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The LMC6001 — Input current guaranteed to 25 Femto Amps max. @ 25°C ~ Low voltage

offset of 350pV max. ~ Low voltage offset drift of 10pV/°C max. ~ Rail-to-rail output swing ~ Vnoise @
1kHz of 22nV/ vz ~ Designed and guaranteed to operate over the temperature range (-25°C to +85°C) ~

Available in PDIP and metal can packaging. =~ Call 1-800-NAT-SEMI, @ N ati On al

Extension 273 for ordering information and a free product sample kit. Semiconductor

©1994 National Semiconductor Corporation. NORTH AMERICA: P.0. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1-800-628-7364, Ext. 273 Fax: 1-800-888-5113). All rights reserved.
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In a recent "Engineering & Distribution Survey' conducted by Electronic Engineering Times, respondents
were asked to evaluate distributors with whom they have done business or were most familiar. The —
table above reflects the percentage of respondents who rated these distributors as excellent (68.5
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E-T-A Series 1410 Circuit Breakers for
Equipment are specially designed to protect
printed circuit boards.

The tiny, fast acting 1410 CBE deals with
short circuits or current overload quickly and
cost-effectively. Because, in the competitive
world of electronics manufacturing, extended
downtime is unacceptable.

At E-T-A, we believe that protecting
circuits allows no compromise. That's why all

» Direct PCB or our products fit precise application and performance
AR Sy specs. Perfectly.
> Push-button So, next time you need to protect a PCB, get on board

manual reset

with perfection, choose E-T-A.
» Solder pin or blade
terminal connections

Call or fax for Your free E-T-A
Circuit Protection Brochure.

7400 N. Croname Rd., » Current ratings

Niles II. 60714-3982 from 0.63to 8.0 A ®
(708) 647-8303 E -10[=)

FAX (708) 647-7494 C

E-T-A Circuit Breakers N SP CIRCUIT BREAKERS FOR EQUIPMENT
236 Hood Rd., Markham,

Ontario L3R 3K8

Bk ot 76 5000 CIRCLE NO. 2 WE PROTECT CIRCUITS TO PERFECTION
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SPDT switches with built-in driver
ABSORPTIVE or REFLECTIVE dc to 5GHz

Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive SPECIFICATIONS  Apsorptive SPDT Reflective SPDT
switches with built-in driver, available in pc plug-in or SMA connector models, (typ) YSWA-2-50DR YSW-2-50DR
from only $14.95. So why bother designing and building a driver interface to ZYSWA-2-50DR ZYSW-2-50DR
further complicate your subsystem and take added space when you can Frequency do-  500- 2000- - dc- 500-  2000-
specify Mini-Circuits' latest innovative integrated components? (MHz) 500 2000 5000 500 2000 5000

Check the outstanding performance of these 22 Ins. Loss (dB) e 0.9 13 14
units.... high isolation, excellent return loss (even in the Isolation (dB) 42 3 50 40 28
“off" state for absorptive models) and 3-sigma 1dB Comp. (dBm) 18 20 2 0 =J ?‘61
guaranteed unit-to-unit repeatability for insertion loss. ; s i ey < o -
These rugged devices operate over a -55° to puai -l o 5 o
+100°C span. Plug-in models are housed in a tiny ) (VB /E) i i 7
plastic case and are available in tape-and-reel format . Sw. Spd. (nsec) 3 3 3 : 3 3
(1500 units max, 24mm). All models are available for Price, $ YSWA-2-50DR (pin) 2395 | YSW-2-50DR (pin) $14 25
) . : c 05
immediate delivery with a one-year guarantee. finding new ways (1-9 qty) 50DR (SMA) 59.95

setting higher standards
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l n I I rc u Its WE ACCEPT AMERICAN EXPRESS AND VISA

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ® 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK
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Nothing stacks up

like our

new interface chip.

Now computer designers A smaller PCMCIA interface.

;%u?&nsgﬁeingsgg‘g}fy (').u r higl? 1 \ integl‘ated njonol ithic

ment in all application Sll()7l()L\ interface switch

types. eliminates many external

components — reducing system
size and improving
reliability.

PCMCIA POWER INTERFACE

A more efficient
PCMCIA solution.

This PCMCIA rey. 2.1
compatible IC has
on-resistance as low as

s 150 mQ), the industry’s

‘ lowest, for improved tolerance

by TN on the output voltages. And its
. low 1-uA leakage current signifi-

cantly extends battery life.

CONTROL BUS

PeMCIA
CONTROLLER

PCMCIA
SLOT

Vep

Si9710

+*5.V.

Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor

A simpler Plug and Play design.
The Si9710CY, by eliminating up
to seven power discretes and
drivers, simplifies the design task
and reduces design cycle time.

Get more efficient host adapter
designs.

Contact your local Siliconix/
TEMIC sales office. Or call our
toll-free hot line and ask for
more technical information.
1-800-554-5565, ext. 915.

mgm -
Siliconix
A Member of the TEM1C Group

2201 Laurelwood Road, Santa Clara, CA 95054
Fax: 408-970-3995, Attn. 915

TEMIC International Sales: UNITED KINGDOM: 0344-485757. GERMANY: 07131 67-0. FRANCE: 1-30 60 70 00. ITALY: 02-332 121

SCANDINAVIA: 08-733-0090. SINGAPORE: 65-788-6668, ext. 249, HONG KONG: 852-3789789. JAPAN: 3-5562

3321
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On the cover: As system speeds
increase, so do electromagnetic-compat-
ibility (EMC) problems. Several kinds of
tools for EMC analysis let you address
the issues early in the design game. See
our Special Report, beginning on pg 64.
(Photo courtesy Ansoft Corp; creative
director, Joy Burd; art director, Rebec-
ca Kinney; photography Caffee/Photo-
synthesis)

EDN Magazine offers
Express Request, a
convenient way to
retrieve product
information by
phone. See the
Reader Service Card
in the front for
details on how to
use this free
service.
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EMC-design tools 04

The problem facing designers of high-speed circuits is not just to
make sure that products work by themselves. Designers must also
make sure that their products fit into a larger community of elec-
tronic systems.—Doug Conner, Technical Editor

PLD-design methods migrate

existing designs to high-capacity devices 77
Moving to newer higher capacity programmable devices can give

you higher density and better performance. But if you use common

CAE design tools, transferring your old design’s description to the

new device’s development environment may be difficult.

—Mike Trapp, Lattice Semiconductor Corp

Quantify critical-timing risks
with statistical analysis 95

Using statistical methods to quantify the risks associated with
critical timing paths lets you trade off technology vs performance and
manufacturing goals.—James J Vorgert, Texas Instruments Inc

Minimize time delays and reduce
circuit density by retiming a design 107

Timing for initial sequential circuit designs generally is not opti-
mal. By following some retiming procedures, you can add or delete
sequential blocks to optimize circuit timing requirements and mini-
mize circuitry.—Jaap Sondervan, Philips Electronic Design and Tools

Priority encoders slip into FPGAs 55
Off-line power supply requires few parts 55
VisualBasic does 1/0 56
Motor-drive algorithm saves space and cycles 56

Spice models CMOS switch 58

Continued on page 7
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FINALLY.
PROGRAMMABLE LOGIC
Why search for YOU CAN COMMIT TO And Warp™

a new vendor F O R L | F E . software — the

every time you open, industry-

need a new part? Announcing UltraLogic:"™ standard VHDL development tool that supports
The industry’s most comprehensive the entire UltraLogic family. This is strong stuff.
approach to programmable logic. Call the Cypress UltraLogic hotline
Complex PLDs and FPGAs that today and get the whole story.
top every existing benchmark. 1-800-858-1810, Dept. C4E.

*In Europe, fax requests to the above Dept. at (32) 2-652-1504 or call (32) 2-652-0270. In Asia, fax requests to the above Dept. at 1-415
UltraLogic and Warp are trademarks of Cypress. © 1993 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone: 1-408-
Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753

Open Design Tools

b

High-Performance Programmable Logic
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. TECHNOLOGY UPDATES
speech-processingIcs: IR

Speech-synthesis and -recognition chips 27
personalize consumer products

If speech is the mirror of the soul, then many of today’s commer-
cial products will reap their just rewards. Maturation of speech-com-
pression coding algorithms is allowing almost every new device to
talk, make audio sounds, and even recognize a human voice.

—John Gallant, Technical Editor

Shrinking devices put the
squeeze on system packaging 41

While solving today’s system-packaging puzzles, you can design
products that are not only smaller but more reliable.
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Let's get physical (again) 25
Time’s up. The physics of electronics has returned to center stage,
and you’d better be ready with the required tools and knowledge.
—Steven H Leibson, Editor-in-Chief
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TT’s experience in silicon solutions
gives you the strength
to meet your networking needs.

From LANs to WANSs, Texas Instruments has
the powerful integrated circuit solutions you
need to meet your broadband communica-
tions and networking requirements.

Add more muscle to your LAN. Select
from the market’s fastest growing Token Ring
commprocessor as well as Ethernet™ and
dual-protocol commprocessors. Our new
PacketBlaster™ boosts small-packet perfor-
mance up to 600 percent — in fact, it’s on
Compaq’s NetFlex-2™ network adapter card.

Sun, SynOptics and TI:
Driving powerful ATM
products to the desktop. The
industry’s first jointly developed
two-chip solution for complete
ATM physical and adaptation
layer processing is now being
sampled by TI. Operating at the
155 Mbits/s SONET/SDH rate,
this cost-effective chipset is
optimized for adapter card appli-
cations connecting workstations
and hubs.

Heavyweights in the WAN
ring. Soon, most every telephone

connection in the world will pass through an
IC from TI. That’s because every major carrier
system manufacturer uses TI's advanced ASIC
products to meet their SONET/ATM switching
needs. And some of these customers already
have designs under way using TI's next-gener-
ation products to meet 622 Mbits/s and faster
requirements.

TI and the power of converging multi-
media technologies. TI is a major player in
bringing together voice, video, data and cable
1 services based on our experience
| in SONET/ATM and MPEG IC
technology.

Total Integration: The lift
you need to get to market
faster. Silicon technology.
Flexible, open hardware and
software design tools. Timely
technical information. Worldwide
| service and support. That’s Total

Integration™. To find out how you
| can use it and get networked
with TI, call 1-800-477-8924,
ext. 3920.

ENDING
T A L

YO
IN

R
R

“«‘ TEXAS
INSTRUMENTS

© 1994 TI

™ Total Integration, Extending Your Reach, Extending Your Reach With Total Integration
and PacketBlaster are trademarks of Texas Instruments Incorporated
Ethernet is a trademark of Xerox Corporation.
NetFlex-2 is a trademark of Compaq Computer Corporation.

00-8400
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ANOTHER R

The truth about interference

MAX782 Output Noise Specirum at 1A
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Figure 1. The MAX782 evaluation board operates at 300kHz with
1A load current and shows no harmonics in the 455kHz IF band.

Noise in the New Generation of
High Efficiency Switching Regulators.

Switching regulators generate noise. It results from
the very nature of their operation, and is something
that power supply designers accept to obtain the
dramatic efficiency improvement compared to linear
regulators. Fortunately, this noise seldom causes
interference problems.

The newest battery-powered switching regulators
have sophisticated algorithms which operate MOSFET
switches intermittently at low load currents. Examples
of these regulators are the Linear Technology LTC1148
family and Maxim Integrated Products MAX782.

10 = EDN February 17, 1994

MAX782 Output Noise Spectrum at 0.75A
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Figure 2. Dropping the load current by only 25% halves the operating
frequency and shifts the third harmonic into the 455kHz IF band.

While the actual algorithms differ, both can generate
fundamental and harmonic frequency components over
a wide spectrum.

Figure 1 and 2 above illustrate that a “snapshot”
of the frequency spectrum at one load current tells the
power supply designer very little. In Figure 3 the oper-
ating frequency for two different . TC1148 applications
and for the MAX782 evaluation board is plotted versus
load current. Figure 3 shows that the LTC1148 reach-
es the audio band sooner as load current falls, while the
MAX782 sweeps a much wider band of frequencies
while getting there. Is one better than the other? Maybe
the whole issue is just a “red herring”.



ED HERRING.

and switching regulators.

Lowest Noise Frequency vs Load Current

300 17 T —
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= 11 TC1148-5
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Figure 3. A more fruthful look at the range of frequencies a switching
regulator can generate is fo plot the lowest fundamental frequency vs
load current.

Does Noise Equal Interference?

Switcher noise is only a potential source of interfer-
ence, and in this regard the switcher has plenty of com-
pany. Figure 4 shows that logic noise is also rich in fre-
quency components extending into the audio range.
Fortunately, the same measures which must be taken
to prevent interference due to logic noise also work on
switcher output noise. These include local RC supply
filters for IF and RF noise and linear regulators for
audio noise.

Because all high efficiency switching regulators
generate wide output noise spectra, and because it can

be dealt with in the same manner as logic noise, the

FROM YOUR MIND TO YOUR MARKET AND EVERYTHING IN BETWEEN.

CIRCLE NO. 87

Noise Generated by a Notebook Computer

la: s0.0mv
3

LA RTAL™

23.2mv|

L RIALANY WSHous TRY T

Figure 4. This photograph of a notebook computer 5V supply bus shows
logic noise exceeding the ripple produced by most switching regulators.

issue of interference is largely a red herring. Claims to
the contrary by other vendors serve only to confuse
power supply designers looking for the most effective
solutions for their battery-powered supplies. It is other
concerns such as shutdown current, quiescent current,
operating efficiency, dropout voltage, transient
response, and design flexibility that should rightly domi-
nate the designer’s comparison list.

For real help with switching regulators contact
Linear Technology Corporation, 1630 McCarthy
Blvd., Milpitas, CA 95035/408-432-1900, Ext. 361.
For literature on noise in switching regulators,

call 1-800-4-LINEAR.

¥ LNEAR
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EDN-NEWS BREAKS

Codecs lower cost of PC-
based audio applications

Two low-cost, 16-bit stereo, CD-quality
codecs provide high-performance audio
for PC applications. The AD1847 and
AD1846, which cost $7.50 and $8,
respectively (OEM qty), both support
the Microsoft Windows Sound System
and Compaq Business Audio. Like the
company’s AD1848 SoundPort, these
codecs are single-chip, sigma-delta,
stereo digital-audio codecs. The
AD1847’s serial port allows direct
interface to a DSP or system-1/0 chip
and fits in a low-cost 44-lead plastic
leaded chip carrier or thin quad flat-
pack instead of the more expensive 64-
and 68-pin packages parallel-port
codecs require. The AD1846 is a cost-
reduced, pin- and register-compatible
version of the AD1848K with a dynam-
ic range of 70 dB. Both codecs are com-
plete digital-audio systems (including
A/D conversion, D/A conversion, gain
control, and mixing of multiple analog
and digital data streams) and require
minimal support circuitry.
—by Anne Watson Swager
Analog Devices Ine, Norwood, MA,
(617) 461-3881. Circle No. 500

Digital-coupler IC
replaces optocouplers

The ISO150 uses high-voltage capaci-
tors instead of an LED and photodiode
to transmit signals across the isolation
barrier. This alternative device to
high-speed optocouplers offers faster
performance, lower power consump-
tion, and better isolation specifications.
The coupler also acts as a transceiver,
whereas optocouplers are unidirection-
al. Primary applications include digital
isolation for A/D and D/A conversion,
multiplexed data transmission, and
I/0-port isolation in instruments. The
IS0150 has two bidirectional channels,
which you can independently configure
to transmit or receive. The IC requires
no external components. Key specifica-
tions include an 80-Mbps typical data
rate, 25-mW max power consumption
per channel, 2400V-rms isolated par-
tial discharge, and 16.5-mm creepage
distance. The TTL- and CMOS-com-

EDITED BY FRAN GRANVILLE

patible IC comes in a 24-pin DIP and
costs $7.75 (1000).
—by Anne Watson Swager
Burr-Brown Corp, Tucson, AZ, (602)
746-1111. Circle No. 501

Hitachi and Mitsubishi
to codevelop flash
memories

Hitachi Ltd and Mitsubishi Electric
Corp have announced that they will
codevelop flash memories. Under the
agreement, the companies will jointly
develop a 16-Mbit flash memory based
on Mitsubishi’s DINOR cell-structure
technology and a 64-Mbit flash memory
based on Hitachi’s AND cell-structure
technology. The companies will also
consolidate their 16- and 64-Mbit prod-
uct lines.

DINOR and AND feature higher
integration and lower power consump-
tion than NOR and NAND cell struc-
tures, which are currently the most
popular technologies for flash memo-
ries. Although NOR offers 100-nsec
read time and easy erasability, it
requires a large cell size and a 12V
external power supply. In comparison,
DINOR provides a smaller cell size, sin-
gle-power-source operation, and short-
er access times. Hitachi’s AND incor-
porates NAND and NOR; it also
provides smaller cell size than NOR and
NAND; single-power-source operation;
and the ability to erase small blocks
(512 bytes). AND suits nonvolatile-
storage and hard-disk-drive-replace-
ment applications; DINOR suits non-
volatile-storage applications.

The two companies expect the new
technologies to become the de facto
industry standard and are seeking
partners with which to establish a
DINOR-AND Group. One company that
may join the group is SGS-Thomson
Microelectronics, Europe’s second-
largest semiconductor company, which
already has an alliance with Mitsubishi
for flash-memory development.

—by Fran Granville

Hitachi America Ltd, Tarrytown,
NY, (914) 333-2902. Circle No. 502

Mitsubishi Electronics America Inc,
Sunnyvale, CA, (408) 730-5900.

Circle No. 503

SHORTS

Correction. “News Breaks” (EDN, |
January 6, 1994, pg 15) provided an
incorrect phone number for JTAG
Technologies, the Dutch company
that recently acquired Fluke Corp’s
boundary-scan test business. The
correct information is JTAG Tech-
nologies BV, Eindhoven, The
Netherlands, 31-40-785739, fax 31-
40-785104. Circle No. 504

Rochester Electronics to offer
discontinued Intel ICs. Rochester
Electronics has signed an agree-
ment with Intel Corp that lets
Rochester sell discontinued Intel
parts. The agreement gives
Rochester access to current and
future discontinued products, tool-
ing, and processes for Intel’s mili-
tary and commercial ICs. Rochester |
Electronics Inc, Newburyport, MA,
(508) 462-9332. Circle No. 505

Conference issues call for DSP
papers. The fifth International
Conference on Signal Processing
Applications and Technology,
scheduled for October 18 to 21, 1994,
in Dallas, has issued a call for
papers. Topies include DSP
machines, software, and technolo-
gy; instrumentation and testing; |
speech processing; virtual reality; |
and more. Abstracts are due by
April 15, 1994. DSP Associates,
Waltham, MA, (617) 891-6000.

Circle No. 506

Motor uses high-temperature
superconducting coils. Reliance
Electric Co has demonstrated a
high-efficiency motor using Ameri-
can Superconducting Corp’s high- |
temperature superconducting wire. |
The motor offers 3730W output |
power, and the coils rotate at 1800
rpm, compared with the Reliance’s |
earlier prototype, which had station- |
ary coils and 1490W output power.
Reliance Electric Co, Cleveland,
OH, (216) 266-5809. Circle No. 507 |
American Superconductor Corp, |
Westborough, MA, (508) 836-4200. |
Circle No. 508 |
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Scope accessory catalog.
This free, 16-pg, color cata-
log describes multimeter
leads; connector adapters;
and scope, differential, and
active probes. Test Probes
Inc, San Diego, CA.

Circle No. 509

Data sheet for supplies.
This color data sheet de-
scribes five single- and mul-
tiple-output supplies that
produce as much as 165W.
American Reliance Inc,
Arcadia, CA. Circle No. 510

Signal conditioner specs.
A 2-pg data sheet describes
a stackable power supply
that accepts charge and
voltage inputs and a stack-
able charge amplifier that

LITERATURE

includes filters. Scantek
Inc, Silver Spring, MD.
Circde No. 511

Catalog lists PLL mod-
ules. A 32-page catalog lists
hundreds of standard mod-
ules that collectively cover 5
MHz to 3.5 GHz. The cata-
log includes dimensioned
outline drawings and a form
for obtaining a quote on a
custom unit if no standard
unit meets your require-
ments. Free. RF Prototype
Systems, San Diego, CA.
Circle No. 512

Brochure covers IC test
system. A 6-pg full-color
brochure describes a test
system for VLSI ICs that
incorporate such design-

for-test methodologies as
Ipq Scan, and built-in self
test. The system tests
devices with as many as 768
pins. Micro Component
Technology Inc, San Jose,

CA. Circle No. 513

Catalog on interconnect
products. A 260-pg catalog
describes more than 10,000
products, including acces-
sories for in-circuit emula-
tors, programmers, and logic
analyzers. Free. EDI Corp,
Patterson, CA. Circle No. 514

Guide describes bioelec-
tric measurements. The
Axon Guide covers topics in
neuroscience, cardiovascu-
lar research, and plant
physiology research. It cov-

ers such subjects as data
acquisition and how to min-
imize noise in laboratory
setups. Axon Instruments
Inc, Foster City, CA.

Circle No. 515

Book lists industrial I/0
products. This 96-pg free
catalog describes such items
as ADC boards and arbi-
trary-waveform generators.
Industrial Computer Source,
San Diego, CA. Circle No. 516

Tutorial on scope probes.
This 36-pg illustrated book-
let explains probing basics
and how to select scope
probes. It also contains a
glossary. Free. Tektronix
Inc, Beaverton, OR.

Circle No. 517

Intergraph ships
Windows NT-based
design system

Intergraph Corp, the largest indepen-
dent application site for Microsoft’s
Windows NT operating system, is now
shipping the VeriBest Design System
for Windows NT. The software pro-
vides an integrated system comprising
a schematic editor, a state-diagram edi-
tor, an online electrical-rules checker,
an automatic Verilog or VHSIC hard-
ware-description-language generator,
a Verilog simulator, and a graphical
logic analyzer. The complete VeriBest
Design System software costs $22,000.
Unbundled design software costs from
$3500.—by Doug Conner

Intergraph Corp, Huntsville, AL,
(800) 837-4237. Circle No. 518

IEEE 802.12 accepts
HP draft spec

Hewlett-Packard Co has announced
that the IEEE 802.12 working group

14 = EDN February 17, 1994

voted to accept HP’s Demand Priority
protocol (100VG-AnyLAN) draft spec-
ification, which HP submitted at the
IEEE 802.12 interim meeting on Janu-
ary 17 to 19 in Austin. The specification
includes Token Ring additions IBM,
Proteon, and Texas Instruments pro-
posed.

HP believes this brings the IEEE
802.12 working group one step closer to
final approval of a draft standard for
transmitting Ethernet and Token Ring
information at 100 Mbps. To ensure
Ethernet and Token Ring frame com-
patibility, the IEEE 802.3 (Ethernet)
and IEEE 802.5 (Token Ring) commit-
tees each have assigned two voting
liaisons to the IEEE 802.12 working
group.

HP’s 100VG-AnyLAN provides
users with standard, compatible, and
affordable 100-Mbps performance to
desktops using Ethernet or Token Ring
frames. The Demand Priority protocol
supports all of the network design
rules, topologies, and cable types of
10Base-T and Token Ring, and it gives
users an easy and economical upgrade
to higher performance.

—by Fran Granville

Hewlett-Packard Co, Palo Alto, CA,
(415) 857-1501. Circle No. 519

ATM network-interface
card runs on PCs

In response to increasing demand for
Asynchronous Transfer Mode (ATM)
communications, Newbridge Microsys-
tems has expanded its Openbus Com-
munications product line by introduc-
ing an ATM network-interface card for
standard EISA-based PCs.

The NM 121 ATM adapter operates
on PCs running Novell NetWare, Net-
Ware Lite, Microsoft MS-DOS, and
Microsoft Windows. It also complies
with NetWare servers and PC clients.
The NM 121 ATM adapter supports up
to 100-Mbps throughput over multi-
mode fiber; it complies with ATM
Forum specifications; it provides com-
prehensive remote management using
SNMP; and it accomodates industry-
standard protocols including IPX and
TCP/IP.—by Fran Granville

Newbridge Communications, Ot-
tawa, ON, Canada, (613) 591-3600.

Circle No. 520



THE DESIGN

CENTER FAMILY
OF PRODUCTS—

The Design Center provides the building blocks to

form the foundation for your custom desktop EDA
system. Whether your needs are analog, digital, or mixed
analog/digital, the Design Center has a configuration

for you. Each product stands on its own strengths,
providing you with the most advanced technology for
completing the task for which it was designed. Used | CRS————
in any combination, they form a powerful, tightly '

integrated development environment. To build your
custom EDA system, select from the following:

TECHNICAL

SCHEMATIC ENTRY

Schematics provides graphical circuit editing and a
complete symbol library of over 9,000 devices. All
Design Center functions are centrally managed from
within the schematic editor, thus streamlining the
design of your circuit. Layout netlists can be generat-
ed and used as input to CADStar, PADS, P-CAD,
Protel, or Tango board layout packages.

CIRCUIT SIMULATION

Includes analog behavioral modeling, Monte Carlo
and sensitivity/worst-case analyses, graphical wave-
form analysis, stimulus generation, device characteri-
zation, analog and digital libraries of over 9,000
devices, and digital worst-case timing. With PSpice
(analog), PLogic (digital), or PSpice A/D (mixed ana-

log/digital), you are getting the accuracy and reliabili- Nou cans connton
ty that MicroSim Corporation has always maintained. the Design Center for

functionality, reliability, and
PROGRAMMABLE I—_OG!C SYNTHESB. performance. as well as MicroSim’s
PLSyn combines device-independent, mixed-level commitment to provide the best in desktop EDA. For
design capture, efficient min-max timing simulation, more information about the Design Center
optimized logic synthesis, and automated goal-and- EDA system, call toll free at
constraint directed device selection. PLSyn can even
automatically partition a large design to fit in several (800) 245-3022 or FAX at (714) 455-0554

different types of programmable devices. PLSyn pro- v
vides designers who are new to programmable logic,

as well as the experienced programmable logic

designers, with the best route to an efficient, error-free ﬁ MiCl‘OSim Corporation

design ever available in the desktop EDA market. Providing the Best in Desktop EDA

20 FAIRBANKS * IRVINE, CA 92718 » USA « (714) 770-3022
S'GNAL INTEGRITY ANALYSIS ™ (800) 245-3022 « FAX: (714) 455-0554 « BBS: (714) 830-1550
Polaris automatically extracts parasitics from board

layouts and applies transmission line, parasitic capaci- THE MAKERS OF PSPICE
tance, and coupling values, back to the circuit. After : = ,
simulation, the circuit’s behavior can once again be ¥ -Ln-'ag ] ,\/\!/
verified, comparing waveforms showing the effects of L/\{ r" ! J\(
crosstalk, reflection, and delay, to the ideal waveforms. " . -— - .

SCHEMATIC MIXED-SIGNAL DIGITAL ANALOG SIGNAL PROGRAMMABLE
CAPTURE SIMULATION SIMULATION SIMULATION INTEGRITY

LOGIC
SYNTHESIS

Design Center and PSpice are registered trademarks of MicroSim Corporation. Al other trademarks are the property of their respective owners.

« Circle No. 150 for IBM e« Circle No. 151 for Macintoshe  Circle No. 152 for SPARCstation
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At Toshiba, we sell more memory products than National Semiconductor, Samsung and others, we're

anyone else in the world. helping take technology to places never before dreamed
Anyone. possible — while standardizing it for everyone’s use.
An achievement we're justifiably proud of. All of which translates into more than just the indus-

And why no matter try’s most expansive line

of memory products.

where you look, you'll

find our DRAM, SRAM, It means consistent

Rambus DRAM H i§h S%ed NAND EEPROM Stand%gﬁpeed
. RA S
Non-Volatile products LY

anyone else. 16 Mb MROM 2MbVRAM IMbx 16 DRAM  Memory Cards from a long history of

supply, due to huge

and Memory Cards manufacturing capabilities.

in more places than Performance advantages,

Naturally, we're in all types of computers, from PCs  technological innovation and product quality. Reliable

to workstations, minis to mainframes, Personal Digital alternate sourcing. And the kind of customer service,

Assistants to supercomputers. financial strength and overall stability you'd expect from
But our influence extends much further. one of the world’s largest corporations.
To laser, dot matrix and color thermal printers. That’s why more companies the world over depend

on Toshiba for memory. And

memory, were in all the right places. [ESt——_——_-G—

important place of all — first.

Modems and digital switches. Handheld instruments. For more information, or a free product guide, just
Consumer products like mobile phones, faxes and call 1-800-879-4963.
copiers. Even automobiles and electric vehicles. Then follow the lead of systems manufacturers
And thanks to strategic partnerships with worldwide.
companies like IBM, Motorola, Siemens, Rambus, And commit our name to memory.
In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Please call me, Circle No. 108

©1993 Toshiba America Electronic Components, Inc. Send more information, Circle No. 109 MST-93-139



Definition: noun.

Saram (So-ram’)

1. A new innovative Sequential Access/Random Access Memory
chip from IDT. 2. The combination of a FIFO and Dual-Port memory on one chip.

3. A real estate saving chip that makes your life easier. 4. The fastest and largest Multi-
Port SRAM in the semiconductor industry.

Address Lines

Control Lines

Command
Register Control

Data Lines

Clock

Reset

/ Control Lines

Pointer/Counter
Control

/= Data Lines

/2 End of Buffer
Flogs

IDT defines your next specialty memory!

A Combination FIFO and Dual-Port
IDT’s innovative new SARAM" com-
bines the advantages of a synchronous
FIFO and dual-port SRAM in one
chip. It offers the functionality of a
bidirectional synchronous FIFO on
one port and the asynchronous ran-
dom access capability of an SRAM on
the other while maintaining a true
dual-port’s ability to simultaneously
access data in a given memory cell
from either port.

Configurable Buffer

The 8K x 16 SARAM is comparable to
the largest dual-port available, so large
packets of data can be transported in

SARAM is a trademarx of Integrated Device Technology, Inc.

applications such as telecommunica-
tion switches, bridges, and routers.
SARAM’s large configurable buffer
allows designers to customize the buffer
size on-the-fly for each application.

25ns Access Time

IDT’s SARAM allows memory accesses
as fast as 25ns on either port. At top
speed with both ports active, SARAM
consumes as little as 1.5W of power;
when idling, SARAM consumes as little
as 25mW. Best of all, SARAM is pack-
aged in a low-profile 80-pin TQFP
package, so you save significant board
space both in part count and package
size.

(800) 345-7015 FAX: 408-492-8674

ASK FOR KIT CODE 7071

Free Pocket Dictionary

Call or FAX us today and receive a free
pocket-size Webster’s dictionary and
bookmark, SARAM data
sheet, application
note and a sample
request card so you
can begin designing
with IDT’s innovative
SARAM dual-port
memory now!

\ =

NG

Integrated Device
Technology, Inc.

N
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Correct the spec

In the new-product writeup for the
LT1413 dual single-supply op amp
(EDN, November 11, 1993, pg 122), you
describe the op amp as having a maxi-
mum supply current of 480 mA/amplifi-
er; in fact, the supply current is 1000
times lower than that: 480 wA/amplifi-
er. Its drift is 0.5 wV/°C, rather than 0.5
rC/°C. Please alert your readers.

Ron Denchfield, Public Relations
Linear Technology Corp

Milpitas, CA

Equation corrections

Thank you for publishing my article,
“Relative-phase modeling speeds Spice
simulation of modulated systems”
(EDN, November 11, 1993, pg 91).
Unfortunately, several errors appeared
in the equations; the inconsistent math
may confuse readers.

e In Fig 1b (pg 92), the signal coming
from the left-most summer should
be labeled ®,

® Eq 2 (pg 93) should read v (t)=
sin(0,(t)+6,(t))=sin(ot+O,(t))

® The equation just below Eq 2 (pg 93)
needs an = just after ©(t)

® Near the end of the first paragraph
on pg 94, f; should be ®,

® Also on pg 94, in the lower right cor-
ner, the first three of the four equa-
tions were typeset as w@-1t but
should have read w,t; the fourth of
these equations should have a ) just
before the =

e Finally,in Fig 3 (pg 94), the last sig-
nal’s label should be &,.

John Kesterson, Sr Engineer
Mitsubishi R&D Center
Nevada City, CA

Innovation is thriving

I cannot resist commenting on your edi-
torial “Innovation is where you find it”
(EDN, November 25, 1993, pg 33). It
seems to me that you are making a
“left-brain” analysis of your friend’s
“right-brain” comment. Is innovation
dead? Of course not. We in the United
States are as innovative as any group on
earth. One serious problem, however, is
that our business and political philoso-
phy is not tuned to searching out and
rewarding innovative ideas. Perhaps
you have noticed, however, that the
Japanese do just that.

And now for a specific suggestion:
Because so few technical magazines
pay much attention to patents, how
about publishing a 1-pg feature on elec-
trical patents granted? For example,
you might try a review of a publication
such as “NASA Tech Briefs.”

Wayne E Hough
President, Kryptos Corp
Mukilteo, WA

Motorola photo lacks text

At the bottom of pg 24 of our “Have a
high-tech holiday” feature (EDN,
December 9, 1993), we ran a photo of a
Motorola evaluation board but printed
the wrong product writeup under it.
Motorola’s hands-on kit includes the
fully assembled bar-graph pressure-
gauge evaluation board, an application
note, a sensor brochure, two data
sheets, a sensor slide rule, and a sensor
pocket conversion card. You need only
apply pressure to the MPX2100 pres-
sure sensor to interface with digital
systems. The kit costs $75. Phone (800)
441-2447 and ask for KITDEVB147/D.

Experiment with floor planning

Regarding Doug Conner’s Technology
Update “ASIC design tools: Submicron
technologies require floor planning”
(EDN, September 2, 1993, pg 61), I
would like to share some experience
with floor planning vs flat placement
and wiring.

We designed several CMOS proces-
sors and I/O chips in an IBM 0.8-pm
CMOS technology and compared these
designs using a flat-vs-floor-planned
approach. The following specs show the
complexity of a typical design:

e 12.7-mm chip size

343,200 available GA/SC cells

330,836 (96%) used GA/SC cells

13 macros

34,935 used circuits

3200k transistors.
I agree that flat layout without a tim-
ing-driven approach is likely to result in
a poor cycle time, but we’ve seen that in
the case of a timing-driven place and
route, the flat version is superior to the
floor-planned version. (Timing driven
in this case means that we automatical-
ly generate upper bounds for the wiring
length of each net and use this informa-
tion to drive the placement and wiring.)

To show the strength of this

LCD Proto Kit

Everything you need to
start your LCD application
.... create complex screens
in just a few hours!

240 x 64 Kit provides

pixel serial inter-

Supertwist | face to IBM

LCD ! PC for quick

mounts prototyping.

directly Board also

onto supports

CYB003 displays up

proto- to 240 x 128

typvng pixels.
board.

Interface to

6 soft keys or

4 x 4 key matrix.

Dial 0-25k

ohms for LCD

contrast.

The
CY325
LCD
Windows
Controller
provides
parallel or
serial high-
level control
of Instrument-
size LCDs. Up
to 256 built-in
windows support
window-relative
text, bargraphs,
waveforms, and
plots. Text and
graphics are main-
tained in separate
planes, facilitating
special effects.

Wirewrap
area for
custom
circuitry
or back-

light. £

B

Complete User
serial jack for Manual included.
RxD, TxD,

CTS, and 5Pin  Alternate Add your own 8051
GND, plus Power Power CPU for stand
2 spares. DIN. Connector.  alone operation.

Kit also includes:

Power suppl'y provides +5v and Gnd for
board, -12v for LCD,
and + 12v spare.

Sample routines in
8051 Assembler
and QuickBasic.

LCD Paint™ for
creating your own

graphics

images.

4-wire
RJ11 style §
cable with
DB25F
connector
for your IBM PC.
$495 - Kit Demo routines
: reprogrammed
Popular LCD Starter Kit. R aa751 far
immediate
gratification.

(GO | BEA] (i
(8595 pre-assembled & tested)

*The CY325 CMOS 40-pin DIP and 44-pin
PLCC LCD Controller IC are available
from stock @ $75/singles, $20/1000s .

CyberneticMicroSystems

Box 3000 e San Gregorio CA 94074
Tel: 415-726-3000 @ Fax: 415-726-3003
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Table 1—Postlayout timing analysis
(cycle time with zero wiring set to 100)

Cycle time Number nets with Floor plan Timing-driven
negative slack place and route
129 3556 No No
113 2096 Yes No
114 889 Yes Yes
109 571 No Yes

approach, we calculated the possible
cycle time with zero wiring length for
each net; we used only the capacitance
of the inputs of the next stage driven by
the net as the actual net capacitance.
This yields a theoretical lower bound
for the possible cycle time. For this
example, we've set this lower bound to
100 and used this as (an unreachable)
target for layout.

The results (see Table 1) show the
possible cycle times for each of the four
possible combinations of flat/floor-
planned and timing driven/nontiming
driven. Column 1 shows the number of
nets that do not satisfy the timing
requirements; reducing this number

makes the job of incremental logic
change (to improve cycle time) much
easier.

“Submicron technologies require
floor planning” is true for the nontim-
ing-driven approach, but for the tim-
ing-driven approach, the flat version is
superior. In this case, the actual cycle
time is only 9% above the theoretical
lower bound of wiring length zero.

We obtained similar results for sev-
eral test cases and are now using flat,
but timing-driven, layout for all of our
production chips. Due to very fast
place-and-route algorithms, the turn-
around time is two to three days.

This is not to say that some type of

SIEMENS

For the finest components,
call toll free .

Siemens Components, Inc., Special Products Division

Capacitors/RFI 800-888-7729
Ferrites: 800-888-7728
Thermistors: 800-888-7728
Varistors/

Surge Protectors:
Saw Products:

Microwave

Ceramics: 800-888-7728
Switches/

Connectors: 800-888-7728

800-888-7728
800-888-7728

SPD-1
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early floor planning and feedback of the
estimated net length to synthesis isn’t
useful, but even in this case, I suppose
that not using the floor-plan boundaries
in the final place and route improves
timing. Probably, a combination of both
approaches is preferable.

Dr Jiirgen Koehl

IBM Deutschland Entwicklung GmbH
Boblingen, Germany

Review of “Hands On!”

I am a very satisfied user of Byte Craft’s
Fuzz-C preprocessor, which you covered
recently in your “Hands On!” column
(EDN, December 9, 1993, pg 223). Most
recently, I used it in an embedded con-
troller based on a Motorola 68HC11 and
was pleased with both the performance
and code size of the fuzzy-logic functions.
I am currently using a beta version of the
preprocessor, which incorporates some
of the upcoming improvements—specifi-
cally the use of variables in LINGUIS-
TIC and CONSEQUENCE blocks. I feel
strongly that tools, such as Fuzz-C, that
generate standard C code have much
greater utility than those that produce
assembly language for one (family of)
microprocessor.

I am puzzled by David Brubaker’s
comments toward the end of the review.
He suggests an improvement to Fuzz-C
would be “...a Windows icon with which
a user could open and execute Fuzz-C.”
Most Windows users know how to cre-
ate an icon or a PIF file to run a DOS
application from Windows. The process
is relatively simple and takes just a few
minutes. I am really amazed, however,
by the statement that the author “had
to...temporarily exit Windows, run
Fuzz-C under DOS, and then reenter
Windows to compile and debug.” Even a
novice should be able to open a DOS
window and run Fuzz-C without leav-
ing Windows!

Overall, the review was thorough and
accurate, and I encourage EDN to pre-
sent more articles and reviews of
embedded-systems development tools.
Eric B Schuyler
EBS Consulting
Snyder, NY




When 1t comes to performance,
packaging and price, our references
are mpeccable.

Intmduc the AD780. The world’s best performing 2.5V reference.

When it comes to voltage references, the AD780 is truly superlative. It's the highest precision 2.5V volt-
age reference on the market. In fact, with its temperature coefficient of 3ppm/°C and initial accuracy of
1mV, no other voltage reference comes close to its performance over the industrial temperature range.
It has by far the lowest noise in its category and at just $5.50 (in thousands) for the B-grade and $3.30
(in thousands) for the A-grade, it’s also the lowest priced. But the AD780 isn’t merely superlative, it's
completely unique. It's the only reference capable of providing either a 2.5V
or 3.0V output while maintaining the industry standard pinout.
Incidentally, the AD780 also offers the versatility of being available in
industrial grade, surface-mount packaging. All of which means if you're
seeking a truly superlative voltage reference, the AD780 is one reference

you should check. So call us at 1-800-ANALOG-D (262-5643) for a free ANAI-OG
sample and datasheet or write to us at the address below. DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106.
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Introducing the new EPLDs from Xilinx.
Because products for the next generation
shouldn’t be designed with parts from the last.
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When it comes to design
engineering, you only have
two choices.

Make history.

Or become history.

So while we have nothing
against PALs or TTL, may

©1993 Xilinx, Inc., 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401; Japan, 81 (3) 297-9191; Asia, 852 (3) 721-0900

we suggest something a bit
more up to date?

Something that’ll meet
the hurry-up-get-it-out-first-
and-make-it-smaller-and-
faster-with-more-features
demands of a whole new

0 18w 2014195 © 51 uvduwior) 30} apqruImEF01g 9| Puv ‘YavWA} a1 © 1 xuipry

21 10 $Y4PWAPE] JAI0 [[y “Iu] ‘X

4
&
B
H
-3
]
5

CIRCLE NO. 121

generation of products.
Like the new EPLDs
from Xilinx
Our XC7300 family can

boosts logic performance.
In addition, our 7300s

are the only EPLDs in this

day and age with built-in

Xilinx EPLD Benchmarks

Arithmetic Logic

Units (ALUs, for

State Machine 83 Ml

12| short),soyoucan

Counter 100 M

Hz | build adders, accu-

16 bit Accumulator

51 MHz

mulators, and com-

Memory Decoder 10nS

parators, easily.

Our EPLDs have short pin-to-pin delays. So they're

fast. And since they act just like PALs, your ¢
time is cut down to practically no time.

do everything your PALs
or discrete logic can do and
then some.

In less space, faster, and
with less power.

Just one Xilinx EPLD,
for instance, can integrate
dozens of devices, very, very
quickly. With interfaces
for ABEL CUPLY and
PALASM," and software
that directly converts

and optimizes PAL
files, you can use every-
thing you've ever learned.

And just consider what
you'll get to work with:
terrific speed, totally
predictable timing, and
guaranteed 100% routing,
thanks to our thoroughly
modern Universal Inter-
connect Matrix™"

This latest advance
allows you to engineer even
the most complex functions,
which along with higher
product term utilization,

Since they also
let you incorporate
higher level sys-

lesign

tem functions, our EPLDs
are perfect for everything
from simple controllers
to complex synchronous
state machines.

You can count on a

bright future, too.
Because we're the only
company with

Ly,
ny

asimple,
straight-for-
ward upgrade
path to FPGAs.

So call our
24-hour literature
hotline at 800-231-3386 for
a copy of our new PAL
Conversion Guide and the
name of the Xilinx rep-
resentative nearest you.

Because the times they

are a’changin. And it pays
to stay ahead of them.

S XILINX

The Programmable
Logic Company.™
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Jesse H. Neal

Editorial Achievement Award
1990 Certificate, Best Editorial
1990 Certificate, Best Series
1987, 1981 (2), 1978 (2),
1977, 1976, 1975

American Society of
Business Press Editors Award
1991, 1990, 1988, 1983, 1981

EDN-EDITORIAL

Let's get physical (again)

In the days before the world went digi-
tal, electrical engineers dealt with phys-
ical reality. In fact, their design prowess
depended heavily on their ability to sub-
jugate various physical laws armed with
little more than a slide rule and a book
of engineering formulas. Then came
BRI EDTE SHTEL,, SUHL, ECL, TTL;
CMOS, and a host of other abbreviations
all translating to one word: digital. Dig-
ital electronics threw a lot of physical
reality out the window.

For example, in the TTL domain, 2
and 5V mean the same thing. Ditto 0
and 0.5V. Face it; things were sloppy in
the digital realm, and we loved it.
Recently, Isadore Katz of Meta-Soft-
ware came by to tell me something that
I already knew: The party’s over.
Physics has returned to electronics.
Speeds have increased, and geometries
have shrunk to the point where para-
sitics now have a substantial effect on
digital circuit operation.

Katz specifically talked about circuits
in deep submicron ICs, but the same is
true at the board level. You can’t build
leading-edge, 0.35-p.m ICs without seri-
ously sparring with physies, and you
can’t plop a 200-MHz pP with its sup-
port circuitry onto a pc board without a
similar analysis. If you want to compete

in today’s market, you're sooner or later
going to have to work with deep submi-
cron ICs and high-speed pec boards.

In the micron realm, IC designers
have been simulating circuit perfor-
mance for many years. However, to save
time, IC circuit simulation has general-
ly coupled linear or piecewise-linear
approximations with lumped parasitic
elements. Not any more. At 0.35 um,
approximations won’t get you close to
the theoretical maximum clock speeds
of the silicon. To really exploit advanced
IC-fab processes, you've got to get phys-
ical, and that means simulating the real
circuit phenomena. Likewise, the era of
pc-board design using Kentucky
windage has ended; parasitics rule.
Wide 64-bit, 200-MHz P buses present
just as many pitfalls as deep submicron
ICs.

While Katz's mission was to point out
how important his company’s HSpice
simulator will become for deep submi-
cron IC design, his message really has a
much broader scope. No matter which
type of design you're doing, if you want
to compete, you'd better dust off your
physics and sharpen your simulation
skills. This time around, however,
you're better off leaving the slide rule in
its glass display case.

4

Steven H Leibson
Editor-in-Chief

Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System
at (617) 558-4241, 300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and

select W to write us a letter.
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Fast IMHzt PWMs Control
The Current Standard

Low start up current

Accurate oscillator frequency
Leading edge blanking

High current totem pole outputs
Latched fault logic

Full-cycle soft start

Restart delay after fault

High GBW error amplifier
Active low outputs during UVLO
Advanced undervoltage lockout

from Unitrode with the UC3823A and
UC3825A. Offering the highest speed and
greatest protection, these PWMs also eliminate

the need for numerous external components.

Rise above the undertow of mediocre performance and
take your designs to a higher level with the leader in PWM
technology. For literature and free samples contact your

® & 6 6 6 6 O O 0 o

Unitrode Representative or call:

e (603) 424-2410
INTEGRATED
= : : CIRCUITS
7 Continental Boulevard, Merrimack, NH 03054

15750 VN 2901 FAX (603) 424-3460 == UNITRODE
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If speech is the mir-
ror of the soul, then
many of today’s
commercial products
will reap their just
rewards. Matura-
tion of speech-com-
pression coding
algorithms is allow-
ing almost every
new device to talk,
make avdio sounds,
and even recognize
a human voice.

EDN-TECHNOLOGY UPDATE

SPEECH-PROCESSING ICs

Speech-synthesis
and -recognition chips
personalize consumer products

JOHN GALLANT, Technical Editor

Have you ever noticed how virtually every
consumer product you buy these days can
talk to you? Practically every new toy, learn-
ing aid, game, and even some greeting cards
can make audible sounds. In addition, multi-
media computers, automotive warning sys-
tems, appliances, clocks, and equipment for
the handicapped all can talk. At the core of
these talking devices are speech-synthesis
ICs that generate speech from sampled data
stored in memory.

The 1980s witnessed a range of technical
breakthroughs that enable today’s high-
quality talking products. Gone are the early
days of talking computers, which employed
ICs that linked phonemes to generate
speech. Although these products could gen-
erate unlimited speech, the speech was of
very poor quality: At best, it sounded robot-
ic; at worst, it was unintelligible. The tech-
niques that emerged to gen-
erate today’s high-quality
speech are sampled-data
systems that take samples
of an actual human voice.
The systems use data com-
pression for predictive-cod-
ing algorithms.

The two most popular
predictive-coding algo-
rithms for generating
speech are adaptive differ-
ential pulse-code modula-
tion (ADPCM) and linear
predictive coding (LPC).
These algorithms compress
speech samples stored in
memory while retaining
“near-toll-quality” speech.
The CCITT defines toll-

The combination results in a bit rate of 64
kbps for toll-quality speech.

ADPCM has lots of advocates

Oki Semiconductor uses the ADPCM cod-
ing system to compress data in the compa-
ny’s speech-synthesis ICs. ADPCM is a
variant of DPCM, which reduces the
amount of data by quantizing and encoding
the differential between speech-signal sam-
ples. ADPCM adaptively changes the quan-
tization width, depending on the quantiza-
tion width of the previous differential
sample.

Oki offers synthesizers having internal
mask ROM ranging from 128 kbits to 1 Mbit.
The company also offers synthesizers with
one-time-programmable (OTP) or external
ROMs, (Fig 1). The synthesizers have reso-
lutions of 3 or 4 bits/sample and variable

o ol
& 8

EV ;

quality speech as logarith-
mic PCM-coded data at a
sample rate of 8 kHz and a
resolution of 8 bits/sample.

Cassette answering machines are giving way to digital tapeless
answering machines, such as this one from National Semiconductor.
The NS32AM160 contains DSP functions, 25 kbytes of ROM, a codec,
and 2.1 kbytes of RAM to implement the voice-handling algorithms.
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sampling rates from 4 to 16 kHz. A 4-bit
ADPCM synthesizer sampling at 4 kHz
has a compressed bit rate of 16 kbps.
The 4-bit MSM6379 has 512 kbits of
OTPROM, which stores 32 sec of speech
sampling at 4 kHz. The $10 (5000) chip
comes in a 16-pin DIP and has an inter-
nal 12-bit D/A converter and a lowpass
filter. You program the device using a
dedicated programming tool called
Anawriter Mark VII.

Mosel-Vitelic also offers a wide range
of speech-processing chips, largely
designed into products from Asia,
based on ADPCM data compression.
The VTV001 has as much as 256 kbytes
of memory and variable bit ratés from
16 to 32 kbps. The chip also includes a
microphone and a preamplifier for voice
recording and an 8-bit D/A converter
for reproduction.

LPC models the vocal tract

Texas Instruments employs the
other popular coding system, LPC, to
compress data in speech-synthesis
ICs. LPC attempts to model the human
vocal tract. Air from the lungs excites
the vocal tract by moving through the
vocal chords (two small flaps at the
base of the larynx). When producing
voiced sounds such as “a” or “e,” the
vocal chords vibrate to modulate the
air from the lungs, thus producing
nearly periodic pulses of air. The pitch
period determines the sound pro-
duced.

EDN-TECHNOLOGY UPDATE

Looking ahead

Speech-synthesis technology has matured through the 1980s and the 1990s. As
a consequence, you can purchase powerful speech-synthesis ICs today for only
a few dollars or less in OEM quantities. The low added cost of these devices must
appeal to commercialequipment designers because they are including vocal
commands in virtually every product under development.

Even speech-recognition technology has made major advances in the past
decade. Although the most sophisticated voice recognizers require a computer
with megabytes of memory, voice-recognition products designed around DSP
chips or embedded processors are powerful subsets of this technology. These
speakertrained devices store a variety of utterances and achieve accuracies
greater than 90%, even in the presence of automobile noise. You can expect to
see these products in cellular and cordless telephones, handheld personal digi-
tal assistants, digital answering machines, and a variety of voice organizers,
such as memos, calendars, and to-do lists. '

Besides the voiced sounds, generat-
ing speech also requires the use of
unvoiced—or noise—sounds, such as
“s.” Turbulent air passing through the
open vocal tract produces unvoiced
sounds. Above the vocal chords are the
pharynx and the oral and nasal cavities,
all of which shape the spectrum of the
sound. The frequency response of the
vocal tract is similar to a tube with con-
stant diameter, which has a number of
resonances, or formants.

TT’s TSP50C1x family combines an 8-
bit pP, a speech synthesizer, ROM,
RAM, a D/A converter, and I/0 inter-
face ports on a low-cost chip. The chip’s
LPC model imitates the human vocal
tract. The model extracts parameters
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Fig 1—The MSM6378A chip from Oki Semiconductor is an ADPCM voice synthesizer having
256 kbits of OTPROM. At a 4-kHz sampling rate, the chip stores as much as 16 sec of speech.
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from sampled speech to create two exci-
tation generators that model the vocal-
chord restrictions for voiced and
unvoiced sounds. The model has a gain
multiplication stage to model levels of
pressure from the lungs and a 12-pole
lattice filter that models the shape of
the oral cavity. Because the filter has 12
poles, TI calls it LPC-12 (Fig 2).

Because speech changes slowly, the
wP accesses parameter samples from
memory in frames that are generally 10
to 25 msec long. The device calculates
the input parameters to the model as an
average of the parameters for the entire
frame. The resulting compressed bit
rate is effectively 1.5 kbps. The TI
devices offer five sizes of internal ROM
ranging from 4 kbytes (capable of pro-
cessing 14 sec of speech) in the $0.85
TSP50C04 to 32 kbytes (capable of up to
3 minutes) in the $2.30 TSP50C19.
Because the devices are mask pro-
grammable, they are available only in
minimum-quantity orders of 50,000
units.

TI recommends that external
speech-coding services perform speech
development for the company’s speech-
synthesis chips. One external speech
developer is Robert Jeffway, who has
coded a host of toys and commercial
appliances using TI's development tools
for speech analysis. You can contact
him in Leeds, MA, at (413) 584-0491.

Toys and games

ESS Technology offers the Sound
Magician line of speech- and sound-syn-
thesis chips for the toys and game mar-
ket. The playback-only chips cost $0.50
to $2 in OEM quantities. A customer



SONY

Visuarize What Your PC Can Do,

Video communications will be the hottest selling [eature of tomorrow's PC's. The ingredients for which are
available right now in packages as small as 1/4". Just add an optical system to Sony's CCD and supporting Chip
Set for a first rate, on-board camera featuring high-quality Hyper HAD" technology. Formats are NTSC/PAL color

and EIA/CCIR B&W. Supporting IC's for the CCD operating system include video signal processors in either
color or B&W. Plus you get Sony's acknowledged expertise in video processing, just by calling 1-800-288-SONY.

It's a nice arrangement: We make the chips, you make the history.

Edit Maode Filter Select Window

Uideo Communications (CMYK, 1:1)

{

©1993 Sony Electronies Inc., Sony and Hyper HAD are trademarks of Sony. Sony has a large
selection of other CCD's available for immediate application in medical video cameras, surveillance
cameras, 2D barcode readers, machine vision and B&W object or character recognition systems.
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supplies a recording of the desired
speech and sound, which the company
samples and stores in an on-chip ROM.

In addition, ESS supplies three chips
that generate speech and sound for PC
applications. The chips employ ADPCM
or a patented ESPCM compression cod-
ing algorithm. The chips are register
compatible with Creative Labs’ Sound
Blaster board. The $12 ES488 creates
all of the speech and sound of a Sound
Blaster board, except music synthesis.

The recently introduced $18 ES1488
is socket compatible with the ES488
and includes on-chip music synthesis.
The $20 ES688 is a 16-bit stereo chip
that features 44.1-kHz sampling for
recording and playback of CD-quality
music. All of the chips interface with
the ISA bus and have drivers for Win-
dows and the Windows Sound System.
The chips’ audio-application software
includes an audio recorder, a talking
clock, a calculator, and a volume con-
trol. In addition, the chips run on 3.3 or
5V and have power-management fea-
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Fig 2—T1I's TSP50C1 x family of LPC voice synthesizers model the human vocal tract. Two
generators for voiced and unvoiced sounds drive a digital filter, which models the human

oral cavity.

tures for adding sound to portable com-
puters.
National Semiconductor’s NS32AM160

For free information...

For free information on the speech-processing products discussed in this article, circle the
appropriate numbers on the postage-paid Information Refrieval Service card or use EDN's
Express Request service. When you contact any of the following manufacturers directly,
please let them know you read about their products in EDN.

Analog Devices
Norwood, MA
(617) 329-4700
Circle No. 320

AT&T Microelectronics
Allentown, PA

(800) 372-2447

Circle No. 321

Centigram Communication Corp
San Jose, CA

(408) 944.0250
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Dragon Systems
Newton, MA

(617) 965-5200
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Fremont, CA

ES]O) 226-1088
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Information Storage Devices
San Jose, CA

(408) 452-8700
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Mosel-Vitelic
San Jose, CA
(408) 4330952
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National Semiconductor Corp
Santa Clara, CA

(800) 272-9959
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Oki Semiconductor
Sunnyvale, CA

(408) 720-8940
Circle No. 328

Texas Instruments
Denver, CO

(800) 477-8924

Circle No. 329

Vocal Inc

Palo Alto, CA

(415) 3235613

Circdle No. 330
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Please also use the Information
Retrieval Service card to rate this
article (circle one):

High Interest 592
Medium Interest 593
Low Interest 594

Super Circle Number
For more information on the
speech-processing products avail-
able from all of t?we vendors listed
in this box, you need only circle
one number on the postage-paid
reader service card.
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and NS32AM161 chips are members of
the 32-bit Series 32000/EP family of
embedded system processors. De-
signed for digital answering machines,
the $18 (10,000) chips can also replace
microcassettes in dictation machines.
The processors integrate the functions
of a DSP chip and a system controller.
The DSP function compresses and
decompresses data using sub-band cod-
ing or LPC algorithms.

The processors can execute instruc-
tions from on-chip or external ROM. In
addition, the chips can detect and gen-
erate DTMF tones and provide voice
recognition. National supplies the
NSvoice algorithmic software to exe-
cute the DSP, compression/decompres-
sion, DTMF, and tone-generation func-
tions.

Information Storage Devices (ISD)
provides a different twist to recording
and playback devices for short (10 sec
or less) speech applications. The $5.48
(1000) ISD1100 series stores analog
signals directly in single cells as one of
256 levels. Each device provides an
oscillator, a microphone preamplifier,
automatic gain control, a smoothing fil-
ter, and a speaker amplifier on one
chip.

Because the ISD chips provide ana-
log storage, they don’t require A/D or
D/A converters. ChipCoder technology
lets you record and rerecord as much as
10 sec of audio without using a special
programmer. You can play back the
sound through a small external speak-



Condor’s

Global Performance*
switchers offer
continuous range input,
full agency approvals
and more.

Our Global Performance switchers
give you top performance and

full agency approvals, including
UL1950, CSA22.2 No. 234 Level 3,
IEC950, EN60950, VDEO0805
Class B EMI and VDEO0871 Level B
EMI. Medical versions also are
available, approved to UL544,
IEC601-1, CSA234 Level 3 and
VDEQ750.

Global Performance switchers have

| the features you want:
| * 71 models (single- and multi-output)
¢ Industry-standard packages
* 8 power levels (40 to 225W)
e Continuous-input voltage
(85-264VAC)
* OVP on all 5V outputs and
single-output units
e MTBF 100,000 + hours per Mil Hndbk 217E
® 8-hour burn-in with cycling (24 hours on
medical versions)
¢ Computerized testing (data sheets furnished)
® 2-year warranty
* 30-day FREE evaluation (call us for samples)

If you need world class performance, quick
turnaround and competitive pricing, try our
Global Performance switchers — the only
approval they're missing is yours!

Call for our
free catalog,
or see us

in EEM!

=CONDOR

Condor D.C. Power Supplies, Inc.
2311 Statham Parkway

Oxnard, CA 93033

(805) 486-4565 » FAX (805) 487-8911
(800) 235-5929 (outside California)

CIRCLE NO. 77

EDN February 17, 1994 = 31




WE'VE
EXAGGERATED
HOW MUCH
CALCULATING
POWER IS

IN NEW
MATHCAD PLUS 5.0.
BUT ONLY
SLIGHTLY.

ting, and fast
It has a wider
and lets youdo p
metric plotting.

Simply enter equations in real math
notation anywhere in the on-screen work-
sheet. Add text and graphics, display results
in 2-D and 3-D, change variables and
instantly update answers. Then print your
results in presentation-quality documents.

Best of all, Mathcad PLUS 5.0 is more
powerful than spreadsheets or calculators
and easier than programming languages.
And that’s no exaggeration, either.

Mathcad PLUS 5.0 is $299.95*. Call
now for more information, or mail or fax
the coupon below.

Call: 1-800-967-5075Fax: (716) 873-0906

ftour and para-

|FREE MATHCAD PLUS 5.0 |NFORMAT|°N K|T|
| For more |nfurmanon on Mathcad PLUS 5.0,
mail or fax this coupon. a2daz

1
| |
| 1
1 |
: Name Title :
I I
1 = I
1 Company |
| |
1 |
1 Address |
1 1
1 1
1\ ~ |
\ City \
1 |
| = |
I State Zip |
1 1
1 1
LR R ) b J

MathSoft, Inc. P.O. Box 1018, Cambridge, MA 02142-1519 USA
Phone: 1-800-967-5075 ¢ Fax: 716-873-0906
MathSoft Europe, P.0. Box 58, Livingston, UK EH54 7AE
Phone: +44.506.460373 * Fax: +44.506.460374
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er. The chip is at the heart of Hall-
mark’s recordable greeting cards.

Voice synthesis is only half the story.
Many commercial devices can recog-
nize voice commands as well. Because
voice-recognition algorithms are more
complex than synthesis algorithms,
they require the full horsepower of a
DSP chip. AT&T has leveraged its
expertise based on the DSP16A chip to
develop dedicated speaker-trained
voice recognizers for telecommunica-
tion terminals, such as cellular and
cordless telephones. Using ADPCM or
code-excited linear-predictive-plus
coding, the recognizers store com-
pressed speech that achieves bit rates
of 5.2 kbps.

AT&T’s latest offering is a hands-
free voice processor, called the HVP-S,
which provides full-duplex operation of
a cellular phone with no microphone
suppression. The chip, along with two
codecs, memory, and a microcontroller
stores as many as 64 speaker-trained
utterances. The chip allows speed dial-
ing by voice and automatically answers
the phone. The HVP-S with ROM-
coded voice-recognizer software sells
for less than $20 (10,000).

Because Analog Devices sells some of
its DSP chips for less than $10, the com-
pany is actively recruiting third-party
vendors to add speech-processing value
to their chips. For example, Centigram
Communication adds interactive voice
response and text-to-speech value to its
2100 family of DSP chips. You can pur-
chase the product as an adapter card or
as integrated chip sets.

Recently, Dragon Systems and
Analog Devices received a federal
grant to port Dragon’s voice-recogni-
tion software onto one of Analog
Devices’ DSP chips. Dragon will
develop speech-recognition software
to fit available memory and run on a
range of DSP chips for handheld per-
sonal digital assistants and notebook
computers.

Voice recognition for faxes

National Semiconductor offers the
Dispatch family, which includes three
32-bit embedded processors that incor-
porate DSP functions and three periph-
eral controllers. The product permits
the use of a single phone line for fac-
simile and voice communications. It
uses software to switch automatically

ESS Technolog
Creative lab ound Blaster board on a sin-
gle chip. The chip runs on 3.3 or 5V and
offers power-management features.

s ESI488 ICis a complete

between send and receive modes or
between voice and fax modes. Dispatch
uses a set of 25 words to provide speak-
er-dependent voice recognition for con-
trolling the fax and the answering
machine. The lowest configuration of
the family—the 32FX161 processor
plus the 32X100 peripheral controller—
costs $45 (1000).

Vocal Inc adds voice-recognition soft-
ware to TT’s TMS320C25 DSP chip or
National Semiconductor’s 32000/EP
family of embedded-system processors.
The company’s TrueWord software
stores as many as 100 utterances using
a speaker-trained DSP algorithm called
Spectral Fit Coding (SFC). SFC com-
presses sampled audio data to 5 kbps
using a minimum-squared error-fitting
process.

For systems that already have a TI
DSP chip or one of National’s embedded
processors, Vocal supplies TrueWord as
a licensed OEM software product. Oth-
erwise, Vocal offers a 3X6-in. card that
contains a processor, a p-Law codec,
external RAM, and external ROM.
Evaluation units for a TMS320C25
voice computer card cost $1500. Evalu-
ation units for a voice module card con-
taining a National 3200 family proces-
sor cost $500. EDN

You can reach Technical Editor John
Gallant at (671) 558-4666, fax (617) 558-
44/0.

Article Interest Quotient
(Circle One)
High 592 Medium 593 Low 594



he BP-1200 universal
device programmer
leads the industry in
devices supported, pro-
gramming speed, ease of
use and reliability. With
prices starting at $2495,
free software updates,
and a three year limited
warranty,* the BP-1200 is slmpl\ the best (.h()l(,c for
those seeking the biggest bang for the buck!

The BP-1200’s ability to program virtually every
programmable device, including the fastest and largest
PL.Ds, microcontrollers and memories, gives you the
freedom to choose the ideal parts for your next design.
The BP-1200 also supports all package types. Our
full line of interchangeable programming sockets
supports DIP, LCC, PGA, PLCC, QFP, SOIC and
TSOP devices directly.

The BP-1200 is the first programmer that programs
and vector tests devices with up to 240 pins. If you
don’t need 240 pin support yet, you can start with as
little as 32 pin DIP support and upgrade in the field (to
40, 48, 84, 144 or 240 pins) when you need to do so.

The BP-1200 is the fastest universal programmer on
the market. Since the BP-1200 connects directly to your
PC’s printer port, you can program parts in seconds, not
minutes. The BP-1200 reads files directly from your
hard disk or network, so you won’t waste time copying
files to a floppy disk or waiting on a serial download.

The BP-1200’s high speed, high yields and optional
Advanced Feature Software make it ideal for produc-
tion use, whether you are doing medium volume
manual programming or very high volume autohandler
production.

Call today for more information about the BP-1200
and a free demonstration disk!

OEVICE SUPPORT INCLUDES:
® Altera 7000 series
e AMD MACH parts
* Intel 32M bit flash EPROM
¢ Intel FX740 and FX780 FPGAs
e Lattice pLLSI and ispL.SI devices
® Microchip PIC microcontrollers
® Motorola 68HC705 and 68HC711 families
e over 3270 devices from over 66 manufacturers

gy gy Sy N
BPMICROSYSTEMS

BP Microsystems, Inc.

e Houston, TX

*Only on BP-1200s purchased in the U.S. after September 15, 1993. Some restrictions and exclusions apply. Features and specifications subject to change without notice. Call for details.
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High-Bandwidth Computing and Internetworking.
Most FIFOs just aren’t cut out for these applications.
TT’s are.

Texas Instruments FIFOs fit your applications
like they were made for them. Because they are.

High-bandwidth computing FIFOs.
Parallel processing systems 4
using RISC and X86 4&
CPU architectures demand °
reduced latency and increased
data integrity levels. TI's high-
bandwidth computing FIFOs
allow faster transfer speeds
and higher reliability by pro-
viding quick access times,
parity generation and checking
and bidirectional mailbox
registers.

Internetworking 4@
FIFOs. Internetworking i
end equipment such as X
switches, hubs, bridges and
routers provides connectivity
and interoperability between
the various LANs and WANS.
Our internetworking FIFOs
aid in protocol conversion by
incorporating byte swapping
and bus matching features to
control the flow of information.

Why compromise?
These are just a part of TI's application-specific
FIFOs. So rather than compromising with

INSTRUMENTS

High-Bandwidth

Computing FIFO Features

Internetworking
FIFO Features

traditional off-the-shelf FIFOs or custom solutions,
you can buy an application-specific solution.
One that helps you cut design time, reduce
board and memory space and increase system
performance. At TI, FIFO
means fast in, fast out.

TI's advanced FIFO portfo-
lio offers solutions in standard
and fine-pitch packaging.
Architectures range from 64 to
4K word depths and 1- to 36-bit
widths. High-speed clocked
architectures feature multi-
stage synchronization circuitry
for improved metastability
characteristics.

More than FIFOs.
With our FIFOs you get the
Total Integration™ benefits
you've come to expect from
TI: leading-edge silicon, tech-
nical information, design tools
and worldwide service and
support.

So if you're ready to begin
using FIFOs that are really
cut out for the job, return the
reply card or call 1-800-477-
8924, ext. 3033, today.
And discover the FIFOs that really fit your
applications.

00-8445b
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PCnet-PCl

PCnet-ISA+

E  (Jumperless)

PCnet-32
(VL Bus)

A

Presenting The PCnet” Family: Software-Compatible
Ethernet Controllers That Address All Of Your Bus Needs.

Here's a prime example of how to get along It's the Ethernet controller family NOS
with everyone — with the PCnet Ethernet vendors are already quite familiar with. In fact,
controller family from Advanced Micro Devices. it's vendor certified as 100% compatible with
PCnet controllers are compatible with the operating systems like NetWare” Windows NT™
most popular PC bus architectures, the most LAN Manager, and LANtastic’
popular Network Operating Systems (NOS), What's more, the PCnet family uses a high
and the entire controller family uses the performance Bus Mastering architecture, for
same driver for each NOS. higher throughput and lower CPU utilization.

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. AMD and the AMD logo are registered trademarks, and PCnet is a trademark of Advanced Micro Devices.
All other brand or product names are trademarks or registered trademarks of their respective holders.
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NETWORK COMPUTING PRODUCTS

Plus, your designs require no extra memory,
saving you board space, money, and power.
For additional power savings, PCnet devices
support two power-down modes for notebook
and green PC designs.

Virtually any design will love the PCnet
controllers, since they're available now in VL,
PCI, and jumperless Microsoft Plug and
Play ISA versions. And our new PCnet-SCSI
combines both high performance Ethernet
and SCSI capabilities.

The Network Operating Software displayed in this ad is reprinted by permission from their respective holders

For more information on the PCnet family,
call AMD® today. Soon your next PC will be
talking to everyone.

800-222-9323 B},
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b\ Designed primarily for use with
|\ vacuum fluorescent displays, the
—= ' 5818Fis asmart
~ power BIMOS Il driver
that combines DMOS
shift registers, data
latches, and control
circuitry, with bipolar ~ v
high-speed sourcing outputs and
DMOS active pull-down circuitry.

W 60V or 80 V Source Outputs
M High-Speed Source Drivers

B Active DMOS Pull-Downs
®

Low-Output Saturation
Voltages

Low-Power CMOS Logic
and Latches

B 3.3 MHz Minimum Data
Input Rate

B Reduced Supply Current
Requirements

BiMOS Il Unipolar
Stepper-Motor
Translator/Driver

— 5804

Combining low-power CMOS logic with high-current and high-voltage
bipolar outputs, the 5804 BiMOS Il translator/driver provides com-
plete control and drive for a four-phase unipolar stepper-motor.

B 1.5 A Maximum Output

Current

B 35 V Output Sustaining

Voltage

B Wave-Drive,
Two-Phase, and
Half-Step Drive
Formats

B [nternal Clamp
Diodes

B Output Enable
and Direction
Control

v
o

Circuitry

B Power-ON Reset
B Internal Thermal Shutdown

2 ? } CIRCLE NO. 70

BiMOS Il Latched Drivers — 5801

The 5801 latched-input BiMOS IC merges high-
current, high-voltage outputs with CMOS logic.

4.4 MHz Minimum Data Input Rate

High-Voltage, High-Current Outputs

Output Transient
Protection

CMOS, NMOS, TTL
Compatible Inputs
Internal Pull-Down
Resistors

Low-Power CMOS
Latches

CIRCLE NO. 71

BiMOS Il 32-Bit
Serial-Input,

Latched Drivers
— 5832

Intended originally to
drive thermal print-
heads, the 5832 has
been optimized for
low output-saturation voltage,
high-speed operation, and pin
configurations most convenient for
the tight space requirements of
high-resolution printheads.

B 5 MHz Typical Data Input Rate

B Low-Power CMOS Logic
and Latches

B 40V Current Sink Outputs
B Low Saturation Voltage

CIRCLE NO. 72

Take A Test Drive...
Call For Samples

Try these Allegro ICs in your bread-
board. You'll find that you'll reduce
your component count, increase reli-
ability through use of monolithic solu-
tions and protection features, as well
as potentially lowering overall manu-
facturing costs. Samples and detailed
technical information are available.
Just give us a call.

THE PACE QUICKENS

legro-

croSystems, Inc.

FORMERLY SPRAGUE SEMICONDUCTOR GROUP

CALL 1 508 ALLEGRO

115 Northeast Cutoff, Worcester, Massachusetts 01615




While solving
today’s system-
packaging puzzles,
you can design
products that are
not only smaller but
more reliable.

EDN-TeCHNOLOGY UPDATE

Shrinking devices
put the squeeze
on system packaging

CHARLES H SMALL, Senior Technical Editor

The trick to turning today’s packaging prob-
lems into challenges is to shrink your prod-
uct’s parts count—not just its size—thereby
increasing reliability (Ref 1). Simply delet-
ing parts from your system haphazardly
(often called “Muntzing”) can lower costs
but also can scuttle your system'’s reliability.

Packaging problems arise simply because
electronic devices are simultaneously get-
ting smaller, faster, and more complex. Even
inductor makers, such as Pico Electronics
and Coiltronics, now offer surface-mount
coils and transformers. These developments
concentrate heat sources and ordain more
connections in a smaller area.

As digital-clock speeds inexorably push
beyond 50 MHz, transmission-line effects
dominate the signal integri-
ty of such systems. Higher
clock speeds tax the signal
integrity of pc boards,
cables, and connectors.

Consumer demand plays
a part, too. Users expect
your new products to be
more flexible and powerful
than your old products
were. Yet they also want
your new products to fit into
smaller, lighter packages
and run twice as long as
before on battery power.

New-age packaging

Motorola’s new Series 900
VMEDbus computers provide
several examples of how to
reduce costs while increas-
ing reliability. The person-
nel Motorola employed in
the computers’ development
also provides a lesson for
management.

Motorola’s computer-sys-
tem designers ran into an

all-too-common marketing problem: Motoro-
la’s customers could not forecast precisely
which computers they would need. So the
new system needed to be as flexible as pos-
sible. “No problem,” you say. “Electronic
engineers have always designed modular
products.” But Motorola decided that, along
with being modular, the new computers
would use as few parts as possible. After all,
every part provides a chance for error.

The resulting design (Fig 1) required
innovative electronic engineering. Where
the old line had 600 parts, the new comput-
ers have only 190 parts. For example, this
VMEDbus system has no backplane; instead
the cards simply stack using conventional
connectors. Unfortunately, Motorola is not

Fig 1—Innovative packaging has sharply reduced the number of
mechanical components in Motorola’s Series 900 VMEbus computers.
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SYSTEM PACKAGING

disclosing how it made the stacking
cards meet the VMEbus spec. (Con-
nector manufacturers, such as Augat,
happily provide you with Spice models
for their connectors so that you can
attempt to duplicate Motorola’s feat.)

The computer also incorporates
clever inputs from novel members of
the design team: experts in molding
plastic. If you remove the nonstructur-
al plastic case of a conventional PC, you
see several sturdy sheet-metal sub-
frames cradling various parts of the
computer. Lots of sheet-metal screws
fasten this Erector-set assembly
together. Wires and cables also abound,
as do clamps and brackets to hold them.

In contrast, Motorola’s plastics engi-
neers made the plastic cases structur-
al. They also provided molded-in sup-
ports wherever possible, dramatically
reducing the mechanical parts count.
Eschewing nuts, bolts, and screws, the
designers made virtually every compo-
nent snap into place—even the power
supply. Simple, light-gauge sheet-
metal cabinet liners serve only as RF
shielding and also snap into place.
Motorola’s old line had 300 fasteners
and 50 wires and cables. The new com-
puters have only eight fasteners and
two cables.

EDN-TECHNOLOGY UPDATE

(W)

S?ECOND THIRD
THERMAL RUNAWAY
GATE DIELECTRIC
JUNCTION FATIGUE
ELECTROMIGRATION DIFFUSION
ELECTRICAL-PARAMETER SHIFT
PACKAGE-RELATED FAILURE

SILICON-INTERCONNECT FATIGUE

(b)

FOURTH

FIFTH
(a) PROCESSOR GENERATION

SIXTH

50 100 150 200 250 300

°C

Fig 2—The graph in (a) shows that as clock speed climb, so does power dissipation. The
graph in (b) shows the relationship between overtemperature and various kinds of failures.

(Courtesy of Aavid Engineering)

Solving the world’s toughest electronics packaging problem

SEVENTH

A couple of specs tell you more than you would ever want to
know about the terrifying packaging problems facing the
Cray lll's designers: A 4-processor Cray |ll has 62,738 GaAs

module (Fig A). The pins provide electrically fast and clean
connections. Machinery tightly twists several strands of gold-
plated beryllium-copper wire into a diminutive rope, or “pin.”

ICs running at a clock speed of 480
MHz and dissipating 90 kW in a
machine the size of a washing
machine.

For starters, the designers did not
fasten the custom GaAs ICs to the sur-
face of the supercomputer’s petite
(25%25-mm) pc boards. Instead, each
chip has gold bonding wires that stand
vertically to the chip’s surface. Then,
machinery inserts the wires into holes
on the pc board and swages the wires
into place, leaving the chip standing
on little stilts a tiny bit above the
board'’s surface. This way, cooling can
get to both sides of the chips.

After stacking boards into modules,
ingenious “pins,” rather than conven-
tional connectors, make board-to-
board contact vertically within the

Fig A—The Cray Il vertically stacks assem-
blies of 16 tiny, 1-in.-square pc boards into
modules. Special “pins” connect the assem-
blies vertically. Comprising many such mod-
ules, the complete computer runs submerged
in a cooling bath of Fluorinert.

At precise intervals, the machinery
then untwists the wires, forming a
springy, basketlike lump in the pin.
Last, the machinery pulls these pins
down through a stack of pc boards
where the untwisted sections form a
gastight seal with plated holes in the
pc boards. Preserving signal integrity,
flexible circuit boards make 1/O con-
nections from module to module. (Con-
tact Rogers Corp for information on
flexible circuit boards.)

Lastly, and heroically, designers
dunked the entire supercomputer into
Fluorinert to provide cooling. Pumps
circulate the Fluorinert through the
modules and around the ICs to pick up
heat. The Fluorinert then goes to a
remote chiller before being cycled
back to the supercomputer.
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Getting there fast

AI&I’s Distributed Power:
Helping Silicon Graphics catch a
fast-closing market window:

What do you do when
youre building an
advanced workstation
product...youtre
approaching your
market window...and

manage different power
configurations. To mix
5V, 33V and 15V
outputs. To use one
design for multiple

platforms. And to power-

you can't get the
performance you want
with the power you've got?
Silicon Graphics
turned to

AT&T Power Systems
and got an innovative
answet By replacing
centralized power
with AT&T’s
Distributed Power

by distributing the load A r hitecture, they were able

© 1993 ATXT

to add power to their
work-in-progress without

costly re-engineering

and release delays.
The power o
To create and increased functionality

Workstation screen image courtesy of Gingko Designs, San Francisco.
Silicon Graphics and the Silicon Graphics brand and logo are registered
trademarks of Silicon Graphics, Inc.

Powerful pérformance on-time and on-budget

up-and-down without
any problems.

All with the
support of an AT&T

Power Systems

Team, which included AT&T Bell Laboratories
designers, to help them meet their performance
and marketing goals.

For more about the advantages of AT&T’s

Distributed Power Architecture for a wide range

AIXI Power Systems.
The Power To Do More.

of advanced graphics, telecommunications and
EDP applications, call AT&T at 1800 526-7819.
For other AT&T Microelectronics literature or
information, call 1 800 372-2447, ext. 913.

In Canada, call 1 800 553-2448, ext. 913.

——= ATeT

Microelectronics
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—
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Reducing a chassis’s parts
count doesn’t necessarily
mean switching to plastic.
Triple E Corp’s Triple E
card cage significantly re-
duces the number of parts in
a card cage without aban-
doning all-metal construc-
tion. The company assem-
bles VMEbus, VXIbus,
Multibus II, Futurebus, AT,
and EISA card cages from
just five pieces: three extru-
sions and two stampings.

Powerful or flexible?
Although some soothsay-
ers and pundits envision all-
in-one electronics products,
such as a combination TV,
phone, encyclopedia, and

EDN-TECHNOLOGY UPDATE

Fig 3—This pc board contains two heat-sinked Pentium 1.Ps, which
occupy the yellow areas having two red bars. The imu'q'e renders

the coolest parts of the board in blue, dropping down through the

er’s case hold the modules in
place.

Just like the designers of
the T-Module, you can substi-
tute board-to-board “mezza-
nine” connectors for cables.
Connector manufacturers
are competing to see who can
make the lowest profile con-
nector. Samtec Micro Stripe
connectors consist of alter-
nating layers of conductive
and nonconductive silicon
rubber. The connectors can
match 0.020-in. pe-board pad
spacing and connect two pe
boards that are 0.125 in.
apart. Specialty Electronics
offers 1-mm receptacles, pin
headers, and shunts that rise
0.067 in. above the pc board.

facsimile machine, users
have shown themselves will-
ing to customize products
themselves. However, other
than mucking out your own septic tank,
it’s hard to imagine a more user-hostile
chore than installing a so-called
“adapter” into a PC. Yet, PC users have
bought an amazing number and variety
of add-in pc boards.

You could make your product more
flexible by designing with expensive in-
circuit-programmable logic. Or you

spectrum, through red and then yellow, to white for the hottest
ortions. Forced air flows across this board from left to right.
Courtesy of Compix)

could try Free Frame Technologies’ T-
Modules, which comprise stacks of con-
ventional circuit boards. Users can
swap T-Modules in and out of small
computers without fooling with screws
or cables. Cutouts in the case locate one
end of the modules, and the other end
slips into a mother-board socket.
Spring strips on the lid of the comput-

Looking ahead

less-network traffic.

3-D (multiple-layer) devices.

nar circuits.

First and foremost, the so-far inexorable increase in P clock rates will continue
to flog digital engineers, causing them to brush up on their transmission-line the-
ory. And users will demand that PCs provide features such as multimedia and
character recognition. Voice I/O and other forms of signal-processing will drive
analog engineers into the digital domain. RF engineers will be busy designing
the small, portable products that will set the 200-MHz band buzzing with wire-

Packaging will obviously have no choice other than to become denser.
Today's peripheral connections to ICs will first give way to 2-D schemes along
the lines of IBM's “flipchip” technology. Ultimately, pc-board designers will have
to enter the third dimension by stacking ICs. Or IC makers will have to produce

These high clock speeds and 3-D designs present an interesting challenge to cir-
cuitsimulator makers, which have heretofore had to handle only low-speed, pla-

To contend with finer lines and more layers, pcboard makers will have to
adopt Star Wars technology. Vacuum deposition of thinfilm traces and laser-
drilled vias are techniques that could replace today’s mechanical and chemical
pc-board methods. The methods that a few multichip modules (MCMs) use today
will become commonplace throughout the industry.
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Augat’s Millipede surface-
mount 1-mm connectors rise
0.116 in. (female) and 0.130
(male) above the pc board.
Surface-mount connectors are much
less noisy than through-hole connectors.

You can also mount components on
board that were once chassis mounted,
eliminating further wiring. Examples
are Wickman’s surface-mount and
through-hole fuses, which eliminate the
use of a fuse holder and its attendant
wiring. Oxley’s 2-part lamp comprises
a panel-mounted lens that mates to a
pc-board-mounted LED, again elimi-
nating panel wiring.

Heat problems haunt small designs

“Thermal management”—a fancy
term for keeping your product from
burning up—is the bugaboo that con-
stantly haunts shrinking designs.
Never forget that every 10°C rise in
operating temperature roughly doubles
your product’s failure rate.

Fig 2a illustrates the effects of
increasing temperature. The new Pen-
tium pP typifies today’s high-speed,
complex digital devices (Fig 2b). Note-
book-computer makers would love to
ship Pentium-equipped products.
Unfortunately for them, a 66-MHz Pen-
tium dissipates more wattage than the
notebook computers’ thin packages can
conduct to the outside world.

Fig 3 shows a pc-board containing
two heat-sinked Pentium pPs. The
image renders the coolest parts of the
board in blue, dropping down through



Fred Molinari, President

No Data Acquisition Application
Is Beyond Our Grasp.

Whether you're making scientific measurements to
24-bit resolution, performing FFTs in real time, or looking
for a robust yet low cost solution, Data Translation has the
right data acquisition solution for you. With more than
300 products, you can easily find exactly what you need.

Using our Windows-compatible software, you'll get

your pm]ect up anq mn@g faster than ever. F‘or immei- Whatever your needs, call Data Translation first.
ate application gratification, choose one of our icon or We have it all: the right hardware, easy-to-use software,
menu-driven packages and you'll be acquiring data and exceptional pre- and post-sales customer support.

within minutes. Develop your applications using one of Y
our DT-Open Layers™ compliant software tools, and rest And that’s quite a handful
assured that your code will nm any supported board with FOR MORE INFORMATION, CALL 1-800-525-8528, EXT.

little or no reprogramming, DATA TRANSLATION ®
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DT VEE™is based on HP VEE for Windows

UK Headquamerx: (0734) 793838, Germany Headquam-rs: (07142) 95 31-0, France Healdqmmvr.\': 50.45.95.83, Italy Headquarters: (39) 30242-5696. Sales Offices: Australia 2699-8300; Austria: (222) 36-7660:
Belgium (02) 466.81.99; Brazil 11564-6024; Canada (416) 625-1907 or (800) 268-0427; Denmark (45) 4227-4511; Finland (358) 0351-1800; Greece (30) 1361-4300; Hong Kong (852) 515-0018; India (91) 2223-1040;
Israel (972) 954-5685; Japan (81) 33502-5550 or (81) 335379-1971; Korea (82) 2718-9521; Malaysia (60) 3248-6786; Mexico (52) 5575-6091, (52) 5575-6098; Netherlands (31) 70399-6360; New Zealand (64) 9415-8362;
Norway (47) 22434150; Poland 4822 580701;Portugal (351) 1793-4834, (351) 1793-4934; Singapore (65) 336-4767; South Africa (27) 12803-7680/93; Spain (34) 1555-8112; Sweden (46) 8765-0208; Switzerland (41) 1386-8656;
Taiwan (88) 62303-9836; Turkey (90-1) 288-6213 (90-1) 288-6215
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the spectrum, through red and then yel-
low, to white for the hottest portions.
Forced air flows across this board from
left to right.

The two Pentiums occupy the large
yellow area. Each Pentium has a pair of
horizontal, equals-sign-like red bars
(an artifact of their heat sinks).
Between the Pentiums (and perhaps
difficult to discern) is a white-hot com-
ponent eclipsed by the Pentiums’ tall
heat sinks. In other words, the thermal
management of this board needs more
work.

Computers larger than notebook
computers can use new products, such
as Berquist’s double-coated, heat-con-
ducting tape to mount heat sinks on top
of large devices, such as the Pentium
pP. The electrically insulating tape
readily conducts heat. Just as impor-
tant, the tape eliminates the use of
mounting hardware for the heat sink,
reducing the pe-board’s mechanical
parts count. And, if a simple heat sink

Fig 4—Future high-speed digital devices
may require liquid cooling, such as this pas-
sive, thermosiphon system from Aavid
provides.

For free information...

priate numbers on the postage-pai

(503) 639-8496
Cirde No. 306

e

Free Frame Technologies
San Jose, CA
(408) 254-1462

rdle No. 307

IREC

Burbank, CA
(213) 849-2481
Circle No. 308

For free information on the packaging products discussed in this article, circle the appro-
Information Retrieval Service card or use EDN's
Express Request service. When you contact any of the following manufacturers directly,

please let them know you read about their products in EDN.
Aavid Engineering Inc Motorola Computer Rogers Corp
Laconia, NH Group Chandler, AX
(603) 528-3400 Tempe, AZ (602) 961-1382
Cirdle No. 301 (800) 759-1107, ext 852 Cirdle No. 314
Ciaar Cirde No. 309 PR
Attleboro Falls, MA Motorola New Albany, IN
(508) 699-7646 Semiconductor Products  (812) 9446733
Circle No. 302 Phoenix, AZ Circle No. 315
Tieo SRR o (602) 244.3742 e ke
Edina, MN Girde No. 310 o
(612) 835-2322 Ohmite (803) 4572424
Circle No. 303 Skokie, IL Circle No. 316
il (708) 675-2600 St o
Cary, IL Cirde No. 311 Lowell, MA
(800) 322-2645 Oxley Inc (508) 453-0600
Circle No. 304 Branford, CT Circle No. 317
203) 488-1033

Cray Computer { Wickman USA
Colorado Springs, CO Girde No. 312 Atlanta, GA
(719) 5796464 Pico Electronics Inc (404) 6997820
Cirdle No. 305 Mt Vernon, NY Circle No. 318

; 914) 6995514
Compix Inc {
Tulatin, OR Cirde No. 313

For more information on
products available from all of the ven-
dors listed in this box, you need only
circle one number on the postage-
paid reader service card.

Super Circle Number
ckaging

Circle No. 319
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is not enough, IREC’s tiny muffin fans
can bring forced-air cooling right down
to the device level.

Sweating the details

For really tight packaging, Aavid is
developing liquid-cooled heat sinks.
Fig 4 shows such a thermosiphon heat
sink attached to a Pentium. The liquid-
tight heat sink transfers heat to the
Fluorinert liquid. This liquid boils at
very low temperatures, absorbing con-
siderable heat as it changes phase. The
Fluorinert vapor rises to an external
radiator. After condensing in the radi-
ator, the now-liquid Fluorinert flows
back into the heat sink. The company
is also working on much simpler and
cheaper schemes involving sealing
Fluorinert in a tough, electrically
insulating plastic bag. Part of such a
bag would simply rest on hot devices
and conduct heat to cooler parts of a
system.

IC makers are not the only ones
shrinking components. Motorola has
shrunk devices at the lowest level of
active electronics. The MUN2111/2211
series of “bias-resistor” transistors
integrate a bias-resistor network into
the transistors’ tiny SC-59 surface-
mount package. Using these devices
brings down the component count and
the real estate consumed, but not the
heat dissipated.

Ohmite has shrunk even the humble
power resistor, providing a compact
but concentrated source of heat that
you must somehow remove. Ohmite
screens some models of its power resis-
tors onto a thermally conductive
ceramic substrate. Other models use an
even more thermally conductive, enam-
eled, porcelain-coated steel substrate.
The ceramic-substrate resistors can
dissipate 10W/in.?, and the steel-sub-
strate resistors can dissipate 20W/in.2.
The planar construction results in
low inductance (50 nH at 1 MHz typ).

Reference

1. Nordwall, Bruce D, “Companies
Reduce Solder to Increase Reliability,”
Aviation Week & Space Technology,
December 6, 1993, pg 50.
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[ess buck for the ban

Motorola introduces new, lower Pressure Sensor pricing for the New Year!

We've made a New Year’s
Resolution for 1994 to get your sensor
business, and to help kick it off we're
offering many of our high-quality,
high-performance Pressure Sensors at
new, lower prices!

Check Out These Lower Prices

Would you believe an
uncompensated sensor for under
$5.00; a new high impedance,
temperature compensated sensor for
under $9.00; a signal conditioned
sensor for under $10; and a
temperature sensor for under 14 ¢ —
each in a quantity of 5K? Well, believe
it! And these are just four examples of
the new pricing structure®.

A Wide Range of Sensors

Motorola’s large portfolio of silicon
Pressure Sensors includes devices for
differential, absolute or gauge
pressure measurements. They are
available as the basic sensing element,
with temperature compensation and
calibration, or with full signal
conditioning circuitry included to
interface directly to A to D
microprocessor or microcontroller-
based systems.

Thanks to their patented strain
gauge design, the higher sensitivity
and excellent long-term repeatability
of some of our newest units makes
them ideally suitable for such
applications as altimeters, pneumatic
controls and robotics, liquid level
measurement, manifold vacuum
control, and HVAC systems.

Contacting Us Now Makes Sense!

Motorola Pressure Sensors have
always given lots of bang for the buck,
and now you can get this bang for
even fewer bucks. For the latest
pricing information, contact your local
sales office. For technical information
on Motorola’s complete family of

" ress re Sensor

Device Data Name

Title

Company
Address

Gty
Call Me ( )

———————— e —

To: Motorola Semiconductor Products Inc., P.O.Box 20912, Phoenix, AZ 85036
Please send me Pressure Sensor Data Book #DL200D, Rev. 1.

Pressure Sensors, including our
MPX5000 series, request our Pressure
Sensor Data Book #DL200/D Rev. 1
by completing and returning the
coupon below, by calling 1-800-441-
2447, or by writing Motorola
Semiconductor Products, Inc., P.O.
Box 20912, Phoenix, AZ 85036.

*Pricing is in US dollars for US delivery only.
Py
The Conference
and Exposition of
™ Sensors and Systems
EXPOWEST S ——— —r—

Disneyland Hotel Convention Center

Anaheim, California
Visit us at booth 200.

@ MOTOROLA

Motorola and @ are registered trademarks of Motorola Inc.

632 EDN021794
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Minimizing Clock Skew

Unique chip layout technique from OKI

KI Semiconductor employs an integrated devel-

opment environment in which the positions and
sizes of clock drivers and trunk lines are determined by
floor plan and flip-flop placement. This innovative ap-
proach has allowed the Sunnyvale, CA ASIC manufactur-
er to take the lead in minimizing RC loading variances. In
fact, OKI guarantees a worst-case clock skew of
1.0 ns; 0.5 ns typical.

The OKI technique, which applies to all 0.8 um ASIC
products, lets you balance loading distribution among
clock trunk lines at the layout stage plus gives you the
flexibility to handle a wide array of design requirements.
Such requirements can include multi-phase clocks, mega-
macro blocks, a broad choice of floor plans, and more.

Current practice

Most chip designers still address the clock skew prob-
lem using one of two approaches: the multi-level tree
method or the clock trunk technique.

Branch

Pad

Input Buffer

Figure 1. OKI’s Clock Tree Structure
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Main Trunk

Clock Drivers

The problem with multi-level trees is that the mul-
ti-level drivers create unwanted delays and frequently
exhibit inconsistent driving capabilities.

In the clock-trunk approach, single-level clock
drivers have wired outputs and run all the flip-flops
through wide trunk lines. While this can solve the
problems of the multi-tree approach, the clock drivers
and trunk lines are embedded in the base array, re-
stricting positioning and causing new balance-loading
concerns.

OKI’s answer: flexible clock trunks

The OKI solution is an automated layout technique
that is entirely transparent to the designer. It centers
around a flexible, single-level clock trunk approach in
which the positions of the clock drivers and trunk
lines are driven by the layout software. The advan-
tages of this approach are twofold...

First, the software generates clock trunk lines on
the basis of flip-flop distribution, after placement,
making easy load-balancing possible among the trunk
lines. Second, with the OKI solu-
tion, you can work with a large
variety of design styles used in
IC layouts.

Clock driver structure

Figure 1 is a layout showing
OKI's unique clock-handling
structure. A vertical clock driv-
er — composed of a number of
output transistors and having a
common output terminal from
which trunk lines run horizon-
tally —is placed inside the core
area. (The logical macrocell, as
opposed to the physical struc-
ture, is a simple, one-component
logic model in your netlist.)
Each flip-flop connects to a
clock trunk via short, mini-
mum-width branch wires.

Sub Trunk



Concentrated

Area

Figure 2. Dynamic Clock Driver Placement

Floor plan placement & clock trunk generation

After a floor planning session using OKI'’s floor plan-
ning tool, you initiate a layout session in which all the
components in the design area are automatically
placed without regard for clock nets.

The positions and sizes of clock drivers and the
sizes of the clock trunk lines are determined by the
particulars of the floor plan. The OKI layout software
automatically generates an appropriate number of
clock trunk lines based upon flip-flop distribution. A
higher concentration of trunk lines is dynamically
generated (where the lines are needed most) so that
loading capacitance and resistance are equally dis-
tributed. [See Figures 2 and 3.]

Concentrated
Area

Figure 3. Dynamic Sub-trunk Allocation

Flip-flops are allocated to the trunk lines so that
no single line has a greater load. At this point, flip-
flop placement is further optimized to reduce layout
interconnect. Finally, minimum-length branch nets
are routed to each flip-flop, further reducing and bal-
ancing clock loading.

Advertisement

Performance benefits

Several factors influence clock performance (speed and
skew). These include the driving capability of the clock
driver; the fan-out loading capacitance connectable to
each clock line; and the
parasitic  capacitance
and resistance existing
in the layout intercon-
nect between the clock
driver and the individu-
al flip-flops.

To achieve highest
performance, OKI has
analyzed the range of
capacitance and resis-
tance on given die
sizes, defining limits
for our clock drivers so
that the maximum ca-
pacitance and resis-
tance on any one clock
trunk are not exceeded.
These limits, expressed
in terms of maximum fan-out loading, are automati-
cally implemented in the new OKI layout technique.

To further assure top performance, routing restric-
tions, minimizing the length of branch wires, are de-
fined. The cumulative effect of these implementations
is to minimize all resistance and capacitance vari-
ances. In this way, OKl is able to guarantee minimum
clock skew.

The cumulative effect
of these imple-

Exceptional test results

OKI has conducted numerous studies on 0.8 pm
designs using the new layout technique. In each case,
the RC circuits of the clock nets were extracted and
clock skew checked and verified by an HSPICE* cir-
cuit simulator. The results were excellent. In all the
tests, the greatest skew obtained was 0.47 ns —a show-
ing that further confirms the value of the OKI tech-
nique in which the positions of clock drivers and clock
trunk lines are flexibly generated. B

*A trademark of Meta-Software, Inc.

For an application note and a copy of the complete tech-
nical paper treating the OKI method of reducing clock skew,
call (800) OKI-6388, and ask for Literature Package # 017.
For more information from an OKI engineer, call Steve
Lapham, (408) 737-6337 .

’ For more information circle a I
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© SAMSUNG SEMICONDUCTOR, INC.,

A significant announcement in

FLASH MEMORY DESIGN

| What it gives the industry is a STANDARD. ]

As one of the key companies
introducing the new NAND flash-
memory technology, we at Samsung
are standard bearers for something
quite important.

Because the muddled, build-
what-you-please world of flash is in
desperate need of a standard. And

1994 .

NAND s that standard—for three
reasons. It’s being widely built by not
just us but several other major
memory companies. It makes for
exceptionally high system endurance.
And it’s the architecture ideally
suited to the higher densities needed

down the road.

Which is going to give designers
what they need: flash chips in a variety
of densities that are interchangeable.
With no redesigning.

Which—when you think about
what flash is used for—ought to be
the whole idea.

We're sampling the 16 Mb flash




right now, and will introduce the 32
Mb and 64 Mb in 1995 and 1996.

And we’re manufacturing them all
with the kind of quality that has won
ISO goor certification for Samsung.

NAND flash memories are one
more way were advancing our

leadership position in memory—

and adding to our remarkable
achievement in building the world’s
first 16-meg DRAM.

All of which is making us
something of a standard ourselves. To
learn about our NAND flash
technology, please call 1-800-446-
2760 or 408-954-7229 today. Or write

CIRCLE NO. 37

to Flash Memory Marketing,

Samsung Semiconductor Inc., 3655
North First St., San Jose, CA 95134

SEMICONDUCTOR
A Generation AHEAD.
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Now that EEsof has merged
with HP’s high-frequency
design software operation,
you're probably wondering
what’s going to happen to your
software investment.

Plan on getting the most from it.

Right from the start, HP-EEsof
will support and enhance both
the MDS and the Series IV pro-
duct families. So the software
you're using today will evolve
with your changing needs.

In the future, we plan to
combine the best technology
from each set of tools, without

© 1994 Hewlett-Packard Co. TMSRSD404

sacrificing key features. Your
design databases and software
customizations will be migrat-
ed forward. And simulators,
models, and libraries will be
retained. All within a design
environment that’s easy to
learn and use.

Of course, whether you've
been using HP or EEsof soft-
ware, you'll benefit from our
combined R&D resources,
industry knowledge, and global
sales and applications support.
In fact, you’ll have a broader
selection of high-frequency

CIRCLE NO. 48

design capabilities to choose
from than ever before.

So, plan on getting the most
from your software investment.
Call 1-800-343-3763. And we'll
mail you more information
about HP-EEsof solutions for
high-frequency CAE.
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Single 4-Input IC Gives Over 90dB Crosstalk Rejection
at10MHz and is Expandable — Design Note 79

John Wright

Introduction

Professional video systems need to multiplex between
many signals without interference from adjacent video
sources that are not selected. Final system crosstalk
rejection of all non-selected or “Hostile” signals of 72dB
is regarded as “professional quality.” This level of isola-
tion is very difficult to achieve because every doubling in
the number of inputs degrades the crosstalk by 6dB. Inthe
past because no single IC was good enough, cascades of
discrete switches and amplifiers were used to achieve the
necessary isolation. An additional requirement of some
video multiplexers is the ability to switch quickly and
cleanly so the sources can be changed in picture without
visible lines or distortion. New emerging multimedia
systems require the performance of professional systems
in the PC environment.

The new LT1204 four-input video multiplexer IC speeds
the design of high performance video selection products.
It features easy input expansion, and over 90dB crosstalk
rejection ona PC board up to 10MHz even when expanded
to 16 inputs. Additionally, this new multiplexer has low
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Figure 1. 4-Input Video Multiplexer with Cable Driver

switching transients and includes a 75MHz current feed-
back amplifier to drive 75Q cables. Figure 1 shows the
LT1204 in a typical application.

Expanding the Number of Inputs

To expand the number of MUX inputs LT1204s can be
paralleled by shorting their outputs together. The Disable
feature ensures that amplifier outputs that are not se-
lected do notalterthe cable termination. Whenthe LT1204
is disabled (pin 11 low), the output stage is turned off and
the feedback resistors are bootstrapped, effectively re-
moving them from the circuit. This has the effect of raising
the “true” output impedance to about 25k in Figure 1. The
LT1204 disable logic has been designed to prevent shoot-
through current when two or more amplifiers have their
outputs shorted together. The LT1204 also has a logic
controlled shutdown (pin 12 low) that drops the supply
current from 19mA to 1.5mA. When shut down, the
feedback resistors load the output because the
bootstrapping is inoperative. Figure 2 shows this loading
effect for a 16-to-1 MUX made with four LT1204s using
the Disable feature vs the Shutdown feature.

4 L
| Vg=+15V
R = 100Q
2
DISABLE ——
@ 0 NS \
= SHUTDOWN
<
o -2
5 \
-6
1 10 100

FREQUENCY (MHz)

DN79 « FO2

Figure 2. 16-to-1 Multiplexer Response Using Disable
Feature vs Shutdown Feature

02/94/79
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PC Board Layouts

Crosstalk is a strong function of the IC package, the PC
board layout, as well as the IC design. Layout of a PC
board that has over 90dB crosstalk rejection at 10MHz is
not trivial. PC boards have been fabricated to show the
component and ground placement required to attain this
level of performance. It has been found empirically from
these PC boards that capacitive coupling across the
package of greater than 3fF (0.003pF) will diminish the
rejection. Keys to the layout are: placing ground plane
between inputs, minimizing the feedback pin trace length,
putting feedback resistors on the back side of the surface
mount PC board, and guarding pin 13 with ground plane.

Crosstalk in P-DIP and SOL vs Frequency
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Switching Transients

Multimedia systems switch active video “in-picture” to
create special effects and this requires fast clean transi-
tions with low “glitch” energy. In the past video source
selection was made during the blanking period and switch-
ing transients were not visible. The LT1204 has input
buffers that isolate the internal make-before-break
switches. These buffers ensure glitches are minimized at
the inputs. This is important because loop-through con-
nections send these glitches to other equipment. When
two channels are on momentarily the more positive
voltage passes through; if both are equal, there is only a

40mV error at the input of the CFA. The time of this 40mV
error can be reduced by adjusting the voltage on the
Reference (pin 8). The Reference pin is used to trade off
positive input voltage range for switching time. On £15V
supplies, settling the voltage on pin 8 to —6.8V reduces
the switching transient to a 50ns duration, and the posi-
tive input range reduces from 6V to 2.35V. The negative
input range remains unchanged at —6V. Included are
photos of the switching transients for the new LT1204 as
well as competitive CMOS and bipolar MUXSs.

LT1204 Output Switching Transients

AD
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Vour
PIN 15

—— T W ARSTRR SR LS. SaE W |
i e e et et

200mv SV
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Competitive MUXs

CMOS
MUX

BIPOLAR
MUX

Vin o AND Vjy 1 CONNECTED TO A 2MHz SINEWAVE

DN79 « AIO3

For literature on our High Speed Amplifiers,
call 1-800-4-LINEAR. For applications help,
call (408) 432-1900, Ext. 456

Linear Technology Corporation
1630 McCarthy Bivd., Milpitas, CA 95035-7487
(408) 432-1900 * FAX: (408) 434-0507 * TELEX: 499-3977
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EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER

Priority encoders slip into FPGAs

Swapnajit Mittra, Baharat Electronics, Bangalore, India

The standard 8-to-3 priority encoder’s design, in maximal
canonical form (such as the 74148), suffers from drawbacks
when you try to use the design as a macro in a large digital
project. The drawbacks are
® The number of inputs to the gates varies from two to nine
® If any of the inputs develops a stuck-at-zero or stuck-at-
one fault, such a fault is difficult to detect
® Reconfiguring the design to suit a fault-tolerant design is
difficult.

The simplified approach in Fig 1(a) shows a 2-to-1 priority
encoder, which generates the proper output as well as a sig-
nal-present output (SP). SP indicates the presence of any sig-
nal at the inputs, simplifying testing. By inspection, you can
see that the circuit in Fig 1(a) is a priority encoder.

The circuit in Fig 1b combines two of Fig 1(a)’s basic build-

P
PO
(@@ EN i >——'SP
Y
Po Py B —
P Py — Y,
EN SP i >—t—sp
04—0
Py Po o
P3 Py
(b) EN EN SP

Fig 1—The simple 2-to-1 input priority encoder in (a) extends eas-
ily to a 4-to-2 priority encoder.

ing blocks into a 4-to-2 priority encoder. And, by extension,
Fig 2 shows an 8-to-3 encoder. Simulations show that this cir-
cuit has 98% fewer transistors than the canonical circuit does
for cell-based design. Owing to never exceeding the number
of inputs to a logic cell, this design also compiles economical-
ly over a Plessey gate array.

Extending this design to 16 or more inputs is not advis-
able. If you extend the design to 16 or more inputs, its criti-
cal path increases linearly with the number of inputs; the
canonical approach always yields a 3-stage design, giving it
superior propagation delay. EDN BBS /DI_SIG #1370

To Vote For This Design, Circle No. 341
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PG P2
P; Py
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Fig 2—The 4-to-2 priority encoder in 1(b) is the basis for this 8-to-
3 priority encoder. This design compiles over gate arrays and FPGAs
more economically that does the cannonical design.

Off-line power supply requires few parts

Sam Ochi, IXYS Corp, Santa Clara, CA

The simple off-line power supply in Fig 1 can provide 150 mA
or less and uses only a handful of components. Current reg-
ulator, IC,, acts as a preregulator for any of the popular 3-
terminal regulators (The figure shows a 7T8L.05). Because IC,
drops most of the voltage in this circuit, the circuit suits only
low-current applications.

To get the best possible power factor and simultaneously
reduce IC,’s power dissipation, choose capacitor C,, such that
the lowest point of its ripple voltage is greater than voltage
dropped across IC, and IC,—even at your application’s max-
imum load. EDN BBS /DI_SIG #1364 EDN

To Vote For This Design, Circle No. 342

4 x 1N4004 10 pF, 450V

Gy

POS
(+)

IXCP10M45S
CONT

78L05

&

Fig 1—A current regulator feeds just the right amount of current to
a common 3-terminal re%uluior, enabling this simple low-current
power supply to operate directly from the mains.
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VisualBasic does 1/0

Jon Titus, Test & Measurement World, Newton, MA

338 Microsoft’s VisualBasic—which runs under Win-

dows—cannot operate on a PC’s I/0 ports. How- Listing 1—C++ source code for DLL
ever, you can add dynamic-link libraries (DLLs) to (Borland C++ compiler)
extend the keywords of native VisualBasic (List-

ing 1). The compiled code, listings, and documentation in B R o

ZIPfile DI1167Z.ZIP (attached to EDN BBS /DI_SIG #1367) Bk oo 1

let you perform I/O operations using the new keywords Inp i A Rasoni oo R

and Out. These added keywords operate the same way these s B VARG, _papri SRS i

keywords dO in Other _BaSi? dlale(:tS int FAR PASCAL LibMain (HANDLE hInstance, WORD wDataSeg,

To use Inp and Out in VisualBasic, you must tell your pro- WORD wHeapSize, LPSTR lpCmdLine)

gram that these operations exist. Use the Declare state- Boimoio ti Rl

ments, as Listing 2 shows. Remember that the Out operation wDataSeg = wpataSeg;

is a subroutine because it simply outputs a byte; it returns Toceiine = Tpomitines

nothing back to your VisualBasic program. The Inp operation if (wHeapSize > 0)

is a function, because it returns a byte from an input port. a0

You use the ByVal keyword to tell VisualBasic that you want )

it to transfer the actual value, and not a reference or pointer %"t FAR PASCAL _export Test (int argl)

to the value. | return (argl + 1);
In addition, you must explicitly tell VisualBasic where to

find the library functions in your DLL. This example bt e R

assumes the DLL is on a floppy disk in the B drive. You can outportb (portaddr, portdata) ;

put the DLL on another drive, but be sure to tell VisualBa- }

SiC Where lt iS. int FAR PASCAL _export Inp (int portaddr)
Simple VisualBasic program fragments show how to use el i SRR NS SRR

the Inp and Out instructions. For example, Out 771, 130 sends L PpEimee

void FAR PASCAL _export Out (int portaddr, int portdata)

the value 130 to output port 771 of my PC. On the other hand,

A=Inp(769) assigns the byte at input port 769 to variable A.
The syntax is exactly the same as in most other Basics. Listing 2—VisualBasic location declarations
EDN BBS /DI_SIG #1367 EDN

Declare Function Test Lib "b:\cuser2.dll" (ByVal Numb%) As Integer
Declare Sub Out Lib "b:\cuser2.dll" (ByVal Addr%, ByVal Byte%)
Declare Function Inp Lib "b:\cuser2.dll" (ByVal Addr%) As Integer

To Vote For This Design, Circle No. 343

Motor-drive algorithm saves space and cycles

José A P Machado da Silva, University of Porto, Porto, Portugal

The algorithm embodied in the second subroutine in Listing 1
generates the excitation sequence for most permanent-mag- Listing 1—Stepper-motor drive subroutines
net and hybrid stepper motors. This subroutine is smaller
than subroutines that spring from other algorithms. bytes/cycles
& - Begin MOV Rr,curraddres; T reg w, e;
To understand the algorithm, first consider that stepper TR B ;2 :°?§b§§’add3esé°“" i
S 3 w utpur, r en rive sig to output
motors have two stator coils, A and B, each having a center et i e T iggmep
tap. Phase notation (A,A,B, and B) shows the direction of the "°:' N wew 373 A ar mationt
- 5 En MOV curraddress, ave adr re
current flow. That is, AA=10, symbolizes that current flows 5 o FRET
through half-coil A and that half-coil A is off. i3 ,
5 egin MOV A, currstate 2/1 Load A w/current drive
To get‘, the maximum torque frorp a stepper motor, you Nexi MoV oupue, T . PN
must drive two phases at a time. Using the binary notation RL A VA e g
# . o S5 o 1
developed in the preceding paragraph, the 4-phase drive N Next 372 Bnd of motion?
- . End MOV curstate,A 2/1 Save drive bytes
sequence for all four half coils is 0101,, 0110,, 1010,, 1001, or
5HEX’ 6HEX’ AHEX’ 9HEX'
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14-bit, pling A/D's

Incomparable price, performance, size and power!

DATEL's new ADS-944 is without competition ... e No missing codes over temperature
unless you consider devices with inferior perfor- 76dB SNR, —74dB THD @ Nyquist
mance, greater power consumption, larger packages Edge triggered; no pipeline delay
and much higher prices competitive. Evaluate an Small 32-pin TDIP; TTL compatible
ADS-944 and you'll agree ... there's no comparison. . 2.9 Watt Sieitoatt

DATEL offers a complete line of DIP-packaged, g . sk 1ss1Pa e 1
14-bit, sampling A/D's with throughputs from 0.5 to MIL-STD-883 screening optional

10MHz. Call today for details. * $479 (OEM, USA)
+25°C 0 to +70°C -55 to +125°C
SPECIFICATIONS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. | UNITS
Sampling Rate 5 5 5 MHz
Integral Nonlinearity +3/4 +3/4 +1 LSB's
Differential Nonlinearity -0.95 +0.5 +0.95 | -0.95 +0.5 +1.0 -0.95 +0.5 +1.25 | LSB's
No Missing Codes 14 14 14 Bits
Total Harmonic Distortion* 74 -72 74 -72 -73 -70 dB
Signal-to-Noise Ratio* 73 76 73 76 72 75 dB
*f. =2.45MHz

DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 Tel: (508) 339-3000

FAX: (508) 339-6356. For immediate assistance 800-233-2765. B ML

INNOVATION and EXCELLENCE
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The usual technique for generating
this sequence with a pP is to look up the

succeeding phase commands in a table

=
o
e

(see the first subroutine in Listing 1).
This operation requires a multibyte

MOV instruction. The new algorithm

obtains each phase by rotating the

accumulator’s contents (Fig 1). Thus,
the algorithm saves processor cycles

and the space needed for the table.
In Fig 1, the accumulator begins

with A5, ... The accumulator’s least-

=Y
)

significant four bits are the motor-drive

i T e R

output (5,,,,). Two circular-rotate left
instructions yield the next motor-drive

output, 6., and so on. To drive the

\—|001

=y

\—| Tl T T IR e AR ¢

motor in the opposite direction, reverse

the sense of the rotation instructions.

Comparing the two subroutines in
the listing, you can see that the accu-
mulator-rotating algorithm saves 10 memory locations (six in
the subroutine plus four in the table) and three pP cycles for
each step.

You can use the same algorithm to generate wave-drive
and half-step sequences. Rotate one of the bytes—48, ..,
84 23 or 12 —to obtain wave drive. Obtain the

per motor.

HEX? HEX? HEX

Fig 1—Rotating the proper bytes around the accumulator generates drive signals for a step-

sequence 0101,, 0100,, 0110,, 0010,, 1010,, 1000,, 1001,, 0001,
by alternately rotating both of the full-step sequences to
achieve half-step drive, saving even more memory. EDN
EDN BBS /DI_SIG #1368

To Vote For This Design, Circle No. 344

Spice models CMOS switch

Paul E Brown Jr, McDonnell Douglas, Santa Ana, CA

| The Spice subcircuit in Listing 1 is a model of an
spst CMOS analog switeh. Ideal circuit elements
such as PMOS and NMOS FETs model the switch
(M3 and M4) and the switch’s CMOS inverters (M1
and M2). Resistors and capacitors model the CMOS switch’s
drain-to-source on-resistance (RDS), its source capacitance
(CS), and its drain capacitance (DC). An ideal de-voltage
source (VREF) and a voltage-controlled voltage source (E1)
model the switch’s logic-level voltage shifter.

The model employs parameter passing so that you can use
the model for more than one type of switch. You can find the
needed parameters on the switch manufacturer’s data sheet.
If you do not pass your own parameters, the model uses the
defaults in the listing.

A typical call to this model is

XREF N1 N2 N3 N4 N5 N6 SWITCH {IS=xx ID=xx
CS=xx CD=xx RDS=xx},

where N1 is the source node, N2 is the drain node, N3 is the
control-voltage node, N4 is the positive power-supply voltage
node, N5 is the power-supply return node, and N6 is the neg-
ative power-supply voltage node. You can find a copy of this
listing on the EDN Readers’ Bulletin Board as DI11366.LST.
EDN BBS /DI_SIG #1366 EDN

To Vote For This Design, Circle No. 345

Listing 1—CMOS analog-switch Spice model

IDEAL CMOS ANALOG SWITCH
S = SOURCE; D = DRAIN; VL = LOGIC CONTROL VOLTAGE
SWITCH IS OPEN FOR VL = 0V; SWITCH IS CLOSED FOR VL = 5V

PASS THE FOLLOWING PARAMETERS
SOURCE LEAKAGE CURRENT IN AMPERES

DRAIN LEAKAGE CURRENT IN AMPERES
SOURCE OFF CAPACITANCE IN FARADS

ID
cs

*
*
*
*
*
*
* I8
*
*
*
*
*

oo

CD DRAIN OFF CAPACITANCE IN FARADS

RDS DRAIN TO SOURCE ON RESISTANCE IN OHMS
.SUBCKT SWITCH 2 3 1 4 S 6 (IS=1PA ID=1PA CS=1PF RDS=0.1}
* S D VL VCC GND VEE

P

1T

A 5

-2.5V
POLY(2) 1 57506 6
iT

o
-
WWONOVWYWOI®IH

RD
CD cp}

RDS 10 RDS }

Ml 9 8 6 6 NMOS

M2 9 B 4 4 PMOS OFF
M3 10 9 2 4 PMOS OFF

CVEEOWL OO LYWL UL
i
~
-
12

M4 10
.MODEL

2 6 NMOS OFF
PMOS PMOS (KP=10M)
.MODEL NMOS NMOS (KP=10M)
.ENDS
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RF TRANSFORMERS

Over 80 off-the-shelf models....
3KHz-1600MHz from S19°

Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specified frequency
range?....Mini-Circuits offers a solution.

Choose impedance ratios from 1:1 to 36:1, in
connector, TO-, flatpack, surface-mount, or pin
versions (plastic or metal case built to meet
MIL-T-21038 and MIL-T-55631 requirements™).
Coaxial connector models are offered with 50 and 75
ohm impedance; BNC standard, other types on request.

Ultra-wideband response achieves low droop and fast
risetime for pulse applications. Ratings up to 1000M ohms
insulation resistance and up to 1000V dielectric voltage. For "
wide dynamic range applications involving up to 100mA T.TH, TI
primary current, use the T-H series. Fully detailed data version siyie XER
appear in our 740-pg RF/IF Designer's Handbook.

Need units in a hurry?...all models are covered by our
exclusive one-week shipment guarantee.
Only from Mini-Circuits.

*units are not QPL listed.

T,TH, TT o8
bent lead version
style KK81

T, ™, TT

- - ™~ - ®
Mini-Circuits
P.O.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol. 23 « MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You.
CIRCLE NO. 96 F 71-Rev.E
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In Crystals and Oscillators.

Delivery means responsiveness and
peace of mind. You can be confident
you’ll get what you need when
you need it. With Ecliptek crystals
and oscillators.

Uncompromising quality standards

and wide selection you can count on.

Plus competitive prices to keep you
within budget.

We put crystals and oscillators in a
whole new light. See EEM 1993/94 for
technical details. Or call 714-433-1200.

@ ECLIPTEK

The Crystal and Oscillator Specialists

CIRCLE NO. 9

Design Entry Blank

$100 Cash Award for all published entries selected by editors. An
additional $100 Cash Award for the winning design of each issue,
determined by vote of readers. Additional $1500 Cash Award for
annual Grand Prize Design, selected among biweekly winners by
vote of editors.

To: Design Ideas Editor, EDN Magazine
Cahners Publishing Co
275 Washington St, Newton, MA 02158

| hereby submit my Design Ideas entry.
Name

Title Phone

Company

Division (if any)

Street
City State

Country Zip

Design Title
Home Address

Social Security Number
(US authors only)

Entry blank must accompany all entries.

Design entered must be submitted exclusively to EDN,
must not be patented, and must have no patent pending.
Design must Ee original with author(s), must not have been
previously published (limited-distribution house organs
excepted), and must have been constructed and tested.
Fully annotate all circuit diagrams. Please submit software
listings and all other computer-readable documentation
on a 5%-in. IBM PC disk in plain ASCII.

Exclusive publishing rights remain with Cahners Publish-
ing Co unless entry is returned to author, or editor gives
written permission for publication elsewhere.

In submitting my entry, | agree to abide by the rules of
the Design Ideas Program.

Signed
Date

The winning Design Idea for the July 22, 1993, issue is ent-
tled “Active filter makes component selection easier,” submit-
ted by Michael Wyatt of SSO Honeywell Inc (Clearwoter, FL).

The winning Design Idea for the August 5, 1993, issue is enti-
tled “Decoder demonstrates elegant DSP function,” submit-
ted by Leonard Schupak of Navitech Consulting (Irvine, CA).

Your vote determines this issue's winner. All desi ns
published win $100 cash. All issue winners receive an a
tional $100 and become eligible for the annual $1500
Grand Prize. Vote now, by circling the appropriate number
on the reader inquiry card.




Quick Just Got Quicker

4000 Usable Gate FPGA at over 150 MHz.

A new breed of superfast antifuse FPGA's is blowing away the
competition in standard PREP™ benchmarks.

The WildCat series of FPGA's from QuickLogic introduces its
first member - the WildCat 4000. With more than 4000 usable
gates this cost-effective WildCat flies at an astounding

150 megahertz in the PREP DataPath benchmark.
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which was measured according to Benchmark Suite #1, Version 1.2, dated 3/28/93.

CIRCLE NO. 103

Free Evaluation Tools

Be one of the first 100 to fax your business card to
QuickLogic, and receive our complete suite of powerful
software evaluation tools at no cost. This $3000 value will run
simulation and synthesis tests to prove your design and to
show off the awesome speed of the WildCat 4000.

Look to the company that lives up to its name for fast
solutions to today's high speed, high density design
requirements. For QUICK response fax us at (408)987-2012
or call 1-800-842-FPGA (3742) to learn more about
WildCat SuperFast FPGAs.

b

QuickLoaic

We Live Up To Our Name

2933 Bunker Hill Lane, Santa Clara, California 95054

©1994 QuickLogic Corporation, PREP is a trademark of the Programmable Electronics Performance Company.
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How to beat the squeeze
in today’s tight design environments.

AMP fine-pitch solutions are available for designs
requiring sub-0.050", sub-2mm centers. Metristak
board-to-board stacking connectors on Imm centers;
LGA, MCR, and PQFP sockets; FPC connectors on
Imm and 0.5mm centers; AMPLIFLEX elastomeric
package- and board-to-board connectors for pitches
as fine as 0.025”.
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High-density design is a world characteristics as well as tight

unto itself — a world with tight space limitations.

corners, low ceilings, and shrink- And we'll show you how the sys-

ing floors. Living there ontoday’s  tem you choose will fit successfully

budgets and schedules canbe alot  into production. With the packag-

easier with help from the experts.  ing you need. The tooling and

In interconnects, that’s us. feeder modules you need. And
Because every design is unique,  the support you need in training

we'll show you all the options. We ~ and maintenance.

‘‘‘‘‘‘

can guide you through the ‘ 2sssvs sy
good and bad of each
— with an eye on sys-

tem performance, man-
ufacturability, and cost.
We'll show you all the choices
you have, too, in socketing, 1/0,
and board-to-board interconnects. Need more help? We supply full
With systems that range fromthe  technical information, catalog
conventional (0.050” and 2mm cen-  sheets, and 2D and 3D models of
ters) to the sublime (our “finest” many product lines to shorten
connectors offer redundant contact ~ your design cycle. And we can
on board pads 0.015” wide, on 0.025”  provide design services, build
centers, with non-critical alignment).  your subsystems, or even fabri-
We'll make sure the system you cate all of your product for you.

work with can meet tight electrical AMP and AMPLIFLEX are trademarks.

For more information, call our Product Information Center at
1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA
17105-3608. In Canada, call 905-470-4425.

CIRCLE NO. 49
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The problem facing designers of high-
speed circuits is not just to make sure
hat products work by themselves.
esigners must also make sure that
3 ir products fit into a larger commu-
\«\ nity of electronic systems. The issue is
~ electromaghetic compatibility (EMC).

Photo courtesy Ansoft Corporation
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s electronic systems increase in speed, designs may
begin to encounter signal-integrity problems—exces-
sive ringing that delays signal settling, crosstalk
between traces, and ground bounce, to name a few. What

your‘designs are experiencing are the first symptom
electromaghetic-compatibility (EMC) problems. If youﬁ
designs have suffexed from these types of problems, you’ve

probably looked for*tpols to help you predict and avoid
such EMC difficulties. ™

What is EMC? The IEEE defines it as the ability of a
device, equipment, or a s§stem to function satisfactorily
in its environment without introducing intolerable elec-
tromagnetic disturbance§ to anything in that environ-
ment.

Broadly speaking, wh des1gn1ng for EMC, yough ave to
consider three major qflestions, ki Rkl COm-
patible w1th itself? Ov10usly, a system t At ,]ams '

ty problems usually fall into this group. Slgnal-mtegr
tools can help solve this problem p—

0 anythmg in its environment?
‘tolerable” varies from country to coun-
' .lzations in the country where the




EMC-DESIGN TOOLS

Europe, the IEC has instituted a new
set of strict EMC standards that will go
into effect in 1996. Compliance testing
is usually required on most systems to
verify that a system doesn’t violate the
standards. Newly emerging EMC tools
attack the emissions problem.

Third, does the surrounding envi-
ronment adversely affect your system?
If so, you have a susceptibility problem,
which is typically more difficult to solve
than are the other two types because
it’s difficult to know what the sur-
rounding environment will be for every
application. One of the reasons that
standards organizations are developing
emission standards is to specify an
environment for which you can design.
Specifying the maximum allowable
emissions for a system can also tell you
that another system in the vicinity will
have emissions less than or equal to the
maximum. Currently, none of the
EMC-analysis tools effectively address-
es the susceptibility problem.

The methods of dealing with the first
two EMC considerations differ,
depending on which of the issues you
are addressing.

The problems of an electronic sys-
tem’s compatibility with itself typically
manifest themselves without any spe-
cial testing when you attempt to operate
the system. Signal-integrity tools help
you at the design stage by predicting
such problems before you build a sys-
tem. This gives you a chance to change
the design and avoid the problem.

Currently, the most common method
of handling electromagnetic emissions
is through compliance testing of the
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Quad Design’s Quiet predicts EMI radiation at selected points in 3-D space for unenclosed

pc boards and subassemblies.

final product. Although emission test-
ing is necessary and will remain so,
finding EMC problems by testing a pro-
duction system or prototype is undesir-
able. Product testing usually happens
late in the development cycle, and prob-
lems may delay your product’s comple-
tion date. The unit cost of the product
may also increase because you typical-
ly don’t have as many options available
for correcting an EMC problem late in
the development process.

To make their systems pass emission
tests, engineers often try to seal a radi-

Table 1—EMC-design tools

Manufacturer | Product Price Availability Description
Ansoft Maxwell $49,900 March, 1994 Simulates emissions
S| Eminence of multiple pc boards,
cables, and enclosures
Aries MSC/ $19,950 Q1, 1994 Simulates emissions
Technology Aries EMC $950/month of multiple pc boards,
cables, and enclosures
Contec ContecRadia | $70,000 January 15, Simulates emissions
1994 from a pc board with-
out an enclosure
Quad Design | Quiet $60,000 Beta: Q1, 1994 | Simulates emissions
from a single pc board
without an enclosure
Racal-Redac | EMC Advisor | $15,000 Now Expert system evaluates
compliance to EMC-de-
sign rules
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ating mess inside a shielding enclosure.
Although this technique is often neces-
sary for passing emission testing, a
well-designed system inside may
reduce the cost of the enclosure.

Correcting an EMC problem earlier
in the design stage may be as simple as
moving components and traces around
on a pc board. Table 1 lists EMC-
design tools that are or soon will be
available. EMC tools that can help you
at the design stage are of two types.

Let an expert system help you

The first is an analysis tool that
checks your adherence to rules that
minimize EMC problems. As this arti-
cle goes to press, the rule-based EMC
tool called EMC Advisor is the only
commercial tool that is actually avail-
able. EMC Advisor is a part of Racal-
Redac’s CAD Expert EDA-layout-
design System but is an independent
application. The tool is an expert sys-
tem that evaluates a design to measure
its relative compliance to a set of EMC-
design rules. It is not a simulator,
although you might want to use it as a
complementary tool with an EMC sim-
ulator.

EMC Advisor evaluates a design
against a set of 15 rules that focuses on
the two categories of emissions: differ-
ential mode and common mode. Differ-



ential-mode emissions result from a
current flowing around a loop, such as a
signal and its return path. Common-
mode emissions result from currents on
the power-distribution system, such as
transients in the ground plane. Poorly
designed power-supply decoupling or
improper component placement often
results in common-mode emissions.

To evaluate a design, EMC Advisor
analyzes layer stack, track shielding,
impedance profiling, component place-
ment, partitioning, power-supply
decoupling, power-plane impedance,
and power-plane overlap. You can also
add your own rules. Because the tool
uses data normally available in the
design system, you can run the tool
periodically as you perform a layout.
Furthermore, you don’t have to be an
EMC expert to use EMC Advisor.
After the tool completes its analysis, it
highlights problem areas of the design
in red and marginally problematic
areas in amber. It also suggests
improvements.

Although a rule-based EMC tool still
leaves you guessing as to just what your
systems electromagnetic emissions are,
such a tool can effectively minimize
potential EMC problems. For designers
with limited knowledge of how to avoid
EMC problems, the rule-based tools
can help you create a better design that
has a much better chance of passing
emission tests without problems.

Even if you use an EMC simulator on
the design, EMC Advisor may help you
create a better design. Another advan-
tage: EMC Advisor runs much faster
than analysis tools that perform com-
plete electromagnetic simulations.

Simulators help analyze your design

The second type of analysis tool for
EMC design is a simulator. The benefit
of simulators is well known: You get to
see how your design behaves without
actually building and testing the hard-
ware. The major concerns with most
simulators is how well they represent
reality and how difficult it is to obtain
or develop the models to use in the sim-
ulation. (See box, “The ABCs of
EMC”.)

The simulators in the table predict a
system’s frequency-dependent electric-
field intensity at arbitrary points in
space. The listed simulators simulate
various types of systems.

For example, Ansoft’s Maxwell SI

EDN-SPECIAL REPORT

Eminence simulates full 3-D systems,
including multiple pe boards, cables,
and enclosures. The simulators from
Contec and Quad Design do not simu-
late the effects of enclosures. The EMC
tools read physical-design data from a
variety of compatible design tools.
Make sure the tools you want to use are
compatible with your physical-design
tools. Such physical-design tools can
include tools for pe-board layout,
mechanical design, multichip-module
(MCM) design, and IC-package design.

Ansoft’s Maxwell SI Eminence uses a
full-wave finite-element solver to solve
the full, unsimplified Maxwell’s equa-
tions in the frequency domain for char-
acterization of arbitrary 3-D struec-
tures. The tool has an adaptive
mesh-refinement capability to simplify
mesh creation for the analysis of 3-D
structures. The software is applicable
to EMC and EMI problems in ICs, pe
boards, cables, loops, cabinets, aper-
tures, and radiating structures, such as
microstrip, wire, slot, and horn anten-
nas. The tool generates a Spice model of
a system that runs on Spice simulators.

Aries Technology’s EMC tool also
analyzes 3-D designs using finite-ele-
ment analysis. The software automati-

cally generates the finite-element mesh
from 3-D physical-design data. It pre-
dicts magnetic and electric fields and
current densities, induced and applied
voltages and currents, and power losses
for frequencies from dc to RF. The
analysis program provides results for
any number of frequencies or in the
time domain.

In June, Quantic Design will offer
the EMC Greenfield EMC-analysis tool,
but the company has not yet set a price
for the product. The software models
the radiated electromagnetic fields
from multiple pe boards within an
enclosure, including internal and exter-
nal cables, using time- and frequency-
domain analysis. The tool offers a
choice of an approximate-but-fast solu-
tion or an exact analysis. Quantic will
integrate EMC Greenfield with the
company’s other Greenfield transmis-
sion-line-analysis tools.

Contec’s ContecRadia and Quad
Design’s Quiet model the radiated elec-
tromagnetic field of a pc board, MCM,
or backplane with no enclosure. As the
tools become commercially available, it
will be interesting to watch Radia and
Quiet. Although less ambitious than
some of their competition, will they also

you read about their products in EDN.
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The ABCs of EMC
Zoltan Cendes, PhD, President, Ansoft Corp

Many designers may think of electromagnetic compatibility
(EMC) as a black art and view its problems as mysterious,
counterintuitive, or strange. Solutions to EMC problems tend
to be heuristic, based on years of experience with trial-and-
error methods. Yet, to understand EMC, you must first under-
stand that the source of the phenomenon is electromagnetic.
However, many designers find EMC confusing because they
use inappropriate models or simple circuit models to repre-
sent complex electromagnetic phenomena.

Maxwell’s equations govern electromagnetic fields. These
equations predict that time-varying magnetic fields induce
electric fields and that time-varying electric fields induce mag-
netic fields. At low speeds—with leading-edge rise times less
than 1 nsec, for example—the induced fields are small, and
you may overlook them. In these cases, using traditional
lumped-circuit parameters, such as capacitance, inductance,
and resistance, you can accurately model the voltages and
currents in the components.

However, as computer speeds increase so that signals
exhibit subnanosecond rise times, induced fields become sig-
nificantly larger, and frequencies become higher. In these
cases, ordinary circuit theory breaks down. As a result, there
is no alternative to full-wave solutions—solving the full set of
Maxwell’s field equations.

A spiral inductor’s field

The spiral inductor in Fig 1 illustrates how a simple RLC
model breaks down at high frequency. This spiral inductor
has a threefo-one metalization pattern; that is, the conduct-
ing turns are three times as wide as the space between them.
As a result, current is readily induced in neighboring turns. A
low-frequency solution, assuming the absence of induced cur-
rents in the conductors, provides a lumped-parameter
response that rises monotonically with frequency (see the
green line in Fig 2). Measuring the circuit and providing a

Fig 1—This spiral inductor operates like a classical dipole loop
antenna.

Fig 2—The green line shows the low-frequency analysis of the
inductor in Fig 1, ignoring the induced currents. The blue line
shows the full-wave solution of Maxwell’s equations, and the
red line shows the measured response.

fullwave solution of Maxwell's equations determines the actu-
al circuit behavior. This is a much more complicated solution
(see the red and blue lines in Fig 2).

In this case, the low-frequency model is accurate to about
5 GHz but breaks down at higher frequencies. Clearly, the
low-frequency, lumped-parameter circuit model is useless at
high frequencies. Although 5 GHz appears to be a very high
frequency, it may not be. For example, a digital circuit oper-
ating with a 1-nsec rise time has a significant amount of lead-
ing-edge harmonics at this frequency.

What is going on here?2 Why does the performance of the
spiral inductor depart so radically above 5 GHz from the
behavior that circuit theory predicts? There are three reasons.

First, as the frequency rises, the current no longer flows in
the familiar stream-function patterns common to low frequen-
cy. Instead, the current crowds toward the edges of the con-
ductors due to skin effect.

Second, eddy currents are induced in the ground plane
below the spiral. These ground-plane eddy currents further
alter the inductance and resistance values of the inductor.

Third and most important, high-frequency electronic com-
ponents set up and radiate electromagnetic waves. These
waves establish resonances and standing wave patterns in
the inductor, dramatically altering the voltage and current
patterns and radiating energy away from the system. In
fact, at high frequency, the spiral inductor in Fig 1 oper-
ates like and exhibits behavior similar to that of a classical
dipole loop antenna. Because the radiation from a loop
antenna grows with the square of the frequency, inductor
performance deteriorates rapidly following the onset of
radiation.

Fig 3 shows the farfield radiation pattern for the spiral
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inductor at 10 GHz. At this frequency, 10 to 15% of the ener-
gy input fo the inductor radiates away.

Solving EMC problems, therefore, involves determining the
underlying electromagnetic fields. For low frequencies, you
can solve the quasistatic field equations for LCR, and you can
use the resulting values and quasitransverse-electromagnetic
analysis to simulate signal-integrity phenomena, such as
crosstalk, ringing, and ground bounce. At midrange fre-
quencies, you must model the eddy currents in the conductors
by solving the electromagnetic-diffusion equation.

However, at leading-edge rates lower than 0.1 nsec, there
is no alternative to solving the full set of Maxwell’s equations.
The full-wave solution is difficult to compute. However, once
you compute it, you can generate a full-wave Spice model to
interface directly with circuit simulators.

Fortunately, finite-element methods to compute full-wave
solutions have emerged in recent years. In many cases, these
methods provide easy and highly accurate solutions to EMC
problems. Consider, for example, the layout of the pc-board
power and ground traces in Fig 4a. Ansoft's Maxwell S| Emi-
nence simulated the layout.

The first step in simulating the radiated emissions is to enter
the geometry of the structure by using the software’s solids-
modeling system or by reading the geometry from a CAD file,
such as GDSII, Gerber, or AutoCAD. Next, define the mate-
rials in the structure and the input signals. Finally, the software
creates and refines the finite-element mesh, solves the result-
ing matrix equations, and determines the frequency response.

After the software completes the solution, you can test the
solution in many ways, including having the software com-
pute inductance and reactance as a function of frequency,
determine resonances and standing wave patterns, and plot
near- and farfield patterns. Fig 4a shows a plot from the pc
board of the near field at 100 GHz. The plot shows that plac-

Fig 3—The radiation pattern of Fig 1's spiral inductor at 10 GHz
shows that 10 to 15% of the energy input to the inductor radi-
ates away.

ing the power and ground leads on opposite ends of the pc
board creates a large current loop that emits excessive radi-
ation.

To dramatically reduce the radiated emissions from the pc
board, the designer rerouted the ground trace to lie directly
under the power trace. Fig 4b shows the resulting near field
at 100 GHz.

Thus, solving EMC problems is not a black art after all. The
electromagnetic fields in electronic components causes these
problems. Using full-wave finite-element methods to solve
these fields directly, you can perform a precise simulation of
EMC phenomena and minimize electromagnetic coupling
and emissions.

Fig 4—A plot from the pc board of the near field at 100 GHz shows
that placing the power and ground leads at opposite ends of the
pe board creates a large current loop that emits excessive radiation
(a), indicated by red. Reducing the loop area (b) of the power and
ground trace significantly reduces the radiated energy.
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prove to be less capable, or more real-
istic for real-world problems?

ContecRadia calculates radiated-
noise and electric-field intensities,
including electrical effects, reflection,
and crosstalk of transmission lines in
high-speed, high-frequency digital, ana-
log, and mixed-signal systems. After
extracting the electrical models from
layout files, the ContecSpice circuit sim-
ulator calculates time-domain current
and voltage distributions in the conduc-
tor traces. It uses the current distribu-
tion on the conductive traces to calculate
the radiated electric-field intensities,
based on loop-antenna principles.

Quad Design’s Quiet uses transmis-
sion-line simulation to model the network
waveforms and then sums the radiation
from each net segment to get the radia-
tion from the entire net relative to one or
more specified points in space (the
receiving antenna location). By summing
the radiation from all nets, the software
obtains the full board radiation.

Quiet simulates networks in the time
domain using linear and nonlinear dri-

EDN-SPECIAL REPORT

ver, receiver, and terminator charac-
teristics. By accurately modeling the
network-signal characteristics of all
modern logic families, the software can
accurately model the radiated energy.
The software lets you specify the char-
acteristics of each signal on every net or
just the clock frequencies. It also lets
you use pseudorandom signals to sim-
plify the definition of signal activity.

Although the Radia and Quiet simu-
lators handle only pc boards and do not
include the effects of an enclosure, don’t
count them out as useful tools to help
you stay out of EMC problems. The
shielding effects of a conductive enclo-
sure are useful and often necessary, but
reducing radiated energy at its source
is usually best.

An analysis tool that lets you work on
a single board at a time can help you
maintain low emission levels. However,
such a tool does not let you obtain accu-
rate data on the radiated energy of the
entire system outside its enclosure—
something you may want to know if you
anticipate problems when you run emis-

sions tests on the completed system.

Also, remember: Tools that help
reduce transmission-line and signal-
integrity problems typically result in
lower emission levels.

Kellee Crisafulli, president of Hyper-
Lynx, a manufacturer of signal-integri-
ty-analysis tools, reports that some of
the company’s customers find that when
they clean up their transmission lines,
they also reduce EMI and RFI.

The future for EMC-analysis tools
for radiated emissions looks promising
and competitive. Many of the companies
that offer transmission-line-analysis
tools expect to have EMC tools avail-
able within the next year. With the
ever-increasing clock rates of many
electronic systems, EMC is likely to
become a more familiar acronym.

You can reach Doug Conner at (805) 461-
9669.
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TDK Ferrite Cores for EMI/RFI Suppression come in all shapes

and sizes with initial permeability (uiac) ranging from 45-1,500.
Take, for example, TDK Ferrite EMI Suppressors for Cables.

Once attached to power or interface cables, these small ferrite cores
absorb high frequency EMI without affecting signal transmission.
Even large power surges can be absorbed without saturation.

Our singular understanding of ferrite and its properties has enabled e
: : . *Ferrite Chip EMI Suppressors *Ferrite Bead Cores *Axial Leaded Ferrite Beads
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CEL, TDK’s Component Engineering Laboratory, can help you with
your product selection, or can custom design and test manufacture
EMI/RFI suppression components to meet your specific requirements.

Call or write your local TDK office today for more information. &T DK
®

TDK CORPORATION OF AMERICA 1600 Feehanville Drive, Mount Prospect, IL 60056, USA Phone: 708-803-6100 INDIANAPOLIS Phone: 317-872-0370 NEW YORK Phone:
908-494-0100 SAN FRANCISCO Phone: 408-437-9585 LOS ANGELES Phone: 310-5639-6631 DETROIT Phone: 313-462-1210 BOSTON Phone: 508-624-4262 HUNTSVILLE Phone:
205-464-0222 GREENSBORO Phone: 919-292-0012 DALLAS Phone: 214-506-9800

GERMANY « FRANCE « ITALY « U.K. « KOREA « TAIWAN « HONG KONG « SINGAPORE « THAILAND - CHINA « BRAZIL TDK CORPORATION Tokyo, Japan
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The new 4-meg VRAM
doesn’t just give you the most
memory any VRAM ever has. If
it’s a Samsung part, it also gives
you the highest performance any
VRAM ever has.

Thanks to an advanced Fast
Page Mode that makes pages

© SAMSUNG SEMICONDUCTOR, INC., 1993.

Why now?

Our NEW 4-MEG VRAM.

[ Because its FAST PAGE MODE 15 $o rapid.]

move at unheard-of speeds.

The chip’s extended data out
feature gives it a Fast Page
Mode cycle time of 25 ns.
Which gives your customers the
ability to build products with
increased visual performance.
And gives you one more reason

to use the 4-meg now.

Unlike some lesser-perform-
ance 4-megs, this 60 ns chip is a
ful-SAM VRAM — the design
that will be the industry stan-
dard. It gives you an 8-column
block write.

And like all semiconductor




products from Samsung, it has
the kind of quality that has won
us ISO goor certification.

For us at Samsung, this 4-
meg VRAM is one more way
we’re advancing our leader-

ship position in memory—and

adding to our remarkable

achievement in building the
world’s first 16-meg DRAM.

All of which is why you may
want to act fast yourself. To
learn about the VRAMs with the
blazing Fast Page Mode, please
call 1-800-446-2760 or 408-954-
7229 today. Or write to VRAM
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The Samsung VRAMs

PART ORG.
KM4216¢256*
KM428C257
KM428C256
KM428cr28
KM424C257

256K x 16
256K x 8
256K x 8
128K x 8
256K x 4

*Sampling now: all others in production quantities now.

Marketing, Samsung Semiconductor
Inc., 3655 North First Street, San
Jose, California 95134.

SEMICONDUCTOR
A Generation AHEAD.
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SIEMENS

What Is The #1 Reason
To Choose Us For
Embedded Control ICs?

#1
In 16-Bit
Microcontroller
Math Performance.

The SABC167 16-bit microcontroller

gives you unbeatable servo performance,

500ns multiply, context switching,
interrupt response, and DMA perfor-
mance which is 25 times faster than
the nearest competitor. Call and

ask for Lit. Pack #M14F039.
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#1
In On-Board
8-Bit Peripherals.

The 80C517A features over teh times
the amount of RAM of the 80C52 and

an extended set of on-board peripherals,

which reduces the need for external

components, and saves you money and

board space in
your designs.
Call and ask for
Lit. Pack
#M14F047.
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You Decide.

Siemens Embedded Control
products offer blazing CPU speed
and peripheral functionality, for

superior performance in any applica-

tion. And they're complemented

by a full suite of development tools,
including C, RTOS, fuzzy, Modula 2

and Forth.

Superior
Service And
Technical Support
In The U.S., And
Around The World.

We work very closely with you to pro-
vide the service and technical support
that fits your needs, including Field
Application Engineering, Just-In-Time
delivery, and the best microcontroller
tool support in the industry.

In 16-Bit
Microcontroller
Evaluation Kits.

This kit includes
everything you need to
test the world’s fastest real-time
controller — the SAB80C166 — with
complete functionality. It's a $5,000
value, for only $195! Call for more
details on how to order. Call and ask
for Lit. Pack #M14F049.
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Plus, we back all our products with
the global expertise and experience
you need to build for the world
market, right here at home. As well
as the technical support and com-
mitment to R&D that have given
our customers a competitive edge
around the world.

Announcing Our
Latest Reason.

W saBC16s
M s0c196

#1
In 16-Bit Microcontroller
Price/Performance.

The SABC165 offers a 100ns
instruction execution rate and
a 50ns interrupt sample rate —
twenty times better than the
competition.

Achieved in a streamlined
design, its dynamically pro-
grammable bus modes let you
reduce system costs by allow-
ing 8-bit and 16-bit wide devices
on the same bus. With five
times the capabilities of other
16-bit devices, it's ideal for high-
volume data transfer applica-
tions like EDP, industrial control
and telecommunications.

The SABC165’s optimization
for digital applications makes it
the best 16-bit value available.
Call and ask for Lit. Pack
#M14F048.
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Whatever your #1 reason might
be for choosing an Embedded
Control IC supplier, Siemens is the
#1 company to call.

1-800-77-SIEMENS

Call Today, And Ask For Extension 3.

© 1994 Siemens Components, Inc. 10950 North Tantau Ave., Cupertino, CA 95014. All product names appearing in this ad are trademarks or registered trademarks of their respective holders.
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PLD-design methods
migrate existing designs
to high-capacity devices

Mike Trapp, Lattice Semiconductor Corp

Moving to newer higher capacity programma-
ble devices can give you higher density and
better performance. But if you use common
CAE design tools, transferring your old
design’s description to the new device’s devel-
opment environment may be difficult. PLD-
design methods help ensure that your design
remains transportable.

All CAE tools accept PLD-design methods. Thus, using
PLD-design methods leads to a very simple method for mov-
ing designs to new types of PL.Ds. Using these methods helps
you take advantage of the increased performance and lower
cost of newer devices and lets you combine new designs with
existing ones.

Overcoming proprietary databases

Each CAE vendor has developed a proprietary database
for sharing circuit-design information among its own tool set.
To transfer circuit-design information from one vendor’s tool
set to another’s, you must perform a complex translation.
This translation may misinterpret or drop information alto-
gether, yielding an erroneous result.

The ostensible “industry-standard” Electronic Design
Interchange Format (EDIF) netlist typifies this problem.
EDIF can represent circuits at levels ranging from a com-
plete graphical, functional, and parametric representation to
only a primitive functional representation. As a result, one

B8S)
]

The software listings in this article are available on EDN's comput-
er bulletin-board system (BBS). Phone (617) 558-4241 with modem
settings 300/1200/2400 8,N, 1. Access /freeware SIG and spec-
ify (r)ead option followed by (kJeyword search for “MS #533.”

vendor’s EDIF netlist reader may not totally understand
another’s EDIF netlist. Consequently, using incompatible
netlists would make your translation at least incomplete and
at worst inaccurate.

However, translation becomes simple and reliable if you use
PLD-design methods to express your design. In particular,
most designers use Boolean equations to describe their PLDs’
functions because of the AND/OR architecture of PLDs. For-
tunately, because PLDs have become extremely popular as a
“can-do-anything” circuit element, CAE vendors have inte-
grated PLD-development tools into their CAE tools. These
tools produce Boolean equations in various formats, which
you can easily translate from one to another, giving an accu-
rate and complete functional description of a circuit.

To illustrate, consider the high-level description of a 10-
bit, up/down, preloadable counter in Listing 1 (see EDN
BBS). This functional description uses ABEL 4.XX, a
device-independent language. A device’s description at
this level does not translate easily to any specific PLD.
However, you can use a PLD compiler to transform the

OFt —— OE
OE2 SEL 1
OE3 BUS SEL2 BUS
: i 2\ 7S
- » SIG 1—
LOGIC \% 3-TO-1
BLOCK | SIG2— MULTI-
Vi PLEXER
_y. 63—
B\ A D 4

Fig 1—You can translate 3-state buses into 1-of-N selection func-
tions for implementing in a high-density programmable device.
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Fig 2—Boolean expansion may improve device utilization but can
introduce feedback terms.

TO OUTPUT

OUTPUT i g

AND MACROCELL

ARRAY

OR
ARRAY

FEEDBACK ITEMS

high-level ABEL description into reduced Boolean equa-
tions (Listing 2 on EDN BBS)—the fundamental descrip-
tion of a 10-bit up/down counter. Now, you can move this
Boolean representation of the counter to virtually any
development environment with only minor changes.
Because all mainstream PLD compilers produce reduced

equations with virtually identical syntax, migrating these
equations from tool to tool is simple. For instance, the PDS
tool from Lattice for developing devices in the company’s
pLSI family has an equation syntax virtually identical to
ABEL’s reduced-equations syntax. Similarly, the PLA files
that ABEL, Minc, and CUPL produce all follow the standard
rules for PLA-file syntax.

You can even extend this technique of obtaining reduced,
transferable equations from a schematic diagram. Many
CAE companies include PLD compilers, with associated PLD
libraries, in their design environments. With components
from their PLD library, you can use the CAE tools to pro-
duce reduced Boolean equations that describe the schematic.
You can then integrate these equations with functions
expressed in a PLD-description language to form a set of
equations that completely describes your circuit. The design
tools may produce these equations in the familiar textual
form or in an industry-standard format known as PLA (see
box, “Interpreting PLA files”).

If you capture your old designs in the form of these equa-
tions, you just follow a series of basic steps to implement
them in a new programmable device:

® Define the 1/0s.

INPUT ROM DECODED
GLOBAL ROUTING POOL INPUTS RECONFIGURABLE
. - e REGISTER
6 1 2 34 &1, 8, 9 101 12 13 14 18 18 A7 K
| 1 1 1 1 1 | 1 1 1 1 | | | 1 | | | PRODUCT TERM 3 PRODUCT-TERM D, JKAND T
SHARING ARRAYS
MMMMMMMMMMMMMMMMM SHARING ARRAY
AND EXCLUSIVE OR 03
>0 1\ MULTIPLEXER -|>—
1 I__” >—_ 1
%ﬁ} i
>3_ 4 PRODUCT-TERM
4 SHARING ARRAYS
>— BYPASS
>5 4
G
7 l muLTipLexer H>2
>8 {0 o
N,
'y y TO GLOBAL-
> ROUTING POOL
S 4 AND OUTPUT
>1 SINGLE ROUTING POOL
12 PRODUCT-TERM
>— SHARING ARRAY o1
o 1 MULTIPLEXER H>—
14 +-{0 o
> 15 X y
P 16 3
P 17
>1B 7+4
> PRODUCT-TERM 00
g SHARING ARRAYS l muLTIPLEXER H>—
e oD OH
AND ARRAY ‘
PRODUCT-TERM RESET
RESET
CONTROL gtgg? .
FUNCTION
OLOGK 2 —] MULTIPLEXER MULTIPLEXER
PRODUCT-TERM CLOCK —
PRODUCT-TERM OUTPUT QUTPUT
ENABLE ENABLE

Fig 3—The pLSI logic block allows different product-term-sharing combinations for implementing various logic functions.
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Call today for superior EDA design performance

COMPATIBLE
32-Bit Application

Achieve Superior Performance
With Interactive EDA Design Tools

When you lead the best players in EDA,
you lead with MASSTECK. We
understand the importance of playing
together with an entire suite of EDA
products. MaxEDA for PCB is
integrated with the top players in the
Open EDA Alliance for Windows...
With MaxEDA you conduct a design

from inception to manufacturing.

1-800-MASSTECK Interactive EDA

1-800-627-7832
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Interpreting PLA files

Listing A shows the PLA-format file for
the 10-bit up/down counter. The state-
ments preceded by #$ indicate that
information is not necessary fo the cir-
cuit description but may be used by post
processors such as fitters. An example
is the #$ PIN statement, which is an |/O
list of all signals entering and exiting the
device and may even indicate a speci-
fied PIN number. The plus (or minus)
symbol following the pin name indi-
cates that the register node has a buffer
or inverted between the register and the
output pin. Polarity designators have no
meaning for inputs or combinatorial out-
puts.

The .i and .o statements indicate the
number of inputs and outputs, respec-
tively. The number of inputs includes
nodes feeding back as circuit inputs.
The number of outputs includes actual
combinatorial signal outputs and signal
outputs controlling the D input, the D
asynchronous set, and the output-
enable equations.

The .type f statement indicates the
format of the PLA file. The F format
shows equations implemented in only
positive logic, and the alternative FR
format shows the equations imple-
mented in both positive and negative
logic.

The .ilb and .ob statements identify
inputs and outputs, respectively, of the
PLA file. Feedback nodes included as
inputs have an .FB extension. The out-
puts also use dot extensions to indicate
that the output signal is registered
(-REG) or part of an exclusive-or equa-
tion (.X1 and .X2).

The .phase statement indicates if the
signal should be complemented
(.phase O) or not complemented
(.phase 1). The .p indicates the number
of product terms required to define the
circuit’s function. The table following
the .p statement defines the product
terms.

The table has two sections. The first
section defines the inputs to the product
term and has a column for every input
defined. A minus sign in a row indicates
the input for that column is a “don't

care” for that product term. A one or a
zero in a column indicates that the prod-
uct is true when that input is a one or a
zero, respectively.

The output section reads similarly.
This section has a column for every out-
put defined. A one in a column indicates
that the product term defined in the
input section is a product term required
for that output.

Following these rules, you would
interpret the equations for Q9.REG as
follows (Q9.FB is the first output defined
in the .ob section): When load! is com-
plement, and D9 and clr are true, the

product term becomes the output
Q9.REG. When loadl, clr, ce, and
Q9.FB are true, the product term
becomes the output Q9.FBn. And
so on...

This file looks very cryptic, but it is
actually a very compact way to
describe large complex circuits. The
PLA format is an industry standard;
hence, tools that use it as input can inter-
face with tools that produce PLA file as
output.

Listing A—PLA-format file

#$ TOOL ABEL 4.10
#$ DATE Mon Oct 5 14:41:38 1992
#$ TITLE 10 bit up down loadable counter

#$ TITLE Michael Trapp Lattice Semiconductor Oct 1990

#$ MODULE _10bitctr
#$ JEDECFILE count10
#$ VECTORFILE _10bitct.tmv

#$ PINS 26 Osc OE Q9+ Q8+ Q7+ Q6+ Q5+ Q4+ Q3+ Q2+ Q1+ QO+ loadl D9 D8 D7 D6 D5

D4 D3D2 D1 DO u_dceclr
i26
.0 30
type f

.ilb Osc OE loadl D9 D8 D7 D6 D5 D4 D3 D2 D1 DO u_d ce clr Q9.FB Q8.FB Q7.FB

Q6.FB Q5.FB Q4.FB Q3.FB Q2.FB Q1.FB Q0.FB

ob Q9.REG Q8.REG Q7.REG Q6.REG Q5.REG Q4.REG Q3.REG Q2.REG Q1.REG

QO0.REG Q9.C

Q8.C Q7.C Q6.C Q5.C Q4.C Q3.C Q2.C Q1.C Q0.C Q9.0E Q8.0E Q7.0E Q6.0E Q5.0E

Q4.0E Q3.0E Q2.0E Q1.0E Q0.0E
.phase 111111111111111111111111111111
p 131
—0t 1
—1 111

100000000000000000000000000000
100000000000000000000000000000

—1——— 0010000000000 100000000000000000000000000000

- 0-11
=4 0-11
L e

1 100000000000000000000000000000
1- 100000000000000000000000000000
1— 100000000000000000000000000000

—1———0-11———-1— 100000000000000000000000000000
—1———0-11——1—— 100000000000000000000000000000
—1——0-11—1——- 100000000000000000000000000000

it 0-11—1
=i 0-11-1
= 0-111

= 001
= 0-1
= 1-1
— 101

—i 11
= 01

100000000000000000000000000000
100000000000000000000000000000
100000000000000000000000000000

00 000000001000000000000000000000
11 000000001000000000000000000000
10 000000001000000000000000000000
01 000000001000000000000000000000
000000000100000000000000000000
1 000000000100000000000000000000
0 000000000100000000000000000000

1 000000000011111111110000000000

oo

000000000000000000001111111111
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Meet military requirements with flying colors! When it comes
to power supplies, over 1000 standard Vicor power
components and configurable products fit the bill for military
programs seeking the benefits of nondevelopment items (NDI)
and commercial off-the-shelf (COTS) equipment.

Inputs: 28, 155 & 270 VDC per MIL-STD-704 (A-E),
MIL-STD-1275, MIL-STD-1399, and MIL-STD-461.

Outputs: 2-95 VDC at 10-100W, expandable to kilowatts.
Environments: MIL-STD-202, MIL-STD-810, MIL-STD-2036.
Quality/Reliability: MIL-1-45208, NAVMAT P-4855-1A, MIL-HDBK-217.

Shop our line of military power products and find just what
you need. Our building-block approach to power supply
design cuts time and expense while allowing you to
implement virtually any power system solution. Call Vicor
today for details.

Component Solutions For Your Power System _
Vicor Corporation 23 Frontage Road * Andover, MA. 01810 USA « TEL: (508) 470-2900 * FAX: (508) 475-6715 "f‘ V’ CDF?

Vicor GmbH Carl-von-Linde Strasse 15 D-85748 Garching-Hochbruck, Germany « Tel: +49-89-329-2763 « Fax: +49-89-329-2767
Vicor Far East 293-3 Fu Hsing South Rd., Section 2, 6/F., Suite 3A, Hsin-Tien City, Taipei Hsien, Taiwan « Tel: +886-2-736 4349 « Fax: +886-2-733 7341
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Compile and minimize PLD equations.
Add MSI and SSI functions.
Implement 3-state circuits, inversions, and preset/reset.
Combine all PLD source files into a single file.
Partition the circuit over the new device’s logic blocks.
Import and verify the design.
Place and route the design using tools for high-density
devices.

® Assign the I/0 pins.

An upgraded PLD design begins with defining the I/Os of
the new device based on the circuit developed for the old
devices. You must first determine if the new design will be
pad-limited (the new device does not have enough I/0 pins)
or gate-limited (the new device does not have enough inter-
nal logic).

If the design is pad-limited, you must choose a device with
a higher pin count or partition the design among two or more
lower-pin-count devices. Using a higher-pin-count device
raises the cost of the implementation and typically results in
a large amount of unused internal logic. Multiple lower den-
sity devices typically incur a lower cost and better utilization
of available logic.

A gate-limited design mandates that you select a higher
density device. This choice usually leads to unused I/0 pins.
You can take advantage of the unused pins to introduce addi-
tional functions, providing that the design does not become
gate-limited again.

A shotgun approach

As a shotgun approach, you can simply draw a box around
a circuit, count the I/0 and gate requirements, and select a
programmable device meeting this gate and I/0 count. How-
ever this simple-seeming task can be complex, requiring
good engineering judgment of how to best use the high-den-
sity device.

Another straightforward method to estimate gate count
uses SSI, MSI, and PLD equivalents. By adding the number
of these circuit blocks required for a circuit, you can deter-
mine if the design fits into a high-density device. For
instance, the generic logic block of the pLiSI family of high-
density devices is roughly equivalent to one-half of a 20V8
PAL device. Extending this approximation, roughly one MSI
device or two SSI devices can fit into each logic block.

To partition a circuit implemented with MSI, SSI, and
PLDs, look for those nodes that are best suited for intercon-
nection within the new device. These nodes typically travel
from one device to only one or two other devices. Assign
nodes that connect to many devices to the new device’s I/0
pins, unless you vacuum all the destination devices into the
new high-density device.

This approach eases determining whether you should
implement a node within the high-density device or allocate
it as an I/0 pin. Signals that connect to a device not imple-
mented in the high-density device become I/0 pins by
default. Naturally, nodes going off-board must become I/O
pins of the high-density device.

Clocking affects partitioning
Clocking can also impact how you partition a cireuit. If the
circuit requires more clocks than are available in one of the
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new devices, for example, you should partition the circuit
over multiple devices, such that circuits with common clocks
are in the same device.

After defining the circuitry to be placed into the new
device, you begin converting the design into the new
device’s format. A typical design contains many PLDs and a
few MSI and SSI devices. Most PLDs have an associated
source-equation file, the source for design equations to be
imported into the device-specific software for the new high-
density device.

You should reminimize the old equations in the original
PLD design before converting them into the high-density
device’s format. While designing with PLDs, you typically
use only Boolean reduction. Advanced reduction algorithms
available with standard third-party compilers can further
reduce the number of product terms required for a function.
These reductions produce a lower gate count and easier
implementation into the high-density device.

In some cases, the original design’s documentation may
not be available. In such a case, you may have only to access
a JEDEC fuse map for some PLDs. You must decompile this
fuse map into the source equations and reminimize the
equations. The decompilers produce raw equations that
have generic names for the equation’s variables and para-
meters:

Pin23 := Pin0l1 & Pin02

# Pin03 & Pin04 & Pin05
# Pin09 & Pinl0;
Pin23.0E= Pin06;

Although functionally correct, these equations are diffi-
cult to read. Using the “search-and-replace” function avail-
able on word processors, you can recast the generic signal
names to match those on your schematic. Signal naming is
important because development software and high-density
development software connect signals with common names.

Add MSI and SSI functions

At this point, you should add any MSI and SSI functions
that you want in your revised design. You can easily inte-
grate MSI and SSI functions into the new device by creating
a PLD-design file that emulates the functions and importing
that file into the device’s design software. Most MSI func-
tions fit neatly into a PLD, especially when a designer uses a
PLD such as a 22V10 PAL device whose flexible architecture
simplifies I/0 and product-term allocating. The same proce-
dure for SSI devices is applicable, but combining AND, OR,
and INVERTERS into the MSI- or PLD-design equations
should be very simple.

By using the same names on the inputs and outputs of the
MSI PLD as on the schematic, the resulting file becomes
ready for converting and importing.

An alternative method for implementing these functions is
to find the closest equivalent circuit to the desired function
within the macro library provided with the high-density-
device software. Both of these techniques aim to develop
functionally correct equations that best utilize the pLSI’s
architecture.

You can then add PLD files containing MSI and SSI func-
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Designed for harsh environments, Maxim’s ruggedized MAX211E, MAX213E, and MAX241E are
the industry’s first RS-232 transceivers to provide true +10kV ESD protection per the Human
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tions to the files containing the converted PLD equations.
The goal is to derive functionally correct equations in stan-
dard compiler format.

Convert 3-state signals to multiplexers

Trying to implement 3-state buses within an ASIC or high-
density devices can create problems, such as causing outputs
to go undefined. In fact, many high-density devices can’t
implement internal 3-state buses at all. As a solution, you can
implement 3-state functions with a 1-of-N select function
(Ref 1). The inputs to the selector are the signals that would
be tied together on the 3-state bus. The select lines of the
selector are the individual 3-state enable signals. This tech-
nique, commonly used in ASICs, appears in Fig 1.

You would rewrite the 3-state equations for a 1-of-N selec-
tor this way:

BUSA SIG1=SIG_1A
BUSA SIG1.0E=SIGl_OE
BUSB_SIG1=SIG_1B
BUSB_SIG1.0E=SIG1_OE

BUSA_SIG2=SIG_2A
BUSA_SIG2.0E=SIG2_OE
BUSB_SIG2=SIG 2B

BUSB_SIG2.0E=SIG2_OE

BUSA SIG3=SIG 3A
BUSA_SIG3.0E=SIG3_OE
BUSB_SIG3=SIG_3B
BUSB_SIG.OE=SIG3.OE

BUSA OUT= (!SIG1 OE & !SIG2 OE) & SIG 1A
# (TSIG1 OE & !SIG2 OE) & SIG 2A
# ( SIG1 OE & SIG2 OE) & SIG 3A;

BUSB_OUT= (!SIG1 OE & !SIG2_OE) & SIG_1B
# (TSIG1 OE & !SIG2 OE) & SIG 2B
# ( SIG1 OE & SIG2 OE) & SIG 3B;

The six original equations now appear as the two functions
of BUSA_OUT and BUSB_OUT. Note that you do not need
SIG3_OE.

Assuming that the SIG_1A and SIG_2A expressions use
typical PAL-type equations, they would have this AND/OR
structure:

SIG 1A= SIGAl & SIGA2 & SIGA3
# SIGA4 & SIGAS & SIGAG;

SIG_2A= SIGB1l & SIGB2 & SIGB3
# SIGB4 & SIGB5 & SIGB6

Then the selector equation becomes

BUSA OUT= (!SIG1_OE & !SIGl_OE) & SIGl & SIG2 & SIG3
# (TSIG1_OE & !SIG1_OE) & SIG4 & SIG5 & SIG6

# ( SIG1I_OE & !SIG2_OE) & SIGBl & SIGB2 & SIGB3

# ( SIG1I_OE & !SIG2_OE) & SIGB4 & SIGB5 & SIGB6

# ( SIGL OE & SIG2 OE) & SIG 3A;

The AND function on the output enables (SIG1_OE,
SIG2_OE) does not increase the number of product terms
required to implement the various bus-signal functions. This
result holds true for product-term-oriented architectures,
such as the pLSI devices.

Investigate inversions
Given the wide variety of device architectures, you should
investigate active-high vs active-low internal signals to
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achieve the highest utilization of the device’s resources. The
following equation is an example:

!10UT= IN1 & IN2 & IN3 # IN4 & IN5 & IN6;

If you can’t implement this equation with a hardware invert-
er, you can use Boolean expansion to produce an alternative:
OUT=!IN1 # !IN2 # !IN3 & !IN4 # !INS5 # !IN6;

This equation requires seven product terms as opposed
to two when implemented into a PLD-type device architec-
ture like that in the pLSI devices (Fig 2). The expanded
Boolean equation also requires two extra feedback terms to
implement the OR-AND function in an AND-OR device

architecture.

Define preset/reset mechanism

A frequently neglected, but nonetheless necessary,
requirement for digital designs is a reset mechanism. All
state-machine designs should have a known power-up
state. If you attach a reset line to all your state-machine
registers, such a line would unnecessarily use significant
routing resources. The reset mechanism should take
advantage of the hardware-reset resources available in the
new device. You should remove individual reset signals
from your design equations and instead use hardware
reset.

Many programmable-device architectures provide only
reset and no preset mechanism. In these cases, you can com-
plement outputs requiring a preset signal and still use the
hardware reset. Alternatively, you can make the preset func-
tion synchronous by adding a preset term into the design’s -
equations.

Last, when placing new logic in the high-density device,
you should partition that logic into available logic resources.
For the pLLSI family, you simply write Boolean equations or
use the available macros. With the exception of a few key-
words, you can enter the equations just as you would using
third-party design tools.

Combining source files and partitioning

The *.DOC files produced by third-party compilers come
in an industry-standard format. These files contain reduced
equations derived from the source file, JEDEC maps, high-
level state-machine language, truth tables, and standard
equations. You should combine all the individual PLD and
MSI *.DOC files into a single source file for partitioning over
the high-density device.

Using a pLLSI device as an example, you can collect equa-
tions into groups of four outputs to partition the PLD equa-
tions to fit into the four outputs of the pLSI device’s logic
blocks (Fig 5). (You must place headers and trailers around
the four equations to direct the pLSI design software to par-
tition the equations into a particular logic block.)

The software then maps the equations into the logic block’s
18 inputs, 20 product terms, and four registered or combina-
torial outputs. Additional logic capacity results from prod-
uct-term sharing among the four outputs and an optional
exclusive-OR gate fed by a product term and an AND-OR
term.
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The final conversion step is defining the 1/0 cells. The 1/0
cell for the pLSI device’s definition is

SYM IOC IOXX 1;

XPIN XSIGNAME PIN# LOCK#;

IB1/OB1 (SIGNAMEIN/SIGNAMEOUT, SIGNAMEIN/SIGNAMEOUT) ;
END;

(Because the pLSI software routes the pLSI devices accord-
ing to signal name, it automatically connects all I/0 cells to
the proper internal nodes.)

Import, verify, and lay out the design

Once you have partitioned your design over the new
device(s), you must import the device’s source file into the
design software for verifying, placing, and routing. You then
follow the steps outlined for the device’s development envi-
ronment.

This technique for creating a design for a programmable
device builds upon PLD-design methods. In summary, the
following guidelines can simplify your efforts:

® Decide if the design is I/0- or gate-limited.

® Choose the appropriate new device.

® Use as many of the original Boolean functions from low-
density source files as possible.

e Convert 3-state outputs to 1-of-N multiplexer outputs.

® For reset functions, use the global reset for the entire
device or asynchronous reset for specific logic resources.

® Remain within the logic resources when partitioning the
circuit.
following this method brings you the significant manufac-
turing benefits of new generations of programmable devices:
smaller boards, simpler test procedures, faster development,
and fewer parts in inventory and assembly. EDN
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PROsim™ delivers 28-state,
high-performance, full-timing
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annotation to PROcapture for

the fastest design and debug capa-
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PROsim, $4,995.
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PRO Series™ family,
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Now you can develop more
innovative FPGA and CPLD
designs faster than ever before.
Integrate it with other PRO
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design. PROvhdl, $1,995.

$1,995.

PROcapture™, our advanced,

Windows-based design-entry
1 solution gives you the widest
variety of libraries available on
the PC platform. EDN
Reader’s Choice Survey rated
Viewlogic tools as the best
schematic entry solution.

PROcapture, $1,995.

PROsynthesis™ produces gate-
level representations from
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and CPLDs in VHDL and
have the freedom to target
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from the broadest set of libraries
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else
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TOSHIBA

At Toshiba, we see a new kind of tomorrow.

One where restrictive corporate borders are
transformed into paths of shared innovation.
And world-class companies work together for
the benefit of all.

A vision that’s evident in our recent partnership with
IBM and Siemens.

By forming an international alliance with these two
industry leaders, we're pushing technology to places
never before deemed practical, or even possible.

Together, we're developing an advanced generation
of dynamic RAM — a 256 megabit DRAM chip.

By pioneering 0.25 micron technology, electronic

future, we had to tear down some old walls.

pathways 1/1600 the width of a human hair are being

used to pack 256 million bits of information — enough to

hold 25,000 pages of text — onto a fingernail-sized chip.
The result will push the capacity of semiconductors by

over 16 times. But that’s only the beginning.

It will accelerate the innovations of our
next century — rﬁany not even imagined
yet — by years.

Enable applications like interactive
television, multimedia, mobile computing
and voice recognition to become commonplace.

Drastically reduce the size of computers, Personal
Digital Assistants and communications devices.

And establish an important, standardized techno-
logical springboard for future generations of highly
dense chips.

Remarkable, yes.

But no less than you'd expect from a company with
one of the industry’s
strongest R& D and
patent records.

For more information on how Toshiba technology
will play a part in your future, please call 1-800-879-4963.

Because at Toshiba, were working on a world
without borders. Cooperation through coalition. And

innovation beyond expectation.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

©1993 Toshiba America Electronic Components, Inc.
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Quantify critical-timing risks
with statistical analysis

James J Vorgert, Texas Instruments Inc

Performing a timing analysis using conserva-
tive worst-case methods may force you to over
design or reduce performance goals unneces-
sarily. Using statistical methods to quantify
the risks associated with critical timing paths
lets you trade off technology vs performance
and manufacturing goals.

Timing is critical for a digital system’s success. For decades,
designers have analyzed circuits’ timing using conservative
worst-case methods. Such methods ensure reliable systems,
but many are overly conservative. They also provide little
insight into the risk of retaining a signal path that analysis
shows exceeds its timing requirements. Statistical timing
analysis can quantify the risk associated with that signal path.

Formally stated, a signal path is “a series of interconnect-
ed nodes in a digital design that are defined to begin and end
with a constrained device or pin” (Ref 1). Most digital
designs have thousands of paths; each path has some inher-
ent delay requirement. These requirements derive from sys-
tem performance goals, circuit functionality, system clock
rates, interface timing constraints, and other considerations.

You can identify signal paths at any number of conceptual
levels. A system-level path, for example, comprises a group of
similar individual paths. All signals in the group have the
same basic structure and requirements. For the system to
operate properly, the signals must function within their
requirements.

Once you identify a signal path and its requirements, tim-
ing analysis can determine if the path will meet its require-
ment. As with the identification process, you can perform
timing analysis at any of several levels. You can serutinize
individual paths or analyze and take one or more paths from
a system-level group to represent all of the paths in the
group. Likewise, a number of analysis methods are available,
depending on information availability and desired accuracy.

Maxima yield first-order estimates
You can make a good first-order timing estimate by adding
the maximum delay values for each component in the path,

which is called worst-case analysis. Most vendors provide
data books that specify the maximum output propagation
delays and input setup times for their devices. If the results
of a worst-case analysis are within 20% of exceeding the
path’s timing requirement, that path is said to be critical and
is usually subjected to more detailed analysis. If a path meets
its requirements by 50% or more, it has a “safe margin,” and
no further analysis is necessary. Paths that fall somewhere
between safe and critical may be treated either way but are
usually reexamined along with the critical paths.

The worst-case-analysis method is simple to use, and often
electrical CAE tools support it, allowing a majority of the sig-
nal paths in a design to be subjected to a first-order check.
Passing this test does not guarantee, however, that a path
will function properly. The estimate does not account for fac-
tors such as interchip wiring delays or driver loading effects.
Generally, these effects are small, but for critical paths, they
may be fatal. For this reason, designers use more rigorous
worst-case methods that account for loading effects. Such
methods first estimate the physical properties of the inter-
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Fig 1—The delay distributions obtained at extreme operating con-
ditions determine a part’s minimum and maximum ratings. Using
those distributions instead of maximum values lets you quantify
your system’s expected performance.
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connections (length, capacitance, and inductance), then
adjust the timing delays through each component or wiring
segment in the path. You can perform the analysis manually
using loading information from vendor data books or with the
aid of a computer-based circuit-analysis tool.

Early in the design process, usually you do not have
enough information to make an accurate estimate of the load-
ing delays for each path. In such cases, the designer must
make worst-case assumptions about the characteristics of a
“typical node” (eg, all nodes have 35-pF load capacitance).
Generally, designers also set a design margin that applies
equally to a path in the design (eg, all paths must meet
requirements by 10 nsec or more to allow for interchip
delays).

For an example of a ROM-circuit analysis using the worst-
case approach, see box, “A worst-case circuit analysis.” In
the example, the analysis predicts a delay of 122.2 nsec vs a
requirement of 121.2 nsec. If, as in the example, the results
of the worst-case analysis indicate that the circuit will not
operate reliably over the specified range of operating condi-
tions, conservative design rules dictate that you replace one

or more of the components with a faster device, change the
design, or relax performance goals.

This conservative approach can be prohibitive, especially
for high-performance systems: System-level requirements
usually restrict architectural changes, reducing perfor-
mance goals is self-defeating, and in many cases, the fastest
available parts have already been specified. When you can
find faster parts, they are often expensive and available only
in limited quantity, which limits the design’s producibility.

Worst-case estimates conceal risk

At this point in the design process, most designers begin
to rationalize, thinking it’s not likely that all of the compo-
nents in the path will perform at worst case, or they assume
that vendors always pad the worst case specifications. Thus,
a design team concludes that a marginal design will work fine
in the real world. But how well the design will work is a ques-
tion often left unanswered. The design team accepts the
unknown risk and resolves to work it out on the prototype.

However, it is both possible and practical to quantify risks
associated with a critical path. Statistical analysis offers

A worst-case circuit analysis

Fig A shows a typical system-level path
in a microprocessor design. The path’s
starting point is the clock input of the
memory-management unit (MMU). The
signal path progresses from the clock to
the MMU’s A(0:16) and CS(0:3) out-
puts. From there, the signals travel to the
address and control inputs of the ROM
devices. The path asynchronously prop-
agates through one of the ROMs and dri-

ves the inputs of a standard bus-interface
device. The buffer interface in turn drives
the microprocessor’s data inputs (CPU).

Individual paths include many per-
mutations of the same basic structure,
which is a single control output prop-
agating from the MMU clock input
through the ROM and data buffers
and into the CPU. In this case, 16
address bits and one chip-enable line

MEMORY-

MANAGEMENT | AC:16)

—>  UNIT
(MMU)

CS(0:3)

ROM ROM ROM

CLOCK CPU BUS

> CPU

ROM DATA BUS

Fig A—You can analyze the multiple individual paths in this design example as a single

system-level path.

traverse through three ROMs with
eight data lines for (16+1)X
3%x8=408 individual paths. A single
system-level path from MMU clock to
CPU data input represents all of the
individual paths.

Table 1 shows typical requirements
for the microprocessor circuit in Fig A.
To meet the 4-MIPS requirement at the
33-MHz clock rate, a typical instruction
can require no more than 33/4=8 clock
cycles. Instruction execution requires
four clocks, so the ROMs must be
accessed within four clock periods.
Therefore, each of the 408 individual
paths from the MMU clock input to the
CPU data inputs must propagate in
<4/33.0E+06=121.2 nsec.

Figure worst-case delays

In this example, the firstorder worst-
case analysis is straightforward. We
have chosen to implement MMU func-
tions using a field-programmable-gate-
array (FPGA) device. Using the postlay-
outtiming-analysis tools the vendor
provided, we find that the expected
worstcase address delay is 12 nsec.
The chip-select outputs are faster (8
nsec). According to the data book, the
chip select to data delay of a ROM (50
nsec) is also faster than the address
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detailed insight into path delays as well as a means for deter-
mining how well the design will work. The analysis methods
use characterization data for each device—rather than max-
imum or minimum parameters—to derive a function that
describes the probable delay for each device. Combining
delay functions forms a joint probability distribution for the
path’s overall delay, which you then use to compute the prob-
ability that the path will either pass or fail its requirements.
If all paths in the design receive a statistical analysis, you can
estimate the design’s expected manufacturing yield with
respect to timing.

Few vendors actually publish characterization data for
their products, yet this information is generally available
through the vendor’s technical-support staff. Most vendors
collect product-characterization data to generate timing
specifications for their parts and to provide metrics for mon-
itoring their manufacturing processes. For military prod-
ucts, vendors must collect delay data to meet Mil-Std-883
requirements. If characterization data is not available from
the vendor, however, you can collect it by measuring the
delays through a large sample of devices (100 or more) over

the design’s desired range of temperatures and operating
voltages. Note that such testing is usually expensive, though.

Using characterization data can be risky. Usually, charac-
terization data is short-term data—for example, samples
come from a single batch (lot) of devices produced over a
short period of time. Short-term data does not account for
the possibility that the manufacturer’s processes may
change over time or that multiple vendors (or multiple
foundries owned by the same manufacturer) will produce the
same end product with varying results. Also, characteriza-
tion data can be wildly different from one manufacturer to
another; and, currently, no standards exist for collecting this
data.

Some vendors provide characterization data in statistical
form: the mean () and standard deviation (o) or variance
(0?) at a number of important temperature and voltage com-
binations over the specified operating conditions. Other ven-
dors provide a table of measurements for a sample of devices
under various environmental conditions. The data may rep-
resent either long- or short-term sampling, so the designer
must take care to understand what type of information is

delay (90 nsec). Because the chip-select
paths will always be faster than the
address paths, we simplify the analysis
by ignoring chip selects and concen-
trating on the worstcase address path.

The data buffer has a 7-nsec delay
from input to output, and the CPU
requires 5 nsec of setup time on data
inputs. Therefore, the total worst-case
delay is 12+90+7+5=114 nsec.
Because this is within 20% of the

requirement, (121.2-114)/ 121.2=
95%, consider the path critical. Thus,
we need fo examine wiring delays and
loading effects.

In the case of our ROM circuit, the
printed-wiring-board (PWB) vendor
advertises typical capacitance of 4
pF/in. and inductance of 0.2 mH/in. of
etch. An initial board layout suggests
that each trace in the path has approx-
imately 18 in. of etch. Computer mod-

erand fetch;

(3) memory-access cycles begin
on the rising edge of a system
clock. The MMU is programmed to
extend the cycle by up to eight
clock periods, and the process
latches data inputs on the rising
edge after the MMU signals that
the cycle is ending.

els are not

4 e available for

System example operating conditions the . CPH Lo

Average FPGA pins, so

system throughput >4 MIPS you will have

to estimate

System clock frequency 33 MHz hose by kst

Processor software ROM The ROM man-

: ufacturer pro-

Processor operation (1) Oppodes prefetched during vided' 'a Spice
execution of previous instruction; L

(2) a typical instruction requires 4 analysis of the

internal clocks and makes 1 op- ROM drivers

and the buffer
circuit based
on our antici-
pated loading.
We estimate
the combined
worst-case
delay through
this portion of

the path to be 102.3 nsec, compared
with 97 nsec using the first-order
estimate.

For the MMU FPGA, the only loading
information in the vendor’s data book is
a chart of delays vs capacitive loads.
Inductive effects on these delays are
small compared with capacitive load-
ing, so, initially, we can ignore the
inductive contribution and account only
for capacitive effects. Calculate the
load capacitance for a typical address
line by adding the input capacitance of
the three ROMs (12 pFx3=36 pF) and
the anticipated capacitance of the sig-
nal trace (18 in.x4 pF/in.=72 pF) for a
total of 108 pF.

The vendor-specified maximum
delay of the output driver assumed a
50-pF load. The vendor’s loading chart
recommends adding to this maximum
0.05 nsec/pF over the rated load. The
adjustment to the address delay
through the MMU becomes 0.05x
(108-50)=2.9 nsec. Therefore, total
address delay through the MMU is
12+2.9=14.9 nsec. Because loading
doesn't affect input setup delays, they
remain at 5 nsec. Thus, total estimated
delay for the ROM path is 14.9+
102.3+5=122.2 nsec. The path fails to
meet its requirement.
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available. From this information, the designer can derive a
distribution function for a device delay at a number of impor-
tant temperatures and operating voltages (Fig 1).

Calculating the delay distribution

The delay distribution function represents the probability
that a randomly selected device will have a given delay under
fixed operating conditions. In general, the distribution
approximates a Gaussian, or normal, curve. The important
statistical properties of the distribution are its mean () and
variance (o?). This information is directly available from sta-
tistical characterization data. For tabular data, the p. and ¢*
values must be calculated using Eq 1 and Eq 2 (Ref 2), where
X is the series of delay measurements under the desired
operating conditions, and N is the number of measurements.

p=2X/N (1)
o?=3(X-p)?/N @)

Note that temperature or voltage variations may affect
both the mean and variance values in a nonlinear fashion.
Designers, therefore, must recalculate p and o for each
desired set of operating conditions rather than simply scal-
ing. Also, it is not generally valid to assume that a typical
value in the vendor’s data book represents the process mean
or that the specified maximum values represent any specific
variance from the process mean. Rather than making
assumptions, designers should contact the vendor to obtain
characterization data.

Most vendor-supplied characterization data is short-term
data and does not account for the possibility that the vendor’s
manufacturing processes may change over time or that mul-
tiple factories or vendors may produce the product with
varying results. Traditionally, vendors have accounted for
such variations by specifying a guard band or design margin.
Designers typically also include a design margin in their
worst-case timing analysis by limiting the acceptable delay
to some fixed value below the actual requirement. The trou-
ble with these approaches is that they are arbitrary; it is vir-
tually impossible to quantify risks associated with these
methods.

Statistical analysis provides a more concise approach for

(<110)

TN

(<90) (<130)

PROBABILITY

30 N~
90 O 130
DELAY (nsec)

Fig 2—Products such as memories have a Gaussian delay distribu-
tion but are sorted into bins for sale by speed rating. Distributions
within bins will not be Gaussian.
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handling short-term data; Motorola’s Six Sigma approach
offers two options: You either set the path goals such that the
requirement is at least six standard deviations (60) greater
than the mean delay for the path, or you account for possible
process shifts by shifting the mean delay for each device by
a factor of 1.50- and then set the path goals such that no more
than three defects are expected per million implementations
(3 dpm) (Ref 3).

Some vendors track their processes and collect long-term
characterization data. This data includes a large sample of
devices from many manufacturing lots, and it accounts for
normal process shifts by sampling the process over time.
Depending on the vendor’s record for controlling its
processes, long-term data may provide more insight into the
vendor’s process shift than simply scaling short-term data.
You can use long-term data directly, or, for a more conser-
vative analysis, you can similarly scale it to short-term
data.

Statistics don’t always apply

Some devices don’t lend themselves to statistical modeling.
Memory devices, for example, are produced in the same man-
ner as most other electronic components but differ in how
they are tested and sold. Most memory products are binned
before shipment, meaning they are individually tested at the
factory and sorted into groups that have similar perfor-
mance characteristics. For example: A vendor manufactures
ROMs that have a nominal access time of 100 nsec, and the
variance for the process is 10 nsec. The vendor tests each
part and sorts them into bins of <90 nsec, 90 to 110 nsec, and
110 to 130 nsec. Finally, the manufacturer marks each group
of parts with an appropriate speed grade and sells the lots at
different prices, based on market demand.

The delay distribution for each group is a part of the nor-
mal process distribution, but delays do not have normal dis-
tribution within a group (Fig 2). Because the distribution for
a group of binned parts is not Gaussian, assume that the
delay for that part will be equal to the vendor’s specified
maximum delay and that the variance of the group will be
zero (ie, worst-case delay).

Field-programmable devices and ASICs offer another
twist. Vendors cannot gather characterization information
for a device that doesn’t yet exist. However, the vendor can
characterize the manufacturing process and provide timing
analysis based on that characterization, estimating the delay
distribution using a static timing analyzer. Most static tim-
ing analyzers can be set to determine “best/strong,” “nomi-
nal,” and “worst/weak” process points at minimum, nominal,
and maximum temperature and supply voltage. By analyzing
a path through the design at each of the process points—and
holding the temperature at maximum and the supply voltage
at minimum—designers can derive the worst-case delay dis-
tribution for the path.

As with other components, the delay distribution for an
ASIC will be a Gaussian curve (unless the device is screened
or speed-graded). The mean delay for the device is the result
of the “nominal-process” timing analysis, and o is given by

o=(W-B)/2X, 3)

where W is the result of the “worst-process” analysis, B is
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the result of the “best-process” analysis, and X is the ven-
dor’s sigma metric. For most vendors, the sigma metric is 3
(ie, they use 3o data for process corners). Verify the X value
with the vendor.

Consider output loading

Another consideration when using characterization data is
the effect of output loading. Vendors typically perform char-
acterization with a 50-pF test load, which is true for ASIC-
timing-analysis estimates as well. If the design loads are sig-
nificantly more or less than the test load, an adjustment is
necessary to account for loading. Like delays, loading adjust-
ments can be modeled either as a worst-case value or as a sta-
tistical distribution based on variance in board layout and
material properties. Currently, however, it is difficult to
obtain statistical data for anticipated loading. To apply a
worst-case loading adjustment to a statistical distribution,
calculate the correction factor from the vendor’s data book
(same method as for worst-case analysis) and add this factor
to the mean () device delay.

Once you’'ve modeled the delays statistically, you can
derive a joint delay distribution for a critical path. Obtain the
exact distribution by combining the distributions using the
convolution integral: Convolve the distribution function of
the first delay in the path with the second, and then convolve
the result with the next delay, ete, until you combine all of
the delay components. The result is the joint delay distribu-
tion for the path. Unfortunately, the mathematics for convo-
lution are very complex.

Fortunately, the analysis can be simpler. For module-level
paths that propagate through separate devices, the delay
through each device usually can be considered to be inde-
pendent of the other device delays (an exception would be a
design composed of several identical devices that are all from
the same manufacturing batch). In addition, each delay is
randomly distributed within the delay distribution for that
device. In this situation, the “root-sum-of-squares” (RSS)
method allows use of the Central Limit Theorem in statistics
to determine the joint distribution or overall delay charac-
terization.

The Central Limit Theorem states that the sum of a set of
such independent continuous random variables asymptoti-
cally approaches a normal distribution. This implies that the
total path delay will have a Gaussian distribution with the
mean equal to the sum of the individual path-delay means

4)

and standard deviation related to the individual delay distri-
butions by

By=2p

G‘J:\/ETTZ. (5)

Because the individual component distributions are consid-
ered normal, the error of this approximation is small—even
for paths with only three or four components.

Sample statistical analysis

To reexamine the ROM path example (see box) using the
RSS method, start by analyzing the memory-management
unit (MMU) FPGA design. An initial analysis of all of the
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PROBABILITY THAT THE
PATH FAILS TO MEET
TIMING REQUIREMENT R (Py)

PROBABILITY

>>

p R
DELAY (nsec)

Fig 3—The probability that a path will fail to meet its timing

requirement (R) is given by the area under the distribution curve to

Lhe éighl:ld R. This value may be calculated or determined from stan-
ard tables.

address- and chip-select paths indicates that the longest path
is A(16). Because all of paths within the FPGA are highly
correlated, you know that A(16) will always be the longest
path, so you need only do detailed analysis on this one path.
Rerunning the static timing analysis at 125°C, 4.5V, and all
three process points yields 10.2, 11.1, and 12 nsec. Using Eq
3, 0=(12-10.2)/(2x3)=0.3 nsec. Because the 108-pF loading
on the address lines is greater than the 50 pF assumed by the
timing analyzer, you must adjust p accordingly. The vendor’s
data book recommends adding 0.05 nsec/pF for loads greater
than 50 pF, so

p=11.1+(0.05X58)=14 nsec.

According to the manufacturer, the CPU has a mean setup
time of 4.5 nsec and variance of 0.17 nsec; the buffer device
is specified to have mean propagation delay of 5.8 nsec and
variance of 0.4 nsec. The ROM is a binned part, so use the
maximum delay value (90 nsec) as the mean with zero vari-
ance. Add 4 nsec to the ROM delay to account for loading,
making the mean delay 94 nsec with zero variance. Using Eq
4 and Eq 5, the joint distribution for the path is a normal dis-
tribution with

n=14+94+5.8+4.5=118.3 nsec
=V(0.32)+(02)+(0.17%)=0.53 nsec.

Once you know the joint distribution for a path, the prob-
ability (P,) that the path delay will be greater than its
requirement (ie, the path will fail) is given by the area under
the distribution curve and to the right of the requirement (R)
(Fig 3). You can calculate this area by evaluating

]t
-l

R

oo

JorFanestg (6)

However, because the distribution is considered to be a nor-
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mal curve, a simpler method is to use a standard table of area
under the normal curve (Ref 3).

Most standard tables of area under the normal curve contain
either the area bounded by p-z and p+z; the tail area remain-
ing below p-z and above p+z (bilateral tail area); the area left
of w+z (values of the normal distribution function); or the area
remaining to the right of p+z for positive values of z (unilater-
al tail area), where z is the sigma metric value given by

2=(R-p)/o, )

where R represents the value of the paths’ required delay. By
realizing that the total area under the normal curve is equal
to 1, you can calculate the area remaining to the right of z
using any table of area under the normal curve.

For the ROM path, z=(121.2-118.3)/0.53=5.47. Because
short-term data was used to calculate p and o for the path,
the initial Six Sigma goal is z>6. Although the goal isn’t met,
you still may be willing to accept the risks for this high-per-
formance design. To better quantify the risk, you can approx-
imate the long-term distribution for the path by adding 1.5¢
to p. Reevaluation of Eq 7 yields

z=(121.2-(118.3+0.795))/0.53=3.97.

A standard table of area under the normal curve lists the
area remaining to the right of 3.970 as 3.606E-05 (Ref 3).
The probability that a given ROM address path will fail is
1/3.606 E-05 or 1 in 27,732 or 36 dpm. Again, you didn’t meet
the Six Sigma goal of <3 dpm. However, you’ve quantified the
risk. Depending on the expected manufacturing volume and
cost of producing a faulty unit, the project may accept the
risk for this high-performance system.

Another tool that can help the designer quantify risk is the
system-level yield calculation. If you perform an RSS analy-
sis for several independent paths in the design, compute the
overall probability that one of the paths will fail (P ;) using

P, =1-{(1-P (1)) X(1-P(2)) X(1-P(3))... X(1-P(N))}. (8)

For this type of system-level calculation, it’s important to
realize that paths are not always independent. There is gen-
erally a high correlation between individual delay paths
through a single IC (the variances of address to data delays
through a ROM will be close to identical). When parallel
paths all run through the same devices, if the slowest path
passes, it is likely that all of the others will pass. Therefore,
the probability that a system-level path will fail is approxi-
mately the probability that the slowest path will fail.

When using statistical methods, take care to understand
the assumptions of statistical analysis and to know when to
apply these methods. In the example, we calculated the prob-
ability that the slowest ROM path will fail. Ignoring the
faster enable paths, the probability that the system-level
ROM path will fail is simply the probability that any one of
the 384 permutations of the address paths will fail. If you
apply Eq 8 directly, the probability is 1-(1-0.606E-
05)%4=0.013. You’d expect one in 72 of the boards to fail man-
ufacturing test due to a ROM failure.

This result is incorrect. All of the paths that pass through
a single ROM have a strong correlation, so Eq 8 does not
apply. The probability that any of these paths will fail is
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approximately the probability that the slowest ROM address
path will fail, or 3.606E-05. Because the system has three
ROMs, the probability that the ROM function will fail is
1-(1-3.606 E-05)’=1.082E-04. You should expect only one in
9244 boards to fail as a result of a ROM-address-path failure.

Use Eq 8 to combine probabilities for separate paths such
as the address and chip-select paths. If the probability that a
ROM chip-select path will fail is 1.23E-06, the probability the
ROM function will fail is 1-{(1-1.23E-06)*X(1-3.606E-
05)?}=1.12 E-04, or one in 8937 boards.

Finally, the probability that all of the paths on the board
will pass, called the system-level yield, is given by

Y=1-P,,. 9)

For the ROM function, the yield with respect to timing is
1-1.12E-04 or 0.999888, meaning 99.98% of the boards will
operate properly. Of course this doesn’t account for other
potentially critical paths in the design. Further analysis will
establish a good estimate of the system-level yield for the
entire design.

When analyzing the entire design, use both statistical and
worst-case methods. Worst-case methods provide a fast, sim-
ple approach to help identify critical timing concerns. While
conservative, they tend to ensure high reliability of the final
product. Statistical methods can help quantify risks allowing
you to make informed decisions to balance performance, cost,
and manufacturability goals. Together, worst-case and sta-
tistical methods combine as a powerful design tool. EDN

References

1. Schulz, Steven E, Introduction to Timing Verification Algo-
rithms for Digital Designs, A White Paper, Texas Instru-
ments Inc, November 1990, pg 9.

2. Papoulis, A, Probability, Random Variables, and Sto-
chastic Processes, McGraw-Hill Book Co, New York, NY,
1965, pp 189, 266 to 268.

3. Lindgren, B W, G W McElrath, and D A Berry, Intro-
duction to Probability and Statistics, Macmillan Publishing
Co Inc, New York, NY, 1978, pp 38 to 45, 120 to 126.

4. Harry, M J and J R Lawson, Sixz Sigma Producibility
Analysis and Process Characterization, Addison-Wesley
Publishing Co Inc, 1992, Chapter 6.

Acknowledgment

This article originally appeared in the Texas Instruments
Technical Journal and is reprinted with permission.

Author’s biography

James J Vorgertis an electrical design engineer with the Cor-
porate Venture Products Group of Texas Instruments, where
he currently designs both digital and analog circuit boards.
For four years, he worked as a CAE-design methodology spe-
cialist with TI's Defense Systems and Electronics Group. He
has a BSEE from the University of Minnesota and enjoys
photography, woodworking, and backpacking in his spare
time.

Article Interest Quotient (Circle One)
High 586 Medium 587 Low 588
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operation.

H igher performance with lower power consump-
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Rttt | Compiled RAM with Built-in Self Test (BIST).
il il ib it tiatibalils | | PLL GTL and clock tree synthesis.
B [ | Combination TAB/QFP packaging.
[]5-volt interface.
[] SCAN and JTAG test alternatives.
[] OpenCAD® Design System support.

-.,», m - M - W
, a R X Nr N R N ﬂ NEC's CMOS-8L and CMOS-8LCX gate array families
Q ﬁ Q - Q Q -~ n a provide a competitive edge in tomorrow's markets by
reducing power consumption without sacrificing perform-
ance. For more information on our high-end 3-volt ASICs,
call NEC today.

mmmma}mmm

M - m £ m o . - m * F/0=2, W/L=0.5mm
i i CrossCheck is a registered trademark of CrossCheck Technology Inc.

OpenCAD is a registered trademark of NEC Electronics Inc.

EDN February 17, 1994 = 105



WORLD'S HIGHEST BANDWIDTH,
LOWEST POWER
A/D CONVERTERS

SPEED DEMONS, POWER MISERS.

Tired of trading off power 5 T A/D Fa.m]l Featu
. - INPUT BANDWIDTH VS. POWER CONSUMPTION CAILTES

eficiency for bandwidth? I "o W ni276, 8-bit, 500 MSPS
Trade up to this family of high- *300 MHz input bandwidth
speed A/D converters, designed * 2.8 W power consumption
for high-speed instrumentation, HI1166, 8-bit, 250 MSPS
communications, and profes- *250 MHz input bandwidth
sional video applicatons, As * 1.4 W power consumption
group,their speed ishardto [ HI1396, 8-bit, 125 MSPS
beat And whenyoucombine [ * 200 MHz input bandwidth

Plisi® Z * 870 mW power consumption
that with their low power con- |
stk g o HIL386, S:bi 75 HsPs

’ : * 150 MHz bandwidt
touch them. There'sa whole * 580 mW power consumption
Al HI1175/6, 8-bit, 20 MSPS
, 0-DIL,

i | - o 18 MHz bandwidh
in avariety of configurations _ HARRIS A/Ds * 60 mW power consumption
ndvibiosahikncs [ | b v
features. So get the performance ‘ D/As also available:
you need_and give your BAJ:evmmz([:\ng) i " HIZOZOI, lo-blt, 16OMHZupdﬂleme

HI120203, 8-bit, 160 MHz update rate

power supply a break.  HIL171, 8-bit, 40 MHz update rae

Nothing runs as far and as fast on so litle power as a Harris data converter. Except maybe these high-
energy in-line skates. On a single kick, they attain a theoretical straight-line speed of 115 mph, and
maintain that speed for 45 minutes. (Actual specs will be available following the completion of a

86.25-mile estsidevalk
ANSWER Try our AnswerFax service!
Call 407-724-3818 and request document #7051. m
Or call 1-800-4-HARRIS, ext. 7143 U malmsn
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EDN-DESIGN FEATURE

Minimize time delays
and reduce circuit density
by retiming a design

Jaap Sondervan, Philips Electronic Design and Tools

Timing for initial sequential circuit designs
generally is not optimal. By following some
retiming procedures, you can add or delete
sequential blocks to optimize circuit timing
requirements and minimize circuitry.

Retiming is a basic technique for modifying digital circuits’
clocking behavior without changing the circuits’ functionali-
ty. Because the sequential part of many designs involves flip-
flops, you can retime a circuit by adding, deleting, or shifting
flip-flops in the basic circuit until you achieve desired timing
results. The goal of retiming a circuit is to achieve a desired
clock rate and simultaneously reduce the circuit density by
using a minimum number of flip-flops. In addition, retiming
a circuit can create a pipeline architecture by adding or
deleting flip-flop stages.

Retiming should change only the timing relationship of
signals by advancing or postponing exactly one or more clock
cycles. A basic rule for retiming a circuit is that you can
freely insert flip-flops into a network or shift a flip-flop
through a node within the network (provided timing rela-
tionships between branches don’t change). If you encounter a
fork in the network, you may have to insert more than one
flip-flop after the node to maintain the same timing relation-
ship. If multiple network paths join at one node, you can
reduce the number of flip-flops preceding the node to one flip-
flop after the node.

Fig 1 illustrates this idea: (a) shows a simple node with-
out a pipeline state; (b) inserts a flip-flop before the node,
which creates a pipeline architecture. In this architecture,
the flip-flop drives both nodes. However, you can maintain
the same timing relationships by shifting the flip-flop

through the node and adding a flip-flop in each branch after
the node (c). Fig 2 illustrates how you can shift flip-flops (or
registers) through a node even when the node is connected
by combinatorial logic. A vertical bar depicts the flip-flops
(or registers) in Fig 2 and will be a convention throughout
the rest of this article.

As a practical application for retiming a circuit, consider
the FIR filter in Fig 3. The output of the filter is given as

0=1+1 +1,,.

In the basic circuit of Fig 3(a), two registers delay the input
signal (I) to develop the I, and I, signals. The time delays
of the two adder blocks are in the critical path of the circuit
and create a limit to the maximum-output clock frequency
attainable. Using the basic rules for retiming lets you shift
the registers through the nodes in the circuit, provided you
maintain the equivalent timing relationships between
branches.

In Fig 3(b), the rule allows registers FF1A and FF1B to
replace register FF1. Register FF2 shifts to a new position

CLK

CLK D-FLIP-

FLOP [

D-FLIP e
{PIPELINING—-—» FLop. RETIMING GLE

D-FLIP-
FLoP [

(a) (b) (c)

The software listings in this article are available on EDN's comput-
er bulletin-board system (BBS). Phone (617) 558-4241 with modem
seftings 300/1200/2400 8,N, 1. Access /freeware SIG and spec-
ify (r)ead option followed by (k)eyword search for “MS #687."

BBS
©)

Fig 1—Inserting a flip-flop into the path of a circuit creates a
pipeline stage. To retime the pirelined circuit, shift the flip-flop
Lhrough the node to add two tlip-flops to the two succeeding
ranches.
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RETIMING SEQUENTIAL CIRCUITS

REGISTER OR FLIP-FLOP

COMBINATORIAL LOGIC

i

RETIMING
e

(a) (b)

Fig 2—You can shift flip-flops through a node to retime a circuit even
though the node consists of combinatorial logic.

in the same branch. Essentially, the functional operation of
the circuit has not changed. The next step in the retiming
procedure is to consolidate registers FF1A and FF1B into
one register that resides between the adders (e). The final
circuit (d) now has only the time delay of one adder in the
critical path. The final circuit will operate at twice the fre-
quency of the original circuit. Note that the circuit-per-
formance increase occurs without any increase in circuit
density.

Another example of retiming is the pipeline architecture
of Fig 4. In Fig 4(b), an additional pipeline stage (FF4 and
FF3) is inserted in the positions indicated relative to the
original circuit (a). The result of the register addition means
the time delay due to combinatorial logic halves, but the out-
put is available one clock cycle later. A

5(a) could have been created by synthesis or schematic entry.
The example has a maximum time delay of four logic gates
between the four flip-flops in the branches and the flip-flop in
the output path. After design entry, you can postoptimize
this design using retiming. The modified design must exhib-
it the same functionality as the original circuit; therefore, the
number of pipeline stages between the inputs and the output
must not change. This restriction is called “keeping the
latency.”

You have a number of ways to postoptimize this design.
Fig 5(b) demonstrates one way, which minimizes chip den-
sity but maintains a maximum time delay of six logic gates.
Achieve the optimized design by shifting the flip-flops in
the branches through the combinatorial node to the output
path. The design also achieves a power-dissipation reduc-
tion, from five to two flip-flops. Fig 5(c) shows another
postoptimized design of the original circuit. By moving the
four flip-flops in the input branches through the secondary
branch nodes, you achieve a maximum time delay of three
logic stages. The number of flip-flops decreases from five to
three.

Using CAD procedures, a top-down design comprises the
following steps: First, make a behavioral high-level descrip-
tion of the circuit. When the behavior is correct, transform
the description into a Register Transfer Level (RTL)
description. Manually add logical structure to the RTL
description to perform gate-level synthesis; you need the
additional structure because state-of-the-art gate-level-
synthesis tools cannot synthesize sequential operations
(except for the special case of state machines, where flip-
flops are implicit in the description). Adding structure man-

timing diagram would show that the

original circuit could exceed an entire /
clock period due to the time delays of
two combinatorial blocks. Although the
output of the final circuit exceeds the
clock period by one clock cycle due to
the added pipeline registers, the delay

time between clock periods for the I

FF1

FF2 FF1B

IT"H

FF1A s

FF2

between successive clock cycles is
shorter than a clock period. This
results because the time delay is only
one combinatorial block.

Retiming techniques are not new, |

D

“L/
PN,
U

(a)

/ ®

but today, CAD procedures handle
these techniques automatically instead
of manually. CAD procedures usually
consist of two techniques. A postopti-
mizer technique relocates existing flip-

FF2 FF1 FF2

flops; a design-tool technique allocates
pipeline stages. Using the postoptimiz-
er technique, you insert flip-flops (or
registers) by schematic entry—or by
high-level description language if using

ml/

Q
\d
© @

L
e
L/
B ]

A
N
)

synthesis. Often the positioning of the
flip-flops is not optimal.
The pipelined architecture in Fig
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adder.

Fi} 3—1In this example of an FIR filter, the original circvit (a) suffers the time delay of two
adders in the output path. After the circuit is retimed (d), the time delay is reduced to one
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RETIMING SEQUENTIAL CIRCUITS

ually is tedious because it usually takes one or more itera-
tions to meet design constraints. Fig 6 depicts the top-down
procedure.

Refer to Listing 1 (see EDN BBS) for an example of the
behavioral VHDL (VHSIC hardware-description language)
code for a 32-bit comparator. Typical synthesis for this
design’s VHDL code using the LSI Logic LCA100k library
results in 426 gates having an overall time delay of 21 nsec.
Because the specification requires a maximum time delay of
15 nsec, the design has to be pipelined. To pipeline the
design, the RTL description must be changed manually.
Listing 2 (see EDN BBS) shows the resulting RTL-VHDL
source code. The synthesized design results in a time delay
of 11 nsec using two pipeline stages consisting of 20 flip-
flops.

You can retime the design using Optima, a retiming tool
from Philips Electronic Design and Tools, to create a
pipeline that has exactly 15-nsec time delay. Using Optima,
you can specify the time-delay constraint to be exactly 15
nsec. Optima produces a design that has one pipeline stage
using eight flip-flops, which is fewer than the synthesized
manual design. You could also find the optimized design that
uses only one pipeline stage to achieve the shortest time
delay. This design results in a time delay of 12 nsec using 17
flip-flops. EDN

Author’s biography

Jaap B Sondervan is a marketing manager for Philips Elec-
tronic Design and Tools in The Netherlands. Sondervan spe-
cializes in CAD-product marketing and public relations and
has been with Philips for nine years. His main interests are in
synthesis and test for ASICs. Sondervan has an MSC in Elec-
tronic Engineering.

Article Interest Quotient (Circle One)

High 595 Medium 596  Low 597

I FF4

FF1 FF2 FF1 FF2

e
FF3
| i o DH-P—o

Nl N L L/
(a) ORIGINAL CIRCUIT (b) PIPELINED CIRCUIT

Fi‘? 4—The original pipelined circuit (a) suffers the time delay of two
adders in the output path. Retiming the circuit (b) creates another
pipﬁline stage but reduces the time delay to one adder in the output
path.
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(a)

(b)

(c)

Fig‘ 5—You can retime this synthesized circvit (a), which has time
delays for four logic gates, in a variety of ways. Two examples
appear in (b) and (c).

BEHAVIORAL (V)HDL
HDL
SYNTHESIS
i
STRUCTURE e
ADDITION MODIFICATION

GATE-LEVEL

SYNTHESIS N TIMES

G
Fig 6—A top-down procedure for manually designing a pipelined
architecture requires many repetitive modifications.
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Our achievements of the
past ten years are the direct result of
customer loyalty and employee dedication.
The leadership position which we have attained
in the Programmable Logic industry
could not have been realized without
these partnerships and these commitments.
To all of you who
have played such a significant role
in the company’s success,
our sincere thanks.

L O e dbrosliiotts

Bernard V. Vonderschmitt
President, Xilinx, Inc.

& XILINX

The Programmable Logic Company s

© 1994 Xilinx, Inc., 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401 ; Japan, 81 (3) 297-9191 ; Asia, 852 (3) 721-0900.
Xilinx is a registered trademark, and The Programmable Logic Company is a service mark of Xilinx, Inc.
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Avoid future shock:

Transvidiate” with XTK"
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dentify signal distortions before they occur.

If the rigors of high performance design have you

caught up in repetitive prototyping, break away with XTK

(Crosstalk Tool Kit) from Quad Design. Simply stated,

XTK is the most powerful and comprehensive signal integrity tool money

can buy. It speeds your design cycle by pinpointing signal quality problems
and predicting the effects of signal distortions prior to prototyping.

XTK automatically extracts topology and electrical parameters from
PCB and MCM layout systems, allowing rapid and accurate simulation of
lossy transmission line and crosstalk effects for entire digital systems. This,
in addition to its speed and accuracy, makes XTK an essential element in
increasing the quality of your high performance designs while decreasing
product debug time.

For an even greater impact on your design cycle, XTK will soon be
augmented by QUIET™ the industry's first integrated EMI tool kit. QUIET
will not-so-quietly predict radiated noise from PCBs.

Avoid future shock by transvidiating with XTK. Call Quad Design at
(805) 988-8250 and we’ll send you a brochure on our whole fleet of

predictive tools. 1385 Del Norte Road, Camarillo, California 93010...

FAX (805) 988-8259.

QUAD
@ DESIGN

CIRCLE NO. 102

D
M. A Viewlogic Company

:!: transvidiate (irans vid'é at') vt. -a ted,

-a ting [TRANS (L. across, over ) + VID (L. videre
to see) + -IATE) 1. to bridge the present and
Juture by knowing all signal distorfion effects of
your digital circuit design before they happen
2. to avoid future design mistakes while the design
: 3. lo exist in the future presentl)

is still a vision
— trans-vid'i-a’tion n
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Kit evaluates low-power applications

Designing a low-power system
is not just a matter of connect-
ing low-power components. To
lower power, you make trade-
offs between running full
speed and reducing perfor-
mance. You also must ensure
that your software takes
advantage of the hardware’s
power-saving capabilities and
you should take advantage of a
variety of power-saving fea-
tures on modern puCs (micro-
controllers).

But it isn’t easy to decide
which features provide the
lowest power: How much will

lowering the clock speed, plac-
ing the pC in standby mode,
lowering the voltage, or
changing your code affect the
battery life of your design?

The M6SEBLP11KIT evaluation kit
helps find answers to these questions.
Based on the Motorola 68HC11E9 pC,
the kit consists of an evaluation board,
development code, a low-power-design
manual, technical documentation, extra
crystals—and yes, even batteries.

The evaluation board contains the
pC, a 14-character, 2-line LCD, an
RS-232C interface, low-power LCD

and code.

This evaluation kit allows you to learn more about low-power sys-
tem design; you can play games with clock speeds, supply voltage,

driver chips, a wire-wrap area, and a
battery holder. The 68HC11E9 nC
has 512 bytes of RAM and EEPROM,
38 I/0 lines, and an 8-channel, 8-bit
ADC.

A typical application runs from two
weeks to a month using batteries. If you
often use standby mode, battery life
can last up to two months; full out, with-
out any standby, reduces battery life to
30 to 40 hours.

You don’t have to use three
| AA batteries. You can also
| power the board with a regu-
| lated power supply (2.7to0 5.5V
de) or unregulated power (7.5

to 15V de).
| By changing clock frequen-
¢y, you can experiment with
clock-speed tradeoffs. You can
find out if your application
would benefit from running at
| a higher clock frequency with
longer standby times or a
| slower clock frequency with
less time to sit in standby
mode.

Preprogrammed into the
12-kbyte ROM on the pC is a
monitor program called BUF-
FALO, which includes a
debugger and a 1-line assem-
bler/disassembler. You can also down-
load assembled code developed on your
computer.

Once you figure out your application,
enter it in Motorola’s Portable Power
Design Contest, which offers a chance
to win $511 and a chance to have your
entry published by Motorola.

—David Shear

Motorola, Austin, TX. (512) 891-3,65.
Circle No. 332

Single-board PC includes

onboard development firmware

Often, developing low-end PC-
based embedded systems re-
quires that you load various tools
into the target to debug your
code. In these applications, a key-
board and video display may not
exist on the target. Borland’s
TDREMOTE, a target-resident
utility, allows you to use the com-
pany’s Turbo Debugger on the
target system.

The SBC2040 includes firm-
ware that can support Borland’s
Turbo Debugger. You just con-
nect a cable between the PC and
the SBC2040. When you’'ve
debugged the program, the
unmodified .exe file is burned

into EPROM and plugged into
the SBC2040. A flash EEPROM
package is available for field
upgrades.

The single-board computer
suits diskless applications and
includes two serial ports, a paral-
lel port, and a watchdog timer.
Onboard memory handles four
32-pin memory ICs, for a total of
up to 4 Mbytes of memory. A
PC/104 interface and a 6-channel
12-bit A/D converter are also
included. $275; $75 for the A/D
option.—David Shear

Micro/Sys, Glendale, CA. (818) To get started debugging your code, all you do is connect a
244-4600. Cirde No. 333 serial cable between this PC-based single-board computer

and your PC.
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Dual...

Low Cost
DC-DC,Converters

Dual Isolated Outputs

Wide Input Voltage

Parallel Operation

100 Watts

The availability of DUAL ISOLATED
OUTPUTS creates cost and space sav-
ings in many applications.

Fully safeguarded for over voltage, over
temperature and continuous short circuit
protection, these FIXED Hi-Frequency
units minimize technical problems.

With output voltages from 3.3 VDC to 100
VDC, four distinct input ranges and the
choice of single or dual outputs plus the
capability of Parallel Operation, as stand-
ard features, your circuit designs can be
optimized.

Assembled in the U.S.A. with PICO qual-
ity components, these hi density units al-
low the most stringent mechanical, elec-
trical and environmental requirements.

See EEM or send direct

for Free PICO Catalog.

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

P , Co Electronics, Inc.

453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552
CIRCLE NO. 27
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DSP development board includes
integrated SVGA graphics system

The DSP Lab One signal-processing
board combines a DSP development
system with an SVGA graphics system
on one ISA board. The board lets you
acquire data, process it, and then dis-
play the results on a monitor without
impacting the operation of the PC it’s
plugged into.

By separating the DSP functions
(including displaying data) from the
PC, you have complete access to the PC
for other operations while developing
algorithms. You can also use the PC as
the human interface and modify the
operation of the DSP system while the
DSP system runs.

The board contains four Texas

Instruments TMS320C51 DSPs, 16-bit
A/D and D/A converters (166-kHz max-
imum sample rate), a TMS34010-based
SVGA graphics controller, and 2.5
Mbytes of onboard memory. The DSPs
communicate with the host and each
other via global memory and high-
speed serial buses.

Tutorials, sample displays, sample
applications, a monitor/loader, and
high-level graphics functions are also
included. The SAL-DL1/28 runs at 28
MHz and costs $3995; the 20-MHz SAL-
DL1/20 costs $3495.—David Shear

Standing Applications Laboratory,
Kirkland, WA. (206) 453-7855.

Circle No. 334

get published.

PUT YOUR
BOOK IN
OUR LIBRARY

EDN—in collaboration with international book publisher
Butterworth-Heinemann—is seeking authors to extend our
exciting series of practical books about electronic hardware
and software. Titles already in the EDN Series for design engi-
neers include Analog Circuit Design, by Jim Williams; Oper-
ational Amplifiers, by Jiri Dostal; and Rechargeable Batteries
Applications Handbook, by Gates Energy Products.

We have room in the series for many more professional
titles. Whether you have an idea for a book or a completed
manuscript, contact us. Developing an idea for a full-fledged
book might be a lot easier than you think. Let EDN help you

Contact: = Frank Satlow, EDN Series
Butterworth-Heinemann
80 Montvale Ave
Stoneham, MA 02180
Phone (617) 438-8464, ext. 241
Fax (617) 438-8103




Only Hypertronics ends the connector compromise — for heavy
duty test and measuring equipment applications — by replacing
zero insertion force (ZIF) with low force, high cycle reliability. The
180° quick turn coupling shaft provides fast action coupling for
over 15,000 mating cycles

QOur NBY Series provides 60-300 contacts with Crimp, printed
circuit board, wire wrap® and solder cup terminations. And the
wipeactionofeach Hypertac® contact maintains electrical continuity
under corrosive conditions and extremes of shock and
vibration...ending the intermittence problems of ZIF contacts.

The NBY Hypertac® contacts provide lowinsertion force, exceptional
cycle life, contact resistance of under 5 milliohms and virtual
immunity to shock and vibration. The reliability and density of the
NBY connectors makes it ideal for ATE, Medical, test and process
equipment applications.

Now you can have it all...in connectors for applications in test
equipment requiring up to 300 contacts. End the connector
compromise by calling 1-800-225-9228, toll free.

HYPERTRONICS
CORPORATION

16 Brent Drive, Hudson, MA 01749
(508) 568-0451 FAX (508) 568-0680

CIRCLE NO. 83

Less than 2 second operation
Wiping action pin and sockets

60-300 low insertion force contacts

END THE
CONNEGTOR
COMPROMISE

with quick disconnect
connectors...for test
equipment

Pin completely inserted into sleeve.
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Motorola 8-bit .Cs head for 1.8, 3V operation

A tidal wave of low-power applications (Power is a function of the square of 3 and 5V operation since its introduc-
is crashing against engineering the voltage.) The 68HCO05 has handled tion in 1984. Bus clock rates for 5V

shores. Burgeoning applications
include remote controls, pagers, Motorola low-voltage 68HC11 8-bit .Cs
cgllular e L o ROM | RAM | EEPROM |I/O pins| A/D | Bus speed | Package type
Z‘deo games, cameras, hand- | poy (kbytes) | (bytes) | (bytes) @bity | (MHz)
eld audio and video, notehook  ISEEEEEIEREE IR 38 | Yes 0to2 | 52-pin PLCC
computers, and handheld digi- aaras 48-pin DIP
tal assistants. Low-power 8-bit 64-pin QFP
nCs supply the smarts to con- | gguciqps [ 4 192 N/A 32 | Yes 0t02 | 40-pin DIP
trol these products. Motorola’s series 44-pin QFP
8-bit controllers, the popular 52-pin TQFP
68HC05 and 68HCO08 families, | g8HC11E9 12 512 512 38 Yes 0to2 52-pin PLCC
are available in low-power | series 52-pin TQFP
versions. 64-pin QFP
Motorola’s low-end 68HC05 68HC11F1 N/A 1 512 30 Yes 0to3 68-pin PLCC
now comes in low-power 1.8V 80-pin TQFP
versions. Initially, seven mem- 68HC11K4 24 768 640 62 Yes 0to3 84-pin PLCC
bers of the 8-bit 68HC05 fami- | Series 80-pin QFP
ly can operate at 1.8V, running 68HC11KA4 | 24 768 640 51 Yes Oto3 68-pin PLCC
with a 500-MHz clock. These | series
nCs cut power significantly 68HC11L6 16 512 512 46 Yes Oto2 68-pin PLCC
for power-limited applications | series 64-pin QFP
over 5V—or even 3V parts.

What has seven bright colors...
is thin yet rugged... O o 3
flexible... -

with an easy-to-use
graphic interface...

...and runs all day on
three AA batteries?
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parts go to 2 MHz (1 MHz for 3V

EDN-NEw Propucrs
MICROPROCESSORS

Motorola has also reinforced the low-

with new parts. These include a ROM-

parts). power ranks of its mainline 68HC11 less part (the 678HCF1) and three
T ROM/EPROM parts, with up to
Motorola 1.8V 68HCO5 8-bit .Cs 24 kbytes of on-chip ROM. All
Part ROM | RAM | Timer | I/O pins | Bus speed | Package these chips have an 8-bit A/D
(kbytes) | (bytes) | (bits) (kHz) converter and 512 or 640 bytes
68HC05C4 8 176 16 28 0t0 500 | 40-pin DIP of EEPROM to hold application-
44-pin PLCC/QFP specific constants and codes. All
42-pin SDIP the 3V 68HC11 parts run at the
68HC05C8 4 176 16 28 0 to 500 40-p|n DIP same bus clock rates as the hlgh_
44-pin PLCC/QFP er voltage, 5V chips.
seph ol For the 68HC11 low-volt
68HC05C12 12 176 16 28 010500 | 40-pin DIP i e i g
44-pin PLCC/QFP parts, Motorola supplies a bat-
42-pin SDIP tery-powered development
68HCO5J1A 1 64 | Mult 14 010500 | 20-pin DIP board and kit, with a tutorial
20-pin SOIC and development software. The
68HCO5KO 0.5 128 | Multi 10 010500 | 16-pin DIP 3V 68HC11 family: D3, $4.34;
16-pin SOIC A8, $7.52; E9, $8.57; L6, $10.86.
68HCO5P1 2 768 16 20 0t0500 | 28-pin DIP For the lower-level 1.8V 68HC05
28-pin DIP line, prices start at $1.07 for a
28-pin SOIC KO0; 3 to 5V KO0 parts cost $0.98
68HCO05P4 4 768 16 20 0 to 500 28-pin DIP (50,000).—Ruy Weiss
28-pin SOIC Motorola Inc, Austin, TX.
(512) 891-2000. Circle No. 579

THE PERFECT DISPLAY

OF FORM AND FUNCTION

4 SEVEN BRIGHT COLORS for
visual impact and style

IEE’s REFLECTIVE SYMBOLIC VISUAL PANEL is a unique LCD technology
providing outstanding design flexibility in a fully integrated flat panel
color display.

< THIN YET RUGGED construction
is ideal for portable and industrial
applications

€ EAsy TO USE in your design, with fully integrated
switches and interfaces available

4 FLEXIBLE design to create displays and switches in a variety of
shapes and sizes

<€ GRAPHIC INTERFACE using icons, colors and integrated switches for
customized menu-driven applications

4 RuUNS ALL DAY ON THREe AA BATTERIES.

1%5\‘#) Conftact us for a free brochure
w  INDUSTRIAL ELECTRONIC ENGINEERS, INC. - Tel: (818) 787-0311 Ext. 418 - Fax: (818) 901-9046

Immediate, Circle No. 28 Reference, Circle No. 29




Generator produces 100V or 2A

ulses with 100-psec timing reso-
ution. The 8114A generator ($9600)
produces pulses to 15 MHz. It provides
a variable duty cycle and 7-nsec transi-
tions. Amplitude resolution is 10 mV,
and amplitude error is <1%. A $1700
variable-baseline option lets you offset
the output up to +25V. Hewlett-
Packard Co, Santa Clara, CA. (800)
452-4844. Circle No. 346

Monitor displays NTSC, PAL, and
SECAM waveforms. The Model 5222
monitor handles composite and compo-
nent waveforms simultaneously. The
monitor has two groups of four inputs.
It derives sync from two inputs in each
group plus an external reference. The
unit produces overlay, parade, and pic-
ture displays. A white phosphor is
optional. Cursors control on-screen sig-
nal-parameter readouts. Menus control
the instrument setup; the unit stores
and recalls 10 of these setups. $3665.
Leader Instruments Corp, Haup-
pauge, NY. (516) 231-6900. Circle No. 347

IEEE-488 interface runs under MS-
Windows V3.1. The 82341A occupies
one ISA- or EISA-bus slot. The soft-
ware that accompanies the board
enables you to write C or C++ pro-
grams that import data into Windows
applications from any instrument that
has an IEEE-488.2 interface. $495. Ver-
sion for Windows NT, $845. Upgrade
from Windows to Windows NT version,
$350. Hewlett-Packard Co, Santa
Clara, CA. (800) 452-4844. Circle No. 348

C-size VXlbus digital 1/0 module
handles 96 channels. The 1277-5A
includes 12 8-channel groups. You can
program any group to act as inputs or
outputs. Each line can source or sink
100 mA. Each output has separate
thresholds for logic 1 and logic 0. Using
external power supplies, you can set
these thresholds from +50 to -50V.
$11,540; delivery eight to 10 weeks,
ARO. Racal Instruments, Irvine, CA.
(800) 722-3262. Circle No. 349

Data-acquisition packages’ uni-
versal driver supports ISA-bus
boards and IEEE-488 and RS-232C
instruments. The Universal data-
acquisition driver that now comes with
Labtech Notebook and Labtech Control
provides the same flexibility as the uni-
versal printer drivers that have been a
staple of PC word processors for many
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FREE INFO, FREE POSTAGE

Use our postage-paid reader-service
cards to get more information on
any of these products.

years. With the Windows versions of
the data-acquisition and -control pack-
ages, you can intermix instruments
from multiple vendors. With the DOS
versions, memory limitations restrict
you to hardware from one vendor at a
time. The packages’ prices start at
$995. Laboratory Technologies Corp,
Wilmington, MA. (508) 657-5400.

Circle No. 350

Cards that mount within instru-
ments convert between IEEE-488
and RS-232C. The GPIB-232CV-A
(OEM) lets you connect an instrument
that has an RS-232C port to the IEEE-
488 bus. The GPIB-232CT-A (OEM)
lets a controller or terminal that has an
RS-232C port act as a full-functioned
IEEE-488.2 controller. This unit imple-
ments normal and extended talker and
listener modes, serial and parallel
polling, service requests, passing and
receiving of control functions, and
remote programming. Each board
costs $495 (one). National Instru-
ments Corp, Austin, TX. (5612) 794-
0100. Circle No. 351

Benchtop power supply provides
up to 35V and 1.7A. The E3616A
power supply has 10-turn potentiome-
ters that control output voltage and
current. A pair of digital meters moni-
tors both quantities simultaneously.
Line and load regulation are each
0.01%. Remote sensing compensates for
I-R drops in external wiring. Output
noise is <200 wV rms. $500. Hewlett-
Packard Co, Santa Clara, CA. (800)
452-4844. Circle No. 352

PC-based fax protocol analyzer
displays T.30 handshakes as well
as T.4 image data. The GD-Fax 14.4
passively monitors a phone line and cap-
tures all data traveling in both direc-

tions between a pair of fax machines or
fax boards. It then displays the data
and a detailed analysis of timing infor-
mation, deviations from CCITT stan-
dards, and data or format errors. $4495,
including a year of software updates.
Gray Associates, Truckee, CA. (916)
582-8623. Circle No. 353

IEEE-488-programmable resis-
tance calibrators limit error to
0.002% from 1000 to 1.9 MQ. You
can operate the 6201 and 6202 calibra-
tors from their front panels or via the
IEEE-488 bus. The 6201 ($2600) pro-
vides decade values from 10 to 10 MQ.
The 6202 ($3500) provides all of these
values as well as values 1.9X as great.
(In other words, the 6202 provides
twice as many values as the 6201, the
highest being 19 M().) The units allow
you to make 2- or 4-wire connections.
Electronic Development Corp, Bos-
ton, MA. (617) 268-9696.  Circle No. 354

Programmable linear power sup-
plies produce single and dual out-
puts to 240W. The single-output PM
2831 ($2095) and the dual-output PM
2832 ($3595) power supplies operate as
voltage or current sources with auto-
matic crossover. Each output provides
up to 8V de at up to 15A. You can pro-
gram the overvoltage and overcurrent
limits separately from the output val-
ues. Output voltage resolution is 2 mV;
output current resolution is 0.75 mA.
The units operate in two quadrants;
that is, their outputs can source or sink
current. Programming is via IEEE-
488.2; the command set conforms to the
SCPI syntax. The units store 99 output
settings and can automatically step
through them. Fluke Corp, Everett,
WA. (800) 443-5853. Circle No. 355

VXlbus interface software runs
under LynxOS real-time OS. The
NI-VXI software for LynxOS includes
a resource manager, a VXI resource
editor, a library of routines for VXI
programming, and an interactive con-
trol program for debugging the
VXIbus. The software can configure
and control VXI systems that comprise
single or multiple mainframes. $995.
National Instruments Corp, Austin,
TX. (512) 794-0100. Circle No. 356

ISA-bus card houses 12-MHz
direct digital synthesizer. The
DDS3, which resolves 2 Hz, plugs into
an 8-bit ISA bus. It generates sine



Your clock has the jitters?
We can help!

AKM'’s Stereo DACs don’t mind a little jitter. Or even a lot!
Up to 100ns is no problem. AKM’s unique architecture

provides high tolerance to clock jitter, ideal monotonicity
and low distortion — all without trimming.
Choose AKM's low cost, easy-to-use DAC products
W _for any application — digital CATVs

P N

satellite receivers, digital audio systems,
digital music keyboards,

digital sound recording systems,
CD players, etc.
AKM delivers — price,

DAC Product Family

performance, quality.

[ owee v on [ W [moen ] speervesues | Vorage |

 High tolerance to clock jitter

w -.

 High tolerance to clock jitter
* De-emphasis control circuit
e Soft mute function

* High tolerance to clock jitter
¢ De-emphasis control circuit
e Soft mute function ¢ Low voltage

97dB 97dB 0 0025%

Asahi Kasei Microsystems Co.,Ltd.

+5V

27~4.0V

JAPAN
USA——
EUROPE

(AKM)

For more information, contact:

(US.A)
* WA, OR, MT (Western); CANADA-BC, Alberta

* CA (Northern), NV (Northern), ID, UT, CO

* CA (Southern)

* NV (Southern), AZ, NM, MEXICO-Sonora, Chihuahua
*|A, WL IL, IN

 NY (Upstate)

* NY (Southern), CT, NJ, PA, DE . .

* MD, VA, DC o

* TN, NC, SC, GA, AL, MS

* FL, Puerto Rico

(EUROPE)
* Austria, Germany, Italy, Spain, Switzerland, Greece
¢ Other European Countries

Quest Marketing, Inc
Pinnacle Sales
Solutech, Inc
Fred Board Associates . .
Richmar Electronics Corp
Interactive Component Sales
WD-TMI

. Eltron Sales, Ltd. .
E-Squared Marketing
Micro Concepts, Inc

Austria Mikro Systeme International AG
AKM Europe

CIRCLE NO. 73

TS Bldg. 24-10, Yoyogi 1-chome, Shibuya-ku, Tokyo 151, Japan Phone: (03) 3320-2067 / Fax: (03) 3320-2072
2055 Gateway Place, Suite 415, San Jose, CA 95110 Phone: (408) 436-8580 / Fax: (408) 436-7591
Avenue Louise 326, Bte 056, 1050 Brussels, Belgium. Phone: (32) 2-649-783 1/ Fax: (32) 2-640-1809
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Phone (408) 453-7500
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Phone (43) 3136/500-267 Fax (43) 3136/500-491

Fax (206) 228-2916
Fax (408) 453-7667
Fax (714) 374-0131
Fax (602) 994-9477
Fax (708) 968-0197
Fax (315) 445-8700
Fax (914) 779-8840
Fax (703) 635-1933
Fax (205) 430-3350
Fax (407) 834-0649

Phone (32) 2-649- 7831 Fax (32) 2-640-1809
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‘The Most Advanced Subsystem
To Measure Temperature Also
Measures Less Than An Inch.

Introducing the AD1B60. The only intelligent digitizing signal conditioner component.

When we say there’s nothing like the AD1B60), it isn’t advertising hype, it's fact. Not only does it provide
excitation, linearization, compensation, scaling and self-calibration for thermocouples and RTD’s, it does so
in just one small surface-mount package. And since it eliminates the need to write and debug linearization
software, the AD1B60 is incredibly easy to use. So if you're looking to cut design costs, get to market faster
and reduce inventory requirements, there’s only one thing to
do. Call Analog Devices at 1-800-ANALOG-D (262-5643).

We'll send you a datasheet on the AD1B60 and a brochure

detailing our full line of AN ALOG
industrial components. DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106.

sensors

* Configurable inputs

* Max error of 0.2°C
over temp. range

 Linearized serial
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waves and TTL/HCMOS signals whose
frequency is accurate to within 5 ppm.
Phase noise is <-90 dBc at a 1-kHz off-
set. Spurious signals are <—45 dBe, and
harmonics are <-40 dBec. Output ampli-
tude is 12V p-p into an open circuit. An
attenuator reduces the output up to 70
dB in 10-dB steps. An accompanying C
program, which runs under DOS, lets
you set attenuation and frequency. The
program can sweep the output through
various settings and dwell at points you
choose for programmable intervals.
$399. Novatech Instruments Corp,
Seattle, WA. (206) 328-6902. Circle No. 357

Logic-analyzer probe minimizes
wiring messes. Using a 24-in. con-
trolled-impedance cable, the $395
ActivCable provides a high-density,
high-impedance, >200-MHz-bandwidth
connection to logic-analyzer probes or a
breakout box from a 48-point connec-
tor. The connector occupies <0.5 in.? on
aboard. Active circuits in the cable hold
the loading on any line to 4 pF and 30
pA. The circuits draw no power from
your board and allow you to set sepa-
rate threshold voltages (-5 to +5V) on
two groups of 24 channels. The $1950
breakout box terminates as many as
192 signals. Biomation Corp, Milpitas,
CA. (408) 435-7800. Circle No. 358

|
1/0 unit for notebook PCs commu-
nicates at 500 kbytes/sec. The
8%x11X1%-in. DaqBook/200 connects
to a PC via a bidirectional enhanced-
parallel-port (EPP) interface that also
works with standard parallel ports. The
unit, whose ADC resolves 16 bits at 100
ksamples/sec, acquires 16 analog sig-
nals (expandable to 256 signals) and
includes 16 high-speed digital inputs,
24 general-purpose digital I/0 lines,
five counter/timers, and two 12-bit
DACs. The vendor supplies DOS and
Windows drivers for C, Basie, Visual
Basic, and Visual C++. With these dri-
vers, the unit emulates several indus-
try-standard ISA-bus data-acquisition
cards. $1995. I0tech Inc, Cleveland,
OH. (216) 439-4091. Circle No. 359

EDN-NEw PRODUCTS
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Tools add joint time-frequency
analysis to graphical program-
ming system. The $495 Joint Time-
Frequency Analysis (JTFA) Toolkit is a
virtual-instrument library for the ven-
dor’s LabView graphical programming
system, which runs on Macintosh and
Windows PCs, and Sun SPARCstations.
JTFA is a technique for analyzing sig-
nals whose frequency content varies
over time. For users who do not have
LabView, a JTFA executable program,

which runs on any computer that can

run LabView, reads files of time sig-
nals, transforms the signals into the
time-frequency domain, and displays
the results in a spectrogram. National
Instruments Corp, Austin, TX. (512)
794-0100. Circle No. 360

ISA-bus boards take 2M 12-bit or
1M 14-bit samples/sec. The PC-
414F (2M samples/sec/channel, 12 bits,
$1995 (one) with 1k-word FIFO) and
the PC-414G (14 bits, 1M samples/

Need Top Performance
and Reliability in a

Subminiature
Film

Capacitor?

TN
‘ ILLINOIS CAPACITOR, INC.

CIRCLE NO. 30
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sec/channel, $2195 (one) with 1k-word
FIFO) include level-sensitive trigger
circuits. You set the trigger levels using
a 12-bit DAC that also provides an ana-
log output. The units transfer data via
the ISA bus or a 10-MHz parallel port
that connects directly to many array
processors. Datel Inc, Mansfield, MA.
(508) 339-3000. Circle No. 361

$495 ISA bus board acts as auto-
calibrating 3%-digit DMM. The
autoranging DMM-100 takes as many
as 10 samples/sec or waits more than an
hour between samples. The board per-
forms alarm-state monitoring and aver-
aging functions. Ready-to use-software
for DOS and Windows logs data to disk;
the Windows version also graphs
acquired data. Drivers allow you to
write your own applications in high-
level languages. Quatech Inc, Akron,
OH. (216) 434-3154. Circle No. 362

Handheld battery-powered units
simulate temperature sensors for
calibration. Model 473 ($795) produces
an output that simulates that of a type J,

EDN-NEw PRODUCTS
TEST & MEASUREMENT

K, or T thermocouple while simultane-
ously converting the output of a 4- to 20-
mA transmitter into a corresponding
temperature display. You calibrate a
transmitter by supplying it with a simu-
lated sensor output and adjusting the
transmitter until its displayed output
agrees with its input. Model 475 ($895)
performs a similar function, except that
it simulates 100€) platinum or 10Q) copper
RTDs. Both units also accept sensor out-
puts directly and display the correspond-
ing temperature. Wavetek Corp, San
Diego, CA. (619) 279-2200.  Circle No. 363

PC-based software simplifies cre-
ation and editing of arbitrary
waveforms. AnyWave works with the
vendor’s instruments. The software
lets you draw or edit waveforms using a
mouse and transfer them to an arbi-
trary-waveform generator (ARB). You
can also transfer the waveforms to the
vendor’s DSOs for use as templates in
comparison testing. The software lets
you load and modify waveforms
acquired by DSOs, including wave-
forms acquired by the handheld
Scopemeter. $395. Fluke Corp, Everett,
WA. (800) 443-5853. Circle No. 364

225-MHz counter/timer offers
optional 2.4-GHz channel. The 10-
digit half-rack-size Model 776 ($1995)
has two independent channels. Besides
a third 2.4-GHz channel, the 776/2.4G
($2495, available spring 1994) includes
a temperature-compensated crystal
oscillator stable to 0.1 ppm/month. The
units incorporate an IEEE-488 inter-
face that transfers 100 ASCII-format-
ted readings/sec. Keithley Instru-
ments Inc, Cleveland, OH. (216)
248-0400. Circle No. 365

DUMB TERMINALS

... for smart engineers

Better Ergonomic Features,
Better Configurability.

FREE Logo and
Top Key Customizing

« Every key configurable
* More hardware options
+ Multi-drop interface available
* More powerful command set
* Programmable indicator LEDs
+ Metal snap-dome keys for crisp feel

* Rugged, attractive, comfortable case

QSI Corporation

2212 South West Temple #46
Salt Lake City, UT 84115-2648 * USA
Phone 801-466-8770 (Fax 801-466-8792)

CORPORATION
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One Stop Shopping!

All your circuit board needs under one roof.

4761 E. Hunter Ave., Anaheim, CA 92807

PCB MANUFACTURING
e 2 day turn on multi-layers
¢ Prototype and production
e Gerber Data Test

FR4, Polyimide

Turnkey assembly
PCMCIA up to 6 layers

PCB DESIGN LAYOUTS

e Layouts for Economical
manufacturing

» Backplanes

* Impedance Control

¢ Analog and ECL

L

Surface Mount
3 CAD Workstations

TECHNICAL SUPPORT
* Free Design Layout Tips
* Free MFG Cost
Cutting Tips
e We accept Gerber Data
Via Modem

Phone: (714) 970-2430
FAX: (714) 970-2406
MODEM: (714) 970-5015

CIRCLE NO. 32



486 VMEbus PC -4
Performance and Power

from VMIC bring the best
of both worlds together.

Now the flexibility and low cost of
the PC can be coupled with the
performance and power of VMEbus
products from VMIC. Our product
line includes the 486 CPU'’s, disks,
FLASH disk, adapter boards, ISA bus
1/O boards and more.

PC/AT VMEbus Systems from VMIC
may be ordered and configured
ready to operate as a complete
turnkey PC/AT computer system.

from \[MIC

The CPU, a floppy and hard disk,
VGA compatible monitor, power
supplies with a complete operating
system including MS-DOS and
Windows, keyboard and mouse is
shipped with VMIC’s VMEManager™
software utilities ready for operation
within a VME chassis/Enclosure.

12090 S. Memorial Parkway - Huntsville, AL 35803-3308 - (205) 880-0444 - FAX (205)
VMIC products are internationally represented by distributors throughout the world. Call or fax VMIC for complete information.

FREE PC/AT and VMEbus
Catalog from VMIC now
available. Call Toll-Free!

VMIC is your ONE-STOP SOLUTION
FOR PC/AT VMEbus CPU'’s, VMEbus

I/0 Products and Systems. Not only do
you get VMIC’s TWO YEAR WARRANTY,
but the best service and technical support
in the industry. Pick up the phone and
VMIC will configure your VMEbus PC with
performance and power!

VMIC”

VME Microsystems
882-0859 International Corporation

CIRCLE NO. 113




Calibrate All Your
Handheld Multimeters
With One Instrument!

ow there’s a way to test every procedure and produce Easy Iso 9000

function of your handheld certificates of calibration. And it Certification. wWith new
multimeters quickly, easily, and does it in half the time of most ISO 9000 directives requiring
affordably. That’s voltage, current, other methods! docimented calibration of all
resistance, capacitance, conduc- The fully variable output test equipment, Wavetek’s new
tance, temperature—even pulse and  and “% Deviation” func- Model 9000 Multifunction

logic functions. All fully traceable. tion let you read and record

The new Wavetek
Model 9000 Multi-
function Calibrator
not only provides con-
tinuously variable active
impedance and test sig-
nals, but can also lead
unskilled operators
through the calibration

Calibrator is the solution for

percentage error

Calibrator Functions all your handhcld meters. NOW

DCVoltage 1050 : on every scale of the you can meet all these new require-
AC Voltage 1050V, 10 Hz - 100 kHz o "
DCCurrent 1 pA-20A meter under test. An ments, test every function of your
AC Current 20 JA-20A H ~ 5 v .
S L opuo.nal trackb.all speeds multimeters, and save calibration
Conductance 2.5nS-2.5m$S func[lon SC]GCI’]OI‘] and rime as WC“
Capacitance 0.5 nF - 40 mF : S :
Frequency 0.5 Hz - 10 MHz output setting. Best of 3“; To make fast work ofyour
Temperature - g
K Type" T/C ~250°C - + 1350°C the Model 9000 can pay handheld meter calibration, start
PRTI00  —200°C- +850°C cealf ¥ A
B : for itself in a remarkably by calling Wavetek at
Duty Cycle  0.05% - 99.95% short time. = = o |
Pulse Width 0.30 ps - 1999.9 ms 1-800 223 9885 RO
Logic TTL, ECL, 5V CMOS

U.S.A.:(619)279-2200 / U.K.:(603)404824 / Germany:(089)96 09 49-0 / Hong Kong:(852)865-1903 WAVE =K

©1993 Wavetek Corporation
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EDN-New PRODUCTS
INTEGRATED CIRCUITS

Clock-IC family takes building-block approach

Synergy Semiconductor’s
SY10xxx/SY100xxx clock ICs

Part No. Function Price (1000)
SY10EL34 | Clock generator $7.85 (+2, 4, or 8)
SY10S834 | Clock generator $8.75 (+1, 2, or 3)
SY10E111 | 1:9 differential driver $15.75
SY10H841 | 1:4 translating driver $8.75
SY10H842 | 1:4 translating driver $8.75
SY10H843 $8.75
SY10H641 | 1:9 translating driver $11.50
SY10H645 | 1:9 TTL driver $11.50
SY10H646 | 1:8 translating driver $11.50
SY69401 Master/slave clock $19.85

distribution (150 MHz)
SY10E195 | 2-nsec delay, $18.45

20 psec/step
SY10E196 | Analog-tuned delay line | $19.55
SY89424 1-GHz PLL $17.85

clock synthesizer
SY89429 25- to 400-MHz $18.75

synthesizer

Before high-speed CMOS became
available, designers turned to
ECL to handle clock frequencies
above 10 MHz. Now that circuits
run at frequencies above 50
MHz, designers may again want
to use ECL in clock distribution,
but not just for its speed. ECL’s
low-voltage-swing differential-
I/0 interface generates less
EMI and is less sensitive to noise
than the TTL interfaces of high-
speed CMOS. Synergy Semicon-
ductor’s ClockWorks ICs offer
designers this ECL feature for
clock signals and provide a TTL
interface to the rest of the
circuit.

The family provides a range
of product types for clock gen-
eration and distribution: fre-
quency synthesizers, clock gen-
erators, clock drivers, delay
lines, and phase-locked loops.
Family members interconnect
using positive-referenced ECL
(PECL) to reduce noise. They
continue using differential sig-

nals internally to maintain pre-
cise duty-cycle control.

Low-skew TTL interfaces
drive the rest of the circuit. All
family members have part-to-
part skew specified as less than
1 nsec. The SY10/100H842 1:4
driver IC, for example, offers a
maximum skew of 400 psec pin-
to-pin and 500 psec part-to-
part. In addition to low skew,
the TTL interfaces provide
drive where needed, typically
24 mA.

All ClockWorks family mem-
bers interconnect without
buffers or translators, allowing
designers to use a building-
block approach to clock-subsys-
tem design while maintaining
low skew levels. The SY10xxx
parts use 10,000 ECL levels;
SY100xxx parts using 100,000
ECL levels are also available.

—Richard A Quinnell

Synergy Semiconductor, San-

ta Clara, CA. (408) 730-1313.
Circle No. 335

Chip replaces
Ethernet/SCSI boards

The PCnet-SCSI IC from Advanced
Micro Devices is a single-chip replace-
ment for Ethernet and SCSI adapter
boards in systems that use the PCI bus.
By combining the functions onto a single

Combining Ethernet and SCSI functional
cores, the PCnet-SCSI offers adapter-board
functions with a single PCl load.

IC, the device allows designs to offer both
capabilities while using only one PCI
load. The 132-pin plastic quad flatpack is
part of a pin- and software-compatible
family of 1/0 chips for creating multiple-
capability, common-design systems.

The PCnet-SCSI device (Am79C974)
is a PCI bus master with two funectional
cores: SCSI and Ethernet. The SCSI
core offers an 8-bit single-ended SCSI-2
interface with a 10-Mbyte/sec data-
transfer rate, a DMA with a 96-byte
FIFO buffer for burst transfers, and a
32-bit PCI-bus interface. The Ethernet
core includes a media-access-control
(MAC) unit, an attachment-unit inter-
face (AUI), and a media-attachment unit
(MAU) for 10Base-T (twisted-pair)
Ethernet. The core is compatible with
the Novell NE2100/1500T adapter cards.

A wide range of software drivers for
the device is available for unlimited dis-
tribution with a single startup fee. The
SCSI drivers include support for Win-
dows 3.1 and NT, MS-DOS 5.0/6.0, IBM
08S/2 2.x, and SCO Unix. The Ethernet
drivers work with Novell NetWare 2, 3,

and 4; Microsoft LANManager, Win-
dows NT, and Windows for Work-
groups; IBM LANServer, Artisoft
LANtastic, Banyan Vines, and SCO
Unix. Advanced Micro Devices main-
tains and upgrades all drivers.

Two other family members are pin-
and software-compatible with the
AmT79C974 but offer reduced capability.
PC-SCSI offers just the SCSI capability,
and PCnet-PCI offers just the Ethernet
capability. Because the devices are pin-
compatible, designers can produce one
board design that offers varying capabil-
ities, depending on the parts installed.

The PCnet-SCSI (Am79C974) costs
$39.95 (1000). Samples are available
now, and the company plans to begin
shipping production quantities during
the second quarter. The other two
devices are also available, and produc-
tion will begin in the first quarter. The
Ethernet-only device, the PCnet-PCI,
costs $29.95. The PC-SCSI (Am53C974)
costs $24.95.—Richard A Quinnell

Advanced Micro Devices, Sunnyvale,
CA. (408) 749-5708. Circle No. 336
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16-bit DAC
drives current loops

The AD420 16-bit DAC from Ana-
log Devices provides a single-chip
interface between a wP and indus-
try-standard 4- to 20- and 0- to 20-
mA current loops. You can also
configure the IC to provide output
voltages of 0 to 5V, 0 to 10V, or
+10V using a single external buffer
amplifier. The device is available in
24-pin DIP and SOIC packages.
The sigma-delta DAC is monoto-
nic to 16 bits, and has a maximum

You can trim the offset and gain error,
which are a maximum of +0.1% and
+0.2%, respectively, using two external
potentiometers. Settling time to 0.1%
of full scale is typically 3 msec.

The device supports several proces-
sor-interface choices. The serial inter-

EDN-NEw PRODUCTS
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face is compatible with both the SPI
and MicroWire family of uwPs. The DAC
also has an asynchronous interface
option, which reduces the number of
interface wires from three to two. The
DAC includes peripheral circuitry,
such as a precision 5V reference with a

maximum drift of 30 ppm/°C and
fault-detection circuitry that
warns of an open circuit in the
loop.

Additional features include an
asynchronous reset to the low end
of the range, a 0- to 24-mA over-
range capability, the ability to
daisy-chain multiple devices using
a 3-wire interface, and provision
for an external output transistor.
Using an external transistor shifts
the power dissipation outside the
device for high-temperature oper-
ation. Typical quiescent current is

By directly driving 4- to 20-mA current loops, the 24-pin 3 5 \A: maximum is 4 mA.
integral nonlinearity of +0.006%. ADA420 replaces a separate DAC and loop-current driver.

The $10 (1000) IC operates from
a single power supply between 12 and
36V. Loop compliance is from 0 to with-
in 2.5V of the supply voltage. The oper-
ating temperature range is —40 to
+85°C.—Anne Watson Swager

Analog Devices Inc, Wilmington, MA.
(617) 937- 1428. Circle No. 337

Op amps drive
10,000-pF loads

Linear Technology’s L.T1354 through
LT1365 family of 12 single, dual, and
quad op amps use a circuit topology
that prevents oscillation with capacitive
loads up to 10,000 pF. The circuit topol-
ogy of these stable op amps—which
combines true voltage feedback with
the slewing behavior of current feed-
back—provides them with 400- to 1000-
V/usec slew rates and 1.25- to 7.5-mA
max supply currents (see table).

As the capacitive load increases of
what the company calls its “CLOAD” op
amps, both the bandwidth and phase
margin decrease, so peaking occurs in
the frequency domain and in the tran-
sient response. All the amplifiers are
unity-gain stable and include specifica-
tions for operation from 15, £5, and

within 0.01% of a 10V step ranges from
280 to 80 nsec. Respective specifica-
tions for the LT1357/8/9 and LT1360/1/2
amplifiers are within these ranges. The
input noise voltage for all amplifiers is
between 8 and 10 nV/NHz.

The amplifier family suits a wide
variety of applications—from active fil-
ters to video. The two amplifiers of the
LT1355 and external components can
implement a 100-kHz fourth-order But-
terworth Filter. Video specifications of
the LT1363 include differential gain
and phase of 0.06% and 0.04°, respec-
tively.

Prices range from $2.25 and $2.50 for
the single LT1360 in 8-pin DIP and SOIC
packages, respectively, to $6.80 and $7.35
for the quad LT1359 in 14-pin DIPs and
SOICs, respectively (1000). Samples are
available.—Anne Watson Swager

Linear Technology Corp, Milpitas,

+2.5V supplies. CA. (408) 432-1900. Circle No. 338
Maximum offset
voltages range from Li Fohat
inear Technology’s high-speed op amps
0.8 (LT1354/5/6) to Ga?ny s P P
15 I’_r.IV (LT,1363/4/ ,5)7' Part No. bandwidth | Slew rate | Supply current
maximum input bias (single/dual/quad)| (MHz) (V/psec) | (mA: maximum/amp)
currents range from
LT1354/55/56 12 400 1.25
300 to 2000 nA, max- i o
imum input offset 1357/58/59 29 600 25
currents range from |REERIRNIES 50 800 5
70 to 350 nA, and | LT1363/64/65 70 1000 7.5
settling time to
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Cache memory
fits onto single chip

Developed on a memory-intensive ASIC
foundation, Sony’s CXK784862Q is the
first in a planned family of integrated
cache-memory devices for 80x86- and
Pentium-based computer systems. The
160-pin device contains a complete level-
two cache-memory subsystem, including
memory, a controller, and tag RAM.

The device provides a 256-kbyte, 2-
way set-associative cache. Its main
memory is organized as two 32k X36-bit
memory blocks. It also includes two
4k xX20-bit tag RAMs and a cache con-
troller. The memory uses a write-
through protocol and is designed for
connection to 486 logic-core chip sets.

The cache subsystem chip comes in
33- and 50-MHz speeds. It operates in a
look-aside configuration, allowing burst
access (2-1-1-1) with zero-wait-state
performance. You can cascade chips to
form cache subsystems as large as 1
Mbyte that offer the same performance
as the basic device.

The CXK784862Q comes in a 160-pin
plastic quad flatpack and uses less than
2W when operating at 50 MHz. Sam-
ples, $125 (100); OEM qty, <$100 (5000).

—Richard A Quinnell

Sony Component Products Company,

Cypress, CA. (800) 288- 7669. Circle No. 339



WORLD’S GREATEST
POWER SUPPLY ICs FOR
NOTEBOOK COMPUTERS

Maxim's industry-leading MAX782/MAX783/MAX786

dual-output 3.3V & 5V notebook power supplies provide: MAX782 5V OUTPUT
; 100
¢ Longest Battery Life: % L
- 95% efficiency at high load current; ® i BT
85% at 10mA £ //// ‘
~ 70pA Istanpsy for static RAM or - By TZ
real-time clock B mill
~ 25pA IsHuTDOWN (MAX783/MAX786) B
. smalles' Size: 5 " Zlm Sim de Sém WO]Om SOIOm IW [2 é
- 25¢cm?2 area, 5mm height (complete circuit) LOAD CURRENT (A)

- 30pF/A filter capacitors; 10pH inductors
- 300kHz master oscillator

¢ Most Complete Solution:
~- Replaces 6 or more ICs ) 33y

— Dual PWM, 3.3V and 5V buck regulators -

FETS [
- 1 P
Dual PCMCIA Vpp outputs (MAX782/MAX783) b g P

MAX782 SYSTEM BLOCK DIAGRAM

- Precision voltage monitors (6-12CELLS) SUSPEND POWER LoGIC
s g LOW-BATTERY WARNINGS,
+ Lowest Noise and EMI: 1
. 3 = \ -
- Excellent transient response — e

- Fixed-frequency for noise-sensitive 3.3V ENABLE ————~
RF-wireless systems i G SLOT1
0SCILLATOR 0V/5v/12v
MAX782 and MAX783 are $5.95*, and the SYRGE 2 swtreet] ’;"3_'3?';
(60mA)

MAX786 is $4.15*. For quick evaluation, Vpp CONTROL ——4—=
order a pre-assembled demo board (order
MAX782EVKIT-SO, MAX783EVKIT-SO, or
MAX786EVKIT-SO).

Lovpowen ook G5 )) FREE Notehook Design Guide—Sent Within 24 Hours!
~g ’ Includes: Data Sheets and Cards for Free Samples
CALL TOLL FREE 1-800-998-8800

Rochoo Fomer apply Povides | For a Design Guide or Free Sample
Up to 50W with >90% Efficienc
e =il MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.

W AXI/WV

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194.

Distributed by Arrow, Bell, Digi-Key, ElImo, Hamilton Hallmark, and Nu Horizons. Authorized Maxim Representatives: AL, M-Squared, Inc.; AZ, Techni Source Inc.; CA, Mesa,
Pro Associates, Inc., Infinity Sales, Inc.; CO, Component Sales; CT, Comp Rep Associates; DE, TAl Corporation; FL, Sales Engineering Concepts; GA, M-Squared, Inc.; ID, E.S
Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD, Micro-Comp, Inc.; MA, Comp Rep
Associates; MI, Micro Tech Sales; MN, Mel Foster Technical Sales, Inc.; MS, M-Squared, Inc.; MO, Delltron; MT, E.S. Chase; NE, Delltron; NV (Reno, Tahoe area only) Pro
Associates, Inc.; NH, Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M-Squared, Inc.; OH, Lyons Corporation;
OK, BP Sales; OR, E.S. Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TAlI Corporation; SC, M-Squared, Inc.; TN, M-Squared, Inc.; TX, BP Sales; UT,
Luscombe Engineering Co.; VA, Micro-Comp, Inc.; WA, E.S. Chase; WI, Heartland Technical Marketing, Inc

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek.
* 1000 PC, FOB USA, suggested resale Maxim is a registered trademark of Maxim Integrated Products. © 1994 Maxim Integrated Products

CIRCLE NO. 93 EDN February 17, 1994 = 129

1SO 9001
Certificate Number: 3033




ATM chip set handles 622 Mbps.
Comprising three ICs and a multichip
module, the PM53xx ATM chip set
implements the physical-layer interface
for SONET and SDH transmission
media. The set includes the PM5312
transport-terminating transceiver
($170), the PM5318 serial-to-parallel
conversion chip ($120), the PM5345 Sat-
urn user-network interface ($47.60),
and the PM5712B SONET line interface
($1100). PMC Sierra, Burnaby, BC,
Canada. (604) 688-7300.  Circle No. 418

Step-down controller provides 7A.
The MAX767 controller converts a
fixed 5V supply to a 3.3V output at up
to 7TA without a heat sink. Because of a
300-kHz operating frequency, the
device is very small. It also features
low-cost external components, includ-
ing all n-channel construction in the
application circuit. All n-channel con-
struction and synchronous rectification
result in 90% efficiency over a wide
range of load conditions. The quiescent
power of 750 pA drops to 125 pA in
standby mode. In 20-pin shrink SOP
packages, the device costs $3.40 (1000).
Maxim Integrated Products, Sunny-
vale, CA. (408) 737-7600.  Circle No. 419

20-bit DAC has -96-dB distortion.
The PCM1702 audio DAC features —96
dB max THD plus noise, 104-dB typ
dynamic range, 110-dB typ S/N ratio,
200-nsec typ settling time, and 150-mW
typ power dissipation. In a 16-pin DIP
or 20-pin SOP, the $17.08 (100) device
operates from -25 to +85°C. Burr-
Brown Corp, Tucson, AZ. (800) 548-
6132, Circle No. 420

Analog engine conditions instru-
mentation signals. The 4301 IC com-
bines three general-purpose op amps
with characteristics in the 4558 class,
an exponentially controlled voltage-
controlled amplifier, and a log-respond-
ing rms-level sensor. The IC permits
remote programming of front-end gain
while sensing true-rms signal levels.
The dynamic range is 115 dB, and THD
does not exceed 0.01% at unity gain. In
a 20-pin DIP or 24-pin surface-mount
package, the device operates up to 75°C.
$4.39 (1000). That Corp, Marlborough,
MA. (508) 229-2500. Circle No. 421

10-bit CMOS ADC converts 40M
samples/sec. The SPT7860 is part of
a family of 10-bit CMOS ADCs that
range from 5 to 40M samples/sec. All of
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Use our postage-paid reader-service

cards to get more information on
any of these products.

the converters feature differential lin-
earity of +1/2 LSB, integral linearity of
+1 LSB, and guaranteed no missing
codes. S/N ratio is 56 dB at an input fre-
quency of 1 MHz. Power dissipation
ranges from 75 mW for the 5M-sam-
ple/sec 7835 to 200 mW for the 7860.
The converters feature on-chip T/H
amplifiers and input capacitances of 5
pF. In 28-pin DIPs and SOICs, the
devices cost $9.60 to $43.50 (1000). Sig-
nal Processing Technologies Inc, Col-
orado Springs, CO. (719) 528-2314.
Circle No. 422

U

RS-232C transceiver serves as DTE
or DCE ports. The MAX214 program-
mable 5V RS-232C contains three dri-
vers and five receivers. A control pin
programs the device as an 8-line serial
port for data-terminal and data-circuit
equipment (DTE and DCE). Dual
charge pumps, operating with 1-pF
external capacitors, generate the volt-
age to produce minimum +5V transmit-
ter-output levels. Data rates are as high
as 116 kbps. A shutdown mode reduces
the quiescent supply current from 20
mA to 20 pA. $3.99 (1000). Maxim Inte-
grated Products, Sunnyvale, CA (408)
737-7600. Circle No. 423

Fax and voice chip suits portable
applications. The 73D2950 datafax/
voice chip set integrates the trans-
formerless Data Access Arrangement
(DAA). An optional T version uses the
TrueSpeech audio-compression algo-
rithm, which the company recently
licensed with the DSP Group. The 3-
chip set includes a microcontroller, the
DSP, and an analog front-end line-
interface circuit. The set and associat-
ed RAM, ROM, and DAA components
consume <150 mW of power. The com-
ponents suit 3.3 and 5V systems and

incorporate power-down features. The
set costs around $22 (OEM); T version,
$29.50. Silicon Systems, Tustin, CA.
(714) 573-6200. Circle No. 424

Video RAMDAC incorporates clock
generators. The 1CS5340 merges a
triple 8-bit video DAC with a color-
palette RAM and two timing genera-
tors. The device handles 24-bit color
through 8-bit pseudocolor at clock rates
to 135 MHz. Its timing generators pro-
vide a selection of eight video clocks
and two memory clocks. Samples and
demonstration boards are available.
Prices begin at $6.95 (50,000). Inte-
grated Circuit Systems Inc, Valley
Forge, PA. (215) 630- 5300. Circle No. 425

Op-amp outputs swing rail to rail.
The TLC2262 and TLV2262 single-sup-
ply op amps consume 0.4 mA. The
C2262 operates from one 5V supply or
up to a =8V supply. The V2262 works
best on 3V systems but also runs off 5V
systems. Typical noise at 1 kHz is 12
nV/VHz, and input-bias current is typi-
cally 1 pA. Both op amps are available
in DIP, SOIC, and thin-shrink SOP
packages. The SOP package occupies
half the space of a standard surface-
mount SOIC package. In DIPs, the
TLC2262 and TLV2262 cost $0.82 and
$0.99 (1000), respectively. Texas
Instruments, Denver, CO. (800) 477-
8924 ext 4500. Circle No. 426

Gate array addresses military
needs. The FX150KM gate array has
more than 150,000 raw gates and 256
signal I/0O pins. The vendor manufac-
tures the chip in a 0.6-um H-GaAs III
process featuring a sea-of-gates archi-
tecture. Typical gate delays are 60 psec,
and gate power dissipation is 0.18 mW
unloaded. The device withstands dose
radiation >100 MRADs. The arrays
comply with MIL SPEC 883-C stan-
dards and cost $0.005 to $0.03/gate.
Vitesse, Camarillo, CA (805) 388-3700.

Circle No. 427

Quad analog switch matches on-
resistance. The MAX333A CMOS IC
has four independent switches with
35() max on-resistance, 2() matching
between the channels, and 5() variation
over the analog signal range. Charge
injection is less than 5 pC, ESD toler-
ance is greater than 2000V, break-
before-make action is typically 10 nsec,
and turn-on and -off times are less than
175 and 145 nsec, respectively. Quies-



+18-BIT SERIAL ADC
USES ONLY 601.A

Interface Directly to Your Transducer for only $8.00*!

Maxim's new MAX132 ADC delivers 2uV resolution, dissipates only 1mW max over temperature, and saves even more power
with its 4uA sleep mode. A serial interface reduces board space and allows for inexpensive isolation. And if your application
calls for multiple input channels or programmable gain, the MAX132's four digital outputs remotely control a MUX or PGA via
the serial interface, eliminating extra “glue” logic and serial control lines.

¢+ 2pV Resolution at +t500mV Full-Scale SIMPLIFY THERMOCOUPLE AND BRIDGE INTERFACING
o SugpLyr;Itlilrll're'ruo%\:rg:mAp ?'l;stu:\eiw o “BLOCK TR i 6“% i oo
SoeMats: 4k ThiMex | < o A
+ Up to 100 Conv/sec Throughput R maxim Simj 33 sy i uP
+ 4 Serially Programmed Digital Outputs T P 1 BE
for Remote Control of MUX/PGA W o1 wohor MADGIT I
¢ +10pA Input Current
+ 50/60 Hz Rejection _’ W
+ Space-Saving 24-Pin DIP and SO STRAN ,,CJC:ZIU ol I ”
* ;a;)a(:lg;lnterface Version Available - 5;;5{7; tf;otr; QZZUAfﬁéﬁisoﬂif/ gisztgfgg/noav;/s 'noise, and 10pA input current by interfacing

Complete Kit Speeds Evaluation, Reduces Design Time

A pre-engineered MAX132 Evaluation Kit and
your personal computer can save you hours of
component gathering, board assembly and
evaluation time. The kit contains a pre-drilled
board and all the components needed to build
a complete, high-resolution ADC circuit plus
application-specific software and an RS-232
interface for your PC.

Call 1-800-998-8800 and order MAX132EVKIT,
for $951.

FREE A/D Converter Design Guide—Sent Within 24 Hours!
Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800 ext. 6444
For a Design Guide or Free Sample
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.
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New Product and Applications Information for Design Engineers

Xicor’s New X9241 Quad Potentiometer Allows
Factory Automation of 64 Potentiometer Adjustments
via a Digital Two Wire Serial Bus

( R 7 = e VHO P
or complex systems requiring | X9241 A ROkA gl
multiple adjustment capa- | SCL — EEPROM WCRO ||

bility, Xicor offers the new X9241, s vwo
iti Tl VH1

Que?d- EzPQT. In. gddlthn to SRl peose =
retaining wiper positions without 4x8 LG i
power, the X9241 offers a two-wire | wlbadite B Eenaies — ol
serial interface for controlling AND

. . VH2
the potentiometers independently A0 — coNTROL POT 2 POT 2
or simultaneously using micro- 5 i L weRrz| 4 VL2
processor control commands. A w2
user programmable address allows AD el e == VH3
up to 16 devices to be software Ao ¥ o
controlled via the common two s e EEPROM WCR3 [
wire serial bus. T w3

QUAD E?*POT Development System

PC based system automates production adjustments of system potentiometers

Faster analog circuit checkout and calibration is made
possible by Xicor's new XK9241W Quad E2POT
Development System. This system consists of an X9241
evaluation board, interface cables and software which allows
a design engineer to control all functions of the Xicor X9241
Quad E2POT from a menu driven system on a IBM PC
Compatible computer. The XK9241W Development System
allows the design engineer to place the X9241 in a target analog
system and performall adjustments and configuration needed
to recognize the features and benefits of the Quad E2POT. The
XK9241 PC based development system can also be used in
production environments to automate potentiometer
adjustments for initial system calibration.

The XK9241 supports all versions of the X9241 family. It
can simultaneously control up to 16 different Quad E2POTs on
the same two-wire bus to effectively allow adjustment of 64
individual E2POTs. Orders for the XK9241W can be placed
with any authorized Xicor distributor. Suggested resale price
is $188.00.

§ Quad E2POT

Development System

The XK9241 can be used in a production environment
to optimize the settings of the EZPOT.

Xicor Inc., 1511 Buckeye Drive, Milpitas, CA 95035
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cent power consumption is 35 pA. Price
starts at $3.46 (1000). Maxim Inte-
grated Products, Sunnyvale, CA. (408)
737-7600. Circle No. 428

Interface IC handles scanner
image sensors. The M62490FP
works with contact image sensors and
CCDs, converting the analog scanner
signals to digital. It includes ADC, S/H,
gain-control, and black-level-control
circuits on chip, offering an 8.5-dB gain
with a 5-MHz bandwidth. The 42-pin
device costs $3.50 (10,000). Mitsubishi
Electronics America, Sunnyvale, CA.
(408) 730-5900. Circle No. 429

Palette DACs operate as fast as
250 MHz. The RGB series of palette
DACs comes in 170- and 250-MHz
speeds. The RGB561 ($103, $194) han-
dles 1600x1280X27-bit images with
overlay and independent gamma cor-
rection. The RGB530 ($71, $116)
includes 8-bit overlay and underlay
with 24-bit color. The RGB525 ($52,
$83) uses pixel packing to achieve
12801024 X24-bit color with 4 Mbytes
of VRAM. IBM Microelectronics,
Hopewell Junction, NY. (800) 426-0181.

Circle No. 430

Stereo codecs offer reduced-cost
options. Alternatives to the AD1848
codec standard in Windows Sound Sys-
tem audio cards, the AD1846 and
AD1847 feature lower cost than the
Windows cards. The 1846 is pin and
register compatible with the 1848 but
has reduced dynamic range (70 dB).
The 1847 offers a serial interface to
reduce pin count from 68 to 44 pins.
Production will begin in March, and
prices will be $8 and $7.50, respective-
ly. Analog Devices, Norwood, MA.
(617) 329-4700. Circle No. 431

256-kbit SRAMs have 10-nsec
access time. These 256-kbit CMOS

SRAMs, additions to the vendor’s Pa-
ramount series of SRAMs (part

EDN-New Propucrs
INTEGRATED CIRCUITS

no.’s PDM4151SA10, PDM41256SA10,
PDM41257SA10, PDM41258SA10, and
PDM41298SA10), feature a 10-nsec
access time. Three of the devices have
64k X4-bit architectures. The other two
offer organizations of 32kX8 and
256k X1 bits. The 64kx4-bit PDM-
41298SA10 features an output-enable
pin. The 5V parts have an active current
of 135 mA and a standby current of 2
mA. Prices range from $11.25 to $12.10
(100). Paradigm Technology Ine, San
Jose, CA. (408) 954-0500.  Circle No. 432

Self-timed SRAM has 10-nsec
access time. The CXK77910A family
of self-timed SRAMs has a 10- or 12-
nsec access time. The SRAM can act as
cache memory in Pentium and RISC
SPARC pPs. The SRAM has a 128k X9-
bit organization, and an external clock
triggers input and output registers.
The chip comes in a TSOP or SOJ pack-
age and has a 945-mW power consump-
tion. $100 (100). Sony Corp of Ameri-
ca, Cypress, CA (714) 220-9100.

Circle No. 433
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ULTRALIFE® 9-Volt lithium batter-
ies significantly outlast alkalines
— up to four times longer - in
products powered by 9-Volt bat-
Because ULTRALIFE lasts

longer, battery replacement is

teries.

reduced and product reliability
is enhanced. Designing superi-
or ULTRALIFE batteries into your
products is a smart move. For
proof, call for our white paper
on the ULTRALIFE battery's per-
formance in specialty products.
And, the next time, specify long-
lasting ULTRALIFE batteries.

100% mercury-free.

B AT R

Phone:

ULTRALIFE

E NN

800-332-5000
315-332-7100

Made in U.S.A.

Fax:315-331-7800

©1993 Ultralife Batteries, Inc.
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Stands Alone

HD~-PAK
300 VDC INPUT

Our new HD-PAK™ Series DC/DC Converters give HD-PAK Features
you the most output power, the highest performance

and the best features. It's that simple. You won't find ®Fix86/350 Khx opemation

a true 54 Watts/in® density (300 Watt output) over the ® -40°C to +100°C baseplate temperature
specified temperature range anywhere else in an _

industry standard package. The HD-PAK is rated for # Low output ripple

300 Watts of output power at a baseplate temperature # Parallel capability

of 85°C (225 Watts at 100° C).
¢ Outputs 2.6, 3.3, 5, 12, 15, 24, 28 and 48VDC

The 300 VDC input HD-PAK is designed specifically for

e i 4 Synchronization (300-400 Khz) from internal or
worldwide distributed power applications.

external source
¢ Up to 90% efficiency
Call, FAX or write us today for more information. @ UL, CSA and VDE (in process)

(508) 667-9500
M POWERCUBE

Powercube Corp., 8 Suburban Park Drive, Billerica, MA 01821 Fax (508) 667-6280 BN A SUBSIDIARY OF UNITRODE CORPORATION
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Quad-output 100W switchers
measure 5x3.3x1.5 in. The US100
series quad-output 100W switchers
accept 90 to 264V-ac inputs. The units
have onboard FCC class B and VDE
class A line filters. Each of the four out-
puts is available in voltages ranging
from £2 to +48V. (Modifications take
three weeks.) Multiple-output models,
$93 (100). Digital Power, Fremont, CA.
(510) 657-2635. Circle No. 561

8W converters run for 1 million
hours. The 800 series of 8W dc/de con-
verters offer 1000V-dc isolation and 2:1
input-voltage ranges. The units mea-
sure 1xX2x0.375 in. Models are avail-
able in single-, double-, and triple-out-
put versions. The converters have
remote-on/off and converter-synchro-
nization pins. Line- and load-regulation
specs are £0.2%. All units undergo a 72-
hour burn-in under a cycled load.
Prices range from $58.80 to $66.50
(100). Conversion Devices Inc, Brock-
ton, MA. (508) 559-0880.  Circle No. 562

200W dc/dc converter accepts
300V input. The BASIX dc/de convert-
ers meet VDEO871 Class A require-
ments without external filtering. Out-
puts range from 3.3 to 48V. The units
measure 4.6x2.4x0.5 in. $160 (OEM
quantities). Computer Products/Power
Conversion America, South Boston,
MA. (617) 268-1170. Circle No. 563

Regulated 14W dc/dc converters
have 4:1 max-input range. The
KWX series de/de converters accept 9
to 36V or 20 to 72V inputs. Regulated
outputs span 5 to £15V de. The units
measure 3X2.56x0.83 in. $53 (100).
Polytron Devices, Paterson, NJ. (201)
345-5885. Circle No. 564

External supply meets medical
specs. The MED 115 external supply
meets UL 544. The supply outputs 5V
at 0.75A and £15V at 0.25A. Input is via
a hospital-approved line cord, and out-
put is via a 6-ft. cable and DIN connec-
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tor. $40 (OEM quantities); delivery,

stock to 10 weeks ARO. Elpac Power

Systems, Irvine, CA. (714) 476-6070.
Circle No. 565

Rectifier blocks withstand 5- to 30-
kV pk reverse voltages. The 3HG
series rectifier blocks handle currents
from 2 to 5A. The blocks are available in
half-wave, positive and negative center-
tap, and doubled configurations. Resis-
tance- and capacitor-compensated
blocks are also available. A 20-kV, 2.25A
unit costs $62 (25). HV Components
Associates Inc, Farmingdale, NJ. (908)
938-4499. Circle No. 566

5W dc/dc converters meet MIL-H-
38534 Class B. MSA series de/de con-
verters measure 1xX1x0.27 in. The units
handle continuous input voltages from
16 to 40V and meet the power-bus-surge
standards of MIL-STD-704A through E.
Outputs range from 5 to +15V. $630
(100); delivery, stock to six weeks ARO.
Interpoint, Redmond, WA. (206) 882-
3100. Circle No. 567

Demo board exercises power-
supply-controller IC. The model
HV9120DB-1 demo board comes with
an information packet and an applica-
tion note explaining the company’s
PWM switching-supply controller ICs.
The demo board is a functional high-
voltage off-line supply. $95. Supertex
Inc, Sunnyvale, CA. (408) 755-0100.
Circle No. 568

1000W supply sets outputs at fac-
tory. You can instruct the company to
set the secondary outputs of the

PM3386B multiple-output power supply
to any voltage between 2 and 24V dec. As
many as five secondary outputs are
available. The supply’s main output pro-
vides 7T50W at 5 or 24V de. The supply
measures 5X5x11 in. The unit corrects
its input-power factor to 0.99% and
accepts 96 to 264V-ac inputs. Line and
load regulation for the main output are
10.25%, and ripple and noise are 50 mV
p-p- $1095 (small quantities); delivery is
from stock. Pioneer Magnetics, Santa
Monica, CA. (310) 829-6751. Circde No. 569

Solid-state fuse carries 4A. The
CS310 solid-state fuse trips in
microseconds. Units having voltage rat-
ings as high as 30V are available. You
reset the unit by killing power. $4.53
(1000). Inresco, Manasquan, NJ. (800)
684-6330. Circle No. 570
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Computer-input device conveys 3-D position and orientation

The Immersion Probe, a penlike
stylus mounted on a lightweight
mechanical linkage, provides 3-D
information to a computer. You
hold the stylus like a pencil and
move it freely in 3-D space. The
device conveys 3-D position (x, y,
and z) and orientation (roll, pitch,
and yaw) via a standard serial
port. Applications include 3-D
CAD, graphic design, digitizing 3- |
D objects, and 3-D virtual-reality |~
interfaces. “'
The mechanical linkage sup-
ports the stylus, reducing opera-
tor fatigue during extended use.
The linkage also provides physical
resistance, to improve control of

fine motions. The self-calibrating Immersion Probe provides 3-D position and orientation

device uses mechanical sensor ele- information to a computer via a serial port.

ments that do not suffer from the
noise, interference, or shadowing
problems of magnetic and ultra-
sonic tracking devices.

Immersion Probe is available in
two models, IC and IX, which vary
only in precision. IC measures
with 0.05-in. accuracy in a central
region and with 0.10-in. accuracy
in outer regions; IX improves
those figures to 0.025-in. and 0.05-
in. accuracy, respectively. Angu-
lar resolution of the IC version is
0.7°%; with IX, it’s 0.3°. IC costs
$999; IX is $1495. A developer’s
programming library—for Mac-
intosh, PC, or SGI systems—sells
for $139.—Gary Legg

Immersion Corp, Palo Alto, CA.
(415) 960-6882. Circle No. 401

Rewritable optical disk boosts stor-
age capacity. The 3.5-in. RMD-5300-S
magneto-optical disk drive reads and
writes ISO-standard 128-Mbyte car-
tridges and proprietary 256- and 384-
Mbyte cartridges. The drive senses
which type of cartridge you insert. Sus-
tained data rate is as high as 1.528
Mbytes/sec, and average seek time is
35.2 msec. <$1000 (OEM). Mass Optical
Storage Technologies Inc, Cypress,
CA. (714) 898-9400. Circle No. 402

CD-ROM drive doubles speed. The
CDU-33A entry-level addition to the
vendor’s line of double-speed CD-ROM
drives reads multisession disks. Thus,
it is compatible with Kodak’s Photo CD
format, and it can play audio CDs.
Average access time is 320 msec; sus-
tained data-transfer rate is 300
kbytes/sec. $200. Sony Electronics
Inc, San Jose, CA. (800) 352-7669.
Circle No. 403

Transceivers support FDDI over
twisted pairs. The PE-6852X series
of 100-Mbyte/sec TP-PMD transceivers
supports FDDI over data-grade,
unshielded, twisted-pair copper wire.
MLT-3 encoding and data scrambling
control EMI, and adaptive equalization
compensates for signal distortion
caused by varying cable lengths (to
100m). $40 (1000). Pulse Engineering
Inc, San Diego, CA. (619) 674-8100.
Circle No. 404

136 = EDN February 17, 1994

FREE INFO, FREE POSTAGE

Use our postage-paid reader-service

cards to get more information on
any of these products.

Wireless data link connects com-
puter equipment. A pair of trans-
ceiver units known as Comrad enable a
computer to communicate wirelessly
with another computer or with periph-
eral equipment. The units connect to
RS-232C ports and operate on the 900-
MHz radio band. No FCC license is nec-
essary. $429.95. Communications
R&D Corp, Indianapolis, IN. (317) 290-
9107. Circle No. 405

Tiny video system transmits long
distances. The PC-7 video system,
which comprises three small boards
and a 2.7-oz color video camera, fits in
small spaces and can transmit without
wires as far as 10 mi. The boards are
connected by flexible ribbon cable and
can be arranged in different configura-
tions. The smallest configuration is a
2.25-in. cube. Camera, $370; transmit-
ters start at $50. Supercircuits,
Austin, TX. (512) 335-9777.Circle No. 406

Solid-state disk holds 536 Mbytes.
The MegaRam-35 solid-state disk
stores as much as 536 Mbytes in a 3.5-
in. form factor. It transfers data at 10

Mbytes/sec via its SCSI-2 interface,
and its access time is 35 psec. An RS-
232C port allows diagnostic testing.
Price depends on capacity—approxi-
mately $100/megabyte. Imperial Tech-
nology Inc, El Segundo, CA. (800) 451-
0666. Circle No. 407

Stereo displays boost brightness
and contrast. Two 19-in. color stereo
displays provide higher contrast and
brightness than earlier models. The
SGS19U works with normal vertical
sync or external frame syne; the
SGS19C works with stereo-ready work-
stations or computers that provide a 50-
to 152-Hz frame sync signal. Both have
a liquid-crystal modulator and work
with passive stereo glasses. $8995 each.
Tektronix Inc, Wilsonville, OR. (800)
835-9433, ext 5000. Circle No. 408

Digitizer works with touch or pen.
The TouchPen digitizer provides both
touch and pen input for flat-panel dis-
plays. It draws 60 mA while operating
and 2 mA in sleep mode. $795. Micro-
Touch Systems Inc, Methuen, MA.
(508) 659-9000. Circle No. 409

Touchscreen controller fits on half-
sized PC card. The E281-4035 touch-
sereen controller fits on a half-sized
card for the ISA or EISA bus. Touch-
response time for a 19-in. monitor is 22
msec. Onboard diagnostics test the



' lmmtlnnsrs’yétams

55 Walnut Street » Norwood, NJ 07648 + Tel: 201-767-7100 * Fax: 201-767-3994 + BBS: 201-767-8733
© 1993 Pentek, Inc. ‘

CIRCLE NO. 99 EDN February 17, 1994 = 137



"Flle View/Edit Run Breakpoi Config Stack Window Mixed Hel S

READY  Fi[Help ] *F2 [Reset] F?{___‘!JFSL_QQJ F10[Trace Beg]

1= Program FUNCS.c vl
0480A: FF RST + = Watch = 7 e
0486B: C83C UALUE_TO_S: PUSH 3CH 8 . atc p
8480D: C83E PUSH 3EH 9 0 0 er[o

= [T PUSH 46H ; [08661 : ort 8 (0x0 ed_p
~ |[eu811: c842 PUSH 42H Auto ed_p .
84813: A3186A3C LD 3CH,AH[24] 18
84817: 1798 INCB sb_struct k.
‘ , 0 variables
=| Registers " DATA et fd :
0 [ Auto_Mixed_p 0 Source
0 ‘ g -
a0 ; Window
60 A 0 ed_p
S 15) 6
0 | = 3 v|a .
6 = ShadowRam vl CaII Stack
o880 OAF D783 D789 p— .
9008: AFFF 9726 606 puto_ Mixed._p : Window
- B9 0810 a9D .
b 3+
: = Tr stopped: rames recorded [38,0) |l = Inspect vla
timestamp misc. data instructie Auto_Mixed_p 7 -

97.126888 ms 08 db8O 3eda = 802
97.127467 ms 88 db98 1c ; g e 18 ;
‘ - 8a3enn CHP BH,[62] | 0 0
97.128133 ms 00 db80O 3e00 -~ ez L 0 (0]
97.128808 ms 90 db90 dfiy JE $+22 ! g 0 9E ¢
97.129467 ms 86 db8O bda148 LDBSE 40H, #1100 4 J
97.130133 ms 00 db90 48 8: ne

. . 2 SJHP $+11 9 0
97.130800 ms_ 00 da90 #9190 | —- 002

A8 “supported:

FEATURES:
» Support for 80C196: KR/Q/T/C/D, JR/Q, NQ/T & more.
* Real-time emulation at maximum chip speeds.

8051 68HC11
» Use of bond-out chips for accurate emulation. 68HC 1 6 683xx
* Hosted on PC's and workstations.

* High Level support for popular C-compilers. e led more, pfease call (408) 866-1820 for a FREE
Unlimited hardware breakpoints. ‘Demo Disk. For more information via your Fax, call our
* Break in real-time on Internal Access, both on data ‘ 244'00!' Information Center at (408) 378-2912.
value and address. , , ‘
* Trace board up to 512K deep, 104 bits wide, with 40 | nDHaU 51 E. Campbell Avenue
bit timestamp. Triggering and filtering with full : + Campbell, CA 95008-2053
Fax. (408) 378-7869

instruction queua decoding, . : CORPORATION 7el. (408) 866-1820

* Memory contents shown during real-time emulation

Argentina 1 312-1079, Australia (02) 654 1873, Austria 0277 20-0, Benelux (01858) 16133,

(Shadow RAM). Brazil (011)-458-8755, Canada 1-514-689-5889, Czechoslovakia 0202-2683, Denmark 43 44
° Code COVerage and Program Performance AnalysiS. 60 1v0, Finland 9()—4‘326—21’, Franc E‘(])()‘)‘lu 28 01, Germany49-7043-4(]2‘}$7,‘ Great Britain
' ! ] 0962-733140, Greece 1-924 20 72,  India (0212) 422164,  Israel (03) 491202, Italy (011)

* CCB's controlled from user interface. (Wait states, 4371551, Korea (02) 784-7841, New Zealand 09-3092464, Norway 22- 67 40 20,
S oy & Portugal 01-80 95 18, Romania 961-30078, Singapore 749-0870, Slovenia 061-445-526,
timing mode, bus width and more.) S.Africa (021) 23-4943, Spain (93) 276 22 69, Sweden 040-92 24 25, Switzerland 01-740 41 05,

Taiwan 02 7640215, Thailand (02) 281-9596.
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touchscreen, controller, and cabling.
From $255. Elographics Inc, Oak
Ridge, TN. (800) 868-6824. Circle No. 410

X terminals lower entry-level cost.
The ECX series of color X terminals
perform better and cost less than their
predecessor models. Three models—
with 1024 X768 resolution in 14-, 15-,
and 17-in. monitors—perform at 52,000
Xstones. Prices, respectively, are
$1795, $1995, and $2595. Network
Computing Devices Inc, Mountain
View, CA. (415) 694-0650. Circle No. 411

Touch frame fits flat-panel dis-
plays. The Modular/1LP touch frame
mounts on all 200X150-mm flat-panel
displays, including many from Hitachi,
Panasonic, Sharp, and Toshiba. The
device includes a sealable scanning IR
screen with circuitry that compensates
for water, dust, and airborne particu-
lates. The unit is available with a soft-
ware- or hardware-based controller, a
PC/104 controller, or an RS-232C con-
troller. $380. Carroll Touch, Round
Rock, TX. (512) 244-7040. Circle No. 412

EDN-NEw PRODUCTS
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ISA parallel interface meets MIL
specs. The NTDS-4610, an NTDS/AT
half-length adapter for ISA-bus sys-
tems, complies with MIL-E-16400/
MIL-STD-2036 and MIL-STD-1397B
standards. It features stress screening
and conformal coating; it can operate in
all four Naval Tactical Data Systems
parallel environments. $4589. S T
Research Corp, Newington, VA. (703)
550-7000. Circle No. 413

Flat-panel VGA monitor is useful in
hospitals. The ELM-VGA electrolu-
minescent flat-panel display suits hos-
pital information and point-of-care sys-
tems. The 10-in. display is 2.7 in. thick;
it can mount on a wall, a desk stand, or
a bedside swing arm. Users can view its
monochrome images from any angle.
$1395. Planar Systems Inc, Beaverton,
OR. (503) 690-1100. Circle No. 414

Pocket-sized book is PC reference.
The 94-pg PC Technical Source Book pro-
vides a quick-reference compendium of
the most commonly needed facts and fig-
ures from myriad PC hardware and soft-
ware manuals. Contents include diagnos-

tic error codes, CPU summaries, XT and
AT add-on card dimensions, BIOS entry
points, DOS keystrokes, keyboard scan
codes, and ASCII control codes. Free.
Industrial Computer Source, San
Diego, CA. (619) 271-9340. Circle No. 415

SBus card lowers graphics cost.
The TGX260 graphics frame buffer for
the SBus accelerates 2- and 3-D vector
rendering for a lower price than Sun
products, according to the manufactur-
er. The single-slot, 8-bit-color, double-
buffering card is compatible with all
SPARC workstations. It has program-
mable resolution and refresh rates as
high as 76 Hz for 1024 X768 resolution.
$3495. Integrix Inc, Newbury Park,
CA. (805) 375-1055. Circle No. 416

PCMCIA card holds SCSI controller.
The SCSI2GO PCMCIA Type II card
contains a SCSI controller. An inter-
face cable to the 16-bit device provides
a 50-pin SCSI-2 connector. Supplied
software automatically reconfigures
your system when you plug the card
into a PC. $329. Future Domain Corp,
Irvine, CA. (714) 253-0400. Circle No. 417

HIGH POWER

FACTOR

Custom Switching Power Supplies

for ® Engineering work stations
® Computer main frames

® Computer peripheral equipment

®Business equipment
® Telecommunications

® High power factor 0.99

® Repair center in U.S.A.

isolators, etc.

FDK

A Division of Fuji Electrochemical Co., Ltd.

® Design, manufacturing in Japan

FDK also specializes in DC-DC converters, hybrid ICs, memory
cards, ferrite cores, lithium batteries, stepper motors, optical

Your Best Strategic Partner

FDK AMERICA, INC.

San Jose Office: 3099 North First Street, San Jose, CA 95134, US.A.

Parts from prototype through production « Rolls or individual pieces
With or without adhesive * JIT delivery worldwide * Quality parts on time

the hirol company

1170 West McNab Road ¢ Fort Lauderdale, Florida 33309 U.S.A.
001 (305) 974-4900 * Fax 001 (305) 975-4734

Die cut components
for pagers, cellular phones
& computers

Scratch Resistant Lenses
EMI/RFI Shielding

_ Water Repellent Speaker Felts
< a Gaskets

X 430. ) AQE. Read Cosine Limited (London) Dynamar Computer Products
TEL: 408-432-8331 FAX: 408-435-7478 0202 632274 or 632275 Pte Ltd. (Singapore)
Dallas TEL: 214-650-7742 FAX: 214-650-7792 0202 623338 Day Fax (65) 2813388
Boston TEL: 617-487-3198 FAX: 617-487-3199 0202 600674 Night Fax (65) 2813308 Fax
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2916, 2917, & 2918 Dual Full-Bridge PWM Motor Drivers

FEATURES

B For Bipolar Stepper Motors or
For Two DC Motors

M +.75 A or + 1.5 A Continuous
Qutput Current

B 45V Output Sustaining Voltage
M Internal PWM Current Control
B Internal Clamp Diodes

B Internal Thermal Shutdown

Circuitry Elegantly
Engineered To Meet Your
System Requirements

Containing two full bridges, the
Allegro’s 2916, 2917, & 2918 motor
drivers are designed to drive both
windings of a bipolar stepper mo-
tor or bidirectionally control two
dc motors. Each bridge is
capable of sustaining

\ ANN
NNNNNY
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45V and includes internal pulse-
width modulation (PWM) control
of the output current to +.75 A
(2916) or +1.5 A (2917, 2918). Cur-
rent is determined by the user’s
selection of a reference voltage
and sensing resistor. Included on
chip are ground clamp and flyback
diodes for protection against in-
ductive transients. Internally gener-
ated delays prevent cross-over
currents when switching current
direction. Thermal protection
circuitry disables the outputs if
the chip temperature exceeds

safe operating limits.

Designed For
Manufacturability

Allegro’s ICs are “designed-for-
manufacturability” under stringent
standards of Total-Quality. Design/
Production teams, under our

PACE (Product And Cycle-
time Excellence) program,
work closely with our cus-
tomers to meet their time-
to-market and quality/reli-
ability objectives.

Headquartered in Worcester,
Massachusetts, Allegro operates
two Wafer-fabrication plants as
well as assembly/test facilities.
Design centers are located world-
wide, sharing common cell libraries
and design tools.

Take A Test-Drive...
Call For Samples

Samples are available now. Just
give us a call at 1¢508*ALLEGRO
and we’ll have our Sample Pack in
the mail to you the same day. After
all, the measure of our success can
only be your total satisfaction.

THE PACE QUICKENS _

lleg

0

MicroSystems, Inc.

Formerly Sprague Semiconductor Group

CALL 1 508 ALLEGRO

115 Northeast Cutoff, Worcester, Massachusetts 01615
CIRCLE NO. 39




Micromachines regulate gas flow.
The MiniPR family of gas-pressure
regulators employs silicon microma-
chines to regulate gas pressures from
0 to 30 or 0 to 100 psig with an accura-
cy of £1% FS. The regulators handle
gas-flow rates from 0.1 to 1500 ce/min.
The hybrid units operate over 0 to 50°C
and consume significantly less power
than electromechanical regulators. A
0 to 10V signal controls the unit, and
power consumption is 2.5W typ. A typ-
ical application would be a portable,
battery-powered gas chromatograph.
$275 (10). Redwood MicroSystems,
Menlo Park, CA. (415) 617-1209.

Circle No. 367

R-2R network is integrated. The
IPEC R-2R precision resistor network
combines 16 resistors in the usual lad-
der configuration. The unit comes in 25-
or 50-mil pitch, surface-mount pack-
ages. Standard values are 10, 25, and 50
kQ. $1.35 to $2. California Micro
Devices Co, Milpitas, CA. (408) 263-
3214. Circle No. 368

Right-angle LEDs are surface
mountable. The SIDELED right-
angle, surface LEDs come in hyper red,
super red, orange, yellow, blue, green,
and pure green. The units are 4 mm
high. Two emitter versions and one pho-
totransistor version are available for IR
applications. $0.24 to $1.82 (1000).
Siemens Components Inc, Cupertino,
CA. (408) 297-7910. Circle No. 369

Heat-resistant compound fills
many electronics niches. You can
mold the Flamehold heat-resistant
compound into prototype heat sinks.
The compound also replaces machined
fixtures during prototype production
runs. The material withstands the heat
of wave soldering and holds shields,
coils, brackets, and other components in
place. The material is dimensionally
stable, does not deform or swell under
heat, does not soil or corrode parts, and
is simple to apply and remove. The com-
pound is safe and nontoxic. You can
reuse the material indefinitely by
adding water. $30 (5 1b). Nassau
Research Corp, Aliquippa, PA. (412)
375-3300. Circle No. 370

Probe measures surface resis-
tance. The model 850 surface-resis-
tance probe measures point-to-point
and point-to-ground resistance to
EOS/ESD standards 4.1 and 7.1, NFPA
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99, ASTM F150, and applicable DoD
standards. The probe weighs 5 lbs and
uses a 2.5-in.-diameter, conductive-
rubber electrode having 65-durometer
hardness. The probe will work with
common voltmeters. With it, you can
measure floors, mats, workbenches, and
a variety of other surfaces. Electro-
Tech Systems Inc, Glenside, PA. (215)
887-2196. Circdle No. 371

Test probe grips large test points.
The KLEPS 280 test probe has a steel,
spring-loaded jaw that opens to 0.86 in.
Like its smaller cousin’s jaws, this
probe’s jaws simultaneously extend and

open when operated. The probe accom-
modates 4-mm banana plugs having
fixed or retractable sleeves. Thus, the
probe meets DIN VDE 0110 electric-
shock requirements for 1000V connec-
tion. The probe comes in red or black.
KLEPS 280: $19; delivery stock to six
weeks ARO. Richard Hirschmann of
America, Riverdale, NJ. (201) 835-
5002, ext 230. Circle No. 372

Transistors with integrated bias
resistors save space. The MUN
2111/2211 series of transistors has bias
resistors, a single transistor, and mono-
lithic-base and base-emitter resistors.
NPN and PNP devices are available in
SC-59 surface-mount packages. $0.12
(3000). Motorola Inc, Semiconductor
Products Sector, Phoenix, AZ. (602)
244-3742. Circle No. 373

Connector family lowers insertion
force. New members of the Micro-
Strip family of high-density, controlled-
impedance, board-to-board and cable-
to-board connectors boast 25% lower
insertion forces than previous members

of the family offered. The connectors
have 40 high-speed signal lines/in. $0.15
to $0.25 per line. AMP Inc, Harrisburg,
PA. (717) 564-0100. Circle No. 374

Heat sinks cool multiwatt de-
vices. Two heat sinks slide onto mul-
tiwatt devices, requiring no mounting
hardware. The model 566010 is 1.22-
in. tall, has four mounting clips, and
suits medium-power devices. The
model 530510 is 0.62-in. tall and suits
low-power applications. PC-board sol-
dering tabs are available for increased
sturdiness. $0.44 (5000). Aavid Engi-
neering, Laconia, NH. (603) 528-3400.

Circle No. 375

Custom membrane-switch panel
drops in. The Series 70 custom mem-
brane switches feature a drop-in panel.
The switch panel has an accompanying
pe board that is 9 to 22.5 mm behind the
front panel, depending on switching
functions. LED-illuminated switches
are optional. $8 to $10 per funection.
EAO Switch Crop, Milford, CT. (203)
877-4571. Circle No. 376

IGBT modules shoulder greater
amperages. The H-Series IGBT mod-
ules now handle 300 and 400A at 600V
using the same-sized package as did the
previous 200 and 300A units, respec-
tively. Despite the greater current-car-
rying capacity, case temperatures have
not increased. The modules include a
soft-recovery diode. $177.73 to $231.04.
Powerex Inc, Youngwood, PA. (412)
925-4422. Circle No. 377

Connectors mate to miniature
valves. The GDS series connectors
mate with DIN 43650 Form C minia-
ture valves used for industrial control.
Female cable-mount and male panel-
mount versions are available with sol-
der or screw-wire attachments. The
connectors have an IP 65 rating (suit-
able for hose-down and spray environ-
ments). $1.32 (1000). Richard Hirsch-
mann of America, Riverdale, NJ. (201)
835-5002, ext 230. Circle No. 378

Aluminum capacitors deliver
peak currents to high-power
audio amplifiers. The Boomer-Cap
line of aluminum capacitors suits pro-
fessional audio amplifiers have outputs
as high as 10 kW pk. The 1.2F units
measure 3X8% in., and 1F units mea-
sure 3X5% in. Rated for 10-kA pk cur-
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rents, the capacitors are an outgrowth
of Strategic Defense Initiative
research. Their voltage rating is 20V.
$35. Cornell Dubilier, Pickens, SC.
(803) 878-6311. Circle No. 379

Touch screen plugs into multime-
dia players. The Crystal Clear touch
screen for multimedia players connects
using either an 8- or 9-pin “RS-232-C”
connector. Versions are available for
Philips Consumer Electronics CD-I 220
and 604 CM135 monitors and other pop-
ular multimedia monitors. $495. Inter-
action Systems Inc, Watertown, MA.
(617) 923-6001. Circle No. 380

Fuseholders meet IEC require-
ments. The FPG series fuseholders
for 5X20-mm fuses meet the power-
dissipation requirements of IEC 127-
6,PC2. Panel-mount versions handle
4W; pe-board versions handle 2.5W.
The series also meets the shock-safety
requirements of IEC 529. The units’
materials meet UL94V-0 with an oxy-
gen index of 31% and a comparative
tracking index of 275. The series is
insert molded for a complete seal at its
base, suiting potted applications. Tab
or solder connections are available.
Panel-mount versions also have a front
seal. UL and CSA rate the fuseholders
for 16A at 250V (10A at 250V by VDE,
SEMKO, and SEV). Fuseholders,
$0.82 (500). Delivery is from stock.
Schurter, Petaluma, CA. (707) 778-
6401. Circle No. 381

Micromachined accelerometers
feature response to 2 kHz. A fami-
ly of micromachined, surface-structure
accelerators comes in 10, 25, 50, and
100g versions. The units come in 20-pin
leadless chip carriers (LCCs). The
model 1010 outputs a digital pulse
stream whose rep rate is proportional
to acceleration. The model 1210, operat-
ing from 5V, provides a +3V analog out-
put. The unit has a 100-dB range. The
model 1100 threshold accelerometer
generates a logic output when accelera-
tion exceeds a threshold. Operational
temperature range is —55 to +125°C.
Model 1010 LCC, $59; J-lead, $64
(1000). Silicon Designs Inc, Issaquah,
WA. (206) 391-8329. Circle No. 382

Data-access arrangement meets
Japanese specs. The CH1817J family
of data-access arrangements (DAAs),
meets Japan Approvals Institute
of Telecommunications Equipment
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(JATE) and Ministry of Posts and
Telecommunications specifications. The
units are compatible with modem and
fax chip sets, including V.32bis through
V.TURBO and V.FAST. Single-ended
and differential models are available.
$15. Cermetek Microelectronics, Sun-
nyvale, CA. (408) 752-5000. Cirde No. 383

Heat sinks cool T0220, 218, TO3-
P, and multiwatt devices. A family
of 1.65 and 2-in.-wide heat sinks mounts
vertically and provides a threaded
mounting hole. You can mount the heat
sinks with tin-plated solderable studs or
screws. $1 (1000); delivery is three to
four weeks ARO. International Elec-
tronic Research Corp, Burbank, CA.
(213) 849-2481. Circle No. 384

Space-rated, battery-cell-bypass
switch prevents power loss after
individual cell’s failure. The model
1176 cell-bypass switch senses a cell’s
failure in a battery, automatically
bypassing the failed cell. The switch
detects cell-leakage current and uses
one or two electromechanical actuators
to handle as much as 300A. Switch
operation occurs without shock, vibra-
tion, or debris. Model 1176, $1950 typ
(50); delivery, 12 weeks ARO. G&H
Technology Inc, Camarillo, CA. (805)
484-0543. Circle No. 385

Semiconductor laser’s emission
matches HeNe gas lasers’. The
HL6312G solid-state laser diode pro-
duces a 5-mW, 630-nm output, which is
the same wavelength as HeNe gas
lasers’. Typical operating specs are
2.7V at 65 mA, suiting battery-powered
applications. The unit’s operating life-
time is 1000 hr at 5 mW and 50°C. $79
(1000). Hitachi America Ltd, Bris-
bane, CA. (415) 589-8300. Circle No. 386

500-MHz solid-state switch has
8() on-resistance and 10-pF on-
capacitance. The DG643 single-pole,

double-throw analog switch handles 75
mA. The units come in small-outline,
surface-mount packages. 16-pin plastic
DIP, $1.80; SO-16, $1.96 (1000). Sili-
conix, Santa Clara, CA. (408) 988-8000.

Circle No. 387

Electrolytic-capacitor mountings
protect capacitors and facilitate
pc-board cleaning. The ECM series
of electrolytic-capacitor mountings
allow venting and proper draining dur-
ing pc-board cleaning. The units are
made from UL-rated 94V-2 nylon per
ASTM D4066 PA111 and raise the
capacitor 0.050 in. above the pc board.
The mountings ease inspection and pro-
tect the caps from shock, vibration, and
accidental lead bending. $44.50 per
1000 (10,000). Bivar Inc, Irvine, CA.
(714) 951-8088. Circle No. 388

High-brightness green, amber,
and red LEDs illuminate large-area
displays. High-brightness LEDs radi-
ate in a 60°-horizontal and 30°-vertical
pattern, which is twice the viewing
angle of conventional high-brightness
LEDs. The 570-nm, 270-mecd HLMP-
V500 costs $0.28; the 592-nm, 460-med
HLMA-VLO00 costs $1.07; and the 644-
nm, 1000-med HLMA-V100 costs $0.72
(1000). All versions come in T-1%/4
untinted, nondiffused packages.
Hewlett-Packard Co, Santa Clara, CA.
(800) 537-7715, ext 7939.  Circdle No. 389

Telecommunications-relay series
meets 2500V Bellcore specifica-
tion for voltage-surge isolation.
The FBR10 telecommunications-relay
series measures 0.2X0.1 in. and con-
sumes 140 mW when energized. The
units switch 220V de or 250V ac max at
2A max. The units perform 200,000
operations at 30V dec, 1.5A resistive.
The devices come in a 12-pin DIP with
two form-C contacts. $3.47. Fujitsu
Microelectronics Inc, San Jose, CA.
(408) 922-9000. Circle No. 390

PCMCIA connector is smaller and
thinner than its predecessors. The
ICT7 series of 68-pin connectors suits
PCMCIA Type I, II, and III memory
cards. The units are through-hole or
surface mountable (either side of a pc
board) and offer a choice of left or right
eject buttons. The units have 1.27-mm
contact spacing. They measure 85X
65%5.4 mm. $4.50 (1000). Hirose Elec-
tric Inc, Simi Valley, CA. (805) 533-
7958. Circle No. 391



Zilog is a registered trademark of Zilog, Inc.
Stanford Telecom is a registered trademark of Stanford Telecommunications, Inc
All rights reserved. © 1993 Zilog, Inc.

“With the convergence of computing and
communications technologies, consumer demand for
computerized wireless products is gaining momentum.
Stanford Telecom has developed a high-performance
solution that is cost-effective for the commercial,
high-volume OEM market.

To achieve optimum performance in
terms of cost-efficiency, quality, and
customer service, we have partnered
with Zilog to offer the STEL-2000. It is
designed for a large number of high
speed burst data applications such as
wireless LANs and data acquisition
systems including inventory control
systems and medical telemetry systems.

Our relationship with Zilog will
continue to provide a strong alliance to accommodate
the increasing demand for the STEL-2000.”

Hatch Graham,
Vice President and General Manager
- Stanford Telecom ASIC &

Custom Products Division

Contact your nearest Zilog sales office or
authorized distributor for more information.

N 205

210 E. Hacienda Avenue
Campbell, CA 95008-6600
(408) 370-8000
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For $995 you can have a great
function generator from SRS ...

... or half of an
HP or Wavetek. |

Direct Digital Synthesis (DDS) is the innovative function generator architecture pioneered by SRS. First
introduced in the ground-breaking 30 MHz DS345, DDS is now available in two NEW products, the D55355
and DS340. All three instruments have the advantages of DDS - one microhertz frequency resolution,

low distortion outputs, linear and logarithmic frequency sweeps, and outstanding frequency accuracy.
Optional computer interfaces provide complete control for remote or ATE applications.

¢ DS335 — $995 e DS340 — $1595
3.1 MHz Function Generator 15.1 MHz Function Generator Plus
Sine, Square, Triangle and Ramp Waveforms FSK and Arbitrary Waveforms with
Low Distortion Outputs, -70dB (1%THD) 12 bits, 16k points and a 40MS/s clock
Available GPIB and RS-232 Interfaces Available GPIB/RS-232 with Arb Software

Two new function generators with the performance, features and quality you need—at half the price.
For more information or to arrange a demonstration call our applications engineers at (408) 744-9040.

Affordable Performance. Only from SRS.

SRS STANFORD RESEARCH SYSTEMS

1290-D Reamwood Avenue * Sunnyvale, CA 94089

TEL (408)744-9040 »« FAX 4087449049
CIRCLE NO. 106
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This advertising is for new and current products.

Please circle Reader Service number
for additional information from manufacturers.

ROM'IT

EPROM EMULATION SYSTEM

" The Most Flexible
EPROM Emulator

! ﬁ You CanGet Today
RN

* Emulates up to eight * Accepts Intel Hex,
4-Megabit EPROMS through ~ Motorola S-Record and
one standard serial port. Binary files.

* Downloads 2-Megabit  * Software available for IBM
programs in less than 23 PC and compatibles.
seconds

* Base 27256 EPROM
* Examine and modify System $395.00. Other
individual bytes or blocks. configurations available

Incredible Technologies, Inc.
Visa, Mastercard and American Express Accepted

Order Now - It's Easy
Call (708)870-7027 Or Fax (708)870-0120
For More Information

CIRCLE NO. 230

68HC16 683xx

BACKGROUND MODE DEBUGGE

* C Source Level
Debugger.

« Fast Downloads
over PC-ISA Bus.

* Windows 3.1
Interface.

* Source level support for most assemblers

* In-depth high level support for HiWare, Intermetrics,
Introl, Microtec Research, Sierra and SDS.

* SLD available
at $995.

Call for a
Free Demo Disk.

(408) 866-1820
51 E. Campbell Avenue

Campbell, CA 95008
Fax (408) 378-7869

1495

BDM with C
Debugger!

US Pricing Only

noHau

CORPORATION

ReleXx

ehublhty Software

Relex Reliability Software, long known for its power and
flexibility, is now available for Windows, the Mac, and
DOS! With features such as a powerful CAD interface,
system modeling, impressive graphics, and unmatched
user-friendliness, Relex is the ultimate, intuitive solution!

® MIL-HDBK-217 * Bellcore * Parts Count *
* Mechanical ® CNET * FMECA * more ®

Call 410-788-9000 Today For a Free Demo!

INNOVATIVE SOFTWARE DEsIGNS, INC.

410-788-9000
FAX 410-788-92001

Two English Elm Court
Baltimore, MD 21228 USA

CIRCLE NO. 231

CIRCLE NO. 232

Best Value in the World

Sfor

POLYIMIDE & FR4
1 to 5 DAY TURN

1 to 12 Layers
PRINTED CIHCUIT PROTOTYPES
P OR R 06
LAYERS 1 2 [ 384 586 ] 788
15 | $233 [ $292 | $639 | $787 | $935
SQUARE 30 | 264 | 330 | 724 | 891 | 1059
vp | 60| 311 | 389 | 853 | 1049 | 1137
TO [ 90| 358 | 448 | 980 | 1207 | 1434
120 | 385 [ 486 | 1044 | 1311 | 1559
W 5PIECES x 1.34 W 5 DAY PRICES ABOVE
W 10 PIECES x 1.67 M UL LISTED
EXTRAS CAPABILITIES

DISCOUNTS
B Photo Plotting M Buried & Blind Vias n
b B Polyimide Multilayer =)

B Testing B Full Body Gold 59
B Gold Contacts - $50 B Carbon Paste °

25% - Below § Mil Hole M Tin nickel bumn-in boards
| | elow 8 Mil Hole B SMT.SMOBC W cop

- Below 15 Mil Hole @ Up to 22 layers 10%
M SMOBC & LPI - 550 M Impedance control boards

FOR MORE INFORMATION CALL OR FAX

Ken Bahl B 1108 W. Evelyn Ave., Sunnyvale, CA 94086
Phone (408)735-7137 FAX (408)735-1408 Modem (408) 735-9842

CIRCLE NO. 233

UNIVERSAL/GANG PROGRAMMERS

FLEX-700
40 pins from $843
48 pins from $943

TUP-400/300

§745/$575

As FLEXible as your needs are:

m Supports EPROM, FLASH, PLD, FPGA, GAL,
MPU, ...in DIP, PLCC, SOP, QFP, PGA ...

B Expandable from 40 pins to 256 pins and to
4 or 8 sockets for gang programming.

W Universal 44, 68, & 84 pin PLCC modules.

M Free software updates via BBS

M Programming algorithms approved by IC

Manufacturers.

Tribal Microsystems Inc.
44388 S. GRIMMER BLVD., FREMONT,CA 94538

Tel: (510) 623-8859
Fax: (510) 623-9925

CIRCLE NO. 234

Low Cost
Miniafture
Controllers

Save time.
Save money.

Our wide range of
C-programmable miniature

controllers are ideal for control ap-
plications, data acquisition, and test and measure-
ment. Compact and low in price (the Little PLC™ above is 2"x3

and $195), these controllers are programmed with our easy-to-
use Dynamic C™ development system. Our controllers feature
digital /0, ADCs and DACs, relays and solenoid drivers, R$232
and R$485 serial ports, battery-backed memory and time/date
clock, LCDs, keypads, enclosures and more!

1724 Picasso Ave

24-Hour AutoFax Davis, CA 95616
916.753.0618. Call 916.757.3737
from your FAX 916.753.5141 FAX

CIRCLE NO. 235
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20 FAIRB

(800) 245-3022 « (714) 770-3022 « FAX (714) 455-0554

For those small circuit analog designers

NOwW—PSPICE QUALITY AT AN AFFORDABLE PRICE

who want the technical

sophistication of PSpice, we now have a low cost solution for you!

Small-circuit PSpice is now available at an unprecedented price of

$1,495

The PSpice circuit simulator comes complete with:

* Analog library of over 7,200 devices.
* Analog Behavioral Modeling.

» Monte Carlo & sensitivity/worst-case analyses.
» Enhanced graphical waveform analyzer.

« Device characterization.
« Stimulus generation.

ANKS * IRVINE, CA 92718 « U

SA

CIRCLE NO. 236

*
*
*

e X NS i
PP42 - the solution for Gang/Set
programming of EPROMs and EEPROMs

8, 16 or 32-bit programming of device sets in
a single operation (24 to 32 pins)

Optional modules for ganging Micros, Masked
ROM pinout EPROMs, 40-pin DIP/16-bit or
32-PLCC EPROMs

4 Mbits RAM standard - expandable to 64 M
Serial and parallel ports
‘Stand-alone’ or PC operation

Stag Microsystems, Inc. SCOQ
Tel: (408) 988-1118 Fax: (408) 988-1232

CIRCLE NO. 237

HIGH VOLTAGE
PULSE GENERATORS
FOR BEAM BLANKING

AND GATING

e SNSDWV L
100 YOLTS/DIV ||

Avtech’s extensive line of AVR, AVL and AVRL
pulse generators includes over 75 standard
models covering the following ranges:

—-100, 200, 350, 400, 700 and 2000 Volt models
—Pulse widths from 5 ns to 10 ms

—Rise times of 0.5, 2, 10 and 60 ns
—Propagation delays as low as 15 ns

Call us for your special requirements and a copy
of our 113-page general catalog.

AVTECH

ELECTROSYSTEMS

CIRCLE NO. 238

10 US/DIV-+
100 VOLTS/MIV __
-200V.

P.O. Box 265, Ogdensburg
New York 13669
(315) 472-5270

P.O. Box 5120, Station F

Ottawa, Canada K2C 3H4
(613) 226-5772

Fax: (613) 226-2802

HOT
FLASH

Announcing the
immediate availability
of "Designing with
Flash Memory" by
Dipert and Levy! This
reference is destined

to be the flash memory
bible for years to come.
It covers components
and cards, both
hardware and software,
including PCMCIA and ExCA!

Written by the experts! 422 pages, soft cover,$49.95.
Unconditional 30-day money-back guarantee. Call now!

Annabooks

1-800-462-1042
619-673-0870
619-673-1432 FAX

MasterCard, Visa,
American Express, and
Company POs
accepted

CIRCLE NO. 239

| Schematic

Capture

Jor

Windows

{ and
Macintosh®

DESIGNWORKS™

The universal schematic capture front-end is now avail-
able for Windows. DesignWorks ™ for Windows has all the
same workstation functionality as its Macintosh coun-
terpart, including full hierarchy with unlimited levels,
automatic gate packaging and comprehensive symbol
libraries. DesignWorks is built to work with PCB, FPGA,
ASIC, and SPICE packages from any vendor. Custom
netlist/report generation, back annotation, EDIF
schematic support and a custom programming interface
free your designs from being locked into one layout pack-
age or one simulator.

CALL (800) 444-9064 FOR YOUR FREE DEMO!

CAPILANO COMPUTING
(604) 522-6200 Fax (604) 522-3972

CIRCLE NO. 240

LEDs and Switches Stack

| [P U

together On

Jompanion LED indicator lamps available in choice
of red, yellow and green, interlock with miniature,
SPDT push button switches to create status/reset
stations at the edge of a PC board.

The Series 32 maintains 0.200" between centers of
the lamps and the switch buttons. The assembly mea-
sures only 0.272 " off t|
Many operational functions can be monitored in a
very small space. The switches are priced at $1.37 in
lots of 100 and $1.00 in lots of 1000.

Request your free copy of Bulletin #609 from Thomas
L. Menzenberger, GRAYHILL, Inc., 561 Hillgrove
5, or call(708) 482-2132.

Ave., La Grange IL 6052

PC Board Edge

* Programs

10 48 pins

he board. It is 0.400" deep.

PROMs, and EPROMs
and microcontrollers up

¢ Algorithm updates
available via electronic
bulletin board

Special Introductory Price

32-pin version:  JDR Microdevices
$895 (1-800-538-5000)
48-pin version:
$1495 Dm I/O

Chi

PLDs, To order, call:
1-800-3-DatalO,
Ext. 901
(1-800-332-8246)

Also distributed by:
Promark
Technology West
(1-800-227-3345)

CIRCLE NO. 241

CIRCLE NO. 242
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'I.‘I('V)anne Dorian at (212) 463—6415.

CIRCLE NO. 243

PLCC PROBING

IN SOCKET
® Probe socketed PLCC chips
® | owest profile socketed PLCC PROBE
® Mechanically and electrically reliable connection
® Choice of PLCC, PGA, LCC, cable (top socket)
® Sizes from 20 to 84 pins
® Optional height extender
® Custom design services

P.0. BOX 21151, ST. PAUL, MN 55121

POWER TRANSFORMERS AND INDUCTORS
CUSTOM SWITCHING MAGNETICS

* S0 9001 Certified

* Cost effective designs

* 100% Electrical testing for critical parameters
» Surface mount packages available

e UL, IEC, VDE, CSA compliance

« Various footprints and mounting options

e Custom, precision core grinding

GFS Manufacturing, Inc.; Dover, NH. Telephone:
003/742-4375, Fax: 603/742-9165.

(612) 431-7025; FAX (612) 432-8616

ﬂ IRONWOOQD ELECTRONICS

CIRCLE NO. 244
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PCB RUSH SERVICE

Proto Manufacturing

e
i
i
il
i
e
Yk

24 hour Multi/Rigid
10 day std delivery
Design & CAM
Laser Plotting
LPI/DFSM
Mil GF & GI
Nice People
Dial (800) PCB-RUSH
Sun Circuits Incorporated
5124 Calle del Sol
Santa Clara, CA 95054

(408)727-7784  fax (408)727-0347
BBS/Modem (408) 988-3591

CIRCLE NO. 246

Oyster’'s new catalogue and data sheets
contain detailed information on a wide
range of hand-held terminals. The termi-
nals interface with a spectrum of micro-
processor-controlled equipment in a variety
of applications. The literature specifies ter-
minal use, and a special chart allows a
choice of specification to suit your require-
ments. So for the essential hand-held refer-
ence, it’s got to be Oyster.

’“HHIII[H

L Oyster

I
Every hand-held terminal you'll ever need.

CIRCLE NO. 247

2 Advin

PILOT-U84 Universal Programmer

The Leader in New FPGA Support
® Altera MAX 7064, 7128 ® Xilinx 1736D,1765D etc
® [ntel FX-740, FX-780; 87C196 KD ,KR,JR,MC etc
® Moto 68HC711D3, E9; 68HC705 C8,C9,P9 etc
® WSI PSD-4XX,-5XX,PAC,SAM ® Atmel 29C040 etc
® AMD MACH435, 29F040, 16R8-4 ® Lattice pLSI etc
® All packages to 256-pin: PLCC,PGA,QFP, TQFP,SOIC
For immediate support, please call
800-627-2456 FAX: (408) 736-2503

CIRCLE NO. 248

Only a Specialized Keypad
Manufacturer Could Provide
Versatile and Economic Products.

With more than 11 years of experience in this
field, we proudly offer you various types of
conductive silicone rubber pads, rubber pads
with multicolor keys and multicolor printing,
translucent parts for backlighting. Please
contact us early for design assistance and
information.

GENERAL SILICONES CO., USA
650 W. Duarte 401 Arcadia CA 91007, USA
Tel: (818) 445-6036 Telex: 3716189 GSCUI

Fax (818) 445-6084
CIRCLE NO. 249

Yo Don'l Have
TO Bu/)/h YOWL

Dev&ga Likel Thans!

\

LOGICAL

Has a Full
Range of
High Quality
Universal & Gang

(EEPROMs, FLASH, PLD,
& MICRO CONTROLLER)

Programmers
CRL

DEVICES, INC. di
TEL: (305) 428-6868 g
FAX:?]OS; 428-1811 e'ec

1800 331-7766 Ext: 103

CIRCLE NO. 250
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TCP/IP & SNMP

NETWORKING PROTOCOLS
Add them to your

System Designs with: COns i Stency

FUSION Developer's Kit »
¥ FUSION TCP/IP protocol suite IS

HAND HELD TERMINALS
& COMPUTERS
Industry Proven Reliability

* RS-232, RS-422,
RS-485

5 VDC, Extended
8-24 VDC or Bat-
tery Powered

*4x20 0r 8x24, ¥ FUSION SNMP agent MIB 2 + Ver.2
16x32 Supertwist
Liquid

WV Used in hundreds of process control,

Crystal Displays
Y i embedded systems, and end-user

* Rugged Ergonom-

V¥ Flexible architecture - C source code k ey

ic Housing deSignS A : yV VvV VN
» Full Range of s & WV Full support, training, consulting and
Models Available . porting services
. gglgb:]ls gngifogwrized To Suit Your Needs For More Information Call to the power Of
ryr_u (800) 541-9508
Tig Techaoiges (805) 484-2128 « Fax (805) 484-3929 EDN Product Mart
’ 419 Sargon Way
PA 19044
4 ?et)lrsham, ‘ -y
: (215) 441-5305 ‘
— Fax: (215) 441-0423 — pﬂ(’"‘”c S O{WOW
CIRCLE NO. 251 CIRCLE NO. 252 CIRCLE NO. 253
[ ! .
‘ Speed Your PrOduCt to Market | " 7BEST PRICT%OR PROTOTYPE CIRCUIT BOARDS ‘ SSIP\IEESPaégéo ram?ﬁe;sg
i g - === FR-4 - FLEX - POLYIMIDE SUPERPRO Il $699

24 HOUR TO 120 HOUR

2 PIECES, FR-4, 062 THICK, 8/8 DESIGN, 5 DAYS
Tq1’7AL 39 IN‘AREA B3
tavers| 16 [ 32 [ 64 [ 96 [ 120 | 2
SINGLE | $230 [$ 260[$ 300 [$ 350\} aso| &
‘ ‘ pousLE| $290 [$ 3203 380($ 440|$ 480| 3
. ; e . | [Four | s630 s 720[s sso|s 9so[s1,040| 3|
With The QED Board | [ six $780 |$ 880|$1,040 |$1.200 | $1.300 | 8
Ready-to-Use Computer Saves You Time and Effort | |EIGHT | $930 |$1,050/$1,130 |$1.420 | $1.540
* Onboard hardware and software control dozens of analog 1 CAPABITILIES MATERIALS : EXTRAS :
| anddigital /0 lines, serial ports, keypad and LCD display B edis AHE L . me These high performance & low cost desktop program-
. . ; A + TIN NICKEL . POLYIMIDE mers support more than 2,500 devices with free soft-
| * High level programming language includes hundreds of - GOLD BODY - DUROID ware updates via BBS. The support includes E(E)
useful functions for data analysis and instrument control ﬁg:;}l}.gﬂ?é?b A B PROM, FLASH, BIPOLAR, PLD, GAL, EPLD, PEEL,
« Complete QED Product Design Kitis available to provide S TR PLEASE CALL OR FAX MICRO, etc. Adapters are available upto 84 pin PLCC,
quick hassle-free instrument prototyping g PGA, & SOIC package.
| HiBDEM 408 Can-e4is H ROM MASTER programs upto 4MB EPROM. $129.
Call or fax now for a complete QED catalog! e
| Phone510/790 - 1255 « Fax 510/790 - 0925 | TEL. (408) 988-3980 - FAX (408) 988-4534 XELTEK (408) 524-1929
Mosaic Industries, Inc. ‘ 3391 KELLER STREET - SANTA CLARA + CALIFORNIA 95054 | 757 N. Pastoria Avenue (408) 245-7084 FAX
\ 5437 Central Ave., Suite 1 » Newark, CA 94560 | Sunnyvale, CA 94086 (408) 245-7082 BBS
CIRCLE NO. 254 CIRCLE NO. 255 CIRCLE NO. 256
486 s . n I B d NICHICON ELECTRONIC
Ingie boar COMPONENTS CATALOG
NERR C 0 m p Ute I’S & Now available from Nichi- [~ ==
3 A con (America) Corporation :
ARAN . ;
S Rack Mounts o Combine your
194 Electronic Compo- Product Mart ads in
nents Catalog. Inside are .
detailed performance spe- EDN Magazme and
cifications and dimen- i
sions for Nichicon’s lines ~ R Products Editions
of aluminum electrolytic capacitors, tantalum f
lgsss')ﬂ(‘ 245829)(2'53 AM:(;ZOMBt HD .. izggg capacitors, plastic film capacitors, positive ther- or
c£2 SIN10 B0atLNIpUIer - .= mistors, and hybrid ICs. Complete ordering . :
486DX-33 Single Board Computer .... $§ 775 ; ; :
SRS Siagie Soard Computer .. § information includes a part numbering system, h Igh er 1mp aCt
ORDER DESK 1-800-777-4875 cut or formed leads, taped leads and taping for and - |
A US LOGIC Made In U.S.A. chip type capacitors. l /
Y 7004 Convoy Court, San Diego, CA 92111 Nichicon (American) Corporation ower rate!
L4 I(f‘?)LW" 1 F’? 'dedX (5k1 ‘;’I) “1‘27“‘{_“ 927 E. State Parkway, Schaumburg, IL 60173
e Intel Inside Logo Is a registered trademark of Intel Corporation
3 yoar warranty uplles  Facal Gogie Bosrd Sompies. (708) 843-7500 « FAX: (708) 843-2798
CIRCLE NO. 257 CIRCLE NO. 258 CIRCLE NO. 259

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
148 - EDN February 17, 1994




___ StaleCAD(tm) - CACHE4.DIA

Eu- Edi_View Options Window _Help
ME| Cache Controller

Visual Software Solutions, Inc. state_diagram sreg;

‘-uu Invalid: | &
| IF (IRST & CYC & RD & ISNP) THEN |
CYC&RD&ISNP | ELSE IF (RST) THEN nvalid

ELSE invalid;

state Exclusive:

IF (IRST & SNP) THEN Invalid

ELSE IF (IRST & CYC & IRD & ISNP.
| ELSE IF (RST) THEN Invalid
| ELSE Exclusive;

ENDWITN

e Modif |
IF (msT & SNP) THEN Invalid WITH ‘
CYC & IRD & ISNP "

T Tt
R
Wouldn’t you rather draw HDL?

With StateCAD™ you can!

StateCAD enables you to draw state diagrams and
automatically analyze them for design flaws. From
state diagrams StateCAD produces synthesizable
ABEL HDL and professional documentation.

Visual Software Solutions

' 3057 Coral Springs Dr. Site 203
@ Coral Springs, FL 33065

Ph: (800) 208-1051 Fax: (305) 346-9394
StateCAD is a trademark of Visual Software Solutions, Inc.

ABEL is a trademark of Data 10 Corporation.

CIRCLE NO. 260

IMAGINE IF YOUR

PRODUCT COULD TALK!

V8600 text-to-speech synthesizer

= Converts plain ASCII text into speech (“talking printer”)
= Requires only a single 5V supply and speaker

= Unlimited vocabulary—no custom recording necessary
= Programmable pitch, rate, tone, volume, etc.

= Text, character, phonetic, tone and PCM modes

= Microprocessor, serial and printer interfaces

= [se in telecom, robotics, monitoring systems, etc.

= Less than $100 in OEM quantities

= [SA, PC/104 and stand-alone versions available

FREE V8600 DATA BOOK P T e
USA Ph: 206 3553800 Fac 3551098  Fowr BT RIS
UK/Europe Ph: +4481 539 0285 INCORPORATED

RC Systems, Inc = 1609 England Avenue « Everett, WA 98203 USA

Talk Is Cheap,
Even Digitally*

* QuikVoice™ technology

* Plays up to 10 messages
stored in external EPROM

* 10 direct-trigger pins

* CVSD encoding

* 3 -6V single supply

* DIP or surface-mount

* Low cost

CIRCLE NO. 261

Let your product speak for itself!

Our QuikVoice family of digital voice boards and IC chips
give your product the competitive edge by letting them
talk in real voice. Imagine how much more "user friendly"
your product will become! Conventional voice technol
ogy requires high tooling cost and long turn-around time,
while QuikVoice technology allows youto create avoice
EPROM in just minutes with low-cost in-house equip-
ment! Change messages easily or customize messages
for each of your customers!

ELETECH ELECTRONICS, INC.
16019 Kaplan Ave, Industry, CA 91744 (818) 3336394

CIRCLE NO. 262

Communicate

Weekly
to the
electronics OEM
through EDN Magazine
and Products Editions'
Product Mart sections.

CIRCLE NO. 263

PathFinder

Intelligent In-Circuit Emulation

80188 80186
EA EB EC XL

Windows Debugger!

131K Hardware Breakpoints
Real Time Trace - 4K!
Trace While Emulating

Trace Triggers )
256K Overlay RAM

No Slots Required

CMOS and NMOS 4 0995

Low price no longer means low performance Softaid’s

new PathFinder is the only emulator under $7k that

includes real-time trace triggering, to help you debug
time-critical code. No other inexpensive emulator gives
you the resources needed to debug both software and

hardware. Only the PathFinder troubleshoots even

ROMed code via its extensive hardware breakpoints.

Call today!

Softaid

800-433-8812 0r 410-290-7760

*EC version requires additional adapter, call for details

CIRCLE NO. 264

FASTEST ALL PACKAGE-TYPE

GANG & SET PROGRAMMER

X Prices from
$895.(Us0)

X Duplicate
E/EPROMs
8,16 0r 32
at a time.

X Set
Program
to 8,16 or
32 devices
each with
different
data.

% All Packages: DIP, PLCC, LCC, PSOP, PQFP.
% Gang Motorola Micros (68xxx or 68HCxxx)

% Free Lifetime Library Updates via 24 hr. BBS
* Rapld Programming Speeds (Gang or Set)

% 32 1Meg Devices: 17 seconds, 2Meg: 30 sec.

T Call now: 800-523-1565

_Corporation
Boca Raton, Florida - USA
Tel 407-994-3520
Fax: 407-994-3615

CIRCLE NO. 265

Rated #1
Jor
Ease-of-use
by OEMs

Expandale
Logic Analyzer plus

v'50 MHz and 25 MHz state and timing
v'32K sample depth, up to 192 channels
v Professional features in PC-based product
v Easy-to-use, windows-like interface
v'PC-based desktop and ISA bus versions
v Digital/analog pattern generator option

EMULATION TECHNOLOGY, INC.

800.995.4381

& end users

Supports:
+ Z8/80/180...
+ 8031/51/52...
*68HCII...
- 80C166...

PC-basemulators

v Easy-to-use, windows-like interface
v'Powerful project manager
v'24-hour, 7-day technical support
v’ Wide range of processors supported
v'Free demos & software updates
via BBS 408-982-9044

EMUILATION TECHNOLOGY, INC.

800.995.4381

* 80186EA/B/C

#1 in
Adapter
Solutions
for over
10 years

FREE 1994 Interconnect
Solutions Catalog

¥ Over 3,500 devices for one-stop-shopping
v'120 "Off-the-shelf" items available for overnight delivery
¥ Unlimited application consulting
v'Time saving solutions for product development
v Ask about our custom designs
v'Leading edge technology -- over 500 PQFP solutions

EMUILATION TECHNOLOGY, INC.

800.995.4381

CIRCLE NO. 266

CIRCLE NO. 267

CIRCLE NO. 268

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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OPPORTUNITIES

o R
rowa B MiDWEST
MIDWEST M OPENINGS

RF DESIGN ENGINEERS

MSEE/BSEE, Experience levels to 10+ years.
RF/Microwave circuit design, HF to 3.0 GHz

Areas of interest are: receivers, transmitters, Lca rn DSP

power amplifiers, frequency synthesizers, mod-
ulation/demodulation, spread spectrum, DSP d P
implementation of radio functions. Multiple an ut your

openings with several of my Midwest client com-
panies.

DON GALLAGHER, MSEE

Gallagher & Brei Associates k
1145 Linn Ridge Rd., Mount Vernon, IA 52314 Wor'

(319) 895-8042 « Fax (319) 895-6455
immediatelyl

ELECTRICAL ENGINEER: Analyze, design, test
Signetics 2 microprocessor integrated
automatic control systems. Design & develop Ca“ Z Domain Technologies, Inc.
hardware configuration of microprocessor con-
trol systems realtime control & communication
software for multi-processor systems & develop

control communication & graphics software for Pﬂa C@ N 6a r YOU

systems. Req. M.S.E.E., 2 yrs. of exp. in micro-

bt bd bd bl b bt b b bt bd bt bd bt b hd bt b bl bl b b et b bl bt b el b b b bl b e

By Taking This
(600)-967-5034 H§3-Day Course
(404)-587-4812 HYou will really

processor vinl‘vgral(-d automatic t-omml_. & 5061;0?1 b

S : Call 9-5 EST. Ask for fllearn DSP.
ories; analog, digital, & hybrid control; ASM51 salt Lake Clty brochure_ 1 G d '
assembly & Microsoft C compiler; laser & ultra- Waghln ton D C 1 ua r an t e e H
sonic detecting systems. 9-5. 40 hrs/wk. h g D " s Our 2'Day Advanced

$39,773.65/yr. 2 resumes to P.0. Box 8968, Case s

HIO0134, Boston, MA 02114, Chicago, Dallas Course is ready. Call for

San Jose more info

» APPLIED TECHNOLOGY DIVISION

. Looking for Qualified
Computer Scientists/ | | pyaineering Pr onal?
Software Engineers "9 T:;'izlingjﬁ;%@Onal'

Computer Sciences Corporation (CSC), a leader in

information systems technology support to government :

and industry, has immediate opportunities at NASA’s I‘

Software Engineering and Ada Lab (SEAL) at the Langley : E @ N
Research Center in Hampton, VA. ;

We are looking for top-notch computer professionals with
complete life cycle S/W development backgrounds using °
DOD-STD-2167A or equivalent. Requires experience with “] ll M k
Object Oriented principles and solid Ada development 1 a e
backgrounds implemented on real-time embedded i .
systems, preferably 80X86-based. In addition, experience : Y S h E

with metrics collection and analysis, testing procedures, : Our ea’rc aSler'
V&V, Q/A, CASE tools, and Configuration Management is

preferred. Call:

Candidates must also have a BS in Computer Science or
Computer/Electrical Engineering (MS preferred) and 8

: 0
years experience to include 2 years of task/project Klm Fogarty

leadership. Software development in a PC environment is a
must.

°
CSC offers competitive salaries and benefits. Please mail : Recrultlnent

resumes in confidence to: CSC/ATD/Langley, 3217 North
Armistead Ave., Hampton, VA 23666-1379. FAX: (804) 865-

1725. An Equal Opportunity Employer M/F/D/V. Account Executive
= g=g= Computer Sciences Corporation 1-800'60 3'4860

Yo il o




Don 't Miss your Chance

MAKE A CONNECTION
with Jabil Circuit, Inc. Jabll

A leader in High Technology CIRCUIT, INC.
Automated Manufacturing of printed
Circuit Board Assemblies

Let Jabil Circuit, Inc. connect you with a great job
in a priceless location! We are a leading contract
manufacturer of PCB assemblies based in St.
Petersburg, Florida, where residents enjoy free-
dom from a state income tax, and the additional
benefits associated with a cost of living far below
that of other metropolitan centers of similar size.
In addition, our central location gives the comfort
of a small community with all the amenities of the
big city just a short drive away.

TEST ENGINEER

Utilize your circuit design and software develop-
ment experience to assume total engineering pro-
ject responsibility in a fasted paced, team orient-
ed environment. Test Engineers at Jabil Circuit are
expected to perform the full range of activities
related to the design, development and implemen-
tation of In-Circuit, Functional, ESS and customer
supplied test programs. This includes the design
of a wide variety of test fixtures, as well as reduc-
ing the cost and improving the functionality of
assigned assemblies. The successful candidate
will possess a BSEE and related software experi-
ence in “C” and Assembly level programming.
Strong communication skills are a must.

SYSTEMS TEST ENGINEER

Develop and implement network based system
level diagnostic test processes. Provide technical
leadership to identify and resolve complex hard-
ware/software/firmware system anomalies. Cus-
tomize system level testing and reporting to
accommodate various customer and business
requirements.

In return for your expertise, we provide a compet-
itive salary and benefits package along with a
state-of-the-art work environment. For confiden-
tial consideration, please call or send resume to
the Human Resources Department at 10800
Roosevelt Boulevard, St. Petersburg, FL
33716. (813)576-5091.

-
abil

Equal Opportunity Employer M/F/H/D/V

@

GPS SOrTwWARE ENGINEERS

Rockwell
International
Corporation's
Collins ;
Avionics & >
Communications
Division, a world
class leader in
electronics and technology for communications,
guidance and control has a number of
challenging engineering opportunities at our
Cedar Rapids, 1A facility.

Software Engineering Requirements

- Embedded real-time avionics software
development experience

» Design, code, test, verification experience

+ High-level languages

- BSCS/BSEE required

+ A minimum of two years GP§ experience
preferred

«Must be able to work in a team-oriented
environment

U.S. citizenship is required. Applicant selected
will be subject to security investigation and must
meet eligibility requirements for access to
classified information. Successful candidates will
be required to pass a drug screen test.

Rockwell International offers an excellent
salary and complete benefits package. For con-
sideration, please send your resume with salary
history in confidence to: C.C. Boardman,
Rockwell International, Collins Avionics
& Communications Division, 350 Collins
RD. NE, Cedar Rapids, Iowa 52498 or FAX
to (319) 395-2001. An Equal Opportunity
Employer.

’l Rockwell International

..where science gets downto business




Engineering

THE WORLD Is WATCHING WHAT WE Do.

The new generation in digital
television has triggered a revo-
lution in telecommunications.
At the forefront of this revolu-
tion is General Instrument Cor-
poration, the world’s largest
supplier of access control,
scrambling and descram-
bling equipment used by
cable and satellite television
programs, such as CNN,
HBO, superstations and
sports channels. We are a
leader in the next generation

SYSTEMS ENGINEERS

Will design advanced digital communica-
tions systems for satellite, cable and
broadcast TV. Requires an MSEE plus at
least 5 years’ experience in the following
areas: communication system design, sys-
tem architecture, data communication
protocols, telephony and networks,
encryption and access control, digital sig-
nal processing, communication networks,
digital video compression, satellite com-
munications or system test/evaluation.
(CODE PMN)

TEST ENGINEERS

Will develop test strategy and dedicated
equipment used in production of complex
consumer audio/video gear, and work
from design phase through production
start to optimize product design-for-test,
test equipment design and product quali-
ty. Requires BSEE with 3-7 years’ experi-
ence designing and /or programming
dedicated test equipment and associated
products. Exposure to Boundary-Scan,
NTSC/PAL testing and GenRad test
equipment is highly desirable. Openings
exist in hardware and firmware; must
have skills in both. (CODE MMN)

FIRMWARE ENGINEERS
Will design, develop and integrate
embedded real-time code for complex
video scrambling/compression systems.
Requires a BSEE with experience in
firmware design and microprocessor/
controller real-time programming. Famil-
iarity with communication theory and
firmware test development is a plus.
(CODE JPN)

DIGITAL DESIGN ENGINEERS

Will design a variety of digital compres-
sion boards and perform signal process-
ing developmental tasks encompassing
field programmable gate arrays and
microprocessor-based systems. Duties
will also include system integration/test
and involvement from product concep-
tion to production. Requires a BSEE
(MSEE desirable) and 3+ years’ experi-
ence, along with strong skills in UNIX,
Viewlogic and FPGA (XILINX, ACTEL,
MAX). (CODE LTN)

of multi-channel digital and
television technology High Def-
inition Television (HDTV) and
an integral part of the “Grand
Alliance”, which is combin-
ing technologies to become
the U.S. broadcast standard

for HDTV.

We have the follow-
ing career opportunities for
qualified professionals with
the vision to enhance our
future...and change the way
the world sees itself.

ANALOG/RF DESIGN ENGINEERS

Will design analog/RF circuits and sys-
tems for video/audio hardware. Detail
design includes op-amp, transistor cir-
cuits, oscillators, A/D, D/A, filters, PLL
and amplifiers. Requires analog/RF
design experience (DC thru UHF);
MSEE and video/audio circuit design

a plus. (CODE HSN)

PRODUCT DEVELOPMENT

ENGINEERS

Will design sophisticated products for
DigiCipher-II video systems. Positions
are available for Project, Lead and
Design Engineers. All products encom-
pass a broad range of technologies
including digital demodulation, error
correction, video and audio decompres-
sion, advanced GUI, and DES-based
access control. Transmission is via
MPEG-2 compatible packet bit stream.
Requires BSEE (minimum) with 4+
years’ experience in analog/digital hard-
ware design, hardware/firmware inte-
gration and communications systems.
(CODE BDN)

SOFTWARE ENGINEERS
Will design, develop and integrate
program modules utilizing “C” on
VAX/VMS platforms, Record Manage-
ment Services (RMS) and low-level
screen interface routines to handle
Man Machine Interface (MMI) transac-
tion processing and file management
for satellite TV applications such as
access authorization, feature control,
on-screen text, etc. Requires a BSCS
or related degree with software engi-
neering design/code experience in
a multi-tasking environment. (CODE
NLN)

The world is watching what we do. Be
part of this new wave of technology. Send
your resume including salary
history/requirements, referencing appro-
priate code to: Human Resources, General
Instrument Corp., 6262 Lusk Blvd., San
Diego, CA 92121. On-site gym. Smoke-
free facility. EOE.

@ General Instrument

DESIGN ENGINEER 8amto5pm
$17.35/hr 40 hours per week
Design and development of embedded controller
software. Research and design of signal processing
algorithms. Master of Science degree, major in Elec-
trical Engineering or equivalent. Two (2) years expe-
rience in job offered or two (2) years experience as
engineer/scientist. Experience must have included
12 months of "C" language usage and real time sys-
tem programming and graphics programming. Con-
tact LA Office of Employment Security, Job Order
093762, 1991 Wooddale Blvd., Baton Rouge, LA
70806.

1. THIS NOTICE IS PROVIDED AS A RESULT OF THE FILING
OF AN APPLICATION FOR PERMANENT ALIEN LABOR CERTI-
FICATION

2. ANY PERSON MAY PROVIDE DOCUMENTARY EVIDENCE
BEARING ON THE APPLICATION TO LOUISIANA DEPT. OF
LABOR, ALIEN LABOR CERTIFICATION UNIT, RM. 110, P.0.
BOX 94094, BATON ROUGE, LA 70804-9094 and/or REGION-
AL CERTIFYING OFFICER, U.S. DEPARTMENT OF LABOR, 525
GRIFFIN STREET, ROOM 314, DALLAS, TX 75202

TECHNOLOGY UPDATE
April 25-29, 1994
Monterey, CA 93943-5110
POC: Dr. R. Panholzer,
Naval Postgraduate School
408-656-2948, Fax # 2816

152 = EDN February 17, 1994

For
information
on placing your
advertisement in

CAREER
OPPORTUNITIES

for

Magazine
call:
Kim Fogarty
Recruitment
Account
Executive

1-800
603-4860




“Do not squander time

OUR ADVANCED LASER AND COMPUTER

for that is

TECHNOLOGIES CREATE SYSTEMS THAT EXAMINE

the stuff

THOUSANDS OF CELLS PER SECOND.

life is made of.”

By giving physicians the means to diagnose disease in a
matter of minutes and initiate treatment, Coulter’ instru-
ments and technologies impact the lives of thousands of
people all over the world.

Understanding the challenges and potential of the
biomedical environment, Coulter continues to excel at
matching technology to the needs of medicine. Today’

breakthrough techniques, a result of innovative brilliance

-Franklin

and dedicated teamwork, are a source of tomorrow’s pro-
mise in the triumph over diseases such as cancerand AIDS.
If you're interested in working with this leader in
the rapidly growing industry of biomedicine, send your
resume to: Coulter Corporation, Dept. HR/TK, 11800
SW 147th Avenue, Miami, Florida 33196-2500, or fax
your resume to 305-380-3689. An Equal Opportunity

Employer, M/F/D/V.

COouULTER

SCIENCE SERVING HUMANITY
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Surface Mount
Audio

Transformers

Low Profile

2L

® Manufactured and tested
to MIL-T-27

® Frequency range
20 Hz to 250 KHz

® Available from
100 milliwatts to 3 watts

® Impedance from 20 ohms
to 100 K ohms

® Operating temperature
-55°C to +130°C

® Low profile .2" ht.

PICO surface mount units utilize
materials and methods to with-
stand extreme temperature

(220°C) of vapor phase, I.R., and
other reflow procedures without
degradation of electrical or me-
chanical characteristics.

See EEM

or send direct
for Free PICO Catalog.

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

P ’ Co Electronics, Inc.

453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552
CIRCLE NO. 27
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INTRODUCING THE WORLD’S
SMALLEST 15 WATT ISOLATED
DC-DC CONVERTER.

Advancing the State-
of-the-Art for Board-
Mounted Converters.
Throwing out all the
old design concepts, Power
Trends has advanced the
state-of-the-art again. This
time it’s for board-mounted
DC-DC converters. By using
switching frequencies

greater than 650 kHz, planar magnetics and surface-
mount construction—we have now produced the
industry’s smallest and most reliable 15 Watt isolated

DC-DC converters.

Not only are the new products much smaller than
competitive designs, but—with fewer components—
they also significantly advance product reliability.

VOUT
.

+®
POWERTRENDS vV,

PT3101A

15W 48V/5V

o =
ON/OFF [

Actual Size

FEATURING

e Smallest footprint: 1.45" x 1.64" x 0.38"
¢ Wide input voltage range: 36V to 72V

® 80% efficiency

® Temperature range: -25°C to +70°C

® 500 VDC isolation

e Planar magnetics

Three products are
initially available—the
PT3101A, a 48V-to-5V
unit; the PT3I02A,

a 48V-to-12V unit; and the
PT3103A, a 48V-to15V
unit. All three products
operate over an input
voltage range of 36 to 72
VDC and provide their

rated power up to 70°C without additional heatsinks.
They provide 80% efficiency, 500 VDC isolation, and
are ideally suited for telecom, industrial, computer,

medical, and other distributed-power applications

e

POWER TRENDS

requiring input-to-output isolation.
Send for a spec-and-applications brochure, or
call and ask about samples.

Power Trends, Inc. 1101 North Raddant Road, Batavia, Il 60510 ¢ (708) 406-0900 * FAX (708) 406-0901

CIRCLE NO. 100
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Mathematica

New! Electrical
Engineering Pack
“A Must for Electrical Engineers...”

Call 1-800-441-MATH

R SYSTEMS

CAN GET YOU ONLY SO FAR ...

Engineers and scientists who start
with other technical soft-
ware programs soon reach
a point they can’t get past.
The project isn’t finished,
but the software is. What ‘
can they do then but buy
and learn yet another ‘
program for the next leg of
the project, or return to
pencil and paper to finish

it out.

‘ a->an]

anglitude

Fortunately, many engi-

neers and scientists start

with Mathematica. And ‘L
!

ampi(omegnl_, a1 | s~Abs{u2/.ana/. (1 3.10741
I »2->1000, ¥1->8000, k231000, 1.88242

Plotiampl{omega, 100], (omega, 0, 10)]

a.73226
s.01801  7.87574
5.01391  3.3334
0.747384  4.99498

6.01238

6.08105

Figensysteml model |

2266081,
54, ~0.175704),

fele

quickly and easily. For even more
support, you can always turn to one
of the over 30 Mathematica-related
books, tutorials, and journals, or
call on one of our user support
staff for personal assistance.
So you see, Mathematica is the
complete system that never
leaves you stranded.

To get the latest information call:

1-800-441-MATH

(U.S., Canada)

il

they just keep going. b=

Only Mathematica notebooks enable users to create interactive documents

Mathematica helps them
past the standard calcula-
tions, and on to the more complex.
Thousands of algorithms are at their
fingertips to help them solve all kinds
of technical problems. And nearly a
hundred special-purpose packages are
included free with Mathematica to
take you even further. Add to thata
revolutionary user interface, graphical

1353 Wallram Research, nc. Mathematica s ategistered trademark of Wolfram Research, Ine. M

156 = EDN February 17, 1994

combining text, live formulas, and graphics that can be modified within the
document at any time and easily organized into a hierarchical outline.

abilities beyond comparison, and a

symbolic programming language that

makes it unprecedentedly easy to
| translate ideas into programs—and
| your possibilities are endless.

| The award-winning guide that comes
with the program gets you started

Wolfram Research

Wolfram Research, Inc.
+1-217-398-0700; fax: +1-217-398-0747; email: info@wri.com

For European inquiries:

Wolfram Research Europe Ltd.
+44-(0)993-883400; fax: +44-(0)993-883800
email: info-euro@wri.com

Representatives in over 30 countries; contact main offices.

cais not as Mathe e

CIRCLE NO. 117

¥ Research, Inc.. or MathTech, inc. All other product names mentioned are tradenarks of their producers. Photo by Joe Soh, courtesy of The Stock Market




Power-full
tiny Inverter.

Or how to shrink a 1hp, 3-phase motor
control inverter to fit your pocket...book.

Take six IR surface-mount IGBT
CoPacks with built-in diodes. Add one 600V
IR2130J three-phase driver. And you end up with
a lhp inverter about the size of a credit card.

s = This motor control inverter is 3" x 3" sq. and features six SMD-220
Th.e lOW.er part Count’ s1ze and Welght surface-mount CoPack UltraFast IGBTs driven by a single 600-volt,
reductions bring added value to your end product. 3-phase driver (IR2130J) with current-sensing.

Your customers benefit from the pass-along
savings. And you gain the competitive edge.

Thanks to the most compatible line of power
devices ever. Value-priced to save you money. In
stock to save you delivery time. Send for our data
"Shrink Pak." Quicker yet, call. 1-800-245-5549.

You'll see how small your inverters can get.

Available now at key IR distributors.

IR/ |nternational Rectifier

WORLD HEADQUARTERS: 233 KANSAS ST, EL SEGUNDO, CA 90245, USA 310-322-3331, FAX 310:322-3332, TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 98B, ENGLAND, (0883) 713215, FAX (0883)714234
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TRANSFORMERS FOR CLASS 2 APPLICATIONS

DUAL BOBBIN DESIGNS FEATURE
4000 VRMS PRIMARY AND SECONDARY ISOLATION.

SECONDARY FUSE =
*INHERENTLY LIMITED PART NO. - .
**NON-INHERENTLY LIMITED okl . e
MAXIMUM FUSE VALUE SPECIFIED 122,512 12V @ 200 NA* 9.00
ALL PRIMARIES ARE 115/230 VOLT 50/60 HZ praa s 2N 010 LY 3.09
C12:5.0-12 12V (@ .42A NA® 9.75
C12-5.0-24 20V @ .20 NA* 9.75
121012 12V @ .83A NA 10.90
SECONDARY FUSE
PART NO. RMS RATING REQD. s CL2-10-24 24V @ .42A NA* 10.90
122512 12V @ 2.10A 250" 14.50 CL2-20-12 12V @ 1.66A NA* 13.25
CL2-25-24 26V @ 1.05A NA® 14.50 CL2-20-24 24V @ .833A NA* 13.25
CL2-40-12 12V @ 3.33A 4.00" 18.50 CL2-30-12 12V @ 2.50A 300 15.25
CL2-40-24 24V @ 1.66A 200" 18.50 CL2-30-24 24V @ 1.25A NA* 16.25
CL2-80-24 24V @ 3.33A 4.0 25.25 C12-50-12 12V @ 4.20A 5.0 18.65
C12-50-24 @ 2.10A 2,50 18.65
SCHEMATIC : T el AR O'j T IR SIMUCTANEDLSLY
i i BE USED SIMULTANEOUSLY. 4 ot EY MUST BE USED
5 o THAT IS, THEY MUST BE USED EITHER SERIES OR PARALLEL
EITHER SERIES OR PARALLEL o 30 j F;J:N;E:::l“:‘sl gmmlmw
m!{;zvm g CONNECTED (AS ONE WINDING). 50/60 Kz & L =t pomark ooy
- W SQUARE PC
N TERMINALS
T o el L L
WTG. STYLEB m Bty II | =
T o4 Cep W = IR A Nl 5 -
oo [ LR
\ e

QUICK-CONNECT OR

CLEARANCE HOLE FOR
OPTIONAL NYLON MTG.

'
L MIN
7

SOLDER LUG TERMINAL SCREW AND NUT.
CLEARANCE SLOT
i FOR MTG. SCREW -
"
DIMENSIONS Pin M. | Mg, Screw
A [T w [ W [a[8] c |omensions|m[N[Pp|sis [ouantiy | ws.
25| 1% [ 1% | 1 [200]250(1.000] 000850 [ive| - [- | #4 | 2 [ozs
DIMENSIONS wg. | Wy | Mm. 5.0{ 1% [ 1% [ 1% [200400(1.000] 000850 fivae| - [- [ 44 | 2 Jow
V[ L W W [A]B] c|rerminais [styie | M. [ MW [screw | os. | [10.0]1% [ 1% [ 13 [200].00]1.140] 003850 [1e| - [- [ #4 | 2 [oss
2 |25 | 1 (236 | 2 J1n| %o [3s8m | ¢ [ 2 | - | #6 [125] [200]2] 1% [ 1% [avo[aoo]ra60| v.osssa [re| - [- [ #a | 2 [ome
40 | 3 20 (220 [ [ %o [3ecten | © Jowe| - | #6 |15 | [30.0]2% 2346 [ 1546 [ 550] 251 680] ooass [ - [1vlone #6 | 4 |15
80 2% (2% [ 8 [ - [t [ % %o | B [ 2 [ow | 46 [28] [s00] 3 [2% |19 600]00]1.900] 0.oass0 |- [2 2| 46 | ¢ |10
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Signal’s "Class 2" transformers feature the same
dual high-temperature bobbin construction and
insulating shroud originally developed for the
company'’s very successful International Series.
Available in both PC and chassis mount versions,
they offer a choice of inherently limited or non-
inherently limited designs and feature 4000
VRMS primary and secondary isolation.
Signal’s insulation system results in very high
isolation between the primary and the secondary
windings, and between either winding and the
core. The dual bobbin design reduces capacitance
and eliminates the need for an electrostatic
shield. This dual bobbin series is UL recognized
to UL 1585 Class 2 (File # E116583). It also
satisfies CSA safety and performance standards.
For additional technical data, contact
Signal Transformer, 500 Bayview Avenue,
Inwood, NY 11696-1792.

BUY DIRECT
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(516) 239-5777
(516) 239-7208



