUR MICROS

MAKE YOUR

PRODUCT A
HOUSEHOLD WORD

The reason SGS-THOMSON's 8-bit ST62 family of MCUs is making
itself at home in so many household appliances can be summed up

in one word: Value. ST62 devices deliver more performance in less

space for less money. Even the core is optimized for cost-effective

operation. Add ESD protection and unmatched noise immunity and

you begin to understand why the ST62 is opening doors to consumer

applications that remain closed to ordinary MCUs.

Additional
ST62 MCU
Applications

washing
machine

power tool
heater
UPS
thermostat
scale

programmable
timer

vacuum cleaner

home bus

All ST62s contain ROM. RAM, an 8-bit timer
with 7-bit programmable prescaler and multifunctional
individually programmable 1/0 ports. Also available:
Devices with high-current buffers to directly drive
LEDs or TRIACs, along with a wide range of
peripherals such as PWM and LCD drivers. A wide
operating voltage range and robust design allow ST62
microprocessors o be powered directly from a battery
or the main with minimum external components.

In addition to the extensive ST62 family,
SGS-THOMSON offers other 8-32 bit micro solutions
such as ST7. ST9. ST10 and ST20 families. All of these
products are fully supported with extensive devel-
opment tools including C compilers for most families.
So why not let our micros help make your product a
household word. To find out more fax 617-259-9442,
write SGS-THOMSON, 55 Old Bedford Road.
Lincoln, MA 01773, or e-mail: info@stm.com. And
visit our web site at http://www.st.com

)/ A

Eeryice and lechmology

©1996 SGS-THOMSON Microelectronics. All rights reserved.
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ST6

The 8-bit MCUs of
choice in automotive
and industrial as well
as consumer appli-
cations. Instruction
set and addressing
modes maximize
code efficiency.

ST7

Powerful industry
standard 8-bit core,
surrounded by
numerous advanced
peripherals. 3K to
48K of ROM with
different RAM sizes.
Choose EPROM
and OTP versions
for proto-typing.
On-chip EEPROM
is also available
for integrated data
storage.

ST9

8/16-bit micro family
fills requirements of
most advanced
computer, consumer,
telecom, industrial
and automotive
applications.

For

Turn Page

More Info



OUR 8-BIT MICROS
ARE BECOMING
HOUSEHOLD WORDS

PROGRAM A/D SERIAL OTHER
| DEVICE MEMORY RAM EEPROM INPUTS 'TIMERS INTERFACE 1/0’s = PACKAGE FEATURES
%/ 576200 1K ROM 64 4xB-Bit | 1x8-Bit 9 DIP/SO16
% ST6201 2K ROM 64 4xB-Bt | 1x8Bit 9 DIP/SO16
% 76203 1K ROM 64 1x8-8it 9 DIP/SO16
% | ST6208 1K ROM 64 1x8-Bit 12 DIP20/5020
%| 576209 1K ROM 64 4xB-Bit | 1xB-Bit 12 DIP20/SO20 | (£p or TRIAC chiver
*%| 576210 2K ROM 64 B8xB-Bit | 1x8-Bit 12 DIP20/5020
%[ sT6215 2K ROM 64 16x8-81t | 1x8-Bit 20 DIP28/5028
%| 576220 4K ROM 64 8x8-Bit | 1xB-Bit 12 DIP20/5020
% ST6225 4K ROM 64 16x8-Bit | 1x8-Bit 20 DIP28/5028
56240 8K ROM 216 128 12:881t | 2x8-Bi SPl 16 QFP80 ,
[ sT6242 8K ROM 152 &x8-Bit | 1x8-Bit S 10 Qs | D et
[ sT6245 4K ROM 140 64 7x8-Bit | 2«8-Bit SP 1 QFP52
% 5T6253 2K ROM 128 7x8-Bit | 2x8-Bit 13 DIP20/5020
%/ ST6260 4K ROM 128 128 7x8Bit | 2x8-Bit sM 13 DIP20/SO20 | ouo-relond fimer + LED o
%| ST6263 2K ROM 128 64 7x8-Bit | 2x8-Bit 13 DIP20/SO20 | TRIAC driver + PWM
3| ST6265 4K ROM 128 128 13x8:Bit | 2x8-Bit SP 21 DIP28/5028 |
$T6280 8K ROM 320 128 | 12«88t | 2x8-Bit | SP,UART | 22 QFPI00 | LCD driver (dot matix) + outorrelood
516285 8K ROM 288 8x8Bit | 1x8-Bit | SPI, UART 12 QFPEO fimer + LED or TRIAC driver
§7291 8/16/24KROM  256/384 1x16-Bit 19 | DIP2B/SOB | e G e
[ sT7294 6K ROM 224 256 1x16-Bit 22 | DIP28/SO28 | g sy hncion + power saving
ST9036 16K ROM 2244256 8xB-Bit | 2x16-Bit SPI+SCI 56 LCCo8 WDG + handshoke + Direc
$79040 16K ROM 2244256 512 8x8-Bit | 2x16-Bit SPI+SCI 56 LCC68 Memory Access
ST9ORS0 224 8xB-Bit | 3x16Bit | SPSCl | 56 LCC84 WDG + 2 hondshokes + Diret
| sTo0RS2 | - 224 8x5-Bit | 3x16Bit | SP2SCl | 52 QFP80 Memory Acosss + 16 M Bit ackdress
Abbreviations: Packages:
ADC = Andlog to Digital Converter SPl = Serial Peripheral Interface DIP = Dual In Line LCC = Leaded Chip Carrier
SCI = Serial Communications Inferface USART = Universal Synchronous/ QFP = Quad Flat Pack SO = Small Outline
WDG = Watchdog AsynchronousReceiver/Transmitter S = Shrink

Also check out our new ST62 REALIZER
The ST62 REALIZER is a user-friendly tool that assists designers in developing applications based on the ST62 family. A
graphical schematic description of the application is used to automatically generate the executable code for the ST62 and to run
simulations for verification of the program function. The complete tool set runs under Microsoft WINDOWS* environment.

o8 ;‘:\oﬁdﬂ‘ For more information fax 617-259-9442
N\o:: a\“‘“ ¢ o) Complete product information at http://www.st.com
c eﬁ\
o j‘ SN
‘S [37 SGS-THOMSON
“Lnowts/ > MICROELECTTRONICS

© 1996 SGS-THOMSON Microeiectronics. All rights reserved.
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HOT PC PRODUCTS

|
I In the “big news of 1997” category, c_vbox is a battery-powered pocket-sized PC.

Boca Research shipped their first Cybox uses an Intel 386EX processor, 1-16
56K Internet Modem at the end of Mbytes DRAM, flash EPROM, and a com-
February. Boca’s unit uses Rockwell | plete 3.3-V design. Featuring two PCMCIA
Semiconductor Systems’ K566Plus | slots and a graphic interface for standard moni-
chip set. Boca had been testing Rock- | tors and flat-panel displays, the unit measures
well’s chip set since late January. 12 em by 8 em by 2 em (about 4.7 in. by 3.1 in. by
Boca is one of the founders of the | 1.5in.).
Open 56K Forum, which is an indus- The Cybox Design Sample, on the other hand,
try-wide coalition of technology lead- | comes with 4 Mbytes of flash EPROM and 4
ers in the communication and compu- | Mbytes of RAM. The Design Sample comes with
ter industries that are trying to | BIOS and ROM-based DOS. There also are util-
achieve widespread implementation | ities that support the burn-in of user applica-
of the 56K modem technology. Their | tions into the flash EPROM, or the installation
focus is on finding a 56K protocol that | of an interlink connection to another computer
will ensure interoperability between | via a serial line.
modem brands. Both units are available from American EL-
The 56K technology, called | TEC. The Design Sample allows users to create
K56flex by Rockwell, works on the | application-oriented hardware and software
| assumption that there is a purely dig- | configurations. Examples of these applications
ital connection to the phone network | include data acquisition, mobile Internet access,
that ISPs and corporations already | navigation systems, and plant control.
use for remote access. The slower Pricing for the Cybox Design Sample begins
modems, on the other hand, run on | at $2000.
the thinking that both ends of the For more information, contact American ELTEC Inc., 101 College Rd. East,
modem conversation have an analog | Princeton, NJ 08540-6601; (609) 452-1555; fax (609) 452-7374; Internet:
connection to the public-switched | http//www.eltec.de.
telephone network. The transmis-
sion speeds are limited to 33.6 kbits/s D

. rag and Zip version 2.0 is a software program that allows users to man- |
because the datg glgnals must be con- age their compressed files and archives with the zip, tar, and gz exten- |
verted from digital to analog and sions. The tool also lets Internet surfers decode their encoded files from ’
' back again. . within Windows 95 or NT.

The K56flex technology digitally The new software from Canyon Software gives PC users new ways of ex- l
encodes the downstream (from the tracting and viewing their zip files through a flexible zip file manager that
| ISP to the user) data instead of mod- | woqee with both Explorer and Canyon’s Drag and File program. Embedded |
ulating it. The method is asymmetri- | g ars can be listed in the zip file listing or in a left-hand window, asin Ex- |
cal, though, because typical up- plorer. Additionally, multiple zip files can be viewed one at a time. Drag and j

stream transmissions—usually | 759 0is the only zip file viewer that includes a virus scanner.
consisting of mouse clicks and key- Users can create self-extracting zip files. Within these zipped files, regular
board_ commands to th? centralsite— | g0 may be launched or viewed. For users who send their files to other users
require less bandwidth. The up- | g, may not have the program, auto-launch self-extractors ean be created.
stream transmissions will continue to | e self extractors will extract the files from the archive, then automati-
| be sent at the 33.6-kbits/s rate. The cally launch the application to which the file belongs.
| technology is primarily targeted to- Zip files that have been encoded with Uuencode and MIME formats can be
ward Internet users who tend to | ynaneoded with Drag and Zip. On the flip side, Drag and Zip also will create
download big files such as sound, | * g1o5 encoded with Uuencode and MIME formats. The new version’s file
video, or multimedia files. . viewer now supports ASCII text, bmp, pex, and some tif formats.

_The new modems will be shipped The program requires users to have 486 or better machines that have 8
with CompuServe, America On- | yutes of RAM and 2 Mbytes of hard disk space.
Line, and NETCOM's NETCOM- Sample versions of the Drag and Zip version 2.0 program can be down-
plete Internet software, as well as | o, 4eq at C/NET's download.com site (http://www.download.com), Canyon
Total Entertainment Network Inter- | gotware's World Wide Web site (http://www.canyonsw.com) or Bulletin
| net gaming software. Pricing is ex- | giapq System (415) 453-4289, or from Canyon'’s forum on CompuServe (GO
| pected to run between $149 and $169. | ANYON).
| For more information, contact Drag and Zip is priced at $30. Drag and Zip users with the 32-bit version
Boca Research, 1377 Clint Moore can upgrade at no extra charge.
Rd., Boca Raton, FL 33487-2722; For more information, contact Canyon Software , 1537 Fourth St., Suite

(561) 997-6227; fax (561) 997-7189; In- | 431 Gun Rafael, CA M4901; (415) 453-9779; fax (415) 453-6195.
ternet: https//www.bocaresearch.com.
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Information Mine Fields

ducation and the entire concept of |
Ethe local library in the state of |

West Virginia are experiencing a i
metamorphosis. West Virginia’s pub- !
lic schools and libraries are working |
with VTLS Inc. to bring InfoMine .
workstations to residents in the E
state’s rural areas. The workstations !
provide access to the Internet, e- |

mail, and a large number of library

catalogs throughout the state.

The plan between West Virginia
and VTLS entails installing 175 In-
foMine workstations in at least one
high school in each county, and in se-
lected rural public libraries. The ob-
vious benefit of the program is that
the team is bringing the Internet and
numerous sources of information to
residents in West Virginia’s rural ar-

eas who’'ve never had them before.
As it stands today, 120 of the work-
stations have been installed.

At the workstations, the software
available to users includes the VTLS
EasyPAC, VTLS Z39.50 Client, a
terminal emulator program, and
Netscape. Staff at West Virginia’s li-
braries also have access to the VTLS
EasyCAT. The EasyCAT software
allows librarians to download and
edit bibliographic records from West
Virginia’s union catalog. Along with

 Your Most Demanding Applications.

s MKP class X2, metallized polyprepylene,
box style. .0047 to 1.0uF range; 250 or
275 VAC at 50-60Hz. For power line noise
suppression and antenna cougpling.

s MMR Epoxy dipped metalized polyester.
.01 to 1.0uF range; 100 to 630VDC.
Double-sided metallized film construction
for improved performance.

sSTR Stacked film construction. 0.01 to 2.2uF
range; 50 to 100VDC. Extremely small size.
5% tolerance standard.

Youll get high performance
and small size with these new
radial-lead film capacitor lines
from IC. State-of-the-art
construction technology delivers
highest performance and
affordable pricing. Theyre also
non-inductive and self-healing
tor long life

For complete details, contact your local distributor or IC today.

i
®
" ILLINOIS CAPACITOR, INC.

3757 W Touhy Ave. Lincolnwood, lllinois 60645

(847) 675- 1760 » Fax (847) 673-2850

Ask for

Free Catalog.
Samples
Upon Request
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VTLS’ on-site training of the librari-
ans, the company developed a 45-
minute training video to train future
users.

Each InfoMine workstation is pro-
tected by a security software pack-
age. The security software ensures
the integrity of the workstation’s
configuration. Additionally, the In-
foMine workstations are outfitted
with new laser printers.

The Internet is pumped through
the libraries’ computers via subhubs
using T-1 lines. The information su-
perhighway’s traffic is monitored by
VTLS to prevent busy lines. Also,
statistical information that is in-
tended to contribute to the upgrad-
ing of the lines will be collected from
the traffic monitoring. According to
the director of the West Virginia Li-
brary Commission, Dave Childers,
the InfoMine system is already being
used on a consistent basis with very
few problems.

The funding for the InfoMine pro-
ject came from three grants. For the
purchase of the Internet worksta-
tions, installation, software, and
training, the U.S. Department of Ed-
ucation granted the project $2.5 mil-
lion. The U.S. Department of Com-
merce and the Appalachian Regional
Commission each granted the project
$225,000 and $55,000, respectively,
for salaries and the purchase of addi-
tional workstations, network equip-
ment, and telecommunication ser-
vices and software.

The project is a statewide initia-
tive between VTLS, The West Vir-
ginia Network for Educational Tele-
computing, the State Department of
Education, and the West Virginia
University.

For more information, contact
VTLS Inc., 1800 Kraft Dr., Blacks-
burg, VA 24060-6351; (540) 557-1200;
fax (540) 557-1210; Internet:
http://www.vtls.com.—DS
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" "y New From Allegro
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The Answer For Reducing
Magnetic Offse

o o

The New A3516 Hall-Effect Sensor Utilizes
the Advantage of Chopper Stabilization

At first it wasn't obvious, how do we take our The new A3516 is a = applications in automotive—motorcycles
already well established Hall-Effect Sensor line, monolithic integrated 1 TSR too—or harsh industrial applications.
and make it even better. But we did! ; circuit which incor- s AT e .':'1{ B . 0, coe way we coniinue our

By combining technologies, we perfected the | porates a single Hall RS Lcacing-ecge tradion s through the
revolutionary Chopper Stabilization technique | | element.ahigh gain o St RSN intelligent use of combining new tech-

to reduce offset in a Hall-Linear Device. This amp:ifiter. an‘;mﬁ: s z " ME W nologies to make an even better product.

i regulator and offset
:;::Ihx:' :)n:::: zﬂa:z:“::::‘g near cancellation circuitry that includes an oscilator, Visit Our New Web Site
Hall devices. chopper stabilization circuitry, and differential filter Complete information on many of the products
capacitor, all to create a temperature-stable device offered by Allegro are now right on our web site at

How about 10 times befter. ideally suited to linear and rotary position sensing http://www.allegromicro.com.

e The Clear Choice for Hall-Effect Sensors.
(D) ll wm

2%
MieroSystems, Inc
C A L L 1 (5 0 8) AL LC R QG R O
115 Northeast Cutotf, Worcester, Massachusetts 01615 http: // www. allegromicro. com
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full-line catalog of engineered sys-

tem components from Nolu Plas-
ties Inc. helps guide users through the
steps in specifying conveyor compo-
nents, leveling pads, rollers, handles,
guide rails, position indicators, and
stock and custom extrusions. For a
free catalog, contact Nolu Plastics
Inc., 900 C Tryens Rd., Aston, PA
19014 (610) 358-1770.

Hewlett-Packard Company’s 1997
edition of its Test & Measurement
Catalog is now available. Included are
descriptions of over 1500 products,
systems, and services. Also featured
are product-comparison charts, tutor-
ial material, and deseriptions of other
available literature. For a free catalog,
contact Hewlett-Packard, 3000
Hanover St., Palo Alto, CA 94304;
(800) 452-4844, ext. 5177; Internet:
http//www.hp.com/go/tme97.

[

Carr——

“The New Manufacturing Engi-
neer—Coming of Age in An Agile
Environment” published by the So-
ciety of Manufacturing Engineers
(SME) articulates the role of the
manufacturing engineer in the 21st
Century. The book examines why
the role of manufacturing engineers
has changed and why they will be the
catalysts for success in manufactur-
ing. Topics that are addressed in-
clude manufacturing technologies,
inventory and expense control tech-
nologies, and manufacturing perfor-
mance metrics. The 320-page book is
priced at $45 ($39 for SME mem-
bers). For more information, contact
SME, One SME Drive, P.O. Box 930,
Dearborn, MI 48121-0930; (800) 733-
4763; fax (313) 271-2861; Internet:
http//www.sme.org.

“Software System Testing and Qual-
ity Assurance” shows readers how
to create and maintain reliable, ro-
bust, high-quality software. The
book covers unit testing to system
testing, and also provides an
overview of new techniques for secu-
rity testing, recovery testing, config-
uration testing, background testing,
and performance testing. Integra-
tion testing strategies help to ensure
that software components are com-
patible, while a wide range of tech-
niques find and repair bugs at the
unit and system levels. The 358-page
book is priced at $55.95. For more in-
formation, contact the Penton Insti-
tute, 1100 Superior Ave., Cleveland,

! OH 44114; (800) 223-9150; fax (216)

696-6023; Internet: http://www.pen-
ton.com.

tion Union (ITU) recently re-
quested all telecommunications
administrations that their telephone
switches and networks should be able
to handle international telephone
numbers up to 15 digits in length. Un-
til now, most telecommunications
| switches dealt with numbers of 12 dig-
its or less. But because of plans by a
number of telecommunications carri-
ers to introduce 15-digit numbers, it
was necessary to upgrade switching
equipment to enable the continued
free flow of telecommunications traffic
between countries.
To deal with this situation, the ITU
| designated 11:59 p.m., December 31,
1996, as “Time T.” All ITU Member
States were notified of the need to up-
grade equipment to enable them to
continue to receive normal traffic.
Time T also stipulated that additional
digit analysis capabilities be brought
into service, with 7-digit analysis re-
quired on some international calls.
(The complete timetable for network
changes is detailed in ITU-T Recom-
mendations E.162 and E.165.)
The ITU made sure that the re-
quirements of Time T were imple-
mented in a coordinated way across

The International Telecommunica-

It's “T Time,” Says ITU

Source: ITU

the world. Countries that failed to
comply with Time T and did not ex-
pand the number-handling capacity of
their equipment would only be able to
make operator-assisted calls to coun-
tries that had expanded their number-
ing plan to 15 digits (see the figure).
Subseribers and users in Country B
would not be able to call subscribers in
Country A, who need more than 12
digits, while all subscribers and users
in Country C would be able to call all
subscribers in Countries A and B. The
service providers/operators in Coun-
try A, who could normally receive calls
from all over the world (Countries A,
B, and C) would only be able to receive
calls from Country C. Calls from
Country B would not be successful be-

cause the latter did not have the nec-
essary digit capability.

Calling subscribers and users in
Country B, who prior to Time T had
direct contact with all subscribers in
Country A, would no longer be able to
call subscribers in Country A directly.
The negative impact of noncompliance
with the requirements of Time T
would have been both on the called
subseribers and service providers/op-
erators in Country A, as well as on the |
calling subscribers, users, and the in-
volved service providers/operators in
Country B.

According to the ITU’s Telecommu-
nication Standardization Bureau, the
implementation of network upgrades
had gone smoothly, and consumers
should not experience any difficulties
in placing international calls. The
ITU-T Study Group 2 had given 10-
years’ prior notice and planned and
managed the worldwide move to 15-
digit network capacity. To date, most
countries have made the transition
and implemented the new procedures
without much difficulty.

For further information on these
and other international telecommuni-
cations developments, contact the
ITU, Place des Nations, CH-1211
Geneva 20 Switzerland; +41 22 730 51
11; fax +41 22 733 72 56; Internet:
http//www.itu.ch.—MS




Introducin
the world’s smallest
wirewound inductor

Our new 0603 surface mount in-
ductor is the industry’s smallest
wirewound coil, measuring just .067"
x.045" x.040".

Like all Coilcraft chip inductors, it
has exceptionally high Q values, with
many parts topping 75 at 1.7 GHz.

And because of its ceramic body,
SRF’s are also very
high — over 4.8 GHz
on a typical 10 nH

inductor.

. Compare our new
0603 coils to compa-
rable non-wirewound

.0 vs frequency |

parts, and you'll Coilcraft 0603
: . epe competitor’s
find significant ShF
performance | 39 nH | 56000 5600
68nH | ¢
advantages. | o m
33 nH
Our Q factgrs 100 nH | 1400
are often twice
as high, SRF's are 50 to 70% higher,
and DC resistance is three to four
times lower!

For complete specifications on our
new 0603 inductors, check out the
Coilcraft Web site or call for a cata-
log. For prototyping, order our C112
Designer’s Kit with samples of all 19

values from the series. hcy)

Now you don’t have to sacrifice performance
tor a small form factor.

CT
ORDER DIFZRS

L
OVERN\GHT DELIVERY! CA

Coiloraft

Cary IL 60013 800/322-2645 Fax 847/639-1469

Vs
inductors

DCR
25

WWWhtp:/www. DAIARAX
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Data Corp. research study that

showed the worldwide unmanaged
Ethernet hub market growing at a
rate of 92% from 1995 to 1996, Allied
Telesyn International has cut its
prices on 4- and 8-port unmanaged
hubs 30% and 35%, respectively. Ad-
ditionally, the study found that the
unmanaged hub market remains
steady at 14.2 million ports in 1996.

Providing the same functionality
as the larger hubs (network parti-
tioning, no configuration require-
ments, and packet regeneration), the
unmanaged hubs also come with net-
work diagnostic LEDs located on the
front. The LEDs help in fault isola-
tion and troubleshooting.

Pricing on Multiport Twisted-Pair
Micro Hubs is as follows: for the AT-
MR415T 4-port hub, $74 (down from
$106); for the AT-MR815T 8-port
hub, $96 (down from $148).

For more information, contact Al-

In response to an International

lied Telesyn, 19015 N. Creek Pkwy.,
Suite 200, Bothell, WA 98011, (206)
481-3784; fax (206) 483-9458; Inter-
net: http://www.alliedtelesyn.com.

Netherlands, plant, Philips Semi-

conductor has invested another
$15 million in the company’s discrete
RF product line. The discrete prod-
ucts wafer fab at Nijmegen is one of
five separate wafer fabs at the site.

Now, a total production area of
3000 square meters is operational.
All critical wafer handling areas
meet class-100 clean room require-
ments. Products that are currently
manufactured at the Nijmegen plant
include CATV modules, cellular-
phone RF power modules, general-
purpose broadband transistors, and
video modules.

The $15 million investment will be
going to special equipment required
in the double-polysilicon process to

Expanding on its Nijmegen, The

e ————————————

produce Philips’ new fifth generation
RF wideband transistors. Equip-
ment to be installed initially includes
EPI-layer deposition, fine-line met-
allization, and rapid thermal anneal
machines.

The rapid thermal annealing
process is paramount to the im-
planted dopants in the first layer of
epitaxial polysilicon. There are very
steep doping profiles required in the
base and emitter regions of the RF
wideband transistors. Additionally,
new wafer test equipment will be in-
stalled at the plant.

The packaging technology also is
essential here. The new transistors
must maintain their performance and
meet new miniaturization levels.

For more information, contact
Philips Semiconductors, 811 E. Ar-
ques Ave., P.O. Box 3409, Sunnyvale,
CA 94088-3409; (408) 991-3614; fax
(708) 296-8556; Internet: http//www.
semiconductors.philips.com.

TAKE A CLOSER LOOK AT
ITT CANNON SURFACE
MOUNT TACT SWITCHES

.....

KSR
Series

* Top actuated

e Ultra miniature dimensions:
(L: 6.0 W:3.7 H:2.5mm)

¢ Fully scaled
* Soldering process: IR
e Actuation force: 120g to 450g

Ultraminiature, Ultra Low
Profile SMT Switches

Series

b
=/
¢ Side actuated

e Ultra low profile (H: 1.6 mm)

¢ Ultra miniature dimensions
(L: 7 mm x W: 4.4 mm)

¢ Soldering process: IR
* Actuation force: 200 and 400 g

KSC KSM P
e t & M N
¢ Top actuated v ¢ Side actuated e

* Miniature dimensions: (6.2 x 62 mm)
e Fully sealed

* Soldering process: IR and Wave
* Actuation force: 110g to 550g

¢ Low profile: (H: 1.5 mm)
* Non sealed

¢ Soldering process: IR

¢ Low actuation force: 90g

Call Today for a copy of the ITT Cannon Switch
Products catalog: (612) 934-4400

ITT Cannon

SWITCH PRODUCTS

ITT Schadow Inc.
8081 Wallace Road
Eden Prairie, Minnesota 55344
Tel: (612) 934-4400 * Fax: (612) 934-9121 A\
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“Stop Noise

N

Most people know that a pacifier will stop noise,
sometimes very quickly, other times it takes a little
longer. The method, however, works. Add a little
sweetness and it works even faster. And for certain
applications the pacifiers come in different shapes
and sizes.

Conec Filter Connectors stop noise as well. Noise
created by EMI/RFI in today's high speed digital
systems. And just like pacifiers, Conec Filter
Connectors come in different configurations -
industry standard d-sub, high density d-sub, filltered
adapters, modular jacks and combo d-sub, with

Two Ways”

§ N

power filtering and signal filtering. We don't add any
sweeteners. What we do add is our patented planar
filters. The technology with a proven track record,
combined with the industry's best connectors —ours.
Both technologies fully integrated, for best resuits

in filtering.

Contact us today and put a little sweetness in your life.
You can find us at our website:
hitp://www.conec.com, or
e-mail 24926@ican.net

CONEC QUALITY
“PEACE OF MIND”

72 Devon Rd., Unit 1, Brampton, Ontario Canada L6T 5B4

* IS0 9001 CERTIFIED o

CONEC

"TECHNOLOGY IN CONNECTORS"

Tel: 905-790-2200  Fax: 905-790-2201
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CSTARING BN T O R =l
SHOULD MAKE YOU FEEL AS

For an engincer, each project should be a new beginning.
A time when you can reach again for something that has never
been done before.

.
'fé{’s Choose your embedded processor §

It will, however, take a particular kind of embedded
processor to break the dam—to let the best thinking move
from your mind to the application. NEC’s 64-bit Vi Series™
is that processor. The remarkable MIPS™ RISC architecture
that can release you from what has been and move you to
where things could be.

So what, exactly, makes NEC’s MIPS RISC architecture
the most sensible choice for office automation, consumer and
internetworking designs? First and foremost, the price/performance
issue. The fact is, no other processors provide better MIPS per
dollar than our Vig4300,™ or Vp5000™ processors. And no other
processor in its class offers more MIPS per watt than the Vp4100.™

NEC’s MIPS RISC architecture also enables forward com-
patibility. It’s extremely scalable and uses common code libraries.
In other words, this is an architecture with a sharply defined
migration path. Giving you a connection to future processors
and backward compatibility to existing code.

It is an amazing thing to create a successful design. The only
problem is, you're being asked to do it faster than ever. Which is
why NEC offers a comprehensive solution, including support
for PCI Bus interface and laser printer control peripherals. We
also provide companion chipsets and third-party tools.

When you think about it, finishing a project in record
time is a pretty good thing. Because it means you get to move
on to the next one.

Call us for more information about the Vi Series at

[-800-366-9782. Ask for Info Pack 195.




OF YOUR NEXT
IF ANYTHING

vna300 | prceos | vas000

1 O/eC

S TP

OSSIBLE.

VR5000. Paramount performance,

Va4300. A high level of
perf

Vr4100. An uncompromising

| prceos

| vaa100 | ppcacaca

Frequency 40MHz
Bus interface 32-bit
I-Cache Size 2K
D-Cache Size 1KB

Pin Count/Package 100 PQFP

SPECIint92/SPECfp92 | 45 VAX MIPS

SPECint95/SPECfp95 = -

26MHz
8/32/64-bit

2KB
KB

160 CQFP

133MHz 80MHz 200MHz
32/64-bit 32/64-bit 84-bit
16K8 8KB 32kB
8KB 8KB 32K8
120PQFP | 240 COFP 272 8GA

256 BGA 223 CPGA
80/60 75/85 =

55/55
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100MHz
64-bit

16KB
16K8

304 COQFP
256 BGA

128/120
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Java Discovery Search application,
Brand-new company Semio Corp.
makes the software available at their
web site—http:/www.semico.com.
The tool uses data visualization to
display logical connections between
text and ideas via graphical maps.

analyzing and categorizing text in
real time. If a user wants to find in-
formation about a certain topie, a
query would be entered and the con-
tent would be returned. The search
would then yield results in a number
of different categories and subcate-
gories in a format that resembles a
box diagram with data placed in de-
scending importance.

searches available are exhaustive
and solution. Exhaustive searches
look for all the relevant documents.
Solution searches look for a specific
answer to a specific query.

TECH INSIGHTS /QUICKLOOK i

ntroducing SemioMap, the first

Java Discovery Search works by

Currently. the two tvpes of

Master’s Degree By

Remote education has been
steadily evolving with the techno-
logical advances of the Internet, as
well as satellites. A surprising
amount of undergraduate and grad-
uate degree programs are churning
out well-educated students who've
received in-depth instruction by
the use of advanced satellite televi-
sion technology. One such institu-
tion taking advantage of the tech-
nology is the National Technology
University (NTU). The school has
offered a master’s degree program
in management of technology since
1989.

Founded in 1984, the school’s phi-
losophy is based on bringing tech-
nology education to the workplace.
Currently, NTU is the only univer-
sity in the United States to offer
technical managers a degree pro-
gram in management of technology
that lets them stay on the job while
interacting with top engineering
and management professors via the
school’s satellite system.

Professors participating in the

1
1
|
I
]
1
1
1
I
1
I
[}
]
]
1
[}
|
1
1
t
t
]
L]
!
1
1
t
'
]
1
[}
}
I
1
[}
I
t
]
]
1
1
I
[}
1
t
t
U
1
1
I
[}
I
I
[l
]
L]
1
1
I
1
1
1

Discovery Search technology
works on a different premise—look
for information about the subject and
organize that information so that
users can understand what's avail-
able. SemioMap allows users to ex-
amine their results without scanning
or reading large numbers of docu-
ments. Essentially, it does the job of
several web surfers by indexing con-
tent as they go along.

For more information, contact
Semio Corp., One Twin Dolphin Dr.,
Redwood Shores, CA 94065; (415)
802-2940; fax (415) 802-2942.

For the Internet user who likes
everything to come to them in a
personalized manner, Open Sesame
is the place to go. All surfers have to
do is click on the URL and all of the
latest books, CDs, upcoming con-
certs, movies, and television pro-
grams that interest them pop up on
the page.

Satellite

masters of technology program at
NTU represent such higher-educa-
tion icons as Lehigh University,
George Washington University,
Georgia Institute of Technology,
Rensselaer Polytechnic Institute,
and Rutgers University.

The NTU program allows mas-
ter’s students to integrate their ed-
ucation with their current job, and
advance their professional develop-
ment—an ideal situation for most
technology professionals. The
school stresses that their master’s
program is not a “techno-business
degree where technology courses
are merely add-ons to traditional
MBA course work,” according to
NTU’s chair of the management of
technology program, Al Bean.

Designed to anticipate and re-
spond to industry needs, the two-
year program is focused on a
global-economy outlook. The pro-
gram comprises an integrative field
research project, a sequential set of
nine courses, and a two-week inter-
national study mission. Each class

€ ——

The site works by taking a quick
interest profile, and updating it when
users click on different places in the
site. Through its Learn Sesame intel-

ligent agent the site becomes more |
adept at choosing information that |

the user prefers the more often the
user visits the site. Open Sesame
uses both user clustering and repeti-
tive behavior learning technologies
to deliver personalized information
and suggestions to the user.

Open Sesame is updated on a daily
basis, and needs no proprietary desk-
top software other than a standard
web browser or e-mail package.
Partnership programs are available
for both Open Sesame and Learn
Sesame. The Open Sesame service
can be used for free at the web site.

For more information, contact
Open Sesame, 55 Wheeler St., Cam-
bridge. MA 01238; (617) 491-3474; fax
(617) 868-0780; Internet: http:// www.
opensesarme.com.

has approximately 30 students. The
students progress as a group, con-
centrating on the complexities of
strategic business knowledge in the
context of technology.

The courses take an in-depth
look at business and management,
engineering, and science disci-
plines. Additionally, the program
covers areas such as innovation is-
sues and methodologies; bringing
new technologies to market; tech-
nology transfer; integrating tech-
nology into an organization's
strategic objectives; and managing
business, finance, international sci-
ence, technical resources, and tech-
nology issues.

Students who are already partic-
ipating in the program have gained
the advantage of building a very
wide network comprised of a num-
ber of top computer, telecommuni-
cations, technology, and science
professionals.

For more information on the pro-
gram, contact National Technical
University, 700 Centre Ave., Fort
Collins, CO 80526-1842; (970)
495-6400; fax (970) 484-0668; In-
ternet: http://swwvww.ntu.edu.—DS
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Dacean ot

ack in late January, the Year 2000

Information Center (http://

www.year2000.com) conducted
an informal survey of its visitors,
asking various questions about their
companies’ Year 2000 Date Change
(Y2K) plans. The results were sur-
prising in some cases and frightening
in others. Approximately 1100 peo-
ple completed the survey. Following
is a discussion of the study results
with accompanying commentary by
Peter de Jager.

On the subject of user groups, 38%
of the respondents answered that
they were not members of user
groups and that they did not plan to
join any in the future; 44% said that
they weren’t members of user
groups at the time of the survey, but
intended to join one in the future; and
18% of the respondents replied that
they were members of user groups.
De Jager found that it was “surpris-
ing that 38% of the respondents have
no intention of joining a Y2K user
group, especially when that is the
number one source of ‘unbiased’ ven-
dor information.”

In a related question, “Is your
company a member of an Industry-
based Y2K Forum?” 53% of those re-
sponding answered that they weren’t
and didn’t plan to in the future, 29%
answered that they weren’t, but
planned to join one, and 18%, again
answered that they were members of
a Y2K Forum. According to de Jager,
“The benefits which can be gener-
ated from these forums exceed just
feedback on vendors. These groups
have the ability to set standards and
even force vendors to comply with
these standards.”

WHO REALLY KNOWS THE SCORE

Bear in mind that de Jager’s sur-
vey is completed by “mostly the pro-
grammers/analysts,” and that the re-
sults tend to be a bit more reliable
than those found with the managers
who “tend to paint a rosy picture.”
More demographics will be coming in
the future as more participants fill
out the survey.

Speaking of management, another
question directly addressed the
higher-ups’ awareness of the Y2K
compliance issue. Answering “Do
you believe your company’s execu-

tive management is aware of the real
risks involved in this project?” 24%
said “no,” 63% said “yes,” and 13%
said “don’t know.” Since a quarter of
the decision makers are unaware of
the real risks, the question is, de
Jager says, “who’s going to bring
them up to speed?”

Taking a look at media exposure,
69% of the respondents said that
they thought that there hasn’t been
enough coverage of the issue, 28%
thought that the coverage matched
the size of the problem, and 3% ex-
pressed that there is too much cover-
age of Y2K. “The press is still in the
early awareness stages, and the in-
terviews reflect that,” says de Jager.
Examining the information avail-
able, most of it comprises press re-
leases of new tools, licensing agree-
ments, and consulting services.
Additionally, the articles which ex-
plain the story of Y2K are nearly
identical in nature, blaming the pro-
grammers for their “lack of fore-
sight.” Stories will change dramati-
cally by the end of 1998, exclaiming
failed systems, widespread panie,
and exorbitant programming and re-
programming rates.

SCARY NUMBERS

One of the frightening numbers of
the survey is the 11% of respondents
who replied that their organizations
had not performed a Y2K Impact As-
sessment and do not plan to. Odds
are they won’t be in business by then
if the rest of their policy consists of
this “head-in-the-sand” approach.
More frightening numbers: 30% of
the respondents have yet to start an
Impact Analysis and only 18% have
completed their Impact Analysis.
These figures “seem to fly in the face
of other surveys which claim 85% of
CIOs say they do have a plan, but
verifies my observations that no
more than 35% of all companies are
‘really’ working on this project,” as-
serts de Jager.

More scary numbers are in the
replies to the question, “Based upon
your assessment, what percentage of
your software applications (including
vendor software) will be impacted by
the Y2K unless fixed?” Of the re-
spondents, 10% said that 0% to 10%
of their applications would be af-

fected, 6% said 0% to 20%, 5% said
20% to 30%, 5% said 30% to 40%, 5%
said 40% to 50%, 6% said 50% to 60%,
7% said 60% to 70%, 9% said 70% to
80%, 9% said 80% to 90%, and a
whopping 28% said that they just
didn’t know. According to de Jager,
the 28% with no idea of what per-
centage of their software would fail
at the millennium correlates with the
30% of respondents who have yet to
perform an Impact Analysis. Even
more notable, “41% of the respon-
dents found more than 50% of their
applications to be Y2K incompati-
ble,” says de Jager.

The final question of the survey,
“Based upon your project plan, what
percentage of these applications do
you intend to fix, replace, renovate?”
again reinforced fact that a large per-
centage of the Y2K-aware commu-
nity still has a long way to go before
their systems are compliant. Dipping
into the numbers, 7% of the respon-
dents replied that they would fix or
replace 0% to 10% of their software
applications, 2% said 0% to 20%, 3%
said 20% to 30%, 2% said 30% to 40%,
2% said 40% to 50%, 2% said 50% to
60%, 3% said 60% to 70%, 4% said
70% to 80%, 5% said 80% to 90%, 35%
said 90% to 100%, and 36% said that
they didn’t know how many software
applications they would repair or re-
place at the millennium. De Jager
says that he’s concerned with the
“36% of the respondents who have no
idea how much work is ahead of
them.”—DS

Wanted: An Embedded
Systems Engineer

According to Peter de Jager, one
of the most-needed experts the
Y2K industry needs is the
Embedded Systems engineer.
“Despite all the allegations of the
press, we are VERY reluctant to
speculate about the areas in
which we're not experts,” he
says. So, step up to the plate if
that's your background—your
input is quickly becoming crucial.
E-mail Peter de Jager at
pdejager@ hookup.net, or call his
office: (905) 792-8706.




SIEMENS

RT series relays

are small In size,

but deliver big
performance

Potter & Brumfield Products Divis

Siemens Electromechanical Components, Inc.

ion
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RT series relays rise only 0.62"
(15.7mm) above the PC board, but
they switch up to 16A at 240VAC.
And they provide 8mm spacing
between contacts and coil for more
than 5kV isolation. That's a level of
performance you might not expect
from a relay this small.

The RT doesn't sacrifice life
expectancy, either. Life at various
loads is appropriate for appliances,
HVAC systems, industrial controls,
and computer peripherals.

Check out these features:

¢ Silver-nickel 90/10 contacts

e SPST-NO through DPDT contacts

¢ 8, 12, and 16 amp models

¢ Choice of immersion cleanable
or flux-tight enclosure

* Withstands 10kV surge

* Sensitive, 400mW coil

¢ UL Class F insulation system

* UL recognized, CSA certified,
VDE approved

How do we top all that? Easy. We
produce the RT on fully automated
lines for consistent quality, then use
environmentally-friendly, returnable
plastic shipping containers. And we
provide the level of service you've
come to expect from Potter &
Brumfield Products Division, an
1SO9001/QS9000 company that's
been delivering dependable,
innovative switching solutions for
more than 60 years.

Find out more. From the U.S. or
Canada, use a touch-tone phone
and our automated fax-response
systém. Simply dial 812.386.2561
and request document #7800. Or,
follow the prompts to speak with
your sales representative.

Siemens Electromechanical Components, Inc
Potter & Brumfield Products Division

200 South Richland Creek Drive

Princeton, IN 47671-0001

Fax 812.386.2072

e-mail: info@ae.sec.siemens.com



You know something’s up
when you see a bunch of network
servers voluntarily queuing up
out in the street.

Well, what they seem to know
is what you should too: the
performance-boosting part that
servers crave, the 64-meg
Synchronous DRAM, is now avail-

© SAMSUNG SEMICONDUCTOR, INC., 1996.

Introducing the

i Breakthrough 64M
! Synchronous DRAM.

able in volume production, or at
least it is here at Samsung.

We've had working samples
of this 100 MHz chip for some
time. And just as we were
with samples, we’re ahead of
the competition with actual
production too.

What that in turn means is

[ It’s precisely what servers have been WAITING FOR. ]

that you’re now in a position to
put yourself ahead of your own
competition too. Because the 64-
meg part gives you the density
you absolutely require for servers
(and in many cases for work-
stations), while also delivering
the performance advantages you
can only get from the new




Synchronous design.
Like we said: the part every-

body’s been waiting for.

At Samsung, we’re proud
of this breakthrough product
because, like the first 16M™,
64M, and even 256M DRAM, and
like many of our leadership
SRAMS, the new sprAM helps

But more than that, we're
proud it can help our customers
continue to attain leadership too.

And incidentally, we promise
you won't have to wait in line.

For details on the new spDraAM,

please call 1-800-446-2760 today. |
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extend our worldwide leadership | Or write to sbrRamM Marketing,
in memory products. Samsung Semiconductor Inc.,

3655 North First Street, San Jose,
California 95134.

&I

SEMICONDUCTOR
Still A Generation Ahead.




ONE OF
THE BEST
WEAPONS
TO FIGHT
VIOLENT

CRIME

DOESN'T

COST

1-800-WE-PREVENT

CALL TO RECEIVE FREE INFORMATION.

TAKE A BITE OUTOF

( ;-n cnl“E

TECH INSIGHTS /QUICKLOOK

FLIPPING THROUGH THE INTERNET ROLODEX

[ FLIPPING THROUGH THE INTERNET ROLODEX ___

http://www.hh.avnet.com: Sail
into the new Hamilton Hallmark
homepage to find easily-accessible
links to the company’s products, re-
sources, services, and events. Sup-
plier product announcements can be
found, as well as prices and availabil-
ity of 25,000 products, in the Prod-
ucts section. Reference design kits,
leading technical publications, tech-
nical advice, and FAQs can be spot-
ted in the Resources section. ASIC
design services also can be found at
the site.

http://www.cemacity.org:
Looking for the Consumer Electron-
ics Manufacturers Association
(CEMA)? Search no more, because
CEMA’s homepage has all the latest
information on the Consumer Elec-
tronics Show (CES), in addition to all
the CEMA-sponsored trade shows
including CES Mobile Electronics
and CES Habitech. In the Conven-
tion Center, visitors will find exhibi-
tor lists, fact sheets, programs,
events, and registration for housing
and attendance. Press releases are
found in the CEMACITY Gazette.
Members and future members can
meet at Town Hall, and e-mail
CEMA membership staff. The Gov-
ernment Plaza features the latest
testimony from Capitol Hill and
CEMA'’s position on various issues.

http://wwwi.industry.net/
kavlico: Don't get caught in the un-
dertow on your way to Kavlico’s new
homepage! The pressure and posi-
tion sensor manufacturer has put its
company and product information on
over 80 screens linked to the home-
page. Descriptions about the com-
pany’s manufacturing facility, pres-
sure sensor technology, automotive
and diesel engine applications,
HVAC and industrial pressure sen-
sors, and OEM sensor modules can
be found here. Detailed specifica-
tions for voltage output pressure
sensors and 4 to 20 mA current out-
put pressure transmitters are at the
site, as well as a synopsis of Kavlico’s
electromechanical position sensors
for aerospace applications. E-mail
contacts for visitors to the site also
are available.
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http://www.spectran.com: Vis-
itors to SpecTran’s new site will find
that it features information on the
company’s communication-grade and
specialty optical fibers, cables, and
related products. Visitors to the site
can pick up SpecTran’s latest news
releases, financial highlights, and in-
formation on career opportunities.
Additionally, there is a literature li-
brary comprising the company’s an-
nual report, 10K report, quarterly
report, product information, and
technical articles. Also found at the
site are brochures on SpecTran’s
three subsidiaries.

http://www.micromo.com:

Swimming through the sea of URLs
on the web might lead you to Mi-
croMo Electronies’ page. The web
site was started in response to cus-
tomer survey results that said that
customers wanted up-to-date prod-
uct and technical information avail-
able on the World Wide Web. Mi-
croMo’s main products are coreless
motors and related technologies.
Featured items at the site include
new applications notes, selector
guides, annotated links to other engi-
neering sites, technical and Internet
tutorials, and a downloadable cata-
log. The catalog comes in Portable
Document Format, and can be read
via Adobe Acrobat Reader, which is
available for downloading at the site.

http://www.compliancenet.com: |
Compliance-conscious ‘net surfers
will probably want to stop off at The
Boxleitner Group’s ComplianceNET
site. The continuously-updated di-
rectory has complete listings of
legally mandated regulations and
standards for hundreds of electronic
and electrical products for countries
worldwide. Topics found at the site
include electromagnetic compatibil-
ity, product ergonomics, product en-
vironmental requirements, product
quality requirements, and product |
safety. Also, proposed regulations
and standards are listed here. The di- |
rectory is indexed by country and
product, providing an easy way to
track a standard or regulation. A free
test of the directory is available at
the site.




115 Keps IRDA CONTROLLER

WiTH UART INTERFACE.

Application Table RESET

e
® Cordless File Traniter between PCs, Optoelectreonics UART
s

notebooks and P
| RESET
b
Ll

SIN

® Walk-up LAN connection to office networks Decoder

IR_RXD

vYy
c
-
]

From PIN

© Download data from PCs and notebooks to
cellular phones and pagers

® Transfer images from digital cameras to PCs
and printers

BAUDOUT

PILALY Encoder
Program or perform diagnostics on an ToLED ¢ U_TXD
automobile or industrial equipment with a SouT

hand-held device
m TIR1000

The T”"ooa at only $1 15* The TIR1000 IrDA-compatible encoder/decoder from
B /DA-compatible data transfer Texas Instruments exchanges serial data from a UART
W 1200 bps to 115 Kbps data rate to an IrDA-compatible transceiver for data transfer at

= W 3Vand 5V supply a maximurm rate of 115.2 Kbps to another system. By :
B  Interfaces seamlessly with a UART and transceiver ~ €liminating extra glue logic, the TIR1000 reduces the ‘..»
B Decodes negative or positive pulses board space and system cost for “cordless” data con- E
B SpinSOIC nections in PCs, notebooks, peripherals and other

electronic devices.

* Price is per device in quantities of 1,000 for free data sheets and product information, contact us at:

1-800-477-8924, ext. 5015
or http:/lwww.ti.com/sc/5015

YOUR

EXTENDING

b TEXAS READER SERVICE 171
INSTRUM ENTS

— L e

REACH

e \ BULS. -




~
o~
o
—
>=
-<
=
~
=
-
w
)
=
-4
=
(=}
g
e
-
-

JULY

IEEE Signal Processing Workshop on
Higher Order Statistics, July 21-23.
Banff Centre for Conferences, Banff,
Alberta, Canada. Contact Keh-Shin
Lii, Department of Statistics, Uni-
versity of California, Riverside, 900
University Ave., Riverside, CA
92521; (909) 787-3836; fax (909) 787-
3286; e-mail: ksl@ucrstat.ucr.edu.

IEEE Nuclear & Space Radiation Ef-
fects Conference (NSREC “‘97), July 21-
25. Snowmass Conference Center,
Snowmass, CO. Contact Dennis B.
Brown, Naval Research Laboratory,
Code 6612, Washington, DC. 20375;
(202) 767-5453; fax (202) 404-8076; e-
mail: dbbrown@cefnrl.nvy.mil.

I AUGUST
40th Midwest Symposium on Circuits

| and Systems, Aug. 2-6. Hyatt Re-
| gency Hotel, Sacramento, CA. Con-
| tact Sharon Baumgartner, Depart-
| ment of E&CE, University of

California, Davis, CA 95616; (916)
| 754-6216; fax (916) 752-8428; e-
| mail:mwscas97@ece.ucdavis.edu.
| IEEE International Geoscience & Re-
| mote Sensing Symposium (IGARSS ‘97),
l Aug. 4-8. Singapore International

Convention Exhibition Centre, Sun-
tec City, Singapore. Contact Kwoh
Leong Keong, CRISP, National Uni-
versity of Singapore, Faculty of Sci-
ence, Lower Kent Ridge Rd., S
119260 Singapore; (65) 7727838.

Memory Technology, Design, & Test
Workshop, Aug. 11-12. San Jose, CA.
Contact F. Lombardi; (409) 845-5464; e-
mail: lombardi@cs.tamu.edu.

IEEE International Symposium on
Electromagnetic Compatibility (EMC
‘97), Aug. 18-22. Contact John Os-
burn, EMC Test Systems LP., 2205
Kramer Lane, Austin, TX 78758;
(512) 835-4684 ext. 669; fax (512) 835-
4729,

SEPTEMBER
Telecom Interactive ‘97, Sept. 8-14,
Geneva, Switzerland. Contact (703)
907-7736.

Fifth European Congress on Intelli-
gent Techniques and Soft Computing
(EUFIT ‘97), Sept. 8-12. Aachen, Ger-

many. Contact Promenade 9, 52076
Aachen, Germany; (49) 2408 6969; fax
(49) 2408 94582; e-mail: eufit@mit-
gmbh.de; Internet: http://www.mit-
gmbh.de/elite/elite/eufit.html.

ICSPAT/DSP WORLD 1997, Sept. 14-
17. San Diego Convention Center,
San Diego, CA. Contact Denise
Chan, Miller Freeman Inc. (415) 278-
5231; e-mail: dsp@exporeg.com.

MCM Test Workshop, Sept. 14-17.
Napa Valley, CA. Contact Y. Zorian,
(408) 453-0146 ext. 227; e-mail: zo-
rian@lvision.com.

International Conference on Solid
State Devices and Materials (SSDM),
Sept. 16-19. Act City Hamamatsu,
Hamamatsu, Japan. Contact Secre-
tariat of SSDM ‘97, % Business Cen-
ter for Academic Societies Japan, 5-
16-9 Honkomagome, Bunkyo,Tokyo
113, Japan; (81) 3 5814 5800; fax (81) 3
5814 5823; e-mail: confg3@bcasj.or.jp.

Thermionic Workshop, Sept. 21-23.
Cannes, France. Contact B. Courtois;
(33) 35 76 7 46 15; e-mail:
bernard.courtois@imag.fr.

AUTOTESTCON ‘97, Sept. 22-25. Dis-
neyland Hotel, Anaheim, CA. Contact
Robert C. Rassa, Hughes Aircraft,
P.O. Box 92426, MS R07/P553, Los
Angeles, CA 90009-2426; (310) 334-
4922; fax (310) 334-2578; e-mail:
rerassa@ccgate.hac.com.

Electrical Overstress/Electrostatic
Discharge Symposium, Sept. 23-25.
Santa Clara Convention Cen-
ter, Santa Clara, CA. Contact
ESD Association, 7902 Turin Rd.,
Suite 4, Rome, NY 13440-2069; (315)
339-6937; fax (315) 339-6793.

Fifth China International Electronics
Exhibition (CIEE ‘97), Sept. 24-28.
China International Exhibition Cen-
tre, Beijing. Contact Gu Jinjing,
CEIEC, P.O. Box 140, Beijing,
100036 China; (011) 8610 6822 3909;
fax (011) 8610 6821 3348

Eastern Regional Conference on
Crystal Growth & Epitaxy, ACCGE/East-
97, September 28-0ct. 1. Bally’s Park
Place Hotel & Casino, Atlantic City,
New Jersey. Contact Louis G.

Casagrande, (516) 346-6379; fax (516)
346-3670; e-mail: Lou_Casagrande
@atdc.grumman.com, or Ed Porban-
sky, Conference Secretariat, 163
Carson Dr., Colonia, NJ 07067; (908)
382-1806.

Embedded Systems Conference,
Sept. 29-0ct. 3. San Jose Convention
Center, San Jose, CA. Contact Miller
Freeman Inc. (415) 278-5231; e-mail:
esc@exporeg.com.

OCTOBER
OEMed Northeast, Oct. 1-2. Bayside
Expo Center, Boston, MA. Contact
Exposition Excellence Corp., 112
Main St., Norwalk, CT 06851; (203)
847-9599; fax (203) 854-9438.

OEM Electronics Northeast, Oct. 1-2.
Bayside Expo Center, Boston, MA.
Contact Exposition Excellence
Corp., 112 Main St., Norwalk, CT
06851; (203) 847-9599; fax (203) 854-
9438.

IEEE Ultrasonics Symposium, Oct. 7-
10. Marriott Hotel, Toronto, Canada.
Contact Stuart Foster, Dept. of Med-
ical Biophysics, Room S-658, Sunny-
brook Health Science Ctr., 2075
Bayview Ave., Toronto, Ontario, M4N
3M5, Canada; e-mail: stuart@owl.sun-
nybrook.utoronto.ca.

Sixth IEEE International Conference
on Universal Personal Communications,
Oct. 12-16. Hotel del Coronado, San
Diego, CA. Contact Gail Weisman,
IEEE Communications Society, 345 E.
47th St., New York, NY 10017; (212)
705-7018; fax (212) 705-7865; e-mail:
g.weisman@ieee.org.

Sixth IEEE International Conference
on Universal Personal Communications
(IGUPG ‘97), Oct. 13-15. Contact Tony
Acampora, MC 0409, Bldg EBU1,
UCSD, 9500 Gilman Dr., La Jolla, CA
92093-0409; (619) 534-5438; fax (619) 534-
2486; e-mail: acampora@ece.ucsd.edu.

Conference on Domain-Specific Lan-
guages (DSL), Oct. 15-17. Red Lion Re-
sort, Santa Barbara, CA. Contact
USENIX Conference Office, 22672
Lambert St., Suite 613, Lake Forest,
CA 92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org;
Internet: http://www.usenix.org.




Introducing
The Industry’s Lowest Power
High Speed Converters.

8-Bit AD9057 192 mW
L ——TTT

AD9057 192 mW
g e

, AD9054 500 mW [

AD9070 600 mW

Analog Devices ADCs: The competitive edge.

Suddenly, There’s A New Standard
In Low Power 8- And 10-Bit Converters

only 192 mW at full speed and less than 10 mW
in the power-down mode. And this ADC is just

The company that set the standard in high speed
converters continues to introduce innovative,
low power, single-supply ADCs to cost- and
power-sensitive mass markets.

AD9057 AD9054 AD9200 ADS070/71
Res. (Bits) 8 8 10 10
Speed (MSPS) 40/60/80 135/200 20 100
Power (mW) 192 500 80 600
Package ssop TQFP  SSOP/TQFP  SO/DIP

Price” $4.95/  §23.00/ $5.85 $68.00
§5.95/  $44.00
$9.95

Faxcode 2007 2093 2114 2052/2035

Low Power And Low Cost

Our new AD9057 ADC, for instance, costs 35%
less than the closest competitor. Yet it offers supe-
rior performance with a low power dissipation of

one example. With our broad portfolio, you’ll
find a high-performance, low-power, 8- and
10-bit ADC solution for every need.

Breakthrough Single Supply

Check out the highest speed, single-supply ADCs
available today. Performance that was once the
domain of high-powered flash converters is now
available with the AD9054 and AD9070/71.
Each runs off a low-power, single-supply system.

Higher performance and lower power for less
money. Sounds like a real easy decision.

For ' ery of information regarding
samples call 1-800-ANALOGD (262-5643) and
mention For data sheets dial

AnalogFax® at 1-800-446-6212 and enter
Faxcode # or visit us on the World Wide Web.

ANALOG
DEVlCES

Analog. Digital. Solutions.

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106.
Dlstrlhunon offices and application support available worldwide.

USD 1,000s, recommended resale, FOB U.S.A.
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CONSUMER ELECTRONICS HIGH-PERFORMANCE 3D ACCELERATOR |

: Polygon E
¢ | manager Processor loader [ | P'gf::: ol
| t s
PCIAGP |-—| PoiAGP | 5
bus core *___| Configuration falyssaigoy .
' registers :
: Texture core Interpolator
RAN SrgE g R Maro boudary |

i )

Local PCI Local memory
bus

bandwidth transfers. Most of the oper-
ations needed to compute translu-
cency, hidden-surface removal, and
antialiasing require high-speed com-
putations to perform real-time opera-
tions. One of the more-complex opera-
tions, the true-perspective correction,
also requires a division operation per
pixel, thus making it one of the most
math-intensive operations.

Bus bandwidth becomes the limit-
ing factor for Z-buffering and various
surface attributes. For anisotropic
texturing, coherency is not the same
and caching is more difficult because
of the different possible shapes used
for texturing.

In addition to the strong polygon
support, the key block on the chip that
lets the circuit deliver top-notch 3D
graphics is the overall PixelSquirt 11
technology, which alleviates the main
bottleneck in interactive 3D graphics,
the pixel fill rate (F'ig. 1). The technol-
ogy is based on the concept of parallel
fixed-purpose processors that maxi-
mize the fill rate based solely on the
geometry (XYZ) of the triangles. The
“processor” in this case has been
shrunk to a point that a large number
of processors can be included on a cus-
tom chip at a very cost-effective price.

As mentioned earlier, the TEX chip
can achieve near-workstation perfor-
mance—on a 1024-by-768, 24-bit per
pixel screen with a 30-Hz frame rate,
the circuit can deliver 10,000 trian-
gles/frame (300,000 triangles/s, with

each triangle a MIP-mapped 100-pixel
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1. In the TEX chip is a major processing block containing an array of parallel processors and logic
to implement the polygon processing and control. Another portion of the chip contains the P-Pipe
logic, which provides a PCl-to-PCl bridge to where a 2D PCl graphics processor can be attached.

element with bilinear texturing using
RGB lighting. This can be achieved for
real applications executing on a PC
that operates with a 33-MHz PCI bus,
with 1 to 4 Mbytes of optional texture
memory, and employs the Triton II or
better motherboard chip set.

Theoretical peak performance of
the TEX-based system includes the
ability to deliver 150 million textured
pixels per second (each pixel is MIP-
mapped and has bilinear texturing), or
deliver 1 million polygons/s, with each
polygon containing 10 pixels with RGB
lighting, RGB specular, fog, alpha, and
floating-point input. Top resolution of
1024 by 768 pixels with 24 bits/pixel at
53 frames/s (10,000 polygons/frame,
tri-MIP-mapped and Z-buffered) can
be achieved-—yielding a pixel data rate
of more than 150 Mpixels/s.

To deliver the rendered images for
games, VRML environments, and
other applications, the TEX processor
places minimal overhead on the host
processor, and appears mostly as a PCI
or AGP device attached to the host.
However, it contains several additional
buses, one of which is a local PCI bus.
That bus is generated by a block called
the P-Pipe, which implements a PCI-
to-PCI bridge to allow additional func-
tions such as a 2D graphics processor
to be included on the same board. All
PCI traffic except the polygon list (10
Mbytes/s) is moved to the back end of
the P-Pipe over this bus to communi-
cate with the 2D PCI graphics chip.
The host PCI bus is a master/slave in-

terface and includes big- and little-en-
dian support for various hosts.

To achieve high performance tex-
ture mapping, an on-chip high-perfor-
mance DRAM texture storage area of
1 to 4 Mbytes (or more) would ideally
be required. However, by incorporat-
ing a local memory bus interface on
the chip, it’s designers were able to lo-
cate that memory off chip without any
significant performance penalty. That
memory can be formed using multi-
bank DRAMs or synchronous graph-
ics DRAM (SGRAM).

The overall flow of data through the
TEX chip is similar to that of the PIX
processor, with one significant differ-
ence—the TEX can write directly to a
2D device’s linear or rectangular
frame buffer, as well as to main mem-
ory. That is possible since the host is
no longer directly involved in the pixel
texture mapping operations. Inputs to
the TEX chip are in the form of a Y-
sorted triangle list, similar to the PIX
chip, but the format has been en-
hanced for lower-overhead application
programming interface support. Im-
provements in this area include the
addition of scatter-gather DMA and
floating-point input formats.

To do the integration effectively,
designers had to carefully balance the
work done by the processor array and
that done by other logic. Thus, the
processor array employs an on-chip
“active-triangle” display list to render
a scene in scanline raster order. The
engine starts by reading a driver-pre-
pared display list from memory to up-
date the on-chip list and then, after
setup, visibility determination, and in-
terpolation, starts to deliver the ren-
dering data, beginning with the top-
most texel (or a blend of texels) for
each pixel in the scene in left-to-right,
top-to-bottom order (as how one
would normally read a page of text).

After being textured and accumu-
lated (for translucent pixels), the resul-
tant pixel stream passes into the for-
matter block on the chip, which buffers,
dithers, and formats the data. The re-
sulting 3D image is sent directly to the
2D frame buffer, either over the host
PCI bus or through the P-Pipe. Float-
ing-point format conversion, from 32-
bit floating-point notation to 16-bit in-
teger values, also is incorporated on the
chip. This capability is optimized for
reading application-programming in-




We’ve Got
Your Busses
Covered

Measurement with a New Interface

Direct-to-Digital Temperature G“‘ '

The Dallas Semiconductor family of 1-Wire™ e The DS1621 is the most accu- I

and 3-wire temperature sensors has a new mem- rate digital temperature sensor in the in-
ber: the 2-wire DS1621 Digital Thermometer dustry: +0.5°C over the commercial range and
and Thermostat. With this popular interface, the +1.0°C over the industrial range.

industry’s most accurate digital thermometer can

now serve a host of new applications, including ~ ° The DS1621 is the only digital temperature sensor

: ) that can achieve 13-bit (or 0.03125°C) resolution,
C GRS T S Ty € HDRS: important for applicatio(ns that monitgr) fast rates of
The DS1621% addressable interface can be temperature change.
multi-dropped, letting you address up to eight o The PS1621 s the only digital temperature sensor
chips along a 2-wire bus. Better yet, you can to store the temperature limits in EEPROM,

put any device with a 2-wire interface on the

T Sty e T alleviating the need to power up to default limits

and then re-set the device.
Like our other temperature sensors, the DS1621 e The DS1621 features a wide power supply

Digital Thermometer and Thermostat converts range—from 2.7V to 5.5V—in a single device.
temperature directly to a 9-bit digital number in .
less than one second, eliminating the need e The DS1621 can be configured to continuously

perform temperature conversions in the

for an A/D converter. The DS1621 can )
background. Temperature reads will always

also function as a standalone thermostat

with a user-definable and changeable output the last completed conversion and not
set point. inhibit the conversion in progress.
And that’s not all.

B
20000000 4m DALLAS /000000000
B’ SEMICONDUCTOR
Is the 2-wire bus going in your direction? Then hop right on. For more information on
our family of Thermal Sensors, or to order a DS1621K Development Kit, give us a call.

Visit our Web site at http://www.dalsemi.com/

4401 Beltwood Parkway, Dallas, Texas 75244-3292 ¢ Phone: 972-371-4448 < Fax: 972-371-3715
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HIGH-PERFORMANCE

3D ACCELERATOR |

terface format software with PCI bus connects to the 2D
little driver (software) over- VGA graphics chip, which in |
head—offloading the task Fia turn, sends the data to the
from the CPU and giving bet- '2.'.' buffer display (Fig. 2a).
ter overall 3D performance. Alternate system architec-
In addition to the basic op- t r tures include a scenario in
eration at 33-MHz for the PCI TEX Local PCI 20 which the TEX chipisona
host-bus interface, the 3D ac- processor “&.ﬁm Display separate AGP add-in card
celerator also can run that in- with only the texture memory
terface at the 66-MHz speed (Fig. 2b). In this case, the 3D
required by the AGP inter- ) L AGR/PCI por .l information transfers bidirec-
face. A local DRAM bus with tionally over the AGP port,
a selectable 32- or 64-bit mem- while the host system trans-
ory bus width and the P-pipe Polygon list fers pixel data to the PCI-
local PCI bus also are incorpo- Texture maps e based 2D display engine. In a
rated on the chip. Lastly, the System buffer third option, the TEX chip,
memory interface includes memory 1:::'“' the host system, and the 2D
hics accelerator are all
suppprt for SGRAM anfi memory grap : t .
multibank DRAM to maxi- m 20 transferring the display lists
mize the data transfer rate. Jnﬂ‘m Display | and the pixel data over the
The on-chip AGP support > logic TR PCI bus (Fig. 2c).
lets it handle the double-clock e processor An additional interface on |
. . : s include . I
53 Mz, Also,the AGP n. | B —LR - cerial bus port to id in sys-
cludes a split-transaction ca- ) Pixels tem configuration. For video
pability, which allows the bus support, the chip also can per-
to hide the 20+ clock latency of Palygon list form 4:2:2 YU V-to-RGB color
read operations, allowing Texture conversion, bilinear interpo-
those clock periods to be re- mn:p 1::%' m lation scaling, and provide
cﬁﬁn‘;eglf;or othefr uses. Lasdtly, memory memory sup(}i)ort f%rilmu}lltiple vidteo
the interface provides windows. The chip operates
virtual address translation for 20 from a either a 3.3- or 5-V
easier data manipulation. m TEX VGA Disply | supply but internally oper-
The internal polygon man- o g processor controller ates at 3.3 V, while the 1/0
ager on the chip determines lines can interface to either
when to load primitives, and 3.3 or 5-V systems.
where to store them once LPCl_ v T b - G Both Reality and S-MOS
loaded. The first word of the Polygon list have developed drivers for
primitive describes the type | (6) Plasls Microsoft Windows 95, Win-
of primitive (point, line, trian- dows NT, Direct X support,

gle), and determines how
many additional words are
needed to fully specify the

the primitive includes data de-
tailing the primitive type, the
point color and alpha, the line
color and alpha and perspec-
tive correction, and many tri-
angle aspects. Those aspects include
the triangle type (flat, Gouraud shaded,
textured), RGB color (flat, Gouraud) or
texture ID and ST (texture coordinates
to sub-texel accuracy for bi-linear) co-
ordinates (textured), triangle texture
antialiasing (texture: point, bi-linear, or
MIP-mapped), and triangle options
such as per vertex Alpha, fog, specular,
MIP-mapped. Triangle texture options
include the address (local), size (power
of two), MIP-map flag, texel format

(16/24/32-bit, etc.), and wrapping vs.
clamping for each Sand T.

The multiple-bus architecture of
the TEX chip makes it simple to im-
plement various system solutions that
cater to different price points. In the
complete 2D/3D system on a card that
plugs into a PCI or AGP port, the
TEX chip provides the host interface,
while tying into on-board texture
memory and generating the local PCI
bus from the P-Pipe port. That local

2. Various 3D graphic subsystem architectures can be implemented with
the TEX processor. In this first example (a), the TEX chip connects to the
host PCl or AGP port and the 2D graphics processor connects to the PCl
primitive. A full description of bridge port. Or (b), the TEX chip can be used on a separate card that
connects to the host via the AGP port, while the 2D graphics subsystem
connects to the host over the PCl bus. Lastly (c), a PCl only approach
can be used, in which the TEX subsystem is on one card, the 2D legacy
graphics on a second card, and both connect to the host via the PCl bus.

and other operating environ-
ments. Also available are
software tools for developing
custom drivers.

PRICE AND AVAILABILITY
The TEX 3D accelerator comes in
a 208-lead TQFP In 10,000-unit
quantities, the TEX chip sells for
$35 apiece. Samples will be avail-
able in the fourth quarter, with production
quantities available in early 1998.

S-MOS Systems Inc., 150 River Oaks
Parkway, San Jose, CA 95134; Sandeep
Gupta, (408) 922-0200; http://www.smos.com.

Reality Simulation Systems Inc., 150
River Oaks Parkway, San Jose, CA 9513);

(408) 435-5565. CIRCLE 538
How VALUABLE CIRCLE
HiGHLY 539 |
MODERATELY 540
SLIGHTLY 541
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Life cycle analysis for
availability and market trends
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Vision. For almost 30 years, we have
provided our customers with a clear view
on what'’s going to happen next.

Today, focusing on the future is the only
way to get ahead. It may be the only way
to survive.

As a Future Electronics partner, you
have access to more than 300 electronic
component experts who provide

® Product life cycle analysis

® Global inventory trends

® Bills of material review

® Alternate source availability.

No other distributor offers this level
of knowledge & competence - So take
full advantage of your Future Electronics
partnership by putting our experts

to work for you.

Future Iﬂﬂal/_a'lan We put your needs first. Nothing heroic
Futre Action about that. It's simply smart. Since your

success is ultimately ours, let’s look to
the future together.
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" If you don't get Hams,
~ you won't get the picture.

Only the new Harris
multimedia chipset gives
you full color and sync
during VCR FF playback.

H""',ﬂ,’é"ﬁ 2 2 * HMP8112 video decoder has patented
comb filter for better color and sample
NTSC/PAL
rate converter for better sync

Decoder

* HMP8156 encoder gives you
sharper images, multiple input and
output standards

e Complete support: samples, eval boards,
data sheets, app notes, and tech briefs

¢ Call 1-800-HARRIS ext. 7697
for our multimedia brochure

¢ Visit our multimedia web site
{(www.semi.harris.com/muttimedia/)

Availability

HMP8112 NTSC/PAL
Decoder Now

HMP8115 NTSC/PAL
Decoder Q2

HMP8154 NTSC/PAL
Flicker Filter Encoder Q2

HMP8156 NTSC/PAL
Encoder Now

HMP8171 NTSC/PAL
Encoder w/Macrovision Q3

| HMP8173 NTSC/PAL
Encoder w/Macrovision (SCART) Q3

o HMP9701 16-Bit AC'97
Competition Audio Codec Q2

& HARRIS

S E M INCHOUNSD U € T O R

For more information: Call 1-800-4-HARRIS and ask for ext. 7697
Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com
AnswerFAX: 1-407-724-7800, doc. 7064
your next blg idea is a trad k of Harris Corporation. Screen images simulated.
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Jules H. Gilder

ideoconferencing has been capturing peoples’
imaginations ever since AT&T demonstrated
its original PicturePhone over 30 years ago.
The problem then, as it is now, was bandwidth. In
the 1960s, the enormous amounts of data that had
to be sent to produce a quality video image and
sound in real time required the use of leased tele-
phone lines. Because of the expense of the lines,
and the specialized equipment needed to imple-
ment videoconferenc-
ing, its use was limited
to large companies that
| could afford the invest-
ment.
The situation is sig-
' nificantly different to-
day. Currently, the
market for videocon-
ferencmg systems is
| over $3 billion. By the
year 2002, the market
is expected to grow to
$35 billion. True, band-
width is still the key is-
sue, but semiconductor
and software technol-
ogy have joined forces
to make it manageable
at a reasonable cost.
| Whereas early systems
would cost hundreds of
thousands of dollars to
implement, today’s sys-
| tems cost in the hun-
| dreds or thousands.
In addition, leased

’ telephone lines are no longer required. POTS Art Courtesy: Lucent
(Plain Old Telephone Service) lines can be used to Technologies

| get quite acceptable results with video-frame
rates of 6 to 15 frames per second (fps). This is
sufficient for situations where there is very little
motion by the parties If the ability to show con-
tinuous motion is needed, then an ISDN tele-
l phone line will be required. With ISDN and the
appropnate hardware, frame rates of 20 to 30 fps
| can be achieved, yielding results that are close to

| S

VIDEOCONFERENCING

Videoconferencing Is Getting
Better And More Affordable

Dedicated Chips, High- Power Microprocessors, And Innova-
tive Software Are Making Possible High-Quality And Low-
Cost Computer-Based Videoconferencing Systems.

broadcast-quality video.

Despite the hardware and software advances,
standards are still the key to the success of video-
conferencing. Despite the availability of industry
standards, there’s a lack of interoperability among
different videoconferencing systems designed to
the same standard (see “Standards are the key,” p.
96). Nevertheless, the emergence of dedicated
video processors has propelled videoconferencing

to new heights.

Video Processors
Ever since PCs ap-
peared on the scene,
designers have been
repeatedly faced with
the same question:
“Should the video prob-
lem be solved with ded-
icated hardware or
software?” And the an-
swer is always the
same: “It depends.”
The arguments are al-
ways the same. The
hardware approach is
faster, but it’s more ex-
pensive. The software
approach is cheaper,
easier to install, and
easier to maintain and
§ upgrade. So why
should it be different
when it comes to video-
conferencing? It isn’t.
When videoconfer-
encing was first conceived, engineers instinctively
knew they could do it. It required specific hard-
ware and was expensive, but they knew what had
to be done. A software solution wasn’t even con-
sidered because many of the hardware develop-
ments (e.g., high-speed modems, inexpensive per-
sonal computers, and digital cameras) that make a
software solution possible didn’t exist yet. As the
supporting hardware became available and con-
sumer demand for videoconferencing grew, an in-
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expensive software solution
became feasible.

The factor that will deter-
mine whether you go with a
hardware or software solu-
tion is the desired video-im-
age quality. For the highest
quality, you still need to use
dedicated videoconferencing
processors. Three major sup-
pliers of videoconferencing

DRAM System
Audio controller
infout interface

llj"'m

L 16/32

LLFT'_

chips are Lucent Technolo-
gies with its AVP-III proces-
sor, 8x8 Inec. with its Video
Communication Processor
(VCP), and Texas Instru-
ments with its TMS320C8x
family of processors.

The three-chip AVP, the
original audio/video process-

-

Control processor

16/32

Host bus for microcontroller, microprocessor

would otherwise be impossi-
ble. To foster this sharing of
data and applications during |
a video conference, Lucent |
has licensed data collabora-
tion software from Data-
Beam Corp. and is making it
available to OEMs. The soft-
ware is known as the Collabo-
rative Computing Toolkit. It
provides third-party devel-
opers with building blocks for
adding real-time, multipoint,
and data-sharing capabilities
to new or existing applica-
tions, based on ITU’s T.120
standard.

Vout

l
l
A Pair Of Engines q
The VCP chip from 8x8 Inc. |

ing device for building a
videoconferencing system,
was introduced back in 1992
by AT&T. Last year, Lucent
Technologies, an AT&T
spin-off, introduced the
AVP-III, a third-generation
0.35-um CMOS single-chip
version, the AV4400.

The AV4400 is fully compliant with
ITU-T international standard H.320
(which contains the specifications for
ISDN videoconferencing), and the
H.324 standard (which contains speci-
fications for videoconferencing over
regular telephone lines). Each of
these “umbrella” standards contains
additional standards that define the
video and audio compression algo-
rithms that must be used. For exam-
ple, H.261 and H.263 specify the tech-
niques to be used for video
compression for ISDN and POTS sys-
tems, while G.723 and G.728 are stan-
dards that specify compression for au-
dio systems on POTS and ISDN
systems. JPEG and MPEG-1 support
also are built into the chip. The
AV4400 has a 32-bit RISC processor
core with an associated programma-
ble signal-processing array.

The AV4400 connects to its host
processor via a 16- or 32-bit interface
that allows the host to initialize and
control registers and internal SRAM
(Fig. 1). 1t also allows input and out-
put of compressed and uncompressed
audio and video.

The chip requires no external
SRAM, but instead uses conventional
or synchronous DRAM. Although 3.3-

V DRAM is preferable, 5-V DRAM
also can be used. The control processor
on the chip is a 32-bit RISC processor.
It contains a 3-kbyte data-word in-
struction SRAM. The processor per-
forms coding control (dynamic adjust-
ment of frame rate and quantization),
global control (servicing requests for
the various coprocessors), bit stream
header encoding and decoding, and
memory management.

The AV4400 can be programmed to
work in one of two modes—constant
frame rate or constant quality. Ac-
cording to James G. Rank, Lucent’s
Product Marketing Manager for vi-
sual communications solutions, most
people use the constant-quality mode.
That means, if there’s a lot of motion,
the frame rate will decrease, but the
image quality will stay the same. In
the constant-frame-rate mode, the
user generally doesn’t care about the
video image. He just needs to send a
certain number of frames per second.
The price you pay for this mode of op-
eration, if you have a lot of motion, is
“blockiness.”

Using a dedicated videoconferenc-
ing chip doesn’t tie up the processing
power of a CPU, and allows it to per-
form data-sharing operations that

1. The AV4400 single-chip video/audio processor is at the heart of
Lucent Technologies AVP-1Il videoconferencing processor. The AV4400
implements the ITU H.32x standards, along
software. Based on a 32-bit RISC processor, the AV4400 features
video scaling at the input and output, forward and reverse discrete
cosine transforms, variable-length encoding and decoding (VLE/D),
hardware motion estimation, a 16- or 32-bit host interface and direct
connection of up to 2 Mbytes of DRAM for frame storage.

with microcode and host

is another contender for
videoconferencing applica-
tions (F'ig. 2). The 0.5-um
CMOS chip performs all of
the processing required for
various video compression
and decompression algo-
rithms. Its programmable ar-
chitecture enables it to per-
form both MPEG encoding and
decoding. It handles H.320, H.323,
H324, and various fractal and wavelet-
based algorithms.

The chip, notes Kevin Deierling,
8x8’s Director of IC development, is a
custom one. It gets its processing
power from two internal programma-
ble engines. The first, a vision con-
troller, is a 32-bit MIPS-X RISC en-
gine that performs higher-level
functions such as syntax decoding,
system multiplexing, and frame-rate
conversion. The second, a vision
processor, is a single-instruction, mul-
tiple-data (SIMD) 64-bit programma-
ble DSP specially architected to per-
form video processing.

Whereas most DSPs are good at
performing multiply-accumulate
(MAC) operations, the SIMD DSP in
the VCP chip can do eight MACs at |
the same time. As a result, instead of |
working on a single pixel at a time as
most other DSPs do, the 8x8 chip can
work on eight pixels simultaneously.

This processing engine performs
the core video codec tasks of motion
search, motion compensation, discrete
cosine transforms (DCTS), and inverse
DCTs. In addition, specialized pro- |
grammable hardware provides bij




1= =-Inlllest

150 WATT
CONVERTER
EVER

Vicor’s new “micro” sized
converter combines over a
decade of traditional
component power experience
with next generation power
processing, control and
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Available now, this distinctive
new converter, measuring
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VIDEOCONFERENCING |

slice Huffman encoding and that can deal with this, but |
decoding. Also, dedicated that involves a tradeoff of |
hardware performs. vidgo 2Mb S - the filteriqg for the sharp-
pre- and post-processing, in- DRAM 82 apre | | ———— ness of the image.
cluding input and output secal- *5200 h,": of The company feels that it
ing and tempo_ral _filteri.ng. ,,',"ca,t::"; ,Smmce won't be long before H.323-
Temporal filtering is particu- ASIC based products for use on
larly valuable with noisy ana- :Rggg Sug‘”a’e LANs and intranets will
log video signals. Autio PCl and {/F St S catch up to, and even pass
codec interface ISON or *Support i ’
An advanced 0.35-um ver- 1 portS additional ISDN chips. Presently, a
sion on the way, the VCPex, interface applications company using videoconfer-
will have MPEG-2 decode encing spends tens of thou-
support, and will be ab1e to PCl sand_s of giollars tosetupa
overlay text over live video | special v1geocoInSf%r§nlcmg
with no impact on the encod- room with an ine.
ing or decoding process. L . _ BT With H.323, if you have a ded-
Like the Lucent AVP-III G’gg:‘;“ sl p‘g‘m La| | display icated ISDN line, you can call
processor, the VCP chip sup- ‘ out to one of your other sites
port‘s CIF (‘Comn‘lon In!;er- s - and then‘ simply run a pac.ket-
mediate Format) resolutions based protocol, PPP, over the

of 352 by 288 pixels, which

make it easy to display the
image on either a PAL or
NTSC system. It also supports QCIF
(Quarter CIF) resolutions of 176 by
144 pixels. While these resolutions
might lead you to believe that the size
of your image would be small, espe-
cially on a large, high-resolution
screen, that’s not necessarily the case,
because the processor can scale the
video image to occupy the full screen.
In fact, notes Deierling, if you take

a 352-by-288-pixel image and scale it
up to full screen size using VGA reso-
lution (640 by 480 pixels), it produces
an image that is the same quality you’d
get with VHS video tape. Of course,
the image can be scaled larger, like
1024 by 768 pixels, but then you start
to see some problems such as blocking
artifacts (checkerboard patterns on
the video image). Filters are available

2. The VCP Video Communication Processor from 8x8 Inc., shown here in a videoconferencing
board, is a hybrid dual-processor chip that contains a 32-bit MIPS-X RISC engine that operates
as a vision controller. It handles syntax decoding, system multiplexing and frame-rate
conversion. Its 64-bit programmable DSP is designed to perform video processing.

3. The TMS320(82 processor from Texas Instruments can be used with
are specially designed to a graphics chip and video palette to implement a videoconferencing
system thot costs less than $200.

same ISDN line. Suddenly,
suddenly everybody’s desk-
top with an H.323 capability
added can then go out
through this ISDN gateway. So, in-
stead of having just one special room
for videoconferencing, everyone on
the LAN can have that capability.
Texas Instruments (TI) has devel-
oped two general-purpose DSP ICs
optimized for video processing—the
TMS320C80 and TMS320C82. Accord-

ing to Rick Rinehart, TI’s C8x Pro- ,
gram Manager, the TMS320C80 has |
about 1.5 times the processing power |

of the TMS320C82. The C82, he con-
tinues, is meant to be used in systems
with data rates up to 128 kbits/s, while

! the C80 processor is ideal for rates
. above 128 kbits/s.

The less-expensive C82 saves
board space by consolidating multiple
processors into a single chip (Fig. 3).
It integrates two DSPs and a RISC
master processor on the same silicon.
Another cost and space-saving fea-
ture is on-chip cache memory, which
eliminates the need for external,
high-cost SRAM to support each
DSP. Instead, the system’s memory
uses lower-cost DRAM. Instruction
cache memory for each DSP consists
of 4 kbytes, and data RAM is 12
kbytes. The 0.5-um CMOS 3.3-V chip
is housed in a 240-pin PQFP. Each of
the DSPs on the chip has a 64-bit in-

i struction word. Says Rinehart, “It

would take 10 to 15 typical DSPs and
general-purpose microprocessors to
equal the performance of the C82 in
video applications.”
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For higher-performance systems
such as full-room videoconferencing
systems, designers can use the C80
processor. Like the C82, it integrates
multiple processors on a single chip. In
this case, however, there are four 32-
bit DSPs along with a RISC processor.
This chip is housed in a 305-pin ce-
ramic PGA package.

One of the newest chips to be used
for videoconferencing comes from
Analog Devices. Part of Analog’s
SHARC DSP family of processors, it
is known as the ADSP-21061. A key
feature of this processor is its low cost,
$49 in OEM quantities. It increases
MFLOPS performance per dollar
while maintaining code and pin com-
patibility with its more expensive pre-
decessors: the ADSP21060 and
ADSP21062.

The new SHARC processor fea-
tures 1-Mbit of on-chip SRAM, 6 DMA
channels and 2 serial ports with 240
Mbit/s capability ( 40 Mbit/s bidirec-
tional). Housed in a 240-pin PQFP
package, the unit operates at 5 V. The
processor in the ADSP-21061 is the
same 32-bit floating point DSP found
in the more expensive members of this
processor family, and operates at 120
MFLOPS with an instruction execu-
tion time of 25 ns. The chip’s memory
is organized into two banks for both
dual operand fetches and independent
core and DMA fetches. As a result of
dual-ported memory, all 1/0 can occur
in parallel with the core processing
unit. The host/external port interfaces
with up to 4 gigawords of off-chip
memory, other peripherals, other
SHARC processors in a cluster and a
host processor

A low-cost development kit is avail-
able to go along with this inexpensive
processor. Dubbed the EZ-KIT Lite,
this DSP development systems sells
for just $179. It offers both an ADSP-
21061-based add-in board and an opti-
mizing ASNSI C compiler, code com-
pactor, linker, loader, instruction-level
simulator and runtime library.

Software Libraries Available
To make these processors suitable
for use in videoconferencing, TI has
developed assembly language soft-
ware libraries that allow the proces-
sors to implement the ITU H.320 and
H.324 videoconferencing standards.
TI does not, however, support the

H.323 standard because they stopped
developing libraries for these proces-
sors and assigned the software devel-
opment team to work on programs for
next-generation products. Software li-
braries are available to third parties,
who then make them available to cus-
tomers who purchase the C8x chips.

Audio coder standards G.722,
(.723, and G.728 also are supported in
libraries, meaning that the same chip
can handle both the audio and video
processing. This contrasts with dedi-
cated videoconferencing chip sets that
have one chip that handles video, an-
other that does the audio compression,
and yet another one that does the echo
cancellation.

IAT AG, Vogelsang-Turgi, Switzer-
land, a European company that is go-
ing public soon, will be doing a lot of
work with these processors, particu-
larly in the development and mainte-
nance of the software libraries. An-
other company using the chips is Sony,
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whose monitor division produces the
Mini 1000 desktop videoconferencing
system. The C82 also is being used by
a Japanese manufacturer of stand-
alone video telephones, and an Ameri-
can telecom company that is coming
out with a similar product.

Because the TI chips are program-
mable, unlike dedicated video proces-
sors, they can be programmed to
adapt to changing standards. “When
we first started,” recalls Rinehart,
“there was an H.261 video coder and a
G.728 audio coder. Later, the G.722
coder was added. Subsequent to that,
the standard was modified again to in-
clude the H.263 video standard. So the
H.320 evolved from a single video, sin-
gle audio codec standard to one that
includes several audio and video stan-
dards. As technology improves, the
ITU modifies the standard appropri-
ately to take advantage of the better
video quality that becomes possible.
Because our support for these stan-

Contact Information

8x8 Incorporated

2445 Mission College Blvd.
Santa Clara, CA (missing ZIP)
(408) 727-1885

Circle 558

Analog Devices

3 Technology Way
Norwood, MA 02062
(800) 262-5643

Cirde 559

Connectix Corporation
2655 Campus Drive
San Mateo, CA 94403
(800) 950-5880

Circle 560

Creative Labs, Inc.

1901 McCarthy Blvd.
Milpitas, CA 95035
(408) 428-6600

Cirde 561

IAT AG

Geshafthaus Wasserschloss
Aarestasse 17, Ch-5300
Vogelsang-Turi, Switzerland
41-56-223-5022

Circle 562

Intel Corporation

2111 N.E. 25th avenue
Hillsboro, OR 97124
(800) 538-3373

Circle 563

Lucent Technologies, Inc.

Microelectronics Group
555 Union Blvd.

Room 30Q-050BA
Allentown, PA 18103
(800) 372-2447 (US),
(800) 553-2448 (Canada)
Circle 564

Sony Electronics

3 Paragon Drive
Montvale, NJ 07645
(800) 686-SONY
Circle 565

Texas Instruments, Inc.
Semiconductor Group
SC-95071

Literature Response center
PO Box 172228

Denver, CO 80217

(800) 477-8924 x 4500

Cirde 566
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D/As—fabricated using a highly advanced 0.6y CMOS process—
and, packaged in a small 20-pin SSOP. They're complete sound
solutions—including digital interpolation filter, 3rd-order AT D/A,
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High Performance at +3V Operation

PCM1718 is the best performing +3V D/A available today! It
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Burr-Brown Corporation
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Try the best performing stereo audio
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latest on our high performance audio products.
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dards is implemented in the assembly
language software that runs on our
programmable processor, we’ve been
able to accommodate these changes by
just upgrading our software modules.
There has been no hardware change

| required at all.”

As far as a total software approach
to videoconferencing using the com-
puter’s own CPU, such as the one sup-
ported by Intel, Rinehart notes that
the performance you can get from
such systems is limited. The Pentium

does pretty good at the low picture
resolutions it ecurrently supports and
the 28,800-bit/s bandwidth that is now
commonly available.

“If that’s the biggest bandwidth
pipe that ever ends up on people’s
desktops or in their homes, then Intel
is going to be very successful,” says
Rinehart. “But, if you look at what it
takes to do H.263 at 15 fps, that's well
beyond what Intel is able to deliver
with the MMX, and in order to get
quality videoconferencing, you will

need a coprocessor. That will continue
to be true as long as the bandwidth
available to us continues to grow.”

He points out that the increased use
of the Internet and video-on-demand
systems coming into the home will fos-

ter that bandwidth growth. These |

higher-frame-rate, higher-resolution
applications will require more comput-
ing power and increase the demand
for video coprocessors.

When designing a videoconferenc-
ing system, there are several things

Standards Are The Key

key issue for today’s videocon-
A ferencing systems is interoper-

ability. Although there numer-
ous types of videoconferencing
systems available, most are incom-
patible with each other. As videocon-
ferencing becomes more popular,
standardization becomes more ecriti-
cal. Recognizing this, the Interna-
tional Telecommunications Union
(ITU) has drawn up a set of stan-

cations have to be written. i

The initial videoconferencing stan-
dard, H.320, came out in 1992 and E
deals only with ISDN-based systems. !
While popular in Europe, ISDN |
videoconferencing systems have not |
become as popular or widely avail-
able in the U.S (see the figure). E

More recently, with the availabil- |
ity of 28.8 kbit/s modems and sophis- |
ticated compression techniques, the |

ITU developed a videoconferencing
standard, H.324, designed for regu-
lar telephone lines. Approved only
last year, the standard will insure
that all videoconferencing systems,
whether standalone or computer-
based, and whether hardware- or
software-driven, will be able to talk
to each other. The standard specifies
a common method for video, voice
and data to be shared simultane-

dards that are platform-indepen-
dent and will insure that videocon-
ferencing System A will be able to
talk to System B.

Just because there’s an industry
standard doesn’t mean that com-
plete compatibility is automatic.
The problem is the ITU deliber-
ately writes the standards so they
are platform-independent both
from a hardware and a software
point of view. However, when an in-
dividual vendor tries to implement
the specification, there’s always a
chance for ambiguities to crop up.

To illustrate the point, consider
deseribing to two different people
how to build a house. Now ask one
to build the right side and the
other one to build the left. Chances
are pretty good that the two
halves would not fit together. Un-
til you actually try to fit the pieces
together, you don’t realize that you
didn’t get enough information. The
same is true of industry standards.
Ambiguities always crop up dur-
ing the implementation phase, and
the parties involved have to agree
on how to account for them. Once
they do, an implementor’s specifi-

H.261 H.221 H.243 G.711

Video coding Multiplexer § Multipoint 3.1-kHz audio

BCHFEC  video 6122 (64/36 kbits/s)

H.242 3‘;2:“03“ TAHzautio 6728

Protocol {64/56/48 kbits/s) 3.1-kHz audio
H.230 (16 kbits/s)

Control and indication

H.263 H.245 K.223 6.723

Video coding  Protocol Multiplexer  3.1-kHz audio
1.120 video (5.3,6.4
User data, whiteboard, § audio kbits/s)
fite transfer, etc. user data

H.261/263 H.245 0.93 G.711
Video End-to-end Call signaling ~ 3.1-kHz audio
coding  control RAS (64/56 kbitsis)
H.225 Gate-keeper G.723
Packetizer signaling 3.1-kHz audio
User data, whiteboard,

file transfer, etc.

ously over a single analog line.
Voice data is compressed down to
6000 bits/s and assures that the
quality will be as good as that on
current long-distance calls. The
rest of the bandwidth, over 22,000
bits/s, is used by the compressed
video. Should any bandwidth
problems arise, all efforts are
made to maintain the audio con-
nection, and the video data is al-
lowed to suffer the consequences.
Another standard, H.323, deals
specifically with LAN-based video-
conferencing. This is another area
where industry experts see much
potential growth. The reason for
the expected growth here is that in-
tranets and corporate LANs are
growing rapidly, and simple text-
based e-mail is being replaced by
video e-mail. In addition, as the In-
ternet overcomes its growing pains
and becomes a more reliable mes-
saging medium, video e-mail will
emerge, and videoconferencing via
the Internet will become more pop-
ular. And, by having a videoconfer-
encing gateway on an intranet,
everyone one on the intranet can
get videoconferencing capability.
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ADS1212 and ADS1213 are complete, wide dynamic range, 22-bit
delta-sigma converters operating from a single +5V supply. ADS1212
is a single channel A/D; ADS1213 is a 4-channel multiplexed version.
Both include a flexible synchronous serial interface which is
SPI compatible, and a 2-wire mode for low-cost isolation.
Burr-Brown’s proprietary “Turbo” modulator mode of operation
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achieved by using a low-noise input amplifier at conversion rates up
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Key Specifications
« Differential Inputs

* Internal or External Reference
* 20 Bits Effective Resolution at 10Hz: 16 Bits at 1kHz

* Package Options:
ADS1212—18-pin DIP, 18-lead SOIC
ADS1213—24-pin DIP, 24-lead SOIC, 28-lead SSOP

t0 10Hz. Vgas generated from Vg allow drift characteristics to track ~ * ADS1212 is priced from $7.25 in 1000s; 4%,
over temperature thus providing high accuracy for the complete ~ ADS1213 from $8.15 in 1000s =
application over temperature extremes found in industrial environments. ,f%;
INL DNL Resolution Resolution Power Dissipation Reader
Model %FSR) (Bits) (Bits at 10Hz) (Bits at 1kHz) (mW) FAXLINE#  Service #
ADS1210  +0.0015 No Missing Codes 24 20 26 11284 88
ADS1211  0.0015  No Missing Codes 24 20 26 11284 89
ADS1212  =0.0015 No Missing Codes 22 16 1.4 11360 90
ADS1213  +0.0015 No Missing Codes 22 16 1.4 11360 91

For Technical Information; http//www.burr-brown.com/Ads/ADS1212-Ad.htmi
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that engineers must take into account
when selecting a chip or chip set to do
the job. As mentioned earlier, increas-
ing bandwidth is key. Within three
years, predicts Rinehart, we're going
to need to support bandwidths of
1.5Mbit/s full duplex, which will give us
real TV-quality compressed video.
That kind of bandwidth and quality is
going to be needed before videoconfer-
encing is embraced by the consumer in
a big way, and that can be supported
now with a programmable solution.

Rinehart notes that designers
should realize that digital cameras
are going to be the standard input de-
vice. Also, a flexible solution must be
used because as we’ve already seen,
standards in this area are constantly
changing, and you don’t want to have
to produce new hardware every time
a new modification to the specifica-
tion is approved.

Cost is another factor. Rinehart
says that the $70 cost of the
TMS320C82 will eventually drop to
around $40, and that the higher-per-
formance TMS320C80, which now
costs about $150, also will come down
in price. Even at today’s prices, the
cost of a videoconferencing solution is
not high. In fact, in addition to the 4
Mbytes of EDO DRAM required by
the H.320 software libraries, you only
need five chips to build a videoconfer-
encing system using TI's C8x proces-
sor chip: The chip itself, a system con-
trol ASIC (FPGA), a video-capture
chip, an analog-to-digital converter
(ADC), and an ISDN interface. Total
chip cost is about $175. One thing to be
aware of is that if you decide to use
TI’s C8x processors, you'll need to li-
cense the software libraries. That runs
between $50,000 and $100,000.

Looking Good

When all is said and done, quality is
what turns out to be important in a
videoconferencing system, and video
quality is best when dedicated hard-
ware is used. Bear in mind that there
are no objective standards for measur-
ing quality. You can look at resolution
and frame rate all you want, but
they’re tied to the data rate and the
blockiness effect. With a 28.8-kbit/s
modem, you can get a frame rate of 10
to 12 fps with a little bit of motion.
With no motion at all, that rate can
jump to 15 fps. That assumes QCIF

resolution of 176 by 144 pixels.

If you need to use a higher-resolu-
tion image. you're going to have
abandon POTS and opt for ISDN as
your transmission medium. With
ISDN, you get much more band-
width. For example, you can combine
two B channels and get 128 kbits/s.
This allows you to increase your reso-
lution to a CIF format of 352 by 288
pixels. That’s four times the amount
of data. Nevertheless, ISDN can han-
dle that and still give you a solid
frame rate of 15 to 20 fps.

If that’s still not good enough, and
you need something approaching
broadcast quality, you can go to 384
kbits/s and get a frame rate of 30 fps.
This type of throughput would be re-
quired for telemedicine or distance-
learning applications. The ITU stan-
dards define data rates as high as 2
Mbits/s and the AV4400, the CVP, and
the TMS320C8x processors support
that data rate.

More To Come

With all of the features that these
videoconferencing chips contain, you
might think there’d be little room for
improvement. Not so. Although Lu-
cent’s Rank would not comment on if
his AVP-III chip would be upgraded,
when it might happen, or what new
features it would contain, he did spec-
ulate on some things that may be in-
cluded in a new version of the chip.
These include additional audio pro-
cessing algorithms such as an acoustic
echo cancellation function, support for
MPEG-2, support for DVD, and built-
in modem capability. He even noted
that a CMOS digital camera is now
available on a single chip, and it also
might be possible to include that.

The comprehensive capabilities of
Lucent’s AVP-III videoconferencing
chip has attracted much attention, and
several manufacturers have already
announced products that are based on
it. Among the first is Boca Research’s
BocaPRO Video Phone Elite. De-
signed by Boca with the help of Lu-
cent Technologies and software from
MultiMedia Access Corp., the unit has
a suggested retail price of $399 and
can be used with a home-video cam-
corder or a desktop color camera that
also is available from Boca.

The BocaPRO Video Phone Elite is
a PCl-bus-based card that supports

connections to the desktop via the ITU
H.324 (POTS) specification. It uses a
single dial-up line to send simultaneous
audio and video. The unit’s real-time
compression and decompression of au-
dio and video signals provides for a
video-frame rate of 15 fps. It uses echo
cancellation to produce a high-quality
audio signal and can accept NTSC or
PAL camera inputs. Even 486-based
computers can be used.

The power of the AVP-III chip be-
comes evident with VIC Hi-Tech
Corp.’s Video Packer Pro. This is a
codec card that makes it possible to
use plain-vanilla 486 PCs for videocon-
ferencing applications. The card
comes with VIC’s Global Phone 2.0
videoconferencing software. The soft-
ware also permits application sharing
and supports TWAIN scanning of doc-
uments and images into a whiteboard
for simultaneous viewing during
videoconferencing sessions.

ELSAvision For Windows NT

The first PCI-based, single-board
solution for ISDN, videoconferencing,
and multimedia for the Windows NT
platform is ELSAvision from ELSA,
Inc. Using the VCP chip from 8x8 Inc.,
the ELSAvision board combines
H.320 videoconferencing with a 128-
kbit/s ISDN adapter, collaborative
computing software, and MPEG-1
video playback. One other feature of
the board is its ability to transfer high-
resolution still images. Detailed still
pictures (704 by 575 pixels or four
times the CIF resolution) can be sent
and saved at the remote station.

While many videoconferencing sys-
tems use a 176-by-144- or 352-by-288-
pixel image that only takes up a small
portion of the video screen, the EL-
SAvision card goes far beyond that. It
can display a 30-fps video conference
at the maximum resolution of the
user’s graphics adapter up to 1600 by
1200 pixels. All of this extra process-
ing power does not come cheap, how-
ever; the system sells for $1499. In-
cluded in that price is the PCI board
that contains the videoconferencing
interface, an analog camera, headset,
Intel ProShare Premier 2.0 applica-
tion sharing software, and communi-
cations software.

Another product that uses 8x8’s
VCP chip is produced by 8x8 itseif.
Known as the ViaTV Phone, this $499




A/D Con verter Solutions

Low Power A/D Converters
for Imaging & Communications

ADS900 Family—Operates Down to +2.7V

Key Specifications-ADS900

Whether it's imaging or communications, Burr-Brown’s new e Supply Range..... ......coccoveerieenn +2.7t0 +3.7V
ADS900 family of high speed pipelined A/D converters provides . Low P Al
the options you need for today’s demanding apglications. ADS900 O -GG S4mW at +3v
uses digital error correction techniques to provide excellent e High SNR ..o 49dB
differential linearity required for imaging, while low distortion and _Af
high SNR provides the extra margin needed for communications, ~ * NO Missing Codes ..................... Guaranteed
video, and instrumentation applications. Incorporating a high N )
* Very Small 28-Pin SSOP Package
bandwidth track/hold, quantizer, reference, and low power . v ‘%'
requirements, ADS900 family is your complete A/D converter solution. * Priced from $4.10 in 1000s.
Speed Supply Power Reader
Products Bits (MHz) V) (mW) REF FAXLINE # Service #
ADSS00 10 20 3 54 Int FAXLINE 11347 80
ADS901 10 20 3 49 Ext FAXLINE 11340 81
ADS902 10 30 5 130 Ext FAXL/INE 11358 82
ADS930 8 30 3/5 66 @ 3V Int FAXLINE 11348 83
ADS931 8 30 3/5 63 @ 3v Ext FAXLINE 11349 235

For Technical Information: http.//www.burr-brown.com/Ads/ADS900-Ad htmi
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product is designed to be connected to
your telephone line and television set
and gives you videoconferencing capa-
bility without a computer. The unit
comes with an integrated video cam-
era that has a resolution of 752 by 480
pixels.

The unit was developed, according
to 8x8’s Deierling, in an effort to in-
crease the demand for the company’s
VCP chip. Deierling notes that his
chip sells very well in high-end video-
conferencing systems, but there’s not
enough volume there. Hence the push
into the consumer market.

The Software-Only Approach

Not everyone developing videocon-
ferencing systems is using a dedicated
processor chip. In fact, few semicon-
ductor manufacturers besides Lucent
and 8x8 are offering a complete hard-
ware solution. Even National Semi-
conductor has developed and is selling
software codecs—known as NS Video
Codecs—to handle the compression
and decompression needed for video-
conferencing applications.

Today, most videoconferencing sys-
tems use the software-only approach.
In fact, the two biggest vendors of
videoconferencing systems—Picture-
Tel and Intel—which account for over
80% of the market according toarecent
Frost & Sullivan report, use the soft-
ware approach. PictureTel actually has
products that use both the hardware
and software approach, but they seem
to be putting a lot of effort into soft-
ware these days. Connectix, a manufac-
turer of inexpensive video cameras
ideal for videoconferencing applica-
tions, also uses the software approach,
and has just announced an agreement
with PictureTel and will soon be releas-
ing a H.324-compatible product.

The attractiveness of software
codecs is that they can run on any ma-
chine. In addition, there is no need to
buy expensive add-on hardware, and
installation is quick and easy. You also
don’t have to open up your computer
to install any hardware. Another plus
is the ease with which it can be
adapted and updated to accommodate
new interfaces. Instead of changing
hardware, you only have to install a
new software driver.

Software-based videoconferencing
systems is where much of the action is
these days, especially in the consumer

market. Many companies are offering
software-based products, including
Connectix, Creative Labs, and Intel.
Low cost is the key attraction of this
technology, with packages starting as
low as $9.95.

Connectix manufactures inexpen-
sive digital video cameras for use with
computers, so it’s not surprising that
the company would put together a
package that would make it easy for a
user to implement videoconferencing
on his or her computer. Priced at only
$49 for just the software or $149 with a
black and white Connectix QuickCam
digital camera, and $249 with a color
QuickCam, the VideoPhone 2.0 pack-
age is available for both PC and Macin-
tosh computers. It requires a 28.8-
kbit/s modem, an ISDN connection, or
a TCP/IP network. User-friendliness is
designed into the software and it auto-

When all is said and
done, quality is what
turns out to be

important in a
videoconferencing
system.

matically negotiates call settings. This
takes into account the speed of your
computer, connection speed, and com-
pression formats available. The pro-
gram then selects the best frame size,
color depth, frame rate, video and audio
compression, and bandwidth available.

Performance of this system de-
pends on the type of processor in your
computer and how you make your con-
nection to the receiving computer.
John Beaver, software developer at
Connectix, notes that the system will
work well on a computer with a 90- or
100-MHz Pentium processor. How-
ever, the company recommends that a
133-MHz Pentium machine be used to
take advantage of the more aggres-
sive compression technologies built
into the product without having to
worry about what else is running on
your system.

If you're going to make your video-
conferencing connection via the Inter-

net, you can expect to get good audio
and see video at the rate of only 1to 3
fps. By using two computers equipped
with DSVD-enabled modems and
making a direct-dialed connection be-
tween the two computers, perfor-
mance will jump to between 6 and 8
fps. And, if both computers are con-
nected to each other via a 10BaseT
network configured as TCP/IP, per-
formance increases to 8 to 15 fps, de-
pending on network traffic.

Best known for its standard Sound
Blaster audio cards, Creative Labs has
several entries in the videoconferenc-
ing arena. The least expensive of these
is Video WebPhone, Personal Version.
Priced at $9.95, this full-featured pro-
gram offers live video and high func-
tionality. Unlike many video-phone ser-
vices that require users to gotoa
central server to communicate, this
program allows users to simply type in
the recipient’s e-mail address to make
the connection. The program requires a
28.8-kbit/s modem, an ISDN line, a
LAN or intranet, and can deliver color
video at a rate of 12 fps. Some features
of this videoconferencing software in-
clude the ability to capture and save
video snapshots, full-duplex voice com-
munications, a fully integrated voice-
mail system, MIDI music-on-hold capa-
bility, mute microphone for off-line
conversations, the ability to send mes-
sage via an on-line Notepad, and en-
cryption to keep conversations private.
A more advanced version of the pro-
gram that can handle four telephone
lines with conferencing capabilities is
available for $49.95. Still another ver-
sion of the product, a hardware/soft-
ware combination, comes bundled with
a video camera and sells for $169.

Creative’s high-end videoconfer-
encing product is known as ShareVi-
sion PC3000 and sells for $699. The
package includes a PC communica-
tions card, a video-capture and com-
pression card, a high-speed V.34 mo-
dem, a hands-free audio headset, and
the ShareVision PC3000 software
which allows you to collaborate with
others via interactive whiteboards
and application sharing.

ShareVision uses a Vector Adap-
tive Transform Processing (VATP) al-
gorithm to compress a user’s voice,
video image and computer data (in the
form of real-time application sharing,
interactive whiteboards or file trans-
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ETS Kernel and ETS TCP/IP, it is a one-stop
shopping product with enormous power!

To find out more, catch us on the
“World's Smallest Web Server” today at URL

http://smallest.pharlap.com or call a Phar Lap
sales representative. Let your products realize

the power of Web technology!

The 32-Bit x86 Experts

Embedded Development — Simply on Target ™

Phar Lap Software, Inc. 60 Aberdeen Avenue, Cambridge. MA 02138 « Tel: (617) 661-1510 » Fax: (617) 876-2972 « http://www.pharlap.com
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Sinewave TCXO ¢ 2mm Profile ® Surface Mount

HIGH PERFORMANCE
LOW PROFILE
SURFAGE
MOUNT
TCXO

The ES6300 and ES6400
provide the high degree of
frequency stability required
by the most demanding
applications. Cellular. Wireless.
RF. Microwave. Instrumentation.

This low profile surface-mount package delivers
extraordinary reliability. Stability from +1.5 ppm,
temperature ranges up to -30°C to +85°C and the ability

to withstand high temperature reflow means solid performance.

The low profile design includes three different external and internal
trim options, 4 or 6 pad configuration and a 3.0V supply voltage
option so you can specify the exact device to meet your needs.

ECLIPTEK engineers and customer service representatives are
available by telephone or e-mail to help you find the right component
for your application. Dial 1-800 ECLIPTEK for accurate answers,
guaranteed quality and on-time delivery. Ask for your free copy of
our new International Sourcebook for Crystals and Oscillators.

& ECLIPTEK"

CORPORATION

1-800-ECLIPTEK e (714) 433-1234 Fax
ecsales@ecliptek.com e http://www.ecliptek.com

| VIDEOCONFERENCING |
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fers) to the point where they can be
transmitted on the narrow bandwidth
of a telephone line. Typical compres-
sion ratios are 350:1. The result is a
video rate of up to 15 fps.

Although the Intel ProShare Con-
ferencing Video System 200 is hard-
ware/software bundle, the videocon-
ferencing functions that are normally

found on dedicated chips is per- |

formed in software. The hardware
that comes with this $1499 system in-
cludes an ISA-bus ISDN card, an In-
tel Smart Video Recorder Pro mo-
tion-video card, a video camera with
a tilting stand, and an earpiece. The
software implements the H.320-com-
patible codec so the system is com-
patible with videoconferencing sys-
tems from other manufacturers. The
system also features a multipoint
control unit that lets you link several
colleagues together in a single video
conference.

The software provides a lot of func-
tionality, including a video answering
machine that delivers a video greeting
when you’re not available and will
record the caller’s video message. Ex-
tending this concept a bit further, Intel
has included a conference-recording
machine so you can record important
conferences and play them back later.

ProShare also features a multipoint
notebook into which document im-
ages, spreadsheets, and so on can be
imported and marked up with others
in the conference. Collaboration is en-
couraged even more with the soft-
ware’s multipoint application sharing
that allows conference participant to
take turns editing a shared document
directly in the software application it
was created in.

For all its power, system require-
ments for ProShare seem extremely
modest. Intel specifies a DX2 proces-
sor running at 66 MHz as the mini-
mum CPU needed along with 16
Mbytes of RAM and 45 Mbytes of
hard-disk space.

Jules Gilder is a freelance writer
specializing in high-technology sub-
jects including consumer electronics.
He may be reached at (718) 259-4752.
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Samtec’s single-element interfaces, zero profile headers and
surface mount sockets are Way Cool Solutions for lowering your
board stacking profiles. With Samtec Board Interface Systems
we offer unique ways to go card-to-board,

board-to-board and off-board...

. \.
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Sudden Solutions. Call 1-800-SAMTEC-9
for our new Board Interface Atlas.
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liferate, supplying inexpensive,
long-lasting power from an ever-
shrinking battery package remains a
challenge. While significant advances
have come in the form of rechargeable
lithium-ion (Li-Ion) and related
chemistries, their prohibitive cost has
relegated these chemistries to high-
end applications where long life is es-
sential. A low-cost alternative is the
tried-and-true nickel-cadmium (NiCd)
battery which, despite its carcinogenic
content, remains very popular in the
highly competitive consumer market
where cost is everything. This end of
the market is so competitive that
nickel-metal hydride (NiMH) batter-
ies, which come at a reasonable cost
premium, are finding it difficult to gain
a foothold despite their “green” status.
Along with cost, a common percep-
tion that there is a considerable tech-
nological difference between NiCd
and the relatively new NiMH batter-
ies, is contributing to the slow pene-
tration of NIMH. While there are
some differences, mostly with respect
to charging, the two chemistries are in
fact, quite similar.

A s portable electronic devices pro-

Structure

All batteries are made of one or
more electrochemieal units called
cells. The cells may be connected in se-
ries, in parallel, or both to form a bat-

e Power

STEPHEN WOOD,

TelAlert, 8100 Sagl Pkwy., Covington, GA 30209; (770) 787-6500; fax (770) 385-7933

e Interconnections
e Passives

e Switches & Relays
e Optoelectronics

NiCd — Still The Popular |
Low-Cost Battery Solution 1

Despite The Falling Cost Of “Greener” And Longer-lasting
Alternatives, NiCd Batteries Remain Prevalent In Low-Cost,
Consumer-oriented Applications.
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1. The primary difference between NiCd and NiMH batteries lies in the chemical make-up of the ‘

negative electrode. Where cadmium is used in the NiCd cell, hydrogen, in the form of a metal
hydride, is used in the NiMH cell to give it greater capacity.

tery of a given voltage and capacity. |
The cell consists of three major com- |
ponents; the anode, the cathode, and E
the electrolyte, (Fig. 1). The anode is !
the negative electrode, and is referred !
to as the reducing or fuel electrode. It |
supplies electrons to the load (external
circuit being powered) as it is reduced |
during operation. The cathode is the !
positive electrode, and is referred to !
as the oxidizing electrode. It accepts |
electrons from the load and is oxidized

during operation. The electrolyte is an
ionic conductor. Electrons, as ions, are
transferred between the anode and
cathode via the electrolyte.

The primary difference between
NiCd and NiMH batteries lies in the
chemical make-up of the negative elec-
trode. Where cadmium is used in the
NiCd cell, hydrogen is used in the
NiMH cell. In both cases, the negative
electrodes are made using a highly
porous, sintered-nickel structure as
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I T viCd BATTERIES |

the substrate. The active material
(cadmium for the NiCd, hydrogen in
the form of a metal hydride for the
NiMH) is then introduced into the
substrate by an appropriate bonding
process. The use of hydrogen in fabri-
cating the negative electrode provides
a higher energy density than can be
obtained using cadmium. Conse-
quently, the negative electrode can
take up less volume in the NiMH cell,
leaving room for a larger-volume posi-
tive electrode for greater battery ca-
pacity for a given battery size.
Everything else is essentially the
same for both electrochemistries. The
positive electrode is made by using a
porous, sintered-nickel substrate
which is subjected to a multistep
process resulting in the precipitation
of nickel hydroxide as the active mate-
rial. A solution of potassium hydroxide
serves as the electrolyte. Though the
electrolyte is an aqueous solution, a
minimum amount is used, and it is ab-
sorbed by the separator. The separa-
tor is made of an electrically insulating
material which is oxygen permeable
and highly absorbent to the potassium
hydroxide. A small amount of elec-
trolyte also may be absorbed by the
electrodes. The absorption is quite
complete, and there is virtually no

free-liquid electrolyte in the cell. The
oxygen permeability of the separator
is important in facilitating the diffu-
sion of oxygen to the negative elec-
trode for oxygen-recombination at the
end of charge and during overcharge.

Performance

As might be expected of two such
similar electrochemistries, the dis-
charge characteristics are essentially
the same, for NiCd (Figs. 2a and 2b)
and for NiMH (F'igs. 2c and 2d). Both
types are characterized by a flat dis-
charge profile with a discharge volt-
age that is dependent on current
and/or temperature. Generally, the
higher the current or the lower the
temperature, the lower the operating
voltage. This correlation is due to the
internal resistance increasing with in-
creasing current and lower tempera-
tures. Even so, these batteries out-
perform most other types of portable
secondary (and primary) batteries op-
erating under the same conditions.

Also dependent on discharge cur-
rent and temperature is the ampere-
hour capacity of the battery. The sym-
bol “1C” indicates a current flow equal
to the ampere-hour capacity of the
battery for one hour. For example, a
battery rated at 700 mA-hr is dis-

charging (or charging) at a rate of 1C
when 700 mA of current flows through
the battery. A rate of C/10 (or 0.1C)
would be 1/10 the capacity. Typically,
the best performance range for NiCd
is between -20° and 30°C. NiMH does
the best from 0° to 40°C. Again, as dis-
charge rate increases or temperature
decreases, the capacity decreases.
Specially designed cells are available
for operation in extreme temperature
or load conditions.

The ampere-hour capacity also is
dependent on end voltage. End volt-
age or cut-off voltage is the voltage at
which discharge current to a load is
stopped, e.g. when the circuit is
opened. Most battery manufacturers
recommend an end voltage of one volt
per cell. The cells can be discharged to
a lower voltage, but this is not recom-
mended because damage to individual
cells can result.

As might be expected, service life
also is affected by operating condi-
tions. Most manufacturers specify a
service life of about 500 to 1000
charge/discharge cycles, depending on
operating conditions. The service life
will decrease under more demanding |
operating conditions. Storage alsois a |
factor. Batteries should be stored in a
cool (20° to 30°C), dry place. High tem-

Discharge curves of NiCd cylindrical cell at various discharge rates at room temperature

Discharge curves of NiCd cylindrical cell at various discharge temperatures at 1C rate
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2. As might be expected of two such similar electrochemistries, the discharge characteristics of NiCd (a and b) and NiMH (c and d) batteries are
essentially the same. Both types are characterized by a flat discharge profile, with a discharge voltage that is dependent on current and/or
temperature. Generally, the higher the current or the lower the temperature, the lower the operating voltage.

~
o
o
—_
-
=1
o
~
=
S
v
vy
o
b4
=
=3
€
e
—
v}




Price/Performance
Leadership

With a complete family of 32-bit RISController™
and 64-bit Orion™ microprocessors, as well as a
host of development tools to choose from, IDT
can make your next design a winner, too.

RISC without risk. To learn more about
IDT’s competitive RISC microproces-
sors, ask for the RISC Technology
White Paper.

Tne ICT Icgo s a registered trademark #d Orion and SISControfer are trisdem

“‘.:.

= e |

{4
All othrars gire trademarks of thelr reapeclive owner and may be registered in certain junsdicty

EZ EVAL Offer
Now it's easy to test IDT
RISC CPUs. Call to qualify
for a 60-day EZ EVAL KIT
trial, which includes a 32- or 64-bit
evaluation board,

1 (800) 345-7015

® ASK FOR KIT CODE 5271
www.ldt.com Kit Code #5271

, user manu- 1 S
¥ als, and
;', benchmarking E Hi
ﬁ\f software. -%‘w dt‘
nerks of Integrated Cevice Technok.gy. Inc %:‘
Integrated
Device

Technology, Inc.



~
o
o
-

IS
—
>
-L
1 3
~
z
=
v
.
=)
=
=
[=]
o
G
o
p
b

peratures during storage, charging, or
operation can shorten service life.

A truly accurate prediction of bat-
tery life is virtually impossible due to
the variability in conditions to which
the battery can be exposed. These
conditions include rate of charge,
overcharge, and discharge; cycle fre-
quency; operating and charging tem-
peratures; battery age; cell compo-
nents; and design.

Polarity Reversal

Polarity reversal can occur in bat-
tery packs containing three or more
cells connected in series. It is unlikely
that all of the cells making up a battery
pack will have the same capacity, so as
the pack discharges, the lowest-capac-
ity cell will reach full discharge first. If
discharge continues beyvond this point,
the cell can be driven into a reversed-
polarity condition.

The polarity reversal occurs in
stages beginning with complete deple-
tion of the positive electrode, which
starts the generation of hydrogen gas
within the cell. A small amount of the
gas may be absorbed by the negative
electrode, but then pressure begins to
build in the cell. Next, the negative
electrode reaches complete discharge

and begins to generate oxygen. The
internal cell pressure continues to
build until the safety vent opens and
deterioration results.

Cell-capacity matching can help
minimize the effect, but the best way
to avoid it is to set a one-volt-per-cell
cutoft voltage for battery packs con-
taining 3 to 10 series-connected cells.
A higher cutoff voltage is recom-
mended for batteries containing more
than 10 cells in series, or for discharge
rates exceeding 1C.

Charging

Charging a sealed NiMH battery is
very similar to charging a sealed NiCd
battery (Fligs. Ja, 3b. 3¢, and 3d). Con-
stant current charging is recom-
mended for both systems and the
highest capacity is attained by charg-
ing to about 150% of the charge input.
Excessive heat or internal pressure
build up (overcharge beyond the oxy-
gen recombination ability) must be
avoided in both cases. Nevertheless,
from an application standpoint, charg-
ing methodology is perhaps the most
critical difference between NiCd and
NiMH batteries.

As mentioned previously, the NiCd
electrochemistry is considerably more

I ~icd BATTERIES |

tolerant of overcharge than NiMH.
The reasons involve increases in tem-
perature and pressure inside the cell
during charging and overcharge. The
charge reaction of Ni(d is endother-

mic while that of NiMH is exothermic. |
Therefore, the NiCd cell will not heat '

up during charge, but will begin to
heat as it reaches full charge and goes
into overcharge. The NiMH cell will
begin generating heat as soon as
charging begins. The overcharge reac-
tion is exothermic for both electro-
chemistries. As full charge is ap-
proached and as the cell moves into
overcharge, a significant increase in
cell temperature will occur. Because
the NiMH cell temperature starts ris-
ing at the beginning of charge. its tem-

perature will be higher than that of

the NiCd cell at this point. Continued
overcharge, even at the standard rate
of C/10, will be accompanied by contin-
ued temperature rise in the NiMH
cell, and damage will occur. The tem-
perature of the NiCd cell, on the other
hand, will stabilize while overcharge
at the C/10 rate continues, and no
damage will oceur. In fact, it’s best for
both battery types to terminate
charging at any rate exceeding (*/20,
once 150% charge input is reached.

' Charging curves of NiCd cylindrical cell at quick charging rates Cell temperature curves of NiCd cylindrical cell at quick charging rates.
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3. From an application standpoint, charging methodology is perhaps the most ritical difference between NiCd and NiMH batteries — with NiCd (a
and b) being considerably more tolerant of overcharge than NiMH (c and d). Constant-current charging is recommended for both types, and the
highest capacity is ottained by charging to about 150% of charge input. Excessive heat or internal pressure build up (overcharge beyond the

I oxygen recombination ability) must be avoided in both cases.
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The charge-input percent-

Self-discharge curves for NiCd cylindrical cell at various storage temperatures
=20°C

A slightly less risky method
used for NiMH fast-charge
termination is zero AV detec-

0

tion. Rather than waiting for

a drop in voltage, the charge

2°C

is terminated when the volt-

age has peaked and is holding

steady.

The preferred charge ter-

40°C

mination method for NiMH is

0 10 20 30

Time (days)

40

delta temperature/delta time
(AT/At). The temperature

50

age is a measure of the 110
amount of input current 100
(charge current) to the bat- = gg
tery over time, relevant to =0
the specified battery capac- g 60
ity. For example, a 1.2-A-h = &
battery charging at a rate of 5 gg
C/10 (120 mA) would reach G
150% charge input in 15 10
hours. A charge rate of C/20 0
to C/40, considered a mainte- | )
nance charge, can be contin-
ued indefinitely. Also re- 10
ferred to as trickle charging, 100
the low rates are intended to = gg
compensate for the self-dis- Z 7
charge of the battery, al- e
though they’re typically only g 33
about 1% of capacity per day g u
for both types. fg
Another consideration and 0

potential problem is gassing.

{b)
As the cell begins to over-

Selt-discharge curves of NiMH cell at various storage temperatures
-20°C

rise is monitored and timed.
The charge is terminated

Wl

——

when a predetermined incre-

=N

AN

0c

mental temperature rise is

detected. This method is not

significantly influenced by
ambient temperature and

provides long cycle life.

Delta temperature cutoff

B
40T
>

minimizes the influence of

10 15

Time (days)

20 28

~ ambient temperature by us-

ing it as a reference. The

charge, the positive electrode
starts to generate oxygen
gas. The negative electrode
recombines the oxygen gas
which keeps the internal
pressure from building to a
damaging level. Of course,
there is a limit to this ability which, in
turn, sets the maximum overcharge
rate that can be tolerated. The charge
rate must be below that which causes
oxygen gas generation to exceed the
gas recombination rate. The maxi-
mum charge rate will be lower at
lower temperatures because the oxy-
gen recombination is slowed down,
causing the internal pressure to build
faster for a given charge rate at lower
temperatures. In any case, if the inter-
nal pressure becomes too great, a
built-in safety vent will open to vent
the gas. A loss of electrolyte will en-
sue, causing a reduction in the capac-
ity and overall performance of the cell.
One manufacturer of battery-charge
controller ICs has a patented process
by which the battery is “burped” peri-
odically during fast charge to relieve
the build up of internal gasses.

Fast charging is typically done at
rates of 0.5C to 1C. Some special tech-
niques may allow even higher rates.
NiMH is generally more suited to fast
charging although specially designed
fast-charge NiCd batteries are avail-
able. Very careful and precise control
must be exercised at these high

charge rates. The most challenging as-
pect of fast charging is in terminating
the charge before too much over-
charge occurs. Several methods are in
use, and often more than one is em-
ployed to ensure success.

Probably the most popular termi-
nation method for fast charging NiCd
batteries is negative delta voltage de-
tection (-AV). When a NiCd battery is
charged at high rates, a characteristi-
cally sharp rise in cell voltage occurs
just as the cell reaches about 100%
charge input. The voltage peaks at
about 120% to 125% charge input, then
begins to fall off. The decreasing volt-
age (-AV) is taken as an indicator of
full charge and can be used to trigger
either a complete shut off or a reduc-
tion in charge current.

This method is less suitable for fast-
charge termination of NIMH batteries
because the voltage swing is much less
pronounced, therefore more difficult
to detect. The method is, however,
used with NiMH, but virtually always
in combination with one or more other
termination methods. Charge rates
below C/2 do not produce a readily de-
tectable -AV, even in NiCd batteries.

4. NiCd (a) and NiMH (b) batteries can be stored in either a charged or
discharged state. Both types are considered to have poor charge
retention during storage, with the rate of discharge depending on cell
design and storage temperature. The discharge mechanisms include a
slow decomposition of the electrodes. The condition is reversible by
subsequent charging, and has no permanent effect on battery capacity.
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charge is terminated when a
rise in cell temperature,
above the ambient tempera-
ture, exceeds a predeter-
mined value. This method re-
quires a specific cutoff value
for each type of battery which
is determined by the size and number
of cells used, their configuration, and
the battery’s heat capacity.

Charge termination based only on a
fixed cell-temperature value (temper-
ature cutoff) is easily rendered inaccu-
rate by the influence of ambient tem-
perature, and can lead to overcharge
or undercharge by causing late or
early charge cutoff. Such a method
may be used to back up other termina-
tion schemes, but should never be
used as a primary method. Timed
charging is sometimes used for low
charge rates or topping charges. A
topping charge may be applied imme-
diately after the termination of a fast
charge to ensure a complete charge.
Timed charging is not used as a pri-
mary termination method for fast
charging because the charge state of
the battery, before charging, is not al-
ways known.

Many battery manufactures recom-
mend a three-step charging method.
The first step is a fast charge, typically
at the 1C rate and terminated by the
-AV or AT/At termination method.
Then the topping charge is applied at
the C/10 rate and terminated by a
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bg2012 | GasGaugelC | ,imny | 16/0.150°SOIC
ba2014 | RS e e | et | 16/0.150° SOIC BENCHMARQ
[, BENCHMARQ. Microelectronics, Inc.
bg2050 | Power Gauge™IC | Li-lon L Ay
t 800-966-0011 or 972-437-9195
SMBus v.95 NMH' NiCd = Fax: 972-437-9198
bq2091 Gas (;l;u;e Ic alnd Li-I:)n 16/0.150° SOIC Email:benchmarq@benchmarg.com
WWW:http:/www.benchmarq.com

BENCHMARQ...THE BRAINS BEHIND THE BaTTERY ™ NN |
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MARQY'S Message:
“Ask about our ready-
to-use gas gauge
modules and reduce
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ZO/\/\HZ PC it
Onboare _CD,

Video & Flash

PC/+Vs

FEATURES:

+ V-4011 Microprocessar

+ 16MHz or 20MHz CPU

+ PCH compatible BIOS & Architecture
« CMOS Floppy Disk controller

* VGA/LCD controller

» Up to 640KByte User DRAM

+ Up 1o 2MByte programmable Flash™
+ 2 16C550 R5-232C Serial Channels
+ | V-40H Serial Port

+ 5380 SCSI controller

- 8-bit general purpose parallel port

+ Size: 4" x 4" (100mm x 100mm}

« Power consumption under 2 watts

* Requires only 5V operation

Megatel Computer Corp.
125 Wendell Ave.
Weston, Ont.

MIN 3K9 Canada

10222 SMALLePC

Phone 416-245-2953

Fax 416-245-6505

email smallpc@megatel.ca
website http://www.megatel.ca

"(T-L(JJ«J FO'r for fil( QM

megatel®
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timer after 30 minutes to 1 hour. The
final step is a maintenance charge at a
rate between C/20 and C/50. The
maintenance charge may be of indefi-
nite duration.

It is considered good practice to
employ a thermal cutoff device to pro-
tect the battery from heat damage by
opening the circuit if the battery tem-
perature exceeds about 60°C. Some
designs for this incorporate a thermal
switch in the battery pack itself where
it can best detect the battery tempera-
ture, protecting the battery from
overheating.

Storage

NiCd and NiMH batteries can be
stored in either a charged or dis-
charged state. Both types are consid-
ered to have poor charge retention
during storage, with the rate of dis-
charge depending on cell design and
storage temperature (Figs. 4a and
4b). The mechanisms include, among
other things, a slow decomposition of
the electrodes. The condition is re-
versible by subsequent charging, and
has no permanent effect on battery ca-
pacity. Long storage periods (i.e. over
one year), may result in significant
self-discharge and an increase in inter-
nal resistance. In this case, the battery
should be eycled (charged and dis-
charged) two or three times to restore
tull capacity.

Longer storage times or higher
storage temperatures may require
more cycles for full recovery. Except
for specially designed cells, storage at
temperatures above 30°C should be
avoided, because permanent damage
due to seal and separator deteriora-
tion can result. As mentioned above,
storage temperatures should remain
in the range of 20° to 30°C.

Memory Effect

This term is mostly associated with
NiCd batteries, because NiMHs are
less prone to the effect, although it can
appear in both battery types under
certain conditions. Memory effect,
technically known as voltage depres-
sion, describes a condition of apparent
low capacity due to repetitive cycles of
shallow discharge and recharge. That
is, the battery is only partially dis-
charged, to about the same degree
each time, and then recharged. Upon
subsequent attempts at full discharge,

i Product Development Engineer for

the output voltage steps down toa
lower value for the latter portion of
the discharge period.

The battery seems to remember |
the lower capacity defined by the shal-
low eycles and does not deliver full ca-
pacity all the way out to the original
cutoff voltage. The drop in discharge
voltage occurs because the active ma-
terials inside the cell that are not in-
cluded in the shallow discharge-
charge cyeling undergo a change in
physical characteristics, increasing re-
sistance. The effect is most pro-
nounced when the discharge termina-
tion occurs at higher-end voltages (i.e.
1.2 V per cell), and is accelerated by
operation at higher temperatures.

The discharge rate also is a factor.
At higher discharge rates, the depth of
discharge is less for a given end
voltage—less of the active material is
cycled, causing a greater loss in capac-
ity. Improvements in battery technol- |
ogy and charging techniques have |
kept this problem to a minimum. This
has given some manufacturers of both
NiCd and NiMH batteries the confi-
dence to now claim that their products
display “no memory effect.”

Although chemistry is said to be a |
much slower-moving science than
electronics, battery technology con-
stantly improves. The parameter lim-
its stated or implied in this article are |
generalized. Battery manufacturers
take advantage of subtleties in elec-
trochemistries and tweak their prod-
ucts to enhance certain features or to
suit specific applications. Don'’t be sur-
prised to find batteries with perfor-
mance and specifications that exceed
those discussed here.

|
|
|

Stephen R. Wood is a Senior New
TelAlert, Covington, GA.

References:

Various published technical litera-
ture and specifications from GP Bat-
tery Marketing Inc.

D. Linden, Handbook of Batteries,
second edition, MeGraw-Hill: New
York, NY, 1995.
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Test and simulate with the
Master Powers of Kepco Bipolar
Operational Power Instruments

Let's face it, your authority over test instrumentation borders on
wizardry. Kepco's Series BOP extends your powers to control
a power supply into four quadrants. The BOP, though a linear
analog device capable of emulating a large OP Amp,
provides an optional built-in digital interface to either
IEEE 488.2 (SCPI) or a VXI slot zero controller.

* BOP are bi-directional power instruments that
can scale, sum, invert, integrate and allow

you to work your wizardry manipulating

analog signals with ease.

* BOP provide up to 400 Watts, up to + 1000
volts, to drive motors, magnets, piezo-electric
devices and various active loads in all

four quadrants. HV models: 40W.

#* BOP are still POWER SUPPLIES. Unlike
ordinary amplifiers, they'll pause at your
command at any point in a complex waveform
and produce continuous d-c for however
long you require: hours, weeks, months.

* With a bandwidth up to 20KHz, and a slew
rate as fast as 10V/microsecond, Kepco's
BOP handle audio band signals with aplomb.

% VXI plug&play registered drivers for low
voltage models, including soft panels, are
avallable to integrate your magical BOP
into the wizardry of your VXI test system.

Be a wizard.
integrate Kepco's vnigue BOP,
Bipelar Operational Power Supply,
into your next test system.

Full Data Available on the Web.
Visit our Site at http://www.kepcopower.com
or write Dept. NTF-05

Kepco, Inc. HQ / Eastern Region: 131-38 Sanford Ave.. Flushing, NY 11352 USA -m"
K E p C D s Tel: (718) 461-7000 « Fax: (718) 767-1102 « E-Mail: hq@kepcopower.com ——
- Western Region: 800 West Airport Freeway, Suite 320. LB 6018, Irving, TX 75062 USA

= THE POWER SUPPLIER™ .. L .
il Tel: {972) 579-7746 * Fax: (972) 579-4608 e

==~ A = e o

SEI I,ECTRONIC INDUSTRIES FORUM, BOSTON, MAY 6-8. 1997. KEPCO BOOTH #608



New FLUIDTOOLS with elbows and
valves solves pipe and tube flow
problems on your PC

Wouldn't it be nice if you could solve flow problems without
having to look up all of your data? With FLUIDTOOLS, you
can do just that? It’'s easy as A-B-C.

e Just enter your data in whatever units you wish . . .

* Request FLUIDTOOLS to return answers in the units you want . . .
* Press “calculate” . . .

It's that simple! FLUIDTOOLS solves liquid and gas flow problems
Program accepts mixed units including escaping gas problems. It can solve for
diameter, length, flow rate, pressure, or viscosity
- when doing liquids. Gas problems solve for quantity
poise
in/sec and DPSI
Ibs/hr _

cm bar Elbows
in ft =

metric tons/hr

kg.m.hr c'poise Valves

Ibs.sec.ft*2

liters/min . Developed by
poise

. Neat Solutions
dynes/cm psi
0z/min

Some of the important Features of FLUIDTOOLS ...

Automatic unit conversion . . . enter data in mixed units and FLUIDTOOLS automatically calculates

in- the units you want « Friction and expanding gas factors are automatically calculated * All factors can be overridden * Program data
base includes elbows, valves, fittings, viscosity, specific gravity and pipe sizes *A wide range of common and uncommon metric and
English conversion factors are included and are easily expandable to accept user-defined data « Menus for pipe roughness are
provided, or you can key in your own * Program can save all user defined data. All tables can be edited and expanded using the
special editor included.

FLUIDTOOLS program disk and user manual . . . ... cccnvrecececsassasnsensasassonnnnssncssens $295
System Requirements: SATISFACTION GUARANTEED! Run
IBM PC line of computers or 100% compatibles FLUIDTOOLS on your PC. If the program doesn’t
DOS 2.0 or higher perform as described, just return it within 30 days for
320K minimum memory full credit or refund!

Chargecard users order toll-free 800-223-9150
(In Ohio 216-696-7000) or FAX your purchase order to 216-696-6023

Mail orders to:
Penton Education Division * 1100 Superior Avenue - Cleveland, Ohio 44114



he continuing boom in portable
Telectronics is largely dependent

upon the growing sophistication of
portable energy sources and the cir-
cuits that manage their usage. Today's
battery-management circuits are de-
signed to optimize battery-charging
functions and routinely report back to
the user on the battery status. When

| these management circuits are pack-

aged with the batteries in an inte-
grated energy pack, the combination
becomes an intelligent battery.

The intelligent battery communi-
cates with the host computer and
provides fuel-gauging and charge-
control capability. These batteries
monitor the environment and the op-
erating conditions, calculate the
state of the battery's charge, and
communicate with the host through a
simple interface.

Industry-wide standards for smart
battery designs, with particular refer-
ence to the host-to-battery interface,
have become necessary to ensure cost-

efficiency, to improve design integrity,
and to streamline the system de-
signer’s tasks. After a period of stan-
dards development and refinement,
the leading standard which has
emerged is the Smart Battery System
(SBS). Its associated communications
standard is the SMBus.

Ownership of the SBS is in the

| hands of a broad-based Core Group, in-

cluding Duracell, Energizer, Toshiba,
Varta, Intel, Benchmarq, Linear Tech-
nology, Maxim, Mitsubishi, and Na-
tional Semiconductor. SBS was devel-
oped by Intel and Duracell.

Under the guidance of the SBS
Core Group, SBS and SMBus have be-
come the de facto smart-battery stan-
dards. The newly established SBS Im-
plementers Forum is actively

TECHNOLOGY PERSPECTIVE

~ Smart Battery Standards Simplify
Portable System Design

Due To Their Ability To Normalize The Interfaces Between Batteries And Their
Host Systems, SBS And SMBus Have Quickly Become De Facto Standards.

DALE STOLITZKA, National Semiconductor Corp., Analog Products Division, 2900 Semiconductor Dr., Santa Clara,
CA 95052-8090; (800)-272-9959; http://www.national.com.

soliciting industry participation to en-
sure that future versions of SMBus
will address needed improvements
such as simplified addressing of multi-
ple batteries, the addition of error
management and opportunities for
cost reduction.

Smart Battery Features

In multiple-battery systems, the
host needs some type of mechanism to
discern between separate batteries.
However, the SMBus architecture
currently only has provisions for a sin-
gle-battery address, rigidly assigning
the hexadecimal address 16H to any
smart battery in the system. Today’s
system architectures, therefore, re-
quire an additional hardware mecha-
nism called a battery selector, which
the host must set to communicate with
or charge each specific battery. Be-

cause the SMBus specification already
has two data bits in reserve for expan-
sion purposes, these are being consid-
ered for use to allow designers to have
direct addressing of multiple batteries
in a system.

Error management on the SMBus
is another key improvement. Noise on
the bus is already a concern and will

|

|

grow significantly with the advent of |

more powerful batteries and power
switching among batteries and other
systems on the bus. The use of error
detection and management methods,
such as parity checking or cyclic re-
dundancy check (CRC) to maintain
data integrity will become imperative
with the next generation of Smart-
Battery notebooks.

The Implementers Forum also may
consider how a battery can operate in
a master-only host system where sys-

100-ms Startbit —MBOATA

25-ms Stretch bit

>4.7pus /

\ Possible clock stretch where
the bus can be stretched

1. Adequate Start-bit response enables the SMBus to run at the highest possible speed. A Stretch
bit ollows for some devices, such as a smart-battery’s microcontroller, to take more time than is

available in a 100-kHz-rate data frame.

|
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tem peripherals, including the battery,
are only slaves rather than masters
and slaves. The hardware cost in this
design choice is less because each node
does not need to be a master (50% less
logic). However, the downside is more
host overhead for polling the bus to
determine the status and require-
ments of each node. This option will
likely be an architectural choice struc-
tured to be compatible with existing
master/slave Smart Batteries.

As with many standards, there re-
main a number of key issues that sys-
tem designers should keep in mind
when selecting chip sets to implement
their smart battery systems. These in-
clude command set variations, ac-tim-
ing issues, and de-voltage issues.

Although support of the smart bat-
tery Data Specification (SBDS) is a
basic requirement for any selected
chip set, not all implementations are
exactly alike. Some may not even sup-
port the full SBDS command set, fo-
cusing upon only the key commands
and gracefully ignoring others. In ad-
dition, there are certain basic com-
mands that may require some level of
interpretation, depending upon the
chip set and/or battery (see the table).

AC Timing Issues

Two key considerations with regard
to an SMBus chip set’s ac characteris-
tics are the ability to respond to the
SMBus 100-kbps Start Bit and the ca-
pability for taking advantage of the
Stretch Bit data-response option (see
the figure). Adequate Start Bit re-
sponse is necessary to enable the
SMBus to run at the highest possible
speed while maintaining predictable
communications performance.

The provision for a Stretch Bit al-
lows for some types of devices, such as
a smart battery’s microcontroller
(supporting both the bus and main-
taining battery data), to take more
time than is available in a 100KHz-
rate data frame.

Battery Mode

| Alarm Warning

Max Error

Battery Status

Device Chemistry

The intelligent battery
communicates with
the host computer and

provides fuel-gauging
and charge-control
capability .

The Stretch Bit allows the SMBus
chip set to hold down the bus clock for
a specified period of time before re-
sponding to a data request. In the case
of a smart battery, this can be very
useful in providing time for the micro-
controller to fetch battery status data
from data memory and deliver it to the
bus, all within a single, stretched clock
cycle. Depending upon the hardware
chip design, such a multistep opera-
tion might take as much as 100 ms,
however the SMBus specification does
not allow for Stretch Bits of longer
than 25 ms.

Unless the SMBus chip set and mi-
crocontroller are rigidly designed and
selected to meet the 25-ms require-
ment, the integrity of the data re-
sponse and the predictability of the
bus can be negatively impacted.
Therefore, the SMBus specification
requires that a slave device, which ex-
ceeds the 25-ms requirement, must
immediately release both its clock and
data lines and reset itself.

DC Voltage Issues

Another key concern regarding
SMBus chip selection is matching bus
and battery de levels with the dc volt-
ages used in overall system design.
With the steady trends to lower sup-
ply levels in portable-computer de-
signs, there is an evolving concern
about disparities between system de
levels, the voltage levels required by

Cahbratlon blt is different between batteries. All bits in this command o
are nol supponed by all vendors :

| Types must be in text, on'y some chemnstnes are specuﬁad |

the SMBus specification, and the
smart battery’s internal voltages.
Most logic systems assume that all
chips communicating within a common
system will be operating at the same
Vg levels, however with a smart bat-
tery system, such as assumption is
typically not the case. The battery’s
chips are getting their supply locally
regulated and the BIOS chip on the
host side is receiving its power from
the host.

For instance, with emerging new
2.5-V logic devices, the host’s BIOS
chip may only be able to drive to its
maximum V¢c of 2.5 V, with the ac-
tual output voltage ranging some-
wherebetween 2- and 2.4- V. Since
the SMBus specification requires
that an input level for a high should
be at least 1.4 V, it will recognize the
BIOS chip output as a logical high.

However, most silicon devices in
smart batteries are looking for logi-
cal highs that are a percentage of
their voltage levels (typically at 3 or 5
V). A 3-V device would be looking for
70% of its supply voltage, or at least
2.1 V to recognize as a logical high.
Obviously, this inconsistency could
lead to misinterpreted logical highs
and a resultant degradation of data
accuracy and integrity.

While overall system designers
can temporarily get around this prob-
lem by continuing to use 8- and 5-V
logic, in the long run the responsibil-
ity is on the semiconductor manufac-
turer and the battery system de-
signer to ensure that the smart
battery silicon can consistently rec-
ognize the 1.4-V logical high levels
used in SMBus.

More information on SBS and SM-
Bus can be obtained from the SBS
specifications home page website at
http//www.mediacity.com/~sbs/.

Dale Stolitzka is the senior systems
design manager for the Analog Divi-
sion at National Semiconductor. He
graduated from Cornell University
with M.S. and B.S. degrees in applied
physics with concentrations in electri-

cal engineering.
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Tomorrow’s wired phones will have to be special - special features, special
performance. That will demand special components. Philips Semiconductors
has the widest product range in wired telephony, including discretes.
Increasing performance, reducing power consumption, adding features.
Complete solutions, silicon and software, backed by our own systems labs
J to provide reference designs and support.
Take our PCD33xx family of telecom mtcro-
controllers for featurephones. Low voltage,
lowest power consumption anywhere, 8-bit
microcontroller core, DTMF, EEPROM, OTF,
all on-chip. Or take the TEA111x family,
| providing all the speech processing and
transmission functions you need, coupled

with exceptional EMC performance.

'I, b

| design the phones of

the future

dialling & control

speech/transmission

high voltage
line interface

Listening-in
hands-free
display drivers
peripherals

scrambler

Contact us for a copy of our new ‘Wired' brochure, or visit
our web site. USA phone 1-800-447-1500, ext. 1381. Europe
fax +31-40-272-4825, quoting ‘WD’ Asia fax +852-2811-9173,
quoting ‘WD’. Web site: www.semiconductors.philips.com

Let make things bettor
PHILIPS
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PIPS PRODUCTS

RECHARGEABLE BATTERIES

MANUFACTURERS OF RECHARGEABLE BATTERIES

Standard Output  Maximum Charge/ Operating
~ Available sizes energy Charge recharge temperature
Manufacturer chemistries I retention es range

. Eagle Picher Industries Lead acid 0.5to Yes 2t024V 375 Wh/kg 97% per month | Over 200 16to -50" 10 74°C
Seneca, MO 60 Ah 24 hrs

| Earl Anderson (417) 776-2256
fax (417) 776-2257

. CIRCLE 495

Hawker Energy Products Inc. Sealed lead 251t Any Over35 | Lessthan 19% ' 400 {full | Lessthan -65 to 65°C
Warrensburg, MO acid 40 Ah multipte of Wh/kg discharge per b DOD) 1hr
Kalyan Jana (800) 964-2837 2V week
| fax (800) 283-2948
 e-mail: info@hepi.com
CIRCLE 497

Plainview Batteries Inc. NiCd. NiMH = Range of No Nominal NiCd retains /500 to 1000 NiCd, 12
Plainview, NY button and 12V 50% over 1 yr; hr: NiMH
Bernie Erde (800) 642-2354 prismatic NiMH retains pnsmatic,
fax (800) 249-2876 cells 70% over 1 yr 1hr
CIRCLE 499

| Rayovac Corp. Alkaline AAA, AA, No
~ Madison, WI C.D
DeAnne Boegli (608) 275-4414
~ fax (608) 275-4577
. e-maii: boegli@rayovac.com
- http://lwww.rayovac.com
| CIRCLE 501

Ultralife Batteries Inc. Call 125 Wh/kg; | Over 90% per | Over 500 -20° to 60°C |
Newark, NY company 250 WhiL month (ie:

Greg Smith (201) 930-4900 batteries lose

fax (201) 930-1144 less than 10%

e-mail: ubigreg@aol.com of charge per

http://www.ulbi.com ! month)

CIRCLE 503
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What you need is a logic analyzer that can manage time.

Dealing with the pressures of today’s deadlines means having to get things done
yesterday. And the fastest, most accurate way to debug your designs is with the TLA 700
Series logic analyzer. We’'ve combined microprocessor trace with 500-picosecond timing
through the same probes simultaneously, as well as 500-picosecond resolution across all
channels and an optional 5GS/s DSO. No logic analyzer is better or easier to use for iden-
tifying elusive hardware/software problems. Test Drive a TLA 700 logic analyzer and

decide for yourself. Call 1-800-426-2200, when prompted press 3, and request code 3004

today, or visit us at www.tek.com/mbd/tla700

For @ Test Drive, contact:
AT&T Capital; Continental Resources; Electro Rent Corp.;

GE Capital; McGrath Rent Corp.; Teiogy. TEktron/lx

©1997 Tektronix Inc. MW1381-1
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PIPS PRODUCTS

PRODUCT FEATURE
Data sheets on products like these can be found at www.penton.com/ed/

IC And Power Module Designed To
Drive Intel’s Klamath Processor

or-module (VRM) specification
for Klamath motherboards, the
MP60-F VRM is the second in a family
of next-generation modules from
Semtech Corp. to target such high-end
microprocessors. Previous modules
catered to the Pentium Pro, P54C, and
P55. The module is rated for 14.5 A and
includes a 5-bit programmable output
voltage ranging from 2.0 to 3.5 V in
100-mV increments, and from 1.8 to
2.05V in 50-mV increments.

Offered as a quick solution for im-
proved time to market, the module
uses the company’s SC1151 standard
buck voltage-mode controller, which
comes with a 5-bit digital-to-analog
converter, a power-good signal, and
shutdown, overvoltage, and overcur-
rent protection. The controller is able
to regulate the output voltage to
within 1% of the programmed value,

Dfsigned to Intel’s voltage-regula-

operates at a fixed frequency of 100
kHz, and has an efficiency of 85%. The
remaining silicon (MOSFET and
Schottky diode) needed to produce the
power supply are placed externally on
the MP60-F module.

Also contained on the module are a
series of low-ESR electrolytic capaci-
tors, giving a total capacitance of 7000
pF. By keeping the ESR below 10 mQ,
the leading-edge transient is kept to
less than 120 mV for a 12-A load tran-

sient—well within Intel specifications.

The buck converter’s output indue-
tor is set at 4 uH. Semtech doesn’t rec-
ommend changing this value more
than + 25% without careful considera-
tion of the intended application due to
the effects on peak-to-peak current
ripple. This determines the output
voltage ripple and the output current,
below which the operating mode will
be discontinuous.

The MP60-F comes with a 40-pin
VRM header connector, has an effi-
ciency of greater than 80% at full load,
and meets Intel Klamath VRM 8.1
specifications. Pricing for the
SC1151CS is $2.75, while the MP60-F
modaule goes for $14.50 each in 1000-
unit lots. Delivery is from stock.

Semiech

652 Mifchct;.l;’l’?d.
Newbury Park, CA 91320-2289
Alan Moore (805) 498-2111
fax (805) 498-3804
e-mail: amoore@semtech.com
Web: htip://www.semtech.com

CIRCLE 513

PATRICK MANNION

0 .

Free Thermistor
Samples For Testing,

"¢
« q ¢

v Our complete line includes NTC,
PTC, Tempsistor and glass encapsulated thermistors.
These small devices are ideal when fast response
times and interchangeability are required.

THERMODISC

MIDWEST COMPONENTS PRODUCT GROUP
P.O.BOX 3303, MUSKEGON, MI 49443 » (616) 777-4100  FAX (616) 773-4214

(616) 777-4100
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For Free Samples & Technical Assistance...
CallmmdzyFREEmnmpbamiamm

3,

“We need an
air filter for that

Universal custom-designs air filters that meet UL 94
requirements for electronics/telecommunications and
other hi-tech equipment with cooling blowers and
fans. Fax us your specs and in 5 days you'll get a pro-
totype for testing. And production units in 1-2 weeks.

1S09002 Certified

Liniversal ar filter
Lol ]
On Spec... On Time... Everytime!

1624 Sauget Ind. Parkway * Sauget, IL 62206
800-541-3478 » FAX 618-271-8808 * www.uaf.com
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From design through final tests and ongoing technical support,
we deliver complete probe cable assemblies for ultrasound.

You have challenging requirements for signal integrity, miniaturization, termination
density, ergonomics, sterilization, and price performance. We have proven expertise and
the worldwide resources to provide complete cable assemblies for all your

product lines. ’
Our experience, combined with the latest in rapid prototyping techniques,
enables us to offer faster responses and more effective solutions.

Get us involved. We're committed to partnering from start to finish. PRECISION
= 7 ] INTERCONNECT
At Precision Interconnect, we're with you all the way. AMP corprany

Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131
Internet: http://www.precisionint.com Sales offices in U.S., Europe and Japan.
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STRATEGIG PARTNERS
WORKING TOGETHER

nformation has always been a part of the developmental strategy

needed for success in the OEM market. In today’s fast-paced,
competitive global market environment, technology information
has become a priority. Systems designers not only want to know
- what their strategic supply

| , 7 partners are doing today, but
H-Emc nsu where they’re going. Designers

and suppliers must now work in
tandem to align enabling
technology with the customer’s
system requirements. These
strategies demand strong
partnerships in the development
of competitive products.

AR LI SO0

A third strategic partner
completes this alliance. This

A partner’s mission is to observe
Audie-iC Tochnslogies Tedide New Challsages p. 47

e and report today’s product
et et e L availability by its editorial staff
et i 5| of respected experts, while

IC Variiiogtion Targets Dosp-Sebusiares Ks p. 154

constantly probing for the next
generation of enabling
technology. The constant flow of exclusive and vital information
helps to bring systems designers and suppliers together as
strategic partners. It also provides engineers and engineering
managers with an enhanced ability to bring more competitive
products to market, faster.

Electronic Design is that strategic information partner — a
partner who provides the information that helps the systems
designer make those critical decisions that stay the course of the
technology road map.

Road
Your Strategic Information Partner.

ELECTRONIC DESIGN

PERFORMANCE

TIME



PIPS PRODUCTS

PRODUCT FEATURE
Data sheets on products like these can be found at www.penton.com/ed/

Miniature Fiber-Optic Interconnection

Doubles Port Densities

Ithough much progress has been
made toward getting fiber-optic

technology down to the local loop, |

cost and space requirements remain
major stumbling blocks. In an effort to E
overcome these hurdles, AMP Inc. !
along with Hewlett-Packard, has an- |
nounced support for the freshly |
minted Mini-MT fiber-optic intercon- E
nect. They see Mini-MT as the next !
step beyond SC connectors for 100- !
Mbit and 1-Gbit Ethernet, as well as |
622-Mbit ATM applications. i
According to Mike Peppler, Direc- E
tor of Product Marketing for the Opti- !
cal Interconnection Systems group at !
AMP, the key to the connection sys- |
tem is the ability to fit a two-fiber, du- ,
plex connector in the space of a single E
SC connector or RJ-45 UTP interface. !
As a result, port densities will double |
in network and similar applications. |
The connector uses a proven ferrule .

technology similar to the multifiber
MT style, but in a smaller size. Fibers
are on 0.750-um centers. The connec-
tor is field-installable and has fewer
pieces than the SC interface to reduce

labor costs. The system allows use of
ribbon fiber, which is smaller and less
expensive than zipcord fiber and is
easier to pull.

The transceiver has a profile of 9.8
mm and comes in a 10- or 20-pin DIP,
giving it half the footprint of a stan-
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dard SC duplex transceiver. Target
data rates are 100 Mbits/s to 1.6
Gbits/s. Depending on the data rate
and application, the devices will use ei-
ther a 1300-nm LED, 1300-nm laser, or
a 850-nm VCSEL for multimode or
single-mode interfaces.

With multisourcing a key prerequi-
site, the connector is being developed
jointly by AMP, Siecor, and USConec.
AMP and Hewlett-Packard, under a
multisource agreement, are indepen-
dently developing the transceivers in
conjunction with standards bodies.
Samples are available now, with pro-
duction quantities scheduled for the
third quarter of this year.

AMP Inc.

PO. Box 3608

Harrisburg, PA 17105-3608

Alan Sappelegu) (717) 986-5160.

Hewlett-Packard Co.

5301 Stevens Creek Bivd.

PO. Box 58059

Santa Clara, CA 95052-8059

Inquiries: (800) 537-7715, ext.9920.

CIRCLE 514
PATRICK MANNION

People are making

a lot of NOISE about the fact
that our AMPLIF
don't make
much at all.

To improve test reliability, our
amplifiers are designed to minimize
“noise pollution” from dirty
current/voltage effects. And we offer

FRS

a full line of individual models and systems with
frequencies up to 40 kHz:

* Low noise (< 1mV rms residual noise).
+ Low distortion (< 0.1% THD + N over a wide bandwidth).
* Rugged design withstands back EME.

Questions? Just call our applications engineers.

Plus, most models feature front
panel indicator lights to provide
rapid assessment of amplifier
operating conditions.

Do you need a voltage or current amplifier? Are you con-
cerned with monitoring output voltage or load current? Let
our applications engineers help you find a solution. We’ll
quickly respond to any question—before or after purchase.

Improve your test reliability.
Find out why everyone is making noise about our
amplifers. Call 1-800-933-7956 today to discuss an

application or receive a w
me

product/spec catalog.
PO.Box 1000 + Elkhart,IN 46515-1000

1718 West Mishawaka Road *
Phone: 219-294-8300 - Fax:219-294-8328
Visit our web site at:www.techron-amps.com « email: techron@crownintl.com
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IC Packaging Light Enough To Make Your Ideas Fly.

An exciting new generation of
ultra-compact laptops, PDAs,
camcorders and wireless
products is taking off right
now. Launched on the wings

of dramatically thinner and £

lighter IC packaging.
Introducing patented
SuperBGA, high perfor- -
mance ball grid array (BGA)
IC packaging from Amkor.
Low-profile 1.2mm and
1.4mm mounted heights,
enable you to down-size your
best ideas and improve their
performance. Advanced
materials and multilayer capa-
bilities boost speeds beyond
1.0 GHz. Direct attachment of
the die to SuperBGA’s built-in

heat spreader substantially
increases power handling
capabilities while providing
EMI/RFI shielding. Moisture
sensitivity exceeds JEDEC
level 2 requirements.
With ball counts
2  from 20 to 680, and
»~~ body sizes from
~~  7x7mm to 50x50mm,

/ N
microprocessors, DSPs,

ASICs, amplifiers and gate
arrays will be soaring to new
performance heights.

So why just get your ideas
off the ground when you can
make them fly. Call the Amkor
service center nearest you or
(602) 821-2408 ext. 2000.
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PIPS PRODUCTS

POWER

Data sheets on products like these can be found at www.penton.com/ed/

VRLA Battery Has High

Ampere-Hour Rating

The DDH valve-regulated lead-acid
battery ranges in capacity from 120 Ah
to 4000 Ah in 24- or 48-V configura-
tions, and 2000 Ah in a non-paralleled
configuration. The battery fits in 19-,

AY

23-, or 30-in. relay racks, and targets
wireless and telecommunications
backup applications. A proprietary seal
allows plates to grow without stressing
the cover or post seal. Pricing starts at
$4050 for 24-V, 120-Ah systems, and de-

livery is two weeks.

Yuasa-Exide Inc., PO. Box 14145,
Reading, PA 19612-4145; (800) 538-
3627; fax (610)
alfoss@yuasa-exide.com;
http://www.yvasa-exide.com.

CIRCLE 567

Fast Charger Protects And
Conditions Li-lon Batteries

The ABP1175-LIC is a fast-charger
board for Li-Ion batteries that includes
a pre-charge qualification cycle that de-
tects shorted, open, or damaged cells.
Other features include a low charge
current to condition the battery when
the battery voltage drops below the
low-voltage threshold and LED charge
status and fault indication. A two-
phase fast-charge cycle provides regu-
lated constant current in phase one and
regulated constant voltage in phase
two. Fast charge terminates upon the
detection of a minimum charge current
and/or a maximum time out. Pricing is
from $229 and delivery is 12 weeks.
ABP, 11407 Potomac Oaks Dr.,

372-8613;

\ Rockville, MD 20850; Eyal Halevy

(301) 424-1760; fax (301) 424-5222.
CIRCLE 568

Multiple NiMH or NiCd Button
Cells Come In Single Package

The Integrated Battery comprises
two, three, or four 35- to 500-mAh, 1.2-
V NiMH or NiCd button cells in a sin-
gle sealed, nickel-plated, cold-rolled-
steel case. The integrated construction

reduces the possibility of intercell con-

nection failures and short circuits.

Nominal voltages are 2.4, 3.6, and 4.8 V.
Plainview Batteries Inc., 23 New-

town Rd., Plainview, NY 11803; (516)

249-2873; fax (516) 249-2876.
CIRCLE 569

Optical Encoders...available now from Grayhill

Grayhill’'s Series 61 Optical Encoder
delivers the reliability your
application needs...when your
production schedule demands it!

Now you can have Grayhill reliability in an optical

encoder switch.
Use it as a mouse...a tuning function...

RPM...whatever your design requires.

The Series 61 offers:

per revolution.

a frequency selector...or to measure low

The Grayhill Series 61 Panel-Mount Optical Encoder
delivers over 1 million cycles of operation. And we can
deliver them now, not later, at competitive prices.

¢ Standard resolution—16, 24 and 32 positions.
¢ High resolution—25, 32, 50, 64, 100 and 128 pulses per channel

e Lower power consumption with single 5Vdc power supply.

Grayhill

An I1SO-9001 Company

e Choice of integral data input pushbutton.

 Custom design capabilities. Options include operating torque,
terminations, pushbutton operating force.

* Design and production compliance to 1SO-9001.

561 Hillgrove Avenue
P.0. Box 10373
LaGrange, IL 60525
Phone: 708/354-1040
Fax: 708/364-2820

Access Series 61 information via our Web site—www.grayhill.com— Internet: http://www.grayhill.com

or request Catalog No. 1 via phone or fax.
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LOW-POWER DESIGN

A Collection of CSEM Papers

* General Tutorial Papers

* Digital Crrcuats

* Devices and Analog Circuits

* Low-Power Systems

has become a critically important task in the implemen-

tation of electronics systems of all kinds, and especially for
portable and battery-powered functions. The requirements for
low-power will pervade systems and IC design to an ever increas-
ing extent.

Over the past decade, minimization of power consumption

This collection of landmark CSEM (Center Suisse d’Electronique
et de Microtechnique SA) papers has been produced as a handy,
basic reference book.

__________ Now Available For?®125. _ _ _ __ _ __ _ _

LOW-POWER DESIGN P Mail to:
0O Single order, $125 ELECTRONIC DESIGN

. ' 611 Route 46 West
O Multiple order: Quantity: x $125 = Hasbrouck Heights, NJ 07604

For S & H please add $6 for domestic - Attn: Jeanne Sico
or $25 for international per book  1o1q or fax: 201/393-6073

O Master Charge O American Express 0O VISA 0O Check (payable to Electronic Design)

Account Name Account #

Signature Expiration Date

Name Title

Company

Company Address

City State Zip

Phone Fax E-mail




PIPS PRODUCTS
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Data sheets on products like these can be found at www.penton.com/ed/

Lithivm Batteries Are Custom

This line of lithium batteries comes
with three different chemistries and
can be custom engineered to specific
OEM requirements. Available

I———

chemistries are lithium-thionyl chlo-
ride with energy densities ranging
from 500 to 600 Wh/kg and 80% capac-
ity retention for 10 years, as well as
rechargeable lithium-ion polymer and
lithium-ion inorganic.

Battery Engineering Inc., 1636
Hyde Park Ave., Hyde Park, MA
02136, Robert Fay (617]) 361-7555;
fax (617) 361-1835;

e-mail- info@batter

Web: htip: //wwwrgngryeng com

CIRCLE 570

Lithivm Cells Provide
Extended Service Life

These lithium thionyl chloride, coin-
size batteries have an output of 3.6 V
and an operating lifespan rated at over
10 years. The devices have an operat-
ing temperature range of -65° to 75°C,
with a 125°C upper limit available on
some models. The hermetically sealed
batteries come in a range of configura-
tions, including 1/10 D, 1/6 D, and BEL

versions.

Tadiran Electronic Industries, Inc., 2
Seaview Blvd., Port Washington, NY
11050; Sol Jacobs (516) 621-4980; fax
(516) 621-4517; Internet: http://www-
tadiranbot.com. CIRCLE 571

: Synchronous Boost Converter

Operates Off 1V

Designed for low-voltage operation,
the UCC3941 synchronous boost con-
verter features 1-V-input operation
startup guaranteed under full load on
the main output, with operation down
t0 0.4 V. The device allows a step up to
3.3V, 5V, or an adjustable output at 500
mW for a single cell. An auxiliary 9-V

i output is provided. Other features in-
i clude an adjustable output power limit
E control and an adaptive current mode
! to minimize switching and conduction
i losses. Pricing is $2.78 each per 1000
i and delivery is 10 to 12 weeks.

i Unitrode Corp., 7 Continental Blvd.,
t Merrimack, NH 03054-0399; Mickey
' McClure (603) 424-2410; fax (603)
' 429-8963; htip://www.unitrode.com.
1 CIRCLE 572

“Self-Test
v Optional
\ Anmc '429

.c DATA DEVICE

CORPORATION®

For more information call:
(516) 567-5600 ext. 7633
or E-mail: amour@ilcddc.com

HEADQUARTERS AND MAIN PL

LANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, NY 11716-2482

Tol: (516) 567-5600, Fax: (516) 567-7358, Toll Free 1-800-DDC-5757
WEST COAST (CA): GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4968
SOUTHEAST: STERLING, VA, (703) 450-7900, FAX: (703) 450-6610

NORTHERN NEW JERSEY: UNION,
UK: +44-(0)1635-811140, FAX: +44-(0)1635-32264;

CE: +33-(0)1-41-16-3424, FAX: +33-(0)-1-41-16-3425;

SWEDEN: +46-(0)8-920635, FAX: +46-(0)8-353181; J

(201) 785-1734, FAX: (201) 785-4132
IRELAND: +353-21-341065, FAX: +353-21-341568
AANY: +49-(0)8141-349-087, FAX: +49-(0)8141-349-089

APAN: +81-{0)3-3814-7688, FAX: +81-(0)3-3814-7669

VISIT OUR WEBSITE AT:
http://www.ilcddc.com

READER SERVICE 199 — For Sales Contact
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PIPS PRODUCTS

PASSIVE COMPONENTS
Data sheets on products like these can be found at www.penton.com/ed/

Planar Transformers

Feature Low Profile

The Low Profile International Series
planar transformers are pin-for-pin
compatible with the existing industry
standard for low-profile transformers.

The devices are designed to meet
VDE 0805, and can be interchanged
with the company’s Flathead Low
Profile printed-circuit-mount trans-
formers. Available in 2- and 6-VA ver-
sions, the devices have heights of 0.72
in. and 0.895 in., respectively. Output
voltages range from 5 t0 230 V.

Signal Transformer Co., Inc., 500
Bayview Ave., Inwood, NY 11096-
1792; (516) 239-5777; (516) 239-
7208. CIRCLE 573

Varicaps Target Low-Voltage
Communications

Specially designed for operationat 3 V
in portable equipment, the BB155 var-
icap replaces the TV tuners typically
used in these applications. This re-
duces the capacitance spread from
+10% to a maximum of +5%. Their
typical value is +t3%. This translates
to a spread of 452t0 49.8pF at 0.34 V
and 24.55 to 26.70 pF at 2.82 V. The
BB155 comes in a surface-mount
S0D323 package. Pricing is $0.12 each
in volume.

Philips Semiconductors, P.O. Box
218, 5600 MD Eindhoven, The
Netherlands; +31 40 2 722091, fax
+31 40 2 724825. CRCLE 574

Accurate Oscillator Needs No
External Reference

Packaged as an 8-pin SOIC, the
DS1075 EconOQscillator provides 1%
accuracy with no external timing com-
ponents. If greater accuracy is re-
quired, an external crystal reference
can be added to the circuit. Features
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include on-chip enable and power-
down functions, and a programmable
on-chip prescaler and divider for mul-
tiple operating frequencies over the
0.2- to 100-MHz range. Pricing is $1.70
each per 1000.

Dallas Semiconductor, 4401 South
Beltwood Pkwy., Dallas, TX 75244-
3292; Rob Brown (972) 371-3719;
fax (972) 371-3715; Internet:
htip://www.dalsemi.com. CIRCLE 575

SAW Filter Targets

CDMA Applications

The FB F033 is 2 210.38-MHz SAW fil-
ter that’s compatible with CDMA PCS
phone architectures. The filter comes
in a hermetic SMT package and has a

bandwidth of over 1.26 MHz.
Thomson Components and Tubes

Corp., Special Products Div., 40G

Commerce Way, Totowa, NJ 07511;

(201) 812-9000; fax (201) 812-9050.
CIRCLE 576

Rotor And Stator Components
Are Interchangeable

Available without motor housings or
end caps, these rotors and stators are
designed to allow interchangeability to
eliminate the need for matched sets.
This is further facilitated by tight toler-
ances on the stator OD, bearings jour-
nals, and shafts. Precision ball bearings

! can be incorporated into the rotor. De-
i pending on size, voltage ratings are
i available up to 250 V, with output rat-
i ings of 1/500 to 1/2 horsepower.

Eastern Air Devices Inc., 1 Progress
! Ave., Dover, NH 03820-5449; Karen
! Russo (603) 742-3330; fax (603) 742-
9080. CIRCLE 577

Resistor /Capacitor Array
: Terminates High-Speed Circuits

i Comprised of one resistor and one ca-
E pacitor in series, the RCC18 chip
! comes in a 1206-size package and is de-
! signed for the termination of high-
| speed digital circuits. The device has a

resistance range of 100 to 300 Q and a
voltage rating of 50 V. The capacitance
range is 22 to 100 pF. The resistance
and capacitance tolerance is 20% while
' maintaining a dissipation factor of 5%
! maximum. The chip comes on 8-mm
\ tape with 5000 pieces/reel. Pricing is
i $35 each in 1000-unit lots and delivery
E is 8 weeks.

' Rohm Electronics, 3034 Owen Dr.,
' Nashville TN 37013, Fred Froutan

(615) 641-2020; fax (615} 641-2022.
CIRCLE 578




DOUBLE-BREAK
SUBMINIATURE BASICS
May be subminiature in size but
these basics switch up to 10
amperes with 100,000 minimum
cycle life; over 1 million cycle
mechanical life! Constructed in |

accordance with MIL-S-8805/7.
Precision operating points. UL
recognized. Replaces ITW ‘
Switches Type 16.

Ask for OTTO B5 series.

READER SERVICE 243
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'We have your missing piece!

Apphcatlons subjected to hard use every day, ‘
g' |

| running in wet conditions, under the beating
| sun or in the cold, need a switch that w1ll
‘ survive. Specify OTTO and your product w1ll
| survivein these toughenvironments. And you'll
\ be pleasantly surprised to discover OTTO
‘ provides the best price/quality value solution.

| We are ISO 9001 Registered. Om‘ : o oj
We offer you Call or Fax for our

| Engineering Excellence A new 80 page Catalog
o CONTROLS e

Precision Switches and Value Added Assemblies
2 E. Main Street, Catpentersville, IL 60110 « Tel: 847/428-7171 « Fax: 847/428-1956 ¢ wwwottoengoom
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ENVIRONMENT-FREE
SEALED SWITCHES
Withstands immersion and corro-
sive atmospheres. Designed for rug-
ged duty both mechanically and
electrically. One-piece stainless steel
housings sealed at the plunger with
ring seals and at the base with glass-
to-metal header. Replaces C-H/
Eaton H11, Microswitch EN and

ITW Type 63.

Ask for O’I'I‘O P6 series.
EADER SERVICE 244

SEALED MINI TOGGLES
Rugged and highly reliable, these
toggles weigh 25% less than others.
Positive detent. Non-teasible con-
tact transfer. One or two poles, mo-
mentary, maintained and lever-lock-
out operation. Rated 5 A. Quali-
fied to MIL-S-83731. Replaces C-H/
Eaton 88, Micro-switch TW.

Ask for OTTO T3 series.
READER scmc! 245

zy‘i‘l&

SINGLE & DOUBLE-BREAK
BASICS
Commercial and Military grades,
available in nine sizes. Switch up
to 16 amperes. UL recognized and
CSA certified. Replace C-H/Eaton,
Microswitch, Unimax, ITW

Switches and others.
Ask for OTTO Basics.
READER SERVICE 246
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Leading edge performance has been a defining
feature of Audio Precision products since the
inception of our company in 1984. Thousands of our
System One audio analyzers are in use woridwide,
selected by design engineers for high performance
and by test engineers for our comprehensive pro-
grammable analog and digital audio measurement
capabilities.

Now our System Two true Dual Domainaudio ana-

lyzer joins the System One, setting a new standard
for performance and flexibility in audio frequency

test & measurement.

System Two is a true Dual Domain analyzer. Other test
instruments may have both analog and digital inputs
and outputs ... but they're not true Dual Domain!
They rely on performance-limiting converters to pass
analog signals back and forth to a DSP core of digital-
only hardware. Passing signals through a/d or d/a
converters for every measurement robs the test
instrument of performance. System Two includes

*-’MW., > :..

separate, independent hardware for direct audio
measurements in both domains, plus additional and
extensive interface measurement capability in-
cluding jitter measurements, eye patterns and all
other parameters described in AES3, the serial audio
interface standard.

The new standard of System Two is represented by
performance specifications such as guaranteed
analog generator and analyzer residual THD+N

of -108 dB, guaranteed analog signal flatness of
=0.01 dB for the generator and anatyzer; and 24 bit
digital signal generation with 48 bit FFT dynamic
range.

From aircraft to automobiles, satellites to cell
phones, headsets to hearing aids, System Two
represents a new standard for audio frequency test
& measurement applications. Compare for yourself -
our worldwide force of representatives will be
pleased to provide comprehensive specifications
and a true Dual Domain on-site demonstration.

° e AUIO Precision
AL'dIO;::-::: PO Box 2209
Beaverton, Oregon 97075-3070

precision

Tel: (503) 627-0832 FAX: (503) 641-8906
US Toll Free: 1-800-231-7350

INTERNATIONAL DISTRIBUTORS Austratia: IRT Electrofics Pty Lid Tel 2 439 3744 Austria: ELSINCO GmbH Ter (1) 815 04 00 Belgium: Trans European Musc NV. Tel 2 366 5010 Brazil: INTERWAVE LTDA

Tel (21) 325-5351 Buigaria: ELSINCO Rep Oftce Sofa Te! (21 958 12 45 Canada: GERRAUDIO Ostrbuten Tel (316) 696-2779 China. Hong Kong: A C E iintil Co Ltd. Tel 2424-0387 Croatia: ELSINCO Rep Oftce Zagred
Tel 168 09 14 Czech Republic: ELSINCO Prana spol s ro. Tel (2) 19 66 89, Denmark: npn Eextronk aps Tel 86 57 15 11 Finland: Genelec OY, Tel 77 813 311 France: ETS Mesureur To' (1) 45 83 66 41 Germany:
RTW GmbH & Co KG  Tei 221 70913-0 Greece: KEM Electroncs Lid Tel 1 67 48514 5 Hungary: ELSINCO Bugapest KFT. Tet (1) 269 18 50 India: Bectrs Dynamcs Tel 512 384713 Israei: Dan-E! Technoioges. Lid

Tel 3-647 8770 Maly: Audo Link snc Tel 521 648723 Japan: TOYO Corporaten Tel 3 (56881 6800 Korea: B&P Internatonal Co. Lid Tel 2 546-1457 BAP (Kumi Oftce) Tel 546 53-7347°8 Malaysia: Test Measurement &
Engwneenng Sdn Seiangori, Tel 3 T34 1017 Test Measurement & Engaeenng Sdn (Penangn Tel 4 6322088 Netherlands: Heynen BV Tel 485 496 111 New Zealand: Aud o & Video Wholesalers. Tel 7 847-3414 Norway:
Lydconsult Te 47-69-178050 Poland: ELSINCO Posska sp z 09 Tel (221 39 69 79, Portugal: Acutron Electroacustca LDA Tel' 1 9414087 9420862 Singapore: TME Systems Pie Lia Tel T47-7234 Slovakis:
ELSINCO S'ovensko sro, Tel (7] 784 165 South Africa: SOUNDFUSION MFG. Tel 11 477-1315 Spain: Teco Electroncs S A_ Tel 1 531-7101 Sweden: TTS Tal & Ton Studgtexnk AB Tel 31 52 51 50 Switzerland:
Dr WA Gunther AG Tel 1 910 41 31 Taiwan R.Q.C.: Doubie Advance Tech Tel 2-596 0696 Thailand: Massword Company Lid Tel 2-294-4930 United Kingdom: Thurby Thandar instruments. Ltd  Tel (1480) 412451

Dual Domain, is a registered trademark of Audio Precision
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M Exploring the world of analog, mixed-signal and power developments

Obtain Higher Effective Resolution
For Temperature Measurements

Combining Hardware and Software Technwiques In A-X ADC Circuits
With Front-End Analog Gain Can Provide The Right Performance.

BONNIE C. BAKER, But-Brown Corp., 6730 S. Tueson Blvd., Tucson, AZ 85706; (520) 746-7984; fax (520) 746-7467;

e-mail: baker_bonnie@burr-brown.com.
easuring small signals from
sensitive process-control sen-

]
M sors has always been a chal-
lenge for the analog designer. Sensing E
elements, such as thermocouples, !
RTDs and bridges, have outputs that |
produce voltages from hundreds of
millivolts to several volts. In contrast, i
prior to analog signal conditioning of !
these sensors, the delta output volt- !

]

ages of these sensors that represent a
change in temperature, pressure,

light, etc., are relatively low—in the
sub-millivolt or millivolt range. These
small deltas are usually the signal of
most interest in process-control or in-
strumentation systems.

Careful analog signal conditioning,
in combination with a 12- to 16-bit ana-
log-to-digital converter (ADC), usu-
ally captures the pertinent informa-
tion from the sensors. In this design
topology, the task of signal enhance-
ment falls on the analog front end,

which is usually expensive and suscep-
tible to noise. An alternative approach

would be to use a high-resolution |

ADC, thereby reducing or completely

eliminating the need for a complex |

analog front end.

1

Delta-Sigma (A-X) converters have |

significantly improved the achievable
resolution and accuracy of ADCs

while also lowering the overall system |

price. These converters digitize ana-
log voltages to extremely high de-

I Ry

Chromel —___

K-type :
thermocouple /

TR || SteRes = 5

6 pF

Ry
357

Programmable-gain amplifier (PGA)

Voltage
reference

Voltage

attenuator

Micracontraller

Instruction register

Command register

Data output register

L Serial

Oftset register

Full-scale register

interface

ADS1212

Digital Vpp

1. A thermocouple can be interfaced with an instrumentation amplifier and a A-X ADC to achieve 21-bit accuracy for a full-scale input nm.g; of 50

mV. the cold-junction compensation circuit shown uses a diode an a resistive network on an isothermal block.
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ANALOG OUTLOOK

TEMPERATURE MEASUREMENT

TABLE 1: OVERSAMPLING (TURBO) MODES |
FOR BURR-BROWN'S ADS1212 ADC

Sample rate Turbo 1 Turbo 2 Turbo 4 Turbo 8 Turbo 16
(H) | (pits,ms) | (oits,rms) | (bits,rms) | (bits, rms) __(bits, rms)
g e 20 - sl 21 :
.éOV E o 20‘— - 2~1' 21—

ST YT R NSRS T TP
50 17 '19 : B %()_ = & 31_4 _21A =
W R N P NS T
100 15 17 19 : ZJ - 21
250 | 12 108 2 17 Wit | LRI Y

grees of resolution, up to 20 to 24 bits,
rendering least significant bit (LSB)
sizes equal to or better than 1 million
divisions of full scale (22" = 1,048,576).
A 22-bit-accurate ADC has a dynamie
range equivalent to 132 dB. If the dy-
namic range of the system ADC is rel-
atively high, the cost of the application
can be lowered. In addition, system
complexity is reduced, making the de-

sign easier.

A A-X converter intended for in-
dustrial type measurements is opti-
mized for accurate, low-frequency
data conversions. Techniques such as
input modulation by the use of inte-
gration and digital filtering nearly
eliminate the analog anti-aliasing fil-
ter, while achieving greater accuracy.
The trade-off for superior perfor-
mance in accuracy is frequency. The
sampling bandwidth may be a limita-
tion in some circuits, however, the
measurement of temperature or pres-
sure variables are slow-changing enti-
ties, which reduces the speed require-
ments of the signal path.

Not A Total Solution

As good as it sounds, the A-Z ADC |

does not solve all of the problems for
these types of applications. Although
digital filtering techniques are utilized
by this type of converter, even higher
resolution or bandwidths may be re-
quired in a critical application.

The frequency response of the con-
verter is dictated by the level of over-
sampling and sophistication of the on-
chip digital filters. A lower
oversampling ratio leads to a higher
frequency response, but also a lower
effective resolution. The design trade-
off of resolution versus data rates
when A-X converters are used in a
system are examined in this article.

Although the A-X converter brings

the circuit designer considerably
closer to achieving the desired results,
the total application may still require
additional resolution and speed.

Enhancements of a system contain-
ing a A-X ADC can be achieved with
digital software gain techniques and
the addition of front-end analog gain
blocks. Digital gain beyond the capa-
bility of the ADC is attainable using
techniques such as microcontroller or
microprocessor data shifting, some-
times termed “software gain.” The
technique of shifting the output bits of
the ADC in the microprocessor is not
new. However, the arrival of A-Z ADC
technology necessitates a reexamina-
tion of this technique.

The use of software gain can change
a 20-bit system with a signal gain of 1,
to a 14-bit system with a gain of 64. Al-
though this technique is effective, it
does not increase the dynamic range of
the ADC. An additional analog gain

stage is required in hardware to
achieve higher effective resolution.
With this new design approach, the
combination of using the A-Z ADC'’s
internal gain, the converter’s over-
sampling capability, software digital
gain, and hardware analog gain, allows
one to easily achieve an overall system
gain as great as 1024 and resolutions

| upto 15 bits (Fig. 1). With this type of

performance, industrial process-con-
trol systems can take full advantage of
A-Z ADCs.

How Is It Done?

How does a A-X converter obtain
its good dynamic range? The funda-
mental design topology of the ADC is
based on a single-bit quantizer with a
digital filter. This is in contrast to the
multi-bit architectures used in con-
verters such as sub-ranging or succes-
sive-approximation devices.

A state-of-the-art A-X converter
has an input programmable-gain am- |
plifier (PGA), a multi-order charge-
balaneing ADC (which replaces the
single-bit quantizer), offset and full-
scale system calibration capability,
and a programmable digital filter (Fig.
2). These four functional blocks assim-
ilate to allow for a high resolution con-
verter that has more analog and digi-
tal functions than ever before. In this
manner, the A-X ADC has reduced the
complexity of the analog input cir-
cuitry as well as lightened the load for
the microcontroller or microprocessor

Analog
input X4

Analog 1-hit data Mutti-bit Mult-bit
input stream data output data
Multi-order Digital Decimation |
charge-bafancing ADC {ow-pass filter filter
First-order modulator
Ditference Integrator  Comparator
amplifier {1-bit ADC)

1-bit DAC

2. Block diagram of a generic high-performance A-
programmable-gain amplifier that’s followed by a

T ADC. This type of modulator has an input
multi-order charge-balancing section that

performs the first step in low-frequency noise-reduction, and digitizes the signal ones and zeros.

This stage is followed by a digital low-pass filter.
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ANALOG OUTLOOK TEMPERATURE
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on the digital side of the device.

To understand the function of the
multi-order charge-balancing ADC, a
conceptual drawing of a first-order
stage is shown in the insert (Fig. 2,
again). Following the signal path
around the digital servo loop, the volt-
age at the analog input of the single-
bit quantizer is differentiated against
the output (X5) of the 1-bit digital-to-
analog converter (DAC). The differ-
ence of analog input X; and the output
of the 1-bit DAC results in an analog
voltage at X». X, is integrated result-
ing in a negative- or positive-sloping
output with time (Xj).

The sign of the slope at the output
of the integrator is dependent of the
sign of the input signal at X,. When
the voltage at X3 equals the compara-
tor reference voltage, the output of
the comparator changes fromaltoa0

l: AN iR REF

UNTRU ]

Effective | DB21
System | Input | resolu- | (MSBY
gain range tion DB20

2.5V

Equiva-
lent FS =
| 0.039V

=

1.25/0.625

i ora0toal,depending on the previous
i state. The digital output of the com-
| parator (X,) is clocked into the 1-bit
' DAC, as well as clocked into the digi-
' tal filter stage. At this time, the 1-bit
i DAC clocks its analog output voltage
i change to the difference amplifier.
E This creates a completely different
! output voltage at Xy, causing the inte-
' grator to create a sloping output in the
| opposite direction.

i The output of the multi-order
E charge-balancing converter inis a 1-
' bit digital stream. The series of ones
' and zeros at X is not only sent to the
i servo 1-bit DAC, but also to the digital
i filter stage. The digital filter of the A-
1 X converter uses oversampling and
' averaging techniques, processing the
! signal to higher accuracy. Common
i digital filter blocks used in A-X con-
1 version systems are either finite im-

\ ATION U |
¥l R

DB19/
DB18

DB17/
DB16

DB15/
DB14

DB1y/
DB12

0.3125/
0.156

0.078/
0.039

0.0195/ | 0.0048/

0'.0024

0.0048/
0.0024

0.0006

i pulse response (FIR) or infinite im-
i pulse response (IIR) types. The FIR
' digital filter is more stable than the
' IIR filter and has a linear phase re-
! sponse. On the other hand, the IIR
i digital filter has a sharper transition
| region allowing for a lower-order filter
| than the FIR filter would require for
' the same general filtering results.
' Usually the digital filter and decima-
! tion filter functions are combined, af-
i fecting the dynamic range and the out-
E put data rate collectively.

' Recalling the signal output of the
' charge-balancing converter in, the
' output at X, is a series of digital ones
» and zeros (Fig. 2, again). The output
« state of the charge-balancing con-
E verter (a 1 or a 0) is clocked into the
1 digital filter and stored in a FIFO reg-
! ister. The clock used at this point in the
i signal path is called the sampling

D87/
DBé

DBS/
DB4

DBY
DB2

DB1/
DBO

0.0003/ 10.000076//0.000019// 4.8x XX
0.00015 |0.000038 | 0.000009 | 10°Y
24 x

0.0012/ | 0.000% |0.000076//0.000019/| 48x | 12x | XX
0.0006 | 0.00015 |0.000038 0.000009| 109 | 107X
24x10°
0.0003/ |0.000076//0.000019/
0.00015 |0.000038 | 0.000009
0.0195/ | 0.0048/ | ' 0.0003/ |0.000076//0.000019/
0.0009 | 0.0024 | 0.0006 | 0.00015 |0.000038 0.000009

Note: FS = ul scale, PGA = the gain setting of the ADC, SWG = software gain. The system gain is the combined gain of the ADC and the software gain. The

input range is determined by the ADC input range plus the effects of software gain. As the bits are shifted to the left, the MSB is “thrown away" reducing the

qull-scale range of the overall system.
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT]

clock. The sampling clock is a Oversampling in conjunc-
derivative of the system Fullscale tion with digital filtering is a
clock, the PGA gain, the technique used to reduce the
oversampling rate and the | = --—-—--- AS quantization noise level in the
decimation ratio. In the case n;x ________ = modulator —— 1t data system. From an analog de-
of the Burr-Brown ADS1212 signer’s perspective, this
and ADS1213 ADCs, the | T could be translated as in-
oversampling rate, also ov creased system gain. Conse-
known as the Turbo rate, is 15l data sreams quently, analog circuit com-
adjustable to 1,2, 4,8 or 16. plexity is simplified because

172 full-scale input 1/4 tull-scale input 3/4 ull-scale input of a reduction of analog gain,
Digital Filtering 1 1 1 possibly resulting in the elim-

Both the digital filter and e :l o o : :I vy ; :l Meste | ination of a gain stage.

decimation filter, or combina- 0 ; 0 0 To illustrate this point, a 12-
tion thereof, utilize arith- ; 1 } | bit ADC with a full-scale
metic tools to reduce the sys- 1 : 1 range of 1 V is used. The LSB
tem noise, consequently 0 0 0 size of this converter would
achieving a conversion be 244 mV. The system LSB

process with a higher dy-
namic range. This filtering
action can be best understood
by examining the most sim-

aging filter (Fig. 3).

as with all filter topologies, a digital filt
predetermined number of
samples are required to compute the |
final value. The digital averaging filter |
waits an appropriate number of clock
pulses for its FIFO register to fill with !
ones and zeros from the charge-bal- !
ancing converter stage (Fig. 3, again). |
Once the register is full, the ones and |
zeros are averaged to arrive at the .
computed output value which is pre- E
sented at the output of the ADC. ’
To observe this operation, consider |
the three different dc input levels. In |
this averaging digital filter, the FIFO 1
register has four positions. If the input i
to the A-Z charge-balancing converter !
is approximately one-half full scale, !
the output of the charge-balancing |
converter would be a steady stream of |
alternating ones and zeros with a 50% E
duty cycle. Consequently, the FIFO !
register would be filled with an equal !
number of ones and zeros. Since the |
digital filter averages a predeter- ,
mined four samples at a time, the av- |
erage of four binary numbers result- E
ing from a one-half full-scale-range !
input would be 0.5. If the dc analog in- |
put is changed to one-quarter full |
scale, the resultant output of the :
charge balancing converter would '
change to a string of the code 1000. !
This would result in an output value of |
0.25. It is useful to note that the origi- |
nal system was only capable of produc- |

ing either a one or a zero. By defini-
tion, this system is a 1-bit digitizer. By
collecting samples from this stream of
ones and zeros at consistent time in-
tervals and averaging by a factor of
four, the 1-bit system is transformed
to a 2-bit system.

Four time samples of the 1-bit data
at the output of the modulator are av-
eraged; but in fact, any number of
samples can be used in the calculation.
As shown, the accuracy of the conver-
sion process improves with the in-
crease in the number of samples that
are averaged. Unfortunately, there is
a design trade-off for this particular
digital filter. More samples mean
higher dynamic range, but also in-
creased conversion time. The conver-
sion time of the simple averaging digi-
tal filter can be decreased with
alternative approaches like a rolling
average filter or a variety of more so-
phisticated filters.

3. The simplest digital filter is an averaging system in which the analog
signal is docked into the filter as a series of representative ones and
zeros. This exomple illustrates a 4X averaging filter, where 4 digits are
td(enudweruged,mmovefdmresohmhih
plistic digital filter, the aver- original 1-bit system. This filter provides a sin (x)/x trasfer function
Mmbeusedtoeﬂechvelyeﬁmﬂeh
With this filter topology, filteri mecses resolution, it also requires more time thon an FIR or IIR

. Although this

TABLE 3: TEMPERATURE COEFFICIENTS OF
VARIOUS THERMOCOUPLE TYPES

size can be reduced 4X by im-
plementing an external ana-
log gain of 4 V/V. In this case,
the system would be able to
resolve to an LSB size of 61
mV. In digitizing systems, the
signal-to-noise ratio (SNR) is
improved with increased
oversampling.

The conversion process will have a
theoretical 6-dB or 1-bit improvement
in the SNR for an oversampling factor
of 4. If the oversampling of the system
is increased 16X, it would be equiva-
lent to applying a gain of four, in that
the LSB size has changed from 244
mV to 61 mV.

A user of Burr-Brown’s A-X ADCs
can select the desired oversampling
ratio (or Turbo mode, as specified by
Burr-Brown). For example, if a device
such as the ADS1212 is configured in a
Turbo mode 1 (oversampling = 1), the
charge-balancing converter oversam-
ples at 20 kHz allowing the ADS1212
to achieve 20 effective bits at 10 Hz. In
contrast, a Turbo mode 2 configuration
oversamples at 40 kHz. The effective
resolution with respect to frequency is
shown (Table 1).

In the table, a combination of Turbo
mode (or oversampling multiple) and
decimation ratio is changed resulting

i Temperature coefficient

| ISA Type Metals used for wires (;NI"CA!O‘C)

[ E romelconstantan | 585
J Iron/constantan 50.2

' T Copper/constantan 38.0
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one—Ilike a gain of two—the
second rising clock edge does
not transmit the signal from
the second capacitor pair to the
modulator section. The second
pair of capacitors (C3 and C4)
retain the original charge from
the first sample and adds it to
the charge from the second
sampled input. In this manner
the charge on the second pair
of capacitors is approximately
doubled. As the gain of the
PGA stage is increased to 2, 4,
8, or 16, more time is required
to fully sample the input.

A functional diagram of the
complete A—X ADC is shown
(Fig. 5). The input to this con-
verter rejects common-mode
voltages to 160 dB because of
its differential inputs. The accu-
racy/resolution capability are
enhanced with the programma-

in a change in the data rate and the ef-
fective bits at the output of the A-X
converter, the ADS1212. As the
Turbo mode increases, the effective
bits resolution also increases. As the
decimation ratio is deereased, the
sample rate increases. The ADS1212
is configured with a gain setting of
one and a 1-MHz clock.

Signal Gain On-Chip

With the A-X converter, oversam-
pling is used effectively to improve the
dynamic range or reduce the quantiza-
tion noise levels of the conversion
process. To further enhance the effec-
tive resolution of the converter, the
converter is configured with a differ-
ential input and a PGA stage. User -
selectable PGA gains of 1, 2, 4, 8, or 16
are possible.

The circuit implementation of the
PGA stage is shown, where the inputs
are differential, followed by a
switched-capacitor amplifier (Fig. 4).
A combination of oversampling and
capacitor gain is used to achieve the
specified gains. The input signal to the
PGA stage of the converter is clocked
onto the front-end capacitors (C1 and
C2) on the rising edge of the sampling
clock. The charge that’s stored on
these capacitors is then transferred to
the second pair of capacitors C3 and

L

i g g i i g
.

C4) on the falling edge of the sam-
pling clock. If the PGA gain is one,
the first signal is sent forward from
the second pair of capacitors to the
modulator at the time of the next ris-
ing clock edge. Additionally, the input
signal is sampled a second time and
that charge is stored on the first pair
of eapacitors (C1 and C2).

For PGA gains greater than

4. The input stoge of the Burr-Brown ADS1212/1213 A-Z ADC uses a switched-capacitor topology(C;ond
Cy, C3 and C;) to sample the signal as well as perform the gain function.

ble system offset calibration, as
well as, the full-scale range cali-
bration capacity with the on-
chip microcontroller. A A-X converter,
such as the ADS1212 or ADS1213, are
precision, wide-dynamic-range, 22-bit,
devices operating from a single +5-V
supply. The ADS1212 is a single-chan-
nel ADC and the ADS1213 is a 4-chan-
nel multiplexed version of the
ADS1212. These products offer 3-wire
serial interface capability, a command
structure, and a register set that allows

Xout
s]
Digital
93'_‘
| Microcontroller |
Instructon register 1n>oa|m
: Command register DD
mn:*" Data outpul register
Analog negative Offel register
input Full-scale register
| 11 | Serial
clock
Serial 12_L Serial
ierace [, data 0
Serial
U 5 |15 | |dalaodt
Data Sync Chip Select Mode Data Ready

5. The full representation of a A-Z ADC is shown above. Not only does this drcuit digitize the
input signal with a combination of noise-shaping and noise-reduction techniques, it also relieves
the microcontroller of some overhead tasks such as offset and full-scale calibration.
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interfacing to all of the popular micro-
processors. In addition, the differential
inputs are useful when a direct connec-
tion to transducers is required.

Software-Added Gain

Initially, the converter should be
optimized using the internal PGA gain
and oversampling features of the
ADC. Subsequent increases in gain
are performed by shifting the data
within the registers of the microcon-
troller or microprocessor. Software
data shifting changes the relative
weighting of the data bit while keep-
ing the dynamic range of the con-
verter constant. In this manner, the
relative weighting of the data bit is de-
creased, or in terms of gain, there’s an
increase in signal gain.

The concept of software data shift-
ing is shown (Table 2). The first four
rows of information in the table illus-
trate the effects of changing the inter-
nal PGA gain of the converter. For ex-
ample, a PGA gain of 2 will provide a
system gain of 2 with an input range of
2.5 V. The converter shown in the
table has 22-bits of actual output, but
its effective RMS accuracy is 20 bits
with a 10-Hz bandwidth. The effective

{ LSB size, with the converter set to a

gain of 2, is 2.4 mV. To further enhance
the LLSB size, a gain of 4 can be se-
lected. In this case, the effective LSB

. sizeis 1.2 mV.

A further gain of two can be imple-
mented with software shifting. Each
shift to the left provides additional
gain of 2X. For instance, a software
gain of 16 is equivalent to shifting the
bit registers by four positions. Note

ANALOG OUTLOOK TEMPERATURE MEASUREMENT |

A-Y. converters have
significantly improved
the achievable resolu-

tion and accuracy of
ADCs while also low-
ering the overall
system price.

that the value of the LSB size has not
changed, but has changed positions in
the output word from the DB2 posi-
tion to the DB6 position in the byte.

Although this technique is effec-
tive, it does not increase the dynamic
range of the converter. In contrast,
the software gaining technique is a
low-cost approach to enhancing the
gain of the system, at the expense of
increased microcontroller overhead
time.

Front-End Analog Gain

The A-X converter has the ability to
enhance the accuracy of the signal con-
version by means of its internal PGA
gain and digital filter stages. In the
event that the optimum combination
of the two internal stages of the con-
verter cannot provide the required
system LSB size, other methods like
an external input gain stage using an
instrumentation amplifier can be used.

For example, an optimum configu-
ration for the ADS1212 with a data

rate of 10 Hz would be a Turbo (over-
sampling-rate) setting of 4 and a PGA
gain setting of 4. For a 10-Hz data rate
and zero input, the effective output
RMS noise level of the ADS1212
would be about 0.975 mV RMS (typi-
cally). In a system where the thermo-
couple is connected directly to the con-
verter’s inputs, one LSB for a K-type
thermocouple, which has a delta out-
put range of 50 mV for a temperature
delta of 1250°C, would equal about
6.094 m°C. The effective resolution for
this system would be 21.3 bits RMS.
This is not a practical solution, how-
ever, since the K-type thermocouple
output range of 50mV (maximum)
would never achieve the converter’s
full-scale input range of 2 V.

Using an external instrumentation
amplifier, like the Burr-Brown
INA128, as an analog gain stage
changes the effective full-scale and dy-
namic range of the overall system
(Fig. 1, again). The instrumentation
amplifier is followed by the A-Z con-
verter and, finally, the microcontroller.
With the converter properly config-
ured for optimum internal analog gain
and digital filtering, the overall circuit
achieves the best SNR performance.

Sensing devices, such as thermo-
couples, RTDs, and strain gauges re-
spond to physical or mechanical occur-
rences. These occurrences are
converted to voltages or currents that
are conditioned in the electronics of
the process-control system.

The sensitivity of these tempera-
ture sensors or strain gauges varies,
depending on their construction. For
example, the thermocouple is an inex-

EQUATION LISTINGS

INA128 output noise

noise (@10 Hz) x /10 x (gain of INA128)

10mV /+JHz x 3.1623 x 40
0.1265 uV rms

(1)

Effective system LSB (referred to input) =

Effective system LSB (referred to input)

Effective system LSB (referred to input)

System noise (referred to output) = \/(INA128 output noise)’ X (gain of PSA) + (ADC noise)’

System noise (referred to output)

(INA128 gain) x (PGA gain)

1.007 uV rms
40 x 4
6.295 nV rms

()




INCREASE YOUR REACH

into important wireless markets...
...with WIRELESS SYSTEMS DESIGN.

WIRELESS
SISTEMS DESIGN

Wireless Systems Design is in a class by itself. The first

-
=

design magazine to serve the wirveless industry, it is the

only monthly magazine devoted to the wiveless systems

designer—that engineer tasked with creating some of the hottest new elec-

W ccllular telephones, and wireless data communications systems.
Wiveless Systems Design’s applications-based technical articles

s and product veviews guide these engineers to mavket with

practical, time-saving ideas.

Published since April 1994 Wireless Systems Design reaches more than

. . - WIRELESS — WWIRELESS Y WIRELESS
50,000 design engineers. Starting SIS P SITES DS ST DESIGY

with the April 1996 issue, you can
reach these wireless systems designers

every month. You’ll find move of them

reading Wirveless Systems Deswgn than any other monthly publication.

For advertising rates call Matt Carey National Sales Manager at (201)393-6229

WIRELESS
SYSTEMS DESIGN

FOR DESIGNERS OF COMMUNICATIONS AND COMPUTER SYSTEMS

A PENTON PUBLICATION

611 ROUTE #46 WEST

HASBROUCK HEIGHTS, NJ 07604
TELEPHONE 201-393-6229 FAX 201-393-6297



Low Profile .2" ht.
Surface Mount
Transformers &

Inductors

All PICO surface mount units
utilize materials and methods
to withstand extreme
temperature (220°C) of vapor
phase, IR, and other reflow
procedures without
degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response +2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power Filtering Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

e
Delivery— |
stock to one week |

2 .
il iaste! il____‘ See EEM

or send direct

""" for Free PICO Catalog.
Call toll free 800-431-1064
in NY call 914-738-1400

FAX 914-738-8225
P , CO Electronics, Inc.
143 Sparks Ave., Pelham, N.Y. 10803-1837
£ Mail-HLSC 73A@prodigy-com
READER SERVICE 228

ANALOG OUTLOOK TEMPERATURE MEASUREMENT |

pensive way to sense large tempera-
ture changes in the ranges of 0 to
1700°C. Two dissimilar metals are con-
nected together to construct a ther-
mocouple. An EMF voltage is created
as a result of the temperature differ-
ence from one end of the metals to the
other. The sensitivity of four different
thermocouples is shown (Tuble 3).

The temperature-sensing system
previously illustrated uses a K-type
thermocouple whose sensitivity is
39.44 uV/°C at 0°C and typically oper-
ates over 0 to 1250°C (Fig. 1, again).
The delta output voltage response of
the thermocouple for 0 to 1250°C
would be about 50 mV.

In this circuit, the 2.5-V voltage ref-
erence of the converter biases the
diode and also sets the common-mode
voltage of the inputs and the output
stage reference of the instrumentation
amplifier. The optimal full-scale
INA128 output swing of 2.25 to 4.25V
is achievable with the common mode
of the thermocouple inputs biased to
2.25 V (implemented with resistor
R3). The INA128 output swing re-
strictions dictate that the gain of the
instrumentation amplifier is 40 V/V.
The 1N4148 diode has drift character-
isties of -2 mV/°C. It is physically lo-
cated on the isothermal block along
with wire junctions of Alumel/copper
(135.9 uV/°C at 0°C) and Chromel/cop-
per (96.5mV/°C at 0°C). This offsets
the undesirable temperature effects of
these wire junctions. A voltage di-
vider across the diode (R1 and R2) is
used to subtract the errors generated
by the two junctions of Alumel/copper
and ChromeVl/copper.

The optimum configuration for the
ADS1212 with a data rate of 10 Hz
would be a Turbo (oversampling rate)
setting of 4 and a PGA gain setting of
4. For a 10-Hz data rate and zero in-
put, the effective output RMS noise
level of the ADS1212 would be about
0.975 uV RMS. This is approximately
21-bit accuracy with a full-scale input
range of 2 V. For a full-scale input of 50
mV, which is the voltage range that
the thermocouple is capable of produc-
ing from 0 to 1250°C, the effective res-
olution of that input range is a little
better than 15-bit accurate.

With the INA128 in the circuit con-
figured for a gain of 40, the output
noise of the instrumentation amplifier
is: (see equation 1 listing).

The effective LSB size at the ther-
mocouple is about 6.3 nV RMS. This is
calculated with the following formula:
(see equation 2 listing).

In the system where the INA128
is placed in the signal path, one LSB
for a K-type thermocouple would
equal about 0.157u°C. Note that this
is almost a 40X improvement over
the system with the A-X converter
alone. The ideal effective resolution
of this entire system is approxi-
mately 23 bits RMS to a full-scale in-
put range of 50 mV. Since the con-
verter is capable of only 21-bit
accuracy, it limits the effective reso-
lution of the system to 21 bits with a
full-scale range of 50 mV.,

In general, a combination of PGA
and oversampling of the A-X ADC
should be implemented as a first-pass
attempt to improve system resolution
of the circuit. If additional accuracy or
resolution is required, external analog
gain is a viable option.The finishing
touches of the signal conditioning is
performed by the microcontroller,
where software gain or bit shifting is
used. Using these three techniques or
any combination is an effective way of
tackling the challenging design prob-
lems when dealings with sensor mea-
surements.

Suggested Reading:

* 1996 Burr-Brown Corp. Seminar
Manual, Chapter 1, LI-447, Burr-
Brown Corp.

e “Delta Sigma A/D Conversion Tech-
nique Overview,” AN-10, Crystal
Semiconductor, Corp.

¢ “Programming Tricks for Higher
Conversion Speeds Utilizing Delta
Sigma Converters,” AB-106, Bonnie
C. Baker.

* “Giving A-X Converters a Little
Gain Boost with a Front End Analog
Gain Stage,” AB-107, Bonnie C. Baker.

Bonnie Baker is Senior Applica-
tions Engineer, Data Products Div., at
Burr-Brown. She holds an MSEE
Sfrom the University of Arizona, Tuc-
son.
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PRODUCT INNOVATION

Low-Offset And Low-Power
Universal Op Amps Arrive

A Pair Of Wide-Bandwidth, Low-Power Op Amps
Offer Designers Basic Building Blocks That Can
Play Many Roles In Analog Or Mixed Systems.

Frank Goodenough

classified as the “Year of the Op

Amp.” It all started at the Interna-
tional Solid State Circuits Conference
(ISSCC) this past February with a
number of papers that described some
very innovative op amps. Many of
these devices, however, are still in the
development stage, and will not be ap-
pearing anytime soon on distributors’
shelves. On the other hand, a few am-
plifiers have reached the so-called
merchant market-packing specifica-
tions that may be broad enough to
qualify them for the title of universal
op amp in years to come.

One of these op amps, Motorola’s
MC33502, has already seen the mer-
chant market light-of-day (ELEC-
TRONIC DESIGN, Feb. 17, p. 87). Now,
two more ISSCC ‘97 op amps are
headed for widespread availability.
From Texas Instruments (TI) comes
the TLC4501/02 (single/dual) family,
potentially the ultimate universal pre-
cision op amp for systems powered by
the ac line. It offers self-calibration at
power-up, which cuts the maximum
offset voltage of some models to less
than 50 uV.

A trio of general-purpose, low
power amplifiers from Maxim also are
included in the op amp class of ‘97. The
MAX4162, and its dual and quad sib-
lings, the MAX4163 and MAX4164,
also rate universal status for their
ability to handle a wide range of differ-
ent applications. They offer 200 kHz of
bandwidth at a maximum quiescent
current of a mere 35 pA from a single
5-V rail. Moreover, they couple an
open loop gain of 90 dB with a rail-to-
rail I/0 swing.

A third IC op amp, a power op amp
from Burr-Brown that sports rail-to-
rail /O andisrated at 70 Vand 3 A, also

F or analog designers, 1997 can be

is headed for the merchant market (see
“Power Op Amps Sport Rail-to-Rail
I/OControl Up To 3 A At 70 V,” p. 150).

Both the TLC4501/02 and the
MAX4162/3/4) are in the mold of uni-
versal devices of yesteryear, the OP-
07 and the 324. The OP-07 was noted
for handling precision tasks, while the
324 was known for its general-purpose
and low-power abilities.

The digital self-calibrating
TLC4501 may be the ultimate preci-
sion IC op amp because its forebear-
ers, the chopper stabilized IC op amp
and the analog auto-zero IC op amp,
never really caught on. That may have
been due to the continuous noise from
the chopper, the advent of very-low
offset voltage op amps such as the OP-
07, or the even-lower offset voltage op
amps that followed it. On the other
hand, their high cost may have done
them in. The TI amplifiers offer much
better noise performance than the
older devices. For example, peak-to-
peak input noise from 0.1 to 10 Hz is
less than 1.5 uV (typical).

Op Amp, Heal Thyself

In the simplest of terms, self-cali-
bration in the TLC4501 and its kin oc-
curs during the first 300 ms after
power is applied (F'ig. 1). At power-up,
both op amp input pins are switched to
ground and the negative feedback loop
is opened. During the 300 ms self-cali-
bration period, a successive approxi-
mation (SAR) analog-to-digital con-
verter (ADC) inside the TLC4501
measures the offset voltage and stores
it in a register.

When conversion and storage are
complete, the op amp inputs are recon-
nected and the digital word in the
SAR register representing the offset
voltage is applied to the CAL-DAC

E (Calibration digital-to-analog con-
' verter. It’s also the DAC in the SAR
! ADC.). The CAL-DAC’s output cur-
i rent is applied to the op amps input via
i the current mirror formed by FETs
i M30/M31 (Fig. 1, again). The self-cali-
' bration circuit bucks out the offset to
1 less than 100 uV worst case (offset for
. some family members runs under 40
i uV). Moreover, the offset after calibra-
I tion is repeatable to within 3 pV fol-
! lowing successive calibrations. The
1 circuit handles offsets up to 5 mV.

i Whena calibration (cal) is complete,
» most of the calcircuitry drops out of
' the normal signal path through the op
! amp so that the cal operation and cir-
1 cuits do not interfere with op amp op-
i eration or performance.

:' Generally, a cal is performed only at
' power up, but a “cal-on-command” is
! available and could be required if the
1 system’s initial conditions change with
i time or temperature. However, a cal re-
E quires removing power from the op
' amp for over 300 ms, not a happy
! thought in most systems. To eliminate
i the need for cal-on-command, the basic
i design is optimized for superior dec
i characteristics. As a result, offset volt-
! age drift vs. temperature is less than 1
1 uV/°C, while bias current runs 1 pA,
i CMRR (Common-Mode Rejection Ra-
i tio) is specified at better than 90 dB,
' open-loop gain typically comes in at
! better than 120 dB, and PSRR (Power-
' Supply Rejection Ratio) runs 90 dB.

i Since the precision data acquisition
| systems for which this op amp is aimed
' often see a wide range of dec common-
i mode voltages, a CMRR at dc on the
i order of 120 dB is often necessary.

i While they run off 5-V rails, these
E self-calibrating op amps also offer vir-
' tually rail-to-rail output characteris-
! tics, swinging their output within 100
i mV of either rail. Moreover, they can
i drive loads of less than 1000 Q and
E maximum output current runs 50 mA.
' For short-circuit protection, output
' current cuts off if the load draws +60
i mA or -70 mA for more than 1 us.

i Other TLC4501/02 specifications
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suiting it for universal precision appli-
cations include good ac specifications.
| For example, unlike many precision
op amps, it easily handles high fre-
quency sine waves. Unity gain band-
| width approaches 5 MHz, full-power
bandwidth is rated 1 MHz, and at 10
kHz, THD (total harmonic distortion)
driving 1000 Q with 2.5 V, runs less
| than 0.08%%. It also handles high-
speed pulses. Slew rate is specified at
a minimum of 1.5 V/us, and the output
settles t0 0.01% of final value in 2.2 ps.
The TLC4501/02 are not microp-
ower op amps like the Maxim family of
devices, but they’re not power hogs,
e . .
| either. A single op amp typically re-
quires just 1.5 mA from a 5-V supply.

Digitally-Compatible CMOS
The TLC4501/02 amplifiers are
built on a 1-um digital CMOS process.
They use no bipolar transistors or
JFETs (Fig. 1, again). They represent

a general purpose precision op amp
that can be incorporated in a mixed-
signal “system-on-a-chip.” Alterna-
tively, both the technology and the ar-
chitecture lend themselves to a
custom system-oriented design that
can correct for system offsets, and/or
cal-on-command.

To achieve high performance, TI's
IC design team chose a three-stage
topology with two gain stages fol-
lowed by the rail-to-rail complemen-
tary common source class AB output
stage (Fig. 1, again). To maximize
CMRR, the input MOSFET pair, M1
and M2, are cascoded by MOSFETs
M5 and M6. The extra FET input pair,
M3 and M4 bypass the 2nd amplifier
stage at high frequencies to improve
closed-loop stability. This typical ana-
log circuit-design “trick” mandates
matching the transconductance of M1
and M2 with that of M3 and M4.

MOSFET switches the M12 and

M13 output node into a high imped-
ance state during cal. The full-scale
output current from the CAL DAC
runs about 10% of the input FET ‘s
“tail” current. It modulates the cur-
rent in each input FET to adjust the
offset. As noted earlier, during cal, the
op amp is completely removed from
the signal path. The output transistors
(M10 and M11) are cut from the power
rails leaving the output floating while
the small replica FETs (M20 and M21)
provide the op amps’ output signal to
the CAL circuit. Compensation capac-
itors Cel, Cce2, and Ce3 are no longer
required because the feedback loop is
open. The op amp runs open loop and
acts as the ADC'’s comparator.

figure) runs the SAR algorithm dur-
ing cal. As the offset voltage ap-
proaches zero, the op amp enters its
linear operating range. Due to the cir-
cuit’s high gain and wide bandwidth,

An on-chip RC oscillator (bottom of
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1. An on-chip SAR-ADC performs self calibration in the TLC4502 op amp at power up. It measures the IC's offset voltage, stores it digitally in a
register and when calibration is complete, applies it to the CAL DAC the output of which nulls the input offset voltage via current mirror M30/M31.
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high-frequency noise may
drive the output from rail-to- Vs O *
rail, potentially limiting the 1
accuracy of the offset, nulling =
operation. To eliminate this 'a°;:"":' m"’.?s‘m"
problem, the IC’s designers ’
inserted a low-pass filter, fol- VB+
lowed by a Schmitt trigger, ' 55 |
between the op amp’s output o— Opamp Output
and the SAR. Input | input 2nd stage p
o—{ slage age
Micropower R-R 1/0O * =]
Most op amps today per- VB~
form tasks that a few years Negative
ago would have been done by 0 pump W;‘g"‘"’
an amplifier built with a cou-
ple of discrete transistors. V- {
Now, it's easier, quicker, _l’__c *
and—from a system point of =
view—cheaper to just buy an

—O Output

uses n-type transistors (npns
or n-channel FETs). The n-
type devices handle input sig-
nals more positive than the
plus rail, the p-type devices
take on signals more negative
than the minus rail.

All of these op amps per-
form their basic task of pro-
viding a rail-to-rail input.
However, most early ampli-
fiers suffered from severe
crossover distortion around
zero. That is, as operation
shifted between p- and n-type
devices, offset voltage often
changed significantly at the
shift point. Newer rail-to-rail
input op amps call for trim-
ming the offsets of both input

op amp, drop it in, and forget
about any circuit design. And
most applications require
just a few dB, or at most tens
of dB, of gain at frequencies between
dc and a few tens of kilohertz.

In the days of split-V supply rails,
the 741 and the 324 could easily drive
1000-Q loads with a few volts (peak-to-
peak). Today, as supply rails drop in
both voltage and quantity (no more
split supplies), and low-power
portable systems abound, designers
demand single-supply, micropower,
general-purpose op amps that offer
rail-to-rail input and output while dri-
ving a practical load. And the Maxim
MAX4162 op amp family handles
those applications well.

These devices offer the analog sys-
tem designer, who must beg for every
pA of supply current, a device for
many general-purpose op amp appli-
cations. For example, while aimed at
portable systems, a few of these op
amps could drop into a line powered
system, upgrading it (or fixing a mis-
take) without demanding a review of
the power budget. Not only do they of-
fer a unity-gain bandwidth of 200 kHz,
but they provide this bandwidth at a
maximum quiescent current of just 35
MA from a single 5-V rail.

Asifthat were not enough, these op
amps offer rail-to-rail input and output
from either a single 2.7- to 10-V rail or
a split supply (1.35 V to 5 V). That is,
the specification calls for a CMRR of
76 dB for input voltages from 0.25 V
below the minus rail to 0.25 V above
the plus rail. The output typically

swings to within 30 mV of the plus rail
and to within 18 mV of the minus rail.

Operating conditions for the previ-
ous specifications and those that fol-
low occur while running off a 3-V rail
with a 10-kQ2 load connected to 1.5 V.
Typically, while putting out 1.4 mA,
the output can still swing to within 150
mV of the plus rail and closer than 250
mV to the minus rail. Maximum out-
put (short-circuit current) runs 15 mA.

The op amp’s designer did not sac-
rifice basic op amp specifications to
achieve wide-bandwidth, and rail-to-
rail I/0 coupled with single-supply
micropower operation. That is, it’s a
“real” op amp. Typical offset voltage
is rated at less than 1 mV, offset tem-
perature coefficient is less than 2
uV/°C, and open loop gain is better
than 100 dB.

Pumping Charge

Over the past few years, a number of
analog IC op amp designers have taken
on the challenge of coming up with a de-
vice whose input could swing beyond
both rails, Early attempts were in bipo-
lar processes, and more recently—as
high-performance CMOS op amps be-
came popular—in CMOS. To achieve
rail-to-rail inputs, IC designers, using
both processes, created two relatively
conventional long-tailed pair (differen-
tial) input stages operating in parallel.
One stage uses p-type transistors
(pnps or p-channel FETs) the other

2. A pair of charge pumps (Q pumps) in the MAX4162 provide the op
amp with rail-to-rail input specifications by boosting the plus and minus
supply rails (V+ and V-) by approximately 2 V.

stages closely to zero to beat
the problem (an expensive
process). In a more recent at-
tack on the problem, the de-
signer substituted an n-channel deple-
tion-mode FET for the p-channel
FET, thus demanding a nonstandard
CMOS process.

The designer of the MAX4162 fam-
ily took a different tack. He kept a con-
ventional differential input stage but
added a pair of charge pumps (Q
pumps) that produce VB+ and VB-
(Fig. 2). The regulated output of the
two charge pumps raise the supply
voltages for the input stage, the
folded-cascode second stage and the
gate-drive voltage for the output (3rd)
stage, approximately 2 V above and
below the signal-referenced supply
rails, V+ and V- which tie to the op
amp’s pins.

That is, if operating from a single 3-
V supply, the plus and minus supply
rails for the op amp’s first two stages
sit at +5 V and-2 V, respectively. In ad-
dition, the gate drive (gate-to-source
voltage) for the plus and minus output
stages can be greater than their drain-
to-source voltage.

If a designer is familiar with charge
pumps, it’s the obvious way to provide
an op amp with rail-to-rail input speci-
fications. But it’s not easy to put Q-
pumps on a chip with an op amp. It has
been tried before, albeit unsuccess-
fully, because the noise developed by
the pumps when they switch the input
supply rails can become a major prob-
lem. In these op amps, the switching
noise appears on the boosted supply
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rails, but only 100 uV of it rides on the
op amp’s output.

The op amp’s 200 kHz unity-gain-
bandwidth also helps eliminate that
noise problem. That’s because the
noise typically runs between 500 and
700 kHz, well beyond the op amp'’s
bandwidth. Moreover, it’s coherent, so
it can be filtered from a signal simply
by adding a capacitor in parallel with
the feedback resistor.

The noise also is output-related and
does not change with closed-loop op
amp gain. A low-pass filter between
the output of each pump and each
boosted supply rail helps keep the
noise on the op amp’s output below 100
uV. Most op amps boasting of rail-to-
rail outputs employ gain in the third
(output) stage, taking the output from
the common collectors or drains of
complementary output transistors.
Such op amps with three gain stages
are more difficult to compensate. In-
stead, the Q-pumps contribute to the
op amp's rail-to-rail output perfor-
mance. As noted earlier, they increase
the gate-drive voltage of the common-
source connected, output-stage MOS-
FETs, thus turning them on harder
with smaller signals.

PRICE AND AVAILABILITY

Heeding its broad general application, as
well as its aim at portable applications,
Maxim’s MAX,162 has been crammed into a
tiny 5-pin SOT-23-5 and also into the more
common SO-8 package. It operates over the
“extended” imdustrial temperature range of -
40 to +85°C. It runs with as much as 10 'V be-
tween its supply pins. In quantities of 1000,
pricing starts at $0.75 each. In similar quanti-
ties, the dual MAX4163 goes for $1.20 each,
while its quad sibling the MAX 164 goes for
$2.10 each (that’s less than 53 cents per op
amp). Small quantities are available from
stock.

Maxim Integrated Products, 120 San
Gabriel Dr., Sunnyvale, Calif., (408) 737-7600.

The dual version of Texas Instruments
self-calibrating op amp the TLC4502 comes in
the common 8-pin SOIC. In quantities of
1000, the C version, which offers a macimum
offset voltage of 100 mV and operates over the
commercial temperature range, goes for $1.18
each. Small quantities of the single, dual, and
quad versions are available from stock.

Texas Instruments Inc. Semiconductor
Group. SC-96061, Literature Response Cen-
ter, PO. Bor 172228, Denver, CO 80217; (800)

477-8924, ext. 4500. CIRCLE 551
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1 don'’t know doctor, ever
I've been seemng double!!

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

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

Call (708) 690-0010
Peter Roskam
Executive Director

E L

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

Excess inventory today...student opportunity tomorrow
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ANALOG OUTLOOK

Frank Goodenough

hen most system designers
Wthink power ICs, they think
switching devices such as sim-
ple MOSFETS with self-protection fea-
tures, high-voltage MOSFET drivers
(virtually all of which sport on-chip self-
protection), pulse-width-modulated
(PWM) motor drivers, complete PWM
switching regulators, or even linear-
voltage regulators such as the low-
dropout (LDO) regulator. However,
there is another kind of linear-power IC,
the power op amp. And a pair of op amps
from Burr-Brown, the OPA547 and
OPAB548, are truly power ICs (Fig. 1).
However, most power op amps lack
features that users of many small-sig-
nal op amps today take for granted. But
Burr-Brown’s OPA547 and OPA5481
offer three such features:
¢ Single-supply operation. These
ICs operate with the positive supply

PRODUCT INNOVATION

Power Op Amps Sport Rail-to-Rail
1/0 Control UpTo 3AAt 70 V

General-Purpose Power ICs Handle 0.5 A
And 3 A, Driving 22 Q And 136 2 While
Operating From A Single 70-V Supply.

rail anywhere between 8 V and 70 V, if
the negative supply railisat 0 V.

e Rail-to-rail input. The input com-
mom-mode voltage can swing from
100 mV below the negative rail to
within 8 V of the positive rail and still
perform in a linear mode while provid-
ing a common-mode rejection ratio
(CMRR) of 80 dB.

e Rail-to-rail output. While continu-
ously putting out 3 A, the OPA548’s
output can swing from 3.5 V above the
negative rail to 3.7 V below the positive
rail. While continuously putting out 500
mA, its lower-power sibling, the
OPA547, can swing its output from 1.6
V above the negative rail to 2.2 V below
the positive rail.

Both the OPA547 and OPA548 also
offer the system designer two fea-
tures not found in most power op
amps: A programmable current limit,

1. The M§ po\ﬁer tromsistors in the Burr-Brown OPA547 op amp (large blocks) each consist of
120 individual BJTs, each with an emitter ballast resistor.
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and a shutdown pin that also indicates
the status of the on-chip thermal shut-
down circuit.

Aimed at applications ranging from
low-power, programmable power sup-
plies and servo-motor drivers to audio
amplifiers, these are real op amps. Nei-
ther dc nor ac specifications have been
sacrificed to achieve operation from a
single-supply rail and provide rail-to-
rail I/O. For example, while operating
from split +35-V supply rails, both op
amps sport a maximum offset voltage
of +5 mV that varies just 25 uv/°C,
and a typical voltage noise of 90
nV/VHz. While driving 10 Q with 60 V
p-p, the 3-A OPA548 features a typical
open-loop gain of 90 dB, a typical gain-
bandwidth product of 1 MHz at a gain
of 1, a slew rate of 10 V/us, typical full-
power bandwidth of 54 kHz, and total
harmonic distortion (THD) at 1 kHz of
0.05%. Its 500-mA sibling, the OPA547,
offers similar or better performance.
While the continuous current rating of
the OPA548 runs 3 A, the chip handles
peak output currents of 5 A. The 500-
mA OPA547 handles peaks of 750 mA.

As noted above, conventional split-
supply operation also is possible. But it
need not split at 35 V, because both op
amps operate with as little as 8 V be-
tween the supply pins. The positive rail
could be set at 65 V and the negative
rail at -5 V, or vice-versa. Alternatively,
the devices can still run in a digital sys-
tem if powered from a 3.3-V logic rail
and a negative ECL rail.

Quiescent current draw under no
load conditions is not a critical issue.
Still, it’s less than +12 mA maximum
and that typically drops to 4 mA during
thermal shutdown.

Fancy Features

Both the OPA547 and OPA548 offer
the system designer several features
not found on all power op amps. These
include a DAC/resistor programmable
current limit and a shutdown (or out-
put-enable) pin that also displays the
status of the on-chip automatic thermal
shutdown circuit. The automatic ther-
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Slew
enhancement
__| Thermal Positive
\L shutdown I-limit set
Input \1 —‘—]
) ’_l I'_‘ it —O Output
< 1{
I-limit-set
voltage
reference Negative
1-limit set
3.6 KQ§
A ¢ * * . l *—O _y {0V
o) o )
Status/output Current-
enable limit set

2. The Burr-Brown OPA547 op amp sports user-programmable current limits which can be set digitally by connecting a voltage or current DAC to
the current-limit-set pin. The status of the thermal shutdown circuit is another feature available to users.

mal shutodwn cireuit is mandatory to-
day on power ICs of all flavors.(Fig. 2).

Connecting a voltage or current
DAC (or a resistor tied to the negative
rail) to either chip’s current-limit-set
pin lets the user program the current
limit digitally with a DAC (referenced
to the negative rail). Alternatively, the
user sets a fixed current with a resistor
connected to the negative rail. Tables
on the data sheets define the resistor
| value, or the DAC current or voltage,
for a wide range of currents between 0
and currents above each chip’s rated
current. Leaving the pin open cuts the
current off at zero. Connecting it to the
negative rail sets the OPA547 current
at 750 mA and the OPA548 current at 5
A, limiting their peak currents.

The 31.6 k€ resistor located between
the current-limit-set pin and the I-limit-
set voltage reference is trimmed to pro-
vide those maximum current limits
(Fig. 2, again). The positive and nega-
tive I-limit-set circuit blocks cut off the
drive tothe npn output stages when the
current limit is reached.

During normal operation, the dual-
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function Status/Output-Enable pin
normally sits at least 2.4 V above the
negative rail. It can be left open or
pulled to that voltage. Pulling the pin
low (to at least 800 mV above the nega-
tive rail) disables the output in under 10
ps. The thermal shutdown cireuit goes
into operation when the die tempera-
ture hits approximately 160°C. It re-
sets when the die has cooled to 140°C.
The voltage on the status pin drops to
800 mV above the negative rail when
the thermal shutdown signal kicks in.
Note that all voltages on the
Status/Output-Enable pin are refer-
enced to the negative rail. If these op
amps are running off a single positive
supply (with the negative rail con-
nected to 0 V), their logic voltages are
compatible with most of today’s logic.
However if the op amps are running off
split or negative supplies, the negative
rail may be -70 V. In that case, special
circuits (provided on the data sheet)
will be required to interface with any
conventional logic (optical isolators
may be the simplest way).

The op amps are built on a 70-V bipo-
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lar process that allows vertical npn and |
lateral pnp transistors, as well as p- |
channel JFETs. The OPA547 and
OPA548 differ chiefly in the size of their
output transistors. The OPA547’s out- |
put transistors take up a little less than
half the die while those in the OPA548
take up about 70% of its die. Each of the
npn output transistors in the OPA547
consists of an array of 120 individual
transistors, each with its own emitter-
ballast resistor (Fig. I again).
PRICE AND AVAILABILITY

The OPA347 and OPA5S come in the stag-
gered-lead, 7-pin, TO-220 package and the 7-
lead DDPAK for surface mounting. Their
specifications hold over the extended indus-
trial temperature range and they can operate
over the military temperature range. In quan-
tities of 1000, the OPA557s go for $5.09 each. In
similar quantities, the OPA543s are priced at
$5.45 each.

Burr-Brown Corp.. P.O.Box 11500, Tuc-
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Our Broad Range of Oscillator Capabilities
Continues To Demonstrate the Breadth Of
Our In-House Standard.

Features
*Small Size
«Stratum 11l Frequency Stability
e Temperature Compensated
Voltage Controlled Crystal
Oscillator for Phase Lock
Applications
«Custom Design Available
Specifications
Oscillator Type:
Temperature Compensated
Voltage Controlled
Crystal Oscillator
Frequency Range:
8.192 10 24.00 MHz
Output:
TTL (1-2 gate drive capability)
Temp. Stability:
+0.37 ppm maximum over
0 Cto +70" C to include Power
Supply changes
Aging:
2.5 ppm maximum for 10 years
Voltage Control:
+10 ppm minimum
+15 ppm maximum
\¢ Range +0 volts 1o +4.0 volts
Positive Slope
10% linearity maximum
Power Supply:
+5.0 Vdc +5% 13 mA maximum
Case Size:
0.990" x 0.915" x 0.500"
all maximum dimensions
Web Address Direct-To-Product:
www.bliley.com tv72a.htm

Featuwes
*Smuall size, low cost Stratum [V
Frequency Stability
»\oltage Controlled Crystal
Oscillator for Phase Lock
Applications
»Custom Design Available
Specifications
Oscillator Type:
Voltage Controlled
Crystal Oscillator
Frequency Range:
500 kHz to 50 MHz
Output:
CMOS/ TTL compatible
(can drive either)
Temp. Stability:
+30 ppm maximum
over-10 Cto +70 C
Aging:
10 ppm maximum for 10 years
Voltage Control:
+50 ppm typical or
+150 ppm typical
(to be specified)
Ve Range +0.5 volts to +4.5 volts
Positive Slope
Vc Linearity:
<10%
Power Supply:
+5.0 Vdc +5% 30 mA maximum
Case Size:
0.820" x 0.520" x 0.200"
all maximum dimensions
Web Address Direct-To-Product:
www.bliley.com/v79a.htm

TV72A (TCVCXO V79A (VCXO I cTsA o) |

Specifications
Oscillator Type:

Crystal Clock Oscillator
Frequency Range:

500 kHz to 45 MHz

Output:
TTL CMOS
(can drive either)

Temp. Stability:
+30 ppm maximum
over -10" Cto +85° C

Storage Temperature:
-55Cto +125C

Aging:
10 ppm maximum for 10 years

Power Supply:
+3.0 Vdc and +5.0 Vdc
Specify either +3.0 Vdc or
+5.0 Vide
Symmetry:
50% +10%
Logic:
“0" level .5 V maximum
“1" level 2.4 V' minimum
Case Size:
0.520" x 0.520" x 0.235"
all maximum dimensions

Web Address

Direct-To-Product:
www.bliley.com/c74a.him

The Bliley standard of dynamic, single-source capability is a tradition of consistency
- in performance, specifications, reliability and engineering service. Visit our world-wide website for
an interactive review of Bliley crystal oscillators and quartz crystals.

BLILEY ELECTRIC COMPANY

2545 West Grandview Boulevard, P.O. Box 3428 Erie, PA 16508-0428

Tel.: (814) 838-3571 Fax: (814) 833-2712 E-Mail: info@bliley.com

Web Address: hitp://swww.bliley.com

READER SERVICE 101




M Exploring the world of operating sysfems, programmi;g languages,
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and software tools

Optimizing Compiler Technology
Streamlines Complex Systems

Embedded Applications Are Driving The Evolution Of Optimizing Comptlers
That Speed Up Software Development And Simplify Code Debugging.

RAJIV DEODHAR, Intel Corporation, 5000 West Chandler Blvd., Chandler, AZ 85226, MS CH6-418, (602) 554-3929

compilers have made assembler

language programming necessary
only to access special processor in-
structions. Compiler technology con-
tinues to advance, bringing with it ad-
vantages for embedded-software
applications for mainstream proces-
sors that will be brought to market in
the near term.

A complete software development
environment consists of a compiler, as-
sembler, linker and debugger;, object-
module display tools, debug informa-
tion stripper, source editor and
browsel, “make” or other project man-
agement facility, and object-code li-
braries. Desktop environments such
as those from Microsoft or Borland are
tightly integrated. They feature a rich,
interactive, fully integrated set of de-
| velopment tools, all accessed from a
single graphical user interface. Tem-
plates for standard functions are of-
fered. The editor is language-aware,
and guides the user into the most ap-
propriate context for editing his or her
program.

The usey interfaces of environ-
ments used for embedded develop-
ment still lag their desktop counter-
parts, but they do offer support for a
wider variety of execution environ-
ments. Embedded development is al-
most always cross-compilation. The
compilation system runs on a host sys-
tem, and the program being developed
is intended to run on an embedded
CPU in a custom execution environ-
ment. The challenge is to make the

Today’s high-quality optimizing
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bridge from host to target invisible. A |
seamless connection between host and
target boosts productivity more than
a slick environment on the host. Code
compiled and linked on the host should
be conveniently downloaded to the
target. The host-side debugger should
be able to readily examine and modify
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code and data using symbolic notation.

COMPILER OPTIMIZATION TECHNIQUES

! Function-
level

Optimization Local

Peephole optimization v

Tail-call elimination

Memory-access coalescing
Constant folding and
propagation

Common subexpression
elimination

Strength reduction
Loop-invariant code motion
Instruction scheduling
Dead/unreachable code
elimination

Register allocation

NI SN LS IN N ARG LGN

P_arz;meter passiné in
registers
Branch optimizations
Va}iablé I‘i;/;-_tl;;c;secr)arét}or:
Global variable migration to
registers
Loor;Jnrolling
Function inlining
| Superi)lock formation

Basic block rearrangement

SIS SINISN| S SN SININISE SE S

Compilers for embedded develop-
ment are based on the same technol-
ogy as desktop and workstation envi-
ronments. However, they are required
to provide better access to the hard-
ware. The following nine compiler fea-
tures are common:

» Robust support for writing in-line
assembler within high-level language

Profile-
driven

Program-

File-level wide
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SOFTWARE TECHNOLOGY EMBEDDED COMPILERS |

functions for performance-critical
code or providing access to specialized
hardware.

e Correct implementation of the
volatile keyword in the presence of
compiler optimizations so that hard-
ware registers may be accessed and
modified reliably.

¢ The ability to create position-in-

mizing for one usually penalizes the
other. This fradeoffis particularly true
for RISC processors. Most compilers
offer switches for selecting code space
or run time as the overriding consider-
ation during optimization.
Application run-time performance
is usually the chief concern of the de-
signer, but sometimes, particularly in

execute it. Naturally this is slow, but
the expectation is that such functions
are rarely executed.

Most designers are willing to trade
some memory space for enhanced per-
formance. As the size of the source-
code window examined by the com-
piler is expanded, optimizations
improve because the compiler can

make more informed deci-

dependent code when a mem-
ory-management unit is un-

sions. Unfortunately, compile

time and memory require-
ments make it impractical to
always examine the largest

possible window. As the
source code window expands,

compiler algorithms take
ever longer to run, in the
worst case, taking exponen-

tially as much time as the size
of the window. File bound-

aries form another barrier.
When a compiler begins look-
ing across source files to gen-
erate code, dependencies be-

tween source files are

introduced. A change in one
file may require recompila-
tion of other files.

An added dimension comes

available.

« Support for thread-spe- A :
cific or task-specific data sec- L i
tions to enable creation of
reentrant programs. (_J

¢ Facilities for burning
code into ROM. B

e Direct support in the 9 9
compiler for writing inter-
rupt routines. J Vo

¢ Well-defined Application
Binary Interfaces and object ¢ )
module format standards to 1 100
allow interoperability of de-
velopment tools from inde- AR
pendent vendors.

e The ability to interface 0 ¢
with real-time operating sys- 100 1
tems.

» The ability to customize (a) (b)

structure layouts and align-

from introducing run-time
profile information into the

ments of data objects.

There are many categories
of programming languages:
functional languages de-
signed for symbol manipula-
tion, interpretive languages
such as awk and perl, lan-
guages designed for set manipulation,
parallel programming languages, and
so on. C and C++ are likely to domi-
nate embedded software development
for the foreseeable future. Java has
just appeared on the horizon. It
promises many of the benefits of C++,
and is vastly simpler. There is tremen-
dous appeal in creating a universally
executable program using Java. How-
ever, it is uncertain if Java’s operating
environment is viable. The perfor-
mance hit from interpretation and the
additional development and debug-
ging issues raised by adding an inter-
preter to the mix make it hard to pre-
dict the final acceptance of Java.

Optimization Expectations

An application designer may be
more concerned with either speed or
memory space. Unfortunately, opti-

cost-sensitive embedded applica-
tions, speed may have to be traded
for memory. Frequently, using less
memory simply means avoiding opti-
mizations that offer speed ups, but in-
crease code size.

An extreme example of code space
reduction is offered by some compila-
tion systems that generate com-
pressed machine code. The program-
mer designates which funections in his
program are not time critical (such as
error-handling functions), and the
compiler or linker compresses the ma-
chine code generated for the functions.
The compiler generates special code
for calling compressed functions. In-
stead of transferring control to a com-
pressed function, an intermediate rou-
tine is called. The routine expands the
code of the function (possibly on the
stack), before jumping into the code to

1. In a basic block-rearrangement scheme, code block C is executed far
fewer times than blocks A, B, and D (a). If the compiler has profile
information on the relative usage of each block, it can move a seldom-
executed block of code so that it is not in the sequence with
frequently-executed blocks (b). The cluster of frequently-executed
instructions can then run more efficiently.

optimization process. The
compiler may tailor its opti-
mizations based on a run-
time profile.

Compiler Optimizations

Constant Folding and Propa-
gation—Programmers rarely write
expressions containing only constants,
but constant expressions arise from
the use of symbolic constants. Con-
stant folding occurs when the compiler
recognizes expressions with constant
operands and performs the computa-
tion at compile time. Constant propa-
gation takes known constant values of
variables and substitutes them into
later references to the variables. The
two techniques feed on each other.
Folding can lead to recognition of vari-
ables with constant values, and propa-
gation can yield more folding opportu-
nities.

Common Subexpression Elimina-
tion—This optimization recognizes
and eliminates repeated occurrences
of the same computation. After a re-
sult has been computed it is saved in a
register (if available) or memory, and
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NEW S0T-23 Tiny Package Amps from
the High Performance Amplifier Leader
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SOT-23 SO-8
EL2150C 125 MHz EL2170C 70 MHz EL2180C 250 MHz
5 mA, Single Supply Amp 1 mA, Current Mode Amp 3 mA, Current Mode Amp
* +3V to 6V Operation * +3V to +6V Operation * +3V to 6V Operation
* Input/Output — Common * 100 mA Output Current * 1200 V/us Slew Rate
Mode to Ground * $1.90 in 1,000 units * $1.99 in 1,000 units

¢ $2.29 in 1,000 units
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reused when needed later. Most pro-
grammers avoid common subexpres-
sions, but they can arise from behind-
the-scenes code generation for array
or structure member references.

Loop-invariant Code Motion—In
this technique the compiler systemati-
cally examines every loop in the pro-
gram and moves sub-expressions that
do not change inside the loop to a point
outside the loop where they are com-
puted only once.

Strength Reduction—Strength re-
duction seeks to replace expensive op-
erations with cheaper ones. For in-
stance, a multiply or divide by a power
of two may be converted to shift-left
or shift-right. Array indexing within a
loop may be replaced by a pointer that
is incremented with each loop iteration.

Function Inlining—Function in-
lining is the process of replacing the
body of a function at its point of call.
An immediate saving occurs by elimi-
nating the call-return overhead. Fur-
ther speed improvement is obtained
from elimination of unnecessary
checks as described in dead code re-
moval, below. A more subtle, but mea-
surable speed up is derived from im-
proved use of the instruction cache.

Dead Code Removal—This opti-
mization removes code that cannot be
reached or performs no useful compu-
tation. Dead code may occur from
maintenance performed on the pro-
gram. It also may be caused by opti-
mizations such as function inlining
coupled with constant propagation.
For example, a function may check a

parameter value and perform one of
several possible actions. At some point
the function may be called with a con-
stant parameter value. If the function
is inlined, the constant parameter
flows into the function body and allows
the compiler to strip away all code ex-
cept that which handles the case se-
lected by the constant value.

Instruction Scheduling—For su-
perscalar processors or even proces-
sors with queued-memory accesses,
rearranging instructions to maxi-
mize parallelism speeds up program
execution.

Register Allocation—Holding val-
ues in registers is faster than reading
and writing values from memory. Effi-
cient allocation of available machine
registers is an important compiler op-
timization. A programmer coding in
assembler language can manage ma-
chine registers quite effectively up to
a certain code size and complexity. Be-
yond that, a compiler is better
equipped to optimize scarce register
resources.

Peephole Optimization—This opti-
mization consists of minor touch-ups
to the code within a two or three-in-
struction window. For instance, two
adjacent instructions may be com-
bined into a single, more complex in-
struction. Separate compare and
branch instructions can be merged
into a single compare-and-branch in-
struction.

Processor-specific Optimizations—
As the name implies, these are specific
to a particular processor, and may

range from simple peephole optimiza-
tions to specialized instructions to per-
form complex operations. For in-
stance, using a block-move instruction
to replace a call to “memepy.”

Loop Unrolling—This technique
reduces the cost of setting up a loop
relative to performing useful work
within it. By replicating the body of
the loop multiple times, the number of
iterations of the loop is reduced, low-
ering the number of instructions
wasted in managing the loop itself.

A summary of optimization tech-
niques categorized by the source code
examined is given in the table. Some
optimizations are feasible only when
profile information is available. Others
are improved by profile information.

Performance Profiling

The ability to profile application
programs is included in most compila-
tion systems. Profiling is either statis-
tical or precise. Statistical profiling is
less intrusive, but the information is
approximate. Precise profiling is in-
trusive, but yields better information.

Statistical profiling uses a periodic
timer interrupt. The code space of the
program is divided into equal sized
buckets with a counter associated
with each bucket. At each timer tick
the program counter value is used to
select the associated bucket and its
counter is incremented. Running the
program for a sufficient length of time
produces a statistical program profile.
The data is typically displayed as a his-
togram of source function versus time.
This profile is useful in identi-

fying hot spots in the program
for hand-tuning. However,
since the hierarchy of function
calls is not captured, a low-
level utility routine may show
up as heavily executed, with no
indication of which higher-
level routine is causing the fre-

quent execution.

Some compilation systems

(a) (b)

offer a compiler-code genera-
tion option that generates ex-

| ‘
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B C \
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w b

tra code to collect execution
counts. A simple approach
places code to increment a

2. In superblock formation, the compiler replicates certain blocks and trades an increase in code size for
larger blocks of code that can be optimized more effectively. Since block C executes fewer times than
block B (a), the compiler moves C out of the loop in a series of steps. A new block, D’, is cloned from
block D (b). And from D’, an new empty block, H, is created that permits C to be moved out and a

superblock to optimize the sequence of instructions (c).

counter in each basic block.
More sophisticated compilers
select a strategic subset of ba-
sic blocks from which complete
and precise execution counts of
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all basic blocks may be derived. In ei-
ther case, this approach is intrusive in
that both the code and data size of the
program increase. However, the pro-
file collected is precise. The execution
counts of each source statement are
precisely known for that run. The pro-
file information may be used in several
ways: it can assist the programmer in
identifying which parts of the pro-
gram to hand-tune, it can yield test
coverage information, or it can be au-
tomatically fed back to the compiler to
guide its optimizations. Functions or
blocks that are never executed be-
come immediate candidates for being
exercised through new tests.

A variation on precise profiling is
user-instrumented profiling. The com-
piler does not insert any probes on its
own. It requires the user to insert
probes at points in the program that
are of interest. The program is exe-
cuted as usual and each hit of a probe
is coun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>