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Shift to a new level of performance with
Altera’s high-speed FLEX 10K-2 devices.

Altera has taken the highest density programmable
logic family to the next level of performance.
Now you can shift even more of your gate array
designs to FLEX® 10K programmable logic

The fast track just got faster.

The combination of a continuous FastTrack™ Interconnect and a
unique embedded array architecture ensures the optimum level
of FLEX 10K performance. The new 0.35-micron FLEX 10K-2

devices and the MAX+PLUS® 1l version 8.1 software combine to
provide performance improvements of up to 40%.

Performance |
Device Gates Logic Elements | Embedded RAM | Improvement* | Supply Voltage
| EPF10K30A 30,000 1,728 12 Kbits 0% | 33V
EPF10K50V 50,000 2,880 20 Kbits 40% 33V
EPF10K70 70,000 3,144 18 Kbits 2% 50V
EPF10K100A| 100,000 4,992 24 Kbits 35% 33V
EPF10K130V| 130,000 6,656

32 Kbits 38% 33V

*Estimated performance with -2 speed grade using MAX+PLUS )l v 8 1 compared to -3 speed grade using MAX

Setting the pace with low power and packaging options.

FLEX 10K-2 lets you choose 5.0 V or 3.3 V supply voltage and
numerous package options to fit your design needs.

Accelerate your design process with MAX+PLUS II.

Our easy-to-use MAX+PLUS Il development tools have been
optimized for greater design flexibility and seamless comaatibility
with leading EDA design systems. And, MAX+PLUS 1l offers
compilation times of under 30 minutes for most designs, further
speeding the design process.

It's time to shift gears.
Experience the industry-leading FLEX 10K-2 density and
performance. Visit the Altera web site to download

Device Model Files that support FLEX 10K-2 devices
and to order a free literature pack.

A |

WWW.,
altera
“«.' .com/shift

(800)-9-ALTERA




- Instant relief for your
~ (Gigabit designs.

With HP’s 10 bit transceiver
ICs, you’re assured reliable,
high-performance serialization
for your Gigabit applications—
whenever you need it.

Let’s face it: designing gigabit applications
is not always easy. But whether it's Gigabit
Ethernet, Fibre Channel, or backplane
serialization now there’s one less thing
you have to worry about.

That’s because with HP’s new 10-bit
serializer/deserializer (SerDes) ICs, you
have the comfort of knowing you're
getting the highest spec margins in the
industry. The most reliable products on
the market. And—thanks to our volume
manufacturing capabilities—immediate
availability, in the quantities you need.

HP’s transceiver ICs offer the lowest
available power dissipation at 3.3V
operation, along with superior jitter
performance, voltage supply noise
rejection, and receiver latency. Not only
that, an onchip equalizer provides im-
proved distance performance, while our
proven, low-cost silicon bipolar manufac-
turing process assures high reliability.

All HP transceiver ICs come with our
superior quality, responsive distributor
service, and helpful applications support.
The result is that you'll be able to design
SerDes functionality into your products
much more quickly and efficiently.
Which—as you move to the more difficult
challenges-—should come as quite a relief.

K

HEWLETT®
PACKARD
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All the relief you
need is now avail-
able on-line! Visit
our website at
www.hp.com/info/
serdes for technical
literature and
information on
ordering evaluation
boards and
product
samples.

Or call
1-800-537-7715,
ext. 9957.

In Latin America call
Miami, Florida - U.S.A. at
305-265-6086
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TRYING TO

CRACK THE CODE IN

WIRELESS
LOCAL LOOP?

WE CAN HELP.

To swiftly deliver telephone service throughout the
world, Wireless Local Loop is one of the most
promising solutions available. And AMD silicon is
helping companies implement that technology.
Whether you're working in high-density urban areas
or remote rural locations, AMD can supply the
essential silicon building blocks for most WLL
applications. In fact, most of today’s WLL systems
incorporate many of AMD’s silicon products,
such as Ringing SLIC line interface circuits and
DSLAC® Codec Filters, flash memory, embedded
processors and baseband controllers for DECT and

CT2. To connect with AMD, call us, or visit our website.

1-800-222-9323 http:// www.amd.com
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AMD silicon is at the
heart of many new

telecommunications

applications like
Wireless Local Loop

Want to find out
how AMD car

you develop Wireless
Local Loop solutions
and other telecommur
cations applications?
Just ask for our free

brochure.

AMDZN
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It takes an ultra-high quality frequency mixer to keep up with the ~ MOPE- Az LOL L Loss O L0 _lehatio)
rigorous demands of today's wireless communication markets. j:;g s i e e s = gi’:
That's why Mini-Circuits designed the all-ceramic, all-welded JMS %" © B = 4 ,,f’ ;“;;:, s Lut
and LRMS mixers for cellular, PCS and GPS applications. Every  Jus-iH N -500 DC-5 590 50 50 11.45
model is performance engineered to provide wide band coverage, IMS 2L 3 1 DC-2 24 2 7.45
while LO levels for the group range from +3dBm to +17dBm with IMS +7 20-1000  DC-1000 7.0 50 47 7.4f
low 6.0dB (typ) conversion loss. These value priced J-leaded ':A" ;‘M‘; 4o - ’0*;2 f’(‘ 85 _ o
mixers don't leave the factory until they pass a battery of eight 2 o e BN 2 . o
grueling qualification tests for enhanced JMS 2W 7 5.12 DC-¢ 6.8 60 4€ 7 9

- endurance and exceptional reliability. And that's IMS'5 5-1500 DC-1 6.0 50 9.95
‘ backed by our 5 year Ultra-Rel® guarantee... JMS 5LH 10 5-1500 DC-1 6.0 50 3¢ 10.95
S an incdustry exclusive! Specify Mini-Circuits low cost J’ms 2"‘;’” ; 3 5 :io«) '[3)2 : 5 ; 67 i ; ; ‘;2
. ' Al S + 5-15 ! 50 3¢ .95

ACTI ‘ JMS or LRMS mixers. They're just better...by design! AR g e = T =2\ 5 e

LRMS-300"" 47 200-3000 DC-1000 6.8 30 27 7.95"

s . _ ; i
Mini-Circuits...we're redefining what VALUE s all about! Mo O g, L A S0 e X oM TS e

[ Mini-Circuits @ .8

NER OF

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com ) L
For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK ¢« INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA D!:RECTORY ¢ EEM
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When you need a reliable source for IR components, QT Optoelectronics is hard to resist.
We have an extensive line of emitters, sensors, and switches. And if you can't find the m
component you need off-the-shelf, we can produce a custom IR product just for you. OPTOELECTRONICS
Our technical support engineers can help you select the right component for your
application. And our authorized distributors — in hundreds of cities around the world —
can deliver that component on time and at a reasonable price.
How can you resist?

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

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

SiMPLY IRRESISTIBLE

READER SERVICE 174



ELEGTRONIG DI

(|

'}

TECHNOLOGY+APPLICATIONS -PRODUCTS -SOLUTIONS
November 17, 1997 Volume 45, Number 25

EDITORIAL OVERVIEW

TECH INSIGHTS

47 The Rise Of Multimedia PCs Taxes The Graphics
Subsystem

e Today's graphics processor must handle 2D
and 3D acceleration as well as video.

52 Oxtimiling DSP-Based System Design For Real-
Time Applications

e Dual DSP’s, novel debugging techniques, and
a structural hardware-software integration
method help speed the design process.

64 Update On Digital Cellular Telephones

* Digital mobile telephones will face the
challenge of integrating passive components as
they permeate the consumer sector
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67 High-Density FPGA Family Delivers Megagate
Copacity

» Combining blocks of embedded

SRAM with up to one million gates, [{SUULY
the Virtex family will operate in 150- Y[V
MHz-clock systems.

73 Advanced DRAM Architectures Overcome Data
Bandwidth Limits

 Novel architectures for next-generation
DRAMs are pushing data-transfer rates be-
yond 500 M Hz while offering new features and
control options.

Permission is granted to users registered with the C

copy of the article plus $1.00 per page

Soles Agreement Number 344117). Copying done for other than personal or interna
reference use without the express permission of Penton Publishing, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed fo the editor.

ight Clearance Center Inc. (CCC) P %5
to photocopy any orticle, with the exception of those for which separate copyright :
ownership is indicated on the first page of the arficle, provided that o base fee of $2 per

is paid directly to the CCC, 222 Rosewood \’}
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00}. Can. GST "\ !

. otrde
#R126431964. Canada Post International Publications Mail {Canadian Distribution S\ ¥
[ 1 % )

EMBEDDED SYSTEMS | QUICKLOOK |

90 Adapting Off-The-Shelf Debug Tools To Third-
Party Vehicles

* A modular approach can help developers
adapt their favorite tools to new combinations
of processors, OS environments, and target

interfaces.
IDEAS FOR DESIGN
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Any way
1 slice it...

heny wan ‘ CORE. |
want Xilinx! Function
We recognized early in the game that PCi 0 wait-state with FIFO and custom logic

(on a single chip) at *$14.00
cores would play a critical role in simplifying

Characteristics

FIR Filter 120 MHz sample rate, 512-Tap, 16-bit

and expediting the deSign of high denSity data and coefficient Decimating FIR in a
FPGAs. That's why, in 1996, Xilinx introduced single FPGA
the industry’s first core for FPGAs, the LogiCORE" i 1024 point, 16-bit in 190 ps for

under *$10.00

PCl Interface. *1998/ HardWire ™ 50,000 piece pricing

Today, the LogiCORE program offers the
most comprehensive suite of fully-verified
cores available for FPGAs, each optimized to
keep pace with the demands of ever-shrinking
product development cycles.

But the fruits of our labor don't stop there.
We've also developed a CORE generator for bot
PCI and DSP applications, making LogiCORES for
Xilinx FPGAs even simpler to use. And, in an effort
to broaden our current core offerings, we've
established AllianceCORE , a shared development
program with our third-party IP providers.

So before you start your next design, give
one of our distributors a call. They'll send you
a copy of our complete CORE
Solutions Catalog. Or, check
out our website at

www.xilinx.com.
P Then you'll know

why our core
competence is our

/" core competence!

Success

made
simple.
m K bR ons XILINX"
arshall insight
1-800-261-9602 Ext.3193 1-888-488-4133 1-888-747-NUHQ The'Programmable Lagic Corpany®
www.marshall.com www.insight-electronics.com www.nuhorizons.com
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Focusing on
your need to know

Fairchild Serial EEPROM

Die Handbook

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

because we know your time is valuable.

For your free Die Handbook, please call: 1-888-522-5372
and request literature number 590308-001

or visit our web site at; www.fairchildsemi.com/offers

D A (B
NG, \I/ N’ \'/

Automotive Portable Electronics Smart Cards Laptops, Displays
TRSRES S AT AR
FAIRCHILD
VI £ R T OEIRARR
SEMICONDUCTOR™

Focusing on Logic « Memory ¢ Discrete Power and Signal Technologies
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FLEXIBLE

SMD VCXO

SERIES VC8000 / VE8000

¢ 1.00 MHz to 160.00 MHz,
including SONET and ATM

¢ 3.3V and 5.0V supply voltage

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

+ Low power consumption,
enable/disable option

RALTROI

A Worldwide Manufacturer Of
Microprocessor Crystals,
Oscillators, Crystal Filters,
Ceramic Resonators, SAW
Resonators, VCO Products

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

E-mail:sales@raltron.com
http://www.raltron.com
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" Call, write fax@
Irernet for your FREE CATALOG togay!

Rated#1for... | [ g :
s Availability of Product A /

o n;Time D@’i Ver}' Digi-Key Corporation
3 Brooks Ave South
e Overall Performance rn;:flni-::f Falls,vim;) g;m

Toll-Free: 1-800-344-4539 « Fax: 218-681-3380

! Years in a Row! Order Online www.digikey.com
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Color

Displays

Featuring:
* Brightness from 70 to 1,000 nits

* Sizes from 4" to 12.1"

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

* Expert technical support

Also, monochrome graphic,
character and panel displays

ELECTRONICS
CORPORATION

purdy

408.523.8218

Supporting electronics manufacturers for over 65 years
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three products with
maintenance from

or

SAVE

MicroSim DesignLab

MicroSim PSpice

Product Training

FREE Training! *

When purchasing these

Interface Technologies:

MicroSim PSpice A/D

MicroSim PSpice Basics

CALL 800-357-1636

for information, prices or o quotation

Other Value Added Services from Interface Technologies:

Analog Modeling Services

* Free Troining and 5% discount aw
Technolagies, on outhorized reseller

MicroSim PSpice A/D
MicroSim PSpice

% *
on any MlicroSim

product or maintenance
until December 31, 1997

MicroSim PSpice A/D Basics+
MicroSim PSpice Optimizer
MicroSim PLSyn

MicroSim PCBoards
MicroSim Schematics

Installation Services
Configuration Services

ailable only when products are purchased through Interface
of MicroSim products. Offer valid for U.S. customers only

N T E'R

TECHNO

400 ASHLAND AVENUE
RIVER FOREST, IL 60305 WEB

FACE Te
LOGIES Fax

800.357.1636
708.366.4413
E-MAIL: SALES@I-T.COM
WWW.I-T.COM
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DECEMBER 1997
Winter Simulation Conference (WSC ‘97),
December 7-10. Renaissance Waverly
Hotel, Atlanta, Georgia. Contact
David Withers, LEXIS-NEXIS, P.O.
Box 933, Dayton, Ohio 45401; e-mail:
David.Withers@lexis-nexis.com.

IEEE International Electron Devices Meet-
ing (IEDM), Dec. 7-11. Washington Hilton
& Towers, Washington, DC. Contact
Phyllis Mahoney, Widerkehr & Assoc.,

| 101 Lakeforest Boulevard, Suite 270,
Gaithersburg, Maryland 20877; (301)
527-0900; fax (301) 527-0994; e-mail:
pwmahoney@aol.com.

36th IEEE Conference on Decision & Con-
trol, December 8-12. Hyatt Regency, San
Diego, California. Contact Ted E.
| Djaferis, Dept. of Electrical & Compu-
ter Engineering, University of Massa-
chusetts, Amherst, Massachusetts
01003; (413) 545-3561; fax (413) 545-
1993; e-mail: djaferis@ecs.umass.edu.

Workshop on Internet Technology & |

Systems (WITS), December 9-12. Mar-
| riott Hotel, Monterey, California. Con-
tact USENIX Conference Office,
22672 Lambert Street, Suite 613, Lake
| Forest, California 92630; (714) 588-
8649; fax (714) 588-9706; e-mail:
conference@usenix.org; Internet:
http//www.usenix.org.

JANUARY 1998
Seventh Joint Magnetism & Magnetic
Materials Conference (INTEMAG), Janvary
6-9. Hyatt Regency Embarcadero

tact John Nyenhuis, School of ECE,
Purdue Univ., West Lafayette, Indi-

(317) 494-2706; e-mail: smag@ecn.pur-
due.edu.

Jonvary 20-22. Anaheim Marriott,
Anaheim, California. Contact V.R.
Monshaw, Consulting Services, 1768
Lark Lane, Cherry Hill, New Jersey
08003; (609) 428-2342.

1 Photonics West, Janvary 24-30. San
| Jose, California Contact The SPIE Ex-
hibits Department, Post Office Box 10,
Bellingham, Washington 98227-0010;

[ (360) 676-3290; fax (360) 647-1445; e-

Hotel, San Francisco, California. Con- |

ana 47907-1285; (317) 494-3524; fax |

Annual Reliability & Maintainability Sym- |
posium/Product Quality & Integrity (RAMS), |

l_m::lil: exhibits@spie.org. J
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To go far beyond
the limitations of ASICs.

\\:
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Without the baggage N .
of qrdinary SRAM FPGA:s.

Like costly boot PROMs.

M

#¥  And forced voltage transitions.

el & And mystery pin-outs.

; LS So seize the ‘opportunity.
g ! cor AR
% .-;*%’:;;’"—« And run with it.

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

Introducing the new MX family of antifuse FPGAs from Actel. Compare them to conve ‘ntional
SRAM FPGAs, and you'll find there really is only one cost-effective. single-chip ASIC alternative.
With capacities from 2,000 to 52,000 gates, clock-to-out speeds as fast as 5.6 ns and volume pricing as
low as $2.90, there’s almost no limit to how fast you can get to market. Tor a free NO ASICs literature kit,
call 888.99.ACTEL, or visit us at www.actel.com for a free copy of our MX Designer Lite software.
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ISDN Modem
Travel at bigh speeds.
Motorola senmiconductors are the
high-performance fuel that power

digital modems. Taking you just about

anmyhere you wun 1o go.

PC Add-In Card
Plug it .
Motorola senuconductors drive
the cost out of ISDN PC cards to
nuke ﬁ-%h ced mteret access an
fordable altenzatre.

S =

Personal Router

Catch the wwave. Motorola’s EN302
and QUICC™ conumumications
processars & transceiers poteer

personal routers so you cwr manage
our honte office network and sirf

the hutemet to catch the Litest 1w
of information.

MOTOROLA’S ISDN SOLUTIONS
OFFER INCREDIBLE REACH
AND PERFORMANCE WITH MINIMAL
POWER USAGE.

PLuG IN AND TAKE FLIGHT.

"\ POWERED BY
MOTOROLA

Communications are evolving. And these days, the
speed and reliability of ISDN technology carries a
multiplicity of information that buzzes around the
earth. That's where Motorola’s ISDN system level
solutions come in. We offer a broad portfolio of
products to satisfy your needs on a global scale.

Like our family of communications processors and
standards-compliant, single-chip NT1, U-trans-
ceivers and S/T- transceivers that give your designs
the furthest reach with minimal power consump-
tion. So this new standard of systems integration
gives you the opportunity to take your designs




into the next millennium. From Wired and Wireless
Communications to Computers and Peripherals, Motorola
products power the innovative solutions that enable your

success. Visit us at www.i rola.com/isdn-solutions
or call 1-800-201-0293 (Ref. #NB0O01).

MOTOROLA

Semiconductor Products Sector

What you never thaught possible.”
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EDA

Marketing Tool!

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

Survey results will
present information on:

* Platform trends
* Internet and web usage
* Spending patterns
* Design trends

* Cross tabulation results
on issues occuring in
the EDA industry

ELECTRONIC DESIGN

YES, send me copy(ies)
of The 1996 EDA Study for
$495.00 each + $5.00

S&H per copy.

OAmex OVisa 0O Master Card

Card# Exp.

Account name

|
I
|
I
|
I
I
I
|
I

| Name

| Company
| Address

l
| city

Zip

l

I Fax this order form to Deborah Eng
| 201/393-6073

| or contact EDA Today, L.C. at:

|
|
I
|
|
|
l
|
I
|
| Signature ;
I
|
I
I
|
I
|
I
|
|
www.edat.com l

MEETINGS

JANUARY 1998

Seventh Security Symposium, Jan. 26-29.
Marriott Hotel, San Antonio, TX.
Contact USENIX Conference Of-
fice, 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 Winter
Meeting, Jan. 31-Feb. 5. Tampa, FL.
Contact Jim Howard, Tampa Elec-
tric Co., P.O. Box 111, Tampa, FL
33601; (813) 228-4653; fax (813) 228-
1333; e-mail: j.howard@ieee.org.

FEBRUARY 1998

IEEE International Solid-State Circvits Con-
ference (1SSCC “98), Feb. 5-7. San Fran-
cisco Marriott, San Francisco, CA.
Contact Diane Suiters, Courtesy As-
sociates, 655 15th St. N.W., Washing-
ton, DC 20005; (202) 639-4255; fax
(202) 347-6109; e-mail: isscc@cour-
tesyassoc.com.

Portable by Design, Feb. 9-13. Santa
Clara Convention Center, Santa
Clara, CA. Contact Rich Nass, Elec-
tronic Design, 611 Route 46 West,
Hasbrouck Heights, NJ 07604; (201)
393-6090; fax (201) 393-0204; e-mail:
portable@class.org.

The Wireless Symposium and Exhibition,
Feb. 9-13. Santa Clara Convention Cen-
ter, Santa Clara, CA. Contact Bill Rut-
ledge, Penton Publishing, 611 Rte. 46
West, Hasbrouck Heights, NJ 07604;
(201) 393-6259; fax (201) 393-6297; in-
stant faxback (800) 561-7469; Internet:
http//Awww.penton.com/wireless.

IEEE Applied Power Electronics Conference
and Exposition (APEC ‘98), Feb. 15-19, The
Disneyland Hotel, Anaheim, CA.
Contact Pamela Wagner, Courtesy
Associates, 655 15th St., N.W., #300,
Washington, DC 20005; (202) 639-
4990; fax (202) 347-6109; e-mail:
pwagner@courtesyassoc.com.

Conference on Optical Fiber Communication
(OFC “98), Feb. 22-27. San Jose Conven-
tion Center, San Jose, CA. Contact
Lisa Myers, OSA Conference Ser-
vices, 2010 Massachusetts Ave.,
N.W,, Washington, D.C. 20036-1023;
(202) 416-1980; fax (202) 416-6100; e-
mail: ofc.info@osa.org.

Design, Automation, and Test in Europe
Conference and Exhibition (DATE “98), Feb
23-26. Le Palais des Congres de
Paris, Porte Maillot. Contact Euro-
pean Conferences, 11C Wemyss Pl.,
Edinburgh EH3 6DH, UK; +44 131-
225-2892; fax +44 131-225-2925,

38th Israel Conference on Aerospace Sci-
ences, Feb. 25-26. Tel-Aviv & Haifa.
Contact Technion-Israel Institute of
Technology, Haifa 32000, Israel; 972-
4-8292713; fax, 972-4-8231848; e-mail:
alice@aerodyne.
technion.ac.il.

MARCH 1998

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

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

Sixth Annual Embebbed Systems Confer-
ence East, March 31-April 2. Chicago’s
Navy Pier Festival Hall, Chicago, I1-
linois. Contact Miller Freeman Inc.,
600 Harrison St., San Francisco, Cal-
ifornia 94107; (415) 905-2354; fax
(415) 905-2220; Internet: http//www.
embedsyscon.com/.

APRIL 1998

Southeastcon ‘98, April 10-15. Hy-
att Regency, Orlando International
Airport, Orlando, Florida. Contact
Parveen Ward, ECE Dept., Uni-
versity of Central Florida, Or-
lando, Florida 32816; (407) 823-
2610; fax (407) 823-5835; e-mail:
pfw@ece.engr.ucf.edu.

16th IEEE VLSI Test Symposium, April
26-30. Hyatt Regency Monterey,
Monterey, California. Contact Rob
Roy, Intel Corp., MS:JFT-102,
5300 Elam Young Pkwy., Hills-
boro, Oregon 97124-6497; (503)
264-3738; fax (503) 264-9359; e-mail:
robroy@ichips.intel.com.
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THE EXTRAORDINARY THROUGHPUT
OF ATMEL’'S AVR MCU GIVES YOU THE
FREEDOM TO GO WHERE NO OTHER
8-BIT MCU HAS GONE BEFORE.

It just made sense to us. Give engineers industry. We Product  Flash SRAM EEPROM Op. Freq. Counter/ Pin
! crelgries Y Number (b;:n} (bytes)! (bytes) 'SPIPost UART ¥ i Thens Count
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programmable Flash over 34 billion Flash devices!
for virtually instant Call 1-800-365-3375 or complete
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Searching
the World's Smallest

serial EEPROM?

Packages Shown Actual Size

.

[ J [ ]
MlcrOCh I p Introducing the world's first fully functional 1>C Serial EEPROM in the

° tiny 5-pin SOT-23 package. Is your current application hard at work with no
makes It room to spare? Now you can incorporate 128 bits of I12C Serial EEPROM memory
® into your data storage design and shrink board costs. Available in 8-pin PDIP

(355mil x 300mil), SOIC (230mil x 190mil) and the space-saving 5-pin SOT-23 (110mil x 102mil) packages,
Microchip's 24C00 Serial EEPROMs consume as little as one-tenth the board space

of traditional packaging. What's more, the 24XX00 family offers the industry's lowest
operating and standby current (500pA/500nA typical) and 1.8 volt operation so you

can reduce battery cell count and increase battery life. Whether you need to make your

design smaller, better, faster or simpler... look no further. Microchip makes it happen.

Standard 1°C Protocol » Low Operating and Standby Current M | C n DC H I p

128 Bits/16 Bytes * 200 Year Data Retention + One Million E/W Cycles The Embedded Control Solutions Company®
Microcontrollers  Non-Volatile Memories ¢ ASSPs

Call us at 1-800-437-2767 or Visit us at www.microchip2.com/new/128bit

The M-crochip name, logo. PIC. and The Embedded Control Solutions Company are registered trademarks and PICmicro is a of Inc. in the USA and other countries.
© 1997 Microchip Technology Inc. All nghts raserved. PC is a trademark of Philips Semiconductor and SPIis a of M C
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EDITORIAL

Stepper

e Led 2ol & | Just Have To Have Convergence
Control

sic CDs and just poke around for a while. The place has everything an au-
dio/videophile, technophile, and gadget lover would want. Plus, there are ac-
tion movies playing on big screens with surroundsound; music thumping from the
audio department; and assorted sounds emanating from the computer depart-
ment. Of course, there’s always something new to check out and demo models to
play with, while a salesperson insists that I need to take that product home today.

It’s almost impossible to go away empty-handed because the store is a multi-
media funhouse, and you feel as if you just have to have the latest product. And
apparently, a lot of consumers agree, because 1997 marks the sixth consecutive
record-setting year for the consumer electronics industry.

What'’s hot? A variety of new digital products and home “information appli-
ances.” In the digital arena, the new Digital Versatile Disk (DVD) players, digital
cameras, and digital cellular phones are taking off. Information appliances—cord-
less phones, computers, modems, monitors, and software—are seeing consistent
growth. Home-entertainment products also are doing well. Sales of home-theater
systems, VCRs, direct-to-home (DTH) satellite systems, electronic games, and
compact audio systems will increase over last year’s figures. Another growth area
is mobile electronics, including wireless telephones, aftermarket vehicle security,
radar detectors, and factory-installed autosound.

These are examples of a “mega-trend” that the Consumer Electronics Manu-
facturers Association (CEMA) calls “convergence,” which they define as the
merging of traditional consumer electronics, such as audio, video, and personal
communications products, with the digital world of PCs. Examples include TVs
that feature built-in software to browse the Internet, and PCs with elaborate in-
ternal audio systems and TV tuner modules. It all comes down to the convergence
of products that once were designated to either the home-entertainment market
(family room) or the home-information market (home office).

What'’s not so hot? CEMA says that aftermarket autosound and pagers will
lag behind last year’s sales, as well as direct-view color TVs, rack audio systems,
and separate audio components.

My favorite new product is the DVD player. It’s expensive, but the quality of
the audio and video on a wide-screen monitor was outstanding. And judging by
the people milling about the demo, I’m sure
many of them just kave to have it today.

At least once a month, I go to my local electronics megastore to buy a few mu-

Tom Halligan
Editor-in-Chief
thalligan@penton.com
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our new, easy to use LM2675
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Simple Switcher.

l NI S @ The newest member of our Simple
\ . s " .

' h 2 ) ) .) Switcher family — the LM2675 — lives
up to its name in a big way. Check
out these specs that make the LM2675
the new industry standard in low voltage

DC/DC conversion. For starters, it delivers

a full 1A of output current in an SO-8 package, and offers greater than

Visit us st
. putionsh-oo™ 90% efficiency, which results in longer battery life and minimized heat generation.
1 Mm2678
oatt us st And, with a switching frequency of 260kHz, your external component size is significantly reduced.
or
1..00-272”’” ] Factor in minimal external component count and you save precious board

space, offering you increased design flexibility. The thing that really sets the LM2675
‘-'f"”“ ;. apart though, is that it's oh, so simple to use. Our free SWITCHERS MADE SIMPLE’ software
lets you do converter designs in minutes. And the entire solution, specs to
software, is guaranteed. The LM2675. If you're looking

for reliable DC/DC conversion, the

choice is simple.

National Semiconductor

™

WHAT can WE BuUILD FOR Yyouz®e



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

probably choose NEC.”

"Re vera LS| Logic omnium
MIPS Partners sane electio
development tools eminentium
sapientissima est."

(“Actually, of all the MIPS Partners, LSI Logic is probably
the smartest choice for leading development tools.”)



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

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

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

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

www.TeamMIPS.com

/ Only MIPS RISC embedded

- Ls1 [FIE "= philips /9 o ProCEDES offr Jou the
g:x g | { incredible choice
dt ) vechnology. nc N EC Semiconductors TOSHIBA %" of price/performance,
manufocturing expertise
and development tools.

%’; SiliconGraphics
> MIPS Group
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Why leading
aircraft OEMs
are turning to

Janco pots

MEDIUM

wow Quaury ‘m

aunlw“-’"

We took the same uncompromising
approach that made Janco the
preferred aerospace switch supplier
and applied it to potentiometers.

The result: our PA Series of high-rel
pots for commercial and general
aviation are now setting new standards
in performance and reliability.

Manufactured to your exact specifica-
tions, tactile preferences, and form
requirements, these pots » are
designed in accordance with Mil-R-
39023 and Mil-S-3786 » are offered
in numerous configurations in 1-100K
Ohm resistance values » exhibit
superior electrical characteristics »
are available as pot/switch combina-
tions » and are stackable with up to
3 discrete controls.

Contact us today for more information.

Ly
A'O

oy
k‘ﬁL

RERGC QD
»

=
‘ AN ESOP CORPORATION

3111 Winona Avenue, Burbank CA 91504
Phone: (8185 846-1800
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Truth In Advertising?

y husband came home from work not too long ago with a story that a friend
had e-mailed him. Maybe you’ve heard this story before. It’s a dialogue be-
tween a customer support employee (E) and a software tool user (U).
E—Computer assistance; may I help you?
U—Yes, I was just typing along, and all of a sudden the words disappeared.
E—Hmmm. What does your screen look like now?
U—It’s blank; it won’t accept anything when I type.
E—1Is the power cord plugged in?
U—Yes, it is.
E—Good. Can you see another cord back there?
U—No. It’s dark. The only light I have is coming from the window.
E—Turn on the lights.
U—1I can’t; there’s a power outage.
E—A power outage? OK, we’ve got it licked now. Do you still have the
packing stuff your computer came in?
U—Yes.
E—Good! Pack up your system and take it back to the store where you
bought it.
U—Really? Is it that bad?
| E—Yes. I'm afraid it is.
U—All right, I suppose. What do I tell them?
E—Tell them you’re too dumb to own a computer.
Once you stop laughing, you may realize that
this joke represents a bigger problem indicative
| of many segments in industry; not the least of
which is the EDA industry. It’s what many refer
to as “truth in advertising.” This means that
when you buy something, you know exactly what
it is and what it will do. However, there are times
when this is not the case. Most designers today
don’t have enough time to evaluate new tools and

verify every product feature claim. As a result, CHERYL AJLUNI .
they often end up buying a tool and realizing after SESIGN ATORATION

it’s too late that it doesn’t work as promised. And this will eat away at their al- l
ready shortened product development cycles.

I know this to be true because I’ve talked to designers who have been in
| this position. They often find themselves sitting in the dark wondering why
their computer doesn’t work, despite the fact that the obvious culprit is a
power outage. They’re too involved in the project and too trusting of vendors’
claims to see the nose on their face.

And as the industry migrates to smaller geometries, the problem is com-
pounded. In a deep submicron (DSM) environment, the physics of the devices be-
gin to break apart. The result is an emergence of tools designed to deal with these
parasitic effects in a “behind the seenes” manner. This is ideal since most designers
don’t want to know what’s going on behind the scenes anyway—they just want an-
swers. Subsequently, the tools begin to play the role of the expert. But, if you don’t
understand what the tool does and why, then how can you evaluate its perfor-
| mance in the first place? You can’t. You have to trust that your vendor has been
honest with you. This is a heavy burden for any company, whose bottom line is
money, to live up to. Some obviously do it better than others.

And there are those companies who would rather focus on knocking their
competition instead of touting the benefits of their own tools. It’s almost as if
there is some sort of underground community of people lurking around the
EDA trenches, looking for any information that can be twisted into an attack
on the competition. But, I like to think that dignity and common courtesy still
exist today, even in the face of the bottom line. Don’t get me wrong, a good
portion of the responsibility for truth in advertising lies in the hands of the
EDA tool vendors. However, designers also must bear responsibility for their
own actions. cjajluni@class.org.
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We Have Valuable Services
For Our Gustomers!
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23 24-Hour
~— Modem Access

:.- " - 1-800-433-5003
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Local Offices f % Extended
Nationwide vy < ~ Sales Hours

m Internet Address:
http://www.allied.avnet.com

Keeping In Touch With Our Customer’s Needs!
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5V & 3.3V FCT LOGIC ¢ 3.3V LCX LOGIC ¢+ QUICKSWITCH® PRODUCTS « CLOCK MANAGEMENT
ANALOG PRODUCTS * QUICKSCAN® (JTAG) PRODUCTS » SPECIALTY MEMORIES « NETWORKING PRODUCTS

QSI— FIFOs for today’s = oo —pesion Fi

d d 1' t | QS7201 512 x 9 with Buffer Memory 32,28
aavance app 1Cations! Q57202 1K x 9 with Buffer Memory 32,28
. " . " Q87203 2K x 9 with Butfer Memory 32, 28
Tf)day s afi\ finced compuler and workstation deS|.gns QS7204 4K x 9 with Butfer Memory 32,28
require sophisticated solutions. QSI offers you a choice of Clocked x9 FIFOs
advanced high-performance FIFO devices that will take 82?}22: ?:(2 xg";*‘:l"‘;'ssY“;hm""us ;3
J X arailel syncnronous
you into the future — x9 asynchronou§ FIFOs, x9, x18, QS72231 2K x 9 Parallel Synchronous 32
x36 Clocked FIFOs, and x36 Clocked BiFIFOs. QS72241 4K x 9 Parallel Synchronous 32
Better Functionality. QSI's advanced FIFOs olfer a"‘(’)‘;‘%‘é’fﬁ’””"?ﬂ T ils A %
. ’ $ X arallel dSyncnronous
unique functionality enhancements over others — QS72225 1K x 18 Parallel Synchronous 64
the fastest standard asynchronous FIFOs, clocked Clocked x36 FIFOs
architectures, programmable flags, and 66-MHz operating Qs723611 S!Zh‘D36 X 2431;1“?“?“3' Clocked FIFO U
; with Dynamic Bus Sizing
frequency, plus state-of-the-art packaging. 05723620 1K x 36 Clocked FIFO with Dynamic Bus Sizing 132
Seeing is Believing. Call 1-800-609-3669, or fax today QS723621 1K x 36 x 2 Bidirectional Clocked FIFO
10 408-496-0773 for a copy of the FIFO data hook. with Dynamic Bus Sizing 144
QS725420A 256 x 36 x 2 Bidirectional Clocked FIFO 132, 144

QSI — your fisst choice for high-performance FIFOs.

-l

QUALITY
E'J, SEMICONDUCTOR, INC.

U.S.A. Headquarters: 851 Martin Avenue, Santa Clara, CA 95050, 408-450-8000, Fax: 408-496-0773, http://www.qualitysemi.com
European Headquarters: Suite A, Unit 6, Mansfield Park, Four Marks, Hampshire, GU34 5PZ United Kingdom, 44-(0)1420-563333, Fax: 44-(0)1420-561142

U.S. and Canadian Distributors: Arrow Electronics, Bell Industries, Inc., Nu-Horizons, Zeus Electronics
©Copyright 1996 Quality Semiconductor, Inc., Q and QSI are trademarks of Quality Semiconductor, Inc.
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5 WAYS

to make a bundle

Until 31st December '97 we’re bundiing Advanced SCHEMATIC 3,
Advanced PLD 3, Advanced SIM 3, Advanced PCB 3 and Advanced ROUTE 3
together in Protel's Designer 5-Pack. Now the

company that makes design easy,

makes it easier than ever to put

a complete design solution

on every engineer's desktop.

.‘save a bundie by starting
~ with our bundle.
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TECHNOLOGY

NEWSLETTER

MAUS Detects An Aircraft’s
Hidden Damage Beneath Metal

he portable MAUS (Mobile Automated Scanning)
Tsystem uses ultrasound or electromagnetic fields to

peer beneath composite or metal surfaces to detect
hidden damage. Developed for the Air Force’'s Wright
Laboratory by Boeing Company (formerly McDonnell
Douglas) Phantom Works, St. Louis, Mo., MAUS is
much faster and significantly more accurate than previ-
ous methods that required tedious, lahor-intensive in-
spections and perhaps disassembly of the complete sys-
tem or components to be inspected. Ultrasound sensors
are used for composite surfaces and electromagnetic
sensors for metal surfaces.

MAUS consists of a handheld unit about twice the
size of a computer mouse connected to its electronics
box, and a laptop computer. Interchangeable sensors at-
tached to the unit are guided over the area to be in-
spected, dramatically improving the quality of informa-
tion to assist engineers in making component integrity
decisions. The gathered data is portrayed on the compu-
ter screen in color or shades of gray, and can be saved for
later analysis. The images allow for quick interpretation
and analysis in three dimensions. Approximately 200
square feet an hour can be scanned on average.

Though still considered in the prototype stage,
MAUS is working its way into Air Force operational use
at Air Force Material Command Air Logistics Centers.
Directorate engineers have made MAUS available to
the Navy, race-car teams, and racing-boat teams to
demonstrate the system's comniercial potential. Several
airlines have used MAUS sensors , cutting the time
needed to inspect seams along the top of an aircraft from
100 hours to 4 hours, without removing interior compo-
nents. Charles Buynak, senior materials research engi-
neer with the directorate, is working with the U.S. Auto
Club (USAC) to use MAUS on Indy-style race cars. He
and colleagues traveled to the Indianapolis Motor
Speedway to test the concept. Using ultrasound, MAUS
found disponds and other anomalies that a surface in-
spection might portray as minor, or might miss alto-
gether. Call their Public Affairs Office at (937) 255-2725;
Internet: Zttp://www.wpafb.af.millasepalindex.html. RE

TV/Multimedia Production
All Wrapped Into One Device

» stay competitive in the consumer-electronie-based
Tapplications age, manufacturers can no longer afford
to start from scratch every time they develop a new
product. Instead, they're being forced to leverage intel-
lectual property, whether in the form of sottware, hard-
ware, or support services, offered by other vendors.
This frees them up to focus on what they do best, as op-
posed to every detail of a new product’s implementation.

Such is the case in a joint effort between Applied
Magic Inc., San Diego, Calif., and Cadence Design Sys-
tems, San Jose, Calif.: They're developing a home enter-
tainment device that can deliver professional-quality
multimedia production features at an affordable price.
The device, which will attach to a television, is similar in
appearance to a cable set-top box. Once in place, it will
give the most novice consumers the ability to create
multimedia productions from a variety of sources, in-
cluding videos, CDs, and the Internet on a home digital
video recorder.

Under the terms of the agreement, Applied Magic
will develop the device, including its hardware and soft-
ware, Cadence’s professional services organization will
come up with the infrastructure to implement the device
concept by creating the required ICs. By utilizing an
outside resource to develop the needed custom ICs, Ap-
plied Magic hopes to successfully price their home multi-
media system below the critical $1000 consumer-elec-
tronics barrier. Actual products are expected to be
ready sometime in early 1998. For more information,
contact Kevin Mosher, VP of operations, at (760)-931-
6417, klm@applied-magic.com; Internet:
http:how.applied-magic.com. ca

Hardware /Software Co-Design
Model Under Development

hrinking time-to-market cycles and more-complex
Sdusigns harkens the call for ereating software (SW)

and hardware (HW) components in unison. The al-
ternative, of course, entails designing each separately
and then integrating them at the back end of the design
cycle—an option that’s no longer viable because the po-
tential for back-end integration problems is too risky.

Fujitsu Microelectronics, San Jose, Calif., and View-
logic Systems, Marlboro, Mass., have teamed up to cre-
ate a SPARClite Instruction Set Simulator (ISS) model
for HW/SW co-design and co-verification. The model
will support all macro functional capabilities of Fujitsu's
SPARClite processor, including cache hits/misses for in-
struction and data cache, cycle counts, burst mode, wire
buffer, pre-fetch, and cycle-stealing. The model also will
be cycle accurate for performance estimation and analy-
sis. Special features included in the model will enable
systems designers to control the simulation perfor-
mance of the model versus timing accuracy.

Because the SPARClite ISS model is being designed
with HW/SW co-development in mind, it will be deliv-
ered using Viewlogic’s Eagle technology. It will work
with the company’s Eagle I tool for linking the software
development environment with hardware simulation.
As a result, customers can immediately begin using
HW/SW co-development methods and tools in their de-
sign systems.Contact Viewlogic at http://www.view-
logic.com or Fujitsu at (800) 866-8608. CA

Edited by Roger Engelke




The Internet
Appliance Toolkit
(IAT) includes:
everything on the demo, plus
visual application builder
bultt-in internationalization
Watcom C/C++ compilers

drivers for hundreds
of PC peripherals

embedded filesystems
demo apps with source files
scalable fonts

embedded OEM pricing

.. and much more!
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ANYTHIN

HERE' S PROOF
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Build the Internet into smart phones, set-top boxes, photocopiers, kiosks,
printers, PLCs ... anything!

Better yet, build it on time. The IAT, used to create this demo, comes with l ' r
everything you need, from rapid application development tools to Internet = T« >

apps to source code. Build a custom browser in days, not months!
And talk about performance. With the IAT and QNX you can use low-
cost x86 platforms to deliver incredible speed and reliability. Believe it!

Download your free
1.44M demo today!

www.qnx.com/iat

or call:

800 676-0566 (ext. 2247)
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MEETINGS

MAY 1998
IEEE International Conference on Evoly-
tionary Computation, May 3-9. Ankorage,
Alaska. Contact Patrick K. Simpson,
Scientific Fishery Systems Ine., P.O.
Box 242065, Anchorage, AK 99524;
(907) 345-7347; fax (907) 345-9769; e-

mail: scifish@akaska.net.

IEEE International Conference on Neural
Networks (ICNN ‘98), May 3-9. Anchor-

age, AK. Contact Patrick K. Simp-
son, Scientific Fishery Systems Ine.,
P.O. Box 242065, Anchorage, AK
99524; (907) 345-7347; fax (907) 345-
9769; e-mail: scifish@akaska.net.

IEEE World Congress on Computational In-
telligence, May 3-9. William A. Egan
Civic and Convention Center, Anchor-
age, AK. Contact Patrick K. Simpson,
Scientific Fishery Systems Ine. P.O.

P(-B0ARD DESIGN

made easy

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

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

EAGLE 3.5

Schematic Capture * Board Layout

Autorouter

for Windows 95/NT

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

Board Size: 6.3 x 4 inches
4 Signal Layers

EAGLE Professional
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FREE Support! :
No Maintenance Fee!

EAGLE Light

_} Board Size: 4 x 3.2 inches
2 Signal Layers
1 Sheet per Schematic

99 Sheets per Schematic

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

Board Size: 64 x 64 inches
16 Signal Layers
99 Sheets per Schematic

CadSoft Computer, Inc., 801 S. Federal Highway, Delray Beach, FL 33483
Hotline (561) 274-8355, Fax (561) 274-8218, E-Mall : info@cadsoftusa.com
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Box 242064, Anchorage, AK 99524;
(907) 345-7347; fax (907) 345-9769; e-
mail: scifish@alaska.net.

Seventh IEEE International Fuzzy Systems
Conference, May 3-9. Anchorage, AK.
Contact Patrick K. Simpson, Scien-
tific Fishery Systems Inec., P.O. Box
242065, Anchorage, AK 99524; (907)
345-7347; fax (907) 345-9769; e-mail:
scifish@alaska.net.

IEEE/IAS Industrial & Commercial Power
Systems Technical Conference (I&CPS), May
4-7. Edmonton, Alberta, Canada.
Contact Marty Bince, Modicon
Canada Ltd., 5803 86th St., Edmon-
ton, Alberta T6E 2X4, Canada; (403)
468-6673; fax (403) 468-2925.

IEEE International Conference on Acoustics,
Speech & Signal Processing (ICASSP ‘98),
May 12-15. Seattle Convention Center,
Seattle, WA. Contact Les E. Atlas,
Dept. EE (FT 10), University of Wash-
ington, Seattle, WA 98195; (206) 685-
1315; fax (206) 543-3842; e-mail: at-
las@ee.washington.edu.

JUNE 1998

IEEE/MTT-S International Microwave
Symposium (MTT 98), June 7-12. Balti-
more Convention Center, Baltimore,
MD. Contact Steven Stitzer, West-
inghouse Electric Corp., P.O. Box
1521, MS 3T15, Baltimore, MD 21203;
(410) 765-7348; fax (410) 993-7747.

USENIX 1998 Technical Conference, June 13-
17. Marriott Hotel, New Orleans, LA.
Contact USENIX Conference Office,

22672 Lambert St., Suite 613, Lake For- |

est, CA 92630; (714) 588-8649; (714) 588-
9706; e-mail: conference@usenix.org; In-
ternet: http//www.usenix.org.

JULY 1998

IEEE International Geoscience & Remote
Sensing Symposium (IGARSS ‘98), July 6-10.
Sheraton Seattle, WA. Contact Tammy I.
Stein, IGARSS Business Office, 2610
Lakeway Dr., Seabrook, TX 77586-1587,
(281) 291-9222; fax (281) 291-9224; e-mail:
tstein@phoenix.net.

IEEE Power Engineering Society Summer |

Meeting, July 11-17. Sheraton Hotel,
San Diego, CA. Contact Terry Snow,
San Diego Gas & Eleetric, P.O. Box
1831, San Diego, CA 92112; (619) 696-
2780; fax (619) 699-5096.
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DESIGN
NOTES

RS485 Transceivers Operate at 52Mbps Over 100 Feet of
Unshielded Twisted Pair - Design Note 168

Victor Fleury

The propagation delay of typical RS485 transceivers can
vary by as much as 500% over process and temperature.
In applications where high speed clock and data wave-
forms are sent over long distances, propagation delay and
skew uncertainties can pose system design constraints
and limitthe maximum data rate. The LTC®1685 high speed
RS485 transceiver family addresses this problem by guar-
anteeing over temperature a precision propagation delay of
18.5ns £3.5ns, a better than ten times improvement over
other CMQOS transceivers.

The LTC1685 is geared for half-duplex operation, whereas
the LTC1686/LTC1687 can operate in full-duplex mode. All
include a receiver fail-safe feature, whereby the receiver
output remains in a high state over the entire 12V to -7V
common mode range when the inputs are left open or
shorted together. A novel protection technique permits
indefinite short circuiting of the driver and receiver outputs
to supply or ground, while limiting the current to 20mA.

HIGH SPEED DIFFERENTIAL SCS!
(FAST-20/FAST-40 HVD)

The LTC1685’s high speed and tight driver/receiver propa-
gation-delay window make the LTC1685 a natural choice as
the external transceiver in high speed (40Mbps) differential
SCSI applications. Figure 1 shows a 100-foot passively
terminated category 5 unshielded twisted pair (UTP) con-
nection as used in high speed differential SCSI applica-
tions. Figure 2 shows a 20ns (50Mbps) pulse propagating
down the circuit of Figure 1. Note that in order to achieve

RE TERM POWER TERM POWER RE
2

2 |
RO ! ) Lro
Sy CAT 5 UTP EALlc
7 . 7
oI : :»wm/J \r/\som: m‘-nl
3 3
DE 33300 3003 DE
LTC1685 JL I urciess

DN168 FO1

Figure 1. Fast-20/Fast-40 Differential SCSI Application
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Figure 2. 100 Feet of Category 5 UTP: 20ns Pulse

VDIV
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these speeds at these distances, it is important to use higt
quality cable, such as category 5 UTP.

SCSI applications place strict requirements on the propa:
gation delay variation of its transceivers. For a group 0
LTC1685 transceivers on the same board, the propagatior
delay variation will be smaller than the £3.5ns guarantee(
specification. This is because the +£3.5ns propagatior
delay window covers the entire commercial temperature
range, whereas transceivers placed on the same board wil
have very similar ambient temperatures. Hence, the differ
ence in their propagation delays should be better than the
+3.5ns specification (typically better than £2ns). This
makes the LTC1685 the best choice for high speed SCS
applications.

TRANSMISSION OVER LONG DISTANCES

The LTC1686/LTC1687 can be used as repeaters to extenc
the effective length of a high speed twisted-pair line. Figure
3 shows a 3-repeater configuration using 2000-foot seg
ments of category 5 UTP.

1Mbps Over 12,000 Feet Using Repeaters

By adding two repeaters to the configuration of Figure 3, we
are able to propagate a single 1us pulse (1Mbps) ove
12,000 feet of category 5 UTP. At this data rate and cablt
lengths, one can obtain minimal pulse width degradatior

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
Note: HVD = High Voitage Differential

11/97/168
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Figure 3. 1.6Mbps, 8000 Feet (1.5 Miles) Using Three Repeaters
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Figure 4. Difterential Signals at the Far End
of the First Three 2000-Foot Cable Segments

s the signal traverses through the repeater network.
igure 4 shows some receiver input and output signals at
he far end of the first three 2000-foot cable segments of
he network. The DC resistance of 2000 feet of category 5
JTP divides the signal nearly in half. AC losses tend to filter
he 1us pulse. The total attenuation is shown by the middie
hree traces of Figure 4. Note, however, that the output
ilse (bottom trace) is nearly the same width as the input
iise (top trace), meaning that the LTC1687 repeaters are
ble to regenerate the signal with little loss in pulse width.
igure 5 shows the waveforms at the near and far end of the
ntire 12,000-foot network. The imperceptible loss in pulse
vidth implies that we can cascade even more repeater
ietworks and potentially achieve 1Mbps operation at total
listances of well over 12,000 feet!

.6Mbps Over 8000 Feet Using Repeaters

‘or the same cable distance, high data rates will limit the
naximum number of repeaters. Figure 6 shows the propa-
|ation of a single 600ns pulse through the 3-repeater
ietwork of Figure 3. The bottom two traces showa 1.6Mbps
.quare wave at the input and output of the network,
espectively. Notice that the duty cycle does not noticeably
legrade, however, there is a degradation of the pulse width
is shown in the second trace. Thus, in order to achieve
eliable performance at long distances, a compromise
nust be reached between cable distance and quality, data
ate and number of repeaters.
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Figure 5. 1us Pulse Over 12,000 Feet Category 5 UTP
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Figure 6. 1.6Mbps Pulse and Square Wave Signals
Over 8000 Feet Category 5 UTP Using Three Repeaters

CONCLUSION

The LTC1685 family of high speed RS5485 transceivers
allows for up to 52Mbps transmission over reasonable
distances (100 feet), as well as moderate speed over long
distances (1.6Mbps, 2000 feet). Using repeaters can sub-
stantially increase the effective length. At 1.6Mbps, three
repeaters can carry data a total of 8000 feet and five
repeaters can carry 1Mbps data over 12,000 feet of cat-
egory 5 UTP.

For literature on our RS485 Transceivers,
call 1-800-4-LINEAR. For applications help,
call (408) 432-1900, Ext. 2453

-inear Technology Corporation
630 McCarthy Bivd., Mllpltas CA 95035- 7417° (408) 432- 1900
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We hend over hackwards
to support your ASIC needs.

It’s simple -
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them exactly what they need. Pin to Any Function Optimize PCB layout
Help customers hit their target B e Decrease ihe noise factor of $50s
market window, on time. Higher Gate Counts Support high density designs
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Customers today using FPGAs
/CPLDs are “designing systems Sl Power Hus Support muiltiple power supplics
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programmable part into a gate | Multiple Pullup & Pulldown Resistors Support open drain circuits
array”. With this in mind, Orbit | Sizing the Die to Fit Your Package Provide lower costs
has devised an engineering Get efficient power usage
program that greatly enhances |Any Commercial Package Ease your overall product design
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gives the customer extreme
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Don't just raise your expectations.

Double them.

Intel’s new StrataFlash™ memory.
2X the bits in 1x the space.

Storing two bits of infor-
intgl. . .
8";" mation per transistor,

iig instead of the usual one,
P

was once mere famasy.

But leave it to Intel, the leader in flash
technology, to find a way to do it. And
make it easy and economical, too.

One architecture for code or data

What you thought would never happen
is now possible with Intel’s StrataFlash™
memory. Finally, you have all the density
you need for large code or data storage
in one architecture. With stand-alone,
single chip solutions and the renowned
reliability of your familiar NOR archi-
tecture, Intel has made multi-level cell
flash memory a reality.

Unprecedented density and more

Intel’s StrataFlash memory is the only
flash NOR architecture that provides
up to 64 Mbits of density in a single
chip. And you get an upgrade path to
128Mbits and beyond. It’s available in
various densities and package options,

including industry standard TSOP as
well as SSOP. What’s more, with its new
MicroBGA® packaging, Intel StrataFlash
memory gives you the highest density
available in the smallest form factor.

Compatibility plus support

With Common Flash Interface, an open
flash specification supported by leading
NOR manufac-
turers, you can
count on future
compatibility and
cross-vendor support. Plus, we can
provide the tools you need in all stages
of your system design. including free
software and behavioral models.

Leading-edge technology
for cost-effective solutions.

Realize the possibilities
The time has come to change your expec-
tations. Because now with StrataFlash
memory from Intel, the possibilities are
endless. For pricing, availability and
product information, visit our Web site,
or call 1-800-879-4683, ext.435.
S developgr.intel.com/design/péarls .

intel.
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TECHNOLOGY BREAKTHROUGH

ory cell to date, occupying an area

of just 2.912 um?, employs a com-
bination of a silicon-nitride visor on a
shallow, trench-isolated structure, and
a cobalt-salicide direct-strap intercon-
nect. Developed by researchers at the
ULSI Device Development Laborato-
ries of NEC Corp., Kanagawa, Japan,
the device is made on a 0.18-um
process that reduces the number of
manufacturing steps to just one addi-
tional mask and one extra

The smallest six-transistor mem-

Shrinking Six-Transistor SRAM Cell
Size Leads To Larger Embedded Memory

(FIFOs or LIFOs). Today’s 64-bit mi-
croprocessors for example, pack 32 to
64 kbytes of on-chip cache, a function
that occupies about 40% of the chip
area. The trend is to progress to even
larger on-chip caches. By reducing by
20% to 40% the area occupied by the
memory, either more memory will fit
on the same size chip or more logic
functions can be added to make a more
advanced CPU.

To fabricate the new structure,

coupling the gates to the diffusion re-
gions (see the figure). Additionally, the
resistance of the contact is low enough
that even with misalignments of less
than 0.1 um between the contact and
gate, circuits would still function. In
contrast, a shared contact that has a
diameter of 0.24 um allows only a 0.04-
um misalignment to maintain a resis-
tance value of less than 100 Q. That
limitation is due to insufficient step-
coverage of the sputtered titanium in
the contact hole.

The junction leakage to the sub-
strate is lower with the new direct-
strap process than with the shared-
contact approach by more than an
order of magnitude. The

etching step. This develop-
ment, detailed in paper 34.1,
| is just one of many that will
| be detailed at next month’s
IEEE International Elec-
tron Devices Meeting, Wash-
ington, D.C., December 8-10.
In contrast to the NEC de-
vice, other embedded SRAM
processes use local intercon-
nections that require one ad-
ditional metallization and two

Cobalt-silicide

Shallow-trench
isolation

Substrate

shared contact is opened on
the LDD region through the
sidewall spacer. With the di-
rect-strapping technology, a
highly-doped diffusion ex-
tends completely under the
silicide region.

Another key aspect of the
new fabrication process is the
use of the silicon-nitride visor
on the shallow trench isola-
tion to achieve borderless

additional lithography steps,
or an implant step and one or

Diffusion

contacts to the diffusions.
The visor prevents the side of
the silicon substrate in the

or two mask steps. NEC’s im-
| proved structure promises to

process by reducing the num-
ber of additional steps
needed and reducing the area
required by the memory cells. There-
fore, more memory can be packed into
the same area, and the area of already
| designed memory arrays can be re-
| duced, allowing designers to shrink
| the size of their chip.

[ Such small SRAM cells bode well
| for advanced microprocessors and
|

|

system logic functions, graphics
processors, and communications sub-
| system controllers that contain large
| on-chip caches or interface buffers

NEC'’s researchers use a krypton-flu-
oride (KrF) excimer laser to define all
levels from isolation to second-level
metal. After the basic diffusions and
the lightly doped drain (LDD) im-
plants are completed, a silicon-nitride
sidewall spacer is selectively etched at
the desired location for the direct-
strap formation. When the cobalt sili-
cidation is performed, the gate and
source/drain regions are connected
only where the spacer is removed,

The cobalt-silicide layer on an SRAM cell developed by NEC provides a
simplify the manufacturing direct connection between the gate and the diffusion region. This
direct link eliminates at least one process step and eases the
misalignment tolerances required.

trench isolation region from
short-circuiting to the diffu-
sion. Only with over-etching
the shallow-trench isolation

region dielectric for approxi- |

mately 40 nm, the silicon-nitride visor
remains at the edge of the trench after
a silicon-nitride LDD spacer is
formed. This processing does not in-
terfere with either the CMOS process
or the direct-strapping process and
promises to reduce leakage currents
to the substrate by two orders of mag-
nitude, from 2 x 10712 to 2 x 10714, re-
ducing standby currents and eliminat-
ing the need for a contact implant.
Dave Bursky

Sensor-Based Technology To Enable

dentifying individuals who have re-
I cently been in contact with a wide
variety of explosive chemicals is one
of the best defenses against acts of
terrorism. This identification is espe-

' More Exact Explosives-Detection Systems

cially crucial in areas such as airports,
where hijackings and bombings hap-
pen all too often. Thanks to a three-
year development effort at Sandia
National Laboratory, Albuquerque,

N.M., that capability may soon be
available. Sandia has been working on
an explosives-detection technology
for the U.S. Federal Aviation Admin-
istration, and is now ready to unveil
the results.

Sandia’s project is based on a chem-
ical sensor and a unique chemical pre-
concentrator technology. The latter
was originally developed at Sandia as
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TECHNOLOGY BREAKTHROUGH

part of its Department of Energy mis-
sion to protect critical nuclear
weapons facilities. A person standing
under a specialized device using the
technology will be exposed to a small
sample of air. This air is then collected
and passed through the chemical sen-
sor (also known as an ion-mobility
spectrometer).

The sensor, is fully equipped to rec-
ognize the distinct chemical foot-
prints of a variety of explosives. As a
result, if the person tested has even
the slightest concentration of explo-
sive residue on his or her skin or
clothing, the quantity and type of
chemical is displayed on an adjacent
computer screen.

The explosives-detection portal
bares a striking resemblance to a
metal detector. It has vents and noz-
zles located inside the walls and ceil-
ing that facilitate the output and in-
take of air samples. The detector is
fully automated, and can provide in-
structions to the person being tested.
The instructions are given in a male
voice and include such directions as

“Enter the portal,” “Turn left,” and
“Exit the portal.” The entire detec-
tion process can be performed
quickly, requiring the person being
tested to stand inside the detector
portal for no more than just a few
seconds.

Although specific information
about the portal’s capabilities—such
as the types and quantities of explo-
sives it can detect—are not being dis-
closed for security reasons. The head
researcher on the project, Kevin
Linker, says simply that “it is capable
of detecting very small concentrations
of all explosives of interest.”

While, a commerecial product has
yet to be developed utilizing the ex-
plosives-detection technology, a pro-
totype version is now under going U.
S. Federal Aviation Administration
(FAA)-required testing at the Albu-
querque International Airport in
New Mexico. The testing, expected to
last two to four weeks, will affect air-
line passengers visiting the airport’s
main security checkpoint. The test’s
sample size is expected to comprise

over 2000 passengers. The testing is
completely voluntary.

When the testing is completed, re-
searchers hope to use the results to
gauge passenger acceptance of the
technology and to identify any reliabil-
ity issues that need to be addressed.
Additionally, researchers will utilize
the information to optimize the detec-
tor’s performance.

All findings also will be submitted
tothe FAA, who will use the informa-
tion to determine the feasibility of li-
censing and manufacturing the ex-
plosives-detection portal technology
for use at airports across the country.
It is expected that the final commer-
cial version of the technology will be
incorporated into current metal de-
tectors as single walk-through units.
Researchers claim that the technol-
ogy also can be adapted for use in
drug detection.

For additional information, contact
Sandia National Laboratory at (505)
845-0011, or check out its web site at
http://www.sandia.gov/News.html,

Cheryl Ajluni

Business/Industry.
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ReACH THE MoST POWERFUL
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If you read Electronic Design and want to reach subscribers
with a direct mail or telemarketing campaign, we can help.
One of our in-house experts will work with you to select lists
targeted especially for your products or services.

100% of Electronic Design subscribers are involved in the
design and development of electronic products. Select Buyers
and Specifiers in virtually every product category! Also select
by Job Title, Employment Size, Job Function, Geography,

BPA audited and guaranteed 99% deliverable. Call your advertising
representative, or call 216-696-7000 and ask for the List
Department. Fax requests to 216-696-6662. Ask for your FREE
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WANTED

PLD designers to participate in a VHDL study

Recent studies show that 70% of design engineers indicate that they
would prefer to learn VHDL through self-study.

We think we have the tools to enable you to do that. But we need
your help to test this new software. Not only will you receive a free
t-shirt for participating, but 10 participants will be selected
randomly to win a free copy of the software at the end of the study.

To qualify you must:

1. Be a programmable logic designer.
2. Use or want to learn VHDL.
3. Use a PC running Windows 95 or Windows NT.

Just call toll free 1.888.255.VHDL to qualify and register.
The industry is rapidly moving to HDLS.
“Within two years, virtually all designers will be using a language-based methodology.”
Rita Glover, president and principal analyst of the market research firm EDA Today.

Don’t miss this opportunity to learn VHDL in 30 days or less at no cost.

6755 Earl Dr. » Colorado Springs, CO » 80918-1039  USA » Tel 719.590.1155 « Fax 719.590.7330
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TECHNOLOGY BREAKTHROUGH

Scientists In Europe Debate The Future Of 0.1-um And Lower

IC lithography processes and

what kind of silicon-germanium
(SiGe) devices lie ahead has emerged
from panel discussions and presenta-
tions at this year’s European Solid-
State Device Research Conference
(ESSDERC ‘97), which recently took
place near Stuttgart, Germany. Lithog-
raphy processes with feature sizes of
0.1-um (100-nm) and less, as well as ad-

A clearer picture of future fine-line

| vanced SiGe devices, were among the

hottest topics at the conference. Fifteen
out of the conference’s 160 technical pa-
pers and a one-day workshop dealt
with structures made on processes
with feature sizes below 0.1 um, under-
lying the importance of this subject.
For example, researchers at the Uni-
versity of Liverpool, England, dis-
cussed how they built a vertically inte-
grated MOSFET with minimum
features of 0.1 um. The 50-nm-thick

gate oxides used were grown by plasma
oxidation at temperatures below 150°C.
Gate electrode and source materials
were made by using a two-stage amor-
phous silicon deposition process at a
temperature of 560°C, followed by a
rapid thermal annealing step at 700°C
for 30 seconds. The source electrode
was realized in a SiGe low-temperature
(490°C) process.

To more efficiently handle the
short-channel effects that plague
MOSFETs made on processes in the
0.l-um range, scientists at the univer-
sity of Tohoku in Japan decided not to
employ widely used ion implantations.
Instead, they opted for a selective epi-
taxial process with low-pressure
chemical-vapor deposition (LPCVD).

The smaller the structure, the more
difficult the doping process. In a paper
presented by researchers at the Uni-
versity of Dortmund, Germany, the

Fine-Line IC Lithographic Processes And Advanced SiGe Devices

main focus was on doping semiconduc-
tors with minimum feature sizes of 50
nm (0.05 um). The researchers pointed
out the problems such fine dimensions
bring with them and that static fluctua-
tions of the dopant have a major impact
on the entire process. With channel
lengths below 0.1 um, electrical transis-
tor parameters like threshold voltage
or maximum transconductance can be-
come worse with the result that even
digital circuits can show malfunctions.
The French research institutes
LETI and CEA, both of Grenoble,
France, compared three 0.75-nm n-
channel MOSFETS. In addition to being
made by conventional methods, they
also used indium and gallium for doping
by means of ion implantation, with a
constant gate-oxide thickness of 3.5 nm.
TSMC, Hsin-Chu City, Taiwan, and
Philips, Eindhoven, The Netherlands
talked about 0.5-um processes they de-

l

3 W New Crystal Oscillators for
A T M Telecom Systems
* Miniature Size P R
t g v /S
* Good Frequency R é . ,
Stability ¥ f
| Specifications T45A (TCXO) TV15F (TCVCXO0)
| Frequency Range: 6 MHz to 22 MHz 1 MHz to 20 MHz
" | Output: HCMOS (load 15pF) HCMOS (load 20 pF)
Rise/Fall time<10 ns “1" >0.9x Vs “0" <0.1x Vs
Symmetry 40/60% at 0.5 Vcc Symmetry 45/55 at 50% level
Frequency Stability: | £1x 107 N/A
Temperature Stability:| NA +0.355 ppm maximum over
0°C 10 +50°C include 24 hours
aging and power supply changes
{ at any Voltage Control setting
ing: 4 ppm maximum for 5 years 3.5 ppm maximum for 20 years
Operating Temp.: 0°C 10 70°C NA
| Voltage Control: N/A +10 ppm minimum i
*+15 ppm maximum
Ve Range 0 volts to +4.0 volts
Neg. slope Linearity +10% max.
Power Supply: +5.0 Vdc £5% +5.0 Vdc £5%
| 25 mA maximum 25 mA maximum
{ Case Size: 1.03" x 1.03" x 0.6" max. dim. | 1.500" x 1.500" x 0.485" max. dim.
| Direct-to-product
{ Web Address: www.bliley.com/t452.htm www blileycom/tv15f htm
Visit our world wide website ;% BIILEY ELECTRIC COMPANY
Joran interactive review of 3¢ eqt Grandview Boulevard, PO, Box 3428 * Erfe; PA 165080428
Bliley Crystal Oscillators . yeL;(814) 8383571 * Fax: (814) 833-2712 * E-Mail: info@bliley.com
and Quartz Crystals. Web Adidress: http:/www.bliley.com

Catch the free Consumer
Information Catalog online and you'll
get the latest info from the U.S.
Government. Just point and click
your way to www.pueblo.gsa.gov
and you'll find more than 250 free
publications ready to read or download.

Or, order the Catalog by mailing
your name and address to Free
Catalog, Pueblo, CO 81009.

U.8. General Services Administration
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PICO’s low profile
DC-DC Converters

Watt

Outputs 3.3 to 100 VDC

MiLl

emperatures

vDC - Fixed Frequency
S (6 100,460 D Vibrati Single & Dual Outputs
3.3 to 100 VDC Outputs S'h éi;(lon g p

Single/Dual Isolated Outputs Humidity
Altitude

36-170 VDC Inputs

Terminal Strips/PC Board Mount

68 Standard Single and Dual {
Models

iIsolated Output Voltages

3.3 to 1000 Outputs Standard Only 0.200° Height
0.500" X 0.500" x 0.340” No Output Capacitor Required
Surface Mount 64 Standard Models

5 to 500 VOC Outputs
Military Temperatures
Military Components

75 Watts

Single & Dual Outputs
to 18-300 VDC Input
Wide Input Range 5-36 VDC

Single and Dual Isolated OQutputs
Military Components/Military Temp Range

Output Voltage 1o 5

,000 VDC
7 Different Input Voltages
1120” X 2.250" X 0.500" a s

COTS/Industrial/Military
All with PIN to PIN Compatibility
Whether Your Requirements Are Board Level Or An Entire Power System,
PICO Can Meet Your Needs With Our Catalog Items Or Optimize Your
Circuit With Special Designs— Cver 1500 Standard Models
Send direct for Free PICO Catalog.

For engineering assistance or to place an order Call Toll Free 800-431-1064 A

e @] PICO Electronics, Inc.

Visa snd Master Charge Accepted
453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 914-699-5514 FAX 914-699-5565
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veloped (which may go to 0.1 um) for
flash memories. In the read mode, the
memories only require a single voltage
supply of 1.8 V. They use bidirectional
Fowler Nordheim tunneling for eras-
ing as well as for programming. Eras-
| ing and programming of single cells re-
quire 10 and 5 ms, respectively. When
programming the memories in the
page mode, the scientists achieved pro-
gramming times of 5 us per bit, and
every single cell was able to survive for
more than 100,000 write/erase cycles.

Scientists at ESSDERC ‘97 also dis-
cussed what types of directions lithog-
raphy processes will take: Will they be
optical? Ion-beam? Or a projection elec-
tron approach such as SCALPEL? Or
combinations of all three? “The battle
for 100-nm lithography is not decided
| yet,” says Professor Dr. Bernd Hoef-
flinger, the Institut fuer Mikroelek-
tronik (IMS), Stuttgart, Germany,
which organized the conference with
the University of Stuttgart.

The topic was well represented at
the conference with 10 papers devoted
to it. By using SiGe compounds, it is

TECHNOLOGY BREAKTHROUGH

possible to realize concepts in silicon
that were only possible with I11/V
semiconductors until now. According to
studies performed at the Universities
of Southampton and Liverpool, Eng-
land, and the University of Bilbao,
Spain, SiGe is well-suited for realizing
IL logic in high-performance applica-
tions requiring low-power consump-
tion needed for mobile applications.

In a joint paper, the universities’ rep-
resentatives presented their first re-
sults of integrated SiGe injection logic
circuits. Actual gate-delay measure-
ments achieved were very close to the
results of the simulations performed,
while all the devices were made were
made with a switching time per gate in
the 100-ns range. According to the sim-
ulations, a 1.2-um process allows for the
realization of SiGe I2L circuits with a
minimum gate delay time of 20 ps.

Representatives of the University of
Ulm, Germany, and of Temic, Heilbronn,
Germany, used a SiGe heterojunction
bipolar transistor (HBT) production
process to make a 1.8-GHz amplifier re-
quiring 4.6 mA at 3.6 V. Its minimum

noise is 1.9 dB with 20dB gain.

Growing SiGe on silicon wafers al-
lows devices to handle even higher fre-
quencies. For example, the Semiconduc-
tor Technology Division of the
Electronics and Telecommunications
Research Institute (ETRI), Taejon, Ko-
rea, reported on a SiGe preamplifier
with a bandwidth of 9 GHz. National
Semiconductor, Sunnyvale, Calif., inves-
tigated the effects of processing temper-
atures on device design rules for SiGe
HBTs. As professor Dr. Hoefflinger of }
the IMS points out, SiGe will be of high
interest for future thin-film-transistor
(TFT) displays as well. However, this 1
will not be because of its ability to handle
high speeds, but rather due to its ability |
to work at low temperatures. ‘

For further information about the ‘
conference and upcoming events, or to |
order the conference proceedings,
contact Andrea Zinsinger at the IMS,
Allmandring 30a 70569 Stuttgart,
Germany; telephone +49 (711) 685-
5860; fax +49 (711) 685-5930; e-mail:
zinsinger@mikro.uni-stuttgart.de.

Alfred Vollmer

THE SWEET SMELL OF SUCCESS®

DON DIEGO CORONA

A smoke preferred and enjoyed by decision makers everywhere.
A 5°/s” x 42 ring sublime smoking experience of individual
excellence for the smoker who will settle for no less.

A\

Made by hand with Natural wrapper for those
who demand only the best that the
ancient and honorable craft of
cigar making has to offer.
MY INTRODUCTORY OFFER
TO NEW CUSTOMERS
7 Don Diego Coronas
for $15.00; Regular
Retail $25.00.

THOMPSON CIGAR CO.

P.0. Box 31274 « Tam, 33633-0537
Sendme7NamralwrapperDonD‘egoa;oms(m1415)Fofs1500+$395 1‘8&"%
{Florida residents add 6% sales tax + appropriate county tax). ONE ORDER PER CUS

i

My Name

My Street Address

City State Zp

915~

THOMPSON
$C0,,ING

\merica’s Oldest Mail Order
Cigar Company. Est. 1915

Daytime Phone # ( )
0 $18.95 Enclosed. Charge to my (3 VISA O MasterCard O AmExpress O Discover

Signed

Credt Card No. (Print All Digits) Exp. Date
OFFER EXPIRES 2/28/98 » OFFER NOT AVAILABLE TO MINORS * OFFER GOOD ONLY IN THE USA

1-800-246-8221 Dept-T630 Fax: 813-882-4605
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P AHEAD

The Competitive Edge of Motorola’s Flash Microcontrollers.

In the race to market, Motorola micro- selection of development tools from Motorola and inde-

(AA)
N/

controllers with on-chip Flash EEPROM  pendent suppliers.
do more than just get you there—they get For more information on Flash MCUs from the leader
you there first! These cost-effective 16-and  in on-chip memory integration, please contact Motorola at

HENLELIHVEE 32 _bit solutions eliminate the need (800) 765-7795, ext. 999 or visit http://www.mcu.motsps.com.

for custom masked ROM code,
and Motorola’s Background
Debug™ Mode allows in-circuit programming and
debugging. Flash MCUs enable easy reprogramming
during final design and debug, end of line customiza-
tion and field upgrades. And with Motorola, the
flexibility of on-chip flash memory goes beyond
reprogramming; it also means a range of Flash
EEPROM memory sizes on several cores to meet
your application’s specific needs and a wide

1997 Motorola, Inc. Background Debug is a trademark and Motorola and M} are reistered

trademarks of Motoroly, Inc. All nghts reserved.

FLASH MICROCONTROLLERS
Device cPU Flash Memory Timer Peripherals  Package
68HC912B32  16-bit 32K 1K SRAM, 16-bit A/D, PWM, 80 QFP
768 EEPROM SCI, SPI

68HC316RT  16-bit 50K 2K SRAM CT™M 2 SCH, SPI 132 PQFP

68HCI16X1  16-bit 50K 2K SRAM GPT A/D, PWM, 120 QFP
2SCl, SPI

68HCII6Y!  16-bit 48K 4K SRAM TPU, A/D, SCI, 160 QFP

GPT SPI

68F333 32-bit 64K 4K SRAM TPU A/D, SCL, 160 QFP

QsPI
MOTOROLA

Semiconductor Products Sector

What you never thought possible™



One function generator tops all others.
The DS345 from SRS.

Direct Digital Synthesis (DDS) has become the technology of choice in function generator design. And
for good reason - DDS offers remarkable frequency accuracy, outstanding spectral purity and versatile
modulation functions that other techniques can't achieve. SRS pioneered DDS technology with the
DS345 Arbitrary Function Generator, which tops all others in performance and value, and offers the
widest range of features of any generator in its class. It comes fully loaded with internal AM, FM, PM,
and burst modulation, phase continuous frequency sweeps, arbitrary waveforms up to 16 kpoints deep,

and a frequency range extending to 30 MHz. At $1595, there simply ien't a better value.

DS5345....$1595 (us. i)
* 1 pHz to 30 MHz

* 1 pHz frequency resolution

* Sine, square, ramp and
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triangle waveforms
¢ 12-bit, 40 Msample/sec,
16 kpoint arbitrary waveforms

with supporting software
* 25,50r10 MHz ref. input
s  AM, FM, PM, log and linear
sweeps, burst mode
* GPIB and RS-232 optional

The SRS family of function
generators also includes the
DS340 15 MHz ...$1195
DS$335 3 MHz ....$995

(U.S. list)

SRS,
Stanford Research Systems
1290-D Reamwood Avenue
Sunnyvale, California 24089

Tel (408) 744-9040
Fax (408)7449049
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CAN VERIFY I+

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

Not weeks. Not even days. But hours.

That's why HAL Computer Systems, a Fujitsu company, chose Calibre
to verify their Latest microprocessor design. AtlL 17.7 million
transistors of it. Full custom. At a gecmetry of 0.25uy. Calibre did it
in just 19 hours.

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

So before you commit to silicon, remember: If you can design
it, Calibre can verify it. Visit us at www.mentorg.com/dsm, or call
1-800-547-3000.

THE POWER TO CREATI."
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Now the fastest CFLD< also consume the lowest power. Ther'll even run on a
“battery” made of zrapefruit! Philips FZP™ technology reduces power consumption
at high speeds by up to 75%, and delivers three times the petformance ar the same
levels. All combined with a unique XPLA™ architecture, which allows >99% logic
allocation while reraining 99.98% reroutability with fixed pin-our. We have 3V
and SV devices with up to 128 macrocells, and devices Pq p H I LI p s
‘,@A in development at the 1000 macrocell level. Supported 3
/ —y by all popular software twols, Philips CPLDs are cost-

/””0/ //0” effective and easy to design-in. Try us! Ask for a FREE

’” €D Demo to see how Philips will add juice to your

Lett make things better
systems circuitry. Visit us at www.esolpld com or fax 5 a A

W NN ER for more information: +31-10-284-3181.
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BURR - BROWN®

_ A/D Converter Solutions

Target Your A/D Application

The Time Has Gome for a Better Solution...

A/D Application Solutions

Don't let your design project fall short of if its mark! Let Burr-Brown's
broad line of high speed, delta-sigma, and general purpose A/D
converters help you hit your mark every time.

e Medical Imaging e Industrial & Process Control
¢ [nstrumentation e Portable Systems
e Communications e Robotics

Motor Control Video Applications

L
*

Ultrasound CCD Imaging

e Gamma Cameras ¢ Weigh Scales

Delta-Sigma Converters

Don't lose in the industrial marketplace. The ADS1210 family of
delta-sigma converters offers a complete solution—differential
inputs, programmable gain amplifier, single- or 4-channel multiplexed
versions, digital filter, and modulator all operating from a single

Burr-Brown Corporation

+5V supply. A great solution for 24-bit, high resolution, industrial
and process control, instrumentation, and smart transmitters.

High Speed Converters

With resolution and speed ranging from 8 bhits to 12 bits and
5MSPS to 75MSPS, the ADS800 and ADS900 families of
converters are your winning solutions for communications,
video, and imaging applications.

General Purpose Converters

There is nothing “general” about the ADS family of A/D converters.
The family consists of 20 different models offering numerous
options in sampling rate, input range, digital interface and more.
Burr-Brown is the only company offering 12- and 16-bit, pin-
compatible A/Ds that allow you to upgrade in resolution without
redesign. Our targeted process technology provides high performance
at low cost making these converters ideal for remote data acquisition,
motor control, medical instrumentation, and portable systems.
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Burr-Brown SpeedPLUS A/D Converter Products

Resolution Sample Rate f,  SNR SFDR DLE Power Supply " Price
Product ™ gits) (MHz)  (MHz) (dB)  (6B)  (LSB)  (mW) (V) Ref  Packages™ 4y ies)
's>5MHZ
ADS800 12 40 125 62 61 104 390 +5 Int EU $29.00
ADSB01 12 25 5 65 61 0.3 270 +5 Int EVU $20.55
ADS803 12 5 2 69 82 +0.25 114 +5 it EU $9.55
ADS804 12 10 48 69 80 0.3 180 +5 It EU $10.95
ADS805 12 20 8 67 77 10.25 285 +5 It EVU $16.95
ADS820 10 20 10 60 63 102 195 +5 Int EU 9636
ADS822 10 40 10 60 70 +0.5 161 +5 Int/Ext E $6.80
ADS823 10 60 10 60 75 05 265 45  InVExt E $8.50
ADS824 10 75 10 59 70 05 315 45 InV/Ext E $9.95
ADS830 8 60 10 50 68 105 180 +5 inVExt E* 8495
ADS831 8 80 10 43 67 105 265  +5  InvExt E $7.95
“ADS900 10 20 10 50 53 07 52 +3 Int E $5.70
ADS01 10 20 9 54 51 109 48 +3 Ext E $5.65
ADS902 10 30 125 57 58 03 140 +5 Ext E $6.65
ADS930 8 30 125 46 51 104  66at3vV  +345 Int E $337
ADS931 8 30 125 48 49 10.5 63at3V  +3/+5 Ext E $3.27

NOTE: (1) E=28-pin SSOP E*=20 Lead QSOP U=28-pin SOIC  Bold face = New Products

Wide Dynamic Range
10MSPS Digitizer

Measured
80dB SFDR 0.14F 5000
e

05Vpp 0.1uF ADS902
10-Bit
30MSPS

<} www DUIT-DIOWN com




Precision A/D Converters

Burr-Brown A/D Converter Products

Res. Sampling # Linearity NMC™  SINAD  Power @ Price
Product  giis) Rate (kHz) Chan.  Meriace  Tyee (%) (Bits)  (dB)  (mW) oK (yxnes)
fs<5kHz
_ADS1201 24 001 1Diff  Modulator  DettaSig 00015 24 - 10 EPU  $576
ADS1210 24 0.01 1Diff  Serial  DeltaSig 00015 24 - 60 P.U $9.60
_ADS1211 24 001 4Diff  Serial  DeMaSig  :00015 24 - 60 EPU §1052
ADS1212 22 0.01 1 Diff Serial DeitaSig 00015 22 - 14 PU  §7.25
“ADS1213 22 0.01 4 Diff Serial DeltaSig +0.0015 22 - 14 EPU $8.50
ADS1214 22 001 1Diff Serial DeltaSig £0.0015 22 - 14 PU $7.25
“ADS1215 22 0,01 4 Diff Serial DeltaSig £0.0015 22 — 1.4 E,P.U $8.50
ADS574 12 40 1SE Parallel SAR $0.012 12 70 100 PU  $1245
“ADS7806 12 40 1SE_ ParallelSerial SAR ;0012 12 72 35 P.U $9.47
ADS7807 16 40 1SE_ParallelSerial  SAR £0.0022 16 86 55 PU  §2575
ADS7812 12 40 1SE Seril SAR ;0012 12 72 3 PU  $925
_ADS7813 16 40 1SE  Serial  SAR  40.008 16 87 35 PU_ $2000
ADS7824 12 40 4 SE _ Parallel/Serial  SAR £0.012 12 72 50 PU  $1230
ADS7825 16 40 4 SE  Parallel/Serial  SAR £0.003 16 86 50 PU  $28.46
_ADC700 16 59 ~ 1SE ParallelSeral SAR  :0.006 13 - 765 H $69.60
ADS774 12 117 1SE Parallel SAR £0.012 12 68 120 PU  $16.95
ADS7804 12 100 1SE Parallel SAR 10.012 12 72 100  PU  $11.00
_ADS7805 16 100 1SE Parallel SAR +0.0045 16 86 100 PU  $2050
ADS7808 12 100  1SE  Serial  SAR 40012 12 72 100 PU $9.95
ADS7809 16 100  1SE  Serial  SAR ;0003 16 8 100  PU  $20.50
“ADS7816 12 200  1Diff  Serial  SAR +0.024 12 72 35 EPU  $533
ADS7817 12 200  1Diff  Serial  SAR_ 10.024 12 7 4 EPU  $5.18
ADS7820 12 100 1SE Serial SAR 0012 12 72100 PU  $10.25
ADS7821 16 100 1SE Parallel  SAR 400045 16 86 100 PU  $27.47
ADS7822 12 75 1Diff Serial  SAR +0.018 12 71 054 EPU $4.64
_ADS7832 12 117 4SE_ Parallel SAR 40024 12 69 35 PN $16.00
_ADS7833 12X3 150  10Diff  Serial SAR +0.018 12 - 125 N $2375
_ADS7841 12 200 4 SE Serial SAR 024 12 7 35 = $5.59
_ADS7842 12 200  4SE  Parallel  SAR 40024 11 70 35  E %621
ADS7843 12/8 200 4 SE Serial SAR ! - 35 U $4.95

200kHz<fs<500kHz

_ADS7800 12 333 1SE___ Parallel SAR #0012 12 69 215 H  $2395
TADS7811_16 250 1SE __ Parallel __ SAR +0.006 15 86 250 PU  $2475
“ADS7815 16 250  1SE __ Parallel  SAR_ +0.006 15 84 250 u $20.00
“ADS7818 12 500 1 D Serial SAR +0.024 12 70 10 EPU 9625
ADS7852 12 500 8SE___Parallel SAR . 72 35 PU $7.50
500kHz<fs<5MHz

_ADS7810 12 800 1SE  Parallel  SAR 30018 12 69 250  PU  $23.75
TADS7819 12 800 1SE___ Paraliel SAR $0018 12 70 275  PU _ $1220
ADS7831 12 600 1SE___ Parallel SAR +0.024 12 69 275 PU  §1142

NOTES: (1) No Missing Codes (2) U=S0IC E=SSOP N=PLCC P=PDIP H=Ceramic * Bold face = New Producls
BURR - BROWN?®




BURR - BROWN?®

New Products—Just In Time!

22-Bit A> A/D

12-8it, 20Miz A/D

AY A/D Converters
Offer Low Power

ADS1214 and ADS1215 are low
power, precision, wide dynamic
range, 22-bit AX A/D converters
operating from a +5V supply. Both
feature a full scale input range of
20mV to 320mV. They also include
a flexible synchronous serial
interface which is SPI compatible
and a two-wire control mode for
low-cost isolation. Both offer
effective resolutions of 16 bits at
1kHz through use of the unique
“Turbo Mode” of operation which
gives the benefit of matching the
resolution and data rate to
power consumption requirements.
ADS1214 and ADS1215 are ideal
for high resolution, low-level
measurement applications.

12-Bit A/D

microPOWE*._
“osyesy

’ ‘ fi~,

12-Bit, 2.7V microPower
Sampling A/D Converter

ADS7822 is a 12-bit, 75kHz
sampling A/D converter packaged
in the smallest 8-lead MSOP.
Featuring the lowest power
requirement at 540pW, it is 10X
faster than competitive models.
Between conversions it automaticalty
powers down to 3pA of supply
current making it ideal for battery
operated sysiems.

A/Ds for Imaging and
Communications

The new ADS80x family of 12-bit,
high dynamic range, pipelined A/D
converters offers the best speed
and performance at a lower price
than you'd expect for demanding
communications and imaging
applications. A pin-compatible
family, the 5MHz ADS803, 10MHz
ADS804 and 20MHz ADS805 are
complete converters featuring
high bandwidth track/hold, internal
reference, and a 12-bit quantizer.
All offer excellent spurious perfor-
mance up to and beyond Nyquist,
with a premium SNR of 69dB.

10-Bit, 79MHz A/D

St

CMOS A/Ds Operate from
Single +5V Power Supply

For even higher speed solutions in
communications and imaging
applications, Burr-Brown offers
the ADS82x tamily of pipelined
10-bit CMOS, A/D converters.
They are complete converters with
the option to use an internal or
external reference. The external
reference option provides gain
and offset matching when used in
multi-channel applications, or
where full scale range adjustment
is required. Digital error correction
techniques provide excellent
differential linearity for demanding
medical and video imaging.

Burr-Brown Corporation

Burr-Brown Corporation « P.O. Box 11400 « Tucson, AZ « 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 « htip://www.burr-brown.com/
Distributors. Anthem: (800) 826-8436  Digi-Key Corp: (800) 338-4105 « Insight Electronics: (388) 488-41334).1.T. Supply: (800) 246-9000 « Sager Electronics: (800) 724-3780 « SEMAD (Ganada): (800) 567-3623

24-Hours a Day

Technical Information
When You Want It!

www.burr-brown.com

Get new product information any time—at work or home.
All the information and news you need is just a mouse
click away.

FAXL/NE: 800-548-6133

Technical information is available to you 24-hours a day
with our fully automated Faxback system.

Updated CD-ROM Catalog

A complete guide to all Burr-Brown
products—including the
most recently introduced
models. All the technical
information you’ve relied
on in our data books is now
in an easy-to-use CD-ROM
format with search capabilities. Product data sheets are
linked to selection trees to help you precisely target
your applications.

Complete Literature Library

Comprehensive reference material for our product lines
is available by posting or faxing a request through our
website or FAXL/NE. Materials include data books, product
guides, product brochures, and applications handbooks.




M Exploring audio, video, and graphics design challenges

The Rise Of Multimedia PCs Taxes
The Graphics Subsystem

Today’s Graphics Processor Must Handle 2D and 3D
Acceleration As Well As Video.

RON DRAFZ, JOHN REDER, AND STEVE ROGERS, Texas Instruments Ine., P.O. Box 660199, MS 8711,
Dallas, TX 75266; (972) 480-3462.

bandied about the electronics in-
dustry for nearly a decade. Dur-
ing that time, the concept of multime-
dia has evolved to include a wider
range of base-level technologies that
make the PC a viable platform for a
wider range of experiences. This, in
turn, attracts a wider range of users.
Today, a great deal of effort is being
exerted to improve the visual content
of the PC. Capabilities such as three-
dimensional (3D) graphics engines,
two-dimensional (2D) accelerators,
and enhanced video processing are
challenging PC system designers with
funetionality previously unattainable
in business and consumer PCs. On the
other hand, change in one place in an

The term “multimedia” has been

architecture may have adverse effects
in other parts of the system.

Today, the traditional multimedia
PC is being enriched with what are
considered as “entertainment capabili-
ties.” Flat, unresponsive graphics;
fuzzy, out-of-synch video: and hollow-
sounding audio will soon be unaccept-

! able. Users will increasingly be bring-

ing real-time video images and other
resource-demanding data streams into
PCs. And new business applications,
such as videoconferencing, personnel
training using virtual-reality simula-
tion, and video image editing will fur-
ther spur the spread of entertainment-
oriented multimedia PC capabilities.
“The PC98 Hardware Design
Guide,” co-authored by Intel and Mi-

Analog video fo Tuner

SVGA
monitor
Video 203D
codec graphics processor

Bus control

digital {analog source)

Digital video to

Outto TV

(AGP or PCI)

Network

analog

L. Today’s graphics board looks different than one from a few years ago. This is partly because
it’s now asked to handle 3D graphics and video. The data bus is either PCl or AGP.

crosoft, defines a robust set of multi-
media requirements and recommen-
dations for PCs in the near future. For
example, all systems are required to
support 3D graphics acceleration, and
many also are expected to include
video features such as tuners, analog
video capture, television outputs, and
digital video disk (DVD) playback.

Looking at the generic building :

blocks needed to handle the enhanced
visual content multimedia PCs will be
asked to process, the graphics processor
becomes a central focus point (Fig. 1). A
robust, fully featured graphics proces-
sor is eritical to successfully enabling
next-generation multimedia PCs.
Today’s crop of graphics engines
bring the visual realism previously
found only in high-end workstations to
business and consumer PCs. This class
of graphics processor combines three
distinet functions: high-performance
3D, 2D acceleration, and advanced
video processing. These new inte-

grated graphic processors balance |

high-quality, 3D polygon and textured
graphies acceleration, Windows accel-
eration, and MPEG-1/MPEG-2 video
playback with an integrated Super
VGA core. They also add an inte-
grated RAMDAC and video ports.

Multidimensional To The Core
By combining 3D, 2D, and video op-
erations in the same graphics core,
these processors provide additional
flexibility in data handling and assure
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no duplication of functionality.

The 3D graphics pipeline takes a 3D
model of the desired scene and trans-
forms it into individual pixels for dis-
play on a 2D monitor (Fig. 2). Some of
| the earliest 3D graphics processors
only performed the rasterization step,
while a separate RAMDAC performed
the display function. This left the re-
maining computational-intense steps to
the PC’s host CPU, which significantly
limited overall 3D performance. Over
time, graphics processors have contin-
ued to absorb more of the 3D pipeline,
providing true hardware acceleration.

Today, the best mainstream graph-
ics processors even include the set-up
function, leaving only the geometry
and lighting functions to the host. This
evolution has significantly improved
3D performance, providing better im-
age detail with higher frame rates.
Having this sort of set-up engine on-
chip significantly reduces the process-
ing load on the host CPU and system
bus, typically a PCI bus or accelerated
graphics port (AGP).

New graphic-processor cores are
capable of a high degree of parallelism
which allows several pixels to be
processed concurrently. This type of
design ensures a high throughput
while maintaining low latency be-
tween primitives. An advanced graph-
ies engine normally won't require that
one primitive be processed completely
before the next can begin processing.

Some graphics processors can fur-
ther reduce their processing load by
not wasting time processing pixels that
won’t be written to memory. The

e e e e e e e e e e e e e e e e e e e e mmmm e e e m B m e . e e e — - o — — ——————— = —

processor accomplishes this by first
rasterizing each primitive to determine
the pixels that it covers on the screen,
and then putting each pixel through a
sequence of operations. As the pixel is
put through this sequence, if it fails any
of the tests along the way, it will not
take part in any further processing.
For example, if a pixel fails the depth
test, it won’t have a texture address
calculated for it, nor will it have texture
data read from memory and applied.

In addition to accelerating 3D, to-
day’s advanced graphics accelerators
must be highly optimized for legacy
graphics operations such as bloek trans-
fers, raster operations, DOS graphics
modes, and linear and planar memory
addressing. Even today’s most ad-
vanced Windows-based computers boot
up in VGA mode, requiring that a VGA
core be included in every graphics chip.
It’s also important to note that the
graphies processor remains general
purpose enough to support popular 3D
application programming interfaces
(APIs) such as Microsoft’s Direct3D
and Silicon Graphics’ OpenGL.

Rockin’ RAMDACs

Besides combining 2D, 3D, and
video processing, several graphics
processors have integrated a high-
speed random-access memory digital-
to-analog converter (RAMDAC). In-
tegrating the RAMDAC has decided
performance advantages, but design-
ers must be careful not to sacrifice
RAMDAC performance for the sake
of an integrated graphics processor.
The RAMDAC’s speed has a critical

; effect on the display’s refresh rate. If

Geomelry engine Rendering engine the speed is inadequate, the monitor

. won’t be able to quickly shift images or

] G"':I':m :“d Lol Setup | ';':"r‘rl;:""o“"" l::;‘;:ﬂ ! Rasterization {—={ Display display fast-moving images. In addi-

tion, the RAMDAC should support a

PR Translate, c::'pd m mm '&'30 mll:lfl: ﬂv'i'mnlm Tm S‘?;;;l wide range of screen resolutions from

transtorm, 320 by 200 to 1600 by 1200 pixels, and

PO O O g " m‘:’“b —-— refresh rates from 60 to 100 Hz. The

_ Early 30 yraphics RAMDAC also dictates whether the

Host microprocessor devices ans RAMBAC color depth will be 8, 16, 24, or 32 bits.

PC device The graphical nature of multimedia
performing the = I PCs increases the demands placed on :

function Time the RAMDAC. For example, today’s

s Tl s 0 grapc i by 1024 pixels with 16 bitspixe of

color resolution at a 75-Hz refresh

2. Graphics devices have continued to absorb more of the 3D pipeline over fime. The 3D graphics | rate. This requires a 135-MHz RAM-

pipeline takes a 3D model of the desired scene and transforms it into individual pixels for display : DAC with a 64-bit wide-pixel data bus

on a 2D monitor. feeding data at a rate of 197 Mbytes/s

tothe RAMDAC. However, 21-in.

monitors support 1600 by 1200 pixels
with 24 bits/pixel of color resolution at
an 85-Hz refresh rate. This requires a
250-MHz RAMDAC with a 128-bit-
wide pixel data bus feeding data at a
rate of 653 Mbytes/s to the RAMDAC.

RAMDAC:S actually output more
data than can be seen on a display.
About 40% of the bandwidth is thrown
away. These high data rates have
foreced the integration of RAMDACSs
with the 2D/3D graphics engine. The
data bus widths and speeds demand
integration; otherwise, pin counts
would make device packaging prohibi-
tively expensive.

PLLs To The Rescue

Speeds of this sort require phase-
locked loops (PLLs) to generate stable
clocks for the integrated RAMDAC, in-
ternal graphics-processor logic, and ex-
ternal memory devices. PLL designs
are a mixture of high-speed analog and
digital technology supporting internal
rates of 100 to 450 MHz. The output of a
PLL is selected and scaled to the de-
sired RAMDAC pixel-clock frequency,
as well as to the required rates of the
graphics engine and external memory.

The speeds of today’s RAMDAC
may be dizzying, but the market is al-
ready demanding support for high-de-
finition television (HDTV) resolutions
of 1920 by 1080 pixels and RAMDACs
with speeds of 270 MHz. RAMDAC
performance capabilities will continue
to be driven by monitor technology
and monitor price/performance.

Until now, a PC’s graphic-process-
ing capabilities have taken precedence
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Ei. The software element of the graphics subsystem can help or hinder performance. Tasks can be
sectionalized to specific code segments using object-oriented programming.

over its video handling facilities. This
is about to change. How PCs import
and manipulate both live and stored
video signals will become increasingly
important for users as new peripher-
als such as DV Ds, digital cameras, and
digital satellite broadcasting services
gain in popularity.

Video decoders and encoders play
the role of video signal gatekeepers for
the PC by converting analog video sig-
nals into digital signals for processing
by the PC’s graphics proeessor (Fig. 1,
again). The digital signals are then re-
converted into analog signals that can
be displayed on analog video equip-
ment like a TV or stored ona VCR.

But, a new breed of video decoders
is emerging. Essential to these de-
coders is the high-quality video imag-
ing that they allow on a PC display.
Some decoders have a number of fea-
tures that assure high-quality analog-
to-digital video conversions. For ex-
ample, performing comb filtering on
both the luminance (brightness) and
chrominance (color) paths that tra-
verse a decoder dramatically improves
the preservation of detail in the image.

Previous-generation decoders have
only done comb filtering on the
chrominance path, or on neither path.
Some older decoders without comb fil-
tering eliminated large amounts of
picture detail while simultaneously in-
troducing distortions into the image.
Another advanced feature that must
be supported by both the video de-
coder and video encoder is genlock,
which produces accurate and high-
quality colors in images even when the
video input comes from a source with
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unstable clock timings.

On the output side, a video encoder
converts the digital graphic informa-
tion from the graphiecs processor into
analog signals for outputting to a tele-
vision. Here, a host of new capabilities
bring the quality of PC video on a par
with consumer-electronics systems.
For example, a flicker filter is an im-
portant part of the encoder if the
flicker often experienced on interlaced
TV screens is to be eliminated. Com-
puter imagery designed for display on
a progressive-scan monitor often con-
tains fine lines, which flicker when dis-
played on an interlaced TV. A flicker
filter smoothes these lines while main-
taining adequate detail.

Televisions truncate about 5% of
the incoming video signal, commonly
referred to as overscanning. Con-
versely, computer monitors display
the entire image, so the graphics de-
vice must fill the entire monitor with
information. Therefore, if a computer
image is displayed on a TV, critical in-
formation may be lost. Today’s more
advanced encoders include an over-
scan compensation filter to scale com-
puter imagery for display ona TV.

If the digital-to-analog converter
(DAC) in a video encoder doesn’t have
adequate precision, another distortion
(contouring) can occur. Contouring,
which marks the transitional areas
from one color to another with visible
lines resembling the lines of a contour
map, can be eliminated when the en-
coder has a DAC that’s capable of at
least 10 bits of precision.

With the advent of DVD, which
supplies video source material to

users in a digital form, excellent repro-
ductions could be copied by recording
the output of the video encoder onto a
VCR tape. Macrovision was devel-
oped to prevent these attempts at
piracy. It adjusts the video synchro-
nization signals so that the VCR can't
lock onto and record the signal while
simultaneously allowing the user to
view the video content on a normal
TV. This technology is becoming a re-
quired feature of all video encoders
used to view digital content.

Glueless, Not Clueless

In many designs, glue logic is used
to convert, modify, amplify, or buffer
signals as they are passed from one
functional hardware block to another.
Each glue logic device adds cost to a
cost-sensitive end product. In addi-
tion, each piece of glue logic adds time
to the design of a product that com-
petes in the PC whirlwind market.

Fortunately, digital-video and
graphics-device manufacturers have
begun to adopt standards that provide
seamless interfaces. Many of these de-
vices currently utilize either a VMI or
ITU-656 digital interface, which re-
duces many compatibility issues. The ]
VESA Video Port committee is ex-
pected to soon adopt a common digital
video interface standard, probably
based on the Video Interface Port
(VIP) proposal. The VIP combines
features of both the VMI and the ITU-
656. Once this standard is adopted and
implemented, digital-video and graph-
ies devices should all be compatible
with one another.

The Soft Underbelly

Underlying all of these hardware
challenges and concerns is the soft-
ware—perhaps the ultimate
“Gotcha!” In the ever-changing world
of software device drivers, the one in
use today will always be superseded
by another faster driver. The question
becomes: How easily and effectively
can the system cope with new soft-
ware as it becomes available? A modu-
lar, object-oriented driver structure
will help alleviate some of this prob-
lem by allowing drivers to be slotted
into or removed from the overall soft-
ware architecture.

Another software concern is how
efficiently will device drivers interact
with the system’s operating environ-
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ment. A slight hiccup between the dri-
ver and the operating system can be-
come a major bottleneck to data
throughput. Only a seamless data flow
will optimize the potential of the un-
derlying hardware. To some extent,
data-flow problems can be avoided by
conforming to the requirements of the
operating system and the APIs. How-
ever, even standards compliance is no
substitute for sound software design.
Good object-oriented programming
will sectionalize tasks to specific code
segments.When the video application
becomes the end-user interface, the
programmer can choose different
styles for the graphical-user interface
(GUI) (Fig. 3). The command driver is-
sues commands to the board driver and
uses video-port extensions to display
the streaming video. The individual
chips are all handled by the board dri-
ver. Each chip, tuner, decoder, encoder,
and audio has its own driver to map cer-
tain characteristics like brightness,
contrast, NTSC format, and change
frequency. In addition to these drivers,
the graphics-card maker must write a

driver compliant with the Microsoft
video port extensions to DirectDraw.

The beauty of this design is that it
adapts to hardware upgrades or
changes. If you decide to use a differ-
ent decoder, just rewrite that driver
and replace the old one. If you want the
GUI interface to support video
wrapped around a 3D object, simply
change the command driver. This de-
sign also accelerates the debugging
process. You can assign different codes
to each error, which tells the program-
mer writing the video application
which of the lower drivers is problem-
atic. Because each section is modular,
driver updates also can be modular.

To examine how these drivers in-
teract, follow how the user may
change TV channels. The user will se-
lect a channel from 1 to 125 depending
on what channels are enabled. Then, in
the command driver, the selected
channel is converted to a channel fre-
quency, depending on the format
(NTSC, PAL, or SECAM) and band
(standard or cable). It then passes this
information to the board driver, who

then passes it to the tuner driver. This
driver modulates the frequency de-
pending on the tuner’s timing and
clock generators and writes directly to
the device.

Ron Drafz, a graphics manager for
mixed-signal multimedia products,
received a BS degree in computer en-
gineering from the University of Illi-
nois, Champaign-Urbana, Ill. He also
holds an MBA degree from the Uni-
versity of Dallas, Texas.

John Reder, a technical marketing
program manager, received a BSEE
degree from the University of Illinois
in Champaign-Urbana, Ill. He also
holds an MSEE from Southern
Methodist University, Dallas, Texas.

Steve Rogers is a software systems
developer. He holds a BSEE degree
Jrom Texas A&M University, College
Station, Texas.
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Introducing The Industry’s Fastest
Monolithic 14- And 16-Bit ADCs.

AD9260
AD9240

| m 14-Bit, 3 MSPS, $39.00

16-Bit, 20 MSPS, $49.95

14-Bit, 10 MSPS, $58.76

word
89 dB SNR; -96 dB THD

ip sample-and-hold amp and voltage reference;
V supply; 285 mW dissipation;
SFDR; 78.5 dB SNR: -85 dB THD

On-chip sample-and-hold amp and voltage reference;
single +5 V supply; 110 mW dissipation;
91 dB SFDR; 80.0 dB SNR: -87 dB THD

Y On-chip sample-and-hold amp and voltage reference;
AD9241 14-Blt, 1.25 MSPS, $15.86 single +5 V supply; 60 mW dissipation;
2 88 dB SFDR; 79.0 dB SNR: -88 dB THD

At Last, You Can Afford To Upgrade From 12 Bits

Until today, your options for high-speed 14-bit
and 16-bit ADCs have been limited to hybrids
or modular converters, whose high price, high
power dissipation and bulky packages have
prohibited their use in high-volume applications.
Our new generation of monolithic ADCs enables
you to upgrade your 12-bit system by providing
superior performance — up to 20 MSPS - which
can cut the price and power dissipation by 90%.

A Family Of ADCs From 1.25 To 10 MSPS -
All Under $60*

No one offers the kind of performance you can
achieve with our 14- and 16-bit ADCs, not at
any price. The 14-bit AD924X family samples at
1.25, 3 and 10 MSPS. The 16-bit sigma-delta
based AD9260 samples at 20 MSPS and operates
with an 8x oversampling ratio, providing a 2.5
MHz output word rate. And they all provide the
wide bandwidth, low distortion, low noise and
high SNR needed for next-generation applica-
tions, ranging from communications and imaging
to instrumentation and test equipment to radar,
signal analysis and data acquisition.

Save Power And Space, Too

Our 14- and 16-bit ADC family combines single
5 V supply operation, internal reference, an
on-chip sample-hold amp and true differential
inputs, which means you can reduce the compo-
nent count and power consumption of your
design. And they’re all available in space-saving,
pin-compatible, 44-pin MQFP packages that
make for quick and easy upgrades. Prices range
from $16.86 for the AD9241 to just $58.76 for
the 10 MSPS AD9240.

For data sheets via fax, dial AnalogFax® at
1-800-446-6212 and enter Faxcode #2155
(AD9260); #2136 (AD9240); #2063 (AD9243);
#2137 (AD9241).

For fast delivery of free data sheets and samples:

1-800-ANALOGD

www.analog.com/3210

For immediate access fo data sheets, o dpplltahon information,
evaluation board ordering and free samples.
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Analog. Digital. Solutions.

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-2106.
Distribution, offices and application support available worldwide.

*USD 1,000s, recommended resale, FOB U.S.A.
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DESIGN APPLICATION

Optimizing DSP-Based
System Design For
Real-Time Applications

Dual DSP’s, novel debugging techniques,

| and a structured hardware-software integration
method help speed the design process.

STEVEN HARRIS, RAGHUNATH RAO, MIROSLAV DOKIC, AND TERRY RITCHIE, Crystal Semiconductor Division,

e-mail: snh@crystal.cirrus.com

eal-time signal-processing sys-
R tems are a significant challenge to

designers. Common issues in-
clude the memory size to DSP MIPS
trade-off, 1/0 strategy, debugging ca-
pability, and hardware/software inte-
gration. As we shall see, there are new
techniques which together allow a
smoother, more predictable path to a
successfully working system.
Throughout this article, the implemen-
tation of a Dolby Digital audio
decoder! is used to illustrate the tech-
niques (see “Dolby Digital—

code. The first-pass design is then im- |
proved by iteratively refining the hard- |
ware and software specifications until
the design trade-offs are satisfactory. E
Examples of such iterations include !
choosing special hardware for cyclic re- !
dundancy check (CRC) calculation or |
using optimized DSP instructions. i

In most audio decompression tasks, 1
including Dolby Digital, the algorithm !
consists of two major stages: '

1. Parsing the input bit stream with

Cirrus Logic Inc., 4210 South Industrial Dr., Austin, TX 78744; (512) 912 3253; fax: (512) 445 2831;

specified/computed bit allocation, and
generating frequency-domain trans-
form coefficients for each channel

2. Performing the inverse trans-
form to generate time-domain pulse-
code modulation (PCM) samples for
each channel

After generating initial DSP code
for each major module, the MIPS
(processor usage) and memory re-
quirements can be estimated. In addi-
tion, the bandwidth, scheduling, and
type of data flowing from one

An Overview,” p. 5,). module to the next also is
known. The first-generation
Design Requiremenfs Address g Shared memory |~ Address DSP. G2 e U UL
Analysis of the system re- 544 by 24 namics of the overall decode
quirements is crucial to begin- Data |~ - Dala process, which are very im-
ning the design process. A DSPA 0SPB portant in determining the
top-down design approach is scheduling of tasks, and
recommended, specifying the r AB_cmd_reg . TolNr thereby the intertask com-
hardware requirements AB_par1_reg 0 m.}"“'c munication requirements.
| based on a good understand- 10 read AB_par2_reg only
| ing of the application, particu- or write AB_sh_mem_sem MIPS Vs. Memory
larly the software implemen- A careful balance must be
tation. Typical audio L ] obtained between memory
algorithm-dependent re- and available processing
quirements are processor TolNT . BA_cmd_reg bandwidth utilization. Typi-
speed, memory, precision '"9""/0 - BA _part_reg /D read cally, memory can be saved
(resolution), dynamic range, only | BA _par2_reg TN by using more MIPS or MIPS
and distortion. Apart from L BA _sh_mem_sem could be saved by using more
overdesigning the system, 10 read memory.
the only way to get a confi- or write ‘_’ . An example of such a trade-
dent design architecture is to off in the Dolby Digital de-
begin with a tentative hard- compression process is in the
ware platform, and actually 1. The figure shows how shared memory and message semaphore decoding of the exponents for
develop first-generation DSP registers control the communication channels between the two DSPs.  the sub-band transform coef-
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@ware

PG user
intertace

access to the DSP core, memory, and 1/0.

ficients. The exponents must arrive in
the first block of the encoded frame
and may or may not arrive for the sub-
sequent blocks, depending on the
reuse flags. But, within the block it-
self, six channels are multiplexed, and
the exponents arrive in the bitstream
compressed (block coded) for all six
channels, before the mantissas of any
channel are received.

The decompression of exponents
has to happen for the bit allocation
process as well as scaling of mantissas.
However, once decompressed, the ex-
ponents might be reused for subse-

2. A conventional debugging strategy is illustrated here. While cumbersome, it does provide

quent blocks. In this case, they would
be stored in a separate array (256-by-
24-bit elements for six channels equals
1536 memory locations). On the other
hand, if exponents are stored in com-
pressed form (only 512 memory loca-
tions), decompression would be re-
quired for the subsequent block, even
if the reuse flag is set.

The second approach was chosen for
two reasons: memory savings (in this
case, 1 kwords saved) and the fact that
in the worst-case scenario, the expo-
nents have to be decompressed for
every block. Therefore the MIPS allo-

cated must be large enough to meet the
worst-case scenario, allowing the use of
spare MIPS under better conditions.

Input FIFOs Save System Cost
Designing the proper input FIFOis
important not only for the correct op-
eration of the core DSP system, but it
can simplify the overall system design.
For example, in a TV set-top box,
where encoded audio is multiplexed in
an MPEG2 transport stream, the min-
imum buffering requirement for audio
(per MPEG spec) is 4 kbytes. By using
an 8-kbyte input FIFO, any audio
bursts from a correctly multiplexed
MPEG?2 transport stream can be ac-
cepted, meaning that no extra buffer-
ing is required upstream in the demul-
tiplexer chip. This design allows the
demultiplexer to pass any audio data
directly to the decoder DSP system,
regardless of the transport bit rate,
thereby reducing overall system cost.

Output FIFOs Save MIPS
Significant MIPS can be saved if
the output FIFOs are designed prop-
erly. The output FIFOs act as direct
memory access (DMA) engines, feed-
ing decompressed audio data to digi-
tal-to-analog converters (DACs). Au-
dio converters require their input data
to be at a fixed sample rate, with no

Dolby Digital— An Overview

Dolby Digital (formerly AC3) is an audio coding

technique that allows multi-channel, high-fidelity
audio information to be transmitted over a low-band-
width channel, or stored on a medium where audio data
space is at a premium. The coding technique converts the
sound into frequency bands.

The human ear cannot perceive sounds which are close
in frequency to a loud sound. The coding algorithm takes
advantage of this by removing the masked sounds, ac-
cording to a set of threshold curves which model the
masking behavior of the ear. For each frequency band, be-
cause the inaudible information has been removed, fewer
bits are now required to represent the sound.

For a given block of sound, the available bits for
transmission are allocated amongst the frequency
bands depending on the particular characteristies of the
spectrum. This process is continuously changing, vary-
ing as the program material varies.

The normal output of a Dolby Digital decoder is six
channels of audio: front right, front left, front center,

0 riginally developed for broadcast television audio,
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rear right, rear left, and a nondirectional bass sub-
woofer channel (known as 5.1 channels). In some play-
back scenarios, traditional two-channel stereo or mono,
playback may be required. The decoder has to be able to
create a correctly balanced stereo or mono output, from
the original 5.1 channels.

Dolby Digital includes a method of setting the dialog
level fo a consistent level for different program sources.
The decoder also has to handle the control of dynamie
range, using a compression technique. This technique
allows both the loud and the quiet sections of a program
to be heard when the overall volume level is set low.

The processes required by a Dolby Digital decoder
include parsing the incoming bitstream to detect the
synchronizing information and other additional infor-
mation about the audio data, error checking using CRC,
dequantizing using the bit-allocation information, and a
frequency to time domain transform algorithm. Be-
cause the audio data is usually streamed in real time,
the decoding processes have to oceur within a strict
time budget.

l T T
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*“choices within choices™. After all, Fairchild memory products now lead the industry
with new process and design ideas - providing access to one of the most reliable
EEPROM technologies available anywhere. And thanks to MICROWAVE, IIC and
SPI interfaces; Zero Standby (< 1p A) products and Write Protection, designing-in

Fairchild EEPROM is easy... and smart.
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never been easier... whether it’s state-of-the-art surface mount packaging options
(i.c. 8/pin SOIC, SOT23 and 8/pin TSSOP) or 256/bit to 16/bit densities.

As a worldwide leader in electronic components distribution, Future
Electronics has been delighting customers for almost 30 years with innovation,
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more than unsurpassable - they're unforgettable.
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Host
interface

DSP core

Input data
interface

interface

Debug

Data
memary

@@

@nace

Program
memory

PC user
interface

3. This simplified debugging strategy employs a two-wire port and a debug interface to gain
access to the DSP and other necessary points. By using this method, the designer gains real-

time capability.

missed samples allowed. Without out-
put FIFOs, the DSP has to be inter-
rupted at the sampling frequency (F's)
rate. Every interrupt has some amount
of overhead associated with switching
the context, setting up the pointers,
etc. Using a 32-sample output FIFO,
with a half-empty interrupt signal to
the DSP, the DSP is now interrupted at
arate of Fg/16. The interrupt overhead
is reduced by a factor of 16, which can
result in two-to-three MIPS of savings.
In addition, the need to synchronize the
DSP core operation to every clock of
the output DACs is reduced.

Dual DSPs Simplify Partitioning

Two DSPs can work in parallel, exe-
cuting different portions of the algo-
rithm and potentially increasing the
available processing bandwidth by
nearly 100%. The actual gains realized
will depend on the nature of the
processes involved. Correct software
scheduling, to insure that the DSP en-
gines are not waiting for each other, is
mandatory.

Fortunately, most audio decom-
pression algorithms are suitable for
multiprocessor implementations. The
tasks of bit allocation and processing
the inverse transform are obvious can-
didates for the use of two DSPs. The
first DSP (DSP A) works on parsing
the input bitstream, recovering all
data fields, computing the bit alloca-
tion, and passing the frequency-do-
main transform coefficients to the sec-
ond DSP {DSP B). DSP B completes
the task by performing the inverse
transform (inverse fast-Fourier trans-
form or inverse discrete-cosine trans-
form depending on the algorithm).

While DSP B is finishing the transform
for a channel, DSP A is working on the
next channel, making the processing
parallel and pipelired. The tasks are
nicely overlapping in time and, as long
as tasks are of the same complexity,
there will be no waiting for either DSP.

Software design is a big challenge in
such a system, sinee an interprocessor
communication protocel has to be de-
rived. Synchronizing the two cores and
making sure that there are no shared-
resource access violations is a formida-
ble task. Also, any additional code used
for communication protocol is consum-
ing both program memory space as
well as valuable processing bandwidth.
So, a trade-off has to be made to make
the communication protocol very sim-
ple, yet very robust, and sufficient to
perform all necessary tasks. In our ex-
ample system, there is a shared mem-
ory of 544 words as well as a communi-
cation mailbox consisting of 10 I/0
registers (five for each direction of
communication (Fig. 1). Shared mem-
ory is used as a high- throughput chan-
nel, while communication registers
serve as a low-bandwidth channel, as
well as semaphore variables for pro-
tecting the shared resources.

Both DSPs can write to or read from
shared memory. However, software
management provides that the two
DSPs never write to or read from
shared memory in the same clock cycle.
This technique avoids the use of expen-
sive dual-port RAM. It is possible,
however, that one DSP writes and the
other reads from shared memory at the
same time, given a two-phase clock in
the DSP core. This way, several virtual
channels of communications could be

created through shared memory. For
example, one virtual channel is the
transfer of frequency- domain coeffi-
cients and another virtual channel is
the transfer of PCM data.

While the first DSP is putting the
PCM data into shared memory, the
second DSP might be reading the en-
coded data at the same time. In this
case, both virtual channels have to
have their own semaphore variables
for traffic control residing in the
AB_shared_memory_semaphore reg-
ister. Different physical portions of
shared memory are dedicated to the
two data channels. The AB_com-
mand_register is connected to the in-
terrupt logic so that any write access
to that register by DSP A resultsinan
interrupt being generated to DSP B, if
enabled. In general, I/0 registers are
designed to be written by one DSP
and read by another. The only excep-
tion is the AB_message_sempahore
register which can be written by both
DSPs. Full symmetry in communica-
tion is provided even though, for most
applications, the data flow is from DSP
A to DSP B. However, messages usu-
ally flow in either direction. Hence an-
other set of five registers with BA
prefixes allow for communication from
DSP Bto DSP A.

Inter-DSP Messages

The AB_message_sempahore reg-
ister is very important because it syn-
chronizes the message communica-
tion. For example, if the DSP A wants
to send the message to DSP B, it must
first check that the mailbox is empty
(the previous message has been taken)
by reading a bit from the AB_mes-
sage_semaphore register.

If the bit is cleared, DSP A can pro-
ceed with writing the message and set-
ting this bit to one, indicating a new
state: transmit mailbox full. DSP B
may either poll this bit or receive an in-
terrupt (if enabled on the DSP B side),
to find that a new message has arrived.
Once DSP B processes the new mes-
sage, it clears the flag in the semaphore
register, indicating to DSP A that the
transmit mailbox has been emptied.

If DSP A had another message to
send before the mailbox was cleared, it
would have put the message in a
transmit queue, whose depth depends
on how much message traffic exists in
the system. During this time, DSP A
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I would be reading the mailbox-full flag.
After DSP B has cleared the flag, DSP
A can proceed to send the next mes-
sage. In this case, both DSPs write
and read access to the same physical
register. However, they will never
write at the same time. since DSP A is
reading the flag until it is zero and set-
ting it to one, while DSP B is reading
the flag (if in polling mode) until it is
one and writing a zero. Thus, these
two processes will be staggered in
time by the handshake protocol.

! Shared-Memory Control
Shared memory is handled similarly.
The AB_shared_memory_semaphore
register is used. Once DSP A has com-
puted the transform coefficients, but
before they can be placed into shared
memory, it must check that the previ-
ous zet of coefficients for the previous
channel has been taken by DSP B.
While DSP A is polling the semaphore
bit which is in the AB_shared_mem-
orv_semaphore register, it may receive
a message from DSP B, via interrupt,
that the coefficients are taken. In this
case, DSP A resets the semaphore bit
in the register in its interrupt handler.
In this manner, DSP A has exclusive
write access to the AB_shared_mem-
‘ ory_semaphore register, while DSP B
can only read from it.
’ For Dolby Digital decoding, DSP B
is polling for the availability of data in

shared memory in its main loop, be-
cause the dynamics of the decoding
process are data driven. There is no
need to interrupt DSP B with the mes-
sage that the data is ready, because at
that point DSP B may be busy finishing
the previous channel. Once DSP B gets
to the correct point in the program
loop, then the data will be extracted.
The exclusive write access to the
AB_shared_memory_semaphore reg-
ister by DSP A is particularly impor-
tant if there is another virtual channel
(e.g. PCM data) implemented. In this
case, DSP A might be writing the
PCM data into shared memory while
DSP Bis taking out Dolby Digital data.
If DSP B sets the Dolby Digital chan-
nel flag to zero, and DSP A sets the
PCM flag to one, there will be an access
collision in the semaphore register and
system failure will result. To avoid this
problem, DSP B sends a message that
it took the data from shared memory
and DSP A sets shared memory flags
to zero in its interrupt handler. In this
technique full synchronization is
achieved and no access violations occur.

Debug Strategy

In a complex real-time system, each
subsystem has to perform its task cor-
rectly, on time, and cohesively with all
other subsystems. While each individ-
ual subsystem can be tested and made
to work correctly, first attempts at in-
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Interprocessor
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both processors and their shared resources.

4. Debugging o multi-DSP system requires a more complex strategy which enables access to

tegration often result in system fail-
ure. To prevent this failure, a good
debugging strategy must be incorpo-
rated at the design phase.

Conventional Strategies
Debuggers can be stutic or dy-
namice. Static debugging involves halt-
ing the system and altering and/or
viewing the states of the various sub-
systems via their control/status regis-
ters. This examination offers a lot of
valuable information, especially if the
system can automatically freeze on a
break-point or other trapped event
that the user can prespecify. It should
be noted however, that because the
system has been altered from its run-
time state, some of the debug actions
and measurements could be irrele-
vant, e.g. timer or counter values.
Dynamic debugging occurs while the

system is actually running the applica- |

tion. For example, state variables can
be traced over time just like a signal on
an oscilloscope. Both types of debug-
ging require special hardware with visi-
bility to all the subsystems of interest.
For example, in a DSP-based system,
the debug hardware would need access
to the DSP core and associated subsys-
tems (Flig. 2). Furthermore, dynamic
debugging is more complex than static
debugging because the debug hard-
ware can upset the running subsys-
tems. Unlike a static debugging session,
one cannot hold off all the system hard-
ware during a debugging session be-
cause the system is active. Tyvpically,
this requires dual-port access to all the
targeted subsystems.

A Simplified Solution

Assuming that there isa DSP in the
system with access to all the control
and state variables of interest, a sim-
ple interrupt-based debug communi-
cation interface can be built. The solu-
tion is an additional communication
interface to the DSP core (Fig. 3). A
simple two-wire clock plus data inter-
face is used, where the PC can signal
read or write requests with transi-
tions on the data line while holding
clock high. Meanwhile, the debug port

. can send back an active low acknowl-

edge on the same data line after the

+ subsequent falling edge of the clock.

A debugging session involves read
and write messages sent from an exter-
nal PC to the DSP via the debug inter-
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| face. Assuming multiple-word mes-

sages in each debugging session, the
DSP accumulates each word of the
message by taking short interrupts
from the main task and reading from
the debug interface. Appropriate
backup and restore of main task con-
text should be implemented to main-

tain transparency of the debug inter- !

rupt. Only when the processor accum-
ulates the entire message (the end of
the message is determined by a suit-
able protocol), is it serviced. In the case
of a write message from the PC, the
DSP writes the specified control vari-
able(s) with specified data.

Inthe case of a read request from the
PC, the DSP compiles the requested in-
formation into a response message,
writes the first of these words into the
debug interface, and simply returns to
its main task. The PC then pulls out the
response message words via the same
mechanism. Each read by the PC
causes an interrupt to the processor
which reloads the debug interface with
the next response word until the whole
response message is received by the
PC. Such a dynamic debugger can eas-
ily operate in static mode by imple-
menting a special control message from
the PC to the processor to slave itself to
the debug task until instructed to re-
sume the application. This scheme re-
quires some intelligence at the PC end.
Some additional programming also is
required to setup the debugging inter-

rupt handler within the DSP. However,
since the debug communication in- !

volves short interrupts there is very lit-
tle waste of processor bandwidth.

Multiprocessor Environments
Each processor in a multiprocessor
system will usually have dedicated re-
sources (memory, internal registers,
etc.) and some shared resources (data
input/output, interprocessor commu-
nication, etc.) (Fiig. 4). The debug in-
terface can be viewed as a shared re-
source because it communicates with
both processors. The PC user can ex-
plicitly specify which processor is be-
ing targeted in the current debugging
session with appropriate syntax in the
first word of the messaging protocol.
On receiving this first word from the
PC, the debug interface initiates com-
munication only with the specified
processor by sending it an initial inter-
rupt. Once the targeted processor re-

ceives this interrupt it reads out the
first word, assumes control of the de-
bug interface (by setting a control bit),
and directs all subsequent interrupts to
itself. This technology effectively holds
off the other processor(s) for the dura-
tion of the current debugging session.

Once the targeted processor has re-
ceived all the words in the debug mes-
sage, it services the message. In the
case of a write message, it writes the
specified control variable(s) with the
specified data and then relinquishes
control of the debug interface so that
the PC can target any desired proces-
sor for the next debugging session.

In the case of a read request, the
corresponding read response has to
make its way back from the processor
to the PC before the next debugging
session can be initiated. The targeted
processor prepares the requested re-
sponse message, places the first word
in the debug interface, and returns to
its main task. Once the PC pulls this
word out, the processor receives an in-
terrupt to place the next word. Only
after the complete response message
has been pulled out does the processor
relinquish the debug interface so the
PC can start the next debugging ses-
sion with any desired processor.

Low-Level Simulation Helps

After the initial specification phase,
hardware and software designs are
usually undertaken as parallel efforts.
After design in a Hardware Descrip-
tion Language (HDL) like Verilog, in-
dividual testing of hardware blocks is
performed using test vectors with
HDL simulations including Register-

+ Transfer Level (RTL) and gate-level

models. For [/O interfaces, this also will
involve developing HDL models of ex-
ternal blocks to test out the interface as
though it were in a complete system.
On the software side, the algorithm
is initially implemented using C or
some other high-level language. This
implementation can only roughly
model the hardware (fixed-point pre-
cision etc.), and mainly serves as a ref-
erence decoder for subsequent steps.
It also allows the designer to fully un-
derstand the details of the application.
The second stage involves using a
bit-precise, functionally-accurate soft-
ware simulator for the DSP. This de-
sign allows the engineer to develop
actual machine code for the application,

and eventually match the reference de-
coder output using input test vectors.

However, the independent hard-
ware/software efforts will most likely
miss many integration and system is-
sues, which if left unverified could lead
to a serious misfit during the integra-
tion phase. These kinds of problems
this late in the process could cost sig-
nificant amounts of time and money.

Hardware emulation techniques,
such as Quickturn, can be used to ver-
ify the design at very high speeds—
only 10-to-100 times slower than real-
time. However, much time and effort
is required to fit the hardware design
into the emulator. Even then, the engi-
neer has to compromise with some
shortcuts—Ilike faking external mem-
ory or [/O—which affect the validity of
the tests and reduce confidence in the
results. In spite of all this, and the cost
of the emulator itself, this strategy is
still viable because it could save a revi-
sion of silicon or system design.

Full-System Simulation

An alternative approach is to run
the application on the full system using
RTL simulation. Many designers do
not even consider this as an option be-
cause the simulation is very slow. Typi-
cally, RTL runs a million times slower
than real time. One second of real-time
could take up to a few hundred hours to
simulate! However, in some cases this
approach is acceptable and even
preferable to hardware emulation. The
main advantage is that RTL simulation
of the application is as close as you can
get to the real hardware, and it yields
very-high confidence. External blocks
also can be modeled in RTL and inter-
faced to the system under design to
setup an accurate system environment.

In our example of Dolby Digital de-
compression, an audio frame (the
smallest independently decodable
unit) is typically 32 ms long (a few
hours of simulation time). Successful
decoding of a small set of compliance
test frames will exercise all the 1/0
and DSP states required for the appli-
cation. This is sufficient to eliminate all
major system problems and gain very-
high confidence for first system trials.

Furthermore, RTL simulation of-
fers easy and extended visibility into
the hardware, which is very useful in
quick debugging. Troubleshooting a
problem on actual hardware or even
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and output, 90dB CMRR, 90dB PSRR, these op amps are the premier choices for ultra low power instrumentation.

Free LTI495/9 Samples
et Other pPower Dual h 4 g

« Very Low Vos: 375V Max ® Call: 1-800-4-LINEAR

» Very Low Vog Drift: 2uV/°C Max OP Amps me I'Tc Visit: www.linear-tech.com

» Wide Supply Range: 2.2V to 36V | Vs Is W Free CD ROM

» Common Mode Exceeds V* Ll FER Max Max Calls 1-800-4 MBIEAR

o Ultralow I Per Amplifier: 1.5pA Max | LTC1047 | Zero Drift 10uvV 150pA -

* Low Ig: 1nA Max LT2178 | SO-8 700V 21pA W More Information :

4 :lgl}: g?g}?ig‘?&d: I\l/\l/!m 12078 | SO-8 700V | 50pA Li. 1800 4 LINEAI
. $:l',g35 Each in 1000 1[l]’iece Quantities | T1466L | Railto-Rail | 3904V | 750 ::nfo: 38232421(1)232
. - : : ax: 408-434-

(LT1495, dual) LT1490 Rail-to-Rail | 800pV | S0pA

LT LTC and LT are registered rademarks of
LT1462 JFET |nput 800|JV 45uA Linear Techrolagy Corporation

1630 McCarthy Bivd., Milpitus, CA 95035-7417.
L] TECHNOLOGY

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN

READER SERVICE 211




Now with over 5000 core models

e

Software that makes Transformer and Inductor Design Easy!

(¢ and

definable
equations.

2°

FREE working Demo Kit
from www.intusoft.com

< 69 Download your
(\éo
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New Circuit Design Tools
We found it!
The missing link for CAE software.

Featuring configurable schematics with
access to all IsSpice simulation prop-
erties; gone are the days of copying
schematics to make new test setups or
to run different kinds of simulations.
Now, use your schematic as a design

¢ Design Validator

notebook, document key circuit configu-
rations and component test data with
the same drawing used to define your
production design. Go even further and
design production acceptance tests and
fault isolation procedures. Here's the
new product line up.

Design Validator sets a new standard for project continuity and design verification. Use
the IsSpiced analog and mixed mode simulator to automatically test and record circuit
behavior. You can easily set limits and alarms that monitor design progress

¢ Test Designer

The ATE specialist's standard produces acceptance test designs and fault diagnostics.
Includes interactive and automatic methods for test sequencing and test synthesis.

—

¢ ICAP/4Windows

The Professional’s Design Standard

[ T L i
\ { =N
g s
Labsl | Toterance/Sweep | Fahse Mode: | ! o
Comment Net List Previe Q4
5 ample code model 1o 13156 — —'|m IN2222 ;:
a laplace g biock MODELLE < ><} :
* num_cor o ~— 208 vgde
Prapethes | AR 0 0 s B '
Puateter > Value ! ! § R10 R11 R1
7 RetDes U} T | ! S 330 100
7 Pt numben LAPLACE o » T
o Model  LAPLACEAT ~
4 -
% Code Model s_ser . w
b rower: lype NODES -
] Hode 1 9 e S - -
d Node 2 15 . 'CAPI4RX anfliguwations
Mode Pasamete m—y
k= et 0 The prescription for
K= -:lﬂ: 314‘5 reduced COI'np'eXity, a Configuration Inchuded Layers
: = Production Cote Crcutty
3 dencoett 231 carefully crafted feature — |companents Feedback
- e e+ Setthat gets you started at [ R
— a reasonable price. SafeToStan Ten3

¢ ICAP/4Power
The Power Specialist's Standard

Download your free IsSpice simulation kit, ¢ |CAP/4RF

e App Notes and model libraries

yr—4 from our Web Site:
intusoft www.intusoft.com

The RF Specialist's Standard

PO. Box 710 San Pedro, CA 90733-0710
Tel. 310-833-0710, Fax 310-833-9658
email: info@intusoft.com
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emulators can easily take many days,
whereas an RTL simulation can point
to the problem very quickly.

The dynamics of the real-time envi-
ronment also can be easily verified, es-
pecially critical in a multiprocessor de-
sign. Computer time is no longer an
issue with faster and more easily avail-
able machines. Once the application is
verified via RTL simulation there is
very-high confidence in the system de-
sign as 4 whole. With the Dolby Digital
decoder example, every application
developed using the above strategy
has worked immediately with the very
first download of software.

Steven Harris is a director of ad-
vanced product technology at Cirrus
Logic. He received his Ph.D from Sus-
sex [miversity, UK., in 1979.

Raghunath Rao is a DSP software
project manager at Cirrus Logic. He
received liis Ph.D from the Illinots In-
stitute of Technology in 1994.

Miroslav Dokic is a« DSP software
design manager at Cirrus Logic. He
received his Ph.D from the Illinois In-

| stitute of Technology in 1993.

Terry Ritchie holds a BSET from
1llinois State University, and is the di-

| rector of marketing for DSP audio at

Cirrus Logic.

References:

1. Crystal Semiconductor CS4923 |

data sheet, Sept 1997, available from

hitp:/hew.crystal.com.

2. Overview of Dolby Digital, avail-
able from http:/hew.dolby.com.

3. "AC-3: Flexible Perceptual Cod-

| ing for Audio Transmission and Stor-

age,” Todd, Craig C., Davidson, Grant
A., Davis, Mark F., Fielder, Louis D.,
Link, Brian D., Vernon, Steve, Audio
Engineering Society 96th Convention,
Feb. 1994, preprint 3796.

4."AC-3: Operation, Bitstream
Syntax and Features,” Davis, Mark F.
and Todd, Craig C., Audio Engineer-
ing Society 97th Convention, Nov.
1994, preprint 3910.

5. “Digital Audio Compression Stan-
dard (AC-3).” Advanced Television
Systems Committee, Dec. 20, 1995.
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Lambda has

power solutions

for all

high-power,

high-reliability

embedded

processor

applications.
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Racks/Enclosures
Include power supply
support of approximately
500-1000W for all logic,
memory, card power,
computer architecture
support and peripheral
requirements. Typical
systems demand the
power supply provide
multiple outputs

-~ inciuding 3.3v and 5v,

VME signals, output
sequencing, current
share, system level
interface signals (such
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Workstations Typical

requirements include up
to 1000W in a multi
output configuration.
Sensitive workstations
require constant
monitoring functions via
AC and DC good
signals, remote on/off,
tight regulation low
ripple/noise, low levels of
conducted and radiated
EMI. Output voltages
usually combine to
include a high power
5v/3.3v main, +/-12v and

Mass Storage RAID
Systems Power
requirements are
redundant in set-up and
rely upon low ripple/
noise, low radiated and
conducted EMI, current
sharing capabilities from
the power supplies and
output sequencing. In
addition, typical power
ranges from 300W to
1000W in triple, quad
and pent outputs relying
heavily upon a high
power 3.3v and 5v

as AC good, DC good, 24v auxiliaries as well as  combination.

remote sense, remote an additional 3.3v high

on/off and fan fail). powered aux putput.
UltraFlex Series e oroE T 0
dind = o ———
W Siles S EEEESa——
R S o= = R S |
BiScnce . S

SWT, ZWS, VSB Series
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Automated Services
Typical power required by
these systems has
increased to approx 600
to 1200W with an
increased number of
system signals being
supplied by the power
supply. In remote areas
of operation, this
equipment requires
redundant, fault tolerant
performance including
current sharing power
supplies which offer VME
signals, AC and DC
good, remote sense,
remote on/off and

Factory Automation
Medium to high power
(600-1000W), multiple
output: incorporating 3.3v,
5v high powered outputs
as well as system interface
signals to monitor multiple
operations at one time
including AC and DC
good, sequencing, current
share, remote on/off,
extended overcurrent
protection with auto-
restart and remote sense.
The nawure of this
machinery requires a
highly reliable, fautt
tolerant, redundant

Peripherals Multi-output
products, medium to high
power, including high
power outputs for the de-
manding surge loads and
power requirerments.
Normally require over-
temperature and fan fail
signals to support the
system, as well as remote
sense, AC and DC good
signals.

Embedded Processor

Instrumentation
Power ranges from 100-
1000W requiring single
and multiple outputs of a
high reliability nature.
Quality products that
support system level
functions are required to
have AC and DC good,
remote on/off, remote
sense, some current
sharing possibilities, VME
signals, sequencing and
extended overcurrent
protection with auto-
restart.

overtemperature signals. power supply.
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URraFlex Series

PFD Series

SM Series

The UltraFlex® Series provides
high performance and high
power density, with either a
power factor corrected AC input
or a48 VDC input. Available
with up to 10 outputs, the
UltraFlex Series offers a
customized power supply at
standard product lead times.
These modular power
supplies offer state-of-the-art
power densities, exceptional
flexibility, reliability, and
outstanding performance.

Fully customized and
avallable in two weeks.

Universal AC input or 48
VDC input.

Meets worldwide EMI
requirements and full
international safety agency
approvals, (UL, CSA, VDE,
CE mark).

Avalilable with PFC and
system interface and
monitoring signals.

The PFD Series is designed to
provide 750 or 1000W of power
in a multiple output configu-
ration with the industry's widest
operating input range (36-75
VDC) ensuring worldwide
operation through worst case
input power sags and surges.

The PFD Series is designed
with standard features such as
current sharing, fan fail
detection and input/output
signals.

Wide range DC input:
36-75VDC

Complete ETSI and Belicore
compliance.

Meets worldwide telecom
EMI requirements.

High powered 3.3V and 5V
outputs in 750 or 1000W
packages.

Available with system
interface signals and
current sharing.

Worldwide safety agency
approvals, (UL, CSA, VDE,
CE mark).

This new line of surface
mountable power supplies
includes 56 DC-DC converter
models with an extensive
selection of standard voltages
and currents so that OEM
designers will easily be able to
have accessibility to a range of
converters for onboard power
applications.

First complete line of
surface mountable DC-DC
converters in a low profile
(0.47).

Hot pluggable with a 10m
sec hold-up time.

Broad product offering
from .30W In 58 different
models.

Short lead time (< 4
weeks).

Worldwide safety agency
approvals, (UL, CSA, CE
mark).



RP Series

SV Series

SWT, ZWS, VSB Series

The RP series represents the
first line of standard 500, 750
and 1000W supplies which
complies with the EMC directive
for CE marking and offers a
high power, adjustable (3.0 to
5.75V) main output combined
with higher powered 3.3V and
5.0V auxiliary outputs. A
feature rich product, the RP
Series is ideally suited for all
embedded microprocessor
applications.

CE-EMC compliance.

High powered adjustable
3.3V and 5V outputs in
same package.

Worldwide safety agency
approvals. (UL, CSA, TUV,
CE mark)

Ideal for embedded micro-
processor applications
(microprocessor specific
output voltages offered
with VME signals).

Ideal for fault tolerant,
redundant operation.

The SV Series is available in
100W, 150W and 250W single
output models, and 130W,
200W and 300W multiple
output models, with or without
power factor correction in the
same footprint. For applications
such as computer peripherals,
point of sale equipment and
communication equipment, the
SV Series provides unequaled
cost, flexibility and performance.

Universal AC input in a low
profile (1.77") package.

Broad offering with over 62
models in single and
multiple outputs.

Worldwide safety agency
approvals. (UL, CSA, VDE,
CE mark)

Available with or without
power factor correction in
the same footprint.

Lambda's new SWT, ZWS and
VSB Series are ideally suited for
use in computers, peripherals,
factory. office automation and
other high volume applications
offering low cost single and
multiple output power supplies.

All models meet radiated and
conducted EMI to Curve B for
unparalleled global performance
in a cost effective package with
OEM-type input and output
connectors.

Universal AC input
(85 - 265 VAC)

Broadest product line with
over 100 models in single
and multiple outputs.

Designed for low cost, high
volume production needs.

Worldwide safety agency
approvals, (UL, CSA, VDE,
CE mark), power factor
correction and global

EMI compliance.



Embedded system power supplies
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500 T,Q,P 85-265VAC  33,5,%12,24,48 25x5x12 o sl EERs o o
750 T,Q,P 85-265VAC  33,5,%12,24,48 25x8x12 o L L N
1000 T,Q,P 85-265VAC  3.3,5,12,24,48 25x8x12 W LTINS MR o o
PP Sedes ¢ P TIT T LTS TEROS R GET yC N L T I NSNS I T T D
750 QP  36-75VDC  33,512,24,48 265x8x12 e Tt .
1000 QP  36-75VDC  3.3,512,24,48 2.66x8x12 °* o+ R e e .

100 S 85-265 Auto 5,12, 24 1.77x4.75x 7.5 ° ° L
or Universal
150 S 85-265 Auto 5,12, 24 1.77x4.75x 8.5 L b L4
or Universal
250 ) 85-265 Auto 5,12, 15, 1.77x4.75x 9.5 L4 o L4
or Universal 24, 28, 48
115 T 85-265 Auto 5, #12 1.77 x4.75x 8.5 L4 . L
or Universal
170 T 85-265 Auto 5, +12 1.77 x4.75x 9.5 L4 . L
or Universal
300 T 85-265 Auto 5, 12 1.77x4.75x 11 L4 L L4
or Universal
130 Q 85-265 Auto  5,=%12, 24 1.77x4.75x 8.5 ° L] °
or Universal
200 Q 85-265 Auto 5,212, 24 1.77x4.75x 9.5 L4 L °
or Universal
300 Q 85-265 Auto 5, +12, 24 1.77x4.75x 11 L4 ° L
Uitraex SIS T T o L A T R T et 1 s SRS T S SRS S 1§ e e i e
400 S\M 85-265 VAC 2,3.3,5,12,15, 25x5x10 L4 ° L4 L L L4
24, 28, 36, 48
600 S.M 85-265 VAC 2,3.3,5,12, 25x5x12 L J ° L] L °

15, 24, 28, 36, 48

5 S,D 24 0r48VDC 5, £12, =15 395x 1.4 x1.43 & o
10 S,D 240r48VDC 33,5, 212, 15 .395x 1.4 x 1.43 - 9
20 S,D 240r48VDC 3.3, 5, 12, 15 395 x 1.4 x1.83 < S
30 S,D,T 240r48VDC 3.3,5,8,+12,+15 .395x24x2.54 . ©

30 T 86-265 VAC  +/-5, 12 1.2x5x3

40 T 86-265 VAC  +/-5, +12 14x5x3

65 T 85-265 VAC, +/-5, 12 1.77x6 x3.5
auto 5% WU

100 T 86-265 VAC +/-5,-._;§32 1.77 x7.75x4.25

10 S 85-132VAC 33,5, 2, 15, .67 x 3.86 x 1.77
24, 36, 48

15 S 85-132VAC 3.3,5,2, 15, .67 x 4.53 x 1.97
24, 36, 48

30 S 85-132VAC  3.3,5, 2, 15, .98 x 5.22 x 1.97
24, 36, 48

50 S 85-132VAC 33,5, 2, 15, .98 x 7.68 x 1.97
24, 36, 48

75 ) 85-132VAC  3.3.5,2, 15, 1.26 x 8.76 x 1.97
24, 36, 48

100 S 85-132VAC 3.3 5, 2, 15, 1.26 x 8.76 x 2.44
24, 36, 48

150 S 85-132VAC 33,5, 2, 15, 1.42x8.76 x 2.95
24, 36, 48

|

5 S 86-265 VAC 3.3,5, 2,15, .83x3.86x1.77
24, 36, 48
10 S 86-265 VAC 318515} 2, 15, 83 x4.13x1.97
24, 36, 48
15 S 86-265 VAC 3.3,5, 2,15, 83x4.92x1.97
24, 36, 48
30 S 86-265 VAC 3.3,5,2,15, 1.02x5.24 x 217
24, 36, 48
50 S 86-265 VAC 3.3, 5, 2,15, 1.02x7.68x217
24, 36, 48 :
75 S 85-265 VAC, 3.3,5,2,15, 1.38 x 8.74 x 2.17
auto 24, 36, 48 ’
100 S 85-265 VAC, 3.3,5,2,15, 1.38x8.74 x 2.44
auto 24, 36, 48
150 S 85-265 VAC, 3.3,5,2,15, 1.58 x 8.74 x 2.95
*DC Good

Vi)




How Lambda serves the
embedded systems OEM

CE/EMC-compliance.
Embedded systems engireers
and integrators face a constant
struggle to lower EMI to meet
waorldwide standards, and
power supplies are a significant
source of EMI in their systems.
Ratnher than leave it our
customers to deal with the
problem, we've invested in our
own in-house EMI and lightning
strike measurement facilities.
The result is the new RP Series,
the first CE/EMC-compliant
power supplies.

Design cycle time. We can
shorten your time to market in
several ways. First of all, we have
more than 1000 standard models
available from stock. Next, many
of our solutions are modular and
scalable. With our UltraFlex line,
for example, we use off-the-shelf
modules to instantly create a
power supply tailored to your
exact needs. For most full-
featured configurations, we now
guarantee delivery within 72
hours of accepting an order.

Flexibility. For OEMs whose
needs aren't met by a standard
product, Lambda offers the
ultimate in design flexibility—our
Value-Added Solutions. Instead
of waiting a year or more for a
custom power supply to be
developed for your new product,
you can get a Value-Added
Solution from Lambda in just 3 to
12 weeks.

Lambda is uniquely posi-
tioned to supply these modified-
standard solutions because we
start with the industry’s broadest
line of off-the-shelf building
blocks.



Export Dept. ="
TEL:516-694-4200
Canada
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Israel, Tel
NEMIC-LAMBDA LT!
TEL:972-3-902-433
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NEMIC-LAMBOA(S) PTE LTD.
TEL:65-251-7211

Taiwan

NEMIC-LAMBDA TAIWAN
TEL:886-3-426-1712




t SOT-23 Voltage Reference:
20ppm/°C Drift Guaranteed!

LTC SOT-23 References

Other SOT-23 References

40

¢ +0.2%
30

% Distribution

2.500

2.490

Output Voltage After Solder

35 \<—— LT1460 Limits —

s
[ =

40

i<+—— QOther Reference —»
Limits :
+0.2%

o

% Distribution
— ey ~N ~N w Ca
[—) [44] [—=] [4,] [—)

o

2.510 2.490

2.500 2.510

Output Voltage After Solder

LT1460: Stays accurate soldered in your board.

Plain and simple, the LT1460 is the World's Best SOT-23 voltage reference. The LT1460 maintains a maximum drift of 20ppm/°C,
an when delivering 20mA as a precision regulator. You get what you pay for and more. Try getting THAT combination of
‘rformance with any other SOT-23 reference. You can also get the LT1460 in 8-pin DIP, SO, MSOP and TO-92 packages.

» Trimmed to High Accuracy:
0.2% Max
» Low Drift: 20ppm/°C Max
* No Output Capacitor Required
* Low Supply Current: 130pA Max
¢ Minimum Output Current: 20mA
* Series Operation for Long
Battery Life
* Reverse Battery Protection
+ $1.35 Ea. for 1000-Piece Quantities

LTC Voltage References

Part | Output | MaxInitial | Max Packages

Number | Voltages | Accuracy | Drift Available
I ‘ =
[ 25.5.10 | =d2% 20ppm/°C | SOT-23
LT1460 1 - x
255,10 | £0.075% | 10ppm/C | DIP, SO-8,
| | MSOP, TO-92
4 MR e et
LTI634 | 125,25 | £005% | 25ppm/°C | SO-8, MSOP, T0-92
. | S | L et o
Im236 | 5.10 +0.05% Sppm/°C | DIP, SO-8
e ——— — e = -+ et
LTI019 | 25.5.10 20.05% Sppm/°C | DIP, TO-5, SO-8
+ — — — y - - -
Lr1027 5 £0.02% 2ppmrC | DIP, S0-8, TO-5
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W Free Samples

Call: 1-800-4-LINEAR
Visit: www.linear-tech.com

W Free CD-ROM

Call: 1-800-4-LINEAR

WV More Information

Lit 1-800 4 LINEAR
Info: 408-432-1900
Fax: 408-434-0507

LT, LTC und LT ure registered trademarks of
Linear Technology Corporaion
1630 McCarthy B, Milpisas. CA 95035-7417
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TECH INSIGHTS

y the end of this century, there
B will be more cellular telephones

than wired ones in several coun-
tries around the world. That’s the
opinion of Dr. Yrjoe Neuvo, senior vice
president of product creation at Nokia
Mobile Phones, Espoo, Finland. “Cel-
lular telephones will become a con-
sumer product subject to the cost
pressures of a consumer market,” he
says. This means that design concepts
must be carefully thought out to meet
the time-to-market demands of the
consumer market.

“Today, discrete passive compo-
nents account for 95% of a mobile tele-
phone’s components, and are responsi-
ble for 80% of the volume as well as for
70% of the cost,” claims Neuvo. He
points out that a typical mobile tele-
phone currently consists of five ICs
and 60 passive components. However,
by the year 2000, it will be required to
have just two ICs and 10 passive com-
ponents. At an annual price decrease
of 25%, and a form factor and weight
reduction of about the same, reducing
the number of components is a must.

Neuvo thinks that there is still a
huge potential for reducing power
] consumption in a mobile telephone. “If
| a mobile telephone from 1986 had a
relative power consumption of 10, this
value would be just three for a 1998
model. For a year 2000 model this
would even decrease to a power con-
sumption factor of one,” he elaborates.

He feels that simultaneously, the
performance of a cellular telephone
needs to increase from about 80
MIPS in 1996 to 120 MIPS in 1998 to
200 MIPS in the year 2000. This in-
crease can be achieved by increasing
IC gate density per square millime-
ter from 15,000 in 1996 to 30,000 in
1998, and to 50,000 by the year 2000.
He envisions CMOS as becoming a vi-
able technology for the frequency
range of 0.8t0 2.0 GHz.

He sees passive components as the
biggest problem for future integra-
tion. Resonators, adaptive networks,
filters, oscillators, and the like can only
be integrated under very difficult cir-

UPDATE ON DIGITAL CELLULAR TELEPHONES

Digital Mobile Telephones Will Face The Challenge Of Integrating
Passive Components As They Permeate The Consumer Sector

cumstances. Furthermore, currently
used capacitors, resistors, and induc-
tors are still needed for tasks such as
bias preadjustment, bypasses, and in-
terference filters.

The trend in Europe is toward mul-
timode cellular telephones. As a re-
sult, all the RF filters for every single
frequency band need to be available
within the telephone, and each filter
must have a dynamic range of more
than 100 dB. “Imagine the RF-filter
efforts that must be made in order to
design a multimode telephone capable
of handling GSM-900, GS-1800, and
GSM-1900 systems,” says Neuvo.
GSM-900 is the “classic” 900-MHz
original GSM system which can now
be found in about 40 to 50 countries
worldwide. GSM-1800, also known as
PCS-1800, is an 1800-MHz system.
And, GSM-1900 is a 1900-MHz system
currently being built in several United
States cities.

The advantage of such a multimode
telephone is obvious: If mobile tele-
phone operators sign roaming con-
tracts, it would be possible to use a
U.S. GSM-1900 mobile telephone all
over Europe, Hong Kong, or Aus-
tralia. According to Neuvo, multimode
mobile telephones will have the
biggest market share with new sales.
Therefore, one of the most important
areas of work is miniaturizing the pas-
sive filters. Ceramic, dielectric, and
surface acoustic wave (SAW) filters
have significantly decreased a mobile
telephone’s size within the last year,
“but a real breakthrough in filter tech-
nology has not occurred,”adds Neuvo.

As a first step, IF filters must be
optimized for the channel bandwidth.
If several access techniques and mod-
ulation methods are used in a multi-
mode terminal, several parallel filters
are needed. Adaptive filters can be im-
plemented using DSP, however the in-
band dynamic range on the order of
100 dB sets tough requirements for to-
day’s analog-to-digital converters
(ADCs). “Evolution in CMOS technol-
ogy will take care of this problem,”
Neuvo says. “Subharmonic [F-sam-

pling architectures utilizing sigma-
delta type ADCs will offer one solu-
tion,” he adds.

The solution for these problems
might be direct sampling where the
RF is converted directly into the base-
band without the detour via the IF.
Therefore, extremely sharp filters are
needed, however, the need for signif
cantly less-passive components will |
the result. While in today’s digital n
bile telephones about 70% of the fur
tionality is handled by hardware a
30% by software, this will totally
change, according to Neuvo. “By the
year 2002, hardware will only count
for 30%, 70 % of a digital mobile tele-
phone’s functionality will then be real-
ized by software,” he says. Neuvo be-
lieves that there will only be one
universal hardware architecture with
a standardized DSP and microproces-
sor platform for digital mobile tele-
phones. RF channel handling as well
as product differentiation will then be
implemented by software. Depending
on the distribution channels, this soft-
ware can already be implemented dur-
ing manufacturing or at the point of
sales. The customer only pays for the
functionality he or she gets. The ne
step will be reloading the software v
the mobile telephone software, whic
might be interesting for updates or
functional extensions.

Nokia, for example, has already
gained some experience with software
updates over the air. The company has
designed and is delivering a so-called
“D-Box,” a set-top box for German
digital TVs where the software up-
date feature is already implemented.

However, one point is still the most
critical for Nokia. It’s that new inno-
vations are required for the integra-
tion and packaging of filters, oscilla-
tors, and discrete components as well
as antennas.

For more information, contact Dr.
Yrjoe Neuvo, Nokia Mobile Phones,
P. 0. Box 100, FIN-00045, Nokia
Group, Finland. Telephone 358-10-
5051. Fax 358-10-505-5742.

Alfred Vollmer
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Jump Starting The Market

en people generally think of
Wﬂtteﬁes, they usually think of
their watches, portable
stereos, or even their cars. But, what
they don’t know is that the U. S. bat-
tery industry alone carries a $6.1 bil-
lion price tag. You'd be hard pressed
to find a home in the United States
that doesn’t have a flashlight, smoke
detector, watch, battery-operated
toy, notebook computer, or personal
digital assistant. According to a new
report from Business Trend Analysts
and the Leading Edge Group, “The
U. S. Battery Market, 1997 Edition,”
this country’s battery market has ma-
tured. It’s grown at an average
pace of 2.9% each year for the
first half of the 1990s. Sales are
expected to keep the growth up
at an average annual rate of 2.7%
over the next decade. This mod-
erate pace will yield sales of
nearly $8 billion by midway
through the next decade. The re-
port says that the battery mar-
ket has experienced a slowing
trend over the last twenty years,
with peaks in the mid- and late-1980s.
But, overall, the largest end-use
products, including consumer elec-
tronics, games, and toys, not to men-
tion automobiles, have matured, thus
bringing on the slow growth in the
market. In the battery market, there
are two main categories: storage and
primary. Storage batteries, including
the automotive battery group, ac-
count for about two-thirds of the mar-
ket. Last year, the automotive sector
of the battery market saw 94.3 million
units sold. The storage batteries also
include the growing rechargeable
battery segment. One interesting ele-

ment that affects replacement bat-
tery demand, especially in the auto-
motive sector, is weather. Unpre-
dictably harsh winters or summers
significantly raise demand due to
higher failure rates. Last year’s re-
placement market saw only a 1.5%

Art: Tony Vitolo

growth in sales, while in 1995, the re-
placement market sank 5.6%. An-
other aspect of growth in the automo-
tive end is the evolution of electrical
vehicles. General Motors, Honda, and
several other automakers are finally
bringing their electrical offerings to a
mass audience. Although these vehi-
cles are only offered commercially on
a limited basis, the companies are
working on future generations of fuel
cell- and battery-operated electrical
vehicles. Despite the fact that Califor-
nia’s Air Resource Board mandate of
zero-emission cars accounting for 2%
of all of a manufacturer’s sales in 1998

LOOK

was killed, the outstanding mandate
requiring that 10% of new cars sold
must be zero-emissions by 2003 is still
in effect. Rechargeable batteries such
as nickel metal-hydride and lithium
are increasingly used in applications
such as cellular and other wireless
telecommunications, portable com-
puters, and cordless power tools.
These types of rechargeables also
may be seen as viable options in the
electrical vehicle sector. Primary bat-
teries, made up $2 billion of the U. S.
battery market in 1996. According to
the report, these types of batteries
are in 90% of U. S. households at least
once a year. Around 40% of sales of
primary batteries occur during the
fourth-quarter holiday shopping sea-
son. As may be obvious already, the
two heavy hitters in the battery in-
dustry’s advertising race are Duracell
and Eveready. The two largest con-
sumer battery manufacturers each
set aside approximately $66 million
for advertising last year. In addition
to the two biggies, Panasonic and
Sony also launched major promo-
tional campaigns in 1996. Typically,
the battery campaigns included mail-
in rebates and cross-promotional
items from other products or movies.
As far as the global reach of batteries
from the U. S. is concerned, in 1996,
battery imports added up to $1.7 bil-
lion and exports totaled $1.4 billion.
Many of the battery manufacturers
have focused on expanding their man-
ufacturing and distribution opera-
tions into China, Taiwan, and Thai-
land. Exports rose 40% in the first
five years of the 1990s.

For more information, contact
Business Trend Analysts, 2171 Jeri-
cho Turnpike, Commack, NY 11725-
2900; (516) 462-5454; fax (516)
462-1842.—DS
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40 YEARS AGO IN ELECTRONIC DESIGN

Type 536 High-Frequency Scope:
Identical X-Y Deflection

Type 536 oscilloscope has identical hori-
zontal and vertical deflection characteris-
ties with the same type of preamplifier
plugged into both channels. It converts toa
general-purpose instrument when the
Type 53/54T time-base generator is
plugged into the horizontal amplifier. Hori-
zontal and vertical characteristics include: *
differential inputs, de-to-10-me pass bands,
0.035 psec risetime, nine calibrated deflec-
tion factors from 0.05 V per div to 20 V per
div with vernier controls for adjusting sen- ;
sitivity between steps, less than one degree relative phase shift to well beyond
10 mc, adjustable phase balance up to 20 me, five division of deflection at 20 me
without overdriving input amplifiers. Tektronix Inc., Dept. ED, P. O. Box 831,
Portland 7, Ore. (Electronic Design, Nov. 15, 1957, p. 121)

Tektronix continued to upgrade oscilloscopes from simple waveform dis-
plays to true measurement instruments.—SS

' “Ten Electro-Commandments”

[ Forthe benefit of those who engage in electronics design, development, and
| just plain tinkering, take heed.

| 1. Beware the lightning that lurketh in an undischarged condenser lest it
cause these to bounce upon thy head in a most ungentlemanly manner.

2. Cause thou the switch that supplieth large quantities of juice to be opened
and thusly tagged that thy days may be long in this earthly vale of tears.

3. Prove to thyself that all circuits that radiateth and upon which thou wor-
| keth are grounded and thusly tagged lest they lift thee to radio frequency po-
tential and causeth thee to make like a radiator, also.

4. Tarry thou not amongst those fools who engage in intentional shocks for
they are not long for this world.

5. Take care thou useth the proper method when thou taketh the measure of
a high voltage circuit so that thou dost not incinerate both thee and thy test
meter; for verily, though thou hast no plant account number and can be easily
surveyed, the test meter doth have one and as a consequence bringeth much
| woe unto the supply officer.

6. Take care thou tampereth not with interlocks and safety devices for this
insureth the wrath of the supervisor and bringeth the fury of the department
head upon they shoulders.

7. Work thee not on energized equipment for if thou dost so thy shopmates
will surely be buying beers for the widow and consoling her.

8. Verily, verily I say unto thee never service equipment alone for electrical
cooking is sometimes a slothful process and thou might sizzle in thine own fat
upon a hot circuit for hours on end before thy Maker sees fit to end thy misery
and drag thee into His fold.

9. Trifle thee not with radioactive tubes and substances lest thou commence
to glow in the dark like a lightning bug.

10 Commit thou to memory all the works of the prophets which are written
down in the chapters of thy bible which is the Safety Manual, and which giveth
out with the straight dope and consoleth thee when thou has suffered from thy
superior.—Reprinted from a report from the U. S. Naval Ordinance Labora-
tory, Silver Spring, Md. (Electronic Design, Nov. 15, 1957, p. 18)

No comment—ifyou can’t top it, let it be.—SS

 OFF THE SHELF

Object-Oriented Modeling and De-
sign creates a language-independent
graphical notation for analyzing prob-
lem requirements, design solutions,
and implementing those solutionsin a
specific program or language base.
The book focuses on high-level, front-
end conceptual process of analysis
and design, presents a practical ori-
entation, and includes extensive
examples, learning-centered exer-
cises, and industrial object-oriented
application case studies. The 528-
page book is priced at $65. Contact
The Penton Institute, 1100 Superior
Ave., Cleveland, OH 44114; (800) 223-
9150; fax (216) 696-6023; Internet:
http://www.penton.com.

ISO/QS 9000 Yearbook: 1998 explores
a range of issues concerning the
worldwide set of quality standards
known as ISO 9000, as well as the spe-
cialized standards known as QS 9000.
Included are case studies from com-
panies on how they received ISO/QS
9000 certification and how they are
implementing ISO procedures. The
book contains predictions of upcom-
ing changes that may impact a com-
pany’s maintenance of standards—
plus training- and industry-specific
topics. The 448-page book is priced at
$60. Contact McGraw-Hill Inec., Cus-
tomer Services, P. 0. Box 545, Black-
lick, OH 43004-0545; (800) 722-4726;
fax (614) 755-5645; Internet:
http://www.megraw-hill.com.

ATM Switches offers an in-depth
evaluation of what the new genera-
tion of high-speed switches can and
cannot deliver. The book discusses
the Asynchronous Transfer Mode
(ATM) standard, including user re-
quirements, technical challenges,
current equipment limitations, and
necessary ancillary components to
telecommunicate. The book examines
high-speed network challenges, and
presents the first generation of
switching systems currently avail-
able as commercial produects. The
336-page book is priced at $75. Con-
tact Artech House Publishers, 685
Canton St., Norwood, MA 02062-
2610; (800) 225-9977, ext. 4030;
fax (781) 769-6334; Internet:
http://www.artech-house.com.




A TOTALLY NEW VISION

Cross your fingers.

Beg.

In today's hyper-competitive economy. nearly every single
end-user product is being revamped to becone more capable and
user-friendly. It your job is to figure out how to do that. you may
be asking some hard guestions of your current system architecture.

Consider asking these same questions of an architecture
that was developed for just this moment ir time: the HR Iine of
embedded controllers se 8- or 16-bit, register-based, RISC-like
architectures offer efficient execution of high-level languages, record
low power dissipation, an array of CPUs aud large memories for
complex programs. Choose from peripherals designed to enable
today's target applications, including the industry’s highest-density,
on-chip flash for in-system programmabulity.

But don't take what we say on faith! Prave it to yourself on
the application in question. Your Hitachi distributor has a hmited
supply of HB8 Evaluaticn and Development Kits at just $98. These
are the industry’s most complete Kits and conuin everything you
need to design, write, compile and debug vour application solutions.

So, it your new toaster now has to answer e-nails, don't get
down on your knees, get online or pick up the phone and tell your
distributor you have to know the answer: the H8 Evaluation and
Development Kit.

AT Huwt Ao FtHEHNA

$98. The complete H8 Eval Kit.
Everything to prove your solution.

EI - II' www.insight-clectronics.com
n3|g 1-888-488-4133
www.marshall.com
Marshall 500269602 exe. 3155
www.reptron.cont
gptron 1-800-778-4376

STERLING. www.sterlink.com
ELECTRONICS 1-800-745-5500

Bookmark technical data at www halsp.hitachi.com




THERE'S NEW GROUND
QUT THERE.
BREAK IT.

The marketplace 1s littered with unoriginal ideas. There’s not

much room for visionary thinkers. But that’s exactly what you are,
someone who is determined to produce the next great embedded
design in the fastest time possible.

To get there, you’ll need a comprehensive solution. Which is
why you should use NEC’s wide range of 64-bit MIPS® RISC
processors. Whether it’s the VR 4100,™ VR 4300™ or Vi 5000™
processor, you get the things you need to complete your vision.

NEC’s VR Series™ speeds the design process. With compan-
ion chipsets which provide a PCI bridge and memory control.
A comprehensive range of development tools. Plus, evaluation
and reference boards that come complete with development
software. All of which enable you to integrate the Vi Series
into your new product quickly.

And you’ll protect your investment in your proven code,
thanks to the instruction set forward compatibility of the
VRr4100,VRr 4300 and Vi 5000. What’s more, the Vi Series’ top-
to-bottom scalability means multiple solutions from a common
design. And when you consider that NEC is delivering these
processors in high volume today, vou can push the limits of
your design with confidence.

So if you need high-performance, incredibly-priced embedded
processors for high-end 3D graphics, gigabit switching, Internet
backbone products or the next breakthrough design, the Vr_Series
gives you the power to stay true to your vision.

Call 1-800-366-9782 for a Vi Series Design Kit.

Because there’s new ground waiting to be broken.

Vs SR ELS . (PR O R 35O b=




Yire S E RIBKERS
VR4101™ VR4102™ VR4300™ | Vp5000™
Max. Clock Frequency 33MHz 66MHz 100'133MHz 180/200MHz
1/D Cache 21 4N 16/8 3232
Dhrystone MIPS 37 74 131177 2541282
Power Consumption 200mwW 250mwW 1.8W/2.2W <6W
Supply Voltage 3w 3.3V 33V 3.V
MIPS/W 185 320
Windows CE Support il V2 V2 -
Chipset Support | Yes Yes | Yes Yes
Feature Highlights 5 Ch. DMA Controller Soft Modem High-perf. MMU, Single/ 400 MFLOP FPU
RAM/ROM Confrofler 4-mode PMU Doubte Precision FP L2 Cache controlier o
Senal Interfacs irDA™ 10-bet DAC/ADC igeal for hugh- Two-way Z
Single-cycle MAC embedded apphcations pipeline

VRr4101. Created for Windows CE
products, it offers ultra low-power and
incredible MIPS per Watt.

VR4102. Offers Windows CE hand-held
computers tremendous power and performance
in a high-integration system on a chip.

VR4300. A high level of performance.
An extremely low price. Ideal for office
automation, video games & X-terminals.

VR5000. For advanced applications like
internetworking, it provides the ultimate
performance at an outstanding price.

M
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OUR UNIQUE RELAY

requires less HEAT
during reflow.
But go ahead, put

it through HELL.

You're in the hot seat. You have to find a 2A relay that not
only withstands the rigors of surface mount or through-
hole assembly, but also cuts your manufacturing costs.
___________________ i Don't sweat it. The

Competitor's

G6s Gull Wing domestically

i sourced G6S has
‘  multi-bend leads
|

that absorb shock
and PCB stress.
The result? A 75%
reduction in solder
joint stress. What's
more, state-of-the-art lead frame design creates efficient
heat transfer directly to the solder joints, saving time and

Solder joint Solder joint
remains intact. breaks.

Solder joint reliability is ensured by
a unique lead frame adapted from
proven standard IC designs.

money during reflow soldering. The G6S also exceeds FCC
Part 68 as well as Bellcore surge and isolation
requirements. Insist on today's hottest relay. Contact us
at: Phone: 800-55-OMRON; Fax: 847-843-7787;
gbs@oei.omron.com; ControlFax: 847-843-1963.

OMRON.
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INTERNET ROLODEX

http://www.semisearch.com: FabLink Corpora-
tion’s new site features a powerful new Internet search
engine that’s specifically tailored for the semiconductor
industry. Because most web surfers perform searches at
least once during their time on line, FabLink recognized
the need for a search engine that yields more useful re-
sults than the big, general engines. Valuable information
such as contacts, links, and on-line catalogs can be found
at the site. Plans for expansion include the addition of
conference and training information, current technical
publications, and industry association information. The
company offers services such as electronic catalogs, auto-
mated procurement, and web-page design.

http://www.natinst.com: Check out National In-
struments’ new site for the latest evaluation copies of
LabVIEW, LabWindows/CVI1, BridgeVIEW, Lookout,
and other virtual instrumentation software. The site also
features extensive pages of the latest industry news. Vis-
itors to the site will find on-line support, new product and
technology developments, product data sheets, alliance
information, and the Instrumentation Web. The Instru-
mentation Web feature is a huge database of User Solu-
tions articles that show visitors National Instruments
software and hardware in action. The newest additions to
the site include: a glossary of industrial and instrumenta-
tion terms, extranet capabilities for Alliance Program
members and international branch offices, and optional
registration for users who wish to receive updates di-
rectly through their e-mail.

http://wwwa.irf.com: International Rectifier has re-
vamped their entire web site to answer the specific needs
of the engineers who click on their URL. Visitors looking
for solutions for their power-conversion process can go to
product specific topical sites. These sites feature data
sheets, application notes, white papers, design tips, selec-
tion guides, short-form catalogs, Spice and Saber models,
product-status updates, images of case styles and pack-
age types, parametric values, and pricing information.
The short-form catalog for 1997 is in .PDF format that in-
cludes part-number hyperlinks that bring the engineer to
datasheets. Links at the site send engineers to sales rep-
resentatives, distributors, technical support, and litera-
ture. Engineers with an eye for trade shows can click on
the calendar listings for more information.

http://www.aldec.com: Try Aldec’s site for the lat-
est information on design entry, logic synthesis, and veri-
fication software for programmable logic designs. Their
newest tool, Enhanced VHDL Tutorial with Applications
(EVITA) is now available at the site. EVITA allows visi-
tors to interact with on-screen hardware designs and
learn how to use VHDL in their designs. The shareware
version of EVITA contains chapters on architecture and
signals, as well as entity. The software explains VHDL
concepts through real-world objects, schematic dia-
grams, and pictures. The complete version of EVITA is
priced at $795.




Fasten Your Seatbelt...
AKM’s Surround Sound Will Blow You Away!

!

Feel the Power of High Dynamic Sound from Your Car Stereo

HiDS

If you're driven to find
the best sound for your
next-generation audio
application. listen to this:
AKM’s new AK7712A

operations per cycle. while supporting
a full 48kHz audio sample rate.

Our original AK7712 is already in high
gear in Japan, and you may be listening

DSP CODEC is designed
to bring music to your

HIGH DYNAMIC

to one on your drive home tonight.
Now the new AK7712A’s smaller die

ears at any speed.

Integrating a 20-bit stereo A/D.

four 20-bit output D/A channels. and an innova-
tive 24-bit tixed-point DSP. the AK7712A sets a
new standard for digital audio flexibility with
outstanding sound. It provides a dynamic range
of 97dB for both the A/D and D/A channels using
a proprietary delta-sigma architecture. Plus. its
DSP allows 383 instruction cycles. with up to six

AKM  AKM

USA: AKM Semcondustar loc
2001 Gateway “ace Suite 650 West, San Jese. CA 95110
Phone (408) 4363580 « Fax (408) 436-7591
E-mail. ICinioiakm com

SOUND

Japan:

size makes it ideal for a wide range
of innovative products for emerging
markets. such as DVD ROM.

As the driving force in high-end audio ICs.
AKM has everything you need 10 succeed.
including a comprehensive and rapidly growing
product line. leading-edge mixed signal
technology. large fab capacity. and world-class
service and support.

Semiconductor. Inc.

Asatv Kass Micrasystems Co. Lid

TS Building, 24-10, Yoyeg: 1-chome

Shibuya-ku Toryo 151

Phose +81-3-3320-2062 « Fax +81-3-3320-2072

Europe:
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Asahi Kase1 Migrosystems G2 Ltd

22 The Courtyards. Hatiers Lare Croxigy Business Patk
Wallord Herds, WD1 8YH. United Kinpdom

Phone +44 (011923-225988 » Fax +44 (011923 226935

So hear the difference AKM’s High
Dynamic Sound can make. Take a test
drive today. For complete information,
including a copy of our new Multimedia
Product Catalog, call 408-436-8580,
1-888-AKM-SEMI (1-888-256-7364).

Or visit our website at hitp://www.akm.com.

AK7712A Technical Overview
Digital Audio Features

*_20-bit Stereo A/D with 97dB SNR |
_»_Two 20-bit Stereo D/As with 97dB SNR

+ Flexible 1/0 Structure Supports Additional D/A Ostputs, |
A/D Inputs |

DSP Features

| _* 24-bit Fixed-Point Processor

« 54ns Instruction Cycles with up to Six Operanm:s
__per Cycle

|+ 384X 32bit ProgramRAM 3o
[ Allows Full 48kHz Digital / Audlo Sampling. Rater
« Supports 30 Audio Enhancement Algorithms*

Check with your local AKM sales office for a list of supported aigonthms

& 0X
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CUSTOM
PRECISION METAL
STAMPJNGS

p

/
,-O
o/
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From the size of a E

pin head to several inches
in diameter, continuous strip or
bulk: if it can be stamped we can do it.

And we deliver:

W Micro-Miniature, Miniature PRECISION
and Medium size '

M Tolerances to = .0001

H 10,000 to a billion+ parts

B Just-In-Time delivery

W 100% defect free 3;

M Statistical process control ;

B In-house tooling —

T —

Mery
STAMPING

Call or write for a quote or literature.

TEC

THOMAS ENGINEERING CO.

7024 Northland Drive

Minneapolis, MN 55428

612-533-1501 » FAX: 612-533-8091

E-Mail: tec-sales@thomasengineering.com
Web: hitp://www.thomasengineering.com

READER SERVICE 185

TECH ISIGHS/ QUICK

- =i ——

JUST A REMINDER

rewarding to have read-

ers who are so in-
volved in this First
Annual QuickLook
Paper Airplane Contest. To answer one question, “paper”
can be any size under one-eighth of an inch thick. Basi-
cally, at that point you're playing in cardboard or really
heavy oaktag territory.

If you have no idea what I'm referring to, we're run-
ning a contest. A paper airplane contest.We here at
QuickLook want to see what kind of innovative work you

can do on a paper airplane. Be as cre-
ative as you like, but what we’re

| Imust say that it’s pretty darn

|
c
l

—

‘ il looking for is the most creative |

|y use of working electronics on a |

! /‘ / paper airplane.

[ We do have a few simple guide-
lines here:

» Get your paper airplanes to us by January 1, 1998.

¢ As I said before, paper airplanes must be made of pa-

| per. No balsa wood, thin plastics, or metal sheeting. No

| need to cheat—Dbe creative.

¢ Paperclips and/or glue are accepted, but be sensible
about it—the

(OO thing’s still got

\ o to fly at least 12
180

® )

)
O-Batteries -
A e Planes must
e be preassem-
bled before we
receive them. We simply don’t have time to put them to-
gether.
e No wingspans larger than 3 ft (that’s a big plane, by
the way). If I can’t carry it, then it’s not going to

be in the competition.

If you have any questions regarding airplane designs or
contest rules, e-mail me at: debras@csnet.net.

The core of the contest is how you can creatively use
electronics in the design of a paper airplane. If you can
wow the editors of Electronic Design with your innova-
tive bit of flying fancy, you’ll be sure to win. Speaking of
winning, the prizes are: one $150 gift certificate for first
| prize, and one $50 gift certificate for second prize, both to
be used with our sponsor’s (1-800-BATTERIES) catalog.

And conveniently for you, 1-800-BATTERIES also is
offering, free of charge, 3-V lithium batteries for the first
| 100 engineers who send us self-addressed, stamped en-
velopes (SASE) requesting one. You don’t necessarily
need to use the battery to power your design on your pa-
per airplane, but we’d be interested in seeing what you
| can do with it anyway.
|  Just a few other notes. We’re not going to return any of
| your planes, so take pictures before you send them to us.
{ And, of course, send your battery requests, SASEs, and air-
| planes to QuickLook Editors, Electronic Design, 611 Route
| 46 West, Hasbrouck Heights, NJ 07604. Good luck!—DS

!
|
|

l

|

J



It's laser time!l
Nothing like a little "light
at the end of the tunnel"

to get the
data moving.

~ '/,
7L

Using his OKl laser diodes,
NETWarrior
pulses through the network
speeding data
along its fiber optics.

ATM.
Backbone of the Ethernet!
Good thing | "boned-up"
on my architecture.

With an gf’ort Ethernet MAC,
NETWarrlor deflects data
into multiple streams
maximizing bandwidth.

A Jraatwrs 1,

PR icalion

gy, Pogidg

NETWavrvior=
Workin® on
m mmm The network's gonna

be hummin'. Just have to
make sure it doesn't hum
KUM-BA-YA. ha-ha-ha.

Breaking out more
equipment, NETWarrior

I extends the network.

Be a
NETWarrior like me.
Check out the Oki Website
and get my free
Super T-shirt.

OKI ComlICs™ is brought to you by OKI
Semiconductor. Super Solutions for all your
Ethernet LAN and Wireless (WLAN) designs—
Laser diodes, 8-Port Ethernet MAC and 1394,
PCl and USB ASIC cores. Oki—your one-stop
Com(munication) IC source,

2P,

(% Oki Semiconductor

1997 0K! Seiconductor, 785 North Mary Avenue, Sumnyvale, CA 94086-2909. Phone: 408-720-1900. Fax; 408-720-1918. All rights reserved.  All frademarks or registered trademarks are propertios of their respective owners.
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Valpey-Fisher
introduces a
Breakthrough Line

of Resonator Thermostat
Based Products.

If you design products based on conventional OCXOs, you
face their limitations ~ they're big, slow to warm up and use a lot
of power. Now Valpey-Fisher has created a breakthrough line of
Resonator Thermostat (RT) products which combine the performance
of an OCXO with the size, power and warm up time of a TCXO.

These unique products incorporate a directly heated quartz crystal, a temperature
sensitive element, and a thermocontroller circuit, all sealed in one package. Their
small size, fast warm-up and low power consumption can be employed for GP’S and
mobile communications — applications which are too demanding for TCXOs.

The Family consists of * Resonator-Thermostat ¢ High Performance
the following devices: in TO-8 Package. Hybrid OCXO in HC40

* Hybrid OCXO in Package. (Currently
14 Pin DIP Package. ~ Under Development)

¢ Hybrid OCVCXQin * Both SCand

14 Pin DIP Package. ~ AT-Cut Crystals
are available.

Product Specifications include:
* Frequency Stability vs. Temperature
(-30°C to 70°C): From + 2E-8
¢ Power Consumption, Steady State, 25°C: From 90 mW

* Warm-up Time to + 1x10-7: From 13s

* Frequency Range: 8 to 25 MHz (RT, OCXO),
2 to 105 MHz (OCVCXO)

* Aging Rate is 5E-10/Day After 15 Days,
2x10-1/Day After a Month (SC-Cut), 1E-7/ Year I

If you need high performance and great frequency
stability in a small, power-efficient package,
the Valpey-Fisher Resonator Thermostat line
may be just the breakthrough you've been
waiting for.

Call Kathleen DeLuca at 800-982-5737 - S-
x240 for more information or to ;
discuss your application.

VALPEY-FISHERZ ]

A SUBSIDIARY OF

Technology and service since 1931

N — T ——

|

|

| | jects” chapter sections. The book also
8 | | covers data abstraction, inheritance,

IS0 9000: An Implementation
Guide for Small to Mid-Sized Busi-
nesses is a step-by-step guide to ISO
9000 certification specifically written
for small to mid-sized businesses. The
book shows sample procedures that
can easily be adapted for in-house use
and presents a cost-effective blue-
print for doing the necessary work,
including a detailed roll-out plan for ‘
implementation. The book includes }
many real-life examples, and contains
case studies and illustrations. The
272-page book is priced at $47.95.
Contact St. Lucie Press, 2000 Corpo-
rate Boulevard, N.W,, Boca Raton,
FL 33431; (800) 272-7737; fax (800)
374-3401; Internet: http://www.
slpress.com.

Electronic Connector Handbook
covers the basic functions of connec-
tors and details the full range of elec-
tronic connectors that are currently
available. Connector parameters are
discussed in an application context to
expedite implementation, and exten-
sive design and materials selection
criteria are provided for the full
range of connectors. Readers will be
shown techniques for determining a
connector’s potential degradation
mechanisms, the degradation mecha-
nisms that will be active in the appli-
cation, and the criteria for failure in a
connector. The 600-page book is
priced at $89.50. Contact McGraw-
Hill Inc., Customer Services, P.O.
Box 545, Blacklick, OH 43004-0545;
(800) 722-4726; fax (614) 755-5645; In-
ternet: http://www.mcgraw-hill.com.

C++: How To Program teaches
C++ programming by emphasizing
program clarity through structured
and object-oriented programming
methods. The book addresses con- |
cepts such as control structures, func-
tions, arrays, pointers, strings, and
references, with “Thinking in Ob-

polymorphism, templates, and struc-
tured exception handling. The 950-
page book is priced at $51. Contact
The Penton Institute, 1100 Superior
Ave., Cleveland, OH 44114; (800) 223-
9150; fax (216) 696-6023; Internet:
http://www.penton.com.
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A TOTALLY NEW VISION

Improvise,
fudge,
jury-rig,
kluge & tweak,

OY just simply

improve.

Tight coce won't get you a smaller footprint or month-long
running time from batteries. Nor will elegant execution earn you
single-chip operation or in-system reprogrammability.

The capabilities for newer applications have to come from

more than blood. sweat and tears. You need a controller that’s made orP and On-Chip Frash
for the job: the H8 line from Hitachi. These 8- or 16-bit, RISC-like, 8- and 16-bit microcontroilers

register-based architectures offer efficient execution of high-level

languages as well as code efficiency, a rich selection of on-chip EI H h' www.ikn.com
. ] ] S : HSIg 1-888-488-4133
peripherals and large on-chip memory: the industry’s highest-density

5 / : " 'ww.marshall.
Flash is on an H8! To make things easier stll, an advanced, mNShNI ‘1‘-\8‘,(;’(‘:121229202(‘(:; 3155

ntegrated set of C-based development tools is now available. wwiestpton.dom
Your Hitachi distributor is ready to help as well. They're a @gp‘poﬂ 1-800-778-4376

complete source for product information, samples and FAE support o) STERLING. www.sterlink.com

on the H8. The controller that works as hard as you do. L= I s S Sy Ao 0o

T (ETRADOMEY 4 { Bookmark technical data at www halsp.hitachi.com.
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The first major microcontrollers for UsB

(MCUs for an extremely advanced bus.)

SC.

ne hundred twenty-

seven peripherals?

Connected to one
port on a PC?

Hot plug-and-play on
all of them?

Yes, there’s no question
about it. The Universal Serial
Bus is a bus like nothing
we've ever seen.

And fortunately, now
there’s a major microcontroller

manufacturer who makes

USB microcontrollers.

Samsung.

Which means now peri-
pheral makers can accommodate
the millions of UsB-ready PCs
shipped to date.

And help make this
breakthrough bus solution a
reality for users everywhere.

We have three different
parts—a high-speed (12Mb/s)
with 16-32k RoM for monitors

and hubs. A low-speed (1.5

Mb/s) with 8k rom for
keyboards and applications
requiring high 1/0. And a
low-speed with 4k rom for
mice and joysticks.

We also have all the
development tools you'll need
to work with these parts—

including a c-compiler.

AY s MOy for the Uns wl Sevial Bus

PART SPEED RO M
Ks88-6032 12 Mb/S 32K
Ks88-6024 12 Mb/S 24K
Ks88-6016 12 Mb/S 16K
Ks86-6008 1.5 Mb/S 8K
Ks86-6104 1.5 Mb/S 4K

OTP

In short: if you're ready
for uss, we're ready for you.

And considering what
this bus looks like, that’s
saying a lot.

For complete literature on
designing-in our USB MCUs,
please call 1-800-446-2760.
Or write to Microcontroller
Marketing, Samsung Semi-
conductor Inc., 3655 N. First St.,
San Jose, CA 95134. Or visit
WWww.sec.samsung.com.

SEMICONDUCTOR

StiLL A Generation AHEAD.
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The worlds
smallest Flash
producer...

Sharp's &xmm, SMb,
ball grid amay
chip-size Flash package

¢

(ctual size)

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



the smallest chip-size package of all For all the reasons to source your Flash from Sharp, call -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
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TECH INSIGHTS /QUICKLOOK

O —

Suinsbm'y’s Supermarkets Ltd., Lon-
don, England, one Europe’s largest
grocery chains, will be testing SCS
Corp.’s passive radio frequency identi-
fication (RF/ID) system, the I2 System,
to automate grocery tracking and dis-
tribution processes.The 12 technology
is an intelligent system that can accu-
rately scan multiple items at once with-
out sorting, straightening, or unpack-
ing them (ELECTRONIC DESIGN, July 7,
p-48E).

The pilot program will first utilize
the 12 technology within Sainsbury’s
chilled foods supply chain, which han-
dles approximately 225,000 crates of
prepared meals each week for the
company’s supermarkets. Merchan-
dise, down to the carton level, will be
labeled with SCS's patented Dura-la-
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bels at vendors’ locations and will be
tracked through Sainsbury’s distrib-
ution centers to retail supermarkets,
and also into each supermarkets’
cold-storage facilities.

For more information, contact
SCS Corporation, 10905 Technology
Place, San Diego, CA 92127; (619)
485-9196; fax (619) 485-0561; e-mail:
info@ses-corp.com.

n an acquisition that puts them in
the thick of the embedded systems
industry, Sun Microsystems, Moun-
tain View, Calif., has purchased
French software vendor Chorus Sys-
tems for an undisclosed amount.
According to Tom Williams, Elec-
tronic Design's Embedded Sys-
tems/Software editor, Sun plans to

adapt Chorus’ real-time multi- |
threaded kernel to its own JavaOS to
support the Java language for em-
bedded network systems. In addition,
Sun is staking its position in the en-
terprise with networking and server
technology in terms of its existing So-
laris operating system.

The combination is intended to of-
fer the ability to scale from the very
large down to very small networked
devices with a memory footprint of
less than 10 kbvte< However, Sun
still must fit Java’s inherent ]lmltd-
tions in terms of real-time determin-
istic behavior (e.g., automatic
garbage collection) with the real-time
characteristics of the Chorus OS. For
more information, see Sun’s website:
http://www.sun.com.—MS

that only individuals with the time and in-

centive to devote enormous amounts of re-
search can hope to make consistently good
decisions about their investments.

Investors also are aware of the rising
costs of funding basic financial goals that
most of us share—educations for our chil-
| dren and grandchildren; a comfortable re-
tirement; or care for an elderly relative.
These goals should be approached from a
long-term perspective, and many individual
investors are uncertain as to how to develop
along-terminvesting strategy to meet them.

Under these circumstances, many in-
vestors are best served by working with financial con-
sultants to retain one or more of the many investment
management firms that construct individual portfolios
designed to help meet the needs of each client. Profes-
sional investment management was once available only
to large institutions and wealthy individuals who could
afford to commit millions of dollars to long-term invest-
ments. However, many prestigious firms now accept ac-
counts at minimums as low as $25,000.

Professional investment managers offer an array of
management styles, investment strategies, and portfolio
options. These experienced professionals have access to
the research capabilities that enable them to sift through
all the information that must constantly be analyzed to de-
velop and implement a coherent investment strategy.

Professional managers are conversant with the histor-
ical behaviors of the financial markets, and they spend
most of their work time following stock and bond activity.

In\'estors are faced with so many options

O —

s b

HENRY WIESEL
commaunuc EDITOR

They also monitor economic and political

developments, which must be factored into

a long-term plan to keep it flexible enough

to be responsive to short-term challenges

and potential opportunities in the investing
! environment. Such managers work under a
clearly defined investment discipline, which
removes the emotion that often skews the
individual investor’s decisions. Finally,
these managers have access to institu-
tional-level trading capabilities that pro- |
duce significant economies of scale.

A financial consultant can be your re-
source and guide you through the basie
steps of selecting a professional invest-
ment manager, during which you:

Define your investment goals. To what end are you
investing these funds? How long are you able to commit
the money? How much risk are you willing to assume?

Identify the professional investment manager(s)
whose investment styles, risk/return profiles, and per-
formance histories are compatible with your needs.

Monitor the activity of the managers you choose.
Make sure you understand clearly how the manager cal-
culates performance data, as there is no industry stan-
dard for reporting results.

Professional portfolio management is one method of
making intelligent investment decisions. For many in-
vestors, the results can be highly satisfactory.

Henry Wiesel is a Vice President, Financial Consul-
tant, and Qualified Pension Coordinator at Smith Bar-
ney. He may be contacted at 1050 Broad St., 2nd Floor,
Shrewsbury, N.J 07702; (800) 631-3331, ext. 8563.




Our new Pentium® and PowerPC’
microprocessor-based embedded
motherboards.

Most commodity Pentium
boards don’t meet the specific
needs of the embedded OEM
market. Your designs require
unique enhancements that only
a motherboard specifically
designed for embedded apps
can provide. So Motorola offers
a distinct advantage for our
embedded computing customers.
We call that advantage
CompatibilityPlus. And it

includes things like timers,

Free informational CD.
Contact us at 1-800-759-1107 ext. EDL
or www.mot.com/boards/ed!

extended FLLASH memory,
hardware monitoring and
enhanced BIOS. Plus rigorous
quality standards needed for
industrial, instead of consumer,
applications. Stuff like that.
And let's not forget a stable
board supply over typical OEM
life cycles. We could go on. In
fact, we do. Call us and we'll
send a free CD with the whole

story. With pictures.

@ MOTOROLA

What you never thought possible.
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Been There. Done That.
Left ’em in the Dust.

Think Dallas is new in the micro race? Think again.

Dallas Semiconductor’s line of High-Speed Microcontrollers took a good idea that’s been around for

a while, the 8051, and developed it into a world-class, high-performance machine. In fact,
Dallas has been rolling out 805 1-based winners since 1987, starting with Secure Micro-
controllers. This tamily rapidly took pole position in the field-—a position
we maintain to this day—protecting valuable application software and
data against pirates and hackers.

L PRE-DIAED
[}

Building on this experience. Dallas turned its attention toward
improving the performance of the 8051. The result was
a completely redesigned core that eliminates
wasted clock cycles. Using only 4 clocks
per instruction (compared with the
original 8051’ 12 clocks), the
DS87C520 runs up to a
maximum clock speed
of 33MHz, providing
a performance level
cquivalent to a 99
MHz 8051. This
allows you to turbo-
charge your system
without costly changes in
architecture, software, or
development tools.

Look under the hood and check out the added features: Take a victory lap around the rest of our

@ On-Chip Memory Removes Performance Bottlenecks: o

The DS87C520 otters 16K bytes of EPROM and 1.2K DS80C310 | High-performance.
bytes of SRAM. With the additional SRAM onboard. low-cost 8051 replacement
part count can be reduced and performance levels can DS80C320 | Full-featured. ROMless micro
be further increased. with additional peripherals
. DS80C323 | 3-volt version of the DS80C320
@ Power Management Mode for Portable Systems: In this .

DS87C520 | 16K bytes EPROM. 1K byte SRAM
and power management modes

DS&3C520 | Mask ROM version of the DS87CS20

DS87C530 | DS87C520 with Real Time Clock
and NV RAM control

made, you can reduce operating power requirements by
80%. while normal processor operations continue at a
slower internal clock speed. Special circuitry allows the
processor to automatically shift gears back to high speed
when necded.

g - i All Dallas High-Speed Microcontroliers
@ Extra Equipment: In addition to the standard peripherals, feature six external interrupis, three 16-

the DS87C'520 adds features that have tradition- bit timers, dual data pointers, and 256
ally been provided by external compo- \ byies of scratchpad RAM with toral 8051
nents. These include a second seral PAY., Nl Sof g Secah P AN N

port, power-on reset, brownout detector,
and watchdog timer.

For more information, contact
our pit crew.

3 DALLAS

B’ SEMICONDUCTOR

Visit our Web site at http://www.dalsemi.com;

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 < Phone: 972-371-4448 % Fax: 972-371-3715
READER SERVICE 121



M Exploring the world of digital, logic, memory, and microprocessors

igher density and greater
H performance are the two

mantras that every sup-
plier of field-programmable
gate arrays (FPGAs) has been
reciting over the last few years.
Coincidental with their efforts 8
to craft denser and faster cir-
cuits, process technologies have
advanced such that 0.25-pm de-
sign rules and five levels of
metal interconnects can now be
used to implement advanced
FPGA architectures.

Taking advantage of those
process advances are designers
at Xilinx, San Jose, Calif.
They've crafted their next gen-
eration family of SRAM-based
FPGAs to offer from less than
20 kgates to over 500 kgates in
the initial release, with utiliza-
tion percentages of more than
90%. And, by late 1998 the family will
offer up to one million gates, and the
ability to operate at system clock rates
of over 150 MHz.

Initial family members will include
devices with from 2000 to over 20,000
logic cells [each cell contains the equiva-
lent of one four-input look-up-table
(LUT) building block and one register],
and from 120 to over 600 user I/O pads.
The first family member to be sampled
will pack 6000 logic cells and 260 1/0
pads. The 1/0 lines will offer plenty of
system flexibility, providing config-
urable levels such as GTL+, LV TTL,
SSTL3-1, and SSTL3-I1.

s

Dave Bursky

| |

Furthermore, the SR AM-based
parts will allow fast system configura-
tion. A 2-Mbit configuration file (for a
100-kgate chip) requires less than 3 ms
to upload over an 8-bit interface using
the byte-wide express mode. The short
upload time allows the system to recon-
figure the logic with minimal delay in
its operations, permitting designers to
reuse the logic in a system to reduce
hardware cost.

In addition to abundant routing re-
sources, designers at Xilinx crafted a
novel virtual diagonal interconnect
(VDI) scheme (sometimes called vec-
tor-based interconnect) that allows ac-

High-Density FPGA Family
Delivers Megagate Capacity

Combining Blocks Of Embedded SRAM With Up To One Million
Gates, The Virtex Family Will Operate In 150-M Hz-Clock Systems.

curate prediction of delays in a
net. The prediction is based
solely on the straight-line dis-
tance between the source and
load, without needing the num-
ber of vertical and horizontal
tracks used. The VDI scheme
will allow design-
ers to work with
very accurate interconnect de-
lay models, making macro-
block placement very flexible.
Core logic in the Virtex family
of FPGAs is designed for opera-
tion from 2.5 V. The 1/0 buffers
are designed for 3.3-V opera-
tion and are 5-V tolerant, allow-
ing the circuits to tie into 5-V
systems. Improved logic cells
contain a four-input LUT and a
D-type flip-flop or latch with
common Clock, Clock-Enable,
and Set/Reset signals, but have
individually selectable polarity for each
control signal (Flig. 1). Logic cells are
paired together to form a slice. Two
slices are grouped together to form a
configurable logic block (CLB). Sup-
porting the high-speed clocking are on-
chip PLLs that help minimize signal
skews, perform clock multiplication,
and allow the chips to handle the strin-
gent timing requirements of buses such
as the 66-MHz version of PCI.

9 [}

Built For Speed

The cells within a CLB also have
high-speed carry-propagation logic to
minimize delays when multiple blocks

7,1997
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are cascaded. Therefore, large, high-
speed functions such as 100-MHz 32-
bit counters or ALUs can be imple-
mented. Dedicated carry logic also is
included to ease the implementation of
multipliers, allowing very efficient im-
plementation of shift-and-add opera-
tions. The more-efficient implementa-
tion saves one logic level of delay and
reduces the area by about 30% over
the area typically required for a 16-by-
16-bit binary-tree style multiplier. A
16-by-16-bit binary-tree multiplier
with no pipelining runs at 50 MHz (20
ns), while a four-state fully-pipelined
version runs at 83 MHz.

Additionally, the logic functions can
readily handle high-speed pattern de-
coding operations. Dual three-state
buffers provide designers with inde-
pendent output-enable signals. Each
of the flip-flops can be programmed in-
dividually to serve as either a trans-
parent or level-sensitive latch, or as a
D flip-flop.

At the heart of each LUT is a 16-bit
static RAM that can either be used for
logic-function lookup, or can serve as a
16-word-by-1-bit static memory that
can be combined with other LUT
R AMs to form registers, buffers, ete.
Additionally, two four-input LUTS can
be combined to form an independent
five-input LUT or a 4:1 multiplexer.
The four-input LUT has a basic delay
of just 1.2 ns.

When used in a registered system,
the 1/0 blocks allow a logic function to
offer a registered clock-to-output de-
lay of 6 ns without the PLL, and 3.5 ns
with the PLL. Maximum [/0 data-
transfer speeds can take place at 110
MHz without the PLL, and at up to 160
MHz with the PLL. Such 1/0 cell

speeds will allow the implementation |

of circuit functions such as 155-MHz
SONET data-stream processors or 66-
MHz PCI-bus interfaces (at 3.3 V).
Additionally, the availability of on-
chip RAM and a synthesis-friendly
logic-cell structure will allow many
new complex system functions to be
implemented on the FPGAs.

The arrays also contain dedicated :

blocks of true dual-port static RAM,
from eight to 30 blocks of 4 kbits each.
Each block can be configured into sev-
eral aspect ratios (word depth by word
width) of 4k by 1,2k by 2, 1 k by 4,512
by 8, or 256 by 16. The blocks are inte-
grated onto chips with from 20 to 200

kgates. The SRAM blocks are fully-
synchronous and have cycle times of
less than 10 ns. The five-level metal
process used to fabricate the chips
gives designers plenty of routing re-
sources. That allows the SRAM blocks
to be configured in any desired width.
Five blocks can be combined to form a
2-kword-by-10-bit video line buffer,
nine blocks can be combined to form a
4-kword-by-9-bit FIFO buffer with
parity, or four blocks to form a 2-kword-
by-8-bit FIFO.

The internal structure of the FPGA
consists of an array of VersaBlocks,
each of which contains a general rout-
ing matrix and a configurable logic
block (Fig. 2). There are four logic cells
per CLB, and each logic cell, as men-
tioned earlier, consists of a four-input
LUT. Inside the CLBs are fast routing
paths (called fast feedbacks) to mini-
mize the signal delays. Between CLBs
are general-purpose routing resources
and several direct-connect paths. The
fast-feedback paths allow several
LUTS to be chained together to imple-
ment wider functions with minimal im-
pact on performance. The direct-con-

nect paths provide high-speed inter-
connections directly between two adja-
cent CLBs in the horizontal direction,
bypassing the extra loading of the gen-
eral routing matrix.

Associated with each VersaBlock is
a general routing matrix (GRM) that
includes the switch matrix through
which horizontal and vertical routing
resources connect. This matrix also is
the means by which the general-pur-
pose routing lines gain access to the
VersaBlock. Single-length lines con-
nect signals from one GRM to the next
adjacent GRM, while buffered Hex
lines connect signals from one GRM to
another, a distance of six blocks away.
Long lines span the length of the chip
(vertical long lines), or the width of the
chip (horizontal long lines). These lines
are buffered wires capable of distribut-
ing the signals across the circuit
quickly and efficiently.

Surrounding the core of the FPGA
are the 1/0 buffer cells, which contain
registered inputs, registered outputs,
and three-state enable control (Fig. 2,
again). Through the configuration soft-
ware, some basic characteristics of the
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1. Two logic cells and their associated logic form a slice in the Virtex FPGAs from Xilinx. Two
such slices form one configurable logic block. Each logic cell has four inputs and contains a 16-
bit SRAM look-up table and a configurable D-type flip-flop. The two logic cells in the slice
share a common carry logic chain and the flip-flop control signals.




Looking for killer FPGA design solutions that

will blow the competition right out of the
water? Count on Arrow/Schweber and
Lucent Technologies’ ORCA to deliver them.
With unprecedented speed, superior timing,
high gate usability, and extensive routing
capabilities. In fact, with so many advanced
features, ORCA FPGAs give your high-end
applications the flexibility to leap to rew
levels of functionality, in all kinds of

environments.

« Low-power 0.35 ym/0.30 pm CMOS

e True 3.3 V devices with built-in 5 V
tolerance

e 4K-100K usable gates

ELECTRONICS

ORCA' is making waves...

» Up to a 50% increase in Look-Up-Table
(LUT) speed for new -5 and -6 devices

¢ Up to a 20% decrease in clock-to-
output delay

Arrow/Schweber backs up Lucent's
innovative technology with the services and
support you require for fast, high-performance
FPGA solutions. Including on-time delivery, full
programming capabilities at our SO 9002-
certified programming centers, and immediate
access to our nationwide staff of PLD-certified
FAEs and technical support specialists,

whenever and wherever you need it.

Call Arrow/Schweber at 1-800-777-ARROW.
www.arrowschweber.com

© 1997 Arrow Electronics, Inc. The Arrow/Schwaber logo is a registered trademark and the Programmable Logic Source
logo is a service mark of Arrow Electronics, Inc. ORCA is a registared trademark of Lucent Technologies.
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...in fast,
high-performance

FPGA design.

Programmable
Logic
Source

microelectronics group

Lucent Technologies
Bell Labs Innovations
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Configurable logic block
Switch matrix
and general 1/0 buffer
routing matrix
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2. The core of the Virtex FPGAs consists of an array of configurable logic blocks (insert 1), each associated with an overlying switch and general routing
matrix. Surrounding the logic array are the flexible | /0 buffers (insert 2) that provide multiple interface options and offer programmable slew rates.

cell can be set, like slew rate, pull-up,
input delay, and other aspects of buffer
operation. Bus interface options, selec-
table at configuration time, include
GTL+,SSTL, or LVTTL.

Abundant Routing

Routing resources are loosely di-
vided into three categories: global
routing, I/0 routing, and dedicated
routing. Global routing resources are
used to distribute signals with very
high fanout throughout the entire de-
vice (8 ns to cross a 100-kgate device).
There are two tiers of global routing
resources—primary and secondary.
Primary resources are dedicated
global nets that are intended to dis-
tribute high-fanout clock signals with
minimum skew. All CLB and I/0
buffer clock pins can be driven by a
global buffer. Secondary routing re-
sources consist of global routing
backbones per CLB column. These
backbones can distribute any high-
fanout signal via the long lines in the
column; the resources also are more
flexible than the primary resources

because the secondary resources are
not restricted to which CLB pins may
be accessed.

Additional routing resources
around the periphery of the chip sup-
port the 1/0 buffers and form the in-
terface between the core logic and
the I/0 buffers. This routing is re-
ferred to as the VersaRing, and is
used to facilitate pin-swapping and
redesign so that board layouts won’t
have to be modified if internal logic
and I/0 buffer connections are up-
dated. Finally, dedicated routing re-
sources are provided to ensure some
signals are always available for use to
create buses with three-state buffers
and carry signals for the dedicated
carry logic.

Logic designs on the Virtex family
are supported by the company’s Al-
liance Series software, which in-
cludes complete support for the uni-
fied libraries, relationally-placed
macros, and trace capability. The tool
suite is based on the next-generation
tools for the XC4000X family. It em-
ploys a strong constraint-driven de-

sign philosophy that works in con-
junction with the high-performance
predictable interconnect to allow ac-
curate design analysis early in the de-
sign flow. The Alliance Series tool
suite also has links to most popular
EDA tool sets, allowing high-level
design and synthesis tools to capture
and implement the design. Dedicated
IEEE 1149.1 JTAG support with
boundary-scan logic allows for both
pattern updates and in-system test-
ing to be performed.

PRICE AND AVAILABILITY

The first Virtex device to be sampled con-
tains 6000 logic cells and 260 user 1/0 lines.
It will sell for between $200 to $400 each in
sample quantities, and for less then $90 a
piece in large quantities when the chip hits
volume production in late 1998.

Xilinx Inc., 2100 Logic Dr., San Jose, CA
95124; Bruce Jorgens, (408) 879-5236, Inter-

net: http:/heww.xiline.com. CIRCLE 534
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72 pin SRAM SIMM

* HIGHEST DENSITY 72-pin SRAM SIMMs on the
market: 2M x 32, 1M x 32, 1M x 36, and
512K x 32

+ Plug-in upgradeability from lower densities

+ Four chip selects provide the design flexibility
of 8,16, or 32 bit access

* 72-pin ZIPs also available

2MByte SRAM PLCC

* HIGHEST DENSITY SRAM
in a 68-fead PLCC

+33Vorsv

+ Fast access time of 12 or 15ns

+ Organized 512K x 32

* Provides an upgrade path from a 128Kx32 or
256Kx32 SRAM in the same footprint

* Requires half the board space of four 36-lead
$0Js totaling equal density

2Mbit SRAM, 8Mbit Flash
Mixed Module ina

56 SSOP Footprint G8-ead PLC

» First commercial
mixed module available

« Access times of 20ns (SRAM),
70ns (Flash)

+ Organized 128K x 16 SRAM/512K x 16 Flash
with separate data buses

* 5V operation

16, 32, and 64Mbit Flash in a 56-lead CSOP for high reliability applications

* 16Mbit, organized 2M x 8 * Access times of 90, 120, and 150ns
* 32Mbit, organized 2M x 16 * 5V operation
* 64Mbit, organized 2 x 2M x 16 + Commercial, industrial, and military screening

80-pin Flash SIMMs
* 2,4,8,16,and 32MByte Flash SIMMs
+ Also available with Intel StrataFlash™ which

DESC ISO 9000 , doubles density without increasing space
¢ requirements
. + Typically used in telecommunications, network-
; , . ¢* ing and embedded systems
% e e‘,owtw* ¢ « AMD, Intel, and Sharp components
o

jumoeiiomaion . WHITE MICROELECTRONICS
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DIGITAL DESIGN

Advanced DRAM Architectures
Overcome Data Bandwidth Limits

Novel Architectures For Next-Generation DRAMs Are Pushing
Data-Transfer Rates Beyond 500 MHz While Offering New Features

And Control Options.
Dave Bursky

tems are pushing standard DRAM architec-
tures to their limits. They also are looking for
higher-performance devices that will enable mem-
ory subsystem performance levels two to four times
faster than fast-page mode or extended-data-out
DRAMs. Memory designers are crafting new gen-
erations of dynamic memories using synchronous
data-transfer schemes, byte-serial transfers with
dual-edge clocking, and multibank architectures.
These new memory types will allow designers to
build memory subsystems that can transfer data at
rates up to 1.6 Gbytes/s,
allowing the subsys-
tems to keep pace with
the fastest CPUs and
graphics engines.
As data rates go up,
S0 must memory capac-
ity—at the high data
rates projected for new
memory chips, current
16- and 64-Mbit devices
would be emptied in the
blink of an eye. Limited
production quantities of
256-Mbit chips are
available from several
vendors and following
the standard 4X pro-
gression, prototypes of
1-Gbit and even 4-Gbit

T oday’s computer systems and graphics subsys-

SPECIAL
REPORT

DRAMs, have been demonstrated at various re- Art Courtesy:

search conferences. But as manufacturers try to
move from engineering prototypes to production at
the 256-Mbit level, they’re finding interest in an in-
termediate 128-Mbit density device that would al-
low vendors to offer a 4-Mword by 32-bit chip. Two
such chips could provide a 32-Mbyte base memory
for desktop or portable computers.

There are five architectures competing for the
high-speed sockets used in main memory subsys-
tems: the synchronous DRAM (SDRAM), which in-
cludes its second-generation brother the SDRAM
I1, and its soon-to-be-sampled faster cousin, the
double-data-rate (DDR) SDRAM; the Rambus

Toshi

DRAM (RDRAM), and its new cousin, the direct
RDRAM; the forthecoming SyneLink DRAM (SL-
DRAM); the Multibank DR M (MDRAM); and
the cache-enhanced synchronous DRAM (ES-
DRAM), a synchronous version of the original
EDRAM. Comparing the key features of the
SDRAM, DDR SDRAM, Direct RDRAM, and SL-
DRAM at the 64-Mbit level provides an interesting
blend of similar features and significant differences
that designers must deal with (see the table).

Graphics subsystems can take advantage of
these memory types to replace the dual-ported
video RAMs that are
now used only in legacy
graphics subsystems.
In addition to the previ-
ously mentioned mem-
ory types, there are
some graphics-specific
DRAMs that also have
been developed—the
synchronous graphies
RAM (SGRAM), as
well as specialty memo-
ries such as the Win-
dow DRAM. However,
they will not be covered
in this report.

For main memory
subsystems, there is no
clear-cut winner. And in
many cases the market
will support more than one architecture. For in-
stance, many designers feel that high-end com-
puter systems, servers, and other systems that re-
quire hundreds of megabytes of DRAM, will most
likely employ some type of SDRAM for the main
memory, while the typical future home-office desk-
top computer will probably initially commit to use
some form of the RDRAM due to the smaller gran-
ularity. In either case, designers are incorporating
more memory into the systems they create and as
the content increases, so will the word width of the
memory chips to better deal with memory system
granularity (Flig. 1).

The issue of granularity is one that continually
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raises its head, especially as memory ca-
pacity per chip increases. The first sign
of the granularity issue emerged years
ago, and as a result, DRAMs started to
come in word widths of four bits. Re-
duced ground-bounce and better noise-
immune 1/0 line designs along with
higher densities then made practical 8-,
16- and even 32-bit-wide memory chip
organizations, and with that the ability
to set the desired system granularity.
Large memory systems would most of-
ten employ narrower word widths since
such systems often require a lot of
depth, while smaller systems often de-
sire wider word chips since the memory
depth is smaller and wide memories
could greatly reduce chip count.

For instance, current 64-Mbit
SDRAMs are available with word
widths of 4, 8, or 16 bits. Assuming a 64-
bit-wide memory module, if the unit is
assembled with 4-bit-wide SDRAMs, it
would have a depth of 16 Mwords, and a
total storage of 128 Mbytes; if built with
8-bit-wide SDRAMs, the module would
pack 64 Mbytes and have a depth of 8
Mwords. DIMM versions could double
that storage by doubling up the memory.
And the even larger DIMM modules,
such as those used in workstations or

DRAM DRAM a DRAM array DRAM array
banl‘:lm m;m bank 2 bank 3
i i i :
2 kbyte row 2 kbyte row 2 kbyte row 2 kbyte row
sense amp cache sense amp cache sense amp cache sense amp cache
: H ¢ :
Application layer
Logical layer [ MD Reg (7:0](8:0] ||
Control logic _J Control registers
i
[ Receiver | Row = Clock generator |~ Tci [ Transmitter
Physical layer RxClk TxClk
118 1 1 1 0] Sout|t
Bus enable, Bus ctrl, Bus data (8:0]
Clock to master

2. Multiple DRAM banks in the concurrent RDRAM developed by Rambus are each associated
with a 2-kbyte sense-amplifier cache. On-chip control logic handles read and write operations
performed in cooperation with a synchronous, concurrent protocol that handles the block-
oriented, interleaved (overlapped) data transfers.

servers, could pack even double the 64-
bit DIMM amount (up to 512
Mbytes/module) since most large
DIMMs use 128-bit-wide interfaces.

Such storage capacities are so large that
small-system users would be hard-
pressed to afford memory upgrades.

wider DRAMs—chips with 32-bit data

.

< ports are a better fit since most graphics

systems require 8 Mbytes or less of
memory, and just two to four chips would
supply the entire memory space.

Wider organizations such as a 4-
Mword by 16-bit device would reduce
the SIMM granularity to 32 Mbytes us-
ing just four SDRAMs. That would
permit manufacturers to offer afford-
able modules. Alternatively, memories
such as the 16-Mbit RDRAM use a
byte-serial approach to transfer data
bytes between the memory and the
system. The host system would then
reassemble the wide data words for
storage in the cache. Thus, a small
memory upgrade module that contains
as little as 2 Mbytes (one chip) can pro-
vide the desired upgrade options. For
instance, in the case of the Nintendo 64

Workstations

Smalt PCs
8 Mbyte

Year

video game, which uses a single 16-
Mbit RDRAM for the internal memory,

4 Mbit 4
1Mx 4

1

oamit
1M <1

organizations 256k x 4

a plug-in memory expansion module
contains just a single 16-Mbit RDRAM,
thus doubling the system’s memory
(see “The impact of advanced DRAM

16 Mbit ;
1Mx 16
512k < 8

1. The size of a memory subsystem and the choice of available memory organizations at a
particular storage density level often determines the granularity of the memory upgrade as

this graph from Hitachi depicts.

technologies,” p. 80).
Of all the interfaces discussed and
proposed, only the EDRAM, SDRAM

Graphics subsystems are looking at even !




' When it comes to low-power ICs,
e Ve manufacturers trying to compete with Seiko
Instruments may find themselves a little out
of their depth. Because Seiko Instruments’
a e n CMOS Serial E2ZPROMs combine the lowest
power consumption in the industry,
with the precision engineering,
Power miniaturization and reliability
required by today's portable, .
] battery-operated devices. ‘
C t With power consumption as
0 nsu m p IO n low as 0.8 pA (standby) to a maximum of
0.4 mA (operating), Seiko Instruments’
complete family of EZPROM ICs offer
O high-speed performance, sequential read
capability, 10" cycles/word endurance and
100-year data retention. Additionally, their
N ew wide operating voltage range makes them
ideal for portable and handheld telecommu-
nications applications such as cellular
telephones and next-generation cordless
telephones, two-way radio equipment and
many other portable instruments.
For more information about our low-
power ICs, call Seiko Instruments today or
visit our web site. We're the manufacturer

today's designers turn to. The reasons aren’t
hard to fathom.

EEPROM Power Consumption
Comparison Chart

~ Max. Oper. Current ’—Maﬁtéﬁdby Current

| Seiko Instruments 0.4 mA 0.8 pA
Competitor 1 1.0 mA 1.0 pA
Competitor 2 20 mA 50.0 A
Competitor 3 0.5 mA 30.0 pA ]

| Seiko Instruments 0.3 mA 1.0 pA

{ Competitor 1 3.0 mA 100.0 pA

| Competitor 2 2.0 mA 100.0 yA

{ Competitor 3 10 mA __300pA |

SI1 @

Seiko Instruments
Seiko Instruments USA
g\ .5
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and RDRAM are currently in produc-
tion. Engineering samples of the cache-
enhanced synchronous DRAM are ex-
pected shortly from Enhanced
Memory Systems, and the first proto-
type of the SLDRAM is currently in
design by Toshiba, Siemens, and Mo-
said Technologies, and is targeted for
sampling in late 1998. The second-gen-
eration SDRAM and the DDR
SDRAM are slated for sampling late
this year and in early 1998, respec-
tively, while Direct RDRAM chips also
are in design but targeted for sampling
in mid-to-late 1998.

Each of these memory interfaces
has its pros and cons that technically
fall into several categories—latency,
bandwidth (peak versus sustained),
and scalability. Latency is the time re-
quired from an initial request to obtain

the first data. In older DRAMs this is
the equivalent of access time, but since
the advent of static-column and fast-
page mode, DRAMs have a burst
transfer mode that lets them transfer
as little as a page or up to the entire
contents of the memory chip. The
memory latency—the time to the first
access—is as important as the time for
each subsequent data word in the
transfer sequence (the burst length).
The sustained bandwidth that the
memory can achieve is then the burst
size (the number of sequential ac-
cesses) divided by the total access time,
which can result in a sustained band-
width value that can be less then half
the peak bandwidth. Although 16/18-
bit (parity) versions of the RDRAM
are not yet available, projected peak
bandwidth for the SDRAM, RDRAM

cnv.ri 5
SRAM =

CCO# prbos’ g 1 kword by 16-bit SRAM

CC1# =

Sense amps
2 ?’W ) Column decoder %
' “ufr | 10 +128 5
buffers 00015
G#
K Clock Write buffers
oSt control and masks Read bufers
«1' 128
DRAM /
ADD...11 address — Column decoder
buffer | 12 5
nse amps

RAS# § 1 Mword by 16-bit DRAM

CAS# DRAM =

DTD# control =

CMD#

Note: # indicates active low

3. One of the first attempts to speed up DRAM access time was the cache DRAM that is now
available from Enhanced Memory Systems. The memory’s internal architecture consists of a
standard DRAM storage array and a cache that's formed from the sense-amplifier array. The
cache and the memory array are linked by a wide on-chip bus so that the entire cache can be

loaded in just a single cydle.

and SLDRAM are roughly 400
Mbytes/s for the 100-MHz SDRAM,
over 1.5 Gbytes/s for a projected 16/18-
bit RDRAM, and about 800 Mbytes/s
foran SLDRAM.

In terms of scalability, the SDRAM,
DDR SDRAM, and SLDRAM can be
used in typical 2D memory arrays that
can expand the word depth or word
width and provide simple memory sub-
system extensions. The RDRAM and
its forthcoming Direct RDRAM cousin
require a different approach since they
use byte- and word-serial system inter-
faces, respectively, and employ a host-
system interface controller that re-
ceives the byte/word serial data from
the memory chips and reassembles the
32- or 64-bit wide-word data or instruc-
tions, or breaks wide word information
into the byte/word-serial stream for
transfer to the memory subsystem.

In many systems, a single RDRAM
interface controller will typically be
used to access a linear array of
RDRAM chips over an 8/9-bit data bus.
That interface is more pin-efficient than
the SDRAM since data and addresses
are sent over the common RDRAM
bus. Although the bus is narrower than
the wide-word memory bus formed by
an array of SDRAMs, the higher clock-
ing rate (over 600 MHz) gives the bus
its high performance. However, one in-
terface controller is pretty much as-
signed for one bank of RDRAMs. If a
second bank were needed to increase
bandwidth, a second controller would
have to be added along with the memo-
ries, rather than just adding another
row of memory chips.

In main memory systems, latency
was very important when cache sizes
were small. However with substantial
on-chip caches and external level-2
caches, most of the memory latency for
cache fills is hidden. But on cache
misses, the time to reach the first data
word is critical since without data, the
CPU could stall, slowing the entire sys-
tem. Most of the clocked memories do
have a two- or three-cycle penalty to
reach the first data word, but then
make up for the latency by transferring
the remaining words very rapidly.

The original RDRAM had a large la-
tency (several hundred nanoseconds)
that basically detracted from the device
performance when the chips were eval-
uated for use in main memory systems.
However, for graphics applications that




100-pin DIMMs

16-, 8- and 4-MB
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32-bit /O
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3.3-volt operation.

Gold lead finish.
Custom designs available.
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EXPERTISE .. .
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Every new module design is verified by testing worst-case
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[ used long strings of data transfers, the
| RDRAM delivered top-notch perfor-
i mance and has now found a home on
; several graphics and multimedia cards.
| Souped-Up Memory
| Many timing and feature improve-
| ments have been made to the RDRAM
in its second-generation implementa-
l tion, the Concurrent RDRAM, to opti-
| mize it for use in main memory subsys-
i tems. The Concurrent RDRAM will be
available in &-bit- or 9-bit-wide versions
’ in either 16/18- or 64/72-Mbit capacities
| and can burst unlimited-length strings
i of data at 1.67 ns/byte (600 MHz). The
sustained bandwidth for 32-byte trans-
' fers (a cache line fill, for example) is 426
i Mbytes/s—a speed faster than any

other DRAM approach. Although
Rambus has architected the memories
in eonjunction with various partners, it
does not manufacture or market the
chips. Rather, Rambus licenses the con-
troller interface cell and the memory
design to its silicon partners. Those li-
censees include Hitachi, LG Semicon,
NEC, Oki, Samsung, and Toshiba.
Other suppliers also have signed on to
produce the forthcoming Direct
RDRAM—Fujitsu, Hyvundai, IBM,
Siemens, Texas Instruments, Micron,
and Mitsubishi.

Internally, the 64/72-Mbit Concur-
rent RDRAM is divided into four
banks (two banks in the 16/18-Mbit ver-
sion), with each bank assigned 2-kbyte
(1 kbyte in the 16/18-Mbit chip) row

sense amplifier cache, much like the
cache DRAM from Enhanced Memory
Systems. The multiple banks are tied
into on-chip control logic that handles
the read and write operations (Fig. 2).
The chips employ a synchronous, con-
current protocol to handle the block-
oriented, interleaved (overlapped)
transfers and like the original
RDRAMs, have only 16 active signals
and require a total of just 32-pins on the
controller interface.

A low effective latency, competitive
with SDRAMs, is possible by operating
the two or four 1- or 2-kbyte sense-am-
plifier banks as high-speed caches and
using a page-type random-access mode
to deal with large block transfers. Con-
current (simultaneous) bank opera-
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Tails 1 build.

USE YOUR HEAD. Buy your subsystems modules well designed and ready to go. You
can select from a complete line of fully interchangeable physical layer (PHY) solutions. With
proven designs incorporating a wide variety of leading LAN transceiver manufacturers, we
can provide you with the right flavor of Fast Ethernet technology. So, rely on Valor Electronics’
advanced integrated subsystems modules. These high value-added solutions are standards
compliant for IEEE802.3u and 802.12 and European Union (EU) CE mark approved for EMI
CISPR-22B requirements.

The buy versus build decision becomes elementary when you look at our entire family of
100BASE physical layer solutions. You'll flip over how Valor saves you design turn times.

It's not a coin toss anymore. The smart money says call Valor.
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NORTH AND LATIN AMERICA 5715 Business Park Avenue, San Diego, CA 921311642 tel (800) 31Valor fax (619) 537-2525
ASIA Room 16A-C, 16th Floor, Mass Resources Development Building, 1216 Humphrey's Avenue, Tsim Sha Tsui, Kowloon, Hong Kong
tel 852-2953-1000, fax B52-2953-1333
EUROPE Hetfordshire Business Center, Unit 22 Alexander Road, London, Colney, Hetfordshire, AL2 1JG, UK tel 44-1727-824875 fax 44-1727-824898
Steinstrafe 68, 81667 Miinchen Germany tel 49-89-458-7040 fax 49-89-484-743
Website: www.valorinc.com
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tions yield a high effective bandwidth
by using interleaved transactions. For
graphics applications the memories
also include write-per-bit and mask-
per-bit capabilities.

Further enhancements to the
RDRAM will arrive by mid-1998 when
Rambus and its partners release sam-
ples of the Direct RDRAM, a 16/18-bit-
wide version of the RDRAM. The en-
hanced interface was jointly developed
with Intel to better match the memory
to Pentium CPUs and deliver roughly
three times the effective bandwidth of
a 100-MHz SDRAM for a random
workload.

The DRDRAM interface will consist
of a 16- or 18-bit data path and an 8-bit

DIGITAL DESIGN 'ADVANCED DRAM TECHNOLOGY |

control bus, with the interface able to
operate at clock rates of up to 80 MHz
(rising and falling edges of a 400-MHz
clock). DRDRAMs will be available in
both 64- and 128-Mbit densities for main
memory applications, and a 32-Mbit de-
vice for graphics applications also is
planned for release in late 1998. The
chips are essentially the first super-
pipelined memories that offer a multi-
ple-transaction pipeline and conflict-free
transaction interleaving to achieve a
sustained performance of 1.5 Gbhytes/s.
The electrical interface will be the
same as that used in the Concurrent
Rambus interface—differential clocks
and a 1.8-V termination voltage. Inter-
nally, the memory will use a 128-bit-

wide core so that a quad-word (16-byte)
transfer can be done internally on
every cycle. In addition, the DRDRAM
chips will operate from a 2.5-V supply,
employ a 0.8-V signal swing around a
1.4-V reference level, and incorporate
some low-power modes to better suit
them for the mobile systems market
(ust 0.75 mW on power-down, 10 mW
in the nap mode, and between 500 and
600 mW when doing reads or writes).
Complementing the memory chips will
be the Rambus access controller
(RAC) which can support a single DR-
DRAM interface or two Concurrent
RDRAM interfaces.

Another aspect defined by Rambus
for all its memories was the packaging,

The Impact Of Advanced DRAM Technologies

ynchronous DRAMs, originally expected to make a
S strong impact on PC performance in 1997, have yet to

do so primarily due to technical obstacles. The fix for
those SDRAM challenges is hopefully now in place in terms
of new chip sets, tighter timing specs for both SDRAM
chips and SDRAM-based memory modules, plus a higher
awareness on the part of both PC OEMs and the supplier
community. But if the implementation of SDR AM architec-
ture seems to have been problematic, the technical difficul-
ties of transitioning to even more advanced memory archi-
tectures are incrementally more severe.

Workstations and PCs are pointed toward an abruptly
upscaled performance plateau. These powerful new sys-
tems will require synchronization and tight coupling be-
tween the CPU, the chip set, the memory modules, I/0
ports, motherboard, and peripherals far beyond anything
that’s been achieved so far.

Even in the most advanced systems available, with the
SDRAM memory bus operating at 100 MHz, there is only
10 ns available for a clock cycle. The SDRAM itself requires
up 6 ns, leaving about 4 ns for all other timing aspects com-
bined. As evidenced this past year, that limited time has
proven to be an enormous challenge explains Bill Johnston,
V.P. of Product Marketing for Smart Modular Technologies
Inc., Fremont, Calif. Now new DRAM architectures, with
Rambus currently the front runney, are promising operat-
ing frrequencies of 400 to 600 MHz, which will drive clock ey-
cles down to 2.5 and 1.6 ns, respectively.

For independent memory-module manufacturers, con-
tinues Johnston, the design constraints for these advanced
modules will contribute to a supplier fallout already trig-
gered by escalating manufacturing and test requirements.
Module manufacturers already are faltering if they are not
equipped and experienced with cutting-edge surface-
mount technology and advanced test equipment that can
run at 300 MHz and beyond. To ship parts at a quality level
that OEMs expect, module manufacturers must perform

both full parametric and full functional testing at frequency
with various patterns, testing every bit on every DRAM.

It is likely that in less than two years, the new DRAM
architectures operating in the 400-to-600-MHz range will
require 660-MHz testing to adequately test the parts. Few
independent memory-module suppliers are positioned to-
day to provide even the 330-MHz capability and have the fi-
nancial resources to maintain that leading edge.

Furthermore, explains Johnston, the additional design
engineering expertise required for Rambus-based
DIMMS, or the equivalent with competing DRAM archi-
tectures such as SLDRAM or DDR DRAM, raises the ante
for memory module design competence. There are new de-
sign challenges as systems transition from simple connec-
tion of DRAMSs on a pe board to microstrip-line and trans-
mission-line design.

To simulate signal-integrity of the module design, the
memory controller model, the connector model, and of
course the detailed modeling of the traces and components
on the mocule must be considered. Major OEMs have be-
gun requiring simulation data {rom module makers so that
cdata can be included in their system simulations. In addi-
tion to these design constraints, if any memory-module
maker is not, for example, already implementing micro-
ball-grid-array (MBGA) packaging competence, it has little
chance of surviving this next transition phase.

The implications also are severe for buyers of memory
modules, whether they are PC OEMs or individuals in the
aftermarket. It is likely that for advanced-DRAM-based
mociules, only module designs that have been simulated,
tested, and finally verified by actual operation in a specific
system will meet performance requirements. PC OEMs
will partner much more tightly with carefully selected
memory module suppliers, and the memory aftermarket
may be controlled exclusively by the OEMs who manufac-
ture the systems, with consumers buying only modules
specified for a particular system.
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4, Employing four 32-bit-wide memory banks, the bidirectional double-data-rate SDRAM
developed by Samsung includes some additional circuits such as a strobe generator and
delay-locked loop. These circuits provide all the timing signals needed to minimize timing
margins and provide the chip-to-host signaling.

but not just at the chip level. Board lay-
outs and proprietary module layouts
also were defined to ensure the memo-
ries would deliver their best perfor-
mance. With the DRDRAM, Rambus
and Intel have opted to use the micro
ball-grid array, a chip-scale package
that reduces lead inductances and
board area. And at the module level,
they have moved to standard form fac-
tors such as DIMMs, which will allow 1,
2, or 3 modules per channel and support
serial presence-detect signals for mod-
ule identification.

causes the contents of the page in
which the data resides to be trans-
ferred into the 4-kbit cache; subse-
quent read accesses to the same page
are read from the cache.)

Although the initial memory was
only a 4-Mbit device, the company is
now sampling a 16-Mbit version based
on synchronous DRAM technology that
includes a four-bank organization to
achieve the high transfer rate—27-ns
row accesses and 12-ns column accesses
(Fig. 3). When fitted with LV TTL 1/O

DIGITAL DESIGN ADVANCED DRAM TECHNOLOGY |

buffers, the memory will be able to op-
erate at 133 MHz and perform 1-1-1-1
transfers at 66 MHz, 2-1-1-1 transfers at
133 MHz, and 3-1-1-1 transfers at 200
MHz. That speed is about double that of
standard DRAMs. IBM is now the only
alternate source for the EDRAMs.

The 16-Mbit synchronous DRAMs,
with their dual-bank architecture were
the first mainstream (multiple-
sourced) new architecture memories to
offer performance levels well above
that achievable with extended-data-
out DRAMs. However, first-genera-
tion 16-Mbit SDR A Ms, although speci-
fied as 100-MHz devices, actually
delivered performance levels well be-
low the claimed 100-MHz clock speeds.

Although the SDRAMs are de-
signed to aJEDEC standard, slight dif-
ferences in the interpretation of the
specification and the test methodolo-
gies have made interchangeability a
concern. Though the chips were capa-
ble of 100-MHz system operation under
ideal conditions, due to timing differ-
ences in most PCs they have limited
operation to 66 MHz. Subtle spec dif-
ferences often prevent “blind” inter-
changeability between different com-
pany’s ostensibly identical memories.

In fact, according to Art Kilmer,
manager of memory applications at
IBM, the latest x86 motherboard chip
sets that support SDRAMs have
brought out the differences in
SDRAMs that are available from vari-
ous manufacturers, and it will take a
while to figure out which tests are best
to assure interchangeability. One issue
with the memories is the number of
banks that can stay open when the host

Reducing The Latency A COMPARISON OF NEXT-GENERATION 64-MBIT DRAMS

One of the first memories to tackle Parameter  DDR SDRAM Direct RDRAM SLDRAM  Today's SDRAM
the latency issue—the cache DRAM | | Bandwidth | 16Gbytes’s | 1.6 Gbytesis 16Gbytes's | 0.8 Gbytes/s
developed by Enhanced Memory Sys- Clock frequency 100MHz |  400MHz | 200MHz | 100 MHz
tems—combined a DRAM and a 4-kbit Data-transfer 200 MHz 800 MH} Last 40(; Ml-Tz 7 7100Mgz 3
cache on the same chip. The cache is ac- frequency
tually formed by the sense-amplifier | | Bus width 16 bits x 4 16 bits 16bitsx2 |  16bitsx4
array and some additional logic and al- 1 | Granularity 32 Mbytes 8 Mbytes 16 Mbytes | 16 Mbytes
lows the memory chip to provide stan- | | package/module | TSOPDIMM | Tobe determined | VSMP/DIMM TSOP/DIMM
dard access times for a random read | | gystem power | 1500mA | 1200-1500mA | 1000 mA 500 mA
(with no matching information held in | | (4 devices/system) | |
the on-board cache). However, after Active power 375 mA 1000-1300 mA 440 mA | 125 mA
the standard row access time for the 1 | (1 device) - i xal
first piece of data (25 ns), subsequent Hard-error Excellent Limited Excellent Excellent
data transfers can take place in just 10 | | fécovery capabilty | z | .

Application | Midrange-high end | Low end-midrange | Midrange-high end | Low end-high end

ns per transfer if the desired data is
now in the cache. (The random read

Source: Hitachi
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system performs bank-to-bank inter-
leaving. The latest “BX” chip set from
Intel allows up to 32 banks to stay open,
but the timing and loading issues have
yet to be fully analyzed.

To boost SDRAM performance,
memory designers have tightened some
of the ac timing margins, dc parameters,
driver characteristics, and layout rules
on first-generation 16-Mbit parts to
achieve “true” 100-MHz operation to
meet the so called PC-100 100-MHz
SDRAM specification requirements for
100-MHz system operation. (Details are
available on the Intel web site:
http:/fwww.intel.com/developer.) Mem-
ory designers also are pushing process
technology to achieve even higher
speeds—clock rates of up to 143 MHz
will be sampled in early 1998, Specifica-
tions for DIMMs, both unbuffered and
buffered and registered DIMMs, with
capacities up to 256 Mbytes, also are de-
fined on the Intel web site.

The 16-Mbit generation, though, is
giving way to higher-performance 64-
Mbit devices that employ four banks
per chip. SDRAMs in the 16- and 64-
Mbit generations are available with
word widths of 4, 8, or 16 bits, and a few

companies are considering a 32-bit-
wide SDRAM at the 64-Mbit and 256-
Mbit levels. When fabricated with 0.25-
um features, the chips will be able to
operate with 3-1-1-1 burst timing. To
achieve the faster 2-1-1-1 timing, a
shrink to 0.22-um features will have to
be done, probably in late 1998.

One potential problem with
SDRAMs when it comes to portable
systems is that their power consump-
tion is higher than the previous-gener-
ation memories that used the ex-
tended-data-out timing. To overcome
that problem, designers at IBM are
working on a low-power SDRAM that
uses the clock enable line to help re-
duce standby and self-refresh cur-
rents by 50 to 75%, while not increas-
ing active currents. The low-power
64-Mbit SDRAM thus achieves a
standby or self-refresh current of just
0.5 mA (versus 2 mA for the standard
SDRAM), while maintaining a page-
miss or page-hit active current of 130
and 125 mA, respectively. However,
the higher bus speeds of the PC-100
and still faster parts will increase the
active currents. As a result, more at-
tention must be paid in portable sys-

tem design to minimizing bus activity

in order to reduce the active power |

levels of the SDRAMs.

The Evolving SDRAMs

The biggest change coming to
SDRAMs in the next 6 to 12 months,
however, is the double-data-rate up-
grade that allows the chips to deliver
data twice as fast by using both rising
and falling clock edges, much like the
Rambus memories use both clock edges.
The DDR technology is a capability that
can be added to any device, thus there
could be a family of DDR devices to
meet different market needs. The
higher data-transfer rates possible with
DDR allow such memories to satisfy
bandwidth requirements for high-end
desktop PCs, high-performance graph-
ics adapters, and workstation servers.

Internally, DDR memories are simi-
lar to standard SDRAMs, but employ,
in the case of the Samsung bidirectional
DDR SDRAM, four 512-kword by 32-
bit internal memory banks, which feed
into an output data buffer (Fig. 4). Ad-
ditional circuitry to handle strobe gen-
eration and timing synchronization (a
strobe generator and a delay-locked

D
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5. The SyncLink DRAM developed by the SyncLink Consortivm employs a pipelined architecture with eight internal memory banks that can
be concurrently accessed. A 72-bit word from the memory array is sent to the read latch and then serialized into four 18-bit subwords. The
subwords are sequentially delivered 1o the host system over the 18-bit data bus.
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loop) end up increasing the chip’s area
by about 4% over that of the standard-
data-rate SDRAM.

Some key differences between sin-
gle- and dual-data-rate devices include
a reduced column-address-strobe la-
tency, a reduced number of burst
length choices, and the addition of a
one-cycle write latency for the DDR
chips. The DDR chips also will use dif-
ferential rather than single-ended
clocking; however, the DDR parts will
give up the clock suspend and burst-
read/single-bit write capabilities of
single-data-rate devices. In terms of
ac timing requirements to achieve a
200 Mbit/s data rate from the memory
pins, that requires a clock cycle of 10
ns, an input setup time of 2 ns, an input
hold time of 1 ns, a DQS to clock time
of 1 ns, a data output to clock time of 1
ns, and a DQS to data output time of
just 0.75 ns.

DDR memories actually will come in
two variants—one that employs a uni-
directional strobe, in which the Read
Strobe signal is synchronous with the
clock signal; and the other version em-
ploys a bidirectional strobe that does
not have to be synchronous with the
clock, but rather the data strobe signal
is generated by the memory controller.
The typical read and write timing for a
unidirectional DDR memory uses the
clock to latch control and address into
the memory and a data strobe to latch
data into the memory controller during
the read cycle. During a write cycle,
there is no data strobe and all signals
and data are referenced to the clock.

Unidirectional parts, according to
Bob Eminian, manager of DRAM mar-
keting for Samsung, will require a few
more pins since the chips will include
the clock drivers. Clock and data lines
on all DDR variants, though, will em-
ploy series-stub-terminated logic
(SSTL) interfaces to handle the fast
signal edge rates, while all other pins
will have LV TTL interfaces.

In the bidirectional part, the DQS
signal is generated by the memory con-
troller and is not necessarily synchro-
nous with the clock. That provides a
larger valid-data window and will per-
mit expandability on unbuffered
DIMMs of up to 512 Mbytes for 64-bit-
wide modules. On the negative side, the
bidirectional DDR parts have a back-
to-back read-write gap and are not well
suited for implementation in a 4-bit-

wide organization for deep memories.
Use of external clocks also limits com-
mand-bus bandwidth.

Both implementations will deliver
similar system performance, but some
systems might gain a slight perfor-
mance advantage with one versus the
other, depending on the system archi-
tecture. Actually, explains Eminian,
the market application may be the de-
termining factor. In some application
research Samsung did, they found that
the PC market would probably favor
the versions with the bidirectional
DQS at the 64-Mbit level with either an
8- or 16-bit data width. Engineering-
level samples of the 64-Mbit BDDR
chips are now available from the com-
pany, with full production versions tar-
geted for availability in mid-1998. Such
parts would provide the simplest up-
grade for existing SDRAMs and be
ideal for the Socket 7 PC systems with
the advanced graphies port. Such DDR
chips would come in a 66-lead thin,
small-outline package and be used on
168-contact DIMMs.

For graphics applications starting in
about mid-1998, continues Eminian, a
32-bit 16-Mbit unidirectional part
would provide the simplest upgrade
from synchronous graphics DRAMs
and would most likely be housed in 100-
lead quad-sided flat packages. Such
parts would operate at clock rates from
125 to 143 MHz. Finally, for the work-
station/server type markets expected
in 1999, designers are considering a
bidirectional DQS version with no
strobe that will come in capacities of
256 Mbits with either a 4- or 8-bit-wide
data word and clock at 125 to 143 MHz.
Such devices would carry no legacy-
compatibility requirements and come
in a new package to deal with the more
stringent timing requirements.

One key issue as memory chips hit
capacities of 64 Mbits and higher, is
packaging. Designers at Rambus
were the first to acknowledge the
need for special packages to deal with
high-speed memories and crafted
unique vertical in-line packages that
reduced lead lengths to a bare mini-
mum. Today, chip-scale packaging and
ball-grid array technology are being
deployed, but the bulk of memory
chips are still targeted to go into SO or
QFP style packages.

In the SO world, 500-mil-wide pack-
ages are most common, but in an un-

common move, Hitachi has made a
commitment to offer all its forthcoming
256-Mbit devices in a 400-mil-wide
package, saving about 47% of the mem-
ory board space as would have been re-
quired with traditional first-generation
500-mil packaged memories. That also
should eliminate the need for a major
module redesign when moving from
the 500-mil 64-Mbit devices.

An alternative to that is a stacked
memory approach that IBM and other
companies are pursuing. Reminiscent
of the early attempts in the 16-kbit
DRAM era to solder two DIPs on top of
each other to double the density, IBM is
taking 16- and 64-Mbit EDO or
SDRAMs housed in thin SO packages
and stacking two or four of them on top
of each other to form tiny memory mod-
ules that can be mounted on DIMM PC
boards. This approach can produce
modules four times denser than possi-
ble with single-layer devices, with little
or no change in physical system layout.
The stacked packages employ a pinout
that is a superset of the JEDEC pinout,
but the card pad connections remain the
same. Separate row-address-strobe
signals or a chip-select per deck are
needed for independent deck operation.
There’s also a slight increase in power
over a single-device stack because
when one chip is active, the other de-
vices are in standby and still drawing a
small amount of current.

The SyncLink Approach

The SLDRAM has been gaining a lot
of momentum in the last 12 months and
the rejuvenated SDRAM Consortium
has not only finished the definition for
what the first chip will be, but also has
funded the creation of the first 64-Mbit
implementation. The consortium’s
chair, Farhad Tabrizi of Hyundai, de-
scribes the chip specification as an open
standard that will allow multiple com-
panies to implement devices to achieve
an 800-Mbyte/s bandwidth (400
Mtransfers/s) thanks to an 18-bit I/0
port (16 bits of data and two bits for
ECC). Intended for use in systems with
64-bit data words, the extra bits pro-
vide an 8-bit ECC check word when
four chips are used in parallel.

The high-speed operation of the chip
requires much attention to be paid to
packaging. To that end, the chip will be
offered in both a 64-lead vertical sur-
face-mount package that allows high-
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density memory arrays to be con-
structed, and in an 80-lead TSOP. Ini-
tially expected to be implemented with
a 0.25-um process at Siemens, the chip
will operate at 2.5 V. Full details of the
SLDRAM target specification are
available on the Consortium’s web site:
http:/huwnww.sldram.com.

So, what exactly is an SLDRAM?
Well, for starters, it looks very similar to
an SDRAM, but packs eight internal
memory banks, a clocked synchronous
interface that is terminated with small-
swing signaling, and employs a program-
mable data burst transfer protocol (Fig.
5). These changes from the SDRAM ap-
proach decouple the internal DRAM ad-
dress and control paths from the data in-
terface, allowing the memory to achieve
higher bandwidth data transfers. Like
DDR SDRAMs, SLDRAMs will use
both rising and falling clock edges to
transfer data, and a return clock signal to
help improve timing margins.

Internally, an SLDRAM consists of
a memory array organized as eight
banks, each structured as 128 kwords
by 72 bits, and each 72-bit word is
transferred over the 18-bit I/0 inter-
face in a burst of four 18-bit words. All
transactions begin with a request
packet, with read and write request
packets containing the specific com-
mand and address information re-
quired. Read and write data are trans-
ferred in packets, with a single-column
access involving the transfer of a single
data packet (a burst of four 18-bit
words). Data from either one or two
columns in a page may be accessed with
a single request packet, with a two-col-
umn request resulting in a continuous
burst of eight 18-bit data words.

Prior to normal operation the SL-
DRAM must be initialized, with vari-
ous internal registers and timing de-
lays set up for proper system
operation. Functions such as power-
up/hardware reset, exit shutdown, con-
trolier driver adjust, command and
write-timing synchronization, and ID
assignment are just some of the setups
that must be done. A SyncLink mem-
ory chip may have multiple subRAMs
or blocks, and except for initialization,
which is at least partly a node (device)
function, the blocks act essentially like
independent RAMs and each handles
one request at a time,

The memory chips are connected by
commands and data links—the con-

troller drives the command link to
send Read, Write, Load, Store and
Event commands to the memories.
The datalink is driven by an SLDRAM
and received by the controller in the
case of Read and Load transactions, or
driven by the controller and received
by an SLDRAM in the case of Write
transactions. In a typical SLDRAM
system topology, the host controller
provides a 10-bit command link bus, a
two-byte datalink bus, and Select,
LinkOn, and other control/clock sig-
nals, which connect to an array of SL-
DRAM that shares common command
and data buses. A daisy-chained serial
bus (serial in and serial out on each
chip) is used during power-up to syn-
chronize the SLDRAMs and assign
unique IDs to each.

One other novel memory type is
available to provide higher memory
system bandwidth—the multibank
MoSys DRAM, which provides a high-
bandwidth 16-bit interface that can
transfer data at up to 666 Mbytes/s
when clocked at 166 MHz. Internally,
MDRAMs use 32 banks per megabyte.
That will permit the chips to handle
many overlapping transactions, thus
maximizing the data bandwidth, and
that results in a data bandwidth very
close to the peak bandwidth. The bank
switching approach also keeps the data
latency very low.

The one main limitation of MDRAMSs
is that they require short buses and
that, in turn, limits the number of mem-
ory chips to just four. Current density
levels of the parts range from 0.5 to 2
Mbytes per chip, and even higher densi-
ties are on the drawing boards. Thus, al-
though for limited memory applications
the MDRAMs can serve as main mem-
ory, they would appear to be better
suited for high-speed buffers and
graphics applications.

References:

B. Prince, High-Performance Memo-
ries, Wiley, 1996

S. Przybylski, New DRAM Technolo-
gies: A Comprehensive Analysis Of
The New Architectures, MicroDesign
Resources, 1996
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B Mating the software and the hardware that power invisible computing

Adapting Off-The-Shelf Debug
Tools To Third-Party Vehicles

A Modular Approach Can Help Developers Adapt Their Favorite Tools To New
Combinations Of Processors, OS Environments, And Target Interfaces.

DOUG SALOT, Microtec Corp., 880 Ridder Park Drive, San Jose, CA 95131 (408) 487-7000; e-mail: salot@microtec.com.

mbedded software development
E tool vendors increasingly need to

support a variety of host platforms,
development languages, target plat-
forms, and hardware and soft ware sys-
tems that sit between the host and the
target. These include simulators, in-
circuit emulators, real-time kernels,
ROM monitors, ROM emulators, and
BDM connections. However, it is virtu-
ally impossible for one tool vendor to
cover all of the possible combinations
the market demands. As a result, tool
vendors have begun developing tools
that can be extended by third parties
through published interfaces.

In fact, some soft ware development
tool vendors have attempted to sim-
plify tool adaptation efforts to the
cookbook level. This has reduced the
cost of tool adaptation and

for an existing processor to & new de-
bug veliicle. A vehicle can be loosely
defined as the mechanism a debugger
uses to control target execution and to
access state information on the target.
It might be composed of several com-
ponent layers (Fig. 1). Examples of
debug vehicles include:

e An in-circuit emulator (ICE) con-
nected to a target board;

e Aninstruction-level simulator;

e A real-time kernel with some sort of
debug service running on the target;

e A native UNIX operating system
(0S) with a ptrace interface; and

* A ROM monitor on a target board
with no OS.

A debugger designed to work with

only one type of vehicle, such as an
ICE from a single vendor, might have
hard-coded knowledge about the fea-
ture set of that vehicle and the com-
munication protocol used to send com-
mands and get results. If the
developer asks such a debugger to
read a target memory location when
the target is controlled by an ICE, the
request might take the following path.

The developer first asks for mem-

ory using the debugger graphical-user |
interface (GUI) or command-level in- |
terface. The debugger then translates |

the request into a command packet
that the ICE will understand. The
packet is next sent to the ICE via
some specific communication protocol,
such as TCP/IP, over a specific com-
munication channel, such as Ethernet.
Firmware on the ICE de-

enabled third parties to mod-
ify off-the-shelf tools in ways
that wouldn’t otherwise be

possible. This article will ex-
plore one dimension of cus-
tomization for one class of
tool: the debugger. There are
similar adaptation strategies
to re-target debuggers to
new target processors, new

codes the packet, interprets
the request, and translates
the request into the bus sig-
nals needed to read the mem-
ory location.

Adapting this type of de-
bugger to a new vehicle, such

development languages, and
new executable and debug
file formats, and for other
classes of tools such as com-

ms | — § — — § —
Vehicle
{ICE, ROM,
monitor, efc.)
Debugger
{host}

Target

as 4 real-time kernel debug
server, would require major

changes would be:

e Dropping support for fea-

pilers and profilers.

Debugger Adaptation
One of the most common

tool adaptation efforts today

involves porting a debugger

1. A vehicle abstraction (VABS) is a software module that plugs into a
host-bused debugger to adapt the functionality of the debugger to the
spedifics of a given “vehice” that interacts with the target system.
Vehides con include in-circuit emulators, ROM monitors, instruction set
simulators, and so on. The VABS communicates with the debugger via a
published application programming interface.

tures no longer supported,
such as hardware-assisted
breakpoints and trace collec-
tion;

» Adding support for new fea-
tures such as task-qualified
breakpoints and kernel re-

surgery. Among the needed |

|
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EMBEDDED SYSTEMS ADAPTING DEBUG TOOLS |

Sample VABS Data Structure

The example below is an actual VABS data structure that was taken from Mi-

crotec’s XRAY debugger.

VABS vabs_def =

{
il il
VABSTYP_MON,
False,
I
“VABS version 1.1",
“SPA”,
NULL,
“EXAMPLE”,
“Example VABS”,
VCONF _FLUSHREGS

| VCONF_ATTACH_THREAD,

0,
0,

VCONFB_THRD_SPECIFIC,

VCONFL_UNLOAD,
1024,

1024,

0,0,

0.
3,
(void *)spa_bi_cmds,
“EXAMPLE RTOS”,
MODEIL_TASK,

0,
CMDDIS_RESTART,

/* VABS definition structure */
/* VABS version 1.1 %/
/* this is a monitor type */

/* ow one-time init */

/* our driver version 1.0 */

/* license name */

/* product name */
/* init message */
/* flush registers */
[* attach threads */
/* no memop config flags */
/* no execution config tlags */
/* one break entry per thread breakpoint */
/* unload done in the VABS *#/
/* size of optimal read/write */
/* max size of read/writes */
/* fill and search not built-in */
/* no run_until supported yet */

/# built-in commands */
/* system name */

/* we support pure thread model */
/% pad */
/* disabled commands */

CMDDIS MTI(MTCMD_ARGS),

CMDDIS_NONE,
spa_mtemds,
&spa_brkexts,
NULL,

0,

0,

sizeof(SPA_THREAD_PRIV),

0.

NULL,

&spa_settings,

0,0,0,0,0,0,0,0,

0,0,0,0,

0,0,0,0,

VabsInit,

VabsConnect,
TabsDisConnect,

VabsConnectProc,

NULL,
NULL,
VabsSocketHandle,

VabsSpawn,
VabsMem,
(continued on page 94)

/* GUI commands we replace */
/* breakpoint support customizations */
/¥ TABS filled in dynamically */
/* size of private data per board */
/* size of private data per process */
/# size of private data per thread */
/* error table size */
/¥ error table */
/* replacement strings, etc */
/* byte padding */
/* word padding */
/* long padding */
/* our init routine */
/* our connection function */
/* our disconnect function */
/* callback from a connection */

/% we don’t handle the msg loop */
/* we don’t handle the msg loop #/
/* callback when message received on
our port */
/* download object to target */
/* our routine to read/write memory */

' col; and
. & Changing the communication device

| tion is called a “‘vehicle abstraction” or

;@ The module is packaged a certain

. as a communication protocol layer and

source browsing:

e Changing the way debugger com-
mands are converted into packets;

¢ Changing the communication proto-

driver.

After doing things the hard way for
many vears, debugger vendors dis-
covered they could write the basic
core of the debugger once and adapt
the personality of the debugger to var-
ious vehicles through plug-in modules
that conformed to well-defined inter-
faces. As these interfaces matured,
they were published and made avail-
able to third parties. It is now possible
for third parties—such as a kernel
vendor, ICE manufacturer, or even an
end-user—to adapt sophisticated de-
bugging tools to their specific vehicles
or run-time environments.

In this article, a plug-in debugger
personality module for vehicle adapta-

VABS.
The salient features of a VABS are:

way and conforms either to a well-de-
fined binary interface (sometimes
called an ABI) or to some sort of
loosely coupled interface protocol such
as RPC, CORBA or DCOM.

¢ The module uses mechanisms pro-
vided by the debugger to enable, dis-
able, extend, replace, and modify de-
bugger features as appropriate. '
¢ The module translates debugger re-
quests into vehicle-specific requests.

e The module translates vehicle
events into debugger events.

» The module needs a mechanism to
request debugger services.

A tool vendor might recognize that
there are layers with finer granularity
than the vehicle itself that can be
reused among different vehicles, such

a communication device layer. This ar-
ticle ignores these lower layers and as-
sumes that the entire VABS is mono-
lithic. Most of the concepts in this
article will apply to any reconfigurable
debugger from any tool vendor.
Puckaging—There are three basic
considerations that determine how a
VABS should be packaged: |
1) the speed across the interface; ’

,,,,,,,, == =
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Sample VABS Data Structure

(continued from page 92)

NULL,

NULL,

NULL,
VabsRegs,
NULL,
VabsExec,
NULL,
VabsStop,
VabsControl,
NULL,

NULL,
VabsBreakPoint,
NULL,

NULL,

NULL,
VabsRemoteList,
NULL,
VabsErrorString,
k

/* no memory access functions */
/* no memory config functions */
/* no memory mapping functions */
/* register access */
/* no thread state information provided */
/* Execution control #/
/* no restart capability */
/* halt execution of tasks */
/* task control */
/* no reset functionality yet */
/* no shared library handling */
/* breakpoint control */
/* no commands uploaded from target */
/* no remote instances */
/* no remote commands */
/* access remote lists */
/* no private data routine */
/* error messages */
/* end of VABS def */

The vabs_def symbol is exported by the DLL, and this symbol is looked up when
the debugger loads the DLL. All communication with the VABS goes through this

data structure.

2) the implementation language and
run-time issues; and

3) host OS support for the package
architecture.

Interfuce speed—Interface speed
will directly influence the debuggei’s
performance. That speed is a function
of the type of parameter packing and
unpacking required and the communi-
cation channel used hetween the de-
bugger and the VABS module. In gen-
eral, modules that can be mapped to the
same process spice as the debugger
will always have better interface per-
formance than those that live in a sepa-
rate process or on a separate machine.

There are advantages to isolating a
module in its own process space and
using interprocess communication be-
tween the debugger and the VABS
module, but we’ll choose the in-
traprocess model for speed. Since the
module will be running in the same
process on the same machine as the
debugger, we can ignore parameter
marshaling issues such as endianity
and alignment. We also can safely as-
sume that the connection between de-
bugger and module is a reliable one, so
no error-checking protocol is required.

Language and run tinie—The ideal
interface is language-independent, but
languages such as C++ have very spe-
cific calling conventions and name-
binding rules that make it difficult to
map to other languages. However,
C++ has several desirable properties
as an interface language.Using the
“this” pointer to act as an instance
handler lets you create multiple in-
stances of an interface. An interface
can be purely ubstract or it can include
default implementations, and default
implementations can be overridden

You can preserve these desirable
properties without being bound to the
naming and calling conventions of C++
by designing a C-level interface using
an instance handle that points to a
data structure containing function
vectors (Fig. 2).

Another run-time issue that can af-
fect the design of our system is the
threading model. Multithreading has
certain advantages, such as the ability
to support multiple vehicles simulta-
neously without worrying that any
single vehicle might seriously degrade
the performance of the system as a
whole. To simplify things, however; as-

sume a single-threaded model for this
article.

Host support—Since we’ve chosen
an in-process communication model,
we can ignore all of the inter-process
communication models offered by var-
ious operating systems. We simply
need a way to find and load the third-
party module.

Virtually all host operating systems
support dynamically loadable libraries
(DLLs), so we'll choose the DLL as our
module package. Different hosts have
different approaches to binding a DLL
to an executable at run time, but we
can safely ignore most of these differ-
ences by making some simplifying as-
sumptions. First, assume that the de-
bugger will only refer to a single name
within the DLL: the name of the data
structure that contains the VABS in-
stance data and method vectors. Sec-
ond, the VABS DLL must not directly
call any functions in the debugger exe-
cutable. As part of the module initial-
ization sequence, we’'ll pass in a handle
to a vector table of debugger functions
we wish to export to the module.

These assumptions mean that we
will directly load the VABS DLL from

. the debugger rather than have the OS

load it based on some late name-bind-
ing scheme. Once loaded, we only need
the address of a single data structure
that contains everyvthing else we need
to know about the vehicle.
Configuration—In addition to a
functional interface, the VABS data
structure must also tell us how to tailor
debugger functionality to match the
functionality of the vehicle. One thing
the debugger must know is the process
model supported by the vehicle and the
target run-time environment. This tells
the debugger how to present snapshots
of the run-time environment to the
user, and how execution control and
state access need to be qualified.
Process models include:

e A single-process model, for run-time
environments in which single applica-
tion owns all target resources;

e A single-process model with multiple
tasks, in which a one application can
spawn multiple tasks, each with its
own register contexts;

o A multiple-process model, such as a
traditional Unix OS;

¢ A multiple-thread model, for run-time
environments that can be viewed as a
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EMBEDDED SYSTEMS ADAPTING DEBUG TOOLS |

collection of independent threads; and
¢ A multiple-process model with mul-
tiple threads, in which there is a par-
ent/child relationship between
processes and threads.

The debugger also must know
which operations the vehicle directly
supports. Those that aren’t supported
will be subsumed by built-in debugger
implementations that rely on lower-
level services. This includes memory
operations such as memory compare,

and program loading and unloading
operations.

There are some commands that the
debugger cannot subsume if not sup-
ported. Target-oriented commands
connecting and disconnecting a se-
lected board from a list of boards are
sometimes unsupported. Setting cur-
rent threads or processes and attach-
ing/detaching to/from threads or
processes may not be within the capa-
bilities of vehicles like ROM monitors,
as may be resetting a board or restart-
ing a process. These commands simply
need to be disabled at the debugger
user-interface level if the vehicle can’t
support them.

We also must tell the debugger
about vehicle metries that may affect
debugger operation, like the maxi-
mum number of breakpoints sup-
ported and the maximum and optimal
memory access block size. In addition,
the debugger needs to know about
memory access alignment or word-
size limitations and the relative cost of
various operations.

As the final step in vehicle configu-
ration, we must tell the debugyper
about new commands specific to our
vehicle. The debugger needs enough
information to parse these commands,
dispatch them, display on-line help,
and perhaps bring up GUI elements
for the new commands.

Command translation—Once the
VABS module has been loaded and ini-
tialized and the VABS configuration
data has been read, the VABS will be-
gin receiving requests from the de-
bugger. The VABS is solely responsi-
ble for translating these requests into
messages that the underlying vehicle
can understand and passing the re-
sults of those requests back to the de-
bugger.

copy, or test; execution operations like
stepping and running to an address; |

VABS VABS
instance handle instance data
VABS
Vector 1 == oothod 1
Vector2 m!llm 2
Vectorn  — mmﬁ n

2. Using the “this” pointer supplied by C++
fets you create an instance handle that points
to a data structure containing the various
function vectors that invoke vehicle services.
This lets the debugger access functions specific
to a given vehide by placing an abstraction
layer between the debugger’s own commands
and those of the vehicle.

In some cases, the VABS will han-
dle the request locally without com-
municating to the vehicle. VABS re-
quests are made through the VABS
method vectors in the VABS data
structure. Each vector needs to be
filled in with the address of a function
that will handle the request, or with
NULL to indicate that the request is
not supported (see “Sample VABS
data structure.” p. XX).

The list of vectors and brief descrip-
tions of each are given below. Those
methods that are required are shown
in bold.

o vabs_init, initialize the VABS;

¢ vabs_connect, connect to a board,

¢ vabs_connect_proc, connect to a
process;

e vabs_disconnect, disconnect from a
board;

e vabs_object_load, download an exe-
cutable image to the target;

o vabs_mem_access, read and write tar-
get memory;

e vabs_mem_ops, fill, search, test,
copy and compare memory;

¢ vabs_mem_config. set memory map
configuration;

e vabs_mem_map, get memory map
configuration;

o vabs_register, read and write target
registers;

o vabs_thread state, get the current exe-

cution state;

o vabs_execute, control execution;

e vabs_restart, restart a process or
thread;

* vabs_stop, halt execution;

» vabs_process_control, attach, de-
tach, suspend, resume, stop, and kill
threads and processes;

¢ vahs_reset, reset a board;

o vabs_breakpoint, control breakpoints;

o vabs_remote_list, access lists on the
target, such as task and resource
state;

e vabs_error_string, translate an er-
ror code to a human-readable string.

Event translation—Some debugger
commands, such as register reads, are
expected to complete quickly, and the
debugger will wait until the operation
has completed. Others, such as loading
an executable image, are assumed to be
slow commands. These commands are
initiated by the debugger, but it doesn’t
wait for the command to complete.
Command completion is signaled by an
asynchronous event.

It is the VABS' responsibility to de-
tect when the vehicle has completed a
request and to generate a debugger
event in response to that completion.
Examples of such supported events
might include the creation or termina-
tion of a process, or the starting or stop-
ping of a process or thread. The debug-
ger also must be informed when a
breakpoint is modified. or when the tar-
get makes I/0 requests to the host, as
well as when files are loaded or unloaded

Debugger services—The VABS
sometimes needs help from the d ng-
ger to complete commands. A f
debugger services must be expe )
the VARBS and, for reasons desc 1
earlier, we'll use a data structure .
contains function vectors for each -
vice, similar to the VABS data strte-
ture. A pointer to this structure is
passed to the VABS at initialization
time. Services similar to the following
might be exposed:

e HostProcessExpression (evaluate
an expression and return the res:

* HostSendError (send an eri
warning message to the user);

e HostStatusLine (update sta
formation);

» HostReceiveEvent (notify
bugger of an event);

¢ Host LoadI'ile (ask the debu




POWER SUPPLIES ANALOG )

Data Sheets B Applications Notes . Free Smplw
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Longer Battery Life and
Smaller Size for
Portable Equipment

High Efficiency, High Power, Low Noise:
Step-Up DC-DC Converter Family Powers
Wireless Handsets

* Up to 96% Efficiency

* 0.8V to 5V Input Range

¢ 1.1V Guaranteed Start-Up

* PWM/PFM Synchronous-Rectified Topology

Pr
* Low-Noise, 300kHz PWM or bassembley surf,
Synchronizable (200kHz to 400kHz) for e"a/llat/'o/; its 306"/7701”11
* 1pA Logic-Controlled Shutdown Most Circujyg S/): ” Vajlap/e
« Second Output: Built-In 200mA weut W01 this gy
Linear Regulator 1.1V GUARANTEED START-UP )
(MAX1705/MAX1706) —
¢ Built-In 2-Channel A/D Converter :I: MAXIM 3 3V OR A%ljr(;u;v 105.5V)
for Battery Monitoring C B | s
(MAX848/MAX849) ' :
¢ Built-In Linear Gain Block to T AR
Build External Linear Regulator -] PO hok|—»
(MAX1701)
¢ Small 16-Pin QSOP Package
(same size as 8-pin SO)
ANALOG
. DESIGN SOLUTIONS
: Multiplexers,
- ) ) ' B 1 Switches, Military
PART | SWITCH ’ CURRENT OUTPUT (mA) | ‘ 2  Interface Products
el B bt I35 SYour [ 120, 3 3our | PACKAGE ADDITIONAL FEATURES 3.1 07 Aps, Bangariion:
Ll | ! LI ey i
MAX1700° , pplies
MAX1701" i 1 16-pin QSOP 2 :::::':‘;"::s"
MAX1705 1 7  A/D Converters
8 High Speed:
MAX849 1 Video, Comparators
MAX1706 9 D/A Converters
! | 10  Display Drivers
L - . 11 Voltage References
12 3V Analog

NI ZIXI1 /W



HIGH-POWER HAND-HELD DEVICES
(4-Cell to 30V Inputs)

* Subnotebooks
* PDAs

* Personal Digital
Communicators

+ Digital Cameras

| eese——

Main
| Transmitter
L ey l - |
Fuel 3.3Vor 5V | Biasfor |
Voltage Charger a Power [ | GaasFeT
Detector auge Supply Transmitter
— — L —
ICL7665 MAX71213 MAX471 STEP-DOWN LINEAR ICL7660 MAXB884/5
MAX706 MAX745 MAX8214A/B MAX744A/8A MAX603/4 MAX768 {Replaces
MAX809 MAX782/3 MAXB882/3/4 MAX828/9 MAX680)
MAX921-4 MAX786 MAX1658/9 MAX840/3/4 MAX870/1
MAX931-4 MAX796-9 MAXB863/4 (Replaces MAX881R
MAX8211 MAX887 MAX8862 MAX850/1/2/3) MAX1044
MAXB8213A/B MAX1626/7 MAXB60/1 MAX1682/3
MAX8214A/B (Reptaces MAX 1649/51) :

CCFL
Power
Supply

PCMCIA & USB
Power Mgmt

MAX1630-5 : N
rvn 2V Flash | LCD & CCFL

Memory Power
Power Supply Supply \

MAX753/4 MAXB06/7 MAX761 MAX608 (VIN22V)  MAX606/7
MAX1610/11 MAXG19  MAX782/3  MAX629 MAX624
Backup MAXB24  MAX796  MAX774/5/6 MAX845
:a::;up Power MAX662A MAX856-9  MAX749 MAX869
attery [ MAX667  MAX863  MAX753/4 MAX890L
i MAX734 MAXB63 MAXB91L/2L
MAXE19 MAX1610/11 MAX894L/5L
MAX679 MAX1820/1 MAX1600—4

MAX1771 (VIN 2 3V)

FEATURED PRODUCTS

Low-Resistance Switches Have High-Accuracy
Current Limits: Save Power-Supply Cost and

] * L]
Space in USB Applications :
Cut System Power-Supply Requirements by 50% }
MAX890L Family: < | | ik Sk
* Protects System Supply Against Glitches from Shorts and Surges |
» Universal Serial Bus (USB) Compatible t —
o FAULT Output Signal | |
o 20%-Accurate, User-Set Current Limit
* Up to 2.5A Current Limits (MAX869L)
* 2.7V10 5.5V Input Range | L |
* Small pMAX Packages (MAX891L/MAX892L) MAX860L: COMPETITION
* 13pA Supply Current 2‘20%”
o 0.1pA Shutdown g i
¢ Thermal-Overload and Short-Circuit Protection
g - I i ; e
PART lnm:oa.sv; ao(n a ):w T l s l chibasy 1
NUMBE! ma) | (mo
it manrionass stasay O R . (DA L v a7 |
MAX8691 3 A 16-0S0P |
' ﬁ - MAXBOOL | [ ‘
16-050P 850 8-4MAX > | ] | ! :
MAXBOIL | 12 18 =55 8-IMAX
MAX892L 8-pMAX
MAX894L 120 063 Dual 8-S0
MAX895L SC

: SRR e N AXIN



LOW-POWER HAND-HELD DEVICES
(1-Cell to 4-Cell Inputs)
« Organizers
* Palmtops
* Medical Meters
* Remote Controls

¢ Pagers
B —
[
| Battery |
Flash Memory 3.3Vorsv
Programming [ Lco | Voltage Power Supply
Power Supply Power Supply | | Detector | (for CPUV)
E—— (- S
12V, 30mA POSITIVE ICL7665 STEP-UP STEP-UP/DOWN
MAXE06/7 MAX608 (ViN 2 2V) MAX706 MAX606/7 MAX710/11
MAXE62A MAXB863 (dual output)  MAX809 MAX619 MAX761/2
MAX761 MAX1771 (VIN 2 3V) MAX921-4 MAX679 MAX1672
MAX931-4 MAX722/3 MAX1771
12V, 60mA-120mA NEGATIVE MAX8211/12 MAX731
MAX606/7 MAX722/3 MAX8213A/B MAX751 STEP-DOWN
MAX717-721 MAX735 MAX8214A/B MAX756/7 MAX639/40/53
MAX734 MAX749 MAX797/8 MAX797:8
MAX761 MAX774/5/6 MAX848/9 MAX887
MAX856-9 MAX1626/7
5V DOUBLING OR MAX863 [Replaces MAX1649/51)
MAX606/7 INVERTING MAX1642/3
MAX619 CHARGE PUMPS (Replaces MAX866/7) LINEAR REGULATORS
MAX756/7 ICL7660 MAX870/1 MAX1700/1 MAX603:4
MAX856-9 MAX828/9 MAX1044 MAX1703 MAX667
MAXB860/1 MAX1680'1 MAX1705/6 MAXB82'34
DUAL 5V & 12v MAX864/5 MAX1682/3 MAX1771 MAX1658/9
MAX624 MAX868 MAX8862
MAX863 DUAL 5V & t2v MAXB863/4
MAX863 MAX8865/6

FEATURED PRODUCTS

Compact Step-Up/Down DC-DC Converters for
Li-Ion and 4-Cell Battery Stacks

Step Up/Down 4 Cells to 5V Step-Up/Down Converter Makes
with 85% Efficiency 5Vourt from 1.8V to 11V Input
Input: 2.7V to 12V Input: 1.8Vto 11V
Output: Adj. (1.5V to 6V) Output: 3.3V or 5V at up to 500mA

Up to 200mA Adj. (2.7V to 5V)
MAX761 MAX710/MAX711
¢ Step-Up/Down Without Transtormer * Step Up/Down Without Transformer, Single Inductor
¢ 85% Typical Efficiency ¢ Boost DC-DC Followed by Linear Regulator
* 100pA (max) Quiescent Supply Current e Very Small inductor
e 5pA (max) Shutdown o Output Fully Off in 0.2pA Shutdown
e No Leakage Through Diode in Shutdown * Low-Noise or High-Efficiency Setting
* For 500mA Applications, Refer to the MAX1771 Controller * 100pA Quiescent Supply Current

¢ Linear Regulator Filters ”m;gr“v
Output Ripple LG
anTgey + MAX710EVKIT L
* ¢ For a 250mA part in ——
= e a smaller package, S
% [ ouTPuY refer to the MAX1672 = : = -
=¥ ST by () {available 10/97) > ST
MAXIM F4 OUTPUT
MAX7S1 gL -~ 3 3V/5¥ or Adj
- - pe o = Up to 500mA
. A MAXI N
i e = g
»— -
+

: WM AKX



Complete Power-Management
Solutions for Wireless Systems

1Li+ GSM & JAPANESE
DIGITAL PHONE SUPPLY

2 Li+ CDMA PHONE SUPPLY

e =
T —_— - %Gk n:u . —
f T ICENCY v 2w , o ! — 1
nlE— = el
A
1 |mareazas | 1 1 | > 5 ———-—J [ MaxmeES¢
uwm MAXTIOG/ {onramess |
l | MAXB3634 MAXI703 1 | T
‘ MAXBAS/5 L) ‘ .- s e it
e S - |
> :t_A ——
G.‘I.t’-‘ i :1 ey
| Ao Actces
| ASUEIY  MRXETNT
| MAREN Y Mansdy
L S5
1-CELL CORDLESS & PCS
4-CELL AMPS PHONE SUPPLY PHONE SUPPLY
T T ‘ e
v [ so0mAtDo x 4 = sl
‘ MABRA [ < e BN
ke uvasaga) [ | mray- MR
¥ [ ooz | | - i y 44 MAXBEEIN
‘ MAXBEE4 b | o { MAXBAESS
| T Lasrise |
— - +-eo <

———1o—

r Semr VA‘
| akery 8as
| MAX V8
LMY
MATSESVY |
M1

FEATURED PRODUCT

MAX881R (Available 12/97)
o Small, Thin yMAX Package:
1/2 Size of 8-Pin SO
1.11mm Max Height
o Uses Only 0.22yF Capacitors
* Power-OK Signal Controls Drain Switch
to GaAsFET Power Amplifier
* 1mVp-p Low-Noise Output Ripple
¢ 1pA Logic-Controlied Shutdown
* 1ms Guaranteed Start-Up
e 2.5V 10 5.5V Input
-0.5V to -V Output
MAXB81EVKIT Available
See also:

MAX840-MAX844 (available now)

INPUT
2.5V T05.5V
.. ™ ouT
maxam
MAXBSIR
> 4 SHoN
oP
FOK
-4 ON
WEOOUT FB GND
Tl !
Complete GaAsFET Bias in
1/2 the Size
MAX843 MAX881R
M =
10-.MAX

8-80

Smallest Complete Bias Supply for GaAsFET
Power Amps Now Fits in Small pMAX Package
and Includes Power-OK Output

QUTPUT
-2V +2% (OR ADJ)
4mA, 1mVp-p
RIPPLE
-

T

POWER-0K
N SIGNAL

DI AXIVI




High-Efficiency Positive and Negative
Supplies for LCDs and Biases

8-Pin Device Has Built-In 28V Switch
for Positive or Negative LCD Supplies

0.8V to 28V
Up to +28V (or -28V)
Up to 150mA

MAX629

¢ 8-Pin SO Package

¢ Internal 28V, 500mA
N-Channel Switch

o Up to +28V or -28V Output

* 80pA Quiescent Supply Current

e 1pA (max) Shutdown Current

o Up to 300kHz Switching for
Small Components

e Adjustable Current Limit for
Small Inductors

* MAXG629EVKIT

Input:
Qutput:

INPUT
0.3V 70 Vour
(from batiery) -

LOGIC
SUPPLY —&
(2.7VT05.5V)

2]

MAaxXimn

| g MAXOSS

x [-o—P

Low-Noise Dual-Output (Pos & Neg) Supply for

CCDs and LCDs Uses Only One Inductor

2.7V to 5.5V
Up to +45V and -16V
10mA Each Output

MAX685 (Avatlable 12/97) 1

o Dual Output Using Single Inductor

o Low-Noise, 40mVp-p Output Ripple

® 220kHz/400kHz Fixed-Frequency »
PWM Operation

 |nternal Switches

o Small 16-Pin QSOP Package
(same size as 8-pin $0)

o Power-0K Indicator =

¢ Power-On Sequencing Select G

¢ 0.1pA Logic-Controlled Shutdown

e MAX6BSEVKIT -

Input:

Output: INPUT

2.7V10 5.5V

Compact, Low-Noise
Negative Supply Delivers
250mA with 77% Efficiency

Input: 4V to 6.2V
Output: -5V
Up to 250mA

MAX735

* Small Size

* High Efficiency

o 160kHz Low-Noise
PWM Control

* 10pA Logic-Controlled
Shutdown

* Small Components

o MAX735EVKIT

o See also: MAX755 (adj. output)

MAX764/5/6 (low supply current)

INPUT
avT08.2v _ 8|

2]

MAXIMN
MAX735

BE

Y

Y|+

i

9
+

S
>

-+
>

>
<

-3

>
b
-+

ouTPuT

R 2

i

+

-+t

OQUTPUT
P T0
+28Y @ 50mA

oR
28V © S0mA
L

POSITIVE

-9—P-¢—9— ouTPUT

UP T0 24v,
10mA

NEGATIVE
OuTPUT

DOWN 10 -9V,
10mA

+

-24V Negative LCD Bias Has

Digital Voltage Control

2.7Vto 6V
Unlimited Negative Voltage
Up to 2.5W

MAX749

¢ 8-Pin SO Package

 Digital Adjust Range: 1/3 to Full-Scale
in 64 Steps

* Single Resistor Sets Full-Scale Voyt

e 60pA (max) Quiescent Supply Current

¢ 15pA (max) Shutdown

o MAX749EVKIT-SO

o See also: MAX1620/MAX1621

(positive outputs)

Input:
Output:

INPUT
2.VT0 6V
+ <+ N

+ OUTPUT
W -8V 70 -23.6V

| -9
N, ZTX750 (AS SHOWN)

o1 o -

mMAXIM /
L

Negative LCD Bias Supply is 83% Efficient

Input:
Output:

4V to 16.5V

Unlimited

Negative Voltage
Up to 4.8W

MAX774/MAX775/MAX776

¢ 83% Efficient from

10mA to 200maA (at -24V)
¢ 100pA (max) Supply Current
¢ 5pA (max) Logic-Controlled Shutdown

¢ 8-Pin SO Package

¢ 300kHz Current-Limited

PFM Control Scheme
o MAX774EVKIT-SO

POSITIVE
i
4VT016.5¢
&

mfi

e K 7 fo

MAXIM
MAX774

N /M AKX/



Small, Low-Noise Linear Regulators
Have Lowest Dropout Voltages

Low-Noise, Miniature 120mA Linear Regulators Have Lowest Dropout

MAX8863/MAX8864
* 110mV Dropout at 100mA
o P-Channel MOSFET Pass Switches
¢ 80pA Supply Current at All Loads & in Dropout
o Smallest Output Capacitor: 1pF
o Active Cout Discharge in Shutdown
(MAX8864 only)
¢ 1pA Shutdown Current
* Reverse Battery and Thermal Protection
o Qutput Current Limit
¢ For Same Pinout as '2980/2981
see MAX8873/MAX8874

MAaxim
MAXBE63

MAXB8E4

OUTPUT £3.5%
2.70V, min (R VERSION)
2.75V, min (8 VERSION)
3.05V, mia (T VERSION)
ADJ. (1.25V 70 5.5v)
120mA
.
I+
~ Tul

INPU

| .
25910

1)
8.5V |+

u

LOWEST DROPOUT

&

Best Combination of Low Dropout and Low Noise for 150mA SOT23 Linear Regulators

L oW 1, MAXB867/MAX8868 (Available 10/97)
”-'f«',»’f:,f" i o Low Output Noise, 30pVRMS ¢ Reverse Battery Protection
pppeast = ¢ Lowest Dropout: o Qutput Current Limit
oo 120mV at 100mA o 1iA Logic-Controlled Shutdown
= i 190mV at 150mA o Short-Circuit and Thermal-Overioad
e ST o Low, 90pA Supply Current Protection
S | o PRESET2SvTOsy)  * P-Channel MOSFET Pass Switch * Pin-Compatible with MAX8863/MAX8864
asvioesy Ty 6 HiLaliBEd) o Preset Qutputs in 100mV Steps * For Same Pinout as ‘2982
> T T (23.5% accuracy) see MAX8877/MAX8878
Dual, 100mA LDOs Fit in Only 0.024in2 and 1.11mm Height
MAX8865/MAX8866 o , - ours::n 1
* 110mV Dropout at 100mA avroesy 1o (M | e dooma |
« Fis in Small yMAX Package Pas mi@sss | T W N 3 a0 min i vERSION)
* 145pA Supply Current at All Loads & in Dropout = MAX3866 = [ by, (1.25v 70 5.5%)
¢ P-Channel MOSFET Pass Switches ourPUT 2 |
o Smallest Output Capacitor: 1pF INDEPENDENT » T 112 |—o- ﬁnm .
o Active Couyt Discharge in Shutdown (MAX8866 only) CO:THOLS [N ey 5; A
¢ 1pA Shutdown Current | =
* Reverse Battery and Thermal Protection ‘ * E

Dual High- and Low-Power Linear Regulators Fit in Single Package to Save Space

MAX8862
¢ Dual 250mA and 100mA Outputs
¢ 1.8W High-Power SO Package
(same size as standard 14-pin narrow SO)
o Low Dropout (200mV at 250mA)
* 1pA (max) Shutdown Current

" MAXIMSECOND | poc 0
SOURCE ‘ SAME SPECS AS: :
MAX8873/MAX8874 | MAX8B63/MAX8864

MAX8877*/MAX8878" | MAXB867/MAX8868

NPUT g Nt ot —e—— ﬂ"ﬁ::"‘ ‘
il P O P LT
:E MAXBSE2 :E 275V, min fn VERSION)
OUTPUT 2 ADJ, (2VT0 11V)
N U1 —e— 23.5%
it | 100mA
T
e il e
S L e
: °2£‘u’]51'33?rs ' Now Available in Second-Source* Pinouts!
—— Maxim’s SOT23 linear regulators are available
0 with the same pinouts as the '2980/'2981 and '2982.
2981 s0 you can replace your SOT23 linears with lower

dropout equivalents and get longer battery life.

2982

NI AXI /MW



Low-Dropout, 500mA Linear Regulators
Fit Small, High-Power Packages

WIDER OPERATING RANGE Maxim’s high-power linear regulators use HIGH POWER,
__EASESDESIGN two unique technologies (P-channel MOSFET SMALL FOOTPRINT
pass transistors and high-power packaging) to STANDARD 8-PIN SOIC
produce devices with low dropout voltages, very
low supply currents (independent of output ﬂ
current), and wider operating ranges than those
SN of typical bipolar regulators. This combination HIGH POWER 8-PIN SOIC
OPERATING of features is ideal for small, low-cost battery- :
SR powered systems with widely varying operating Q bt
conditions. These regulators have battery- S
1| saving features at light loads and still deliver
: * low dropout at heavy loads, making them very
versatile.
Battery-Saving Linear Regulators Consume LOWEST SUPPLY CURRENTS =
Only 30pA and Deliver 350mA i i o it i
MAX1658/MAX1659
¢ Special High-Power 8-Pin SO Package
Dissipates 1.2W aviotesy T |" Y i
* Wide Input Range (2.7V to 16.5V) T | maxam | o 5v(M1AX1059)
* Low Dropout Voltage (430mV at 350mA) = [ SE s
* 30pA Supply Current
e +3% Qutput Accuracy > SHON
* 1pA (max) Shutdown Current D
o Thermal-Overload and Current-Limiting Je P-CHANNEL REGULATORS y
Protection =
World’s Smallest 500mA LDO Linear Regulator LOWEST DROPOUT =
Fits in SO-8 LONGEST BATTERY LIFE
MAXG603/MAX604
* Special High-Power 8-Pin SO Package -
Dissipates 1.8W 26070198V aey |- Te SV (wAxsos)
¢ Wide Operating Range Eases Designs T |EReSesl T af? :3"“"‘;,",}“;’,"
¢ Low Dropout Voltage (320mV at 500mA) = MAXS0S = 500mA
¢ P-Channel Design Uses Only 15pA
Supply Current at lput = 500mA g
* 2pA (max) Shutdown Current
* See Also: MAX882/3/4 3
(200mA lour and LBI/LBO &
Low-Battery Detector)
PART [ neut | OUTPUT 1 hDS(ON) SUPPLY | P;JWER R rDes= ﬁ_ ol Hj
NUMBER { VOLTAGE | CURRENT | (5VOUT) | CURRENT | DISSIPATION (W) | PINS-PACKAGE | POWER SWITCH |
o iV L K R et i LIRS o i S oo | RO st | : i

N XM



High-Efficiency 3.3V & 5V Step-

Maxim's step-down converters feature greater
than 90% efficiency over wide load-current
ranges, prolonging battery life at both light loads
(10mA) and heavy loads (up to 10A). Many of
these employ Maxim's proprietary Idle Mode™
control scheme, which saves battery life by auto-
matically changing operating modes depending on
the load current. At heavy and moderate loads.
they pulse-width modulate {(PWM) to diminish

loads, they pulse-frequency modulate (PFM) to
minimize gate-charging losses and thus reduce
quiescent supply current.

Idle Mode optimizes the converters' perfor-
mance by responding to changing load demands
without software intervention, simplifying system
software design. However, you can also override
automatic switchover and remain in PWM mode
if the application requires low-noise, fixed-

resistive losses due to high peak currents. At light frequency output ripple even at light loads.

225mA Step-Down Uses Only
10pA Supply Current EFFICIENCY va. LOAD CURRENT

-
1+ I
I Ve 225mA V=W

INPUT
5.5V T0 11.5v

MAX639 (5V)
o Lowest Quiescent Supply Current (10pA)
 High Efficiency Over Wide Load Range
* 4% Output Tolerance
¢ Few External Components

/ o 0.5V Dropout at 100mA
/ o LBI/LBO Low-Battery Detector
* MAXG639EVKIT-SO
* See also: MAX640 (3.3V)

MAX653 (3V)

[owr » 5, L 47t
Vo = 5V. L= Nyt

18

500mA, 94%-Efficient PWM
Fits Synchronous Rectifier and
asvion —g L o e~ Main Switch in 8-Pin SO
:'t maam | & anyF
L e s
JUU L et s

UTPUT
3.3V (ADJ. DOWN
EFFICIENCY vs. LOAD CURRENT

MAX887 (3.3V or adj.)

¢ Compact 8-Pin SO Package

« Internal Synchronous Rectifier

o 94% Efficient

* 300kHz ldle Mode™ PWM Operation

o Allows External Synchronization (10kHz to 400kHz)
4 * 2uA Logic-Controlled Shutdown

¢ Small External Components

-+ - ¢ Minimum Dropout Voltage -
* MAX8B7EVKIT-SO O G

|+ :

V=5V
Vour » 33V

750mA PWM Step-Down
QT Exhibits No Subharmonic
Switching Noise

MAX744A (5V)
* 159kHz to 212.5kHz Oscillator Avoids
455kHz IF Band

o Low 1.7mA Quiescent Supply Current

o Low 6pA Shutdown

o MAX744AEVKIT-SO

o See also: MAX730A, MAX738A (5V)
MAX763A, MAX748A (3.3V)
MAX750A, MAX758A (adj.)

EFFICIENCY vs. LOAD CURRENT

- Ve WX | —e/ Y'Y Y g
MAXIM | & /
MAX744A

Vou = O, Vot » 5V
Vo = . Vgp =SV
Vg 45V, Voyyp = 3V
Vg sV Ve 33V
Vg = 16V Vg =5V

VREF _ GND

||}—i.-
1|}



Down Converters Deliver Up to

2A Step-Down Gives

10A

. HIGH EFFICIENCY:
0% at 2mA to 24
cchifey Longest Battery Life > o
1oo,.r-f sl MAX1626 (3.3V or 5V)
= [ 3 + Lowest Dropout: 100% Duty Cycle (350mV at 2A)
QuteyT MaX1625 i * >90% Efficiency from 10mA to 2A =
St "2l e, T * 70pA Supply Current 3
o sl /| [ sus Y * 1pA (max) Logic-Controlled Shutdown &
% ¢ r  8-Pin SO Package 3 i A
e o} e 300kHz Current-Limited PFM Control n TR T T
LT ke e - MAXIG2GEVKIT-S0 Hi i Wl
e Wsooowz. T * See also: B B i
MAX1627 (adj. output) e
- MAX1649/MAX1651 I
4.5V 10 5.5v
X ) T 5A Pentium™ & PowerPC™
T 2 S e s e EFFICIENCY vs. LOAD CURRENT
.. * Supply Fits in 1.4in2, 10
T - | | No Heatsink Needed R
Morr o 2 l e S MAXTB7 (3.45V or 3.6V) .
M"“;“' oo » M e Dedicated 5V to 3.3V Solution >
kit _‘,_v * Up to 10A Output, All N-Channel Design g
o [ ] s 1 * Component Selection & Suppliers Listed &
S ot T w0l —s = for 1.5A, 3A, 5A, 7A, & 10A Applications
= wl = * Low 700yA Quiescent Supply Current 60
i o W o Low 120pA Standby Supply Current
jg Lo ] o MAXT67EVKIT-SO "
= = * See also: MAX767R (3.45V), MAX767S (3.6V) ) 10m 100m i 10
LOAD CURRENT (A}
273V TB20v ouTPUT 1 High-Current, High-Efficiency
Bl ar—t—1—t=— Step-Down Takes 28V Inputs EFFICIENCY vs. LUAD CURRENT
= P A : g e, MAXTS (3.3V or )
L oz (P * Up to 10A Output
AMAXIAM 20w 3.V
WAZH? | Tou e rer et o Adjustable Output .
o M B ’ \:Ts.m..r « 5V Linear Regulator Output =
3| ”ﬁ = ¢ 150kHz/300kHz Fixed-Frequency PWM Operation ]
h, 'H 1 * Low-Cost All N-Channel Design g
s o 375pA Quiescent Supply Current (5V out)
E__ ¢ 1pA Shutdown
° MAX797EVKIT-SO
High-Efficiency 3.3V & 5V Step-Down DC-DC Converters
PART
lour  [Vin(V,max)|  nNumBER CIRCUIT TYPE NOTES
_TSmA ] 165 __ MAX638 PFM | '65Vinputrange — |
| 200mA 165 MAX667 | Low-Dropout Linear Regulator _16.5V input range e
225mA 15 MAX639/40/53 Circuit A o PFM Lowest quiescent supply current (10pA) = B = 4
250mA 115 MAX8B2/3/4 | - ﬁL» ___ Low-Dropout mer Regulator J Package power dissipation = 1.5W - |
| 500mA N5 | MAX6034 | ‘ Low-Dropout Linear Regulat Packag issipation = 1 8W B ——
_750mA - 16_ MAXT744A/48A Circuit C PWM J Internat P-channel MOSFET, no qubhamjomr noise N
900mA M| MAxes? ircuil B _Idle Mode™ PWM with Sync Rect | Compact,internal switch nizable I
2A 65 | MAX1649/51 = ,-PEM Ci om [ cow quiescent supply current (110pA) e ]
Lo A ;657;77* _MAX1626/27 | CircutD | PFM PFM Controller with 100% Du [y e | srrent (70yA), low dropout. high efficiency
A 55 MAX767 Circuit  Mode™ PWM Contoller wih Sync Rect | Dedicateg SVto 33V comerer |
_10A 307 Li\@qﬂg | Circutt F Idle Mode™ PWM Conlmllm with Sync Rect * 30V input range, adjustable output |
104 MAXT782/3/6 Idie Mode™ PWM Controller with Sync. Rect | Dual-output system-integrated supplies

Pentium s a trademark of Intel Corp PowerPC 1s a trademark of IBM Corp Idle Mode is a trademark of Maxim Integrated Products
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Step-Up from 1 to 3 Battery Ce
High Efficiency, Low Quie

Maxim's step-up DC-DC converters provide
the best combination of low quiescent current,
high efficiency, and small size. They are the
perfect choice for battery-powered portable appli-
cations.

Maxim offers a broad range of low-voltage
step-up DC-DC converters that operate from
single-battery-cell inputs (down to 0.9V) up to
regulated 3.3V system supply inputs. The following

0.88V Start-Up Pager Supply
Fits Synchronous Rectifier in
Ultra-Small Package

¢ No Inductor—Low-Profile
* 1pA Logic-Controlied Shutdown
* 75pA Supply Current

MAX1642/MAX1643

* 83% Efficiency o 2pA Logic-Controlled Shutdown

circuits are primarily intended to generate main-
system supply voltages (usually 3.3V or 5V} or 5V
flash memory supplies in battery-powered hand-
held systems. However, these circuits (like the
MAX619 and MAX608) can also be used as local
5V supplies in otherwise 3V-only systems. We
assume that a battery “cell” has a 0.9V minimum
voltage and is nominally 1.2V.

5V Backup Supply 3.3V Backup Supply
Fits in 0.1in2 Fits in 0.05in2
MAX619 MAX679

¢ No Inductors
¢ 1.11mm-High pMAX Package
o 50pA Supply Current

¢ Ultra-Small yMAX Package: (MAX1642) o Low-Cost Components o 1pA Shutdown
1/2 Area of 8-Pin SO * Two Low-Battery Detectors o MAXG19EVKIT-SO  Up to 1MHz Operation
1.11mm High (MAX1643) OUTPUT
o (.88V Guaranteed Start-Up e 2V {0 5.2V Output Range INPUT OUTPUT INPUT (SomA .fv“ 2.4v
« Internal Synchronous Rectifier * MAX1642EVKIT wrosev oy ourfe— 3 '::’(‘v 1.0Vie3.V 3 o = 2.4%)
I3 I ' 23¥) — N T =—t—=
o 11pA Quiescent Supply Current T [ araxian | 710 20mh vz 20 3 Il*—
= | ma6ie | =
- ' - — | MAXIMN | _+
0.88V GUARANTEED  100uH ; 3.3V OR ADJ. s = MAX679 R
START-UP —g " ————— 2m Rl Je meo L 1 e =
2F 0 T e ~22F - o= 0.22F oh i Il
= MAXIM j_: 8 s 2 Rels T
MAX1642 = GND o T 1 g O
ol W0 N b 7 =
GND B pay) ————e | E‘ ' ;-“"":
¢—J5 . .- £ 11
— ’ ’ 04°x012" w005 in?
8-S0IC
Small 2-Cell Step-Ups: 85% Efficiency, Entire 5V Step-Up
25pA Quiescent Current Fits Thin Type-1 PCMCIA Cards
MAX856 MAX606/MAX607 10.2mm
o 85% Efficiency * 1MHz Switching Frequency (MAXG606)
o pMAX Package (1.11mm High) * 1.25mm-High External Components
* 25pA Supply Current ¢ 1.11mm-High pMAX Package 06

¢ 1pA Shutdown
o Current Limiting Permits
Ultra-Small Inductor
o MAX856EVKIT-MM
o See also:
MAX857
(Adj, 125mA)
MAX858
(3.3V/5V, 35mA)
MAX859
(Adj, 35mA)
MAX756
(3.3V/5V, 300mA)
MAX757 mHigh) {1 75mm Higt
(Adj, 300mA)

INPUT
0.8V 70 Vour
~

2 OUTPUT
3 4TuH 3.3V @ 150mA
" OR
8L 5V @ 100mA

/ *,
B T

LOW-BATTERY
DETECTOR QUTPUT

8-S0IC

18}

14

HMAX

trademark of Maxim Intex

o Low 200yA Quiescent Supply Current
¢ 1pA (max) Shutdown

o Soft-Start Prevents Surge Currents

* 5V, 12V, or Adjustable Output

o MAXG06EVKIT-MM

INPUT -
asvTossy L
W

Area = 0.24In:
= 63mm
Max. Height = 1.25mm

*

4

| 5
N S .
o H
maxam > i
MAXB0S p)
77— SR Uil pr e sVORTY
71" 300mA OR 200mA
A B, :J]fzxow
| Le__ow eow =
001yF 2 s |t
30
L



lIs with the Best Combination of
scent Current, and Small Size

1A Step-Up Converter

. INPUT EFFICIENCY vs. LOAD CURRENT
Boosts 2V Inputs with LRI v 100 :
. gL it ’ ouTPUT
High Efficiency ac R,
L -9
MAX608 74 e 3
e Down to 2V Inputs ol = B! % z
« Adj. Output: ViN to 16.5V . =
¢ >80% Efficiency from 20mA to 1A "’ii‘xZ&M 4 &
* Small External Components 5] es K
e 1A Shutdown Current
¢ Current-Limited PFM ) 4
o MAXGOBEVKIT-SO 3 = X e v
« See also: MAX1771 (unlimited Vour) — - P
MAX770-MAX773 L 3 |
Smallest Dual-Output Boost DC-DC Dual-Output Step-Up: 5V or 3.3V
Converter Powers Logic & LCD or Flash Plus Negative LCD Bias from 2 Cells
from 1.5V Input NPyT
1.8V 10 5.5V
INPUT " T
1SV TO 1Y —— - oUTPUT 2 r
FOR FLASH OR i
> LCD, ADL. TO MAIN DUTPUT ——a—g——— L X ;)
N v Ag:r:unzsu‘snm i e @uz“unmn i
’ ¥ >
O avonsy ——9-J¢¢ Maxin *he—o- 33V@ 300mA 4
UPTO 1A MAX8E3 ; w
-t BTt £x - AR T NEGATIVE OUTPUT
14 = MMAXIwvi - 17 ~'(-IBVASSMOWN)
051 - MAX722 4 9 A
bt U5 - . OO @
1, o ( «
S R a0 3
— ¢ mns L 5
P 3 - " .
MAX863 - MAX722 - : Vi § 3
* Fits in Small 16-Pin QSOP SIS < * Low 60pA e e
{same size as 8-Pin S0) 18 ¢ v Quiescent Supply Current ! |
* >90% Efficiency from 20mA to 1A L * Low 20pA Shutdown
o 45pA Supply Current per Controller o * 87% Efficiency at 200mA
¢ Independent 1pA Shutdowns = « Small External Components
e Current Limiting ¢ Detects Output Power Failure
* Step-Up/Down Configurable —_— o MAX722EVKIT-SO ——-
* MAXB63EVKIT-SO [Circuit 6 | « See also: MAX723 (3V) [ Circuit H ]

T INPUT FE= sV
|(NO. OF BATTERY CELLS") | OUTPUT CURRENT

15mA

Up to 300mA

50mA
100mA

200mA
20r3

Upto 1.1A
1A

2x1A
* EACH CELL = 09V TO 16V

MAX717-MAX721 (3.3V/5V plus 12V Flash)

Low-Voltage Step-Up Converters
.

— - .
3. I
l ouTPUT gxnnsuy l { Nm?m p ROy 1 HaIs
20mA MAX866/7 Guaranteed to 0.9V start-up
MAX1642/3 Circuit A Guaranteed to 0.88V start-up, internal synchronous rectifier
Up to 500mA MAX1700 Famity | Front page See MAX1700/1, MAX1703, MAX1705/6, MAX848/9 on front page
60mA MAX679 Circuit C No inductors, smallest size
= MAX619 Circuit B No inductors, smallest size
125mA MAX856-859 uMAX package, 85% effictency, 25uA lg
MAX756/7 S Best combination of high efficiency & low Ig
300mA MAX717-721 Dual output: QUT1 = 3.3V/5V, OUT2 = 5V/12V
MAX722/3 Creultl 0 ol output: OUTT = 3.3V/5V, OUT2 - negatie
MAX606/7 Circuit E 1MHz switching, 1.25mm max circuit height
Upto 1.5A MAX1700 Family | Front page See MAX1700/1, MAX1703, MAX1705:6, MAX848/9 on front page
1A MAX608 Circuit F 0.65mA supply current, 2V input, adj. Vout
1A MAX1771 0.65mA supply current
2x1A MAX863 Circutt G Dual-output boost in small package

tigh efficiency

N X1V



High-Accuracy Battery Ch
Give Faster Charges

ﬁk +0.75% Precision Li-Ion Charger Delivers 4A Without Heating

USES LOW-COST,

INPUT DUAL N-CHANNEL
UPTO 24V POWER MOSFETS
- T —\
"m y 300kHz PWM OPERATION
ACCEPTS HIGH — > - KEEPS COMPONENTS
DC INPUT VOLTAGES a by SMALL & HEAT LOW
FROM ANY SOURCE ® PR : o /e " -
maxim =2 & ICHARGE /
MAX?45 (UPTO 4A)
—intr +
STANDARD LOW-COST < ¥ ! CHARGES
1% RESISTORS SET VOLTAGE : 170 4 Li-ION CELLS
ACCURACY TO 0.75% A A 3 WITH £0,75% ACCURACY
. VA ’

Precise 1% Voltage and Current Regulator
Forms Core of Low-Cost Charger System

FLEXIBLE BUILT-IN
REGULATORS REDUCE
COST AND COMPLEXITY,

LOW-COST

PNP
TRANSISTOR

0C INPUT
3.7V 70 20¢

LINEAR REGULATOR - vnédagg':;m e i3 .
FOR uC POWER AND + REGULATORS b

¢
ADC REFERENCE 5 ‘ u;ﬂ;zsial
i (UP 10 20V)
| 1\ -

L
= i g
PRECISION b -
REFERENCE 'l 1

SPACE-SAVING
PACKAGE

HIGH-ACCURACY
FREE BUILT-IN RESET REFERENCE FOR
ENSURES PROPER LITHIUM-ION CELLS
nC OPERATION

CHEMISTRY S
PART e - DESCRIPTION
Li+ | NiCd | NiMH | Multi |
MAX745 v Switch-Mode, Stand-Alone
MAXBAGA v & v . 'r\;l?feav Mm(i;[ ftzq‘(: :«'if)r: System or
MAX1647/1648 v v v v Switch-Mode w/SMBus™ Interface
MAX2003A v v de, Stand-Alone
MAX712/713 v v Linear-Mode, Stand-Alone
MAX1640/1641 v (4 v Switch-Mode, Current-Source

SMBus Is a registered trademark of intel Corp



argers and Current Sources
and Longer Run-Time

1 ﬂ Programmable Current Source Reduces Heat with l
\ 95%-Efficient DC-DC Conversion :

‘ MAX1640/MAX1641

2%-Accurate Current Regulation ACC & MMMBL:O"
| [ ] 0-.
(MAX1641) (5% for MAX1640) MR Crme e
« 16-Pin QSOP Package ssviom 1,1
(same size as SO-8) § ¥ " |
* 5.5V to 26V Input Range AR o] :
* Optional Synchronous Rectifier for (0w 51 {———-« o worv |
Higher Efficiency T [
O High'Side (MAX1640) or Low-Side SET TOFF s
|  (MAX1641) Current Sensing ﬁaf { [ Rsonse lu...
| * Adjustable Voltage Limit ::c o i “ 1
(2V to 24V) o, { . . }:'.'. © Vg
| ARG roet 2w
| *Up to 500kHz PWM Operation b 'T'
* MAX1640EVKIT B I
| b

{ World’s First SMBus™ Smart Battery Charger: Highly Integrated,j
| High-Efficiency Chemistry-Independent Charger

. SMBus: INBUT
« Fastest Charge Times ETE . _ y oz |
» Longest Battery Life i o TR

¢ Chemistry Independent MAX1647 1.

2 — o 1r®
1 = 1 +—

L4 High Efﬁciency: jvl-‘A;: L,L;':‘;’;N':l ¢

» Low Temperature Rise— i e S < | tomanc

Very Important in Today’s i e >4 UPTOAA
Notebook Computers OO ;i

e Smallest Size: No Heatsink
* Low Cost: No Heatsink

» High Performance and Integration:
« 0.2% Voltage Accuracy

 Digitally Programmable Voltage and
Current

* Charges Any Chemistry, to 4A

e Internal Battery Thermal Protection
_ I _ -]

DM AXIMW
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Regulated Charge Pumps Provide
Compact, Low-Cost Power without

Inductors, for Portable Equipment
Complete Bias Generator for GaAsFET Power Amps—

Lowest Noise and Smallest LOWEST NOISE: 1mVp-p
LOWEST INPUT VOLTAGE OUTPUT NOISE AND RIPPLE

MAX840
o Lowest Noise: 1mVp-p Output Ripple z.s!?"r"d’m
* Fits in 0.1in2 REEALA IO 1 1045
 Power Directly from Lithium Battery ot PLUG-IN
* Replaces 8 Components & 2 ICs ADAPTER) —or— 18 T
* 1pA (max) Shutdown MAXIMN 2V 5%
* MAXB40EVKIT-SO ot f LI |mV|::‘:IPPlE o
* See also: SMALLEST Lo 128 ]

MAX843/MAX844 SIZE 7 T+

(Adj. Output & LCD Features) +l

MAXB50-MAXB53 9.5mm

Area = 0.09in? .
<6imm:  SAMM 9 (I -
3/g" =3

Low-Noise Dual Supply for
GaAsFET Power-Amp Bias and VCO

Compact IC Performs 3 Power-Supply Jobs for Wireless Handsets
L 18 . .

MAX768 L e 1 rosmve

» Dual Positive/Negative oo oL
Regulated Outputs:
+5Vourt from 3ViN ﬁ

o Output-Ready Indicator Controls
GaAsFET Drain Switch

o 2mVp-p Output Ripple

* Synchronizable Switching Frequency

¢ 0.1pA Independent Shutdown Controls

¢ Adjustable Output Voltages

(-89 o ADJ}
Compact 5V Backup Supply 12V Output Without ﬂ 3.3V Supply Boosts
Fits in 0.1in2 Inductors: Fits in 0.1in2 from 1.8V Input, Fits in 0.05in2
QUTPUT
12V £5%
W sy LA — . i - -
)0 ST somA (viy 23V) & . LU LELE
T pgsy T ezt T |ioAsssas T'* ] ™ T
A 3 - = MAXIAN

> | |4 MAX679

: ”} F3

Sigh ] S : L T

N M AKX/



DC-DC Conversion Without
Inductors: Charge Pumps Save
Space and Cost

Smallest Charge-Pump Inverters Use Smallest Charge-Pump Doubler
0.1uF Capacitors to Bias GaAsFET is 1/4 Size of ‘7660: Fits in SOT23-5
Power Amps MAX1682/MAX1683 (Avallable 11/97)
MAX870/MAX871 POSITIVE N;S:JIIJYI'E . Sm;lé:_szi;-:lsr;uaizzkaue DOUBLED
¢ Smallest Circuit: INPUT A xViN OUTPUT
0.025in2 (16mm2) 1.4V TO 5.5V : = 25mA 3.3pF Capacitors INPUT 21V
$0T23-5 Package —ct - * 90pA Quisscent 1501055V [~ —  2mA
0.1pF Capacitors (0805 size) = ! M(f’"m (S'=|;|;(I1y6(;|;r)renl & ' ** 33uF
: :ggtgﬁsr:n?:xanr:ce 4' - U, o e Switching Frequency MAXIN
= Jci MAX1683
* 0.5MHz Switching Frequency = a::‘z:ggms::;?)e = b5.
* Shutdown Mode :
v e 202 Output Impedance ey
1 ¢ 1.5V 10 5.5V Input Range SN

Save Space and Power Over the '7660—Choose the Best Features for Your Application

PARAMETER ‘7660 MAX828 MAX829 MAX870 MAX871 MAX1682* MAX1683*
()
Q Q Q Q :) Q Q
Smallest 50mA/125mA Charge Pumps Smallest Regulated Inverting
Operate Up to 1MHz, Produce Positive or Charge Pump Optimizes Capacitor
Negative Outputs Using 1uF Caps Size, ROUT, and Supply Current
ﬁk MAX1680/MAX1681 MAX868 (Available 10/97)
¢ 125mA Qutput ¢ Set Output from -1.8V to -2 x V,, using Two Resistors
e Up to 1MHz Switching Frequency OUTPUT o Switching Frequency Varies with Load Demand:
¢ Fit in 8-Pin SO Package INPUT AxVin Small Capacitors (0.22pF for 10mA load)
o Use 1pF Capacitors for VT05.5V . 9 s 2omA Low Supply Current (35pA at no load)
3.52 Output Impedance N : |« ® Low 702 Output Resistance (with 0.22yF caps)
* |nvert or Double the input MAXIM : ¢ 0.1pA Logic-Controlled Shutdown
* 1pA Shutdown = MAX1681 = * 10-Pin yMAX Package (1/2 size of 8-pin SO, 1.11mm high)
* Pin Compatible with MAX660 Kzl
> AP+ POSITIVE
T ) TR
MAX860/MAX861 : .. T b S S
* 50mA Output "R s 5 [T mewwme
* Up to 250kHz Switching Frequency — F AR ARV S T
* Fit in 8-Pin SO or yMAX Package . MAXEES < I"-lf;’"g{:ﬂm
(1/2 size or 8-pin SO) - SR d—o

o Use 2.2pF Caps for 122 Output > —-
o Invert or Double the Input Bt
¢ 1A Shutdown ~
* Pin Compatible with MAX660

NI /1 X1/



DC-DC Switching Converters

Quiescent
Input Supply Current Pins- Price’
Part Voltage Output (mA), Output Control  Package Temp. EV 1000-up
Number Range (V) Voltage (V) max(typ) (mA) Scheme Options* Ranges** Kit Features ($)
STEP-UP SWITCHINGREGULATORS [
MAX606/607 3t055 5 or 12 or adj. 0.5(0.25)/0.3(0.15) 200 PFM 8-uMAX E Yes 1MHz switching frequency fits Type 1 PCMCIA cards  3.25
MAX608 1.8t016.5 Sorad] 0.11(0.085) 1A PFM 8-DIP, 8-S0 E Yes Same as MAX1771, but accepts low input voltages 1.89
MAX629 2.7t028 VIN to 28 or 0.100(0.080) 10 at 28V PFM 8-S0 E Yes 30V/0.5A internal switch, configure as +28V or -28V 2.85
Oto-28
MAX630 210 16.5 Adj. 0.125(0.070) 30mw PFM 8-DIP, 8-SO C.EM improved RC4123 second source 2.88
MAX631/632/633 t.5105.6/ 5/12/15 or adj. 0.4(0.135)/ 40/25/20 PFM 8-DIP, 8-SO CEM Only two external components 2.56
12.6/15.6 2(0.5)/2.5(0.75)
MAX641/642/643 151056/ 5/12/15 or adj. 0.4(0.135)/ 300/550/ PFM 8-DIP, 8-SO CEM PFM controller 2.87
12.6/15.6 2(0.5)/2.5(0.75) 325
MAX731 18t0525 5 4(2) 200 PWM 8-DIP, 16-WSO C.EM Yes 2.60
MAX732 41093 12 3(1.7) 200 PWM 8-DIP, 16-WSO C.,EM Yes 2.76
MAX733 4t0 11 15 301.7) 125 PWM 8-DIP, 16-WSO C.EM Yes 2.60
MAX734 1.91012 12 2.5(1.2) 120 PWM 8-DIP, 8-SO CEM Yes 12V flash memory, hot insert 2.23
MAX752 1810 16 Adj. 301.7) 2.4W PWM 8-DIP, 8-SO CEM Yes 2.94
MAX756/757 1.1t1055 (3.3 or 5)/ad). 0.060(0.045) 250 PFM 8-DIP, 8-SO CE Yes Best combination of low Ig & high 86% efficiency 1.95
MAX761/762 210 16.5 12/15 or adj. t0 16.5 0.1(0.080) 120 PFM 8-DIP, 8-SO CEM Yes 12V flash memory, lowest |, 1.8V/3V/5V inputs 2.23
MAX770/771/772 210165 5/12/15 or adij. 0.1(0.085) 1A PFM 8-DIP, 8-SO CEM Yes Controllers, high efficiency over wide Igyt range 1.80
MAX1771 210 16.5 12 or adj. 0.1(0.085) 1A PFM 8-DIP, 8-SO CEM Yes Same as MAX771, but with single 100mV 1.80
current-sense limit
MAX773 3to 165 Adj. 0.1(0.085) 1A PFM 14-DIP, 14-NSO C.EM Controller, high-voltage applications 1.80
MAX848/849 0.7t1055 330r27t0ob5 0.06 100t0 600 PWM 16-NSO E Yes 1-3 cell step-up, low-noise, fixed-frequency PWM 2.38/2.50
MAX856/857 05t06 (3.3 or 5)/ad. 0.060(0.025) 100 PFM 8-S0O, 8-uMAX CE Yes Smallest, best combination of low lq & high 85% 1.72
efficiency
MAX858/859 05t06 (3.3 or 5)/adj 0.060(0.025) 25 PFM 8-S0, 8-uMAX C.E Yes Smallest, best combination of low Ig & high efficiency  1.72
MAXB863 1.5t0 11 2 pos. adj. 65(40) 1A PFM 16-QSOP E Yes Dual output, lowest I, high efficiency 2.80
MAXB66/867 0.5t06 (3.3 or 5)/adj. 0.06(0.027) 90 PFM 8-SO E Yes Guaranteed 0.9V start-up, low Ig 1.76
MAX1642/1643 0.7t055 3.3o0rad, 16(10) 90 PFM 8-uMAX E Yes High efficiency, synchronous rectifier, dual LBI/LBO 1.76
MAX1700/1701 0.7t055 25t055 0.100{(0.060) 800 PWM/ 8-50/16-QSOP E Yes 1V guaranteed start-up, MAX1701 includes 2 battery t+
PFM (1700) monitors and op-amp block
MAX1703 08to55 3.3o0rad. 0.140(0.100) 1.5A PWM/ 16-NSO E Yes 1.1V guaranteed start-up, 92% efficiency ++
(2.7t05.5) PFM
MAX1705/1706 0.7t055 2.51t05.5(dual) 0.190(0.100) 800/500 PWM/ 16-QSOP E Yes Dual output: step-up and 200mA linear regulator, 3.15/2.96
PFM 1V guaranteed start-up
STEP-UP/DOWN SWITCHING REGULATORS - - o . B - -
MAX710/711 1.8to 11 3.3 or 5/adj.(2.7 to 5) 0.1(0.08) 250 PFM 16-NSO E Yes No transformer, step-up and linear 2.95
MAX761 271012 Adj. (1.5 10 6) 0.1(0.08) 200 PFM 8-DIP, 8-SO CEM No transformer, SEPIC 2.23
MAX1672 1.8t0 11 5or 3.3 or adj. 0.125(0.100) 150 PFM 16-QSOP E Yes Step-up followed by linear regulator, infout disconnect  ++
(2.7105.0) in shutdown

* Package Options: DIP = Dual-In-Line Package, SO = Small Outline (N = Narrow, W = Wide), SSOP = Shrink Small-Outline Package, yMAX = Micro Max, TO-__ = Can
** Temperature Ranges: C = 0°C to +70°C, E = -40°C to +85°C, | = -25°C to +85°C, M = -55°C to +125°C

t Prices provided are for design guidance and are FOB USA. International prices will differ due o local duties, taxes, and exchanges.

t* Future product—contact factory for pricing and availability. Specifications are preliminary.




DC-DC Switching Converters (continued)

Quiescent
Input Supply Current Pins- Price”
Part Voltage Output (mA), Output Control Package Temp. EV 1000-up
Number Range (V) Voltage (V) max(typ) (mA) Scheme Options* Ranges** Kit  Features (9)
STEP-DOWN SWITCHING REGULATORS ; =i = P 3 e RO i r=—
MAX638 2610 165 5, ad|. 0.6(0.135) 75 PFM 8-DIP, 8-SO CEM 256
MAX639/640/653 410115 5/3.3/3 or adj. 0.02(0.01) 225 PFM 8-DIP, 8-SO CEM Yes Ultra-low Ig 2.96
MAX1649/1651 3to 16 5/3.3 or adj. 0.1(0.080) 2A PFM 8-DIP, 8-SO Cek Yes Drives external P-channel FET, low g, but with 96.5% 1.60
duty cycle and single 100mV current-sense limit
MAX1626/1627 310165 3.3or5/adj. 0.080(0.060) 2A PFM 8-SO E Yes Same as MAX1651, but with 100% duty cycle, 1.88
high efficiency, and controller
MAX730A/50A/63A Upto 11 5/adj./3.3 3(1.7) 500 PWM 8-DIP, 8-SO CEM Yes No subharmonic switching noise 2.15
MAX738A/48A/58A Upto 16  5/3.3/ad]. 3(1.7) 750 PWM 8-DIP, 16-WSO C.EM Yes No subharmonic switching noise 2.60
MAX744A 4751016 5 2.5(1.2) 750 PWM 8-DIP, 16-WSO C.EM Yes Optimized for cellular communications, no subharmonic  2.90
switching noise
MAX1640/1641 551030 61030 4(2) 50W PWM 16-QSOP E Yes High-efficiency current-source, synchronous rectifier 2475
MAX767 451055 3.3, 345(R), 0.75 1.5A to PWM 20-SSOP CE Yes Dedicated 5V-t0-3.3V, high efficiency, small size 3.40
or 3.6 (8) 10A
MAX796/797/799 45t030 5.05/3.3/2.9/ad;. 1(0.7) 50W PWM 16-DIP, 16-NSO C,EM Yes Synchronous rectifier, secondary output 3.65
regulation, high efficiency over full Igr range
MAX887 41011 Adj.(1.27 to 9) 0.5(0.2) 500mA PFM/ 8-SO E Yes Internal synchronous rectifier, high efficiency, 2.44
- PWM synchronizable
INVERTING SWITCHING REGULATORS r § = —= -
MAX735/755 4062  -bad) 316) 275 PWM §DIP.8SO CEM >80% efficiencies 215
MAX736/37/39/59 41086 -12/-15/-5/ad. 3(1.6) 500 PWM 14-DIP, 16-WSOC.EM Yes >B80% efficiencies 2.75
MAX749 2to6 Digital adj. 0.06 5W PFM 8-DIP, 8-SO CEM Yes Digital adjust for negative LCD 2.49
MAX764/765/766 3t0 165 -5/-12/-150r 0.1 200 PFM 8-DIP, 8-SO C.EM Yes Lowestlg 2.38
adj. to 21aV
MAX774/775/776 310165 -5/-12/-15or ad). 0.1 1A PFM 8-DIP, 8-S0 CEM Yes Controllers, high efficiency over wide |t range 2.20
DUAL-OUTPUT SWITCHING REGULATORS - R0l — = =
MAX624 3t055 5 & 12 or adj. 0.6(0.3) 200 at 5V PFM 16-NSO | 1.2MHz switching frequency fits Type 1 PCMCIA 5.25
80 at 12V cards
MAX685 27t055 Pos:2.7t024 2(1) 10/output PWM 16-QSOP E Yes CCD power supply, single inductor, internal switches I
Neg: -1.3t0 -9
MAX742 42t010 12, £15 15(8) +15W PWM 20-DIP, 20-WSO C.EM Yes Drives external MOSFETs 391
MAX743 42106 +12, £15 30(20) +1.5W PWM 16-DIP, 16-WSO C.EM Yes Internal power MOSFETs 4.49
MAX863 15to 11 2pos. ad]. 65(40) 1A each PFM 16-QSOP E Yes Lowest g, high efficiency 2.80
MAX1705/1706 0.7t055 Swicher: 25105.5 0.190(0.100) 800/500 PWM/ 16-QSOP E Yes Step-up. LDO, 1V guaranteed start-up 3.15/2.96
LDO: down to 2.5 PFM
MAX717-721 09t055 3.3(MAX717), 60, 300@33V, PFM 16-NSO CHE Yes Dual output for 3.3V and 5V logic or 12V PCMCIA/LCD 4.95
(battery), 3.3 or 5 (MAX718/720), 40 in shutdown up to 2.5W
7to 18 3 or 5 (MAX719/721) on 12V
(plug-in plus 5 or 12
adapter)
MAX722/723 0851055 3.30r5(MAX722), 60 300@33v, PFM 16-NSO ©,(3 Yes Dual output for 3.3V or 5V logic and negative LCD 4.63
(battery), 3 or 5 (MAX723) 40 in shutdown up to 2.5W to -40V
7t018 on neg output
{plug-in
adapter) —_ I S S - A8 —

Package Options: DIP = Dual-In-Line Package, SO = Small Outline (N = Narrow, W = Wide), SSOP = Shrink Small-Outline Package, pMAX = Micro Max, TO-__ = Can
Temperature Ranges: C = 0°C to +70°C, E = -40°C to +85°C, | = -25°C to +85°C, M = -55°C to +125°C

Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchanges rates.

Future product-—contact factory for pricing and availability. Specifications are preliminary.



DC-DC Charge-Pump Converters

Quiescent
Input Supply Current Pins- Price’
Part Voltage Output (mA), Output Package Temp. 1000-up
Number Range (V) Voltage (V) max(typ) (mA) Options* Ranges** EVKit Features _®
CHARGE-PUMP CONVERTERS—UNREGULATED o - B ] - o
MAX660 151055 Vi +2x Vi 0.5(0.12) 100 8-DIP, 8-SO CEM 8-pin SO 2.95
MAX680 2t06 +2x Vg 2(1) +10 8-DIP, 8-SO C.EM Dual output 1.62
MAX828/829 1251055 Vin 0.09(0.06) 25 5-S0T23 E Better than ICL7660, smaller capacitors, 1.30
ultra-small, lower RouTt
MAX860/861 151055 Vine #2 X V)N 0.33(0.18) 50 8-S0, 8-uMAX CEM Up to 250kHz oscillation frequency 1.45
MAX864 15106.2 +2x Viy 0.3(0.2) +10 16-QSOP E 5kHz to 200kHz frequency select, 1pA shutdown 1.50
MAX865 1.5t06.2 +2x Vi 1.0(0.6) +10 8-uMAX E Ultra-small JMAX package 1.30
MAX870/871 1.251055 -Vin 1(0.7) 25 5-80T23 E Smallest inverter, 0.1uF capacitors, 500kHz switching 1.30
MAX1044 1510 10 Vine #2 X V)N 0.2(0.03) 20 8-DIP, 8-SO CEM 60kHz oscillator boost mode 1.19
MAX1680/1681 21055 Vine #2 X V) 2(1.2) 125 8-SO E 125kHz to 1MHz operation, small capacitors, 2.05
same pinout as MAX660
MAX1682/1683 151055 +2xVIN 0.09 (0.06) 25 5-S0T23 E Improved ICL7660, small caps, ultra-small SOT23, +t
lower RouTt
ICL7660 1.5t0 10 Vine +2 X Viy 0.175(0.110) 20 8-0IP, 8-50,8-T099, C.EM UMAX package 1.09
8-uMAX
ICL7662 451020 Vine +2 X Vi 0.6(0.25) 10 8-DIP, 8-S0,8-T099 C.I 1.86
Si7661 451020 Vine +2x Viy 2(0.3) 10 8-DIP,8-S0,8-T099 C| 1.86
CHARGE-PUMP CONVERTERS—REGULATED _ - - - ) - -
MAX619 21036 5 0.15 60 8-DIP, 8-SO CEM Yes No inductors, battery backup 1.60
MAX622 3510165 Vin+ 11 0.5(0.07) 500uA 8-DIP, 8-SO CE High-side switching 1.86
MAX662A 451055 12 0.5(0.19) 30mA, 8-DIP, 8-SO CEM Yes World's smallest 12V flash memory programmer 2.09
guaranteed
over temp.
MAX679 18t04 353 0.050(0.035) 20 8-pMAX E Yes Up to 1MHz fosc, small caps 1.55
MAX768 251055 Dual £5 0.8(0.45) 2 x 10mA 16-QSOP E Performs 3 power functions for handsets: 2.40
or adj. -2 x ViN for GaAsFET bias, +2 x VIN for VCO,
negative power-ready signal
MAX840/843/844 2.5t0 10 -2 or adj. 1.1(0.75) 10 8-S0 ILE Yes Low-voltage negative GaAsFET bias, low noise, 1.75
1pA shutdown
MAX850-853 451010 -4.1 or adj. 3(2) 5] 8-SO LE Yes Negative GaAsFET bias, low noise, 1uA shutdown 1.65
MAX868 181055 Adj., (-1.8 0.050(0.035) 10 10-pMAX E Supply current varies with load, uses 0.22uF caps +
10 -2 x Vi)
MAX881R 251055 -2 or adj. 0.9(0.5) 5 10-uMAX E Yes GaAsFET PA bias in 1.11mm-high package, includes ++

power-OK output signal

* Package Options: DIP = Dual-in-Line Package, SO = Small Outline (N = Narrow, W = Wide), SSOP = Shrink Small-Outline Package, pMAX = Micro Max, TO-__ = Can
** Temperature Ranges: C = 0°C to +70°C, E = -40°C to +85°C, | = -25°C to +85°C, M = -55°C to +125°C

t Prices provided are for design guidance and are FOB USA. international prices will differ due to local duties, taxes, and exchanges rates.

* Future product—contact factory for pricing and availability. Specifications are preliminary.



Battery Chargers

No. of Pins- Price’
Part Cells Cell Charge Charge Termination Package Temp. 1000-up
Number Charged Chemistry Rate Method Options* Ranges** EV K_il ~ Features (s)
MAX712/713 11016  NMHNICd Fast, tnckle  0AV, max V. max temp 16-DIP 16:NSO CEM Yes Linear or switcher, supplies load while charging,  3.09
max time (neg AV. MAX713) built-in termination algonthms
MAX745 1t04 Li+ Digital prog.  Voltage and current limit 20-SSOP E Yes High-efficiency switch mode, 0.75% precision 4.50
MAXB46A 1to 10 Li+/NiCd/NIMH  Fast, trickle,  Universal charger, user set 16-QSCP E Yes Complete system, 1%-accurate VouT for Li+, 3.25
top-off built-in 1% LDO, dnves PNP, cost-saving,
independent V & | reg loops
MAX1640/1641 110 16 Universal Fast, trickle,  Voltage and current limit 16-QSOP - Yes High-efficiency PWM current-source, synchronous 2.75
top-oft rectifier
MAX1647/1648 1108 Universal Digtally Voltage and current limit 20-SSOP/16-NSO  E Yes SBS level 2 smart-battery charger with SMBus 4.79/4.25
programmed thermistor interface (MAX1647)
MAX2003/A 1t0 16 NiCd and/ Fast, trickle,  Temp slope, neg. AV, 16-DIP, 16-WSQO C Yes Linear, built-in termination algorithms, 3.25/3.80
_oNMH = top-off  maxtemp maxtime  16NSO . dscharge-before-charge pulsetnckle(A)
LCD & CCFL Display Power Supplies
Quiescent
Input Supply Pins- Price*
Part Voltage DC-DC Output Current Package 1000-up
Number Range (V) Voltages (V) (HA) Options* EV Kit Features {(S)
MAX629 271028 ViNto28orOto-28 T T80 ~8S0  Yes  Internal 30V/O.5A switch - 285
MAX749 2106 Negative LCD 60 8-DIP, 8-SO Yes Digital LCD adjustment 2.49
MAX753 61024 CCFL drive, configurable: negative LCD, configurable 100 16-DIP, 16-NSO Digital CCFT and LCD adjustment 4.45
MAX754 6to 24 CCFL drive, configurable; positive LCD, configurable 100 16-DIP. 16-NSO Digital CCFT and LCD adjustment 4.45
MAX759 41015 Negative LCD. adjustable 1.2mA 14-DIP, 16-WSO Yes Internal MOSFET 2.75
MAX774/775/776 310 16.5 Negative LCD, adjustable 85 8-DIP, 8-SO Yes PFM controller, high efficiency, 5pA shutdown 2.20
MAX828/829 1251055 -ViN 60 5-S0T23 No inductors, low-cost compact pager supply, better 1.30
than '7660
MAX860/861 151055 -ViNor2xVIN 180 8-S0. 8-uyMAX No inductors, up to 250kHz oscillator, 2.2uF caps, 1.45
smallest pager LCD supply
MAX868 181055 Adj(-VINto-2x VIN) 35 10-uMAX Yes Supply current varies with load, compact, low IQ o
for pagers
MAX870/871 12510585 -ViN 700 5-S0T23 Smgllgsl inverter, uses 0. 1uF capacitors, 500kHz switching 1.30
MAX1044 151010 -ViNOr2x VIN 30 8-DIP, 8-SO No inductors, 60kHz boost pin, pager LCD supply 1.19
MAX1610 451028  CCFL drive. configurable 2mA 16-SO Yes Internal MOSFET, digital adjust. open and shorted 3.85
lamp protection
MAX1611 451028  CCFL drive, configurable 2mA 16-SO Yes Internal MOSFET, digital SMBus adjust, open and 3.85
shorted lamp protection
MAX1620 451024  Positive or negative LCD, configurable 500 16-QSOP Digital adjust, 32 levels 1.99
MAX1621 45t024  Positive or negative LCD, configurable 500 16-QSOP SMBus adjust, 32 levels 1.99
MAX1771 210165  Positive LCD, adjustable 85 8-DIP, 8-SO Yes PFM controller, high etficiency, SpA shutdown 1.80

*  Package Options: DIP = Dual-In-Line Package, SO = Small Outline (N = Narrow, W = Wide), SSOP = Shrink Small-Outline Package, pMAX = Micro Max, TO-__ = Can

Tempera