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Start with OrCAD.
Finish with OrCAD.

Schematics. PCB Layouts. FPGAs.
OrCAD has what it takes to get the
job done. Fast.

OrCAD delivers the complete solution
for all board, PLD and FPGA designs. Over
the years more than 90,000 engineers have
used OrCAD’s design tools, making them
the world’s most popular EDA software.
Today, OrCAD’s enhanced 386+ software
quickly handles your most complex

designs, and gives you the fastest graphics
+ of any PCB design tool. What’s more, you
' can now design with OrCAD in a DOS
' session under Microsoft Windows. All this,
| plus a one-year product warranty, makes
i OrCAD the best value in PCB design
i solutions. From Start to Finish.

Speed your boards from Concept to
Production.

Start with the enormous capacity of
OrCAD’s SDT 386+ schematic capture
tool. Couple it with our powerful PCB
386+ layout solution to reduce your
design cycle time. PCB 386+ gives you
superior functionality, with over 1,000

. footprints, automatic footprint generation,
and on-line all object editing. And PCB
386+ boasts an embedded, 100%
completion autorouter that tops all other
PC-based solutions. OrCAD delivers all

( Top) Combine SDT

this, plus, you'll finish your design with 386+ and PLD 386+ to
complete manufacturing output. design your boards
and the programmable
Target virtually any FPGA device with logic 1‘1"’”65‘;:’”’
OrCAD’s new PLD 386+ e
2 (Left) Design
Capture your design in OrCAD schematics, o GRE EREL R verification is fast and
OrCAD Hardware easy with VST 386+.

And, it’s supported by
Xilinx, Actel, and other
major FPGA vendors.

Description Language, or both. The multi-level synthesis capability of
OrCAD’s PLD 386+ 2.00 rapidly compiles your largest FPGA designs. And it
delivers greatly expanded device support, including: Actel, Intel Flexlogic,
Xilinx 2000, Xilinx 3000, Xilinx 4000, Xilinx EPLDs, AMD MACH, AMD
MACHXL, Lattice PLSI, Texas Instruments, and many others. Finish your job
with speed and accuracy using VST 386+ to verify the timing of your placed
and routed design.

g,
“Utoroy
m,,,%zlg 05 3550 Isn’t it time you got the whole job done with OrCAD?
‘ P ance gy /)m Tl 1 e Call us today at (503)671-9500 and we’ll rush you an
Ny Yttt e OrCAD Demo Disk. Then try our Complete Solution.
g From Start to Finish. CIRCLE NO. 113
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In a recent “Engineering & Distribution Survey”
conducted by Electronic Engineering Times, engineering Put These Numbers to Work for You!
managers were asked to evaluate distributors they have done

business with/are most familiar with on a wide range of criteria related to
customer service and technical support. The bars above reflect the
percentage of each distributor’s customers that rated their distributor as
excellent (6 &5 responses) on a 6 point scale where 6=excellent and
I=poor in terms of OVERALL PERFORMANCE.

Note: Since the bases varied for each distributor, direct comparisons should not be made. "800'344'4539

- 4 : ; " 701 ‘e. b / lls, MN 56701
DIGI-KEY is a registered trademark of Digi-Key Corporation and is in no way affiliated Procks ve. Soud, TuelRiver fafes G
with the other distributors evaluated in the survey or listed in this advertisement. Fax: 218-681-3380
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Exposition & Symposium
...featuring the latest Digital Signal
Processing applications and technology

June 13-15, 1994
Moscone Convention Center
San Francisco, California USA

What is DSPX?

An Exposition and Symposium featuring the latest digital signal

processing applications and technologies...state-of-the-art DSP
products, systems & services with a focus on commercial uses.

Who should attend DSPX?

DSPX is for anyone who needs to know what’s available and
how to use it...for anyone who needs to make educated
decisions to keep up and stay ahead:

Analog Systems Engineers/Designer ¢ Product Champions

Design Engineers ® Product Managers e Digital Systems

Engineers/Designers ¢ Product Planners e Engineering
Managers ¢ Sales Engineers e Marketing Managers
Senior Managers ¢ Systems Developers
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Why should you attend DSPX?
DSP is out of the lab and now in the mainstream. Once limited to
only a few industries, DSP is being integrated into everything from
consumer electronics to communications systems. The possibilities are
limitless. It's no longer a question of whether DSP will be part of your
product...it's only a question of when.
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What makes DSPX different?

Focusing on the needs of the commercial market, DSPX presents real world solutions
and applications for real world problems and challenges.

For more information, simply complete and mail/fax in the form below or call (203) 352-8289.

1 Please send me information on attending the Conference.
[ Please send me information on attending the Exposition.
d Please send me information on exhibiting.

Exposition & Symposium
..featuring the latest Digital Signal Name

Processing applications and technology

Title
Z YES' Company
o Address
I want to learn City
X State Zip
more about DSP*! 2
elephone Fax

Mail to: DSPX, PO Box 3833-999 Summer St., Stamford, CT 06905-0833
Managed and produced by Reed Exhibition Companies. Fax to: (203) 352-8336 XNA

2 = EDN May 26, 1994 CIRCLE NO. 109



SPDT switches with built-indriver
ABSORPTIVE or REFLECTIVE dc to 5GHz

Truly incredible...superfast 3nsec GaAs SPDT reflective o sorptive ECIFICATIONS  Apsorptive SPDT Reflective SPDT
switches with built-in driver, available in pc plug-in or SMA : 1odels ) YSWA-2-50DR YSW-2-50DR
from only $14.95. So why bother designing and building a drive ace to ZYSWA-2-50DR ZYSW-2-50DR
further complicate your subsystem and take added spa ; do-  500- 2000- de- 500-  2000-
specify Mini-Circuits’ latest innovative integrated components? 500 0 5000 2000 5000

Check the outstanding performance of these 3 11 } 1.3 1.4
units.... high isolation, excellent return loss (even in the " ) 42 3 ; 40 28
“off" state for absorptive models) and 3-sigma : 18 20 225 2 20 24
guaranteed unit-to-unit repeatability for insertion loss j ! T : T e
These rugged devices operate over a -55° to ' Dl ) sl L 30 30
+100°C span. Plug-in models are housed in a tiny e 2 Eipke. ¢
plastic case and are available in tape-and-reel format ; it : 3 : 2 3 3
(1500 units max, 24mm). All models are available for e $ /SV 50DR (pin) 23.95 SW-2-50DR (pin) $14.95

i i -ye arantee (1-¢ ZYSWA-2-50D ) 69.95 | ZYSW-2-50DR (SMA) 59.95
immediate delivery with a one-year guarantee finding new ways

setting higher standards

M 3 - ! g :
I n I - I rc u lts WE ACCEPT AMERICAN EXPRESS AND VISA
5-

P.O Box 350166, Brooklyn, New Y 3 (718) 934-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-3 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
F141 REV. D
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The Ultimate Product Launcher.

Designs, Debugs, and Quickly
Propels Products to Market.

The spec calls for an embedded controller designed and
debugged in two weeks. Before you call it ridiculous, call Microchip.
We offer an integrated set of hardware and software tools powered

wicrochiP's wreematen | L0 speed complex design, eradicate bugs

DESIGN'TOOLS and get products to market on time.
PICMASTER™ Emulat
nce ATE,PW”[‘:;':; From .our entry-level, Iow-cpst PICSTART
Plcsnlm"" Design Ki to our high-end, comprehensive PICMASTER
Assemg ?:r;m?izfmrs' Development Systems, Microchip supports
FueLon: foos its PIC16,/17 8-hit microcontrollers, non-

Serial EEPROM Design Kit
Total Endurance™
TrueGauge™ Tools

volatile memories and ASSPs with high-quality,
easy-to-use Windows™-based, real time

Microchip Technology Inc. ® North America ® Asia/Pacific ® Europe ¢ Japan
2355 W. Chandler Blvd. * Chandler, AZ 852246199 e (602) 786-7200 * FAX (602) 8999210
The Microchip logo and name and all other names are of Microchip gy Inc. PIC is a registered
trademark of Microchip Technology Inc. in the USA. Information subject to change. © 1994 Microchip Technology Inc. All rights reserved
Windows is a trademark of Microsoft Corporation.
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emulation, simulation and programming tools. With function-
ality and power you've rarely seen before at a low-cost of ownership.
Like our Total Endurance Software, our Serial EEPROM Design Kit
and our Fuzzy Logic and C Compiler Tools.

When you need hands-on help, there’s a Microchip FAE as close
as the nearest phone. Or call in a cadre of third-party developers and
consultants for additional support.

Get started now. Call Microchip
and ask for our Product Launch Kit.

Then get creative and design with it.
800-437-2767 x TOOL (8665)

MICROCHIP

The Embedded Control Solutions Company
Microcontrollers » Non-Volatile Memories ® ASSPs

CIRCLE NO. 38



On the cover: The top-down approach
to system design is clean and logical. A
new group of tools—electronic system
design automation tools—supports this
widely used design approach. See our
Special Report, beginning on pg 80.
(Photo courtesy Mentor Graphics)

THE DESIGN MAGAZINE OF THE ELECTRONICS INDUSTRY

Electronic-system-design-

automation tools 80

As system complexity grows, ESDA tool vendors try to convince
you they can solve your design problems with a new class of tools.
Maybe they can.—Doug Conner, Technical Editor

Designing 2.1V Futurebus+

termination system requires
system-engineering approach 117

Designing a termination system for a Futurebus+ power system
can be a formidable task. Tight voltage tolerance and ripple-noise
specifications require an approach that considers the power supply,
backplane, termination, and backplane-transistor-logic drivers as
interconnected units.—Samuel H Duncan and Robert V White,
Digital Equipment Corp

Energy gauges add intelligence

to rechargeable batteries 125

An energy gauge built into a rechargeable battery pack can tell
you exactly how much charge remains available for use. It can also
direct an inexpensive “dumb” charging device to charge the pack in
an optimal manner. It can even store a history of battery health.

—Malcolm McClure, Span Inc

Low-distortion oscillator starts fast 95
Paralleling rms converters speeds settling 95
Circuit protects computer’s input 96
RS-485 repeater extends standard’s reach 98
Pulse generator verifies test setups 100
Simple module gives voice to PC 102
Security circuit eschews sophistication 104

Continued on page 7
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PIC16CXX MICROCONTROLLER SEMINARS

How toTool Up For the Future
of Embedded Control.

Back by popular demand, Microchip is expanding
its highly-acclaimed PIC16CXX Microcontroller Seminar
Series. It's a fast, low-cost way for you to tool-up
for the future.

In half a day, you’ll learn how to:

* Slash time-to-market by 75% using PIC16/17
OTP microcontrollers

® Dramatically reduce overall system cost

* Trim days, even weeks, off development time with
PIC16/17 simple and efficient instruction set

® Design for high performance (5 MIPS) and
ultra-low power (2V)

* Use ultra-small packaging to optimize space and

Your $25 registration fee includes:

* Comprehensive seminar and applications handbooks
*® The popular Microchip MPASM assembler

® Microchip’s MPSIM discrete event simulator

*® Special discounts on all Microchip development
systems, including PICMASTER™ Universal Emulator

® Lunch, refreshments and valuable door prizes

For a $99 registration fee, you'll also receive
a PICSTART" development system ($200 value).
Call 1-800-437-2767 x7272 to register today and
learn how to design more effectively in embedded
control. Act quickly, seating is limited. Have your

quickly advance your application design VISA or MasterCard ready.
Albuquerque, NM June 29 Mexico City, Mexico June 7
Atlanta, GA June 14 Mexico City, Mexico June 9 Microchip PIC16,/17 Microcontrollers
Andover, MA June 21 Milwaukee, WI June 14
Austin, TX June 23 Minneapolis, MN June 16 DEVICE s 10 m:y
Bethesda, MD June 7 Mississauga, Ontario May 24 o = S L -
PIC16CR54 18 12 512 x 12 (ROM) 25x8
Bolton, MA June 22 Montreal, Quebec May 26 PIC16C54A 18 12 512x12(07P) 25x8
Bridgeport, CT June 9 Orange County, CA June 14 PIC16C55 28 20 512x12(0TP) 24x8
PIC16C56 18 12 1024 x 12 (OTP) 25x8
Charlotte, NC May 26 Orlando, FL June 15 i - T T T
Chicago, IL June 15 Phoenix, AZ June 28 PIC16CRE7A 28 20  2048x12(ROM)  72x8
Cincinnati, OH May 26 Portland, OR June 21 st s oo 12 TSR B L (92T
) PIC16C64* 40/44 33 2048 x 14 (OTP) 128x8
Cleveland, OH May 25 Providence, RI June 7 PICI6CTIA/D) 18 13 1024x14077)  36x8
Dallas, TX June 21 Rochester, NY May 25 PIc16C84* 18 13 1024x14(EEPROM) 36x8
Denver, CO June 8 Salt Lake City, UT June 9 FeArees ; o 3? Mx 2oh T8
3 d *These products will be the focus of this seminar series.
Detroit, MI May 24 San Diego, CA June 30
Fairfield, NJ June 9 San Fernando Valley, CA  June 15
Ft. Lauderdale, FL June 16 San Gabriel Valley, CA June 16
Ft. Washington, PA° June 8 San Jose, CA June 7
Hartford, CT June 8 Seattle, WA June 22
Houston, TX June 22 St. Louis, MO July 14
Kansas City, MO July 12 Vancouver, BC June 23 M
Lexington, MA June 23 Waterloo, Ontario May 25 ICROCHIP
The Embedded Control Solutions Company
Long Island, NY May 24 Microcontrollers * Non-Volatile Memories ¢ ASSPs

Microchip Technology Inc. ¢ North America ® Asia/Pacific ® Europe ® Japan
2355 W. Chandler Bivd. « Chandler, AZ 852246199  (602) 786-7200 * FAX (602) 899-9210

The Microchip logo, name and PICMASTER are trademarks of Microchip Technology Inc. Information subject to change. © 1994 Microchip Technology Inc. All rights reserved.

PIC is a registered trademark of Microchip Technology Inc. in the U.SA.
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Introducing the fir

The embedded Intel386™ EX processor.
We asked you what you wanted in
an embedded processor, and your sug-
gestions truly hit home. The result is
the embedded Intel386™ EX processor.
The first and only PC-compatible 386
that’s optimized for embedded designs.
The integrated Intel386 EX processor offers power
management and low-voltage operation for portable
applications. It also increases your design flexibility by

© 1994 Intel Corporation. *Third-party trademarks are the property of their respective owners.
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for embedd

allowing you to configure its on-board peripherals
according to your own specifications.

For example, the Intel386 EX processor can be pro-
grammed to provide DMA-supported serial transfers to
reduce the CPU load. Its Chip Select unit eliminates
the need for external logic with address decoding,
wait-state generation and ready-logic on chip. And its
enhanced external bus supports dynamic bus sizing to
interface with 8- and 16-bit peripherals.

And designing with an embedded Intel386 processor




st 386 custom built
ed applications.

Embedded Intel386™ EX
Processor Block Di

couldn’t be easier. The off-the-shelf tools
and support of the PC architecture will
allow you to get your designs out more
quickly, and differentiate them with famil-
iar interfaces like DOS and Windows™
Dial the FaxBack™ service at

1-800-628-2283, cat. #2312 to get addi-
tional information about the embedded
Intel386 EX processor. Or contact your

distributor to receive Intel386 EX processor

Interface
26 Address, 16 Data

25 MHz (5V only)
Extended Temp.

" Parallel VO
(Up 10 24 Lines)

CIRCLE NO. 36

samples or to get current pricing of
Intel386 SX and DX processors.

Move into an embedded Intel386 EX
processor. Because when you want a
solution that’s optimized for embedded,
nobody else is even in the neighborhood.

intgl.
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Sourcing used to be simple. The
buyer and the design engineer got
together for a few minutes. And that
was it.

No more!

Now, virtually all of the make or
break purchases for DRAMs and other
major ICs in companies with over $10M
in sales* are the result of a cross-
functional team dynamic. And remem-
ber, no company has a bigger commit-

10 = EDN May 26, 1994

ment to team dynamics than Hyundai.

Hyundai knows the engineer
needs better performance from the
technology. Production must have
qualified, readily obtainable parts.
Purchasing has to get the best possible
price and delivery. And management
must build a long term strategic part-
nership with suppliers to obtain a
superior competitive advantage.

Our new 16 Mbit dynamic RAMs
are one more example of our dedication
to the needs of the new team dynamic.
We're committed to your success and
the success of your cross-functional
buying team through Hyundai's
commitment to quality, reliability,
manufacturing capability and value
added pricing.

. A——

Your Hyundai DRAM Source Guide

Size Part Speed Refresh Production
Number ns Cycles/ms

16Mx1 HY5116100 60/70/80 4096/64 now
HY5117100 2048/32

4Mx4 HY5116400 60/70/80 4096/64 now
HY5116410 4096/64, WPB
HY5117400 2048/32
HY5117410 2048/32, WPB

2Mx8 HY5116800  70/80  4096/64 0494
HY5116810 4096/64, WPB
HY5117800 2048/32
HY5117810 2048/32, WPB

IMx16 HY5116160  70/80  2CAS, 4096/64 04'94

HY5116260 2CAS, 4096/64, WPB

HY5118160 2CAS, 1024/16

HY5118260 2CAS, 1024/16, WPB
All available in standard and low power versions
Packages include SOJ, TSOP II, reverse TSOP II




New 16 Mbit DRAMs, designed with
team dynamics in mind.

Evaluation samples of Hyundai
DRAMs organized 16M x 1, 4M x 4
are available now. Coming soon are
DRAMs organized 1M x 16 and 2M x 8.
And many will operate off of a 3 volt
source too.

Hyundai’s new DRAMs feature
speeds of 60, 70, or 80 ns. Immediately
available, the HY5116100 and
HY5117100 are organized 16M x 1 and
provide 4096 refresh cycles per 64 ms
and 2048 refresh cycles per 32 ms,
respectively. New 4M x 4 parts include
the HY5116400, with 4096 refresh
cycles per 64 ms, the HY5116410 with
write-per-bit capability, and the
HY5117400 and write-per-bit capable

HY5117410 offering 2048 refresh
cycles per 32 ms.

All parts are available in standard
and low power versions, dissipating
495 mW operating at 60 ns, 440 mW
at 70 ns, and 385 mW at 80 ns. Other
features include operation from a single
5V +£10% power supply, TTL compatible
inputs and outputs, fast page mode
operating, multi-bit test capability, read-
modify-write capability, and CAS-
before-RAS, RAS-only, as well as
hidden refresh. Packages include
standard 24/28 pin plastic, TSOP II, and
reverse TSOP 1I. TSOP will be available
soon.

These new parts are
products of Hyund
micron CMOS process, at one of

CIRCLE NO. 74

the most advanced electronics manufac-
turing plants in the world. So if pur-
chase of 16 Mbit DRAMs is on your
agenda, and you don't want to get
caught short the way some did on
4 Mbit, start the team dynamics now.
Free 1994 16 Mbit DRAM Data Book.
Yours for the asking. Please

e, fax, or write for your copy

. Phone (408) 473-9274. Fax
(408) 473-9370. Address Hyundai
Electronics America, 166 Baypointe
Parkway, San Jose, CA 95134.

Committed to your SUccess.

*XYUNDAI

EDN May 26, 1994 = 11




12

100 watts per cubicinch
is meaningless if it’s a big job to cool it.

Have you ever looked
into using a board
mounted power
module
(miniature g
DC/DC con-
verter) with
an adver-
tised power
density of
100 watts/
cubic inch
.only to find out
you need exotic
cooling techniques to
reach full rated output power?

Not so with AT&T’s next generation
of board mounted power modules.
They deliver up to 150
useable watts in a small
24 x 228 x 05 inch

package. Their high effi-

150 Useable Watts in
a 50 Watt Package

ciency (>84%) design
provides 150 watts of

5 volt output power with an allowable base-
plate temperature of 100° C. They provide
power levels from 50 to 150 watts, output

voltages from 20 to 24 volts, and

©1993 AT&1
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,"

wide 2:1 input voltage
ranges (18/36V and
36/72V).
So while others
talk high density, AT&T
delivers.
As always,
with AT&T
power
modules, youte
assured very
competitive prices,
plus the broadest
offering: 05 to
200 watt products.
Give us a call at 1 800 526-7819
before you make your next power decision.
From technical support to creative power
solutions, we'll give you real reasons to

make AT&T your power resource.

~ KI®T Power Systems.
The power to do more.

For other AT&T power literature or power
information, call 1 800 3722447, ext. 910.
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Logic animuior
rototyp
0,00 -gate ASICs

By throwing out assumptions built in-
to its Enterprise family of ASIC
emulation systems, Quickturn Design
Systems has produced a less-expen-
sive ASIC prototyping tool, the Logic
Animation System Model S50, which
models 50,000-gate ASICs at 8- to 16-
MHz typ clock
speeds. The com-
pany lowered the
cost of this prod-
uct by simplify-
ing the hardware
design, eliminat-
ing some fea-
tures, and unbun-
dling the soft-
ware. Consequent-
ly, you can use
the S50 to create
several hardware
prototypes that
permit software
development well
before the actual
ASICs emerge
from fabrication.

In Quickturn’s
vision of rapid
ASIC prototyp-
ing, you start
with a netlist in one of several standard
formats (currently EDIF, TDL, NDL,
and Verilog) that your ASIC design
tools create. You feed this netlist, prop-
erly massaged, into the S50, and it
“becomes” your ASIC. If your ASIC
design incorporates memory, stan-
dard-logic ICs, or logic cores for which
“pbond-out” parts exist, the S50 can
directly make use of these ICs through
an external interface module. This fea-
ture can extend the S50’s modeling
abilities beyond 50,000 gates. Like the
company’s larger emulation systems,
the Logic Animation System connects
to the target hardware through an
emulation cable and plug. The S50 has
448 bidirectional I/0O pins for logic ani-
mation.

Unlike the emulation systems, the
S50 doesn’t provide extensive internal
debugging facilities. Instead, it makes

The S50 Logic Animation System lowers the cost
of ASIC prototyping.

EDITED BY FRAN GRANVILLE

use of an instrument found in every
hardware lab: a logic analyzer. A sepa-
rate cable links the S50 to a logic ana-
lyzer and connects as many as 448 sig-
nals inside the modeled ASIC to the
logic analyzer. Currently, the S50 soft-
ware supports Hewlett-Packard’s 1650
and 16500 logic-analyzer families. Sup-
port for the Tektronix DAS logic ana-
lyzers will appear this year.

The S50’s software runs on a
workstation and shares many of the
same features as
the company’s
Enterprise emu-
lation systems,
such as single-
pass compila-
tions, correct-
by-construction
timing, inter-
active  speed
optimization,
and incremental
probe changes
for debugging.
The software pro-
duces 2- to 4-
Mbyte files rep-
resenting the
ASIC  model.
You download
these files to a
PC, which then
runs the S50.
Thus, you may
need only one $60,000 copy of the soft-
ware to create several ASIC prototypes
using $30,000 S50s and PCs.

Once you have verified your de-
sign, you can continue to use the S50
ASIC prototypes while waiting for the
actual ASICs to arrive from the
foundry. This ability may save you
weeks of system-development time by
allowing software development and
ASIC fabrication to occur concurrently.
Because the ASIC model files are rela-
tively small, you can even consider
downloading the files over the phone.
Consequently, you can provide regular
and speedy design updates to software
developers miles or continents away
from your ASIC-development site.

One more characteristic differenti-
ates the S50 from its larger brethren:
It’s not expandable. To drive down sys-
tem cost, the S50’s designers created a

single-board system with no expansion

capabilities. However, more than half of

the ASIC designs currently under way
are below the S50’s 50,000-gate limit.

—by Steven H Leibson

Quickturn Design Systems Inc,

Mountain View, CA, (415) 967-3300.
Circle No. 434

Second-generation

LONWorks 1.P runs
on half-power

Migrating to a 0.8-pm fab process has
reduced the cost and dropped (by one-
half) the active power dissipation of
Toshiba’s second-generation Neuron
wP for Echelon’s local-operating net-
works (LONs). The new pP draws 16
mA typ at 10 MHz while operating
and only 15 pA (formerly, 500 pA) in
sleep mode. A Neuron pP comprises
three processors on one chip: two to
run the networking protocol and one to
run the application program for the
application.

The second-generation Neuron is
available in two forms: the TMP3150
and TMP3120. Both pwPs contain 512
bytes of EEPROM and a unique 48-bit
serial identification number. The
TMP3150 also includes 2 kbytes of
RAM and comes in a 64-lead QF'P pack-
age. The TMP3120 includes 1 kbyte of
RAM and 10 kbytes of ROM and is
available in a 32-lead SOIC package.
Both devices will sell for around $5
(10,000).—by Steven H Leibson

Toshiba America Electronic Compo-
nents Ine, Irvine, CA, (714) 455-2000.

Circle No. 435

Intel adds clout
to PC/104

Intel Corp has raised the visibility of
the PC/104 Consortium’s modular-
computer standard by joining the
group as an executive member.
Although PC/104 has more than 100
member companies, the addition of
Intel, which is virtually synonymous
with the wPs that control PCs, gives
the group a big boost in credibility
and presence. Intel’s motivation, no
doubt, is to gain a forum for promot-

EDN May 26, 1994 = 13
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More linear-IC price cuts. Joining
Comlinear Corp in reducing prices
(EDN, December 9, 1993, pg 16) is

ments and yield improvements to the
company’s complementary-bipolar
technology are allowing price cuts of
up to 50% for wideband amplifiers and
buffers. Prices for the latest genera-
tion of 350-MHz op amps are

MHz devices. The price cuts affect op
amps and buffers with 3-dB band-
widths in the range of 350 to 850 MHz.
One example is the HFA 1105/06/35/45
family of 350-MHz, 6-mA quiescent-
current op amps whose new prices
range from $3.25 to $4.12 (100). The
new price for the HFA1100 850-MHz
op amp is $4.95 (100), down from the
previous price of $7.95. Harris Semi-

77417.
High-power semiconductor laser

ves. Mitsubishi has announced the
ML1412R, a high-power semicon-

nm shorter than conventional wave-
length. A single power supply drives

as a light source for writing and
reading in next-generation, high-
density optical-disk drives. Sample
quantities cost ¥30,000. Mitsubishi
Electric Corp, Tokyo, Japan, (3218)
2456.

Booklet outlines EMI-shielding
benefits of perforated metals. If
you're a designer, specifier, or
buyer concerned about EMI/RFI
prevention, you might want to read
this free handbook to familiarize
yourself with the advantages of per-
forated metals. The 108-pg publica-
tion from the Industrial Perforators
Association contains application
photos, charts, and data detailing

effectiveness and other properties.
Industrial Perforators Association,
Milwaukee, W1, (414) 271-2263.

14 = EDN May 26, 1994

Harris Semiconductor. Enhance- |

ductor laser that emits 690-nm wave- |
length red light, approximately 100 I

the laser, which will find applications |

* top 100 MHz

perforated metals’ EMI-shielding |

approaching the level of older, 100- '

. CA, (415) 903-8304.

ing its embedded-PC architectures.
The chip company predicts a huge
market for embedded 386-type

. processors, and it expects the PC/104
. format to play a key role in that mar-

ket. Stackable PC/104 modules, mea-

suring 3.6X3.8X0.6 in., allow con-

struction of embedded PCs without
card cages or backplanes.

—by Gary Legg

PC/104 Consortium, Mountain View,

Circle No. 439

25-Mbps ATM chip set
available for LANs

~ Transwitch recently announced a tech-

. nology-access agreement with IBM,

. which allows Transwitch to market a

25-Mbps asynchronous-transfer-mode

. (ATM) chip set to LAN-equipment ven-
. dors. The ALI-25 chip set permits com-

munications over unshielded LAN

. cabling.

conductor, Melbourne, FL, (800) 442- I'
Circle No. 436 |

Transwitch offers an integrated fam-
ily of standard chip sets that provide

~ ATM access over high-speed channels,

suits high-density optical-disk dri- !
~ ALI-25 costs $35 (10,000).

_ including synchronous optical network

(SONET), DS-3, and E-3 channels.
—by John Gallant

Transwitch Corp, Shelton, CT, (203)
929-8810. Circle No. 440

HyperSPARC modules

| Using multichip-module techniques,
| Ross Technology has packed a high-

performance CPU with a 256-kbyte
Circle No. 437 |

second-level cache into a 131-pin PGA

" (pin-grid-array) package, the RT629.

. The module fits sockets in workstations
~ that accept HyperSPARC CPUs and

runs a fully qualified port of Solaris 2.3.
It draws 3.5W and runs 3.3V internally
with a 5V external interface.

The modules are available in a variety
of speeds. Modules offering 80-, 90-,

" and 100-MHz CPUs will be in full pro-

duction by the third quarter. Samples

_ are available now. Samples of a 110-

. MHz version will be available in July.

L Prices range from $2511 to $4019 in sin-
| gle quantities.

Circle No. 438 l

The module joins a family of the com-
pany’s devices and modules that use the
HyperSPARC architecture. The family

includes Mbus modules with single or
dual CPUs as well as a single-chip ver-
sion (RT628) with 128 kbytes of
cache.—by Richard A Quinnell

Ross Technology Inec, Austin, TX,
(800) 774-76717. Circle No. 441

Information Super-
highway forum for
building national
infrastructure

The first conference on forming an
infrastructure for the National Infor-
mation Superhighway takes place Sep-
tember 26 to 28 in San Jose, CA. The
summit features a keynote address by
Dr John McQuillan, an expert in net-
working technologies; Ethernet inven-
tor Dr Robert Metcalfe’s program for
building the infrastructure; tutorials;
and seminars. In addition, the summit
features
® Reviews of applicable technology
and architectures
® Commentary from interexchange
carriers, cable companies, and gov-
ernmental agencies
® Assessment of possible foundations,
such as telephone networks, cable
systems, and Internet
® Debate on alternatives to delivering
voice, data, and video via cable TV,
copper-based telephone lines, fiber-
optic cabling, and wireless
® Appraisal of new and expected
industries and business ventures
resulting from the superhighway.
—by Jim Leonard
IDG World Expo, Framingham, MA,
(800) 545-3976; (508) 879-6700.
Circle No. 442

Group promotes
bare-die documentation

The DIE Industry Group, formed by
ARPA (Advanced Research Projects
Agency) to promote multichip-module
technology, has developed a specifica-
tion for providing models and design
information on bare-die devices. That
specification, DIE (Die Information
Exchange) Format 1.0, provides a stan-
dard format and information content
for bare-die documentation. The infor-
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You found it! The FLASH370
of seven erasable BUT IT SHOULDN'T ally clean and simple
complex PLDs— ROUTINELY BE A TEST OF YOUR ABILITY [EENCAENINERTENE
with up toa TO HANDLE PLIERS. get your products to
whopping 256 market faster. And
macrocells and 256 (FOLD AS SHOWN FOR THE ALTERNATIVE.) as part of Cypress’s
I/0 pins. Even more comprehensive

FOLD PAGE |
HERE |

SURE, RECORD-BREAKING

TYPICAL APPLICATION

remarkable is their 100% routability. ™7

8

This combines with the shortest pin-
to-pin delays of any architecture p
through all speed paths—a blazing ;
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8.5 ns for the 32-macrocell, 44-pin
CY7C371. What's more, you get this high

with 100% timing predictability. So you never
have to struggle with variable timing again.

11111111
0 4 8 12 16 20 24 28 32 36

INPUT SIGNALS PER LOGIC BLOCK

speed

Call for your free FLASH370 design kit: Warp2™
design tool for the CY7C371, sample certificate and
product data. 1-800-858-1810%, Dept. C4H.

*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) 940-4337. Warp and UltraLogic are trademarks of
Cypress Semiconductor © 1994 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone 1-408-943-2600.

UltraLogic™ family, the FLASH370 is
supported by Warp™ VHDL open
design tools. So start designing with

a data sheet instead of a soldering iron.

And watch the competition fold.
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According to team members, perpe-
2 €rs,

trators planted a “Trojan horse”
program in various Internet users’

accessing a specific system through
the Internet. The break-in could
affect thousands of Internet users,

as a clearing house for Internet

Carnegie-Mellon University, Pitts-
burgh, PA, (412) 268-7080.
Aspec to offer $40,000 ASIC

Automation Conference, scheduled
for June 6 to 8 at the San Diego

100,000 gates based on the compa-
ny’s proprietary high-density

database tape. Alternatively, the

purchase of an Aspec Portfolio
family of ASIC design tools. Aspec

(408) 988-4411.

patents covering FM sound syn-

sought to break Yamaha's virtual
monopoly in supplying synthesis

Hearings began on May 6.

16 - EDN May 26, 1994
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“Trojan horse” compromises | e %
Internet. The Federal Computer ,:g the data, which is also human-readable.
Emergency Response Team has |

announced a major breach of the | work with digital-logic ICs. It is now

Internet communications system. | Working to expand the specifications to

systems. The program gathered |
log-on information from users |

. Micron Semiconductor,

according to the team, which serves . :
£ | National Semiconductor, and Texas

security concerns. Federal Comput-
er Emergency Response Team, |
| (503) 531-2252.

Circle No. 443 | e

~ Recognize an

v °

. outstanding peer
design. Attendees at the Design |
~ Test & Measurement World magazine is
| soliciting nominations for its fifth annu-
Convention Center, will have a |
chance to win a $40,000 design |
award. Aspec Technology Inc will |
offer a free design of as many as |

winner can apply the $40,000 to the |
| neer, send a fax to T& MW at (617) 558-
4470 for a simple form to complete. All
Technology Inc, Santa Clara, CA, |
Circle No. 444 |

| International Test Conference in Wash-
Yamaha asserts audio patents. |
With the expiration of the original |

ICs to the sound-board market by |
making or incorporating OPL- |
equivalent devices. Yamaha has |
brought suit against them, assert- |
ing that still- active US Patents |
4,249,447 and 4,813,236 cover the |
specific techniques used in its OPL |
chips and are being infringed. |

mation includes administrative, geo-
metrie, electrical, thermal, and process
data, as well as logic-simulation models.
The format allows CAD systems to use

The DIE Industry Group began its

include analog die as well as flip-chip and
TAB devices. It expects to have the
expanded specification available by year-
end. The group comprises both semicon-
ductor and CAD-tool vendors, including
Cadence Design Systems, Logic Model-
ing, AT&T Microelectronics, Intel, IDT,
Motorola,

Instruments.—by Richard A Quinnell
DIE Industry Group, Beaverton, OR,
Circle No. 446

al “Test Engineer of the Year” award.
To qualify, individuals must spend most
of their time working on test problems,
but a specific test-engineer title is not

~ mandatory. The nominee must work in
| the electronics industry and be involved
array, sea-of-gates technology. |
The design award comprises a |
complete package, from netlist to

with testing, measuring, inspecting,
quality assurance, or another related
function.

If you’re a peer, supervisor, or subor-
dinate who knows a deserving engi-

nominations are due by August 15. The
magazine will present the award at the

ington, DC in October. The winner
receives a certificate and $1000; the

| nominator gets $250.—by Joan Lynch
thesis, several manufacturers |
| MA, (617) 558-4671.

Test & Measurement World, Newton,
Circle No. 447

X terminals offer
full-motion video

Human Designed Systems has added
full-motion video to its line of RISC-
based X Window terminals. Called
HDS Video, the capabilities allow users

| to display full-motion video in as many
Circle No. 445 |

as four windows on their HDS X termi-
nal screens. HDS Video supports ana-

log and digital video with onboard com-
pression and decompression.

Full-motion video suits applications
such as presentations, training, moni-
toring, and teleconferencing. For tele-
conferencing applications, the company
has also introduced HDS Conference
video-teleconferencing application soft-
ware, which allows multiple X terminal
users to communicate over Ethernet
and view each other in an X Window.

Users can connect a camera, a video
CD-ROM, or a videocassette recorder
to a terminal and display the video from
this source on the screen in movable,
resizable windows. The terminal sup-
ports full-screen display of video at 30
frames/sec with broadecast quality.

Digital video allows HDS X termi-
nals to support video in networks for
applications such as video teleconfer-
encing. HDS supports the Intel/
Microsoft Indeo compression standard
and offers optional MPEG hardware
decompression.

An optional capability, HDS Audio,
allows recording and playback of stereo
sound. With HDS Audio, each terminal
has aninternal speaker and connections
for external speakers. Users can also
connect an audio source, such as a
stereo CD, a microphone, or a tape
recorder, to the terminal.

Adding HDS Video or Audio to the
company’s ViewStation multimedia ter-
minals costs $199 for stereo sound, $199
for digital video, $499 for analog and
digital video, and $199/user for the
HDS Conference application.

—by Fran Granville

Human Designed Systems, King of
Prussia, PA, (610) 277-8300.

Circle No. 448

“Smart batteries” lower
portable-products’ costs

Duracell and Intel have announced the
Smart Battery Data (SBD) and the Sys-
tem Management Bus (SMBus), two
“smart-battery” specifications. End
users can expect portable products,
such as notebook computers, video cam-
corders, and cellular telephones, incor-
porating the specifications to have
lower costs, more reliable battery-level
information, and the ability to adapt to
new battery technologies.

A smart battery is a rechargeable
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If your interconnect application
is an odd-ball, throw it our way.
Whether it's the plating, body or
pins that are a little strange,
our Solution Casebooks give you
a head start on solving the
mysteries. They're free and
loaded with ideas on turning
otherwise normal interconnects
into the bizarre.

call 1-800-SAMTEC-9 for our

complete series of Solution Casebooks.
Circle reader service number for our
new Full Line Catalog F-193.

y IS SUDDEN SOLUTIONS

New Albany, Indiana USA ¢
SAMTEC, INC. * P.O. Box 1147 « New Albany, IN 47151-1147 USA

CIRCLE NO. 114 ' EDN Moy 26, 1994 = 17




EDN-NEws BREAKS

IC maker starts East Coast
design facility. Linear Technology
Corp is recruiting staff for its
recently established Boston Design
Center in Burlington, MA. The
company seeks approximately 12
linear designers of MOS and bipolar
data converters, power-supply and -
management products, references,
comparators, and op amps. The
Boston unit joins Linear’s head-
quarters in California and a similar
center in Singapore. Linear Tech-
nology Corp, Milpitas, CA, (408)
432-1900. Circle No. 449

ITT Cannon forms joint venture
with ZCF. ITT Cannon, a supplier of
electronic components, interconnec-
tion systems, and information-card
technology, has formed a joint ven-
ture with Zhenjiang Connector Fac-
tory (ZCF'), the largest connector
company in China. ITT Cannon,
Santa Ana, CA, (714) 261-5300.

Circle No. 450

Digi-Key earns ISO 9002 certifi-
cation. Digi-Key Corp recently
earned ISO 9002 certification cov-
ering the purchasing, warehousing,
and distribution of the company’s
electronic components, computer
products, and accessories, includ-
ing value-added assembly process-
es. Digi-Key Corp, Thief River
Falls, MN, (800) 344-4539.

Circle No. 451

Guide explains PCMCIA stan-
dard. The PCMCIA Developer’s
Guide provides a comprehensive
overview of the Personal Computer
Memory Card International Associ-
ation (PCMCIA) standard. The 450-
pg book also offers design examples
for PC cards, hosts, and software
drivers; it gives information on ref-
erence materials. $89.95. Sycard
Technology, Sunnyvale, CA, (408)
247-0730. Circle No. 452

DEC introduces Internet service.
Digital Equipment Corp has
announced the Internet Electronic

SHORTS

Connection, a set of free services
allowing consumers in educational
institutions and research laborato-
ries to obtain information about—
and place orders for—DEC’s prod-
ucts and services directly over
Internet. Digital Equipment Corp,
Maynard, MA, (508) 493-5111.

Circle No. 453

Consortium aims to advance tech-
nology. The Institute for Intercon-
necting and Packaging Electronic
Circuits (IPC) has established the
Interconnect Technology Research
Institute (ITRI). ITRI's goal is to
provide a vehicle for collaboration
among the electronic-interconnec-
tion industry, government, and
academia to develop and deploy
advanced technology for printed-
wiring boards and printed-wiring-
board assemblies. IPC, Lincoln-
wood, IL, (708) 677-2850.

Circle No. 454

Catalog lists more than 1200
software products. This 95-pg,
indexed catalog, “Software for Sci-
ence,” lists more than 250 new
products and 100 CD-ROM titles for
astronomy, CAD, curve fitting, data
acquisition, electrical engineering,
and a variety of other disciplines.
In addition, the catalog includes
articles on software selection, such
as “Equation Editor or Word Pro-
cessor,” “A Practical Guide to Sur-
vey Design,” and “Choosing an
Image-Analysis System for Re-
motely Sensed Data.” Scitech In-
ternational Inc, Chicago, IL, (800)
622-3345. Circle No. 455

Booklet helps Internet users get
on-line. This 64-pg, $2.95 booklet,
“Internet Public Access Guide,”
defines Internet terms; describes
Unix commands; and details elee-
tronic mail, Usenet news, remote-
system access, and information
searching. Specialized System Con-
sultants Inc, Seattle, WA, (206) 527-
2806. Circle No. 456
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_ device with specialized hardware that
| provides present-state, calculated and
| predicted information to the host sys-
_ tem under software control. This pro-
| vides users with state-of-change infor-
| mation and an accurate prediction of the
| remaining operating time. Because the
| smart battery maintains its own infor-
. mation, a host device can accommodate
| multiple battery chemistries and appro-
| priately charge them. Call Duracell or
. Intel for copies of the smart-battery
| specifications.—by Fran Granville

Duracell, Bethel, CT, (800) 422-9001,
ext 423. Circle No. 457
Intel Corp, Mount Prospect, IL, (800)
253-3696. Circle No. 458

Zap confusing buttons

| from your remote control

How many buttons on your TV or VCR
. remote control go unused because you
. can’t find the original documentation?

What if you have the manual but don’t

understand what a button is for—or
| don’t want to use it—anyway? In an
. effort to make electronic products easi-
_ er to use and to battle “technophobia,”
- Arthur D Little Enterprises has devel-
. oped a technology that lets you elimi-
. nate unwanted or unused buttons from
. electronic products’ keypads.

Called Custom Control, the technolo-

| gy lets you add, remove, and reposition
| unwanted or confusing controls from
remote controls, telephones, calcula-
tors, and other products with buttons or
~ keys. Custom Control supplies the tar-
. get product with a set of buttons, each
. having its own electrical/mechanical
_ identity, which corresponds to a feature
. or function of the product. You select
~ only the buttons or keys you want from
| this set of controls and then place the

controls on a “blank” control panel in
whatever arrangement is most conve-
nient. If you change your mind, you can

| recustomize the controls at any time.

The company is currently negotiating

. with major consumer electronics com-

panies about licensing. The first imple-

mentation of the technology will hit the

stores in September—in the form of a

universal remote controller.

—by Fran Granville

Arthur D Little Enterprises Inc,
Cambridge, MA, (617) 498-5000.

Circle No. 459
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Maximum power dissipation of just 7smW at §V
mW- provides the low power consumption needed to
.
‘ - improve overall system efficiency ~ Fast sampling
§ A little power

| takesyoua
| long way.

rate of 1MHz is ideal for high-speed data acquisi-
tion ~ Patented EEPROM trimming architecture

guarantees AC and DC specs unmatched in the

The world’s lowest power 1 MHz 12-bit ADC: industry: Gain error = £1LSB (max.), offset error
' Designers of high-end instrumentation and com- =+ 1.25LSB (max.), INL = = 1LSB (max.), DNL
munications systems no longer have to rely on =+ 0.95LSB (max.), and SNR @ 100kHz is 69.5dB

expensive, power-hungry hybrids

o
L/[/ to fulfill their high

(min.), ensuring the accuracy of

~

the signal received by a
speed/high microprocessor or DSP ~
resolution On-board 2-channel
require- MUX and sample/hold
ments. amplifier, and parallel
Because interface save board space and test costs ~
nothing Power-down feature increases battery life in
combines low power, portable instrumentation designs.

high speed, and precision In oscilloscopes, signal analyzers, and data
like National’s new acquisition boards for test and measurement
1MHz ADC12062.  applications, National Semiconductor’s
ADC12062 simply does more. On less. 1000-

piece price (U.S.) starts at $29.30.




5 5 powerdown mode) -~

The world’s i
fastest DAS flies “" "
from A-to-D plecsysem o i, flly cpabl of

providing stand-alone operation - High integration
The world’s fastest 12-bit data acquisition sys- simplifies complex designs by reducing testing and
tem: There are certain applications — diagnostic =~ debugging ~ Analog front-end consists of a self-cali- '
systems, portable brating 12-bit plus-sign ADC with sample and hold, a ‘
instrumentation, reference, and a four- or eight-channel MUX ~ Digital l
industrial control — features include an eight-word instruction RAM, a ‘
where nothing short sequencet, a 16-bit timer, and a 32-word FIFO - |
of a high-speed, “Watchdog” comparison mode provides quick (1.4us) ’
low-power, fully inte- threshold detection and alarm monitoring. t '

grated data acquisition Guidance and control. Medical instrumenta-

system will suffice. tion. Energy management. For applica-

National'’s high-speed, low-
power DAS is ideal for robotics
applications, there’s and industrial control. delivers. 1000-piece price (U.S.): $17.00.

Fortunately for those tions that demand it all, the LM12H454/8

nothing faster, more power-efficient, or more fully

integrated than the LM12H454/8. The ADC12062 offers the industry’s best combina-

Maximum conversion rate of §.5ls (minimum tion of power consumption, speed, and precision.

throughput rate of 140ksps) ~ The LM12H454/8 provides an unmatched mix of

The industry’s lowest power high speed and high integration. For more infor-

mation, call 1-800-NAT-SEMI, Ext. 287.
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Input current

' reduced to its
| lowest level.

25 X 10719 A — The new standard in low input
' current op amps: In highly sensitive measuring
equipment, there’s no room for error. Which
means there’s no room for an op amp with excess
input current. That's why National Semiconductor
designed the LMC6001 to have the world’s lowest
guaranteed input current. Low enough to improve
, system accuracy in such applications as pH meters,

medical analysis equipment, gas detectors, and var-

ious types of photodiode-based systems.
Guaranteed I of 25fA (max.) at 25°C is 100%
production tested ~ Low input offset

voltage of 350UV (max.) for

increased precision

~ Low voltage

offset drift of 10V/°C (max.) ~ Increased dynam-
ic range through rail-to-rail output swing ~ Low
voltage noise (e,=22nV/NHz

@ 1kHz)
provides
higher sig-

nal-to-noise

ratio than

JFET input

751 5
type electro- With a low input current of only 25fA

(max.), the LMC600L1 is ideal as a

meter amplifiers  preamp for current output transducers.

~ Low supply current of 7501A (max.) is ideal for

power-sensitive applications and minimizes heat-

ing effects on input current and offset voltage -

Available in plastic DIP -~ Designed and guaran-

teed for operation over the industrial temperature

range (-40°C to +85°C) ~ Available in A Grade

(25fA), B Grade (100fA), and C Grade (1000fA).
The LMc6001 is exactly what you need for
transimpedance amplifier applications. In 1000-

piece quantities, pricing (U.S.) starts at: A Grade -

$8.50; B Grade - $5.15; C Grade - $1.40

(8-pin PDIP).




Versatile:

High speed, high
drive, low povwver.

The LM6181/2 and LMC6572/4: You no longer
have to pay a premium for op amps that deliver
solid, all-around performance.

LM6181/2: Single- and dual-current feedback
amps for video, communications, and imaging
systems ~ 100MHz unity gain bandwidth and
100mA of output current - No-hassle, one-chip
solution eliminates output buffer - Differential
gain of 0.05% and differential phase of 0.04° ~
2000V/s slew rate and 50ns settling time
(0.1%) -~ Tight offset volt-
age (3mV max.) and
input bias current (Ih*
= 2.0MA/Ip™ = 5.0MA max.)
for precision needs ~ Fully specified for
+5V and %15V operation ~ DIP and SOIC.

LMCG6572 /4: Provides guaranteed 2.7V and 3V
single-supply performance for portables and
mobile communications systems ~ Ideal for

interfacing

k\\\/\\& 5)//4

>

logic

regulated
or unregulated sup-
plies ~ Rail-to-rail
output swing
maximizes
S/N and

dynamic 51gnal Our LM6181/2 provides the

range, providing an performance you need for

professional video applications.
efficient interface to
ADCs ~ Wide input range from below ground to \

8oomV below the positive supply ~ Low inpurt cur- "

rent of 20fA increases accuracy - Low supply cur-

rent of 40UA ~ 120dB voltage gain/amp -~

Specified for 100kQ and 5kQ loads. In

quantities of 1000, pricing (U.S.) starts
at: LM6181 - $2.00; LM6182 -
$3.60; LMCGS72 - $.90;

LMCG574 - $1.20.

——
——

——_
For more information on the LMC6001,
LM6181/2, and LMC6572/4, call 1-800-NAT-

SEMI, Ext. 287 for free product sample kits.

-,\
===




3-volt analog:
Fueling the
portable wave.

' Maximum performance on a minimum of power:
The popularity of portability is rising fast. Portable
computing, mobile communications, and hand-

held instrumentation designs need low-

reduce system size and
extend battery life.
That’s why National is
leading the way by offering
high-performance 3V analog
products in data acquisition, power
management, and amplifier 1Cs. Products that save
power without sacrificing performance.
LM12L454/8 12-bit plus sign data acquisition sys-
tem: Complete system on a chip with
106ksps throughput, 15mW (max.)
power dissipation (SUW in

power-

down mode), and all the functionality needed for
stand-alone operation -~ ADC12L030/2/4/8 12-bit
plus sign A/D: Fastest 3V 12-bit serial A/D (maxi-
mum conversion time of §.§Ls) at 15mW (max.)

power dissipation (40UW in powerdown);

configurable registers ~
LMCG6572/4 op amp: Low
supply current of 40LA/op
amp minimizes power con-
sumption; guaranteed 2.7V
and 3V single-supply performance;
low input current increases accuracy -
LMCG6482/4 op amp: Rail-to-
rail input and output
increases dynamic signal

range at 3V; lower offset

voltages and higher cCMRR

increases precision ~ LM2§74/5/6 SIM-

PLE SWITCHER" power converter: First easy-to-

use power converter family with 3.3V output
and guaranteed system performance; requires

just four external,




off-the-shelf components;
design software available -
LP2950/51 low
dropout regulator: Very low
dropout voltage of 380mV extends bat-
tery life; low quiescent current of 751A reduces

power consump-

tion and power

DEVICE PRICE*
LM12L454/8  $15.00 dissipation ~
ADCI12L0O30 $10.90 LM4041 voltage
LMC6572 $0.90 reference:
LMC6482 $1. -

4 i Subminiature SOT-
LM2§74N-3.3 $1.70

23 package saves

LP29SICN-3.3 $1.23
LM4041 $0.72 board space and
*QUANTITIES OF 1000, U.S. ONLY reduces OVerall SVS_

tem size; adjustable voltage option (1.24V to
10V) provides design flexibility. n
All of National’s 3V analog
solutions are designed to
increase the per-

formance

of

your portable designs — while reducing power ‘

consumption. And all of them come with the l

from the original
leader in analog 1C
technology. For pricing
information, consult the

box to your left or call the number below.

For 3V analog that will fuel your imagination as well

as your designs, call 1-800-NAT-SEMI, Ext. 287.

We'll send you free product sample kits or a
9

information kits. ‘ n

5
0



L )\ Maqnetlcs:
Opto-less
. chipset brings
' reliable povwvver
supplies offline.

' ['he world’s only 1IMHz magnetically coupled
|

offline power ‘~.up]'»]\' dnpw:: For the first time,

high-speed pulse magnetics replace opto feed-
back devices. The result is smaller, more
efficient, more reliable switchmode power

supplies. The reason is

National’s LM3001/3101

offline power supply

solution: LM3001 primary
side driver and LM3101 sec-

ondary side controller:

e A

ANTZPI

Fast AC feedback provides quicker response than
optos ~ Up to 1MHz switching frequency enables
the use of smaller inductors and capacitors.

LM3001: Accepts AC pulse feedback ~ 10ns rise
and fall times provides greater efficiency and fast
response to faults ~ On-board oscillator manages
chip start-up ~ 2.5A peak current drives MOSFETS

at high speed ~ Dual-level cur-

® rent limit provides virtually
‘ \,7 fail-safe operation: Cycle-by-

cycle current limit offers fast

current protection, while second-level

current limit initiates complete shutdown in

the case of a major fault.
LM3101: Generates AC pulse feedback ~ Pulse-

width-modulator (PwM) provides master pulse

width control ~ +2% voltage reference for high-
precision control of output voltage ~ Trimmed on
board oscillator offers programmable frequency
control ~ 8MHz bandwidth error amp ensures fast,
stable, easy loop compensation ~ Frequency shift
T for short circuit assures the best possible over-

load protection. 100-piece pricing (U.S.) starts

at: LM3001 - $1.85; LM3101 - $1.70.




Dual-

M Power LDO

does twice
the work.

The world’s first dual micropower low dropout
regulator: When it comes to extending battery life
in portable applications, two regulators are better
than one. Case in point: National’s LP2956. Two
low dropout regulators in one package make it

possible to shutdown one system and save power,

while keeping a second system active.
Low dropout voltage of 470mV extends battery
life ~ Low quiescent current of 170l A reduces

power consumption and power dissipation ~

In portable applications, the

dual 1r2956 shuts down auxiliary low

inactive systems while main-

taining continuous power dropout reg-

for essential functions.

second load (up to 75smA) to be dri-
ven while driving a pri-
mary load of up to
25omA ~ Electronic shut-

down allows device to be turned on

[ndependent,

ulator enables

and off as desired - Auxiliary com-
parator can be used for low-
battery detection, fault :
detection, or as a reset signal
to a microprocessor ~ Error flag
for the main regulator indicates when
it has fallen out of regulation by more than 5%.
The LP2956 is the highest performance dual low
dropout regulator available. It’s the best thing to
happen to your battery-powered designs since the

batteries themselves. 100-piece price (U.S.): $2.95.

If your design plugs into a wall socket, we've got your

power supply chipset. If it runs on batteries,
we've got your low dropout regulator. To get
your free product sample kits, call

1-800-NAT-SEMI, Ext. 287.
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‘ 2.0lV), meeting
- THD: the demands of CD-
g 60 watts never
'~ sounded as

good as this.

quality digital sound -
Mute function elimi-
nates transients at power up

['he world’s best sounding monolithic audio and power down ~ Devices can be

amplifier: See if you like the sound of this. easily bridged together ~ spike " self-protection

National’s LM3886T provides a higher standard of ~ circuitry adjusts output drive capability according
high fidelity, as to operating conditions, protecting output transis-
well as maximum  tor array from overvoltages, undervoltages, or cur-

power with rent limiting conditions, and providing thermal

maximum shutdown -~
) Typical THD™ ,
protection. Dynamic SOA pro-
The 60-watt LM3886T enables better, louder, DEVICE  THD (typ.) OUTPUT
‘ longer sound in high-end audio applications Lowest typi- tection ensures that
. : LM2876T 0.05% 25W
‘ like A/V surround sound receivers. catl vt Beke pOWer transistors
LM3875T  0.05% 40W
monic distortion (THD) from 20Hz to 20kHz at won't be destroyed
LM3876T  0.05% 40W
25, 40, and 60 watts of continuous power pro- — even if faults
LM3886T  0.03% 60w
vides the industry’s best distortion/power rating continue for
* from 20Hz to 20kHz

~ Signal-to-noise ratio is greater than extended periods.
95dB min. In component and compact stereos, surround-
sound amplifiers, and high-end
stereo TVs, you get better
sound with

National’s audio

amplifiers.



130MH2.

gh-speed
LM1 205 saves
board space.

Complete broadband preamplifier system: When
used with National’s LM2419 CRT driver (see back

cover), the LM1205 130MHz RGB video preamplifier

ponents, compared to
BANDWIDTH 130MHz

using standard pre-

DC CONTROLS 0-4V

amps and discretes.

VIDEO BLANKING  YES

Provides the entire CHANNELS 3

. APPLICATION  HIGH-RES.
amplifier path DISPLAYS

required between the rear chassis input and the
cathode for 1024 X 768 monitors ~ Each channel
contains matched video amplifiers ~ Gated, single-
ended input and black-level clamp provide
brightness control - Matched DC-controlled atten-
uators provide contrast control -~ DC-controlled
sub-contrast attenuators provide white

balance ~ All DC control inputs are

\ high impedance and

operate over a O to 4V range for easy interface in

microcontroller-based systems ~ Blanking circuit

clamps the video out- e s =
put voltage to within
0.2V of ground ~ For

high-speed, space-con-

scious designs.

The LM1205 provides the performance

In high-end, 17-inch  needed for multimedia applications.
RGB CRT monitors, 1280 X 1024 pixel systems,

video AGC amplifiers, and wideband amplifiers with

gain and DC offset controls, the LM1205 gives you

more performance. While using less board space. In

quantities of 1000, pricing (U.S.) starts at $2.50.

To fully appreciate the sights and sounds of National's

audio and video ICs, call us at 1-800-NAT-SEMI, Ext.

287 and we'll send you free sample kits containing
product samples, a blank applications board, data

sheets, and application notes.



' 1
|
image ~ Three drivers match red, green, and 'i
|
‘ - blue channels in one device ~ Available in
! - |
= industry-standard TO-220 molded power
: r a pl : ture packages ~ Electrically

| e‘erm can isolated heat sink may
| apprecnate.

be grounded for ease

High-performance triple CRT driver for of manufacturing and ‘
1 | i
‘ high-resolution monitors: Picture a device improved RFI/EMI '
II ‘ -
| that provides resolution up to 1024 x 768 in  shielding - Pin-for- The Lvzq19s sns riselfall
.A color monitors while simplifying overall pin compatible with time provides clean, sharp
' ‘ signal transition edges for
il N | design. You're picturing the LM2419, LM2416, simplifying high-resolution images.
) ational Semiconductor’s triple z upgrades -~ No low-frequency tilt compensa-
N 1S duct ple 6sMHz CRT  upgrades - No low-frequency til p
‘ driver. Typical rise/fall time of sns provides tion required. For direct cathode drive capa-
2 o ® . Tt 5 . |
clean, sharp signal transition edges for high-  bility in VGA, SVGA, XGA, 1BM and Macintosh
resolution images - 65MHz video bandwidth  monitors, nothing looks better.
SOVPP ut g with 8pfload for a ’

e-_é bright screen and For high resolution in color monitors, your choice I

a clear is clear. Call 1-800-NAT-SEMI, Ext. 287
for a free LM2419 product

sample kit

SIMPLE SWITCHER
T isa registered trademark of National
Semiconductor Corporation. SPiKe is a trade-
mark of National Semiconductor

© 1994 National Semiconductor Corporation.
NORTH AMERICA: P.0. MM‘!& |
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If You're Looking For Product Acceplanc
In North America, UL Holds The Hey.

THE BIG NEWS TODAY IS THAT UL IS ACCEPTED ALL ACROSS CANADA. AND WITH THE
SIGNING OF A COOPERATIVE ASSISTANCE AGREEMENT WITH THE ASOCIACION NACIONAL DE
NORMALIZACION Y CERTIFICACION DEL SECTOR ELECTRICO (ANCE), THE FIRST INDEPENDENT
STANDARDS AND PRODUCT CERTIFICATION ORGANIZATION ACCREDITED BY THE MEXICAN
GOVERNMENT — UL IS THE FIRST ORGANIZATION OF ITS KIND TO OFFER MANUFACTURERS

ACCESS TO CERTIFICATIONS FOR ALL OF NORTH AMERICA.

AND SINCE UL PROVIDES CERTIFICATION THAT ALLOWS IMMEDIATE ACCEPTANCE ACROSS THE
ENTIRE UNITED STATES, SAVING TIME AND MONEY TO GAIN ACCEPTANCE ACROSS NORTH

AMERICA HAS NEVER BEEN EASIER.

IN FACT, NO OTHER SAFETY CERTIFICATION SERVICE CAN DELIVER WHAT UL PROVIDES. AND
BECAUSE WE OPERATE AS A NOT-FOR-PROFIT ORGANIZATION, YOU CAN BE ASSURED THAT OUR

PRIMARY OBJECTIVE REMAINS SAFETY.

SO IF YOU'RE LOOKING FOR ONE SOURCE THAT NOT ONLY HANDLES PRODUCT SAFETY
CERTIFICATION ACROSS THE UNITED STATES, BUT ALSO FACILITATES EXPANDING YOUR

PRODUCTS' ACCEPTANCE BEYOND THE BORDERS, WE CAN HAND YOU THE KEY.

U.S. HEADQUARTERS: BARBARA OLDS CANADA: JOHN WOODS
PHONE: 708-272-8800, EXT. 43319 PHONE: 613-742-6965
FAX: 708-272-9562 FAX: 613-742-6965

Underwriters Laboratories Inc.e

ACCREDITED AS A CERTIFICATION ORGANIZATION BY THE STANDARDS COUNCIL OF CANADA.
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We know the right time to cross over from 4Mb Plus, our 1Mx16 with self-refresh minimizes power
to 16Mb DRAMs. consumption in standby mode, making it ideal for

It's when you can get access times as fast as 50ns. today’s PDA applications. And our 3.3V 1Mx16 DRAM

A greater than four-fold drop in power consumption. gives notebooks power to go.

And greatly increased Naturally, all Toshiba
Organization R;j:;zh foﬁﬁfs ) Package

design flexibility with DRAMSs come with backward

_ : IMX 16,33V 1K, 4K 70/80  SOJ, SOP 0

byte-wide and word-wide compatibility to the 4Mb
IM X 16, 3.3V Self-Refresh 70/80 SO TSOP

organizations. generation, access times of

IM X 16, 5V 1K, 4K 60/70/80  SOJ, TSOP

Which happens to be IMX 18 1K 60/70/80 o] 60, 70 and 80ns, and a wide
right now, with Toshiba. 2MX8 2K 60/70/80  SOJ, TSOP variety of SOJ and TSOP
For starters, we can IMX 4 2K, 4K  50/60/70  SOJ, TSOP package options.
help you save substantial 1M1 % 9 e S0/ And they all combine
board space by replacing four 1Mx4 parts with to deliver maximum design flexibility.
one 1Mx16 part. But that’s what you always get with Toshiba.
Our 1Mx36 and 2Mx36 SIMM modules utilize Because by staying in front of memory technology,
1Mx18 DRAM in place of 4Mb DRAMs, and fit we keep you in front of your competition.

go to great widths to offer you design flexibility:.

just right into today’s power-conscious systems. For more information, or to receive our DRAM
And for your next generation of portables, specification guide, just call 1-800-879-4963.
Toshiba’s 2Mx8 organizations are the best way And we’ll help widen your sphere of influence.

to provide 8MB of base memory.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

©1994 Toshiba America Electronic Components, Inc. MST-94-147
Please call me, Circle No. 98 Send more information, Circle No. 99
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Fime’s up. Please put your DSP design tools down NOW.

For IDSP designers, the market is a strict disciplinarian. If you miss your
schedule, you flunk. Perhaps permanently. But you can meet the test if you use
MENTOR GRAPHICS® DSP STATION. Because unlike the competition,
it gives you a fully integrated concept-to-silicon DSP design process. Plus the
industry’s only TRUE ARCHITECTURAL SYNTHESIS tools. A combination
that not only enables what-if analysis, but also automates implementation in-
cluding software/hardware co-design for embedded cores. As a result, the DSP
Station design system can TRIM YOUR DESIGN CYCLE 25 1O 30%6 right
away, so you can take your place at the head of the class. Call Mentor Graphics

today at 1-800-547-3000 Dept. 326 or 1-503-685-8000 for more information.

rr

o
You may turn the page, now.

GMSRIY

We mean business.

EDN May 26, 1994 CIRCLE NO. 34
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EDN-SicNALS & NOISE

Make a note

We inadvertently neglected to include
Lambda in our Special Report on dis-
tributed power (EDN, April 28, pg 54).
You can contact the Melville, NY, com-
pany at (516) 694-4200. Or Circle No.
357.

It was also Lambda, not Calex, that
should have gotten the credit for the
thermogram that ran on pg 56; we’ve
reprinted the photograph here.

Debugging debate

I read your article titled “Teaming a
logic analyzer with a debugger provides
advantages to both tools” (EDN, Janu-
ary 20, pg 21). Excellent discussion.

I've spent about eight of my 12 years
interested in embedded-system devel-
opment tools. I've written and hacked
around with ROM monitors for x86,
680x0, AMD29K, and MIPS. And I've
written a full source-level debugger
(COFF-based) for the same processor
families. I’ve also built some trivial
x86-based hardware that integrates
some basic logic-analyzer stuff with the
monitor for firmware debugging
(address/data comparators, etc), and
I’ve found that to be very useful.

I most definitely agree with you that
the logic-analyzer/debugger combina-
tion is an extremely effective develop-
ment environment. As a matter of fact,
referring to the “Looking ahead” box in
your article, my debugger has the
“dashed line from the logic analyzer to
the workstation.” This feature isn’t
needed every day, but when there’s a
tough bug lurking, it is definitely a
priceless capability. This can actually
be a simple interface if it can be
assumed that the logic analyzer can
dump its trace data in some columnar
format.

One of the nice things about the logic-
analyzer/debugger combination is that
the logic analyzer is not a piece of
equipment that needs to be purchased
solely for the person writing the drivers
or really low-level firmware. It was
probably already purchased for the
hardware-design group and has been
used for a lot more than just setting
complex breakpoints. My point is that if
the debugger “knows” a little about the
logic analyzer, then there is no need for

an emulator; hence, no need to put out
the extra money (which is not trivial).
Emulators don’t come cheap, especially
for the high-speed stuff.

I see only two real deficiencies in the
logic-analyzer/debugger approach. As
you mentioned in your “Cons” list, the
logic analyzer is helpless when it comes
to the CPU’s cache, and, along those
lines, it can also be a bit confusing to
deal with any kind of bus-unit prefetch
(even without cache). In the case of
cache, instruction/data access can
occur without the logic analyzer’s
knowing it, and, in the case of prefetch,
instructions can be fetched (seen by the
logic analyzer) but not executed.

If you have a decent ROM monitor,
then some of the cons mentioned can
also disappear. If the trigger of the
logic analyzer is tied into the same
interrupt as the ROM monitor’s UART,
then it can look just like a breakpoint.
Also, with a decent analyzer/debugger
interface, you can debug at the high-
level-language level.

This leaves me with two questions,
and I'll follow them with the only
answers I can think of.

1. Why aren’t more CPU manufactur-
ers providing a debuggable processor?
All that is really needed is the equiva-
lent of the “watch trap” on the MIPS
R4000—the ability to set a data break-
point. What is so difficult about that? I
know the 386 has one, but why hasn’t it
become a generic feature like the
breakpoint trap? I've always assumed
that it must be cost, but I would also
think that a feature like that could
swing a potential customer from one
CPU to another. I don’t get it.

2. How can so many emulator compa-
nies stay in business? About the only

Cherry Semiconductor
SMART Regulators,
give you clean, tightly-
regulated supply lines,
sophisticated micro-
processor monitoring
& control, and energy
conservation capabili-
ties all in one IC!
Available in a range of
efficient power pack-
ages, simply select the
best combination of
logic functions for
your application:

* Get ENABLE
to control your
system actuators
as needed.

* Get RESET
for your micro-
processor during low
voltage conditions.

* Get WATCHDOG
protection against
microprocessor
misexecutions.

Call 1-800-272-3601
for your FREE
Smart Regulator™
Selection

CHERRY é‘
SEMICONDUCTOR

Cherry Semiconducter Corporation
2000 South County Trail, East Greenwich, RI
401 885-3600
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OprView

Available on Sun, HP and Windows.

Human Interface Design...
Without Programming

If you can use an interactive graphics editor, you can design, animate and test your \ | /
product's human interface with Altia® Design - without programming!

And that's not all. With Altia Design you can connect your interface to your own software
or hardware. Turn your prototype into a deliverable product - without delay.

From consumer electronics, to medical equipment, to manufacturing control, to simulation
visualization, Altia Design means you get better products to market faster.

Tel: 719-598-4299

Fax: 719-598-4392

For Information or FREE DEMO SOFTWARE call 1-800-653-9957

CIRCLE NO. 97

>

5030 Corporate Plaza Dr. #200
Colorado Springs, C0 80919

Free IEC 555-2
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distortion
* Selection: From 600-3000W; 1 to 5 outputs; 2-48VDC
* Current: To 600A; output sharing
 * Flexibility: 90-264VAC input at full rated power
* Economy: Use existing utility service; 1 & 3 phase operation
¢ Convenience: Many logic signals - e.g., DC OKand remote
inhibit
* Safety: UL, CSA, IEC, TUV and VDE

nce: 0.995 power factor correction and low line

To find out more, call or fax Jeta today.

2675 Junipero Avenue - Signal Hill, CA 90806 « 310-427-0095 + Fax: 310-426-2417

CIRCLE NO. 3

EDN-SIGNALS & NOISE

advantage an emulator gives a
firmware developer that a logic analyz-
er has trouble with is the fact that the
logic analyzer is “external” to the
processor; hence, it can’t handle inter-
nally cached memory accesses. But
based on the added cost, that doesn’t
justify the need for an emulator any-
way. Usually, you can disable cache in
some way to allow the logic analyzer to
do its thing. My only conclusion here is
that the hardware is not designed with
debugging in mind. Some very simple
up-front work can usually save a lot of
debugging time down the road. As a
result, when the time comes to put on
some firmware, somebody has to dish
out some big bucks.

My conclusion is that there really
isn’t much consideration for debugging
at the hardware-design stage. Even if
the addition of a debug UART and some
RAM is out of the question for the actu-
al production version of the hardware,
facilities for a debug daughterboard
can easily be justified in most cases.
Then, depending on the energy level of
the designer, the debug daughterboard
can even eliminate the need for the
logic analyzer in many cases. For a min-
imal cost (especially when compared to
the price of an emulator or a logic ana-
lyzer), you can add real-time trace,
multiple- state breakpointing, conve-
nient logic analyzer connections (if still
necessary), high-speed download,
etc—the works!

Ed Sutter
AT&T Bell Labs

More to know about ATM...

The article in EDN’s March 3 issue (pg
66) on the ATM convergence-sublayer
and physical-interface devices was
excellent. We are very excited about
these products because they provide
a complete, intelligent ATM termina-
tion when coupled to our ATMizer
Architecture. The author of the arti-
cle, however, was unaware of our ATM
offerings.

The ATMizer is the first reprogram-
mable ATM cell-processing architec-
ture. The heart of the architecture is an
on-chip RISC-based ATM-processing
unit, which allows customers to quickly
and easily update their products as the



Money Can't Buy Everything That Comes With Our Catalog!

Some catalog distributors take pride in the thickness of their and you need a part right away to fix it. Chances are it's in our cata-
book. For others, if the part you need isn't in their catalog, you're log. But if it isn't, don't worry. We search until we find what you need.
out of luck. And if you'd like to drop in on your service rep one day, With immediate, on-line access to over $200 million of inventory, we

you might have to travel across the country. can have it on your desk the next morning.
@, Inthe end, it doesn't matter what our special brand of
personalized service is worth. What matters to us is your
¢ satisfaction. That's simply our way of doing business better.
Let us show you the Allied brand of customer service.
Call today for your free catalog. It's priceless.

ALLIED ELECTRONILS .

ALLIED IS DIFFERENT.

We've been a catalog electronics distrib-
utor long enough to know that some of the most
valuable things we offer aren't for sale.

You can't pay for that helpful voice at the
other end of our toll-free number. And because of
our 77 local service offices across the country, that voice

an AVNET COMPANY
may very well be right down the street from you. : f
What's it worth when you can't find that one critical part Going by the book...And beyond!

that's holding up your design? Or maybe a machine has gone down 1-800-433-5700
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ATM standard evolves. Users simply
download new code to accommodate
changes in the ATM standard or con-
gestion-control algorithms. The AT Miz-
er performs segmentation and re-
assembly and all layer operations up to
155 Mbps. It supports all ATM adaption
layers and can process up to 64,000 vir-
tual channels of voice, data, and video
simultaneously.

The ATMizer Architecture is avail-
able as a single chip or as an ASIC
architecture to complement products
mentioned in EDN’s article. In addition,
this flexibility and performance is
being used to address the open issues
raised in the Special Report, including
congestion control, LAN emulation, and
traffic management.

Tony Stelliga

Vice President
Telecom Products Div
LSI Logic

Milpitas, CA

...and more

EDN has received some updated
information for the ATM Special
Report (March 3, pg 66). The correct
phone number for AMCC is (800) 935-
2622. Also, if you want to contact the
ATM Forum, the company reports that
it has moved to new quarters in Foster
City, CA; phone (415) 578-6860.

Cooling hot .Ps

We believe your coverage of the hot
microprocessor problem (“Cooling hot
microprocessors,” EDN, January 20, pg
40 and “Shrinking devices put the
squeeze on system packaging,” EDN,
February 17, pg 41) has shortchanged
your readers in two areas. Among the
fastest-growing techniques for cooling
board-mounted processors and other
hot devices is the use of low-profile,
tape-mounted heat sinks and extreme-
ly compressible thermal-gap-filling
materials.

The world’s leading supplier of dou-
ble-sided thermal tapes and thermal
gap fillers is Chomerics Inc (Woburn,
MA). In both thermal and adhesion
properties, our Thermattach tapes
have set the performance standards in
PC markets worldwide. A unique, sta-
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ble, thermally conductive, pressure-
sensitive adhesive (PSA) makes them
suitable for even high-temperature
applications—where traditional acrylic
PSAs have a tendency to lose their grip.

In thermal gap fillers, we believe our
Cho-Therm T274 and A274 materials
are the only commercially available,
easy-handling alternatives to bags of
fluorocarbon liquid.

In general, we found both articles
well-written and informative, but their
exclusion of references to Chomeries’
thermal interface products left us
somewhat overheated.

Robert A Rothenberg

Director of Market Development
Chomerics Inc

Woburn, MA

New number

ATI Technologies Inc, which was dis-
cussed in the article entitled “New
chips give PCs TV-quality video”
(EDN, March 31, pg 42), has a new tele-
phone number. Contact the company at
(905) 882-2600.

Call a different number

We appreciate the reference to our
Video Integration Processor and our
OEM customers, S3 and Xtec. We are
great IBM chip designers, but alas, we
are not part of IBM Microelectronics.
We are part of IBM’s Networking
Hardware Div in Research Triangle
Park, NC. Your readers will want to call
a different number from the one listed
in your manufacturers’ listing to get
information on the processor, which is
offered as an OEM product. Readers
can call (919) 543-7976.

George M Henke

Program Manager

IBM Networking Systems

Listen up

In response to Mr Green’s (Unilever
Research) “Listen to your computer”
letter: We incorporated an audio moni-
tor in our Texas Instruments seismic
data processor (computer) in 1959. We
drove a speaker from a signal counted

down from the AOC (Acquire anOther
Command), the signal that initiated the
next instruction fetch from memory.

We originally incorporated it to tell
us when the computer had halted. How
many times have you sat in from of that
infernal machine, wondering if it were
caught up in some endless loop, with no
visible means of telling? In our case, we
also had almost every operation blink-
ing one or more lights, but the lights
only told us something was happening.
By having a predefined low-frequency
tone generated, we could know if the
machine had stalled. Also, if it did get
into a loop, the constant, repeating
sound would indicate a failure.

Our (and the customer’s) operators
soon got to know the sequence of tones
generated in different portions of the
programs and could tell what was going
on and how long a particular program
could be expected to continue.

Needless to say, but I will anyway,
our smart-as-a-whip engineers found a
way to make whimsy of this capability.
During the 1964 Christmas season, I
went back to the system-checkout area
and heard Christmas music playing
away. Upon investigating, I found it
emanating from my computer. Those
clever people had found a way to write
programs that would exercise that
sound monitor.

“Listening to your computer” is not
as strange as it sounds. For what it’s
worth, and thanks for your column.
John Hargett
Agoura Hills, CA

Sound off

“Signals & Noise” lets you express
your opinions on issues raised in the
magazine’s articles or on any engi-
neering-related topic. Send letters
to EDN, 275 Washington St, New-
ton, MA 02158; fax (617) 558-4470.
Or use EDN’s bulletin-board system
at (617) 558-4241: From the Main
System Menu, enter ss/soapbox,
then W to write us a letter. You'll
need a 2400-bps (or less) modem and
a communications program set for
8,N,1. EDN reserves the right to
edit letters for clarity and length.




With the TMS320 Software Cooperative,
it’'s easy to get a jump on your competition.

Now, beating your competition to
market with a DSP-differentiated
product isn't such a stretch. Just
turn to the new TMS320 Software
Cooperative. We've brought together
information on more than 100 off-the-
shelf, third-party-developed digital
signal processing (DSP) algorithms
for many of the applications you may
be working on (or thinking about).
Once installed, these easy-to-use
algorithms are C callable. And they
help cut cycle time while allowing you

EXTE NSDPEN'G ¥YOU R RE

© 1994 TI
™ Total Integration, Extending Your Reach and Extending Your Reach

With Total Integration are trademarks of Texas Instruments Incorporated

DSP Algorithms

Speech Recognition

MPEG Audio

V.32 bis Modem

V.17 Fax

Text-to-Speech

G.728 Speech Compression
Run-Time Support Libraries
And Many More

b TEXAS

INSTRUMENTS

ACH WITH T QT

to differentiate your product instead
of writing generic code for DSP func-
tions. What’s more, you'll deal directly
with the third-party vendors who test,
license and maintain the algorithms.
Meaning you save time and product
life-cycle costs.

To learn how you can get the jump
on your competition and receive a
FREE TMS320 Software Cooperative
kit, which includes an index and data
sheets on the algorithms, simply call
1-800-477-8924, ext. 3552.
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00-8714
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FAST Track toFAST SCSI

90’s Challenges. The 90’s demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges of the
levels of performance and faster delivery industry leadership, NCR is still working 90’s can’t be solved with silicon alone. NCR
than ever. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with the
demands, and changing user needs make of the 90’s. The NCR 53C90 family of SCSI competitive edge that can make your
fast, simple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Whether
horizon. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in any
times, you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the product to
with proven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count on us
reliability your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the right
transfers and provides our exclusive technology, at the right price, at the right
TolerANT® SCSI driver and receiver time for all your SCSI requirements.
technology, for reliable data transfers in
every SCSI system.

The NCR 53C90 Family

Proven Performance
for the 90’s and
Beyond
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NCR SCSI: Real Products, Real Solutions, Real Fast!

SCSI FAST SGSI* *NCR Fast SCS| devices transfer SCS data at 10 MB/s synchronous or 7 MB/s asynchronous

53C90A 53CF90A Single-bus architecture; SCSI sequences controlled by = b
hardware state machine to minimize host intervention For more infomatz’on about

53C90B 53CF90B Adds pass-through parity for increased system reliability § NCR SCSI products

L : Y and a free poster,
53C94 53CF94 Adds split-bus architecture for more flexibility call 1-800-334-5454.
53C96 53CF96 Adds support for differential transfers ‘ "
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EDN-EDITORIAL

Technological proof
of innocence: Part 1

Life has certainly gotten more complicated
since I moved to Massachusetts two and a
half years ago. The fables about terrible
Boston driving and parking don’t tell half of
the story. I've even received a parking tick-
et for parking in a place I’ve never been at 2
AM on February 27. Now I'm sure that my
car and I were both safe, warm, asleep, and
at home on that night, at that time.

On the designated day, I went to the town
that issued the parking ticket and pleaded
my case. Now, we're very efficient in Mass-
achusetts. You don’t appeal parking tickets
in court; you go straight to the collector of
fees, taxes, and fines. The person behind the
desk listened to me, got up, looked on the
computer, and assured me that it was indeed
my car that was illegally parked.

I asked to see the ticket. Once again, the
clerk got up, rummaged in a closet for 10
minutes and returned with the actual ticket.
It was my license number on the ticket all
right, if you ignored the unreadable third

character. However, the ticket identified the
car as a brown Ford, and I drive a gold Toy-
ota. “Aha,” I said, “that’s not my car!” The
clerk replied, “Hey, you can’t expect the
officer to get everything right at 2 in the
morning. That’s your license-plate number.
Pay up.”

This experience prompted me to start
thinking about the use of technology to
prove innocence. Governments have plenty
of technology for pressing guilt upon us. We
could use some defense.

In the movie “Back to the Future,” Doc
Brown returns from the future in his time-
traveling DeLorean with a bar-coded license
plate. It seems to me that we ought to seri-
ously consider adopting license plates that
carry bar codes or other machine-readable
identification in addition to human-readable
numbers. Police could use scanners to read
these plates at a distance with better accu-
racy than what I experienced from my brush
with the parking patrol.

Steven H Leibson
Editor-in-Chief

Note: This is the latest in a series of articles on C-Quad engineering. C-Quad (or C*) stands

for the convergence of computer, consumer, and communications technologies.

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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5.0 Volt-Only

JEDEC Standard
Software Commands

Guaranteed
High Endurance

Sector
Architecture

Density
Upgrade Path

JEDEC Standard
Pin-Outs

Introducing the 4Mbit Am29F040,
The Newest Member Of The AMD’ Flash Family.

Someone had to set the standard. Vpp overshoot problems. In fact, the Am29Fxxx

AMD did just that —establishing an industry  architecture is the JEDEC standard for pin-
standard by offering everything you need in the out and software for 5.0 Volt-only devices. Our
most reliable, most flexible Flash memory Embedded Program™ and Embedded Erase”
devices available. In fact, we've sold over , algorithms make software implemen-

now AMD’s 5.0 Volt-only, low-cost Flash ” Sector isolation ensures data integrity
family is available in 4Mbit densities. ‘ during write cycles. And sector protection
The Am29Fxxx 5.0 Volt-only Flash 1 am29re Fiash devies, aaicte. UATAs specified code in applications.

design ends DC-to-DC cONVETSION and  and il i toniadoaseges What's more, the Am29F040 is the

3 million Am29Fxxx devices already. And * . tation easy — forget erratic erase failures.

46 - EDN May 26, 1994



Anything Less

most reliable Flash device available. We don't
just promise 100,000 write-cycle endurance.
We guarantee it. And we're the only one in the
industry who does. Now that's a safe buy.
Flexibility is there, too. Densities to 4Mbits
and 70ns access times make them perfect for
today’s, and tomorrow’s applications. Eight-

uniform-sectors adapt easily to both boot
code and broad-base applications. Industry-
standard packaging lets you use existing
production equipment. And they're priced to
compete with dual-voltage devices, so you'll
standardize on AMD Flash.

Call now for details on the industry standard
AMD Am29Fxxx and the new 4Mbit Am29F040.
Because you just can't afford to invest in non-
standard technology.

&y ..
800-292-9393 | * \'/

~ / Literature
‘®

Advanced Micro Devices

One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. AMD and the AMD logo are registered trademarks, and Embedded Erase and Embedded Program are trademarks of Advanced Micro Devices, Inc.
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President

Cut Your Development Time with DT VEE

DT VEE™ for Windows™ is a complete visual programming language for data acquisition that
increases your productivity by speeding your application development.

With DT VEE, you easily create, debug, document, run, and maintain powerful applications.
Its high-level objects represent logical constructs that acquire, process, display, and share data. Program
development is intuitive—connect objects in a logical sequence, and run. It’s that easy.

Change a program dynamically—add, replace, or delete objects on-the-fly. Create your own user
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FREE DEMO DISK erful objects let you reuse your code from application to application—pure productivity.
::L'E':d"Y f:f 3 DT VEE’s functionality is extensive. From a simple if/then/else loop to more complex
emo dis
B mathematical processing to detailed displays, DT VEE has everything you need.
information on DT VEE is based on HP VEE for Windows." and is backed by the Hewlett-Packard
DT VEE :
1-800-525-8528 | and Data Translation commitment to quality. DATATRANSLATION
T R R ST e A AR R

I

World Headquarters: (508) 481-3700, UK Headquarters: (0734) 793838, Germany Headquarters: (07142) 95 31-0, Italy Headquarters: (030) 2425696. Sales Offices: Argentina (541) 322-3791; Australia 2699-8300;
Austria (222) 367660; Belgium (02) 466.81.99; Brazil 011-564-6024; Canada (508) 481-3700, (800) 525-8528, (800) 268-0427; China 86-1-841-9884; Denmark (45) 42 27 45 11; Finland (0) 3511800; France (1) 69.07.78.02 or 69.07.92.12:

Greece (1) 361-4300; Hong Kong (852) 515-0018; India 91 31040; Israel 09-545685 or 09-581860; Japan: Tokyo (03) 5689-8000 or (03) 5379-1971, Osaka (06) 391-8511, Nagoya (052) 561-1595, Tsukuba (0298 21
Korea (2) 718-9521; Malaysia (3) 248-6786; Mexico 575-6091, 575-6098; Netherlands (70) 399-6360; New Zealand (9) 415-8362; Norway (22) 43 41 50; Portugal (1) 7934834, (1) 7934934; Singapore 773 4300; South Africa (12) 803-7650/93;
Spain (1) 555-8112; Sweden 08-765 02 80; Switzerland (1) 908-1360; Taiwan (2) 3039836: Thailand (02) 281-9596, (02) 252-4834, (02) 282-4797; Turkey (212) 288-6213/15, (212) 274 9097 3/15/94

CIRCLE NO. 66



Today’s control-

system simulators

employ graphical
modeling tools,
automatic coding,

and DSP “hardware-
in-the-loop” simula-
tion to narrow the

gap between concep-

tual design and
product reality.

EDN-TECHNOLOGY UPDATE

System simulation
embraces real-time
control prototyping

BRIAN KERRIDGE, Senior Technical Editor

System simulation is an important design
activity in control-engineering applications.
But, while most simulation products focus on
conceptual issues, relatively few readily
assist you in implementing a design. The few
products that do support implementation
incorporate direct links to development
hardware and, overall, form integrated
rapid-prototyping systems.

The key feature of rapid-prototyping
systems is fast transfer of a slow-motion
“off-line” simulation running on a PC or
workstation, to a “real-

simulated plant, or a mixture of the two. Fig
2 illustrates these options.

No matter which option you choose,
rapid-prototyping systems offer substantial
timesaving benefits—from concept to reali-
ty—and other important benefits. Simula-
tor vendors cite examples of 50% cuts and
more in project time (see box, “Rapid pro-
totyping shortens DC-X space-vehicle
development”).

As a prelude to adopting one of the pro-
totyping options, it’s useful first to transfer

time” simulation running

Trace31w Plots
Print_Layout Colors Trace

-
Animation

on dedicated DSP hard-
ware. These simulators
rely heavily on block dia-
grams for model building
and automatic coding for :
generating source code, [maintix
usually in C. These two fea-
tures alone are instrumen-
tal in achieving rapid pro-
totyping and, in conse- v
quence, enable a low-cost
route to design iteration—
an unavoidable feature of
control-engineering devel-
opments. In practice, auto- "
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few seconds, and, for a sys-
tem that’s already initial-
ized, you can complete one
design iteration in a matter
of minutes. Fig 1 outlines
the design-flow path of a typical rapid-pro-
totyping system.

Simulating real-time control systems
requires that you model not only a con-
troller’s functions, but also the dynamics of
the plant you want to control. Such a system
offers you the rapid-prototyping options of a
simulated controller driving a real plant, an
embedded real-time controller driving a

dSpace’s MS-Windows Trace and Cockpit software allow you to
gather and analyze data and adjust control parameters while run-
ning a real-time simulation. This example shows a vehicle antilock-
braking-system simulation in progress.

an off-line simulation of the controller and
the plant to a DSP test bed. This step moves
the application closer to reality and allows
you a first opportunity to examine critical
timing in your overall control strategy. For
example, at this stage, sampling-time para-
meters you build into your models may
force elements of the simulation to require
service in synchronism with the system
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If you've got a head for

VIDEQO,

Push the limits of video technology
with our full family of affordable ICs.

Get a head start on
those hot new video
products.

Choose Raytheon Semiconductor.
We've combined the video technology
and innovation that earned TRW an
Emmy with Raytheon Semiconductor’s
own video design expertise and man-
ufacturing capacity. That means no
compromises between leading-edge
performance and true affordability.

bhave we got a line

With highly-integrated analog and
digital circuitry, you get a complete
solution for all your video needs.

With just one call, you're set. Because
for all of today’s exciting applications,
our full and growing family of video
ICs gives you better designs at a

lower cost. '

T S S — i

PART Probuct  Desc. FEATURES
TMC 22071 NTSC/ 8 10to15
Genlocking PAL bit MSPS/
video digitizer sec
TMC 22x5x 3-line 8and10 10to18
Digital video ~ comb bits Mhz
decoders filter

TMC 22080 RGB/ 9 bit 36
Digital video  YCgCg/ Alpha  Mhz
mixer Cl channel

TMC 22x9x NTSC/ 10 10t018
Digital video ~ PAL bit Mhz

encoders

Your design partner for broadcast,
video communication, desktop
video, imaging and display ICs.

At every step of your design,
we'll be there with our
video experience and
innovation. We'll even
customize ICs to meet
your exact need.

Call now and learn more about our
advanced family of video products.

To make amazing headway in video,
simply call 1-800-722-7074.

Yine

Raytheon Semiconductor Division
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REAL-TIME SYSTEM SIMULATION

clock. Failure to meet model sampling
times means your DSP test bed ceases
to represent a real-time model and
implies your system needs more DSP
power.

In practice, monitoring software
forewarns you of a system crash and,
even before attempting a real-time sim-
ulation run, indicates when a system
cannot execute in the sampling times
you specify. Increasing system power is
simply a matter of installing more DSP
hardware, and all systems include
multiprocessing expansion for this
purpose.

Specifying model sampling times in
relation to real-system response
times requires modeling experience
and lets you trade off modeling
integrity and complexity with DSP
power. For example, it would be
overkill to specify a 10-msec sampling
time for a model of a valve that takes
several minutes to change state. On
the other hand, a 10-msec sampling
time is grossly inadequate for a
crankshaft-sensor output on a high-
performance auto engine.

DSP emulates control or plant

Of the main prototyping options,
using a DSP test bed to emulate only a
controller and its I/0 functions is a fast
route to proving a control concept and
refining control parameters. However,
using DSP to emulate a plant, or “hard-
ware-in-the-loop” simulation, offers
major development-time reductions.

Overall, the arrangement allows you
to test the validity of controller elec-
tronics well in advance of the availabil-
ity of the live plant. This feature is sig-
nificant because most control-
engineering applications accommodate
the vagaries of a real-world environ-

PHYSICAL RAW
DATA DATA
MODELING SIGNAL- SYSTEM-
PROCESSING | | IDENTIFICATION
TOOLS TOOLS
Ik MODEL-
LINEAR OPTIMIZATION
MODELS TOOLS
MODEL
PARAMETERS
SIMULATION BES SIMULATOR
AUTOMATIC 1
CODE GENERATOR | HINEARIZER
LINEAR
fOLELS CONTROL-
SYSTEM |—
TOOLS
DESIGN
C CODE ROBUST
CONTROL |—
TOOLS
REAL-TIME
INTERFACE
REAL-TIME - ‘ RUNTIME
TESTING RUNTIME DSP TEST BED DATA
MONITOR ACQUISITION
REAL-WORLD PLANT
OR CONTROLLER

Fig 1—Rapid prototyping systems form an integrated environment for modeling, simula-
tion, design, and real-time testing. (Courtesy dSpace Inc)

In addition, performing live-plant
prototyping at the outset is often incon-
venient and unsafe, as in automotive,

ment, thus increasing the likelihood of
design flaws appearing late in a devel-
opment cycle.

LOOKING AHEAD

MS-Windows is increasingly the preferred design-tool envi-
ronment for engineering applications, yet Integrated Systems’
Matrix, remains for the time being a workstation-only prod-
uct. The company is planning to add a multiprocessing
TMS320C40 card to its RealSim low-cost PC test-bed product
line. Additionally, Integrated Systems and Mentor Graphics
will soon support links between Matrix, and Mentor’s System
Design Station/QuickSim2 simulator. This combination will

allow you to cosimulate a system using the RealSim DSP test
bed to simulate a plant and QuickSim2 to emulate control.
QuickSim’s VHDL model outputs will provide a fast route to
custom-built controller chip sets.

The MathWorks plans further graphical-user-interface
enhancements to some of its toolbox options, including its sys-
tem-identification tool, as part of a general effort to attract
engineers, as well as academics, to use these products.
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REAL-TIME SYSTEM SIMULATION

in-flight, and nuclear-control applica-
tions. This type of prototyping is incon-
venient because live prototypes involve
complex and substantial parts that take
many months to fabricate and assem-
ble. It’s unsafe because loss of control
threatens human life.

Hardware-in-the-loop simulations
offer you other interim rapid-prototyp-
ing steps. For example, you can pro-
gressively replace sections of a simula-
tion as a real plant becomes ayailable or
as system confidence increases. In
addition, you can even emulate a con-
troller and a plant separately in two
DSP test beds and watch them play. In
fact, the combinations are virtually
endless.

In an off-line simulation, your host
computer conveniently handles models
of both controller and plant functions,
but simulation models need separate
treatment for real-time simulation.

EDN-TECHNOLOGY UPDATE

For example, a hardware-in-the-loop
simulation requires that you selective-
ly code only those sections of a block
diagram that represent the plant. In
practice, rapid-prototyping tools ease
this task by enabling you to select in a
window only those sections of a block
diagram you need to code before down-
loading to the DSP test bed. Addition-
ally, connections-editing software
assigns ADCs, DACs, and other I/0
hardware in the DSP test bed to ap-
propriate I/0 signals on your block
diagram.

Simulators link to DSP systems

The principal vendors offering inte-
grated rapid-prototyping tool sets are
Integrated Systems Ine, The Math-
Works Inc, and dSpace Inc. Prices vary
widely, depending on whether the host
is a PC or a workstation and on how
much DSP power you build into your

test bed. Typically, though, expect to
pay $15,000 for a very basic setup to
more than $50,000 for a “power-user”
setup. Automatic coding software adds
$10,000 or more to these prices (see
box, “Automatic coding cuts design-
iteration time”).

Integrated Systems’ Matrix_model-
ing, simulation, analysis, and code-
generation tools run on Sparc and VAX
workstations and combine with the
compnany’s RealSim series of real-time
hardware test beds. In addition,
Matrix_requires runtime software
that includes a graphical user inter-
face, cross compilers, device drivers,
and an Ethernet interface. RealSim
comes in a range of configurations
from a 486-based portable PC with a
single TMS320C30 processor card to a
high-end Multibus chassis that accom-
modates one to 11 i860s. A wide range
of I/0 options includes ADCs, DACs,

AUTOMATIC CODING CUTS DESIGN-ITERATION TIME

Automatic source-code generation is a key feature of rapid-
profotyping systems. Using such systems, you first create a
system at the block-diagram level and perform “off-line” sim-
ulation. Then, the rapid-prototyping systems’ pull-down
menus offer you automatic-coding options.

For example, The MathWorks' Simulink Ccode generator
($9995) gives you a choice of Ccode styles, and Integrated
Systems’ SystemBuild Autocode ($15,000) lets you produce
code in Ada, C, or Fortran. Fig A (b) shows an example sec-
tion of code.

Automatic coding handles continuous, discrete-time, or
hybrid-control systems. Coders also embody a task scheduler
to prioritize separate operations in multirate systems, for exam-
ple, acting on sensor inputs before less-frequent user inputs.

Vendors maintain that automatic coding produces code
optimized for speed in realtime operation. For example, the
coder unrolls loops, minimizes functions calls, and removes

+ z-0gs| | KO D
= z 1s?+Cs+K
ster | sum  GAN  DigiTAL READ/ SCOPE
FCN COMPEN- WRITE
SATOR HEAD
DYNAMICS
(a)

unnecessary ones and zeros from numeric computations.
There is no doubt that experienced realtime programmers
can further optimize code for target processors, but vendors
suggest that for most applications you modify your system at
the block-diagram level and recode automatically. This
approach routinely maintains the status of your block dia-
gram and implementation at a current level and eliminates
additional documentation<ontrol work.

/* Function to compute block outputs */
static void simBlockOutputs (x, u, S)
double * x;
double * u;
SimStruct * S;

double *B = ssGetBlockIO (S); /*Block inputs and outputs */
double *P = ssGetBlockParam (S); /* Block parameters */

/* Step input: Step Fcn */
if (ssGetT(S) < P[0]

B[0] = P[1];
else

B[o] = P[2];
/* Transfer function: Read/Write Head Dynamics */
B[1] = x[1];

/* Summing junction: Sum */
B[2] = B[0] - B[1];

/* Gain block: Gain (Kc) */
B[3] = P[5] * B[2]);

#ifndef SINGLE_RATE
if (ssGetSampleHitEvent (S, 0))

/* Is it a sample hit? /+
#endif
{

/* Transfer function: Digital Compensator */
B[4] = P[6] * x[2] + B[3];

)
(b)

Fig A—The block diagram (a) represents a disk-drive head and controller, modeled using The MathWorks” Simulink library functions.
The C-code-generation tool transforms the block diagram to the source-code listing (b), which is comprehensible and well-commented.
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IDT adds the Quarter-Size Outline
Package (QSOP) to complete its
winning hand of surface-mount
packages for its high-speed FCT
Logic family. With products avail-
able in TSSOP, QSOP, SSOP, and
standard SOIC packages, IDT now
offers the industry’s widest line of
high-density packaging for both
Octal and Double-Density logic.

ic Space Savings!

The Fastest 5V and 3.3V Logic

IDT’s Logic family is the highest perform-
ing, lowest power bus interface solution.
Available in a wide variety of 5V and 3.3V
functions, and speed grades from 6.5ns to
3.2ns (tpd max), IDT’s FCT Logic family
supports all levels of performance at com-
petitive prices.

Quiet, Low-noise OQutputs

IDT’s FCT Logic is offered in a variety of
low-noise output drive configurations to
minimize ground bounce and to match

specific design requirements.
Output configurations include:
standard TTL-compatible high drive
and very low-noise balanced drive
with source terminating resistors.
Call Tod y.

Call or FAX IDT today and

receive a QSOP cross

reference guide, sam-

ple package card,

Logic Design Guide

and Logic Data Book.

At half the length and width PRy s 2. g Add IDT’s Logic

of industry standard SOIC  COmpact IDT FCT Logic Packaging Souriinte
Ordering Pin-Pitch  Area  Length Width Height :

P ackages', the new QSOP Package Code " mmm)c (m::!) (7:3\) (mm) (::31) you'll be the

package is the mqst compact PN Q DR B0 - BT LB winner!

Octal package available. In 20-pin

addition to the area savings, %sg'; 0650 960 72 53 19

the new package is only SOIC 1270 1331 128 75 25

0.0645 inches high, making it iggl(r;p

ideal for low profile applica- 48-pin (R et Ti0h R

tions. SSOP 0.635 1644 159 7.5 2.6
48-pin

(800) 345-7015 » FAX: 408-492-8674
ASK FOR KIT CODE 3151

CIRCLE NO. 75

Integrated Device
Technology, Inc.
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REAL-TIME SYSTEM SIMULATION

and digital and resolver-synchronous
I/0. The product range also includes
the DocumentIt software package,
which automatically produces a textu-

HOST COMPUTER |

|

it : : |

al description of a system, including D |
|

|

|

|

CONTROLLER PLANT

ACTUATOR

DSP-EMULATION |  DRIVES
TEST BED

REAL
SENSOR HARDWARE

OUTPUTS

tables, hierarchies, and subsystem

lists.
The MathWorks does not produce a E 1

real-time test bed for its Matlab |
analysis and Simulink simulation soft- ETHERNET ON PC BUS
ware, but the company supports hard- (a) |
ware from dSpace Inc. dSpace offers a
wide range of PC plug-in DSP, memo-
ry, and I/0 cards. Using these cards,
you can site your DSP hardware with- D
in your PC host computer if it has
enough expansion slots. For worksta-
tion and already-full PC hosts, the E
company offers Ethernet-linked, 6- |
and 20-slot expansion boxes and a de- ETHERNET ON PC BUS
powered 7-slot ruggedized version for (b) |
field use.

dSpace’s DSP cards include single-
processor TMS320C30 and TMS320C40  Fig 2—Real-time simulation offers you two main options: (a) using DSP hardware to mimic
models and a 4-processor TMS320C40  an embedded controller that interfaces with actuators and sensors in a real plant situation
version. The company also provides and (b) using DSP hardware to simulate the dynamics and 1/0 signals of a plant connected
essential software to process source to areal em%edded controller, known as “hardware-in-the-loop” simulation.

ACTUATOR
REAL DRIVES
HARDWARE

DSP-EMULATION
SENSOR TEST BED

OUTPUTS ]
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RAPID PROTOTYPING SHORTENS DC-X SPACE-VEHICLE DEVELOPMENT

Using Integrated Systems’ Matrix, rapid-prototyping tools, ing and simulation tool, the company’s designers used Inter-
McDonnell Douglas Aerospace engineers developed flight- active Animation, Autocode, and the RealSim test bed for
control software for the Delta Clipper Experimental (DC-X)  realtime simulation.
space vehicle in 10 months. McDonnell Douglas engineers Using SystemBuild, designers modeled the DC-X's
estimate that the cost of developing software using rapid | flight behavior and control functions. After refining per-
prototyping is less than 50% lower than using conven- formance in off-line simulation runs, designers used
tional hand-coding. These productivity gains reflect simi- Autocode to generate code for real-time testing. The
lar reductions in overall project-development time down Autocode feature generated separate code repre-
to less than two years, enabling firstflight trials last senting flight behavior and controller functions.
August. Flight-behavior code was targeted to a RealSim
The DC-X, a reusable, relatively low-cost, fast- test bed, and controller code was targeted to
turnaround vehicle, is the forerunner of next-gener- the real-world DC-X in-flight computer. Run-
ation satellite launchers. Vertical landing and take- ning RealSim and the in-flight computer as a
off of the DC-X launcher pioneers new concepts ~ closed-loop environment in real time demon-
in space-vehicle flight dynamics, requiring : strated the performance of the overall
equally innovative control algorithms. Par- control strategy far in advance of fir-
ticularly demanding is the independent ing up real rocket engines.
control of four rocket engines on gim-
bals that maneuver the launcher.
McDonnell Douglas designers
used Matrix_tools to develop
around 30,000 lines of Ada code
for the flight- and navigation-
control algorithms. In addi-
tion to Matrix ‘s core
SystemBuild model-

Using automatic coding to produce 30,000 lines
of Ada code, McDonnell Douglas achieved a 2-
ye:r i:ontepl-to-luundl" time with the DC-X space
vehicle.
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INTRODUCING THE GREAT SONY CACHE ADVANCE.

Now for the first time, high-speed data RAM, tag RAM and
control logic — a complete, integrated cache subsystem — on a single chip.
Think of it as pure gold — cache-in-the-bank.
Sony Cache is based on our new Memory-intensive ASIC, or MASIC™ technology.
With it, we can quickly turn new cache chips for the latest processors and
keep memory from becoming a system bottleneck.

The first two 256KB Sony Cache éhips' (CXK784862Q-33/50) are available
now for 486SX/DX/DX2 processors and a wide variety of chip sets. They deliver
unheard-of performance for mobile PCs, yet take only about
one-quarter the power and space of the modules they replace.

Call 1-800-336-SONY for your cache advance.

Sony. We make the chips. You make the history.

01994 Sony Electronics Inc. Reproduction in whole or in part without written permission is prohibited. All rights reserved.
Sony and MASIC are trademarksof Sony.

‘CIRCLE NO. 16




REAL-TIME SYSTEM SIMULATION

dSpace Inc
Southfield, MI
(313) 354-1694
Circle No. 358

Hyrercepﬁon Inc
Dallas, TX

(214) 343-8525
Circle No. 359

Integrated Systems Inc
Santa Clara, CA

(408) 980-1500

Circle No. 360

i-Logix Inc
Andover, MA
(508) 682-2100
Circle No. 361

McDonnell Douglas
Aerospace
Huntington Beach, CA
(714) 8966211

Circle No. 362

FOR FREE INFORMATION. ..

For free information on the system-simulation products discussed in this article and other sim-
ulators that generate code, circle the appropriate numbers on the postage-paid 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.

code from Simulink’s code generator.
This software includes a real-time
interface, a C compiler, the Trace data-
acquisition tool, and the Cockpit graph-
ical instrument panel. Trace and Cock-
pit are essential to maintaining
graphical contact with any real-time
simulation.

Mentor Graphics VI Corp

Wilsonville, OR Northampton, MA Trace allows real-time analysis of
(Cslglae) ﬁgsézgoo (ér](fe) ,ff %2;44 any controller and provides hardware-
SES Visual Solutions in-the-loop simulation without disturb-
(Austin, TX) Westford, MA ing system operation. The tool also
(512) 328-5544 (508) 392:0100 allows you to record and continuously
Circe No. 364 Gircle No. 367 plot variables in the DSP processor’s
L’L"’ic':“‘;x;\w°’k’ e on- and off-chip memory. In practice,
(508) 653.1415 you can later analyze Trace records
Circle No. 365 using Matlab and compare data with

Super Circle Number
For more information on system-simu-
lation products available from all of
the vendors listed in this box, you
need only circle one number on the
postage-paid reader service card.

Circle No. 368

results from off-line simulation as a
means of enhancing your models.
Cockpit allows you to animate con-
trolling and monitoring a real-time
simulation. You can design your own
panel using a standard library of knobs,
sliders, and meters. In operation, the
software periodically updates meters
and displays but, more important,

With the |
MDC40IC imaging
module you can ea:
grab, process, and dis-
play image data as part of &
parallel processing network.

Develop dual, quad, or even octal parallel pro-
cessing DSP systems—all with powerful TIM-40™

modules from Spectrum. Where you'll find a
wide range of embedded products.
Plus development software you can

I work with easily in both the /\

u can put an

pressive 400

FLOPs of processing

power on just a single

. rrier board with four
TIM-40 dual modules.

PC and Sun environments.
Which means you'll get quick time-to-market and
low-cost OEM C40 boards for the VME platform.
So before you configure, call 1-800-663-8986,
for the finest DSP hardware, development systems
and experienced technical support in the industry.

SPECTRUM
N TR

Copyright © 1994 Spectrum Signal Processing, Inc. All rights reserved

TIM-40 is a trademark of Texas Instruments, Inc.

Putting DSP to Work

CIRCLE NO. 31
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allows you to adjust control settings,
which, in turn, modify control parame-
ters on the fly during a real-time simu-
lation.

One of the limitations of hardware-
in-the-loop simulations is that the plant
simulator may not be able to mimic sen-
sor output signals accurately in high-
speed systems. For example, in
advanced automotive-engine manage-
ment, it takes around 2-psec timing
resolution to sense 0.1° angular rotation
at 8000 rpm. Also, even seemingly mun-
dane signals representing slow-chang-
ing temperature and pressure may
require much higher bandwidth noise
elements to preserve the integrity of
the overall simulation. In general,
there’s no chance that the main DSP
plant simulator can also generate such
time-critical outputs, and, therefore,
the system needs additional hardware.

dSpace has recently introduced such
a product, DS2301, which uses six
TMS320C31 processors and 16-bit
DACs. The DS2301 autonomously pro-

EDN-TEcHNOLOGY UPDATE

duces six high-speed output waveforms
with edge resolutions below 1 psec. C
code programs the signal-generation
algorithms, which are calculated on-
line. dSpace calls the technique “direct
digital synthesis” (Ref 2). EDN
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When you want fully compatible
4-Mbit VRAMS,
TI delivers.

To meet the competitive demands of today’s
graphics market, TI delivers the only com-
mercially available solution — our full family
of 4-Mbit VRAMs. And puts you on the path
to a higher level of graphics performance
than 1- or 2-Mbit VRAMs can provide.
Compatibility means flexibility. The
first to introduce the 4-Mbit VRAM, TI is also

the first to meet the JEDEC 4-Mbit VRAM
standard, including a 256-bit Serial Access

Memory (SAM). So when you
start your next-generation
high-resolution graphics
designs with TI, you get maxi-
mum future design flexibility.
Something not all 4-Mbit VRAM
manufacturers can deliver.

The right devices, right now.
We deliver what we promise.
Our family of 4-Mbit VRAMs
has been in volume production

EXTEN
LA S - I

™ Total Integration, Extending Your Reach and
Extending Your Reach With Total Integration
are trademarks of Texas Instruments Incorporated.

more than a year, so you can get the devices
you need in full production quantity.

Higher integration, lower cost. The
higher density of 4-Mbit VRAMs reduces chip
count for more efficient use of board space
and increased system reliability. The dual
asynchronous data ports simplify the CPU
interface and greatly reduce the memory
bandwidth bottleneck. Add that to our Total
Integration™ philosophy and it equals cost-

point

"""« EDO page mode et
" o 18/22-ns serial cycle time | and support, along with time-
* 60/70-ns access speeds ly information, when and
» Programmable spl:t mgrsrer

effective designs.

\ m | Available today. TI offers

you unprecedented service

. | where you need it. Just call

stop ; ~
* 256K x 16 DRAM arganizatvon | 1-800-477-8924, ext. 3611.

:zﬁisn; :,f,,sﬂ,'," We'll get the‘facts on TI's
(4 %}xtblockwri’te fully compatible family of
o2 . o2 : :
«CAS before RAS rafresh 4—Mb1.t VRAMs delivered to
you right away.
DING YOUR "RIE AC8H
OTAL INTEGERATLEO N

TEXAS
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New 20-Bit Digital Audio ADC System

PCM1760 stereo delta-sigma modulator, together with its matched DF1760 digital filter, provide
professional digital audio designers the best combination of analog-to-digital converter performance
available for under $30! The system offers 20-bit resolution, wide 108dB dynamic range, very low
-92dB THD+N, and clear 110dB SNR. PCM1760 and DF1760 are available in 28-pin DIP and SOIC.
PCM1760 operates from 5V supplies, DF1760 from a single 5V supply. PCM1760 is priced from

$14.37: DF1760 from $15.52 in 1000s.

12- and 16-Bit Serial Out,
100kHz Sampling A/Ds

ADS7808 and ADS7809 are low cost, general
purpose, serial output, CMOS sampling A/Ds.
Both deliver 100kHz sampling rates with very
low 100mW power dissipation using a single
+5V supply. Ideal for many low power, portable
applications requiring high sampling rates with
superior accuracy and spectral purity, they're
perfect for spectrum analyzers, portable oscillo-
scopes and vibration analyzers, medical
electronics, and process control applications—
where their serial output simplifies needed
isolation. Available in 20-pin 0.3" plastic DIPs
and SOICs. ADS7808 is priced from $9.95;

ADS7809 from $28.85 in 100s. CIRCLE NO. 187

CIRCLE NO. 185

New 12-Bit, Low Power,
800kHz Sampling A/D

ADS7810’s 800kHz sampling rate makes it the
world’s fastest, 12-bit, monolithic SAR ever—
60% faster than its closest competitor! Its high
speed, small size, low power, low cost, and
excellent Nyquist performance make it ideal
for data acquisition, DSP boards, and image
processing/scanning applications. Key specs
include: 800kHz min sampling rate, 12 bits
resolution, 70dB min SINAD with 250kHz input,
+0.5LSB max INL, +0.9LSB max DNL, and
250mW max power dissipation. Available in
28-pin 0.3” plastic DIP, SOIC and die. ADS7810
is priced from $29.45 in 100s.
CIRCLE NO. 188

New Data
Conversion I R 8ROWY
Products IC
Data Book

The Data Conversion Products
IC Data Book contains com-
plete product descriptions,
specifications, applications
tips, and ordering information Dara
for a broad line of high el mﬁ&n'cv:,?m [
performance, high quality E b
data conversion products. . TN

With over 950 pages, it offers more than .

25 new high performance data conversion solutions. New
products profiled include: A/D and D/A converters, data
acquisition components, sample/hold amplifiers, V/F
converters, multiplexers, and demonstration boards. The Data
Conversion Products Data Book is FREE from any Burr-Brown
sales office or representative. Or, call the Literature Hot Line at
1-800-548-6132 to get your copy.

CIRCLE NO. 186

20-Bit BiCMOS DAC

PCM1702’s unique architecture produces a 20-bit DAC with
high dynamic range, high SNR, and very low distortion.
Processed using BiICMOS technology, it has very low power
consumption and is packaged in a compact 16-pin plastic DIP
or 20-pin SOP. PCM1702 is an unbeatable choice for high-end
CD players, musical instrumentation and professional audio
applications. Key specs include: -96dB max THD+N, 104dB
typ dynamic range, 110dB typ SNR, 200ns typ settling time,
and 150mW typ power dissipation. Priced from $11.64 in 1000s.
CIRCLE NO. 189

+5V Voltage Reference Guarantees Long-Term Stability

REFO5 is a precision +5V voltage reference that's a pin for pin replacement for the industry standard REF-05. Its guaranteed long-term output voltage drift of 25ppm/1000
hours max is 4 times more stable over extended use than the closest competitor. Key specs are: +5V +0.1% max output voltage, 8.5ppm/°C max temperature stability, 10pVp-p
(0.1Hz to 10Hz) noise, 0.008% max line regulation, 0.005%/mA max load regulation, 1.4mA max quiescent current, and 8VDC to 40VDC supply range. Available in an 8-lead

hermetic T0-99 and priced from $15.30 in 100s. CIRCLE NO. 190

BURR - BROWN?®

Burr-Brown Corporation ¢ P.0. Box 11400  Tucson * AZ 85734-1400 « Call 1-800-548-6132 or fax 602-741-3895




New 250mA Buffer Amp Slews at 2000V/us

BUF634 is a high speed, unity-gain buffer amplifier that delivers 250mA output and 2000V/us slew
rate—all in a tiny SO-8 package. Its low price, high performance, rugged monolithic design, and ease
of use make BUF634 ideal for a wide range of general purpose applications. It's an excellent driver for
valves, solenoids, video, and even headphones. BUF634 comes in three different packages: an SO-8
surface mount, an 8-pin plastic DIP, and a 5-pin TO-220. Priced from $2.60 in 1000s.

Low Noise, Precision
Difet® Op Amp

0PA124 is a precision, monolithic FET op amp
that delivers low bias current, noise, voltage
offset, and drift plus high open loop gain
and common mode rejection. Its versatility,
small size, and low price make it ideal for
analytical and laboratory instrumentation, data
acquisition, test/medical equipment, and opto-
electronics. Key specs include: 6nV/ Hz
(10kHz) voltage noise, 1pA max bias current,
2uV/°C max drift, 120dB min open loop gain,
100dB min common mode rejection, and
250pV max offset. Available in compact 8-pin
surface mount and plastic DIP packages.
Priced from $3.12in 1000s. CIRCLE NO. 193

CIRCLE NO. 191

2 x 1 Dual, Video Multiplexer

MPC102 is a dual, 2 x 1 signal multiplexer that
distributes and routes wideband analog and
digital signals at a high data rate. Designed
for high-definition television and broadcast
equipment, its excellent harmonic and
dynamic specifications are also ideal for radar,
communications, computer graphics, and data
acquisition systems applications. Key specs
include: 210MHz (1.4Vp-p) bandwidth, 640V/us
(2Vp-p) slew rate, 68dB channel crosstalk
(30MHz), +6mV/-8mV switching transients, and
+4.6mA (one channel)/+230pA (no channel)
quiescent current. Operating from a +5V supply,
MPC102 is available in 14-pin DIPs, SOICs, and

dice. Priced from $7.41 in 100s. CIRCLE NO. 194

New Linear BURRy
Products IC
Data Book

The Linear Products IC Data
Book contains complete
product descriptions, speci-
fications, applications tips,

and ordering information

for a broad line of high
performance, high quality St
linear products. Its 1100+
pages give designers

more than 30 new high performance linear

ICs. New products profiled include: operational amplifiers,
instrumentation amplifiers, isolation products, power opera-
tional amplifiers, references, regulators, and demonstration
boards. The Linear Products Data Book is FREE from any
Burr-Brown sales office or representative. Or, call the Literature
Hot Line at 1-800-548-6132 to get your copy.

CIRCLE NO. 192
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New “Easy-to-Use”
Programmable-Gain Amplifier

PGA103 is a monolithic digitally programmable amplifier
available in an 8-pin plastic DIP and SO-8 surface mount
packages. Gains of 1, 10, and 100 are digitally selected by two
TTL- or CMOS-compatible control lines. It's an “easy-to-use”
simple solution for systems that handle wide dynamic range
signals. PGA103’s precision, versatility, size, and low cost
make it ideal for process control, medical instrumentation,
test/measurement equipment, and general-purpose analog

boards. Dice also available. Priced from $3.90 in 100s.
CIRCLE NO. 195

Dual, Isolated, Bi-Directional Digital Coupler

IS0150 is an ultra high-speed capacitively coupled digital device that provides high isolation with very low power consumption. Designed to replace optocouplers, its low power, high
speed, and low cost make it a reliable alternative. Use it for A/D and D/A conversion, multiplexed data transmission, computer-to-peripheral interfaces, I/0 port isolation in instruments,
power inversion, and isolated data acquisition systems. Key specs are: 80M Baud typ data rate, TTL/CMOS compatibility, 25mW max power consumption per channel, tested at
2400Vrms isolated partial discharge per VDE0884, and 16.5mm creepage distance. Available in 24-pin single-wide plastic DIP, and priced at $7.75 in 100s.

CIRCLE NO. 196
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Hall-Effect
Latches For
High-Temperature
Operation — 3185

The 3185 Hall-Effect Latch is an
extremely temperature-stable
and stress-resistant
especially suited for operation
over extended temperature
ranges to +150°C. Superior high-
temperature performance is made
possible through a novel Schmitt trig-
ger circuit that maintains operate and
release point symmetry by compen-
sating for temperature changes in the
Hall element. Additionally, internal
compensation provides magnetic
switch points that become more sen-
sitive with temperature, hence offset-
ting the usual degradation of the
magnetic field with temperature. The
symmetry capability makes these
devices ideal for use in pulse-count-
ing applications where duty cycle is
an important parameter.

sensor

B Symmetrical Switch Points
B Superior Temperature
Stability
B Operation From
Unregulated Supply
B Open-Collector 25 mA
Output
B Reverse Battery Protection
W Activate With Small,
Commercially Available
Permanent Magnets
B Solid-State Reliability ...
No Moving Parts
B Small Size
B Resistant to Physical
Stress

Ultra-Sensitive Bipolar
Hall-Effect Switches — 3132

These Hall-Effect switches are B 45Vto24V

designed for magnetic actuation Operation

using a bipolar magnetic field, B Reverse Battery

i.e., a north-south alternating Protection

field. They combine extreme B Superior Temperature
magnetic sensitivity with Stability

excellent stability over varying B Superior Supply Voltage
temperature and supply voltage. Stability

The high sensitivity permits their B Activate with Multi-Pole
use with multi-pole ring magnets Ring Magnets

Solid-State Reliability ...

No Moving Parts

B Small Size

B Constant Output Amplitude
Resistant to Physical Stress

over relatively large distances. |

OUTPUT

CIRCLE NO. 201

Hall-Effect Switches For High-
Temperature Operation — 3121

These Hall-Effect switches are monolithic integrated circuits with
tighter magnetic specifications and switch points, designed to
operate continuously over extended temperatures to +150°C, and
are more stable with both temperature and supply voltage
changes. The unipolar switching characteristic makes these
devices ideal for use with a simple bar or rod magnet.

B Superior Temperature Stability for D

Automotive or Industrial Applications m’ .

B 45Vto 24V Operation ... i
needs only an unregulated supply

B Open-Collector 25 mA Output ...
Compatible with Digital Logic

B Reverse Battery Protection

B Activate with Small, Commercially

CIRCLE NO. 202
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Ratiometric, Linear
Hall-Effect Sensors
— 3503

The 3503 Hall-Effect sensor accu-
rately tracks extremely small
changes in magnetic flux density—
changes generally too small
to operate Hall-Effect switches.

\\ Asmotion detectors, gear
" tooth sensors, and prox-
imity detectors, they are
magnetically driven mir-
rors of mechanical events.
As sensitive monitors of
electromagnets, they can
effectively measure a
system's performance
with negligible system
loading while providing !
isolation from contami- ] |
nated and electrically |}
noisy environments.
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Extremely Sensitive

Flat Response to 23 kHz
Low-Noise Output

4.5V to 6 V Operation
Magnetically Optimized Package
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Take A Test Drive... Call For Samples

Try these Allegro ICs in your breadboard. You'll find that you'll reduce your
component count, increase reliability through use of monolithic solutions and
protection features, as well as potentially lowering overall manufacturing costs.
Sample and detailed technical information are now available. Just give us a call.

THE PACE QUICKENS

TM.

l e l' :
L &
MicroSystems, Inc

L,

Available Permanent Magnets
Solid-State Reliability ...
no moving parts

B Small Size

Resistant to Physical Stress

FORMERLY SPRAGUE SEMICONDUCTOR GROL

CALL 1+ 508 ALLEGRO
115 Northeast Cutoff, Worcester, Massachusetts 0161¢




A substantial list of
low-cost 12-bit
devices with com-
petitive power and
speed makes up-
grading 8- or 10-bit
systems seem
almost foolproof.
However, ensuring
12-bit accuracy
means reevaluating
many other aspects
of a design.

EDN-TeCcHNOLOGY UPDATE

12-BIT ADGs

Now may be the time to upgrade
your 8- and 10-bit systems

ANNE WATSON SWAGER, Technical Editor

Plunging prices of 12-bit monolithic ADCs
with sampling rates from 10 kHz to 2 MHz
are dramatically reducing the cost of 12-bit
designs and breaking the barriers to upgrad-
ing 8- and 10-bit systems. Just two years ago,
the price of a 100k-sample/sec ADC was
around $15 to $20. That ADC today costs as
little as $5 to $10, and 500k-sample/sec con-
verters cost $10 to $20 (Fig 1).

However, price isn’t the only parameter in
decline; power is also going down, even for
+10V systems. Although some of these
ADCs require dual supplies, most operate
from a single 5V supply; some, from 3V sup-
plies. A number of these ADCs include
devices with very-low-power consumption of
12 to 50 mW and can implement a complete
power-down.

While concentrating on cost and power,
the designers of these converters continue to

increase speeds above 500 kHz and, in many
cases, integration. Attaining even higher
speeds at low cost is a high priority on many
companies’ agendas for the immediate
future. (See box, “Looking ahead: above and
beyond 12-bit, 10-psec ADCs.”)

Table 1 lists just a sample of some compa-
nies’ 12-bit, 10-kHz to 2-MHz converters. By
the latest count, Analog Devices’ division in
Ireland alone produces 12 12-bit ADCs and
their various permutations. Burr-Brown’s
ADS78xx family currently comprises eight
members (four of which are 12 bits and four
of which are 16-bit pin-compatible partners),
and the company will add more members by
year-end.

An eclectic group
The table lists a somewhat-eclectic group
of converters, ranging from extremely sim-

35 sage
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Fig 1—The costs of 12-bit ADCs with 10-kHz to 2-MHz sampling rates have dramatically decreased
within the last few years. However, prices dramatically increase as the ADCs go even higher in fre-
quency, easily passing the $100 mark at around 5 MHz.
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“Four signal
generators? -
No problem.”

“Done deal”

“You'll have
‘em tOMOrrow,

“Network
analyzers?
Sure”

“Logic
analyzers?
Absolutely”

“You got it”

“Surge generators? You bet”

“Where you want it shipped?”

h
t

U

'

“Spectrum
analyzers?
. Wevegotem”

“Oscilloscopes?
You betcha”

- “All the leading
- brands’

_ “Recorders?

! Right away’

“No problem?

“Environmental
chambers? Yes.

Need test equipment?

When you need test equipment
for a critical job, GE Rental/Lease
comes through for you. Looking for
a spectrum analyzer to measure
40 GHz with a resolution bandwidth
of 3 Hz? How about a thermal array
recorder with up to 32 channels?

We've got more than 120,000
pieces of name-brand test equip-

ment and workstations to choose
from. Available for overnight deliv-
ery to almost anywhere in the U.S.
and Canada. Our seasoned technical
experts and ISO 9002 registration
help assure you'll get the equipment
and support you need.

Get the full picture in the new
GE Rental/Lease catalog. Keep the

equipment you need right at your
fingertips. Call 1-800-GE-RENTS
for your free catalog today.

GE Rental/Lease

Test Equipment & Workstations
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12-BIT ADCs

ple, stand-alone types to highly inte-
grated ICs, such as National Semicon-
ductor’s LM12434 and 12438. These
converters offer much more than core-
ADC and data-acquisition-IC features
such as multiple input channels. Each
also incorporates an instruction RAM,
an event sequencer, and a 32-word
conversion FIFO buffer. These re-
cently introduced 3 to 5.5V power-sup-
ply versions also have a power-down
output.

The table’s converters also feature a

variety of input ranges, power-supply
voltages (although single 5V is the most
common), package sizes, and variations
on or departures from the familiar suc-
cessive-approximation-register (SAR)
architecture.

Inputs range from 0 to 2V and +2.5 to
10V, sometimes irrespective of
supply voltage. For example, Analog
Devices builds its 789x SAR-type con-
verters on a BiCMOS process so that
these 5V ADCs can handle inputs of
+10V. The process allows for the input

to go 10V above the supplies. ADCs
built on standard CMOS processes usu-
ally have much more restricted input
ranges that can go only 0.3V above the
supply, for example.

These converters are also much
smaller than their 12-bit predecessors.
With just a few exceptions, virtually all
of the converters come in both DIP and
SOIC packages, and two fit into 8-pin
SOICs: Analog Devices’ 125k-sample/
sec AD7893, and Linear Technology’s
12.5k-sample/sec 1286/98. Maxim also

TABLE 1—REPRESENTATIVE LOW-COST 12-BIT ADCS

Vendor Part no. Speed Key features (mW max) | No. of pins | (1000)

Analog AD7893/6 125 k samples Serial, 5V supply, T/H 0 to 2.5 to £10V 50 8 $9

Devices input range

Circle No. 301 AD7890 125 k samples Eight single-ended channels, serial, 50 24 $10.20
power-down, T/H, reference

AD7853 200 k samples 3 to 5V operation, serial, pseudo- 18 24 $8

AD7858 differential inputs (7853), four pseudo- (Vpo=3V) $11.20
differential or eight single-ended
inputs (7858), power-down

AD7891 500 k samples 5V supply, T/H, 25-ppm reference, 75 44 $16.15

AD7892 eight channels (7891), parallel and 24 $13.60
serial, power-down, selection of input
ranges

Burr-Brown ADS7806 40 k samples Parallel and serial, power-down, 0 to 4 35 28 $9.25
Circle No. 302 to £10V input ranges, 5V supply

ADS7808 100 k samples Serial, 0 to 4 to 10V input ranges, 100 20 $9.25
5V supply

ADS7810 800 k samples Parallel data with latches, £10V input 250 28 $26.50
range, S/H, clock, reference, +5V
supply

Crystal CS5030 500 k samples Reference (1 ppm 5030 and 5031; 70 24 $18.50
Semiconductor | CS5031 60 ppm 5032); +5V supply; input $18.50
Circle No. 304 | CS5032 ranges of +2.5 (5030 and 5032) $15.90
or 0 to 5V (5031); flexible serial,
parallel, and byte interface
Harris HI5810 100 k samples 5 or 3.3V (5813) supplies, S/H, 42 24 $7.30
Semiconductor | HI5812 50 k samples parallel 10 (typ) $6.95
Circle No. 306 | HI5813 40 k samples 9 $8.41
Linear LTC1286/98 | 12.5 k samples | 2.7 to 9V supplies, S/H, 2-channel 0.5/1.2 8 $4.65
Technology multiplexer or differential inputs,
Circle No. 307 serial

LTC1273 300 k samples 5 or +5V supplies, S/H, 25-ppm 75 (typ) 24 $14.09

LTC1275 reference, clock, parallel, inputs of $12.65

LTC1276 +2.5 (1275), 0 to 5 (1273), and $13.20
+5V (1276)

LTC1278 500 k samples 5 or 5V supply, 5-mW power-down 75 24 $14.35
with instant wake-up, S/H, reference, to $17
clock, parallel

Maxim MAX186 133 k samples Eight input channels, reference, (186), 12.75 20 $8.95
Integrated MAX188 5 or +5V supplies, power-down, serial $8.45
Products MAX120 500 k samples 5 and —15V supplies, T/H, 25- to 315 24 $16
Circle No. 308 MAX122 333 k samples 40-ppm references, 5V input range, 315 24 $12

MAX176 250 k samples parallel (120 and 122), serial (176) 172 8or16 $13.20

table continued on pg 70
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12-BIT ADCs

packages a number of its converters in
shrink SOICs.

SAR architecture rules

The SAR architecture still domi-
nates in this 10-KHz to 2-MHz fre-
quency range. However, these SAR
converters come in two implementa-
tions: those that implement the conver-
sion using an R-2R ladder network and
those that use switched-capacitor
structures. Texas Instruments uses a
patent-pending switched-capacitor
SAR architecture to enable the
TLC2543 to achieve 12 bits with a small
die size (and thus the $5.25 price). The
converter also uses a fuse-blown tech-
nique, which prevents the need for
expensive laser trimming.

Whether a converter is based on an
R-2R or switched-capacitor structure
doesn’t change the way you communi-
cate with and use the ADC. However,
these structures, along with whether
the converter uses BiCMOS or CMOS
technology, do change power consump-
tion, input range, and performance of
internal references.

EDN-TECHNOLOGY UPDATE

For example, those ADCs striving to
achieve the lowest possible power con-
sumption generally have a CMOS,
switched-capacitor architecture. In
general, these ADCs’ internal refer-
ences aren’t as accurate as R-2R or
switched-capacitor types built on bipo-
lar or BICMOS processes. Some compa-
nies use BiCMOS processes because
they allow IC designers to build better
references. ADCs built on BiICMOS
processes, such as the ADT7892/1,
LTC1273/5/6, and MAX120/122, feature
internal references with precision char-
acteristices of 25 ppm/°C compared with
50 to 60 ppm/°C for other internal
references.

But it doesn’t always take a BICMOS
process to produce accurate reference
performance. Crystal Semiconductor
set out to produce a 12-bit SAR con-
verter with absolute accuracy, includ-
ing the drift characteristics of the ref-
erence. The company uses E2PROM-
based calibration circuitry in the
CMOS CS5030 and 31 to produce a 2.5V
on-chip reference with an extremely
low temperature coefficient of 1 ppm/°C

reference. The designers also brought
the reference to an output pin, so you
can use the reference for the rest of the
system.

As these converters’ sampling rates
approach 1 MHz, other architectures
start appearing, such as the 2-step con-
version methods common to high-speed
hybrid ADCs. Both National Semicon-
ductor’s and Micro Linear’s 1-MHz
devices use this method. Soon, some
200-kHz oversampling converters will
also debut. (See box, “Oversampling
converters quietly creep up in sampling
rate.”)

Differentiating features

The group of low-cost 12-bit ADCs
often have competitive de and ac spec-
ifications, including differential non-
linearity specs around +1 LSB with
no missing codes. (However, some
converters’ differential nonlinearity
can be as high as +4 LSBs.) Integral
nonlinearity can vary from 1 to 2.5
LSB, and minimum S/N-ratio-plus-
distortion (SINAD) specs can be as
high as 72 dB with -80-dB THD.

1—REPRESENTATIVE LOW-COST 12-BIT ADCS (continved)

Power Price
Vendor Part no. Speed Key features (mW max) | No. of pins | (1000)
Micro ML2230 31.5 pusec P compatible, 12-bit plus-sign ADC, 400 24 $7.65
Linear S/H, £5V supplies
Circle No. 309
Micro Power MP3275 15 psec 16 channels, 50V overvoltage 200 68 $24.09
Systems MP3276 protection, serial (3276) and parallel $24.68
Circle No. 310 MP87091/92 | 750 k samples 5V supply, parallel (7091) or serial 200 28 $10.37
(7092), TH
MP8790 2000 k samples | Parallel, T/H, 5V supply 225 52 $25.58
MP8791 28 $23.26
National ADC12L030/ | 73 k samples 12-bit plus-sign, self-calibrating, 3.3V 15 16 to 28 From
Semiconductor | 2/4/8 operation, T/H, 2-, 4-, and 8-channel $11.80
Circle No. 311 multiplexers
ADC12062 1000 k samples | 2-channel multiplexer, S/H, low-power 75 44 $25.50
ADC12662 1500 k samples | standby mode, parallel 200 $29.30
LM12434/38 | 140 k samples 12-bit plus sign system with serial /0 34 28 $18.90
and self-calibration, S/H, RAM,
8-channel multiplexer, FIFO buffer,
3 to 5V supply
Sipex SP8480 100 k samples Eight input channels, parallel, 200 28 $13
Circle No. 313 SP8481 S/H, reference $14
SP8503/5/10 333/200/100 5V supply, bipolar (85xx) and unipolar 125 24 $10 to
SP8603/5/10 k samples (86xx), reference, $12
S/H, parallel, clock
Texas TLC2543 10 psec Serial, 5V supply, S/H, clock, 12.5 20 $5.25
Instruments 11 input channels, power-down,
Circle No. 314 built-in self-test
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P Amp Lowers
the Cost of Precision

1

Low Specs, ngh Performance OPA124 Key Specifications

OPA124 is our new, precision op amp that combines low prices * Low Input Voltage OffSel............o 250V max
with outstanding performance for critical instrumentation, data * Low OffSet Drift ... 2uV/°C max
acquisition, and optoelectronic applications. Its low bias current, * Low Input Bias Current..............coovie 1pA max
low noise, low voltage offset, and low drift mean the highest * Low Voltage NOiSe .................... 6nV/\ Hz at (10kHz)
performance available in a surface mount package—superior even i L R 100dB min
to BiFET and CMOS amps. And, OPA124’s patented dielectric * High Open-Loop Gain.............occccovooroer 120dB min
isolation (Difet®) processing and unique cascode design ® PaCkAgeS ..o 8-Pin Plastic DIP and SOIC
minimize input errors and simplify filtering requirements. You get * Lowv prices from $3.12 (1000s)

the lowest drift with the best system performance you need.
A New L_owr for You...FREE Samples

2 packages, 3 performance grades Try the lowest and the best! For your FREE SAMPLE, detailed data
Available in both an 8-pin plasic DIP and surface mount package, sheet, and Operational Amplifiers brochure, just call 1-800-548-6132.
OPA124 also comes in three performance grades. Our highest Or, ask your local sales rep for more information.

grade specs in SOIC can't be beat by any competitor! You pick the
perfect performance grade for your specific application.

L owv Prices, too!

All this performance plus low prices! With prices starting at $3.12 in
1000s, OPA124 is the highest performing op amp out there with the
lowest price around. You get the best for the lowest price.

CIRCLE NO. 64

Burr-Brown Corp. P.0. Box 11400, Tucson, AZ 85734
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12-BIT ADCs

The issue of absolute aceuracy can be
bothersome to system designers who
are used to using 8- or 10-bit converters
in the 100-kHz to 1-MHz range. These
lower-resolution converters, including
the reference, generally have no trouble
meeting a +1- or +2-LSB overall accu-
racy spec.

However, the same isn’t true for 12-
bit converters and systems. These
ADCs’ total unadjusted error (TUE)—
the sum of integral- and differential-
linearity, offset, and full-scale errors—
covers a wide range. TUE can be as low
as 1 LSB (as it is for Crystal Semicon-
ductor’s CS5030/31 with the 1-ppm ref-
erence) and as high as around 20 LSBs,
roughly equivalent to an accuracy
somewhat less than 8 bits (2¥=20 L.SBs,
where N is the number of bits equiva-
lent to the TUE in LSBs. In this case,
N=4.3, so overall accuracy is 12-4.3=7.7
bits). So, many of these ADCs approach
12-bit accuracy only with a system
calibration.

Although system calibration is com-
mon, reasonable accuracy without cal-
ibration is sometimes desirable. For
example, to detect voltage drop-off, a
battery-voltage monitor may require
a resolution of 8 bits, but not quite 12.
This means that you can buy an 8-bit
converter and calibrate or buy a 12-

OVERSAMPLING ADCS QUIETLY CREEP UP IN SAMPLING RATE

A list of 12-bit converters with speeds
exceeding 100 kHz doesn’t normally
include any oversampling ADCs (also
known as delta-sigma and sigma-delta
converters). Since their appearance as
the latest ADC architecture, oversam-
pling converters have assumed roles in
very low-frequency and audio niches.
However, companies are working on
higher-than-audio-speed oversampling
converters and two—one 12- and one
16-bit device—will shortly be avail-
.able. Crystal Semiconductor also has
some high-speed oversampling ADCs
in the design phase. These converters
will provide communications systems
and others with the advantages of the
oversampling architecture: a simple
antialiasing filter and a low cost.
Analog Devices’' 12-bit AD7721
(around $15) has a 210-kHz input
bandwidth. The output word rate is

468.75 kHz, and the sampling rate is
30 MHz (set by a nominal 15-MHz
external clock.) The ADC features an
internal reference, operates from 5V
supplies, and accepts a differential
input of O to 2.5V or £1.25V. As with
other oversampling converters, the on-
chip fiitering reduces the external
anticliasing requirements to first order
in most cases.

National Semiconductor’s ADC-
16071/471 ($19.90 (100)) is a 16-
bit ADC with a 192k-sample/sec
throughput with 64 times oversampling
of 24.576 MHz. (The company pre-
sented this part at this year's Interna-
tional Solid State Circuits Conference.)
This IC also features a 2V reference
and, operating on a single 5V supply,
consumes 375 mW max (1 mW max
in standby mode). S/N ratio is 94 dB,
and THD is 0.0015% at 1 kHz.

bit converter with a fairly good TUE.
The industrial and commercial grades
of Harris Semiconductor’s 3.3V
HI5813 for example, have respective
TUESs of 9 and 13 LSBs, which both

equate to around 9 bits of accuracy.

The wide variety of available low-
cost 12-bit converters removes many
barriers to upgrading to 12 bits. How-
ever, finding the right converter with a

FOR FREE INFORMATION. ..

products in EDN.

For free information on the ADCs discussed in this article, circle the appropriate numbers on the postage-paid 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

Crystal Semiconductor
Austin, TX

(512) 4457222

Circle No. 304

Datel Inc
Mansfield, MA
(508) 3393000
Circle No. 305

Harris Semiconductor
Melbourne, FL

(800) 442-7747, ext 7199
Circle No. 306

Micro Power Systems
Santa Clara, CA

(408) 727-5350

Circle No. 310

Nati GI I3 v B

Santa Clara, CA
(800) 6287364
Circle No. 311

Signal Processing Technologies
Colorado Springs, CO

(719) 540-3999

Circle No. 312

Analog Devices Inc Linear Technology Corp Sipex Corp
Wilmington, MA Milpitas, CA Billerica, MA

(617) 937-1428 (408) 432-1900 (508) 671-1940
Circle No. 301 Circle No. 307 Circle No. 313
Burr-Brown Corp Maxim Integrated Products Texas Instruments
Tucson, AZ Sunnyvale, CA Dallas, TX

(800) 548-6132 (408) 737-7600 (800) 477-8924, ext 4500
Circle No. 302 Circle No. 308 Circle No. 314
Comlinear Corp Micro Linear

Fort Collins, CO San Jose, CA

(303) 226-0500 (408) 433-5200

Circle No. 303 Circle No. 309
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Super Circle Number
for more information on the ADC
products available from all of the ven-
dors listed in this box, you need only

paid reader service card.

VOTE...

Please also use the Information
Retrieval Service card to rate this
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High Interest 598
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LONWORKS technology

puts you 1n control.

How? Ask any of the cutting-
edge companies who are using
LONWORKS " technology to design
process control systems with Motorola’s

new NEURON® IC.

Accudyne/Ketek Division
Acromag, Inc.

Brooks Instruments

Grayhill
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Lakewood Instruments, Inc.
Metra Corporation

MICRO SWITCH, Honeywell Inc.
Motorola Wireless Data Group
Proteus Industries, Inc.

Smart Systems, Inc.
Weidmiiller, Inc.

© 1994 Motorola  ®) and Motorola are registered trademarks of Motorola.

Echelon
Corporation’s ‘::
LONWORKS \
technologyis
powered by the
NEURON IC,
Motorola’s new con-
trol processor. It’s your
most cost-effective entree into the
revolutionary world of intelligent dis-
tributed control.

Among the NEURON IC’s many
strong points: three on-chip CPUs,
embedded communications protocol
based on the OSI reference model, and
high speed serial communications ports.

But best of all, the NEURON IC’s
surprising affordability means you can
now economically add distributed con-
trol to applications that range from
process control systems to complete
factory and plant communications and

automation networks.

MOTOROLA

MOS Digital-Analog Integrated

Circuits Division

For a complete data package
and information about
Motorola’s NEURON IC,
mail or fax the attached
coupon today. And
join the ranks of companies
who are among the most well-connected

in business today.
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12-BIT ADCs

These expectations have ramifications,
some of which go far beyond the con-

10-bit systems expect them to be four
times more accurate than 8-bit systems

low price is just a start; many addition-
al factors determine the success of an
upgrade. The ADC itself may not bethe and 12-bit systems to be four times verter itself.

limiting factor. Remember that users of more accurate than 10-bit systems. An increase in system resolution

LOOKING AHEAD: ABOVE AND BEYOND 12-BIT, 10-MSEC ADCS

The future goal of most 12-bit ADC manufacturers is to
increase the speed of their low-cost devices. By year-end, Lin-
ear Technology hopes fo introduce a 12-bit, greater-than-1M-
sample/sec converter; the company is currently evaluating
the first silicon for this product. Micro Power Systems is design-
ing devices in the 4- and 5-MHz range.

Numerous 12-bit higher-speed monolithic and hybrid
ADC:s exist, but they cost significantly more than the devices
this article details. Although hybrid ADCs once dominated
this high-speed arena, more ICs are beginning to appear. For
example, Analog Devices recently introduced the monolithic
5-MHz, 12-bit AD871 ($95), and Harris Semiconductor is
working on a lower-power version of its TW, 12-bit, 3-MHz
HI5800 ($85). Also, by the end of this summer, Comlinear
Corp will introduce a monolithic 12-bit converter, the
CLC950, capable of taking 25M samples/sec ($185 (100)).

will join the company’s line of bipolar 12-bit ADCs, the 10-
MHz SPT7920, 20-MHz 7921, and 30-MHz 7922 ($99 to
$161 (1000)).

Hybrid manufacturers include Datel and Comlinear. Datel
will soon announce the 10-MHz ADS-119 ($336) and is
releasing a new design for the 5-MHz ADS-118 ($238 to
$262), a spin-off of the ADS-119 design. After the release of
the ADS-119, Datel’s 12-bit ADS family will comprise five
converters covering a 500-kHz to 10-MHz frequency range.
Comlinear’s CLC925 and 93X family covers a higher range
of 10 to 30 MHz, with prices around $450 to $500.

In other future developments in low-cost 12-bit ADCs, Burr-
Brown will continue to expand its ADS family by introducing
versions covering O to 5, £2.5, and +3.3V input ranges;
more serial-output devices in 20-pin packages; and the com-
pany’s first multichannel devices. Tl will soon introduce a

3.3V version of the TLC2543 and other 12-bit ADCs for cel-
lular phones.

Signal Processing Technologies also plans to announce a 12-
bit, 20-MHz CMOS ADC by the end of the summer. This ADC

D68 Series

HicH PrecisioN DIP Fixep FrReqQuency AcTivE FILTERS
FOR USE WiITH A/Ds up 1o 16 BIT

Available 8-Pole
Low-Pass Frequency Response

 Anti-Alias
 Noise Elimination
- Signal Reconstruction

« Compact size reduces board space
requirements.

* Plug-in ready-to-use, reducing engi-
neering design and manufacturing cycle
time.

« Factory tuned from 10 Hz to 100 kHz, no
external clocks or adjustments needed.

* Low harmonic distortion and wide sig-
nal-to-noise ratio to 16 bit resolution for
precision performance.

* Broad range of transfer characteristics
to meet a wide range of applications.
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PREP™ benchmarks tell you who really has the performance.

And QuickLogic's WildCat series has beaten the best. Look at any
of the nine standards and QuickLogic is #1.

Now that you know we are the fastest FPGA, you may be
wondering just how fast is it? In speed tests, our WildCat 1000 is
comparable to a 7 nanosecond PAL. Our 0.65 micron antifuse
FPGAs widen the gap between QuickLogic and the competition.

Ease of Design

All this performance is blended with a suite of design tools that are
truly fast and incredibly easy to use. Now QuickLogic takes the lead
by offering Windows and NT versions running at 32 bit performance.
This means for a fully utilized 1000 gate part, total run time is less
than 2.5 minutes on a 486 machine. In addition, a wealth of inter-
connect resources effectively eliminate routing and pin-out problems.

Presentations use or include the most recent PREP PLD Benchmark data
which was ding to Benchmark Suite #1, Version 1.2, dated 3/28/93.
Any analysis is not endorsed by PREP.

CIRCLE NO. 86

Price and Performance

These new WildCat FPGAs provide the internal and external
performance required by today's most demanding applications, at a
price that will surprise you. Just ask for our $99 starter kit to prove
your next design.

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

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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12-BIT ADCs

requires a reevaluation of signal-condi-
tioning circuits, particularly the drive
amplifier. Every 1-bit jump in resolu-
tion constitutes a 6-dB increase in S/N
ratio. A 12-dB jump from 10 to 12 bits
means 12 dB more visibility to potential
limitations of driving circuits, such as
noise and distortion.

If a drive amplifier’s distortion is
extremely low before a resolution
upgrade, the amplifier probably won’t
limit the performance of the new ADC.
However, a design using the cheapest
signal conditioning possible to accom-
modate an 8- or 10-bit system may show
its limitations at 12 bits. Unfortunately,
an ultra-low-distortion op amp costs
much more than a medium-distortion
op amp.

Amplifier distortion and noise aren’t
the only accuracy limitations. Another
source of noise and interference is poor
pe-board layout, including improper
grounding, bypassing, and coupling of
digital and analog signals. The bad
effects of poor circuit layout rise dra-
matically when you upgrade a system

EDN-TECHNOLOGY UPDATE

from 10 to 12 bits. But, if the initial
board design is based on a good layout,
you may not need to change it. Good lay-
out practices generally include keeping
analog and digital signals separate to
minimize coupling between the digital
and analog sides.

An even more drastic measure may
be to reevaluate the effects of a switch-
ing power supply on the analog circuits.
Switching-power-supply designs are
using higher and higher switching fre-
quencies, and these higher frequencies
can affect the accuracy of an analog sys-
tem. You may have to consider how the
quality of the power-supply voltage
affects the ADC.

When switching from using a pP’s
internal ADC to using an external one,
be aware of what may happen when
you join the ADC and the pP. Despite
the fact that the ADC may have 3-state
output drivers, you can’t expect a 12-
bit accurate ADC to produce a 12-bit
answer if its outputs are directly tied
to some noisy system bus that also car-
ries 10-, 20-, or 30-MHz signals. Con-

sider using digital buffers between the
ADC and the pP.

Moving up to 16 bits

These system-design problems
become even worse if you upgrade
beyond 12 bits. At 16 bits, the drive
amplifiers’ settling time and full-power
bandwidth become extremely impor-
tant, along with the dynamic loading
effects of the ADC’s input. Even with
low-frequency signals of 1 to 3 kHz, dis-
tortion that doesn’t show up at 12 bits
does show up at 16 bits. Certain trade-
offs are mandatory at the 16-bit level;
it’s important to consider whether the
application requires the absolute mini-
mum of noise or distortion and how
much minimizing of those two parame-
ters the design can afford. EDN

You can reach Technical Editor Anne
Watson Swager at (215) 645-0544.
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P-GAD HELPED

PUT TRIMBLE ON THE MAP

You're never lost when you
carry the SCOUT GPS™ global
positioning system from
Trimble Navigation. P-CAD
helped Trimble’s design
engineers find what they were
searching for — the world’s
most productive PCB design
software. Trimble used P-CAD
software to navigate through
the design process, cutting

time to market and positioning
their new product as a market
leader. P-CAD PCB design tools
enjoy some unique positioning
of their own, consistently ranking
first in pins-per-hour benchmark
surveys among independent
service bureaus. In fact, compared
to other PC-based systems, P-CAD
software helps designers do
their work in as little as half

the time. Take P-CAD Master
Designer™ for example. It includes
enhanced auto-dimensioning so
designers can document

their work without mastering a
separate mechanical CAD system.
P-CAD offers a complete line of
software tools for DOS, Windows™
and UNIX® platforms starting
for as little as $1.995. For the
name of your nearest P-CAD
reseller call us toll-free. We'll
tell you how you could win a
free SCOUT GPS. And to help
you map out your own winning
design strategy, we'll send you
afree copy of our booklet,
“P-CAD— Productivity
Across the Board.” In

today’s competitive world,

you could be lost without it,

(800) P-CAD-844

More Productivity —
Across The Board

I From ALTIUM An IBM Cumpany

UNIX is a registered trademark of UNIX Systems Laboratories, Inc. SCOUT GPS s 4 trademark of Trimble Navigation Ltd. Windows is  trademark of Microsoft Corp.
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At 300 mils, our new 16-meg
DRAM is, in a word, svelte.
Especially when you compare it to
the rather faz 400-mil part which
has been the only way you could
get a 16-meg.

And—size being size—the thin
300-mil gives you an advantage nothing

© SAMSUNG SEMICONDUCTOR, INC., I1994.
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Introducing the

Downsized 16-meg DRAM.

[ At 300 mils, it’s lost WIDTH. |

else does. It lets
you put more
into the same
amount of space. -
Tben; Now.
manufacturer of high-end work-

If you're a

stations, mainframes, and super-

computers, you’ll have the

potential to increase your number of
memory chips—and therefore your
memory—by as much as 33 percent.
Compared to what you get with the
400-mil part.

Samsung is among the first
suppliers in the world to complete the
300-mil 16-meg. Partly because the




part’s lead-on-chip construction
—which is what makes it so much

smaller than the now-standard

part—is extremely difficult to manu-
facture. And building it marks one

more in a long line of significant
achievements in memory for Samsung.

We offer the 300-mil in both 5.0

and 3.3 volt. And if you build
systems that benefit from a
maximum of memory, you're
probably going to want to take
advantage of it—and all the width it
lets you lose.

For more information, please

et

today. Or write to DRAM
Marketing, Samsung Semiconductor
CA 95134.

SEMICONDUCTOR

call 1-800-446-2760 or 408-954-7229 A Generation AHEAD.
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ESDA

ELECTRONIC-SYSTEM-DESIGN-AUTOMATION

TOOLS

As system complexity grows, ESDA
tool vendors try to convince you
they can solve your design prob-
lems with a new class of tools.

Maybe they can.

Photo courtesy Mentor Graphics

DOUG CONNER,
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Not content with “EDA” for “electronic-
design automation,” trade-publication
editors have conspired with EDA-tool
marketers to create “ESDA” for “electron-
ic-system-design-automation,” the newest
in a never-ending stream of acronyms.
Your job as a designer isn’'t to understand
what ESDA means. That’s backward.
Instead, the ESDA vendors should under-
stand what designers need. However, you
do need to understand which ESDA tools
and design methods might help improve
your effectiveness as a designer.

You can best understand what you need
from ESDA tools by focusing on a method-
ology that best fits the type of work you do.
In the quick-paced world of electronics,
rethinking your design methodology
every few years is inadequate; the process
must be ongoing. You must constantly
hone your methodologies. After each
design, evaluate the tools and methods
you've been using to see what works, what
doesn’t, and what you need to fix.

Furthermore, the perfect methodology
for one company may very well drive
another company out of business. For
example, a test-equipment vendor with
relatively uncomplicated systems but with
extremely tight timing requirements may

TECHNICAL EDITOR
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still find that the best design method uses gate-level
schematics and simulation. A company designing DSP sys-
tems may find system-level functionality a greater problem
than is timing. That company may adopt a top-down design
methodology using system-design tools, a hardware-deserip-
tion language (HDL), logic synthesis, and simulation, and the
company may never descend
to the gate level except to
generate a netlist for device
fabrication.

Every new-ESDA-product
presentation starts by show-
ing how time to market is
your No. 1 enemy. Although
reducing time to market is
often vital, you must also
understand the factors af-
fecting time to market for
your company’s products—
and whether the ESDA tool
and any new methodology in
question will help.

The first thing you need to
do is evaluate where your
company spends time in
design work. (See box,
“Where does the time go in
your design group?”) Your organization may suffer from some
of the problems the box mentions or have problems unique to
the type of systems your company designs. In either case, the
first step toward improving your design tools or methodology
is to identify the problem. Once you do that, you can look for
tools to solve the problem.

Large, complex system designs generally cause—or at
least magnify—the problems that so-called ESDA tools aim
to solve. However, the term “ESDA” is much too general to
tell you anything useful about a tool. For example, one ESDA
tool may be strictly for graphical-design entry and have no
simulation capability at all. Another may be for digital sim-
ulation of large systems; another, for analog simulation. But
one of these tools may answer some of the needs of your
design organization. Table 1 (see pg 88) provides a repre-
sentative listing of “ESDA tools,” although not every manu-
facturer calls them ESDA tools.

i

Top-down design

A concept common to most ESDA tools is the use of top-
down design. Although some tools can support both top-down
and bottom-up design methods, most designers favor top-
down design for using ESDA tools. You don’t need ESDA
tools to adopt a top-down design approach; however, most
ESDA tools (and EDA tools in general) help you follow such
an approach.

“Top down” means you start with a set of system-level
requirements and develop high-level system block dia-
grams or a high-level architecture. After verifying that the
architecture satisfies the system requirements, you treat
each block as a subsystem and develop the architecture of
each subsystem. You continue in this manner until you
complete the specification of a design in whatever de-
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ESDA tools such as i-Logix’s Statemate ExpressV-HDL help you
transform design requirements into a graphical block diagram. The
tool generates HDL code for synthesizing ¥our design, and you can
create a graphic prototype for realistic simulation of the architecture.

tail is necessary and verify compliance to the specification.

The top-down approach to system design doesn’t just
sound clean and logical. It is clean and logical, and it’s the
approach that most designers adopt when possible. The top-
down approach implies the separation of system design and
implementation. First, you need to design the right system;
then, you must correctly
implement it. The point
between the design and
implementation phases is
where some tool vendors
draw the line distinguishing
EDA and ESDA tools. They
claim that ESDA tools help
you design the right system
and that EDA tools help you
design the system right.
However, the distinction
doesn’t hold up under close
scerutiny because many tools
are useful for both system
design and implementation.

The distinction between
the system-level design
phase and the implementa-
tion phase is, however, a use-
ful one. During system-level
design, you determine the behavior of the system and high-
level system architecture. Once you create and verify a sat-
isfactory high-level architecture, you can proceed to imple-
mentation, during which you flesh out the details.

Sometimes, you need to mix bottom-up and top-down
design approaches. The bottom-up approach is often neces-
sary for designs built on a specific device or technology. For
example, if you build a data-acquisition system around a
high-speed A/D converter, a bottom-up design surrounds the
converter, but you can design the remainder of the system
using a top-down approach.

Many designers believe that a design starts with a set of
requirements, but that simply isn’t true. A design usually
starts with a need, a vision, or a little of both. For example,
a designer might see a problem that an electronic system can
solve or see a way to improve an existing system. Another
designer might envision a completely new system. From

LOOKING AHEAD

Most designers would welcome tools that let them simply
specify a design at a high level of abstraction and provide
some optimization directives; the tool would then generate
the physical implementation. Electronic-system-design-
automation vendors would love to be able to offer such tools,
too, and the vendors are working hard on the problem: Tools
with these capabilities should shortly start to appear. The
problem is that unless a logic-synthesis tool can generate a
high-quality implementation from a high-level description,
designers will have to rework their designs.




| fewer vias than than the
competitor that chugged along

ell spent.

9. Platform Flexibility — MaxRoute II is a 32-bit 5. Completion — Every good designer will edit an
Windows and Windows NT application offering autorouted design to give it their “touch”.
you access to today’s hottest RISC platforms. The MaxRoute I works so intelligently there is always
speed is incredible! room on the board for those final edits or changes.

8. Control - MaxRoute II's Interactive and manual 4. Support — Massteck offers technical support
routing give you the most productive routing tools second to none. Whatever your level of question
in the industry bar none! Toggle between fully Massteck’s dedicated support staff has the answer
manual and interactive tools, without ever you need, when you need it!

releasing your trace, to create the most productive

union of expert designer and software possible. 3 MR a1 provide yob aght

communication with a wide variety of PCB

7. More Control — “Fast Route” - flies through your packages.
design for quick feedback about your placement
quality. “Manual Place” - lets you change your
component placement in MaxRoute II and
accurately back annotate your host PCB package.
You do not need to leave MaxRoute II until your
design is complete. “Strategy Files” - easily preset
all of your critical routing criteria. MaxRoute II is

designed work with your design expertise. 1. Watching MaxRoute II autoroute is COOL/

6. Speed - MaxRoute II is the new breed of 'S Batch A "tarauting

Massteck router. In a recent benchmark MaxRoute

II for Windows NT completed a 6,000 connection, ’ In te rac t ive R ou t in g

&® Manual Routing

&®Manual Component
Placement

Your FREE demo of the most
productive autorouting software
is available today!

CALL 1-800-MASSTECk
(1-800-627-7832)

E MASSTECK
\$4,850.00/ R e

*In 1987 MaxRoute was the first PCB application developed for Windows™
CIRCLE NO. 105 83

2. Job Security - It is a safe bet that you would rather
pass along a nicely completed board that used
MaxRoute II, at under $5000, than explain why
your $20,000 autorouter left you with an additional
2 weeks of hand to hand combat in your manual
routing system before the design can be used.
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these needs and visions, designers create system require-
ments or a specification.

The translation of a need or a vision into system require-
ments is the first risk of introducing an error—either an out-
right error or simply the omission of a detail—into a system
design. This translation is also often the reason for system
specifications to keep changing during a design. It’s difficult
to reach the finish line fast if you start by designing a system
based on an incorrect specification, and more diligence does
not necessarily solve the problem. Designers cannot typical-
ly eliminate all errors in a design before simulation, so they
shouldn’t expect a person or an organization to create an
error-free specification for a complex system without first
testing it against a working prototype or a simulation.

A corollary assumption of the top-down design approach is

that the earlier you find and correct errors, the more time
and money you save. For example, finding an error in post-
layout simulation of an ASIC is better than finding it after
fabrication. Finding the error in prelayout simulation is even
better. Finding an error at the architectural or system-
requirements stage is better still.

As system complexity increases, the possibility of creating
an error-free design without simulation or prototypes
becomes more remote. ESDA tools for simulation offer some
help by allowing you to create a system simulation early and
giving you a means to test the system architecture, func-
tional operation, and system specification against the origi-
nal concept.

In theory, any simulator can help with system simulation,
provided that it covers the domains in which you work, such

WHERE DOES THE TIME GO IN YOUR DESIGN GROUP?

Before you can fix a problem, you have to know what the prob-
lem is. The first step toward improving your design process is
to identify the problems that eat design time in your organiza-
tion. The following scenarios illustrate situations you might con-
sider when evaluating your company’s design methodology
and possible ways to improve it:
Problem: My company has to design systems several times
because the requirements keep changing.
Solution: Nail down the requirements earlier. Design engi-
neers often feel helpless and frustrated about this problem
because another department, such as product marketing, or
even another company is causing those changing requirements.
If the end result is that projects move slowly through your design
organization because you have to design a complete system
multiple times, you can and should do something about it.
Electronic-system-design-automation (ESDA) tools can help
by showing you the implications of a design’s requirements ear-
lier. You create a system simulation and show it to a customer,
get feedback, and make changes to the requirements earlier in
the design cycle. System simulation doesn’t keep requirements
from changing but may let you zero in on the final set of require-
ments before you invest a lot of detailed design work imple-
menting a design.
Problem: My organization knows what it wants to build (the
system requirements don’t change), and the design works
when we build it, but we redesign it several times to reduce the
cost or optimize the performance.
Solution: System-level design tools can help with the optimiza-
tion stage, too, by providing a simulation of the system and eval-
uating its performance. Exploring alternative designs isnt a mis-
take; it's part of the design process. Sometimes, simple
caleulations or intuition can help you weed out unworthy design
alternatives. Simulation provides even better insight into a design
and how it performs, helping you decide which alternatives are
worth pursuing. The earlier you weed out unworthy architectur-
al alternatives and pursue winners, the more time you save.
Problem: My company knows what it is trying to build (the
system requirements don’t change), but the design doesn’t
work the first time—or the second.

Solution: Sometimes, you miss the bull’s eye, but if you miss
by a lot or you miss every time, there may be a problem you
can correct. If you aren’t simulating at all, then that's the prob-
lem. If you are simulating, then you probably aren’t perform-
ing the exhaustive verification that the design requires. Imple-
mentation-level problems aren’t typically a strength for ESDA
tools; however, you can often uncover functional design prob-
lems with system-level simulation. If your problems are in tim-
ing, ESDA tools will not help.

Problem: The design works when we finally get it done, and
we don’t go through a lot of design iterations. It just takes a
long time.

Solution: Determine in greater detail where all the time is
going. You may need tools that streamline some time-consum-
ing parts of your design process, or you may need a new
design methodology. If you are still creating digital designs at
the gate level, you might consider moving to a hardware-
description language (HDL). If the thought of text-based design
leaves you cold, consider one of the many ESDA tools that pro-
vides graphical-design entry.

Graphical-design tools let you connect high-level blocks in
a diagram, much like a schematic. Each block performs a
general class of functions, such as adding or counting. You
fill in a parameter table to specify the exact function, how
many bits wide, and other specifications. From this graphical
block-level design, many of the ESDA tools generate VHDL or
Verilog code for input to logic-synthesis tools. Using these
tools lets you avoid learning an HDL or at least lets you learn
them at your own pace while completing designs in a timely
manner.

If your design cycle takes too long because you spend too
much time simulating fo eliminate all the bugs, you may have
a simulation-speed problem. Some ESDA tools provide cycle-
based simulators that are 100 to 1000 times faster than ordi-
nary logic simulators; these cycle-based simulators find func-
tional design problems.

If your simulation problems are in timing, ESDA tools prob-
ably won't help. Instead, look for fast simulators or hardware
accelerators.
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as analog, digital, mixed signal, or mechanical. In practice,
an effective system simulator must be fast enough to run the
simulation at an acceptable speed and have sufficient capac-
ity for your system design. The simulator should also provide
the information you need in a format that makes it easy to
understand and evaluate a system’s operation.

For most systems, behavioral-level models and cycle-based
simulators can provide the required speed. Gate-level digital
simulators and transistor-

into synthesizable code, usually VHDL or Verilog.

Because logic-synthesis tools differ, graphical-design
tools often develop code differently for each logic-synthesis
tool. You should verify that any combination of design and
synthesis tools you are considering using generates high-
quality code.

Some high-level ESDA-simulation tools don’t provide an
implementation path through logic synthesis. These tools
may be effective architectural

level analog simulators often

Visual HUL

tools to help verify that you are

cannot. Many companies use

designing the right system, but

behavioral-level models in
VHDL, Verilog, C, Spice, and
proprietary languages.
Cycle-based simulators find
functional design problems in
synchronous systems. These
simulators inovlve a tradeoff,
however, because they sacri-
fice timing information for
simulation speed in hunting
down functional design prob-
lems. Cycle-based simulators

they force you to create the
physical design description sepa-
rately.

Even before ESDA tools were
in fashion, some designers creat-
ed behavioral-level HDL models
of systems for simulation and
architectural verification and
then created a register-transfer-
level (RTL) description to imple-
ment the design. Because you
cannot synthesize behavioral-

I3 P B B )
f Falling_Edg

are best suited to a divide-
and-conquer approach of sys-
tem design. First, you create
and debug the functional
design; then, you solve timing
problems. For some systems, timing is the heart of the sys-
tem, and trying to separate it from functional design is
pointless.

How a simulator presents information is also an important
selection criterion. Most logic simulators offer a waveform
display for examining logic problems, but such a display is
relatively inefficient for identifying system-level problems.
You may need to show a system simulation to a customer who
is not an electronic design engineer. With an easily under-
stood format, such a customer can more likely find system
problems in simulation instead of in the finished product.

Most ESDA simulators provide simulation results in a
graphical format. Some tools, such as Redwood Design
Automation’s Race Simulator and Reveal Interactor, Men-
tor Graphics’ System Design Architect, and i-Logix’s
Statemate family let you tailor a system’s simulation output
to almost any type of graphic display. These tools let you
create a virtual-prototype system and test it against the
specification and the original concept before investing the
time in a full design implementation. These tools not only
help you explore architectural approaches, but also let all
members of the design work from a common vision of the
finished system.

Implementing the design

Once you develop what appears an acceptable system
architecture, you can move to the implementation phase.
Most—Dbut not all—graphical-ESDA tools are part of an
implementation path. Conversion of graphical design infor-
mation into a synthesizable design description is the reason
many of these tools exist. With these tools, you provide a
graphical block or state diagram, and the tool translates it
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Accepting block diagrams, state diagrams, flow charts, truth
tables, and VHDL text, Visual HDL from Summit Design helps
you develof‘ and simulate system designs while providing a
to implementation.

level HDL designs, except for
very low-level designs, this
approach also leaves you without
a direct implementation path. It
does, however, let you insert
your RTL-logic blocks into the full system design for simu-
lation as you transform the architectural design into an
implementation.

If your goal is to work at a higher level and design more
gates in a short time, consider using macros or building
blocks having high gate counts to perform the functions you
need. For example, Synopsys’ DesignWare and Intergraph’s
MacroSyn include libraries of parameterized logic blocks
that implement efficiently in synthesis.

Every component in Synopsys’ ALU family has multiple
architectures for each function. You can optimize these archi-
tectures for either performance or area to meet your design
goals. If you find the building blocks you need, this design
approach should raise your design efficiency.

A variation on the design-efficiency theme is design
reuse. Salvaging parts of a design from a previous system
and reusing them with relatively minor variations saves
considerable time over generating them from scratch. In
designs requiring greater variations, you can use Synop-
sys’ DesignWare Developer, which lets you develop your
own parameterized modules. The attraction of this
approach is that you can implement the modules you need
in the way you want. The disadvantage is that you invest
time in creating the modules. If you will use the modules
frequently, however, this time investment is probably jus-
tified. EDN
(Tables follow on pg 88)

You canreach Technical Editor Doug Conner at (805) 4,61-9669.
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CAPTURE.

Sweeevenr g gliasing. m And, like the tion. Four acquisition modes and video
DiGITAL REAL

TIME. 500 MS/s " < 2 2 , y

womz0s0. — antjre TDS 300 family, the TDS trigger—perfect for tailoring the display.
350 sets a new standard in price/perfor- And a communication option for hardcopy
mance: under $4000. There’s a TDS 300 Series scope for every to most printers, or to

application. And every budget.
Analog look and feel. send/receive wave-

FEATURES TDS 310 TDS 320 TDS 350
20 forms and setups.

The TDS 300 family is
simple and intuitive; Get real. For more
just like your trusty real-time benefits of

analog scope. Even the the TDS 300 family,

digital interface is sim- call your authorized

plified with on-screen Tektronix distributor

icons. You may never have to crack open today. Or call Tektronix at (800) 426-2200,
the instruction manual! ext. 212. Tektronix
40W-284274 CIRCLE NO. 92 /
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Electronic-system-design automation

ELECTRONIC-SYSTEM-DESIGN AUTOMATION TOOLS

South San Francisco, CA
(415) 615-7789
Circle No. 398

mentation of digital-processing and communication
systems

Manufacturer Product Description Inputs

Anacad EES HDL-A VHDL-based analog behavioral modeling system VHDL and

Milpitas, CA for use with the company’s Eldo simulator; models proprietary HDL-A
(408) 954-0600 analog and mixed-signal systems, including elec- language

Circle No. 396 trical, mechanical, fluid, rotational, magnetic, thermal

Analogy Inc Saber Analog and mixed-signal simulation; works with Spice models and
Beaverton, OR logic simulators; model libraries and templates proprietary modeling
(503) 626-9700 available for many applications language (MAST)
Circle No. 397

CADIS Software Cossap Integrated tool for the design, simulation, and imple- | Graphical block

diagrams

Comdisco Systems Inc
Foster City, CA

(415) 574-5800

Circle No. 399

System Design
Architect

Signal Processing
WorkSystem (SPW)

System-level design for ASICs, field-programmable
gate arrays, and microcoded processors using a
parameterized library of synthesizable blocks

Interactive design, simulation, and implementation
of DSP and communication systems

Graphical function
blocks, VHDL, C

Graphical block
diagrams

VHDL, and Diablo for design descriptions

Compass Design ASIC Navigator Top-down ASIC design system with application to Block diagrams for data

Automation general-purpose design, DSP, image processing, path, state machines,

San Jose, CA and communication memory templates,

(408) 433-4880 VHDL, Verilog, gate-level

Circle No. 400 schematics, Boolean
equations, and truth tables

Elanix Inc SystemView Dynamic system simulator for conceptual design Graphical block

Westlake Village, CA and evaluation of analog and digital designs; diagrams and

(818) 597-1414 emphasis on signal processing, communications, graphical templates

Circle No. 401 control systems, and general mathematical modeling

HP-EESof OmniSys System simulator for evaluating topologies of Graphical block

Westlake Village, CA communication systems; analyzes complex wave- diagrams

(818) 879-6200 forms in systems based on arbitrary topologies

Circle No. 402 and modulation schemes

Hyperception Hypersignal Graphically develops and simulates DSP and Graphical block

Dallas, TX for Windows communication systems; generates source code diagrams

(214) 343-8525 Block Diagram for porting designs to other platforms or cross-

Circle No. 403 compiled for specific DSP chips

i-Logix Inc Statemate 5.0 Requirements traceability, graphical design,simu- Architectural

Andover, MA ExpressV-HDL lation, analysis, and code generation; hardware/ block diagrams,

(508) 682-2100 software co-design behavioral state

Circle No. 404 charts, C

Intergraph MacroSyn Provides template-driven creation of synthesizable Graphical symbols and

Huntsville, AL macros templates

(205) 730-2700 Design Expressions | Design description allows entering of designs Truth tables, state tables,

Circle No. 405 using truth tables, state tables, Boolean equations, Boolean equations, VHDL;

Diablo for analog behavioral
descriptions

ACEPlus Designer | Graphical creation of state-machine designs State diagrams
Knowledge Based FlowHDL Creates system descriptions as a collection of Graphical and textual design
Silicon Inc hierarchically partitioned concurrent flow-diagram entry for state-machine, data-
Columbia, SC threads for general-purpose design path clocking, memory, syn-
(803) 779-2504 chronous, and asynchronous,
Circle No. 406 and resolution functions
BlockHDL Specifies high-level system descriptions as VHDL, Verilog,
collections of hierarchically partitioned blocks; block diagrams
supports top-down and bottom-up design
methodologies
Mentor Graphics System Design Top-down system design from requirements Graphical state and
Wilsonville, OR Station through graphical or textual design to veri- data-flow diagrams, state-
(503) 685-8000 fication and implementation of general-purpose transition matrix and
Circle No. 407 and DSP designs; VHDL-code generation table editor, VHDL
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Provides an imple- Computer
Outputs Simulation mentation path required Price
Models compatible Mixed signal; also works | Simulation only Workstation HDL-A development
with the Eldo with most logic system: $30,000,
simulator simulators for large runtime version: $8000,
VDHL descriptions Eldo: $22,000
Simulation Analog and Simulation Workstation Starts at $20,000
mixed signal only
VHDL, DSP- Yes Yes Workstation $30,000
executable code
VHDL, Graphical Cycle-based Yes Workstation $5000 plus
Waveform simulator $25,000 for SPW
C or assembly Floating point Yes Workstation $25,000
code for DSP chips (fixed point
(VHDL optional) optional)
Complete ASIC and VHDL and Verilog Yes Workstation $40,000
and field-programmable
gate-array designs
Mathematical models Yes No PC/Windows $985
Simulation Yes No Workstation $26,000
C optional Yes On path PC/Windows $1995, C-code generator:
(software) $5000, Advanced
Transmission library:
$1495
VHDL, Verilog; Yes Yes Workstation $20,000 to $40,000
optional C and
Ada code
VHDL, Verilog No Yes Workstation $10,000
VHDL, Verilog, No Yes Workstation $8000
ABEL
VHDL, Verilog, ABEL No Yes Windows NT, $3500
Unix workstations
VHDL, Verilog Cycle-based Yes Workstation $10,000
simulator
VHDL, Verilog Optional Yes Workstation $2800
ASIC and field-program- VHDL, gate-level Yes Workstation $94,900

mable gate-array libraries;
interface to computer-aided
software engineering,
DSP, analog, VHDL

simulator

table continued on pg 90
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Electronic-system-design automation

ELECTRONIC-SYSTEM-DESIGN AUTOMATION TOOLS (CONTINUED)

Circle No. 411

Manufacturer Product Description Inputs

Mentor Graphics System Architect Graphical and textual design of systems for DSP Graphical state and
Wilsonville, OR and general-purpose applications; state-machine and data-flow

(503) 685-8000 verification and VHDL-code generation diagrams, VHDL
Circle No. 408

NuThena Systems Foresight 3.00 Development tool for constructing and analyzing Proprietary modeling
McLean, VA executable system models for embedded and language, graphical entry
(703) 356-5056 distributed systems

Circle No. 409

R-Active Better State Generates C, C++, VHDL, or Verilog from state Graphical state
Cupertino, CA Pro diagrams diagrams

(408) 252-2808

Circle No. 410

Redwood Design Race Simulator/ Cycle-based simulation engine and graphical VHDL, Verilog,
Automation Reveal Interactor prototyping tool C, C++

(408) 291-3650

San Jose, CA

Solutions Inc
Coral Springs, FL
(305) 346-8890
Circle No. 421

translates them in ABEL or C code

Scientific and SES/Workbench Evaluates functionality and performance of arch- Graphically models systems
Engineering Software Inc itecture before prototyping of computers, complex with a variety of node types;
Austin, TX software systems, large data-communication creates custom nodes in C;
(512) 328-5544 networks, bus-interfaces, communication protocols, | Verilog cosimulation optional
Circle No. 412 wPs, and ASICs
Speed Electronics Inc SpeedChart Graphical design tool for generating VHDL and State diagrams,
Oak Brook, IL Verilog code schematics,
(708) 990-1910 behavioral code,
Circle No. 413 spreadsheet tables
Summit Design Inc Visual HDL Captures designs using four graphical languages, Block diagrams, state
Beaverton, OR simulates and outputs designs in VHDL or Verilog diagrams, flow charts,
(503) 643-9281 truth tables, VHDL text
Circle No. 414
Synopsys DesignWare Parameterized, fully synthesizable modules for Selects modules, then inputs
Mountain View, CA general-purpose design; allows the addition of parameters to customize
(415) 962-5000 custom components to the library them for a design
Circle No. 415
TD Technologies Inc Transcend Design, analysis, and verification tool for complex Proprietary- graphical/
Cleveland Heights, OH electronic hardware- and software-systems design textual-language,
(216) 371-9777 C++ VHDL, and Verilog
Circle No. 416 submodules
Tesoft Inc Tesla Block-diagram simulator for communication, signal- Proprietary-language
Roswell, GA processing, and control systems and graphical-function
(404) 751-9785 blocks
Circle No. 417
Vantage Analysis Systems| TD Connection/ Transaction-based simulator allowing analysis of Proprietary-
Fremont, CA TD Simulator architectural tradeoffs, cosimulation with VHDL graphical/textual-
(510) 659-0901 designs optional language, VHDL
Circle No. 418 submodules
Viewlogic Systems Inc ViewState Graphical VHDL entry tool allowing graphical State diagrams
Marlboro, MA creation of complex behavioral models; supports
(508) 480-0881 hierarchical and concurrent state machines
Circle No. 419 View Architect Synthesizes hardware architecture from behavioral Behavioral and

VHDL descriptions, producing architectural block register-transfer-

diagrams and detailed register-transfer-level design | level VHDL

structure ready for logic synthesis
Vista Technologies Design Vision Graphically develops HDL models Graphical entry
Schaumburg, IL of control-flow and
(708) 706-9300 data-flow diagrams
Circle No. 420
Visual Software StateCAD Graphically creates state diagrams and Graphical
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Provides an imple- Computer

Outputs Simulation mentation path required Price

VHDL State-machine animator Optional synthesis Workstation $34,900

Reports, animated Yes No Workstation $25,000

data visulization

VHDL, Verilog, No Yes PC/Windows $1195

C, C++

Simulation Cycle-based simulation Simulation only Workstation Race/Reveal
combined: $65,000

Simulation Graphical animation No Workstation SES/Workbench:
$37,000, Verilog
cosimulation: $6000

VHDL, Verilog; Yes Yes Workstation $26,000

C optional

VHDL, Verilog Yes (presynthesis) Yes Workstation, Unix: $25,000,

PC/Windows PC/Windows: $12,500

VHDL Optional Yes Workstation Libraries: $5000,
developers tools:
$45,000

Simulation Yes Yes Workstation $35,000

Graphical and text Digital and analog No PC $695

Simulation Yes No Workstation TD Connection: $12,000
TD Simulator: $35,000

VHDL Simulates state transitions | Yes Workstation $11,000

VHDL, hierarchical No Yes Workstation $25,000

block diagrams

VHDL, Verilog Compatible with standard | Yes Workstation $15,000

VHDL and Verilog simulators
ABEL, C, state diagrams | Functional state simulation | Yes PC/Windows $995
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AMP high-speed board-to-cable connectors
and cable assemblies minimize reflection,
crosstalk, and propagation delay at
critical interfaces.

As the demand for performance
pushes clock rates up, signal
Integrity can become a real challenge-
especially when traffic moves
from board to board, or board to
cable. Interconnects that
worked last time around
suddenly act a lot like
bumpers and flippers when your
signal hits them. Fortunately,
expert interconnect help is available.

We'll show you a broad range
of technology solutions-the newest
and best of subnanosecond inter-
faces. We'll work with you to
choose the right combination of
performance and features to meet
tough circuit requirements. And
our experience in design and in
manufacturing can help make sure
your choice works on the production
line, as well.

Our high-speed and controlled-
impedance interconnect solutions
are engineered for hassle-free
implementation, even with edge
rates pushing 250ps. Our board-
to-board selection includes high- AMP s a trademark.

density open pin

field types (shielded versions
available), plus stripline and micro-
strip styles that allow you to match
characteristic board impedances to
minimize crosstalk, reflection, and
groundbounce. Our board-to-cable
selection includes precision
miniature coax and transmission
line offerings to maintain signal
integrity with minimum
propagation delay.

And we offer the simulation
tools you need to confirm perfor-
mance in software, before you build
your first prototype. Talk with
your AMP Sales Engineer today,
or call; we're ready to help.

For more information on AMP signal management solutions, 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.
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No Oscillation With Any Load.

LT1097* 0.2V/ps
LTC1152 1V/ps

| LT1206 900V/ps
LT1220 250V/ps
LT1224* 400V/ps
LT1354* 400V/ps
LT1357* 600V/ps
LT1360% 800V/ps
LT1363* 1000V/ps
LT1457 4V/ps

- Capacitive load driving capability isn’t limited
to any one type Of ampliﬁer. LTC’S famﬂy Of *Duals and Quads are available.
C-Load op amps include devices from the 7pA, FET-
input LT1457 to the 70MHz, 1000V/psec LT1363.

Specifications for the table shown are low cost grades
in plastic DIP. Prices for our C-Load op amps start as
The LT1206 with its 250mA minimum output cur- low as $1.05 for the LT1097CN8. For details, contact
rent has enough drive to slew 10,000pF at 50V/ps. Linear Technology Corporation, 1630 McCarthy Blvd.,
Precision instrumentation applications? The LTC1152 Milpitas, CA 95035/408-432-1900. For literature
rail-to-rail input and rail-to-rail output zero drift op only, call 1-800-4-LINEAR.
amp provides 10pV max offset as

well as C-Load driving. 7 LI”
L TECHNOLOGY

FROM YOUR MIND TO YOUR MARKET
C-Load is a trademark of Linear Technology Corporation. AND EVERYTHING IN BETWEEN.
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EDN-DEsIGN IDEAS

EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER

Low-distortion oscillator starts fast

Mika Maaspuro, Helsinki University of Technology, Espoo, Finland

Unlike a Wien-bridge oscillator,
the phase-shift oscillator in Fig 1

BBS
©

starts up quickly. Also, the circuit 15V

does not require that you adjust several c, c,
trimming resistors just to tune the oscil- A
lator to a given frequency. Experiments s
show that the circuit’s total harmonie dis- R, < o KR —
tortion (THD) measures approximately DISTORTION ADJUST 1k
0.5% or less. %:l ADJUST 1k

Connecting the output of a bandpass slpIF '. SR 0
stage to its input via a phase inverter D *
realizes a phase-shift oscillator. In prac- 1N4148 ’—'\’D—" = Ry
tice, a phase-shift oscillator also needs a By 0_22%_0
limiter stage. Unfortunately, the limiter ADJUST
can distort the output sine wave. D,

Diodes D, and D, in the feedbackloop of | '—ww e

IC,, form a limiter that does not distort
the output. The equation for the circuit is

o X \/ﬁ e,
®¢ " 2nC\R,R, RR, 2rCR,R,. D

20
R, tunes the frequency of the oscillator. e
To have a stable output voltage and min-

LM101A R,
- 330k
16, b———  w—1  ———Pp———o
+

imum distortion, you must set the gain of
the loop carefully. The gain needed for

oscillation varies slightly with frequency;
the circuit needs more gain for lower fre-
quencies. You can leave R, fixed to a value
that yields the lowest frequency.

The circuit can generate a good-quality
sine wave at low frequencies. In those

= LM101A
Teid —<_Jout
——=150pF {d cw %
F DISTORTION
ADJUST 1k
380 TYP
¢ ) 200k A 1N4148
= 150 pF
20k
-15V o

cases, the values of capacitors C, and C,
may be several microfarads. Wlth such
large capacitors, the startup time
increases to several hundred millisec-
onds. You can avoid this delay by connecting diode D,. With
D, in place, startup always takes no more than a few mil-
liseconds. D, does not distort the characteristics of the cir-
cuit because D, and D, already limit the output to a few hun-
dred millivolts, peak-to-peak. With D, connected, the circuit
needs a little more gain to develop a stable output.

EDN BBS /DI_SIG #1423 contains a writeup of this circuit
and a comprehensive Spice model. (DI #1423)

Fig 1—This fast-startup sine-wave oscillator does not exhibit the usual output distortion
of phase-shift oscillators.

Reference

1. “Easily Tuned Sine Wave Oscillators,” National Semi-
conductor, Linear Application Handbook 1986, pp 1118 to
1119, LB-16.

To Vote For This Design, Circle No. 424

Paralleling rms converters speeds settling

Bernard Courtiol, Cegelec Soprano, Vaulx Miliev, France

An rms-to-de converter requires an output lowpass filter,
which sometimes leads to overly long settling times. Paral-
leling two converters reduces the circuit’s settling time sig-
nal without increasing conversion errors (Fig 1).

The circuit in Fig 1 monitors 50-Hz mains. IC,, IC,, and
their associated circuitry compose a phase shifter. The phase
shifter has a 90° delay for 50-Hz inputs and constant gain.
The second-order, lowpass, state-variable filter, IC,, sums

EDN May 26, 199495
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and filters the outputs of rms-to-de converters IC, and IC,.
The circuit’s settling time to 1% of final value is 20 msec.

allel more converters, each having a different phase shift.
The trick is to set up the phase shifts so as to cancel ripple in

F(p)=0.5/(a’p*+2kap+1), where k=0.7 and a=0.5 msec. the summed signal. (DI #1424) EDN
If the circuit were to have only one rms-to-de converter, its
settling time would be 100 msec. ® X %
To reduce the circuit’s settling time further, you could par- To Vote For This Design, Circle No. 425
10k 10k
330 nF
Il K
LU Ic 13 ICS
o 5k = AD637 J100pF
1 ' B 100k 47F qo0k 47NF 4ok 10k
10k 34
Vi O VW4 /J7 RMS OUT
46k
13 8 7 T 5 6
12 e
46k UAF 42
2,11 3 4
/_J7 82k 4.7k
o100 PF
—i
131G}
AD637
ol

Fig 1—Paralleling these two rms-to-dc converters reduces the circuit’s settling time without increasing conversion errors. The op amps shift

the phase of one signal so as to cancel ripple in the summed signal.

Circuit protects computer’s input

Ang Tzu Seng, Halliburton Drilling Systems, Singapore

The circuit in Fig 1 performs input protection, level transla-
tion, isolation, and debouncing. The circuit allowed the out-
put of a relay driver to connect to a computer even though the
relay driver delivered a voltage as high as 24V and the relay
driver had no ground connection.

With the values in Fig 1, the low and high thresholds at the
circuit’s input were approximately 8 and 16V, respectively.
The cutoff frequency was high enough to allow counting 1200
counts/min. The input withstood 110V ac continuously—the
optoisolater’s withstand voltage is 3 kV.

I tested the debouncing function with a microswitch in
series with a 24V-de power supply and the relay driver. I
detected no switch bounce.

You can change capacitor C, to suit other applications’ cut-
off frequencies. Altering the resistors may be tricky because
you will affect the circuit’s low- and high-threshold levels. To
use inputs other than 24V, change R . (DI #1425)

EDN

To Vote For This Design, Circle No. 426
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Fig 1—This circuit performs input protection, level translation, iso-
lation, and debouncing for a computer’s input.



AMPLIFIERS

0.5 to 2000MHz

High Power, up to +15dBm Rugged, Plug-in Package from$'3(?'os-24qty.)

Both inside and out, the high level of performance you've
peen looking for in a broadband, plug-in ampilifier is right here in
Mini-Circuits value priced MAN series...featuring gain to 28dB,
reverse gain greater than 40dB and power output as high as
+15dBm! These unconditionally stable units are built incredibly
tough to meet full MiL-specs and packaged in miniature

the MAN amplifiers consist of 2 stages including coupling
capacitors and can withstand operational temperatures from a
frigid -55°C to a scorching +100°C ! MAN amplifiers are
available from stock starting at the small price of just $13.95.
But, don't just read about this impressive list of features
..call Mini-Circuits and put the power of MAN amplifiers to

0.4"x0.8"x0.25" hermetically sealed metal casings. Inside,  work for you today!
Mini-Circuits...we’re redefining what VALUE is all about!
Freq. Range Gain Max. Output
Model fito fy min. flatness* PWR** NF typ. Isol. typ. DC PWR Price $ ea.
(MHz) (dB) (+/-dB) (dBm) (dB) (dB) (V/mA) (10-24)
MAN-1 0.5-500 28 1.4 8.0 45 41 12/60 13.95
MAN-2 0.5-1000 18 15 7.0 6.0 37 12/85 15.95
MAN-1LN  0.5-500 28 1.4 8.0 2.8 42 12/60 15.95
AMAN-THLN  10-500 10 0.8 15.0 37 16 12/70 15.95
MAN-1AD 5-500 16 1.0 6.0 7.2 50 12/85 24.95
CIRCLE NO. 103 4\ oap 244000 9 07 20 6.5 33 15/22 22,50
MAN-11AD 2-2000 8 15 -35 6.5 27 15/22 29.95 ;
* Midband 10f_to f,/2, +/-0.5dB  ** At 1dB compression point A Case height 0.3 inch Felal Ses

L_JMini-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 PRODUCTS DIRECTORY * EEM * MINI-CIRCUITS’ 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.

F 175 Rev Orig



EDN-DESIGN IDEAS

RS-485 repeater extends standard’s reach

Mitchell Lee, Linear Technology Corp, Milpitas, CA

RS-485 specifies communications for distances up to 4000 ft.
This limit is the consequence of losses in the twisted pair
used to carry the data. Beyond 4000 ft, skin effect and dielec-
tric losses take their toll, attenuating the signal beyond use.

Fig 1 shows a simple RS-485 repeater. Two RS-485 trans-
ceivers connected back-to-back relay incoming data from
either side. A pair of cross-coupled one shots control the data
flow so that only one transmitter turns on at a time.

A 1-to-0 transition at the output of either idling receiver
signifies incoming data. The first receiver to spot such a tran-
sition triggers its associated one shot, which, in turn, acti-
vates the opposite transmitter to ensure smooth data flow
from one side of the repeater to the other. At the same time,
the one shot locks out the other receiver/transmitter/one-
shot combination, so that only one data path is open.

Successive 1-to-0 transitions and start bits retrigger the

one shot, holding the data path in its present configuration.
Set the one shots’ time constants slightly greater than the
interval between any two start bits.

When received data stops arriving, the previously active
line idles high, producing a 1 at the receiver’s output. The one
shot resets, returning the opposite transceiver to the receive
mode—ready for any subsequent data flow in either direction.

The software protocol must wait one word length after the
end of any data transmission before responding to a call or
initiating a new conversation to allow adequate time for the
one shots to reset. The repeater in Fig 1 handles 100-kbps
data rates and a 8-bit word length, plus start and stop bits.
(DI #1421)

To Vote For This Design, Circle No. 427
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Fig 1—This simple RS-485 repeater can compete with ;.P-based repeaters if you set up your software protocol properly.
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Want A Similar View Of Your
Embedded Real-ime Applications?

WindView—The First Visual Analysis
Tool For Real-Time Developers.
Thanks to Wind River Systems, you

can see what makes your real-time appli-
cation tick. With your very own eyes.

WindView lets you observe the precise
sequence and timing of all the events in
your application. Every interaction be-
tween tasks, interrupts, semaphores, mes-
sage queues, including applica-
tion-level events that you define.
WindView captures information
from applications running in
real time. Then lays it all out in
living color.

You can zoom in for micro-
second-resolution detail. Or

zoom out to get the big picture

With WindView, you can
quickly and easily visualize an

application at the system level.

THE REAL POWER IN REAL TIME.

on your software’s execution. You'll see
race conditions, deadlocks, performance
bottlenecks and missed deadlines—those
tough real-time problems that delay pro-
jects by days, weeks, even months—and
diagnose them in a matter of minutes.

We call it a logic analyzer for embed-
ded software. But WindView, by any name,
is a visible breakthrough for real-time
development. And a truly inge-
nious addition to the WindPower

VxWorks? To try
WindView for yourself, call us

Tools for

and we’ll send
A you our free
¥ demo. After all,
seeing is believing.
1-800-677-1586.

WIND
RIVER
SYSTEMS

© Wind River Systems, Inc. 1994. 1010 Atlantic Avenue, Alameda, CA 94501. WindView is a trademark and VxWorks is a registered trademark of Wind River Systems, Inc.
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Pulse generator verifies test setups

Jim Williams, Linear Technology Corp, Milpitas, CA

Verifying the rise-time limit of wideband test-equipment
setups is a difficult task. In particular, you must often know
the “end-to-end” rise time of an oscilloscope/probe combina-
tion to ensure measurement integrity. Fig 1’s circuit pro-
vides an 800-psec pulse having rise and fall times shorter
than 250 psec. The pulse’s amplitude is 10V, and the circuit’s
source impedance is 50€). The circuit is similar to the one Ref
1 details, except that this circuit is triggerable instead of
free-running. This triggering feature permits synchronizing
with a clock or another event. You can vary the delay of the
output with respect to the trigger by 200 psec to 5 nsec.

The circuit requires a high-voltage bias for operation. A
cascoded high-voltage transistor, Q,, combines with a switch-
ing regulator IC, to form a high-voltage, switched-mode sup-
ply. IC, pulse-width-modulates Q, at a 100-kHz clock rate.
L,’s inductive events get rectified and stored in the 2-p.F out-
put capacitor. The adjustable resistor divider provides feed-
back to IC,. The diode and RC combination at Q,’s base damp
inductor-related parasitic behavior. The 10-k()/1-uF pair fil-
ters noise from the supply line.

The R,/C, combination applies high voltage to Q,, a 40V-
breakdown device. Set the high-voltage “bias-adjust” control
at the point where free-running pulses across R, just disap-
pear. This setting puts Q, slightly below its avalanche point.

Subsequently, applying an input trigger pulse causes Q, to
avalanche. The result is a quickly rising, very fast pulse
across R,. C, discharges, Qs collector voltage falls, and
breakdown ceases. C, then recharges to just below the
avalanche point. At the next trigger pulse, this sequence
repeats.

100 pSEC/DIV

A=0.5V/DIV B=1V/DIV (UNCALIBRATED)

Fig 2—The input trigger pulse to the circuit in Fig 1 appears as Trace
A. A 3.9-GHz Tektronix 661 sampling oscilloscope with 452 sam-
pling plug-in measured the pulse, Trace B, as having a 10V ampli-
tude and an 800-psec duration. Rise time is 250 psec, with fall time
indicated as 200 psec. The times are proban slightly faster,
because the oscilloscope’s 90-psec rise time influences the mea-
surement.

Fig 2 shows the circuit’s waveforms. The input trigger
pulse is Trace A. Its amplitude provides a convenient way to
vary the delay time between the trigger and output pulses.
A 1 to 5V setting range produces a continuous 5-nsec to 200-
psec delay range.

The circuit requires some special considerations for
optimal performance. L,’s very small inductance combines

with C, to slightly retard the trigger

Fig 1—A trigger pulses causes the carefully biased @, to avalanche, producing a fast,

short 10V pulse suitable for verifying instrument setups.
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5V pulse’s rise time. This retardation pre-
Q vents significant trigger-pulse artifacts
+l l gL from appearing at the circuit’s output.
1pF 820 pH You should select C, for the best compro-
I > 2.8k MUR120 10k mise between output-pulse rise time and
4l 1 waveform purity. You may also have to
= 100 ’_g Q, select Q, to get the desired avalanche
W 1&m S behavior. Such behavior, while character-
¥ il Ly ) istic of the device, is not guaranteed.
e A S A sample of 50 Motorola 2N2369s, spread
Vin Vew over a 12-year date-code span, yielded 82%
EMITTER "Tﬂc"n B c usable devices. All “good” devices switched
GND Ve "—Zl : in less than 600 psec. Select C, for a 10V
[ d_ i J, output amplitude. C, is typically between 2
2uF = . and 4 pF. Ground-plane construction with
= 1 = 5 pF high-speed layout, connection, and termi-
@__nrvev\ 3 & | - nation techniques are essential for good
- ;uoeﬁgg INPUT_ S 1 o ] Ahe. results from this circuit. (DI #1427) [El
501642 mx e A, Reference
L2o1 TURN £28 WIRE 14 IN TOTALLENGTH 7 3 iso 1. Willighe, s,y [ Mensureinust 20q
K 3 Control Circuit Collection,” App Note 45,
Linear Technology Corp, 1991, pg 18.
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BEST10-BIT SERIAL ADC FOR
LOW-POWER DESIGNS - $2.95'

MAX192 Defines “Best”:

¢ Bestin Completeness: ¢ Bestin Low-Power:

10-Bit ADC with On-Chip - Single +5V Supply
- Voltage Reference - 2y A Shutdown Current
- Track/Hold - 100pA Operating Current
- 8-Channel Mux (1 ksps, includes voltage reference!)
¢ Bestin Performance: ¢ Bestin Saving Space:
- 133ksps Throughput - Small 20-Pin SSOP/SO/DIP Packages
- Guaranteed No Missing Codes - Microwire™, SPI™ QSPI™, TMS320-

Compatible Serial Interface

Best Choice to Monitor Supplies, Temperatures, Batteries, and Sensors...

EEPROM PROGRAM  Vmic
oG VOLTAGE O

+5V

PEN DIGITIZER

/ /5. 3-WIRE
————— \ INTERFACE

Eight analog inputs are independently programmable for differential or single-ended, unipolar or bipolar signals
via the serial interface.

FREE A/D Converter Design Guide—Sent Within 24 Hours!
Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-722-8266
For a Design Guide or Free Sample @ Patp E

MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.
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Simple module gives voice to PC

Jerzy R Chrzaszcz, Institute of Computer Science, Warsaw University of Technology, Warsaw, Poland

XY The circuit in Fig 1 uses the ISD1020A voice-
(@M record/playback chip (Information Storage Devices, Listing 1—Interface-PLD program
San Jose, CA, (800) 825-4473) to allow an IBM PC to S A
speak and hear. The analog part of the circuitry comes from L
the company’s application notes. The host PC controls e en wors
address inputs (A, through A)), Chip Enable (CE), Play- SEtinl .
back/Record (P/R), and Power Down (PD). The host also— Taeticn |
supposedly—monitors End Of Message flag (EOM). /*+ Inputs *+/
Pin 2 = a0 ; /* system address bus */
The ISD1020A latches an address when CE goes low, Pin3 - al L s 2
- . in = a 3 * *
requiring a 300-nsec setup time. Fortunately, the PC’s bus SRR N W/
controller automatically inserts several wait states (typical- L A A
ly four wait states at 8 MHz) into I/O cycles. Consequently, e R AT b/
the circuit needs no intermediate latching, allowing you to Rl - s 1) atease deii o
tie inputs A, through A, directly to the data bus. Pndsl e 7 1/0 read stEcbe’ Y
. s g Pi = | 3 o i bl %
A GAL20V8 PLD integrates other interface functions Bit 30 = (ot} e asveinal Lo el - ackbwiled | o
(Listing 1). The ZIPfile attached to EDN BBS /DI_SIG fse outputs ++/ LA oL m .
R e = in = g i /* register outputs - controlle .
#1433 contains the listing for the PLD as well as a writeup i "
and circuit diagram. Because of limited pin count, the PLD L B e b 3
uses only one of the PC s-data hn(?s. Yoq ggnerate various R R o L e i
control patterns by accessing locations within address area Jaeh Togic Raiaticns! *ef
800, to 31F ... The PC’s I/0 map reserves these locations £1010 oal = [as. a0,
for prototype boards. (DI #1433) EDN hit = adh:[300..31f] & laen;
high = hit dl: o K 4 1)
Bifho = hit & odii00;
hit0l = hit & adl:01;
hit02 = hit & adl:02;
hit03 = hit & adl:03;
hitlf = hit & adl:1f;
q0.d = high & a0 # hit00 & d0 # thigh & !hit00 & qO;
ql.d = high & al # hit0l1 & d0 # lhigh & 'hit0l & ql;
g2.d = high & a2 # hit02 & d0 # !'high & 'hit02 & q2;
g3.d = high & a3 # hit03 & d0 # !high & 'hit03 & g3;
gg = hltggt&&qgog hit0l & q1 # h1t02 & g2 # hit03 & g3 # hitlf & lext;
.0e =
To Vote For This Design, Circle No. 429 R s
v,
D cC
o a0 P[4
D, 2 15
= At SP-
Dz 31a 2
= =2 PV XN — 1
= =2 ¥ AIN 22
D, s "'l d
s 91 a6 1pF b« (B < 10k
5 = £, T —=2uF <
- & AT 220 nF
Y 17 1
xw ; i % 1: Qo 23 e MIic At i |
A 3l F1hy g; 2: o 220 nF
; i n ELECTRET
12 F2 P
A, 7y i KT a3 i Rer |8 it MICROPHONE
= s
o~ Z 4 Fa ;i EXT 2 Jeom +
Ad 7 i i 21 26 )
SRg et 7] 21 19
A ] ol r et B ?
R 7
A
e e - L .J_
B 1] - ISD1020A 47 uF 470k
. o
AEN :3 L
._—4 112
u 113 -
1RQ GAL 20V8

Fig 1—This simple interface circvit allows an IBM PC to control an advanced record/playback avdio IC.
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QUAD COMPARATOR & REFERENCE
REPLAGES 2 ICs AND
CONSUMES 30-TIMES LESS POWER!

Low Voltage Comparators Plus 1.2V +2% Reference Draw Less Than 6.5pA
¢ Single-Supply: 2.5V to 11V

* Input Range Includes GND J
* Dual Supply: £1.25V to £5.5V orfoor | e
¢ Programmable Hysteresis OR [
* No Effect on High-Z Inputs [
* Independent of Supply B
Voltage oy

¢ TTL/CMOS Outputs Source 40mA 1 L
* No Pull-ups Required

MAX934 low-cost quad comparator + reference single IC
solution: 30-times LESS power, less board space, easier to use!

Ideal for 3V and 5V battery-powered applications, the new MAX931, MAX932, MAX933, and MAX934 are the
lowest power single, dual, and quad comparators available. These devices include a 1.2V +2% reference,
programmable hysteresis (MAX931/MAX932/MAX933), and TTL/CMOS outputs that source over 40mA and
eliminate external pull-up resistors. The quad MAX934 replaces power-hungry, two-chip alternatives, such as
the industry standard LP339 and LM385 reference, resulting in a greater than 30-times reduction in power.

Choose the Lowest Power Comparators for Battery-Powered Systems

DEVICE SUPPE\? Zﬁ;RENT IN/IESSSI[\SE 3 Pngfsﬁ‘;“gggg“ PACKAGE
(WA Max, 25°C) OVER TEMP
MAX931 Single + Reference 32 am  YES 8-DIP/SO
MAX932 Dual + Reference 4.5 +2% YES 8-DIP/SO
MAX933 Dual + Reference 4.5 +2% YES 8-DIP/SO
| MAX934  Quad + Reference £ e NO 16-DIP/SO |

waws 2z s, | FREE Op Amp/Comparator Design Guide—Sent Within 24 Hours!

e Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800

For a Design Guide or Free Sample
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.
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Security circuit eschews sophistication

I-Cheng Chen, AEG, Ajax, ON, Canada
BixXil Because of the many states involved in implementing

(@ scquential combination locks, most designers use a
microcontroller or a PLD. But for those die-hard dis-
crete designers who don’t want to bother with debugging
programs, here’s a dead-simple circuit that verifies a securi-
ty code’s entry from a 10-digit keypad.

The circuit in Fig 1 verifies an 8-digit code. You preset
each digit in the code sequence by installing a shunt in the
respective shunt-header position. That is, to set the first digit
in the code to 3, install a shunt in position 3 of SH1; to set the
second digit to 7, install a shunt in position 7 of SH2, and so
on.
When the circuit resets, flip-flop IC,,’s output goes high,
energizing the shunted output on header SH1. If a user
presses the correct key on the keypad (matching the shunt-
ed position on SH1), the input voltage to IC ; and IC is high
enough to cause a pulse on both their outputs. If the user
presses the wrong key, the R /R, voltage divider on the
selected line supplies just enough voltage to produce a pulse
only on IC, s output.

The output of each op amp, IC,; and IC,, clocks its own
corresponding shift register, IC, and IC,. IC, always
advances when the user presses a correct or an incorrect key.
However, IC, advances only if the user presses the correct
key.

When IC, advances, its outputs energize the next shunt
header (SH2, SH3, and so on) sequentially. Only when the
user (or an intruder) presses the correct key on every stroke

does IC, advance at the same rate as IC,. When the user cor-
rectly enters all the digits in the code, the last output of IC,
toggles the output-control flip-flop. If any one of the digits is
wrong, IC,’s output does not advance far enough before IC,’s
output resets IC,.

D, through D, provide isolation between the shunt head-
ers, so that only the energized shunt header has high output
on its shunted line.

C, debounces the keypad and introduces a small time delay
between the output pulses of IC,, and IC, ;. This delay is crit-
ical because the output of IC,;, must clock IC, to produce an
output upon the last correct digit before IC,’s output resets
IC,.

%{esistor array R, is optional; it provides added security, so
that if an intruder tries to press more than one key at a time
on the keypad to bamboozle the circuit, the voltage drop
across R, is sufficient not to trigger IC,, because of the
added load.

You can expand this circuit to as many keys and to as long
a code sequence as you want by cascading multiple IC,s and
IC,s.1C,,’s output can drive an LED indicator to signal if the
keypad is waiting for input or is in the middle of a code
sequence. The ZIPfile attached to EDN BBS /DI_SIG #1429
contains a writeup of this design and its schematic in OrCAD
format. (DI #1429) EDN

To Vote For This Design, Circle No. 430
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Fig 1—This circuit can verify a security code entered from a keypad yet uses no (.P or PLD.
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Why struggle with the pieces
when Daytona solves the puzzle?

workstation

R4000°-based : .
St s, Craahisan Introducing Daytona:

Wi kel ki The high productivity integrated real-time workstation.
System V.4)
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Nine slot VME card . : iy : : .
cage developing hard real-time applications. And you real-time development environment provide
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In Crystals and Oscillators.

Selection means choice and
convenience. You can be confident
you’ll find just what you need for
your application. With Ecliptek crystals
and oscillators.

Uncompromising quality standards
and competitive pricing you can rely on.
Plus fast delivery to help you meet
your deadlines.

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

& T ECLIPTEK
~ORPORATION

The Crystal and Oscillator Specialists
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EDN-DESIGN IDEAS
Software Shorts

Program simplifies

microstrip calculations

B Brewster, Satellite Microwave & Communications Ltd
Weert, The Netherlands

Written in Fortran, the simple, menu-driven programs in
EDN BBS /DI_SIG #1407 determine physical line-width and
quarter-wavelength dimensions from input characteristic-
impedance, frequency, and substrate parameters or returns
characteristic impedance from given physical line width and
substrate parameters.

To Vote For This Design, Circle No. 431

Breakpoints change Spice

parameters during simulation

Jobn R Stice, Physio-Control Corp
Redmond, WA

The Spice switch subcircuits in EDN BBS /DI_SIG #1408
allow simulation parameters to change on the fly when break-
point voltages or other preset conditions occur.

To Vote For This Design, Circle No. 432

These Software Shorts listings are too long to reproduce
here. You can obtain the listings from the Design Idea
Special Interest Group on EDN’s bulletin-board system:
(617) 558-4241, 300/1200/2400 8,N,1. From Main Menu,
enter ss/DI_SIG, then rknnnn, where nnnn is the file ref-
erenced above.

Feedback & Amplification

Corrections

Make the following corrections to DI #1351, “Line driver eco-
nomically synthesizes impedance,” by Victor Koren, EDN,
January 6, 1994. Add V , to the schematic as the output of
IC,. Change R, in the schematic to R,". R,'+R, ;,=R,. Change
R, to Ry in equations. The circuit uses feedback, not “...a sec-
ond op amp,” to synthesize the output impedance. V , is the
output of IC,, not “... the output voltage with the input short-
ed.” Insert a parenthesis in equation 1 after the first R,. The
last equation should be

R,=(R xR +R XR,)/(R,~Ry)

The output resistance of the circuit is proportional to
1/(R,—R,). R, and R, must be very accurate and are also close
in value. An inexpensive and easy way to achieve these val-
ues is to split R, into R," and R, ;. Then, making R,’, R,, and
R, the same value, you can use a resistor network and achieve
good matching. The output resistance then becomes

R,=R (@R/R, ) +1).

ADD



“Offering
TV viewers
1500 interactive
channels starts
with basics

like pSOS+?”

Mark Andrews

Senior Software
Engineer

pSOS pROFILE: BroadBand Technologies. Ine.. Research Triangle Park. NC

Designing a switched digital video system that integrates telephone, broadcast
and interactive video is a real challenge. So engineers at BroadBand Technologies
use the real-time operating system you can rely on. pSOS+ from Integrated Systems.
See what pSOS+ can do for you. Call 1-800-543-pSOS for complete information.

integrated
sysfems

US: 1-800-543-7767, UK: (44) 707 331199, Japan: (81) 3 5721 0101, France: (33) 1 34 65 3732, Germany: (49) 89 850 6081, Sweden: (46) 8 703 6345 © 1994 Integrated Systems, Inc.
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One Stop Shopping!

All your circuit board needs under one roof.

PCB MANUFACTURING
e 2 day turn on multi-layers
e Prototype and production
» 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

Surface Mount

3 CAD Workstations

TECHNICAL SUPPORT
* Free Design Layout Tips
* Free MFG Cost
Cutting Tips
* We accept Gerber Data
Via Modem

Call For A Quote!

Phone: (714) 970-2430
MurTietta rax: (714) 970-2406
Circuits MODEM: (714) 970-5015

4761 E. Hunter Ave., Anaheim, CA 92807

A NONTRADITIONAL
APPROACH TO EMI

EDN’s DESIGNER’S GUIDE TO ELECTROMAG-
NETIC COMPATIBILITY can help alleviate any
electromagnetic interference problems you may
encounter. With more than fifty years of collec-
tive experience under their belts, Daryl Gerke and
Bill Kimmel focus on practical insights and ideas
about EMI to help you identify, prevent, and solve
your EMI problems as you design your equipment.
Topics include: noise and interference, EMI regula-
tions, power disturbances, circuit boards, ground-
ing, and troubleshooting. 88 pages.

copies of EDN's DESIGNER’S
GUIDE TO ELECTROMAGNETIC COMPATIBILITY@ $19.95.

Sales tax (orders shipped to these states must include
applicable sales tax : CA, CT, MA, NJ, NY)

Shipping/Handling: $3.50/copy

Please send me

Total

CALL TOLL FREE (800) 523-9654 (FAX 708-390-2779) to order. Or fill out this coupon
and mail it to: Cahners Reprint Services, 1350 E. Touhy, Des Plaines, IL 60018

O My check is enclosed payable to Cahners Reprint Services
Charge my credit card: () Master Card [ Visa O Amex

CREDIT CARD # EXPIRATION DATE SIGNATURE
NAME ~ COMPANY

ADDRESS

CITY STATE ZIP PHONE

EDN-DESIGN IDEAS

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

How to use our bulletin board

¥ This icon identifies those Design Ideas that have com-
puter-readable material posted on EDN’s bulletin-
board system (BBS). Call our free BBS at (617) 558-
4241 (300/1200/2400 8,N,1). Not every Design Idea has
downloadable material, but each one does have a BBS num-
ber printed at the end of it. If you’d like to comment on any
Design Idea, include the number in the subject field of your
message.

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

NOBODY DOES CONVERTERS LIKE ANALOG DEVICES

LOW POWER 3V/5V SIGNAL
CONDITIONING 24-BIT ADC
FOR LESS THAN $3.00 PER
CHANNEL

Signal Conditioning Applications? The
AD7714 has everything you need: high
resolution, low power, low component

CONVERTERS

This guide describes some of the new
converters from Analog Devices — the
most interesting and innovative inte-
grated circuits for digital-to-analog
and analog-to-digital conversion that
you can find anywhere in the world,
from any manufacturer.

High resolution, low cost, multiple
channels, industry standard products,
ground-breaking new devices —
they’re all here.

The only exceptions are our range
of fast converters — you’ll find them,
together with companion products, in
our High Speed Products guide.

And if you're interested in high
speed data acquisition or control, you
won't want to miss that.

count and incredible versatility —
all at an astonishingly low price!

The AD7714 is a complete analog
front-end for low-frequency measure-
ment applications. It includes a
5-channel programmable-gain front-
end, 24-bit “no missing codes” charge-
balancing ADC, low-pass filter and a
3-wire serial interface. It is completely
under software
control — gain set-

50pW in sleep mode. RMS noise is
typically 1.2pV and 300nV with gains
of 1 and 128, respectively.

The AD7714 is available in a 24-pin
DIP and SOIC, and is specified over the
-40°C to +85°C temperature range.

+3V OR +5V.
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can be configured
using the input
serial port.

Not convinced
yet? The device
operates from
either 3V or 5V sup-
ply, and draws just
750pW (at 3V) and
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The diagram shows the AD771%4 in a typical strain-gauge
application, with four spare channels.

COMPACT 16-CHANNEL,
8-BIT MULTIPLYING DAC
SAVES SPACE IN ATE,
SONAR, ULTRASOUND,
INSTRUMENTATION...

Multi-channel applications suddenly
get a lot smaller, a lot better specified
and a whole lot easier to design with
the introduction of the AD8600.
Shoe-horning 16 independent
8-bit multiplying DACs into a compact
(PLCC-44) package is impressive
enough, but doing it with the perfor-
mance we're offering is little short of a

miracle (admittedly, a small miracle).
The AD8600 contains 16 indepen-
dent voltage-output
digital-to-analog con-
verters that share a

control logic provide the high-speed
digital interface. Continued on back

How to fit 16 of these...

Vour
PLCC-44

common external

reference input volt- ¢ BAC
age. Each DAC has

its own DAC register i
and input register to reg
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allow double buffer-

into one of these.

ing. An 8-bit parallel s ———— TSRS

data input, four
address pins and

Squeeze 16 high-performance 8-bit DACs into less than 0.5
square inches (PLCC-44).



MAKE THE SWITCH TO 16 BITS

THE 16-BIT DACS YOU’VE
BEEN WAITING FOR

The AD660 and AD669 are complete
16-bit, serial/byte and parallel input
DACPORTSs which provide leading-
edge performance at down-to-earth
prices. Their combination of high per-
formance, complete functionality,
flexible digital interface, small foot-
print and low price make them the
perfect solution for 12-bit DAC users
seeking to upgrade their systems
without significantly increasing costs.
The AD660 and AD669 feature

15-bit monotonicity and accuracy
over the entire industrial or military
temperature range. They are fully AC
and DC specified, and offer double-
buffered latches, an on-board preci-
sion voltage reference and a pin-
programmable output amplifier.
Output can be either unipolar (0 to
+10V) or bipolar (+10V).

These devices provide low-cost
performance for a wide range of
applications including industrial con-
trol, wireless communication, ATE,
robotics, data acquisition and
instrumentation.

GROUND ZERO

Without a doubt, the single largest
cause of problems in achieving the
desired performance with data con-
verters is grounding. At even low
resolutions, good ground design is
necessary to maintain the desired
performance; for high-resolution
devices it is absolutely crucial.

The best way to avoid them is
to remember that “ground” isn’t a
magic current sink, but a connec-
tion through which currents flow to
complete a circuit. Make their path
smooth and your life easy!

¢ Have separate analog and digital
grounds — and only connect them
at one point.

® Check that noisy signals are kept
away from sensitive ones — and
that applies to return paths too.

¢ Where will the return currents flow?

® Are there any potential ground loops?

® Do the return paths have low
enough impedance?

e Are the components well decoupled?

* Do you need a ground plane?

For more help call applications
support: 1-800-ANALOGD.

FOR

TRUE 16-BIT ADCS AT
A LOW PRICE (92dB AT
100KSPS FOR $25)

Your customers are asking you to.
Your competitors are doing it. Your
boss is ordering you to. Soon even
your mother will be telling you to
make the switch to 16-bit resolution.
Thankfully, with the AD676 and
AD677, you can make that move
successfully and affordably. What's
more, with these elegantly designed
devices you get a host of other
benefits too.

The AD676 and AD677 are 16-bit
sampling ADCs which provide industry-
leading performance, cost and space
efficiencies. Their 92dB signal to
noise ratio combined with +1LSB
integral non-linearity offer superior
16-bit performance at 100ksps
throughput rates.

This high accuracy is a result
of auto-calibration, which improves
performance without the wasted
board space and cost of external
trims. A “ground sense” pin is included
— invaluable if the signal has to
be carried some distance to the
A/D converter.

This combination of features
makes the AD676 and AD677 the per-
fect solution for medical and analytic
instrumentation applications as well as
PC-based data acquisition and indus-
trial applications like power supply
monitoring and signal monitoring in
transportation and industrial controls.

Both components are fully speci-
fied and tested for AC and DC param-
eters. The AD677 offers easy-to-inter-
face three-wire serial output data. The
ADG676 offers full parallel output.

The AD676 is available in a
28-pin, ceramic, side-brazed package
as well as a 28-pin plastic DIP. The
ADG677 is offered in a 16-bit skinny
ceramic package and plastic DIP and
28-pin SOIC packages.

INFORMATION



MAKE THE SWITCH TO 16 BITS

166KSPS AND 16-BIT
RESOLUTION IN A LOW-
POWER, LOW-NOISE ADC

The AD7884 and AD7885 are fast,
monolithic 16-bit sampling ADCs.
They offer true 16-bit resolution with
16-bit no missing codes, and a high
throughput rate of 166ksps.

The AD7884 and AD7885 dissi-
pate only 250mW of power. Features
includes analog input ranges of +3V
and +5V as well as parallel and byte
interfacing (AD7884 and AD7885
respectively).

In medical and scientific instru-
mentation, noise is a critical require-
ment, and with their excellent noise
performance (78pV rms at +3V input
range) the AD7884/5 are earning wide
popularity. They also offer SNR of
86dB, while THD is -88dB.

The AD7884 is available in 40-pin
cerdip and 44-pin PLCC packages.
The AD7885 is available in a 28-pin
DIP package while the AD7885A is
available in a 44-pin PLCC package.
Temperature ranges are -40°C to
+85°C.

0
fin = 1.8kHz 5V sine wave
= 163kHz
0 SINAD = 8848
THD = 94d8
-60
-90
-120
-150
2048 Point FFT

The AD7884/7885 are high performance
16-bit ADCs. Their high speed (6us
conversion time) and low noise (88dB
SINAD) make them ideal for wide band-
width signal processing applications.

THE FIRST DIGITAL TO
4-20mA SYSTEM: NEW CHIP
INTEGRATES DAC WITH
LOOP DRIVER

16-Bit Industrial Control DAC

The AD420 is the only single-chip solu-
tion available for generating 4-20mA
current loop signals from digital data.
It is the first current-loop output DAC,
and its high performance, low price
and compact design make it perfectly
suited for almost any industrial control
application. It provides a single-chip
solution for generating precision
4-20mA or 0-20mA signals, and runs
on a single supply (up to 36V).

The AD420 has been designed to
make the system engineer’s life easi-
er. It includes a 16-bit sigma delta
DAC, for guaranteed monotonicity
and excellent linearity. The loop dri-
ver circuitry includes a loop fault
detect circuit, so a warning signal can
be generated if the current loop is
open circuited. It has an SPI®- and
MicroWire®- compatible serial inter-
face, and can interface seamlessly
with most controllers. Furthermore, it
is a completely specified part — there
is no need to worry about component

1 8 00

interaction or error budgets. Finally,
although the chip can drive loops
directly, it is a trivial matter to use an
external boost transistor to extend

the temperature range or obtain lower

drift performance.

Typical applications for this
unique product include valve and
motor control in a wide variety of
industrial applications. It is ideal for
use in distributed control systems

2 6 2

(DCS), programmable logic con-
trollers and data I/O cards and
modules. Its uses range from plant
or process automation to single
PC-based control systems.

24 pin PDIP or SOIC, tempera-
ture range -40°C to +85°C.

SPI is a registered trademark of Motorola
Inc. MicroWire is a registered trademark of
National Semiconductor Inc.

5 6 4 3



THE WIDEST RANGE OF 12-BIT DEVICES IN THE INDUSTRY

FLEXIBLE, ACCURATE
QUAD 12-BIT DAC —
EASY TO SET OUTPUT
VOLTAGE RANGE

The Only DC Setpoint D/A
Converters You’ll Ever Need.

This family of quad 12-bit voltage-out
D/A converters provides all the fea-
tures most designs will ever need, plus
the low cost every design requires —
all in a small footprint package.
Because you may want unipolar,
bipolar or asymmetric outputs, they
provide separate VREF high and VREF
low inputs and a single-supply output
op amp — so it is trivial to set exactly
the output range you need. And unlike
some parts, that means both positive

and negative outputs are available.

The voltage-switched DAC archi-
tecture offers the best overall accu-
racy available from a quad 12-bit
converter (including offset and tem-
perature accuracy).

These DACs all operate from a
wide range of supply voltages (+5V to
+15V). Their high speed (80ns data
load timing for DAC8412/13, or 12MHz
clock for DAC8420) combines with
low power dissipation to meet perfor-
mance requirements while reducing
power supply and cooling demands.

Interface:

Vo 7

3
2.5V min.
A 4
b

VFlEFHl

2.5V min.

A\ 4
Vierni

0V min.

Vs

State at Reset (RST strobe): Price:

MAKE IT EASY

Life is hard enough already — but
when it comes to helping you get
converter circuits to work, Analog
Devices’ applications engineers have
more experience than anyone else in
the world — just give them a call.
Some of this experience is
available in ready made forms; eval-
uation boards allow you to easily
appraise a component, but also
offer a well-designed and fully tested
circuit that can be used as a ref-
erence design. And data sheets give
circuit designs and pcb layouts.
There are a number of applica-
tion notes that offer ideas or advice.
Some of the more popular include:

* Getting the most from high A
resolution digital-to-analog
converters

¢ Analog signal handling for high B
speed and accuracy

e Differential and multiplying
D/A applications

* DAC ICs: How many bits is
enough?

¢ An IC amplifiers guide to
decoupling, grounding and mak-
ing things go right for a change

FOR

USING THE INDUSTRY
STANDARD AD574? THEN
MOVE UP TO THE AD1674

When Analog Devices introduced the

AD574, it quickly became the industry
standard. Now, the AD1674 takes that
standard to yet another level.

The AD1674 is a high-performance
sampling 12-bit A/D which offers
users of the AD574 family (AD574,
ADG674, AD774) an instant upgrade
with up to three times the speed,
along with lower power and greater
accuracy. It utilizes the AD574 pinout
for easy replacement in existing
designs, providing increased capabili-
ties while reducing costs through the
elimination of external SHA and sup-
port circuitry.

The power and versatility of the
AD1674 make it an ideal general-
purpose converter for a wide variety
of applications ranging from industrial
control to data acquisition and
instrumentation. Additional features
include 5V, £10V, 0-10V and 0-20V

input ranges, internal reference, 8-
and 16-bit microprocessor interfaces
and a wide selection of package
styles.

The AD1674 is available in 28-pin
PDIP and 28-pin SOIC packages in
commercial and industrial tempera-
ture ranges as well as in a 28-pin side-
brazed ceramic package for industrial
and military ranges. All specifications
are both AC and DC guaranteed. Full
MIL-883B and SMD devices are also
available.

INFORMATION



THE WIDEST RANGE OF 12-BIT DEVICES IN THE INDUSTRY

A NEW GENERATION OF 12-BIT ADCS, WITH UNMATCHED PER-
FORMANCE, SINGLE 5V POWER SUPPLY OPERATION, ROBUST
INPUT CIRCUITRY AND EASE OF USE IN A COMPACT DESIGN.

THE SMALLEST 12-BIT ADC

A single-channel ADC in a tiny 0.15"
wide 8-pin SOIC package.

The AD7893 provides a through-
put rate of 117ksps, with a power dis-
sipation of less than 50mW. It handles
data transfer via a two-wire serial
interface.

OCTAL ADC-7X SAVINGS IN
SIGNAL CONDITIONING

The AD7890 is an eight-channel ver-
sion which offers a seven-fold savings
in channel support circuitry over
other integrated solutions. This econ-
omy is possible because access to
MUXOUT means that the same signal-
conditioning circuitry can be used for
all eight channels. The AD7890 has a
throughput rate of 100ksps. It also
features a power dissipation of less
than 50mW, and on-chip reference.

Robust Inputs

Both parts are available with three
distinct input range options. Like the
AD7892, they operate from a single 5V
power supply, and their analog inputs
are tolerant to voltages which extend
well outside of the supplies, protect-
ing them from overvoltage fault con-
ditions (up to 17V outside for the

-10 version).

AD7890-2 0-2.5V
AD7890-4 04V
AD7890-10 +-10V
AD7893-2 0-25V

AD7893-5 0-5V

AD7893-10 +-10V

2 6 2

FASTER SIGNALS AND
CLEARER RESULTS —

THE HIGHEST SINAD
SPECS FROM A COMPLETE
12-BIT 1.25MSPS ADC

The AD1671 delivers leading-edge
performance from a complete con-
verter — with on-chip reference and
wide bandwidth, high impedance
sample-and-hold amplifier.

The AD1671’s exceptional
dynamic performance includes 69dB
SINAD, a full power bandwidth of
2MHz and a small signal bandwidth of
12MHz. This allows better, faster data
acquisition — delivering sharper
images from scanners or clearer sig-
nals from communication links.

The AD1671 performance and
price breakthrough are enabling mar-
kets that were previously prohibited
by cost, power or price constraints.
They include communications sys-
tems (high speed modems, base sta-
tions, HDSL), imaging (color scan-
ners, medical imaging, IR) and high-
speed data acquisition.

The AD1671 is available in both a
28-pin cerdip and 28-pin PLCC pack-
age, in commercial, industrial and
DESC versions.
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THE WIDEST RANGE OF 12-

BIT DEVICES IN THE INDUSTRY

TINY, COMPLETE SINGLE
SUPPLY DACS —
SMALLEST PACKAGES,
EASIEST TO USE

Total DAC System — In the
Industry’s Smallest Packages
The DAC8512, DAC8562, AD8522 and
ADS85H82 are a set of single-supply 12-bit
DACs, offering a complete “plug and
play” output system. Everything there,
everything included, everything tested
and specified. And everything squeezed
into a tiny SO-8 package (DAC8512).
Each part includes all the related
circuits — bandgap reference, voltage-
switched R-2R ladder DAC, and an out-
put rail-to-rail op amp. Full-scale volt-
age of 4.095V with 1mV/bit output cod-
ing creates a programming-friendly
environment while maximizing the
analog output swing for all loads.

These parts also feature low
power dissipation of 3SmW/DAC and
compact designs which make them
ideal for portable or battery-operated
equipment.

Channels:

Interface:

DACB8512

Reference — 12-Bit DAC>-D—

O
o

Serial
Data In

The 8- and 14-pin count
DAC8512 and AD8522 serial parts
also offer the industry’s smallest sur-
face mount packages to reduce space
consumption.

Price:

Package:

Vout

...all this in this: ﬂ

12-bit DAC in SO-8 package

PROBABLY THE BEST
VOLTAGE REFERENCE
IN THE WORLD

5V voltage reference — low
dropout, low power, high accuracy
Many of our converters are available
with built-in voltage references, but
sometimes you want to use an exter-
nal reference. And when that’s true,
there is no better choice than the
REF-195.

To say that this has been popu-
lar would be an understatement — it
has been a scorching success, with
thousands of applications and mil-
lions shipped. And when you look at
the specifications, it is obvious why
— a 5V micropower reference with
only 0.1V drop-out, low power (just
45pA) and high accuracy (£3mV).
What's more, because it can source
up t A, the REF-195 can act as
both a precision voltage reference
and a highly efficient voltage regula-
tor. And all that for an astonishingly
low cost — what more could you look
for in a reference?

18 REF195 $1.94 in 1000s

FOR

HIGH PERFORMANCE 12-
BIT ADC SAMPLES ACROSS
WIDE DYNAMIC RANGE

The AD7886 is a high-speed, power-
efficient 12-bit ADC with a throughput
rate of 1Msps. Its high performance
makes it ideal for sampling applica-
tions requiring a broad dynamic range
over a large bandwidth, as well as
high-speed and multiplexed data
acquisition systems. The full-power
bandwidth of the on-chip sample-and-
hold extends well above the 500kHz
Nyquist limit, allowing the AD7886 to
be used in undersampling systems in
addition to the standard signal-
processing applications.

The AD7886 has a low power
dissipation of 250mW, and is compre-
hensively specified for AC and DC
parameters. It features a high speed
interface with 57ns bus access times,
making it directly compatible with
DSPs and microcontrollers.

It is available in 28-pin DIP and
28-pin surface mount packages.
Temperature ranges are 40°C to +85°C
for the industrial grades and -55°C to
+125°C for the extended range.

AD7886 SNR
Performance vs Input Frequency
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The full power bandwidth of the SHA
allows the AD7886 to sample up to
IMHz bandwidth — ideal for under-
sampling applications.

INFORMATION



THE WIDEST RANGE OF 12-BIT DEVICES IN THE INDUSTRY

FAST 12-BIT SIGMA-DELTA
ADC ELIMINATES NEED
FOR ACTIVE ANTI-
ALIASING FILTER

The AD7721 is a 12-bit sigma-delta
ADC with a 200kHz bandwidth and an
output word rate of 470ksps.

It offers all the advantages of
digital filter design, including free-
dom from the component matching
or drift issues commonly associated
with analog filters. It also drastically
simplifies the design of the input
anti-aliasing filter — in many cases
no filter other than a simple RC roll-
off is required. Other advantages
include device-device repeatability,
linear phase characteristics and dra-
matic improvement in SNR.

5 P
AT o AD7721
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Serial

Operating from a single 5V sup-
ply, the AD7721 dissipates only
175mW of power while supporting a
full-power signal bandwidth of
200kHz. Other features include an on-
chip reference and a choice of either
parallel or serial interfacing, a power-
down mode and pseudo-differential
inputs. It also offers a calibration

TRIMDACS REPLACE TRIMMERS AND

POTS — FOR LESS THAN $1.00 EACH

Question: What's the cheap, efficient
and reliable way of removing adjust-
ment trimmers and potentiometers
from your designs?

Answer: Replacing them with
TrimDACs.

The TrimDAC® Family of octal,

8-bit serial-input digital-to-analog con-
verters provides a low-cost way to
replace mechanical components,
improving performance and reducing
PC-board space. Not only can trim-
ming now be digitally controlled, but
performance and reliability can be
dramatically improved. By using thin-
film resistor technology, the TrimDAC
family provides better temperature
stability performance than traditional
potentiometer solutions.

The TrimDAC family reduces
space requirements by providing
eight independent gain channels in
20- and 24-pin packages, guaranteed
to operate over the extended tem-
perature range (-40°C to +85°C).
Other features include low-power
dissipation and 3-wire serial jicon-
troller interface to simplify periodic

DAC-8840
(4-Quadrant MULT)
Equivalent Channel

+5V
R R

service or remote adjustment.

For DC adjustment, the DAC8800
provides high and low reference
inputs to establish the output swing.
For AC signals, the DAC8840 features
4-quadrant multiplying adjustment for
inputs up to 1MHz, while the AD8842
is suited for lower bandwidths
(50kHz) at a lower price and half
the power requirement.

TrimDAC is a registered trademark of ADI.
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mode to minimize offset and gain
€erTors.

The AD7721 is available in 28-pin
plastic DIP, SOIC and cerdip pack-
ages. Temperature ranges are -40°C to
+85°C or -55°C to +125°C for the
extended grade.

12-BIT MDACS — CHEAPER
SMALLER, BETTER

Upgrading your design with the latest
generation of 12-bit multiplying DACs
couldn’t be easier. The AD7943/45/48
set new standards in performance,
power efficiency and cost. And
feature pin-outs compatible with the
industry standard AD754x DACs.

The AD794x series feature signif-
icantly improved accuracy, fast 600ns
settling time, and low 60nV-secs
glitch energy. They also feature the
fastest digital interface available any-
where -40ns pulse width. Operating
from a single +3V or +5V supply,
power consumption is a miserly ImW.

For new designs, the AD794x
series lets you save valuable space;
all devices are available in ultrasmall
20-pin SSOP packages, which use less
than 0.1 square inch of precious
board space.

The AD7943, AD7945 and
AD7948 provide serial, parallel and
byte digital interface, respectively. In
addition to the SSOP, industry stan-
dard packages are available. These
devices are specified over the -40°C to
+85 °C temperature range.
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12-BIT 500KSPS ADCS THAT
SURVIVE OVERVOLTAGE!

Real-world data acquisition and con-
trol systems often have to cope with
tough environments. It isn’'t always
possible to guarantee which system
will power up first. Sometimes signals
on input lines can go out of range —
even beyond the supply rails. Until
now, this was a guarantee for destroy-
ing your ADC — and that was an
expensive fuse!

The ADC7892 is a versatile, high-
speed ADC expressly designed to
cope with these circumstances. It is a
12-bit sampling A/D converter with a
throughput rate of 500ksps, low power
dissipation of only 60mW and the flex-
ibility of both serial and parallel inter-
face capability. Crucially its analog
inputs are tolerant to voltages which
extend well outside of the supplies;

this resilience pro-
tects them from
overvoltage fault
conditions (up to
+17V outside supply
range for the +10V
input version). It
also features an
on-chip reference,
as well as a power
down mode.

The AD7892 is
available in two ver-
sions. The AD7892-2
has an analog input range version of ()
to 2.5V for complete 5V single-supply
systems. The AD7892-1 has input
ranges of +5V and +10V for industrial-
type systems where the larger LSB
sizes are important.

Both versions are available in 24-
pin plastic DIP, SOIC and cerdip pack-

ages. Temperature ranges are -40°C to
+85°C for the industrial grades and
-55°C to +125°C for the extended range.

A HIGH-RESOLUTION A/D
CONVERTER, MOTOR
CONTROLLER AND
ISOLATION DEVICE

FOR ONLY $2.95

The AD654 provides designers with a
converter that can be applied to solve a
wide range of design problems at much
lower cost than ever before possible.

It is a monolithic V/F converter
which reduces space requirements by
integrating an input amplifier, precision
oscillator system and a high-current
output stage. Its high performance, low
cost, low power consumption and
small size make it the perfect choice
for an unlimited variety of applications.

The AD654 provides a square
wave output and can drive up to 12
TTL loads, opto-couplers, long cables
or similar loads. The input amplifier
provides low drift, permitting operation
directly from low level transducers like
thermocouples, strain gauges and cur-

rent shunts. It also offers a high
(250MQ) input resistance to positive
voltage signals. Only 2.0mA of quies-
cent current is required using the single
positive supply from 4.5V to 26V, and
the output stage can sink up to 10mA
with saturation voltage less than 0.4V.

The AD654 combines low cost with
very high accuracy. Linearity error is
only 0.03% for a 250kHz full scale fre-
quency, and operation is guaranteed
over an 80dB dynamic range. A single
RC network is all that’s needed to set up
any full scale frequency up to 500kHz.

Applications for this product range
from high-resolution A/D converters,
process control systems, and isolation
to energy management, motor speed
controls and power monitoring,

The AD654 is available in 8-pin
PDIP and 8-pin SOIC packages in
commercial temperature ranges.

Continued from front

Finally, the AD8600 features a new
DAC design (patent-pending) which
reduces reference glitch during
reprogramming.

Space savings is a major benefit
of this part, since it provides all these
capabilities in a PLCC-44 package.
But other features include: simplified
full-scale setting; fast 2ps settling time
for fast updates for analog instrument
systems; minimal (2mV) zero level
system errors; and fast (30ns) data
loading write times. A data readback
feature allows system self-check at
power-on.

The AD8600 operates from dual
+5V or single +5V supplies, in extended
temperature range —(-40°C to +85°C).

WORLDWIDE
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Analog Devices, Inc.

P.O. Box 9106

Norwood, MA 02062-9106, U.S.A
Tel: (800) 262-5643
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EDN-DESIGN FEATURE

Designing 2.1V Futurebus+
termination system requires
system-engineering approach

Samuel H Duncan and Robert V White, Digital Equipment Corp

Designing a termination system for a Future-
bus+ power system can be a formidable task.
Tight voltage tolerance and ripple-noise speci-
Jfications require an approach that considers
the power supply, backplane, termination,
and backplane-transistor-logic drivers as
interconnected units.

The demands placed on a 2.1V Futurebus+ termination
power system require a system-engineering approach. With
the Futurebus+, worst-case switching conditions can inject
a transient on the power-supply backplane that has a current
change vs time (di/dt) greater than 3A/nsec. Most power sup-
plies can withstand only a 1A/msec load transient. To meet
the Futurebus+’s demanding requirements, Digital Equip-
ment Corp has designed a system that attaches a tightly inte-
grated power supply directly to the Futurebus+’s backplane.
The design procedure, although not exactly a “cookbook”
approach, should help experienced engineers design a
Futurebus+ system.

DEC’s approach mounts only passive components onto the
backplane because replacing defective active components
requires expensive service. The design uses only one power
supply, which, although not part of the backplane assembly,
plugs directly into the backplane. Bypass capacitors on the
backplane lower the impedance of the 2.1V power supply so
that voltages at the terminators remain stable. A system
approach considers the terminators, backplane, and power
supply.

Before considering the power system, review the require-
ments for the 2.1V backplane. The two most important
requirements are the voltage tolerance and the output-load
current. The Futurebus+ standard specifies that the output
voltage must be within £2% of 2.1V and have a voltage ripple
lower than £50 mV. The £2% tolerance includes variations in

initial tolerance, line regulation, average dc regulation, tem-
perature drift, long-term drift, and ripple and power-supply
noise. Because of the switching actions of the bus, the design
must meet the £50-mV specification at the terminators, not
at the power-supply output.

Meeting the +2% power-supply tolerance can be challeng-
ing. DEC systems use reference voltages having a tolerance
of only 0.25%. Although tight tolerance references are expen-
sive, they eliminate voltage trimming in the factory. Bypass

2.1V 2.1V
Rream Rream
33.2 33.2
1% 1%

A X R P
|
|
|
|
|
|
3 |

«— BTL DRIVER STAGE
o |
|
f |
|
|
|

L

Fig 1—1In the Futurebus+ configuration, a backplane-transistor-logic
driver attaches to a signal line that is terminated at each end by
33.2Q) resistors. There is one backplane-transistor-logic driver
stage for each signal line on the trace.
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capacitors that maintain the £50-mV ripple specification
attenuate power-supply and ripple noise. However, load cur-
rent can introduce de-distribution losses. You can calculate
the minimum and maximum load current, even though the
current is stochastic.

To determine the load-current bounds, consider a Future-
bus+ active single driver and two backplane 33.2() resistor
(Fig 1). When any signal line is in the low state, the driver
draws current from the 2.1V supply. Typical current
draw/signal line is:

Itvp:2 % (Vlurm_Vlow)/RLerm
Lc=2 X(2.10V-1V)/33.20=66.3 mA.

The 66.3 mA is a typical current draw. In worst-case condi-
tions, the terminator voltage can be as high as 2.142V, and
the logic low voltage can be as low as 0.75V. In addition, the
terminator resistors have a +1% tolerance. Adjusting for
worst-case parameters, the worst-case current is:

I,=2X(2.142V-.75V)/32.868()=84.7 mA.

A 6-slot backplane having a 64-bit data bus has 130 sig-
nal lines that can draw current from the power supply when
you include the arbitration signals. Generally, no more than
100 lines switch simultaneously, however. Therefore, 100
signal lines, each drawing 66.3 mA, typically draw 6.63A
total current from the power supply. The absolute worst-
case condition occurs when 130 lines draw 84.7 mA, result-
ing in an 11A current draw from the power supply. This is
an unrealistic case, however. A worst case of 10A is more
likely.

The minimum load current occurs when all of the drivers
are off and no current is drawn from the power supply.
Although this is an unrealistic case, a conservative design
requires the 2.1V supply to remain within specification when
there is no load. To be more precise, a conservative design
assumes no external load. A preload current is usually drawn

BYPASS
CAPACITOR

TERMINATOR
RESISTOR

GROUND
SIGNAL =e————————

3.3V =essssssssm——

SIGNAL S

mem———

e m—

S e———

2.1V B

2.1V RETURN A
SIGNAL "e— P—

5V e———— e

SIGNAL me— R
GROUND e

BYPASS
CAPACITOR

Fig 2—This backplane-layering and bypass-capacitor connection
places dual bypass capacitors as close as possible to the termination
resistor and 2.1V line.

from a switching power supply to keep the power supply
operating in its linear, continuous mode. This design uses a
preload current of 0.5A, which dissipates only 1W. If you use
a linear regulator, the preload current biases the pass tran-
sistor into its active region.

To meet the 50-mV specification, assume that 100 signal
lines can change at once and that the bus switches in a min-
imum of 2 nsec. The load transient under these conditions is
6.6A/2 nsec=3.3A/nsec. In practice, the load transient is not
this large. Because of bus skew, all the signals do not arrive
simultaneously at the terminators. The terminator resistors’
inductance also slows the rise of the current transient on the
2.1V backplane. However, to find the worst-case load tran-
sient, this design ignores these factors.

Consider the complete power-supply system when deter-
mining the voltage at the terminators.

Designing a backplane by throwing in
O LN, R R some random bypass capacitors and
5mQ 5nH 500 pQ hooking up a power supply using 1m of
el cable does not work. Designing a com-
%lgli\ih/‘\gsl’?gg plete power system means considering
(VCCS, [] RPSCAP RBULK [] RBYPASS [] RTERM | the terminator resistors, 2.1V layers in
GAIN =-100) haica i 6dopa | ]283mW | the backplane, bypass capacitors, back-
——<l>— plane to the power-supply connectors,
F and power-supply output. The DEC
§L§’_§°nﬁp %5}’;,5 §L1B1Y. ’;”;,Sf design uses Spice to simulate the sys-
tem, although it can use a lumped-ele-
A ment model because the 2-nsec back-
L cps L cBulk  _L cBYPASS plane doesn’t require a
o o 1oRe 408 4F transmission-line model. The Spice
ERROR AMP o : :
(VCVS, model desecribes the load as a series of
GAIN=10ES) Vi VBUS\ _ resistance and time-varying voltages.
2.1V (PWLVS) Locate the 2.1V power line and its
return on adjacent layers and on inner

Fig 3—A Spice model uses lumped elements to describe the backplane impedance and the
staggered arrangement of bypass capacitors. It also models a linear voltage regulator and

the connector impedances.
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layers of the backplane to minimize
impedance. This arrangement reduces
inductance and increases capacitance.
The design requires a 2-oz-thick min
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copper line. Connect the 2.1V power supply to the backplane
near the center of the board, which is equidistant from the
terminators. Using this arrangement, the distribution resis-
tance of the power-supply plane is about 500 ().

In selecting bypass capacitors, calculate the minimum
capacitance to hold up the 2.1V terminator voltage until the
power supply can respond, and calculate the maximum
amount of inductance allowed on the 2.1V distribution line.
The DEC design calculates the capacitance and inductance
for a linear power supply to maintain a 50-mV ripple voltage.
Supply response time is 50 psec. Estimating the capacitance
based on allowing no more than 50 mV of droop in 50 psec
yields:

C=Ixdt/dV=6.6AXx50 psec/50 mV=6600 nF.
Estimating the inductance yields:
L=V Xdt]/di=50 mV X2 nsec/6.6A=15.2 pH.

The capacitance is large but physically realizable. Although
the inductance is too small to be realizable, many termina-
tors contribute to this lumped-element calculation. The max-
imum inductance for a terminator is:

L=V Xxdt/di=50 mV X2 nsec¢/33.1 mA=3 nH.

Although the 3-nH inductance is small, surface-mount-
technology (SMT) capacitors are available with sub-
nanohenry inductances. Such capacitors include a 0.082-p.F
capacitor with 0.7-nH effective series inductance (ESL)
and 40-m() effective series resistance (ESR). The company
also offers a 0.15-wF model with 1.5-nH ESL and 70-m(
ESR. Designs incorporating the 0.15-pF capacitor need
only one capacitor/two terminator resistors; designs with
the 0.082-pF capacitors require one capacitor/four termi-
nator resistors. This design uses the 0.082-uwF part, which
requires 62 capacitors. The equivalent lump-capacitance
sum is 5.08 nF (4.07 pF worst case, allowing for a +20% tol-
erance).

Place capacitor close to terminator

Place these capacitors close to the terminator resistors.
The design requires at least three vias to connect the mount-
ing pads to the 2.1V and return layers. Any discrete etch
noticeably degrades performance. Fig 2 shows a suggested
backplane-layer and capacitor-connection scheme. Although
the capacitors have a small enough inductance to support the
load transient, they do not have enough capacitance to hold
up the terminator voltage until the power supply can
respond. Using the following approximation, the bypass
capacitors at the terminators should hold up the voltage for
only a few nanoseconds:

dt=CxdV/I=5.08 pF x50 mV/6.6A=38 nsec.

The above equation shows that the design requires at least
another stage of capacitors to hold up the voltage. Each ter-
minator requires no more inductance than the that of the fol-
lowing equation:

L=V Xdt/di=50 mV X38 nsec/33.1 mA=57 nH.

This is a reasonable amount of inductance to provide the
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Fig 4—In the system backplane with all lines switching simultane-
ously, the maximum observed deflection on the 2.1V terminator is
424 mV. The deflection is comfortably within the 50-mV Futurebus+
specification.

additional hold time. The design includes 16 100-pF SMT
electrolytic capacitors on the backplane between the termi-
nation resistors and the point at which the termination power
enters the backplane. Even though the total capacitance does
not quite equal 6600 wF, the electrolytic capacitors are suffi-
cient for the task.

DEC'’s first systems use power modules that plug direct-
ly into the backplane. One system uses card-edge connec-
tors, and the other uses DIN-style power pins and sockets.
Direct plug-in connection to the backplane results in a
minimum amount of resistance and inductance parasitics.
However, the Spice model must include these parasitics.
The design uses three 2200-pF, low-ESR aluminum capac-
itors for the power-supply output. It also uses 0.220-pF
ceramic capacitors at the power-supply connection to filter
high-frequency noise.

To meet the Futurebus+ specifications, the design stag-
gers an array of capacitors throughout the backplane in
three stages. The first stage comprises 0.082-wF, high-
frequency bypass capacitors near the terminator resis-
tors. The second stage, an array of 100-pF electrolytic
capacitors, provides the bulk storage. The third stage
includes the power-supply output capacitors. Fig 3 shows
a simplified schematic of the Spice model for the final
design.

The Spice model predicts that the configuration can meet
the Futurebus+ specification under worst-case switching
conditions of the bus. You can test this condition by building
an exerciser for the Futurebus+ that allows the simultaneous
transition of any number of signal lines. When all lines are

Text continued on pg 122
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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. CIRCLE NO. 9

00 300 y 4‘0\ 5'00 8100

N ecauoncy (ks T

WGUAD
L DESIGN

. A Viewlogic Company

SEE US AT DAC BOOTH NUMBER 735

* transvidiate (irans vid'e at’) vt. -a ted,
-a ting [TRANS (L. across, over ) + VID (L. videre,
to see) + -IATE)] 1. to bridge the present and
[future by knowing all signal distortion effects of
your digital circuit design before they happen
2. 1o avoid future design mistakes while the design
is still a vision 3. to exist in the future presently
— trans-vid'i-a’tion n



One
good
test
leads
to
another,
with
Mueller

Mueller test leads give you
dependable, accurate per-
formance, test after test after
test. Choose from over 1000
test leads and accessories
offered in a wide range of
constructions, designed to
meet virtually every test

or interface application.
For standard and custom-
designed test leads, call
toll-free: 1-800-955-2629.

y FREE! 72-page catalog includes |}
; over 100 new pro- |

ducts, plus 1320 §
established items,
all grouped by [§
test application. (£

1583 East 31st. St,, Cleveland, OH 44114
(216) 771-5225 « Fax (216) 771-3068

CIRCLE NO. 81
122 = EDN May 26, 1994

EDN-DESIGN FEATURE

FUTUREBUS+ TERMINATORS

switching simultaneously, the maxi-
mum deflection on the 2.1V terminator
is 24 mV (Fig 4), comfortably within
the Futurebus+ 50 mV specification.

[EDN
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of design that companies worldwide are achieving
with COMPASS’ new generation of IC design tools.

Only COMPASS provides a seamless graphical
specification and synthesis environment that inte-
grates logic design, physical design, libraries and
library development tools. Others make this claim
but it's no secret they built their product line by
acquiring technologies to fill in design “holes.”

COMPASS tools were built from the top down.
You get everything you need from one company,
, at one time. And all COMPASS tools are designed
to work with the foundry of your choice.

Say good-bye to yesterday’s mix-and-match
design tools, endless hours of integration and empty
promises. Say hello to tightly integrated tools that
speed you from concept through synthesis, layout,
verification and silicon. Break through today’s design

barriers — into the future of submicron design.

Call 1-800-433-4880 for more infor-
mation on COMPASS design tools.
The shape of things to come.
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We’re out to make your life much simpler when it comes to boardmounts. A call
to 800-328-0016, ext. 100, will get you our new Boardmount Engineering Guide—
it’s free. And qualify you for samples of 3M boardmount connectors at the same time.
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Energy gauges
add intelligence to
rechargeable batteries

Malcolm McClure, Span Inc

An energy gauge built into a rechargeable bat-
tery pack can tell you exactly how much
charge remains available for use. It can also
direct an inexpensive “dumb” charging device
to charge the pack in an optimal manner. It
can even store a history of battery health.

It’s too bad laptop computers, camcorders, and cellular
phones can’t run for 20 hours on a battery the size, shape,
and value of a quarter. But they can’t, so manufacturers offer
ICs and other components to simplify the job of efficient
power management. Such products include de/de converters,
battery-charging devices, and power-switch arrays that con-
trol energy-consuming components like disk drives and
backlit screens.

But perhaps the most dramatic advance in power manage-
ment is in battery-energy gauges. These units, which often
reside inside a battery pack, actually monitor the amount of
energy that flows into and out of a battery to make accurate
estimates of the amount of charge remaining. These esti-
mates are available not only to the user, via an on-pack dis-
play, but also to the battery-run device, via some sort of ser-
ial data link. To a designer, this data is valuable information
because the battery pack is often a device’s largest, heaviest,
and most expensive component.

Voltage readings aren’t enough

Most rechargeable batteries for portable electronic
devices are nickel-cadmium (NiCd) or, more recently, nickel-
metal hydride (NiMH). These batteries’ chemistries allow
fast recharging and offer a good combination of energy den-
sity, uncharged shelf life, and low cost. Unfortunately, a sim-
ple reading of terminal voltage, either open circuit or under
load, yields little information about their present state of
charge. To understand why, look at the discharge curve for a
NiCd battery (Fig 1). (NiMH batteries, by the way, behave
in almost the same way during discharge.)

As Fig 1 shows, terminal voltage drops rapidly for a brief

time and then is followed by a long period of slow decline. As
the battery nears depletion, the voltage again falls off quick-
ly. At first glance, it would appear a simple matter to trans-
late the terminal voltage, especially in the central region of
the graph, into a measure of remaining charge. Indeed, some
manufacturers have marketed crude energy gauges that use
this approach. The results are woefully unreliable, however,
because the absolute cell voltages are a function of tempera-
ture, internal pressure, and battery age. The amount of devi-
ation caused by these factors negates any meaningful infor-
mation derived from voltage alone.

The situation during charging is similar, as indicated in
Fig 2’s typical charge curves for NiCd and NiMH cells. As in
discharging, these two chemistries behave in an almost iden-
tical manner, an exception being that the NiMH batteries do
not experience as much decline in voltage as they go into
overcharge. Here, too, terminal voltage does not give a reli-
able measure of the state of charge, because the absolute val-
ues of the voltages vary with factors such as temperature and
pressure.

The only accurate way to know how much charge is actu-
ally in a battery pack is to count the coulombs as they come
and go. While this appears a conceptually easy task, a num-
ber of subtleties arise that quickly make it a formidable one.

TERMINAL
VOLTAGE

1.2V/CELL

TIME

Fig 1—The absolute level of a battery’s discharge curve depends on
several variables, including temperature and pressure. The curve
shown here is typical of NiCd batteries.
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Nonetheless, highly accurate gauges are now available that
take these subtleties into account.

A simplistic way of viewing a rechargeable battery is as a
tank of electrons. As the charge depletes, the tank drains. As
it recharges, the tank fills. To know how full the tank is, you
need to count the electrons as they go into the empty tank. If
the size of the tank is also known, you can make an estimate
of “percent full.”

Electrical current is a measure of electron flow, where
1A=1.6x10" electrons/sec. To count electrons, the energy
gauge must monitor battery current and then numerically
integrate it over time. This process requires three elements
of hardware to implement: a current-sensing device, an A/D
converter, and a processor to perform the integration and
send the results to the host.

For monitoring really large currents, a Hall sensor can
measure the magnetic field surrounding the current path
and translate it into a current reading. But Hall devices
require cumbersome magnetic cores and support electronies,
and they’re not cost-effective for most applications.

By far, the least expensive and most common approach for
current sensing is to insert a low-value resistor in series with
the current path and measure the voltage drop across it. Since
any resistance inserted in the main current path potentially
wastes power and may even limit the amount of current that
can flow under surge conditions, the minimum possible resis-
tance is preferable. Typical values range from 0.01 to 0.5€).

An A/D converter measures the voltage across the cur-
rent-sensing resistor. To resolve currents of 1 mA over a
range of +4A, converter resolution of 13 bits is necessary.
The signals involved may be minuscule, typically on the
order of 100 wV. After conversion to digital form, it is rela-
tively easy to numerically integrate the readings with a pP.

Battery capacities exceed ratings

Returning to the analogy of a battery as a tank of elec-
trons, it is important for an energy gauge to be able to mea-
sure the actual size of the tank. Manufacturers of recharge-
able batteries specify the capacity ratings for their cells in
milliamp-hours (mA-H). These ratings are minimum values,
and the actual pack capacity often exceeds its rated value by
20%. Also, the capacity usually decreases as the pack ages.

For the gauge to measure actual pack capacity, it must be
able to sense when the “tank” is completely empty and when
it is completely full. It does this by monitoring pack voltage
and temperature as a function of time. For NiCd and NiMH
batteries, it considers the fully discharged state to be when
the pack voltage drops below about 1V per cell. The fully
charged state can be characterized in several ways.

An approach that battery manufacturers recommend for
determining the fully charged state of NiCd cells is called
negative-delta-V detection. This approach requires sensing
when the terminal voltage just starts to drop from its peak
(Fig 2). While this technique also works with NiMH cells if
the voltage resolution is sufficiently high, many cell manu-
facturers recommend dT/dt detection for NiMH. The dT/dt
approach considers full charge to be when the pack temper-
ature starts rising faster than some specified threshold.

Adding these capabilities for determining the fully
charged state requires additional channels of A/D conversion
or, perhaps, extending the resolution of the existing chan-
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Fig 2—Charge curves, like discharge curves, depend on variables
like temperature and pressure. NiCd and NiMH batteries charge
almost identically except when they go into overcharge.

nels. For instance, to resolve voltage changes of 1 mV out of
a battery voltage of, say, 20V (as is necessary for using neg-
ative delta V with NiMH batteries) requires an A/D resolu-
tion of 15 bits. By contrast, temperature sensing requires
only about 9 bits of resolution. As it turns out, both temper-
ature and voltage readings are necessary for proper gauging.

Energy gauges’ advantages

Once an energy gauge has the ability to sense when a bat-
tery is fully charged and fully depleted, it can perform sev-
eral other important functions. First, the gauge can auto-
matically calibrate itself to the pack by measuring the actual
amount of energy that can be extracted from the pack. In
some gauging devices, the host must initiate this calibration;
in others, calibration happens automatically whenever the
pack runs from a fully charged state to a fully discharged
one. With internal registers, a gauge can store capacity infor-
mation for use in calculating present charge state as a per-
centage of capacity. A gauge can also monitor pack capacity
over time as a barometer of battery health.

Once a battery gauge has the features just described, it
has all the intelligence necessary for charging the battery
pack. This intelligence need not be duplicated in external
charging devices as long as some means exists for the pack
to control an external “dumb” charger. The gauge can bring
this control information out on a single hardware line or
transmit it as part of a data stream.

Because determining actual pack capacity can take sever-
al hours, it would be unfortunate if this information got lost.
This is a very real possibility, however, because the user can
inadvertently let the pack discharge below the level neces-
sary to keep the energy gauge working. Or, a static discharge
could corrupt an internal register. For these reasons, some
vendors have incorporated electrically erasable PROM
(EEPROM) into their gauges for storing critical parameters.
The addition of nonvolatile memory also lets the vendor offer
a single standard product with a menu of features that the
user can select through appropriate programming of EE-
PROM registers. For example, the menu might offer a range
of charge-termination techniques, including negative delta V
and dT/dt, with all the parameters selectable by the user.

Addition of EEPROM also allows the gauge to track bat-
tery history. This history might include basic information,
such as how many charge cycles the pack has experienced, or
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more exotic things, like the maximum and minimum temper-
atures experienced by the cells. Such information is useful in
projecting a pack’s life expectancy and even for deciding
whether to honor a warranty on a supposedly defective unit.

Using the measured information

Now that the energy gauge has amassed all this informa-
tion about the battery, what happens to that information?
The most fundamental piece of information, the percentage
of full charge, is often directly available on an LED or LCD.
LEDs draw significantly more current than LCDs, so they're
usually accompanied by a pushbutton switch for momentary
activation. LCDs, on the other hand, can run continuously,
but they’re more delicate (removable battery packs are high-
ly susceptible to being dropped), and they don’t behave well
at temperature extremes. For these reasons, LEDs are cur-
rently the display of choice.

Battery information is also usually available to the host
equipment via some form of serial link. Various protocols are
available, ranging from custom versions to standard RS-
232C. The amount of information provided also varies among
manufacturers. Along with percentage of full charge, it may
include instantaneous readings of voltage, current, tempera-
ture, pack capacity, charger-control information, multiple
levels of low-battery warning, and indications of any poten-
tial battery-error conditions.

Because most energy gauges reside inside a battery pack
and draw their operating power from the battery, they must
use as little power as possible, especially when the pack is not
in use. Good gauges, therefore, enter a low-power mode when
they sense their host is turned off. Quiescent currents of 50
A are typical.

Operating voltage is also worth considering. Some energy
gauges require a 5V source for their supply, which can
require tapping into the battery string for 1.2V/cell NiCd
and NiMH batteries. With packs of four or fewer cells, these
gauges become unusable. Other gauges, however, can handle
supply variations ranging from 3V or less to more than 25V.

You also have to consider the ways in which rechargeable
batteries differ from the simple model of an electron storage
tank. For example, all batteries, rechargeable or otherwise,
exhibit the phenomenon of self-discharge. That is, a fully
charged cell loses charge over time. The phenomenon is par-
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Fig 3—An energy gauge can accurately compute a battery’s remain-
ing charge (shown here as the straight line), but a simple reading of
battery voltage (curved line) is unreliable. The data shown here
resulted from discharging an 8-cell NiMH battery pack.
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ticularly noticeable with NiCd and NiMH cells, which typi-
cally lose about 1 to 2% of their charge each day. After three
months of sitting idle, a previously fully charged pack will be
dead. Worse yet, the self-discharge rate is a strong function
of temperature. Storing the pack at 40°C instead of 25°C will
cause it to fully discharge in just a few days.

Because equipment used outdoors or left in the trunk of a
car can experience high temperatures, energy gauges must
monitor battery temperature and use it to account for self-
discharge. However, the rate of self-discharge as a function
of temperature varies with cell chemistry and manufactur-
ing techniques. If an energy gauge has onboard EEPROM, an
OEM can program the appropriate self-discharge parame-
ters; other gauges must either approximate self-discharge
with a “one-size-fits-all” algorithm or ignore it altogether.

Other factors that affect gauge accuracy include various
charge and discharge efficiencies. For instance, charging
efficiency is always less than 100% and drops off considerably
as a pack nears full charge, because much of the energy
pumped into the pack goes toward producing gasses rather
than into a retrievable form. Likewise, temperature affects
charge efficiency. All these parameters vary with chemistry
and manufacturing techniques, but they can be accounted for
if a gauge has the means to do so.

For an idea of the accuracy you can expect from an energy
gauge, see the data in Fig 3. The plot shows pack voltage and
percentage of remaining charge while a battery discharges
at a constant rate of 1000 mA. This data, representing the
fifth discharge cycle after calibrating a gauge to a battery
pack, yields an overall accuracy of 0.22%. Under less ideal
conditions, accuracies of 1 to 2% are typical.

The benefits of incorporating an energy gauge into a prod-
uct line are several. First and foremost, both the user and the
host equipment can know exactly how much charge is avail-
able from a battery pack. This is true whether the pack is
currently in use or has been pulled from storage. A second
benefit is that the extra battery capacity above rated value is
available for use. In addition, an energy gauge eliminates the
need for sophisticated charging equipment; it can control an
external “dumb” charger at the cost of one extra terminal on
the battery pack. Further, one charger can recharge various
types of batteries.

The cost of adding an energy gauge to a product depends
on several factors: sophistication and resolution of the hard-
ware, desired current range, size and shape of the gauge,
number of interface contacts with the host, communication
protocol (if any), and type of display used. With all these vari-
ables, it is difficult to give specific price information. How-
ever, a typical energy gauge now adds about 25% to the cost
of a pack, although prices are likely to drop rapidly over the
next few years. Be aware, though, that some units come as
fully assembled modules, while others are single ICs that
require additional circuitry. EDN|
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design products compatible with

the standards of the Personal
Computer Memory Card International
Association (PCMCIA), you need a
copy of The PCMCIA Developer’s
Guide by Michael T Mori. This self-
published book (Tori is an independent
design consultant) is by far the best
collection of useful information I've
seen on PCMCIA—a valuable blend of
tutorial information, product informa-
tion, and design guidelines. Moreover,
Mori has obviously taken great care in
choosing what not to include in the
book, so you can plunge right in and
learn quickly, without getting bogged
down in details for which you're not
yet ready.

The book begins by briefly summa-
rizing the evolution of the association
and the PCMCIA standard. Then, in
10 pages or so, it gives a remarkably
clear overview of today’s expanded
standard. The standard itself isn’t
hard to read, but this summary
quickly gives you a good perspec-
tive.

The real meat of the book begins
in Chapter 3, “Designing a PCM-
CIA host adapter.” A host adapter,
in this sense, is simply something
that connects to a host computer
and accepts PCMCIA cards. It can
be part of the equipment you’re
designing, or it can be an external
unit. This chapter doesn’t have every
design detail you need, but it explains
the major design issues, and it

I f you’re planning to buy, use, or

against.

Chapter 3’s tutorial informa-
tion is all the better for having just the
right amount of basic information
about some of the more popular
PCMCIA ICs available for designers.
(Later, in Chapter 8, there’s more
detail about a wider range of chips.)
Most of the ICs this chapter discusses
are socket-controller ICs, which pro-
vide the needed connections and sig-
nals between a PC bus and one or
more PCMCIA card sockets. (PCM-
CIA applications aren’t limited to the
PC architecture, but commercially
available socket controllers are. You
can design PCMCIA interfaces for
other buses, but you have to do a lot
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provides enough information at
the block-diagram level to give ~
you a sense of what you’re up :
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more of the work yourself.)

The next chapter, “Designing a PC
card peripheral,” looks at the myriad
issues of designing a plug-in PCMCIA
card. In about 35 pages, it covers elec-
tronic design, mechanical design, soft-
ware and compatibility issues, and
agency approvals. Most of this infor-
mation deals with electronic-design
issues that are specific to memory
cards and to what PCMCIA calls “I/O
cards,” which can contain practically
any kind of peripheral device. You
need to read the entire PCMCIA spec
before you actually undertake a
design, but this chapter boosts you up
the learning curve.

Chapter 5, “PCMCIA software
requirements,” takes on what is
undoubtedly the most confusing and
troublesome aspect of using or design-
ing PCMCIA products. PCMCIA has
not reached all of its ambitious soft-
ware goals—including
plug-and-play
operation and
“hot swapping”
of vastly dissimi-
lar types of

cards—despite the existence of some
very sophisticated and complex system
software. This chapter explains, as
well as 20 pages of text can explain,
the software issues and which prod-
ucts are available to deal with them.
The chapter does an adequate job of
describing succinetly what PCMCIA
system software does and, in some
cases, what it doesn’t do. For example,
a PCMCIA system-software module
called Card Services (available from
several software vendors) is not yet
sufficiently general to control every
type of card that you can possibly
insert in a PCMCIA slot. To get

around the problem, card vendors pro-
vide specific card “enablers,” essen-
tially device drivers that defeat
PCMCIA’s hot swapping and plug-
and-play goals. The issue of specific-
vs-generic enablers is one that anyone
involved with PCMCIA is going to
have to address—a lot.

The future of PCMCIA gets a short
chapter of its own in the book. The
chapter’s main topics are the recent
and planned additions and modifica-
tions to the PCMCIA standard: addi-
tional operating voltages (more than
just 5 and 3.3V), the 32-bit CardBus
(which is patterned after the PCI-local
bus and allows bus mastering), power
management, multifunction cards, and
more.

Next, the book provides an 80-pg
product-information guide. A short
chapter summarizes the types of
PCMCIA products that are available,
and a much longer chapter details sev-
eral products. The product categories
include all types of PCMCIA cards,
chips, system software, development
tools, and interconnection hardware.
This information will soon be out of
date, but it appears remarkably com-

plete for now. The book’s publisher
expects to create revised and updat-
ed editions periodically, with the

first one coming fairly soon.
Finally, appendixes to the book
contain almost 200 pgs of reference
information, mostly from the
PCMCIA specification. Having all
this information in one book is
handy, and the resulting single

. ]
) ' volume isn’t all that bulky. It
, . contains 400 or so 8.5X11-in.

pages in all—about the size of a
1-in.-thick notebook.

The PCMCIA Developer’s Guide
isn’t the only source of information
you need to design PCMCIA products,
but it’s a good starting point. It
assembles a lot of useful information,
and that information is clear, concise,
and probably the most relevant of all
the information you need to get a
quick start with PCMCIA design.

The book isn’t cheap; it costs $89.95
plus shipping. But if you need to learn
about PCMCIA and you value your
time, you'll get your money’s worth
and more.—Gary Legg

Sycard Technology, Sunnyvale, CA.
(408) 247-0730. Circle No. 422



Verify DSP-filter designs with SystemView

en performing DSP
designs, you must weigh the
tradeoffs of FIR vs IIR fil-

ters before committing to hardware.
FIR filters lack a feedback path, thus
ensuring inherent stability. FIR filters
also provide an exactly linear phase
response, so phase distortion does not
occur. However, FIR filters typically
require more computational time,
especially in hardware that has only a
single multiplier. A fast FIR requires
a prohibitive number of multipliers to
perform multiplications in parallel.

These drawbacks could also be a
problem in DSP applications in which
software performs the operations
sequentially. The more instruction
cycles needed to implement a filter,
the fewer clock cycles you have for
other processing tasks.

Using Elanix’s SystemView ($985), a
dynamic system-level simulator, you can
quickly address these problems and ver-
ify the merits of both types of filters.
This graphical system simulator runs on
PCs under Windows and lets you speci-
fy all relevant information and display
the results simultaneously side-by-side.

The application I decided to simu-
late uses a lowpass filter having a 1-
kHz cutoff frequency to operate with a
sampling rate of 8 kHz. The first step
in setting up the simulation was to
select a sweep generator from the
sources that the software offers. I con-
figured the sweep generator to run
from 10 Hz to 4 kHz. You select the
sweep generator from a menu of
source signals and specify its parame-
ters by filling in a form. The sweep
generator mirrors the actual method
of evaluating the performance of the
filter. An alternative source could have
been the impulse, or “delta,” function.

The next step was to quantize the
input to 16 bits. I selected the quantiz-
er from the appropriate function-token
library and filled in its parameters. I
then connected a signal-display token
to the output of the quantizer. You can
attach a display token anywhere in the
simulation to aid diagnosis or to view
intermediate results.

The next step in the simulation was
designing the filters. I selected “linear
system” from the operator-token
library and then chose the types of fil-
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of taps needed to meet the
specifications in the FIR
menu. You can select fewer
taps than the software
suggests, but doing so may
mean the filter will not meet your
specifications.

I examined four filter types: an 18-
tap, lowpass FIR filter, a Butterworth
IIR filter, a Bessel IIR filter, and a
Chebychev IIR filter. All my IIR filters
had eight poles, giving the same num-
ber of multiply-accumulate operations.

An important consideration when
selecting a filter is the effect of quantiz-
ing the filter’s coefficients to a specified
number of bits. With this software, I
simply entered the appropriate values
in the text boxes. In this case, I set the
coefficient quantization to 16 bits. The
simulation showed that quantization has
its biggest effect on the Chebychev fil-
ter’s performance and a smaller effect
on the FIR filter’s.

After I specified all four filters, I
started the simulation. The simulation
injected the output from the quan-
tized-frequency sweep signal into each
of the filters and placed a display
token at the output of each filter.

Once the simulation finishes, you can
use the program’s analysis window to
examine—simultaneously or separate-
ly—the output response of each filter.
You can view the signals in the time
domain or the frequency domain, and
you can view the frequency-domain
data along a log or a linear axis.

The Butterworth and Bessel filters
turned out to have a smooth inband
response, but their frequency rolloff
was slow. The FIR and Chebychev fil-
ters had a much steeper cutoff but had
a significant passband-amplitude rip-
ple. For the FIR filter, this ripple aris-
es from the small number of taps. The
application specified a 0.1-dB ripple,
but the optimization routine could sat-

Fig 1—Comparing the frequency response of a basic FIR fil-
ter and the Hanning-windowed version shows that the win-
dowed filter offers a vast improvement in ripple over the FIR
filter. However, there is a penalty: The windowed filter does
not roll off as sharply as the FIR filter does.

isfy this constraint only by averaging
and by using 18 taps. The 16-bit word
size also raised the out-of-band ripple
of the FIR filter. The Chebychev filter’s
ripple comes from the 16-bit finite-word
size of the filter-tap coefficients.

Another design feature you can apply
to the FIR filter is “windowing.” Win-
dowing multiplies the given impulse
response, h(t), with a window function,
w(t), to produce a new filter response
g(t)=w(t)h(t). We usually think of win-
dows as a means of reducing the spec-
tral side lobes of Fourier transforms. In
this context, multiplying by the window
in the time domain convolves the fre-
quency response of the window with the
frequency response of the original filter.
The lowpass nature of the window’s
response smooths the original response.

Fig 1 compares a Hanning-windowed
filter and the original FIR filter. The
windowed filter offers a vast improve-
ment in ripple over the FIR filter, but
the windowed filter does not roll off as
sharply as the FIR filter does.

I chose the windowed FIR filter for
this application because of its good
cutoff, low out-of-band response, and
low in-band ripple. The FIR filter is
also inherently stable and has no phase
distortion. The actual frequency
response of the filter, when imple-
mented in an Analog Devices AD-2101
EZ-Lab DSP evaluation board, exactly
matches the SystemView simulation.

—Roger Hack

Elanix Inc, Westlake Village, CA.
(818) 597-1414. Circle No. 423

Professor Roger Hack is a member of
the Electrical Engineering Technology
department at Purdue University (Fort
Wayne, IN).
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Software probe provides
background emulator for HP tools

The HP3490A software probe provides
a Motorola background-debug mode
(BDM) interface to Hewlett-Packard’s
software-development tools. It pro-
vides run-control, memory-inspec-
tion/modification, and code-download-
ing functions over a network.

The front panel of the instrument
connects to a target’s BDM port. The
front panel also has two BNCs that con-
nect to a logic analyzer. The logic ana-
lyzer can use a trigger-out signal as a
qualifier to start an event, such as trac-
ing. A trigger-in BNC allows the logic
analyzer to force a breakpoint.

An interface for Unix or Microsoft
Windows provides the same interface
between the development tools and the
software probe that exists for the HP
64700 series of emulators. The software
probe supports 10Base2 and 10BaseT
connections.

The HP3490A software probe costs
$3995. The interfaces for Unix and
Windows cost $3585 and $1750, respec-
tively.—David Shear

Hewlett-Packard Co, Palo Alto, CA.
(800) 452-4844, ext 8322.

Circle No. 369

Automatically move from a Matlab
simulation to an embedded system

Those using The MathWorks’ Matlab
and Simulink to simulate and analyze
systems can now let their computers
create the C code to implement models
on targets running the VxWorks real-
time operating system (RTOS). You can
model the operation of the system you
are developing by interconnecting
block-level diagrams or by using the
Matlab language.

You can rapidly prototype a design
by letting the C-code generator pro-
duce C code, compile it, and run it on
your target. Simulink’s graphical user
interface allows you to select and con-
nect function blocks. It can generate
continuous, discrete-time, or hybrid
runtime code. Once the system simula-
tion meets your satisfaction, you can
move appropriate portions of the sys-
tem to your target.

For example, you might also simu-
late real-world inputs when simulat-
ing a system. When you move the
design to the target, the real world
provides the real-world inputs, and
you do not need code for these func-
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tions. Once you generate the code, you
can insert it back into your simulation
to test it before letting it loose on the
target.

You can use the C-code generator
with VxWorks, and you can interface
other RTOSs to the tool by modifying
a file that defines the RTOS service
calls the code generator uses. The C-
code generator also includes docu-
mentation, source code, make files,
and examples for creating RTOS sup-
port.

The Control Framework API auto-
matically builds programs based on
customizable make files. These make
files define compiler options, source
files, libraries, and automatic download
options.

The C-code generator requires
Matlab (starting at $1695) and
Simulink (starting at $1995). The C-
code generator costs $9995 for either
the PC or the workstation version.

—David Shear
The MathWorks Inc, Natick, MA. (508)
653-1415. Circle No. 370

PowerPC simulator lets
you test your system
without the system

The PowerPC Virtual System from
IBM allows you to simulate not only the
code running on a P, but also the
ASICs and other system components.
The Virtual System is built around the
PowerPC Visual Simulator (PVS). This
simulator provides a simulated debug
environment that allows you to test
code, optimize system-design consider-
ations, such as cache size and memory-
access times, and interact with simu-
lated I/0 from a graphical user
interface.

With Virtual System, you can model
the complete I/0 subsystems or just
selected functions. A C-based applica-
tion-programming interface (API) is a
set of C-language functions that an I/0
model can use to interact with the sim-
ulated PowerPC.

The PVS bus-model API can also
connect the PVS to a simulation of your
I/0. In this case, the bus-model inter-
acts with the ASIC-simulation environ-
ment. This interaction lets you use
actual ASIC models to provide the I/0
simulation to the PowerPC.

The VHDL model for the bus of the
PowerPC603 is now available free.
Other models will become available in
the future. As you debug your software,
you can see how it reacts to a simulation
based on the actual data used to create
the ASIC. You don’t have to worry
about creating a new model to work
with the simulator.

By simulating not only the wP and
the other subsystems, but also the
actual VHDL-design data, you can
check out more of the system before
committing to hardware. Catching
errors early in the game is a key factor
in reducing development time. The
PVS runs on IBM RISC System/6000
workstations and costs $6000.

—David Shear
IBM Corp, Rochester, MN. (507) 253-
7291, ext 330. Circle No. 371
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Brazil (011)-458-8755, Canada 1-514-689-5889, Czechoslovakia 0202-2683, Denmark 43 44
60 10, Finland 90-4526-21, France (1) 69 41 28 01, Germany 49-7043-40247, Great Britain
0962-733140, Greece 1-924 20 72, India (0212) 422164, Israel (03) 491202, haly (011)
4371551, Korea (02) 784-7841,  New Zealand 09-3092464, Norway 22-67 40 20,
Portugal 01-8095 18, Romania 961-30078, Singapore 749-0870, S. Africa (021) 23-4943,
Spain (93) 276 22 69, Sweden 040-9224 25, Switzerland 01-740 41 05, Taiwan 02 7640215,
Thailand (02) 281-9596.

51 E. Campbell Avenue
Campbell, CA 95008-2053
Fax. (408) 378-7869

Tel. (408) 866-1820
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Synthesize logic from behavioral description

The Behavioral Compiler from
Synopsys provides the next step
in design automation, offering
potentially large improvements
in designer productivity. Speci-
fying an IC at the behavioral
level requires only one-fifth to
one-tenth as much time as spec-
ifying at the register-transfer
level (RTL), the company esti-
mates. In addition, the compiler
lets you routinely simulate your
design at the behavioral level,
saving significant simulation
time over structural-level simu-
lation.

The tool suits designs that
are best described by algo-
rithms. Typical applications
include telecommunications,
high-end graphics, and multi-
media. The tool frees you from
designing the cycle-by-cycle behavior
of a design. Instead, you can focus on
algorithms while the tool performs
multicycle optimization using tech-
niques such as pipelining, multicycle
operation, chaining, and resource shar-
ing.

Many algorithm-based designs start
as a C or a C++ language specification.
Instead of translating the code into an
RTL specification, you can write a

Synopsys’ Behavioral Compiler accepts behavioral Verilog or
VHDL, extracts control and data-flow information, and auto-
matically generates a finite-state machine, data-path, and
memory to implement a circuit’s behavior.

behavioral specification in VHDL or
Verilog that is very similar to the orig-
inal language specification. According
to the company, the behavioral specifi-
cation may be only one-tenth as long as
the RTL specification for the same
design. Furthermore, the close rela-
tionship between behavioral-level hard-
ware-description languages (HDLs)
and software facilitates software/hard-
ware system design.

The tool goes beyond the typi-
cal behavioral-level data-path
designs available with other tools
to include controller and memory
inferencing. The tool automati-
cally infers a design’s controller
from the behavioral specification
and integrates it with the data-
path portion of the design. The
Behavioral Compiler also infers
memory reads and writes from
HDL-array accesses, allowing it
to schedule memory access auto-
matically. You no longer need to
perform memory timing and
scheduling manually.

Because the behavioral
description does not imply an
architecture, the synthesized
architecture varies, depending
on a few easily varied high-level
constraints. This technique
makes design reuse much more effi-
cient than it is with RTL design.

Behavioral Compiler relies on and
offers tight integration with the compa-
ny’s other architectural and logic-syn-
thesis tools. It costs $69,500 and is in
Beta test. The company plans to begin
shipments in the fourth quarter.

—Doug Conner

Synopsys, Mountain View, CA. (415)

962-5000. Circle No. 340

Painlessly improve IC-test fault coverage

I, testing measures quiescent cur-
rent while running selected functional
vectors to identify defects. I, testing
of ICs is off to a great start for two rea-
sons. First, 60 to 80% of the faults in sil-
icon are bridging and transistor prob-
lems detectable by using I, testing.
Second, I, doesn’t require t%e use of
a special design for testability tech-
niques. Because I, testing works on
all logic types, your design can be syn-
chronous or asynchronous.

Typically, all you need are 15 to 20
well-chosen test vectors for a 100,000-
gate design to obtain high fault cover-
age with IDDQ testing. Before we paint
too-rosy a picture, however, note that

I p testing does not actually deter-
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mine whether a chip is functioning
properly: You still need some level of
functional testing. But you can use I,
testing with other techniques to
increase fault coverage.

Moving I, testing one step higher
is Current Synthesis from CrossCheck.
Although you don’t need to use design-
for-testability techniques to use I,
the Current Synthesis tool can make
I, testing more effective for a small
increase (3 to 5%) in silicon area. The
tool creates synthesized test structures
that improve testability and eliminate
current-draining conditions that may
exist in a design, reducing the device’s
power consumption during normal
operation.

Many of the same current-drain con-
cerns important to designers of bat-
tery-powered circuits are also concerns
in I, testing. So, the tool improves a
design’s testability while reducing
power consumption. The tool offers
such changes as eliminating bus con-
tentions and floating buses by synthe-
sizing structures, such as control gates
and bus keepers.

CrossCheck plans to ship Current
Synthesis in the third quarter; prices
start at $15,000. The product is an
option to CurrenTest ($45,000), a cur-
rently available tool that develops the
I test vector.—Doug Conner

CrossCheck Technology Inc, San Jose,
CA. (408) 432-9200. Circle No. 341



REAL VHDL, REAL SYNTHESIS,
REAL WINDOWS —=STARTING
AT THE UNREAL PRICE OF

PROsim™ delivers 28-state,
high-performance, full-timing
simulation. PROsim integrated
with PROvhdl and PROcapture
gives you a powerful, multi-level
simulation package, with back-
annotation to PROcapture for

the fastest design and debug capa-

bility available on a PC.
PROsim, $4,995.

The newest member of the
PRO Series™ family,
PROvhd[™ brings the power
of high-level design to your PC.
Now you can develop more
innovative FPGA and CPLD
designs faster than ever before.
Integrate it with other PRO
Series tools for full system-level
design. PROvhdl, $1,995.

$1,995.

—
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PROcapture™, our advanced,
Windows-based design-entry
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
VHDL descriptions in a frac-
tion of the time schematics
would take. Create FPGAs
and CPLDs in VHDL and
have the freedom to target
whatever silicon you choose
from the broadest set of libraries
available today. Incorporating
FPGA architecture-specific
algorithms, PROsynthesis opti-
mizes silicon utilization in
increasingly complex FPGAs.
PROsynthests, $4,995.

VHDL, top-down design, programmable logic—
your path to market has never been faster.

Power, integration, performance, prod—
uct range, the broadest vendor support in
design kits and libraries — you can’t get a
better suite of integrated design tools for
the PC at any price, much less one as
competitive as this.

about the PRO Series.

W
VIEWlogic

& ‘&ﬂ%
o
\

Put major-league performance on your

PCs. Call 1-800-873-8439 today and ask

PROSeries wm%

CALL 1-800-873-8439 NOW FOR A FREE DEMO DISK

© 1993 Viewlogic Systems, Inc. All trademarks and registered trademarks are the property of their respective owners.

CIRCLE NO. 115
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Logic emulator combines fast compiling with low cost

The Pegasus logic-emulation system
from Arkos Designs takes a different
approach from logic-emulation sys-
tems based on Xilinx field-program-
mable gate arrays (FPGAs). The emu-
lator uses a massive array of custom
logic processors designed specifically
for emulation. Each logic-processor
chip contains 32 logic-processing
units. A fully configured system for
emulating 200,000-gate designs uses
512 of the processing chips on eight pc
boards for a total of 16,000 processing
units. Depending on the size of the
design, the processors perform four to
16 sequential operations, reducing the
50-MHz speed of the processing units

to a 3- to 12-MHz system-emulation
speed.

According to the manufacturer, the
emulator has ample routing resources,
and compiling a 200,000-gate design
takes less than 30 minutes. Instead of
solving complex FPGA-routing prob-
lems, the system loads the functions
into the processing units and assigns
routing connections. Because the com-
piling speed is much higher than those
of competitive systems, the emulator
lets you find design problems interac-
tively—something you can’t do with
long recompile times.

Each logic processor includes a
32,000-vector embedded logic analyzer,

providing access to every node in an
emulated design, as well as on-chip
RAM. In addition, each Pegasus board
provides 4 Mbits of high-speed RAM for
emulating RAM, ROM, FIFO buffers,
or multiport RAM.

Pegasus requires a 486 PC or a Sun
workstation for operation. Prices for a
25,000-gate version start at $36,000,
and a 200,000-gate version costs
$115,000. The price includes all hard-
ware, software, and logic-emulation
boards. The company will begin ship-
ping the systems in October.

—Doug Conner

Arkos Designs Inc, Scotts Valley, CA.
(408) 461- 8100. Circle No. 342

Verify design equivalence without
simulation. The Design Verifyer tool
verifies the functional equivalence of
gate- or register-transfer-level (RTL)
descriptions. The tool compares RTL to
RTL, RTL to gates, or gates to gates.
Typical applications include verifying
RTL descriptions that have changed to
improve synthesis results, testing gate-
level implementations against RTL
descriptions, and testing gate-level
descriptions modified to alter timing or
for scan insertion. Because the tool
accepts VHDL and Verilog RTL
descriptions, it lets you check the equiv-
alence of VHDL and Verilog models.
$65,000. Chrysalis, Andover, MA. (508)
475-7700. Circle No. 343

VHDL simulator for Unix systems
costs <$1000. The $995 entry-level
VHDL simulator runs on Sun and HP
workstations. The compiled simulator
includes an interactive source-level
debugger. The software targets self-
paced VHDL training and behavioral-
model development. Compass Design
Automation, San Jose, CA. (408) 433-
4880. Circle No. 344

Complex-function library speeds
ASIC design. The MacroWare 2.1
library of 40 royalty-free complex func-
tions comes in gate-level structural
VHDL, gate-level Verilog, and EDIF
200 formats. Functions include the
M8051 embedded microcontroller,
M765A floppy-disk controller, M91C360
data separator, M16C450 UART,
M85C30 serial communications con-
troller, M8042 slave peripheral con-
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troller, and 82xx peripheral-interface
products. The macros include test vec-
tors providing 98% min fault coverage.
A single-node library license costs
$48,000. 3Soft Corp, Santa Clara, CA.
(408) 982-9017. Cirde No. 345

DSP block-diagram simulator
offers real-time simulation. The
Hypersignal for Windows Block Dia-
gram simulation software lets you run
DSP algorithms designed with the tool
on DSP boards. The software combines
graphical programming with real-time
algorithm-performance evaluation,
speeding design development. The
price for the software with real-time
support ranges from $1495 to $7995.
Hyperception, Dallas, TX. (214) 343-
8525. Circle No. 346

Design tool improves communica-
tion between schematic and pc-
board designers. The Placement and
Critical Route (PCR) 386+ tool lets you
optimize placement and packaging of
pe-board components before layout.
The tool lets you move easily between
schematic and physical-board form, let-
ting you communicate critical informa-
tion to the person who lays out the pe-
board. You can also review pe-
board-layout data from the board
designer. The software lets you reuse
sections of board designs as modules, so
that you can pass them directly to the
layout person. The introductory price
for PCR 386+ is $995. OrCAD, Beaver-
ton, OR. (503) 671-9500.  Circle No. 347

Software simulates EMC emissions
before you build the product. The
Compliance electromagnetic-compati-
bility (EMC) simulator calculates radi-
ated fields due to systems of printed-
circuit boards and common-mode
currents on cables and enclosures. The
tool is fully integrated into the compa-
ny’s other signal-integrity tools. Quan-
tic Laboratories Inc, Winnipeg, MB,
Canada. (204) 942-4000.  Circle No. 348

ASIC-test tool integrates front-end
hardware synthesis and back-end
test generation. The ASICtest fami-
ly of test-automation products includes
three tools. Icrambist generates regis-
ter-transfer-level (RTL) code for built-
in self-test (BIST) of memories, includ-
ing the BIST controller and any
required memory interface logic.
JTAGsyn generates the RTL code for
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an IEEE 1149.1-compliant module
incorporating the test-access port
(TAP), the boundary-scan chain, all the
I/0 cells, and the call to the core mod-
ule. ICscantest performs scan chain
insertion, scan rule-checking, combina-
tional test-pattern generation, and
fault simulation. The tools begin at
$25,000. Logic Vision Software Inc,
San Jose, CA. (408) 453-0146.

Circle No. 349

Tool provides standard communi-
cation links for design data under
Windows and Windows NT. Ver-
sion 4.0 of EDA-Bridge provides
BridgeSpeak integration technology
that allows design tools from multiple
vendors to interoperate under Windows
and Windows NT. Prices start at $1495.
EDA CAD TE A M Ltd, San Jose, CA.
(408) 437-1313. Circle No. 350

Design kit simplifies timing analy-
sis and verification of Pentium-
based designs. The Pentium design-
analysis kit works with Intel’s Design
Guide. The kit helps you perform tim-
ing analysis and verification on a wide
range of Pentium-based designs. The
tool provides timing verification across
PCI, EISA, and Pentium host buses.
$6000. Quad Design, Camarillo, CA.
(805) 988-8250. Circle No. 351

Tool optimizes analog-circuit per-
formance. The Paragon analog cir-
cuit optimizer lets you improve circuit
performance at both the system
(behavioral) and the component levels.
For example, the software finds para-
meter values for an active filter design,
satisfying center frequency, band-
width, and gain. The tool iteratively
and automatically changes design
parameters to home in on an optimum
solution. You can also use the tool
while altering circuit parameters by
interactively exploring circuits as the

tool provides graphical feedback.
Paragon will be available in July and
costs $1900 on PCs and $3900 on Sun
workstations. Also available is a suite
of analog- and digital-simulation and
programmable logic-synthesis tools
that run under Windows 3.1 and NT.
MicroSim Corp, Irvine, CA. (714) 770-
3022. Circle No. 352

Electronic conferencing software
speeds communication. The Elec-
tronic design-for-manufacture (DFM)
conferencing software helps users of
the company’s DFM tools communicate
effectively with work locations. The
software lets you share real-time work-
station-based DFM applications over
Transfer Control Protocol/Internet
Protocol (TCP/IP) networks using 9.6-
to 19.2-kbps bandwidth lines. The pro-
gram requires no additional hardware
or software, and it supports 10 remote
stations and one host in a single confer-
ence. The software will be available in
the third quarter and costs $3500 for
the host conferencing port and $4500
for each remote conferencing station.
AT&T Design Automation, Holmdel,
NJ. (800) 336-5256. Circle No. 353

Tool analyzes signal integrity and
ground bounce. The Presto signal-
integrity simulation software works
with the Sprint simulator to analyze
circuit boards. The simulator evaluates
thousands of transmission lines and
inductors in minutes, even when using
complex models of pin-grid-array-pack-
age ground planes. The software runs
on workstations; prices start at $45,000.
Anacad EES, (408) 954-0600.

Circle No. 354

TangoPRO Version 2.2 for pc boards |
($5950), Schematic ($995), and |
Route ($5,500) are available and run
under Windows. Accel Technolo-
gies Inc, (619) 554-1000.

Circle No. 355

VHDL Editor ($2000) is a context- |

sensitive description-language edi-

tor that includes syntax error
checking and a multivendor synthe-
sis-subset-checking tool for VHDL.
Vantage Analysis Systems Inc,
(510) 659-0901. Circle No. 356

i T
Measured at  [100
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EMC simulation
software...

COMPLIANCE™
simulates common-
mode current radiation
using Quantic’s proven
Boundary Element
Method technology.

EMC COMPLIANCE
under FCC, CISPR and
user-defined standards.

_APPLICATIONS to
single PCBs, multi-PCB
systems, backplanes,
cables and enclosures.

INTEGRATION with
. Quantic’s signal
integrity environment
and other major EDA
vendors.

SIMULATE SYSTEM
RADIATION. Compare
with standards at the
touch of a Compliance
button.

GO INWARD
SEAMLESSLY. Locate
specific sources of
excess radiation with
Quantic’s toolset -
Boardscan’,

. Greenfield” and
Phidias” for board-level
and system signal
clean-up.

test fees.

QUANTIC LABORATORIES INC.
12th Floor, 191 Lombard Avenue
Winnipeg, Manitoba, Canada
R3B 0X1 Ph. (204)942-4000
Fax (204)957-1158
USA Ph. 1-800-665-0235
EMAIL market@quantic.mb.ca

CIRCLE NO. 30




.7 Astro-Med

Loral Makes a Replacement for the Versatec V80™
That Uses No Liquid Chemicals.

NEW FROM LORAL

The Loral 9080 is a plug-compatible, exact replacement for the Versatec V80. It
gives you everything you want and need in a high speed printer/plotter. With the
9080, you get clean, crisp copies every time using an environmentally-friendly dry
process. No chemical inks or toners.

EASY TO INSTALL AND USE

Installation couldn’t be easier. Simply unplug the V80 and plug in the 9080. The
9080 is designed to work with all existing Versatec V80 software and hardware
interfaces.

Powered by the Astro-Med Print Engine, the 9080 prints high-resolution documents
at 200 dpi on fanfold or roll paper. Print Speed is 15 pages per minute. Plot speed is
one inch per second. Price is under $12,000.

To order the Model 9080, call (813) 378-6984. For more information write: Loral Data
Systems, P.O. Box 3041 M/S41, Sarasota, FL 34230 or call our hotline (813) 377-5590.

LORAL

Data Systems

Versatec and V80 are trademarks of Versatec, Inc.
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Regulators supply high current
with low dropout. Two families of
pnp-based medium- and high-current
low-dropout regulators feature maxi-
mum dropout voltages of 450 mV at
room temperature, 300 mV typ. The
company guarantees that all of the reg-
ulators operate with <600 mV dropout
over worst-case temperature extremes.
All are available in 3.3, 5, and 12V fixed-
and adjustable-output versions. The
MIC2920A/37TA/40A ($1.14 to $1.65 for
the 3.3V versions (100)) supply 450, 750,
and 1200 mA, respectively; the

MIC29150/300/500/750 ($1.93 to $8.33)
supply 1.5, 3, 5, and 7.5A, respectively.
Package options include the 3-pin TO-
220 and the 5-pin TO-220 and TO-263.
Micrel Semiconductor, San Jose, CA,
(408) 944-0800.

Circle No. 372

MPEG decoder handles system
tasks. The ZR36100 provides video
decoding and system operations for an
MPEG I data stream for <$30. The
device separates the video and audio
signals in the MPEG bit stream, pro-
vides the audio data to an external
decoder and synchronizes that audio
with decoded video. The decoder han-
dles data rates as great as 5 Mbps, suit-
able for SIF-resolution format images.
A $1995 evaluation board is also avail-
able. Zoran Corp, Santa Clara, CA.
(408) 986-1314, ext 356.  Circle No. 373

Video decoder includes Digicipher
Il. The CL9100 RISC-based program-
mable video decoder handles four
decompression algorithms: MPEG I,
MPEG II main and simple profiles, and
General Instruments’ Digicipher II.
The chip handles CCIR 601 resolution,
provides video and audio synchroniza-
tion, extracts user data from the bit
stream, and supplies decoded video in
YCrCb format. A companion device, the
CL9110, demultiplexes the audio and
video data streams. Each chip costs $35
in quantity. The CL9100 is available
now, and the CL9110 will be available
for sampling in the third quarter. C-
Cube Microsystems, Milpitas, CA.
(408) 994-8300. Circle No. 374
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100-nsec comparators have rail-
to-rail inputs. The MAX941/942/944
comparators each consume <35 pA.
The outputs pull within 0.4V of either
supply rail without external pullup cir-
cuitry, and all I/O pins can withstand
continuous short circuits to either rail.
The comparators incorporate internal
hysteresis, and the single 941 also
includes a latch and a 12-pA shutdown
feature. The devices come in 8- and 14-
pin DIPs and SOICs; prices start at
$1.40 (1000). Maxim Integrated Prod-
ucts, Sunnyvale, CA. (408) 737-7600.

Circle No. 375

High-voltage driver has 64 chan-
nels. The HV57708 driver IC operates
from 5V, provides output voltages up to
80V, and sources and sinks up to £15
mA/channel. The cascadable, serial-to-
parallel converter IC has four simulta-
neously clocked shift registers that
allow for a 32-MHz equivalent data-
throughput rate. Features include out-
put blanking, latch enable, and polarity
reversal. $5.18 (1000). Supertex Inc,
Sunnyvale, CA. (408) 744-0100.

Circle No. 376

Crosspoint switch targets video
designs. The MT88V32 IC comprises
32 T switches in a digitally program-
mable, 8 X4 nonblocking array. The IC
features a 200-MHz bandwidth and a
digital control interface with maximum
setup and hold times of 150 nsec. Dif-
ferential phase and gain errors are typ-
ically 0.05° and 0.11%, respectively. The
IC interleaves analog signal lines with
ground lines, which improves isolation
and limits crosstalk. $11.54 (1000).
Mitel Semiconductor, Kanata, ON,
Canada. (613) 592- 2122.  Circle No. 377

IC combines photodiode and
amplifier. The OPT301 IC eliminates
leakage current, noise pickup, and gain
peaking due to stray capacitance. Key
features include a 1-M() feedback resis-
tor, 2-mV dark errors, a 0.47-A/W
responsivity, a 4-kHz bandwidth, a 400-
pA quiescent current, a 0.05% nonlin-
earity, and a +2.25 to £18V supply
range. The device comes in a metal TO-
99 with a glass window; prices start at
$11.10 (100). Burr-Brown Corp, Tuc-
son, AZ. (800) 548-6132.  Circle No. 378

SCSI terminator lowers capaci-
tance. The UC5613 9-line active termi-
nator features a 3-pF channel capaci-
tance. The IC meets all SCSI
requirements and features a disconnect
mode that reduces quiescent current to
10 nA. The IC features a 400-mA
sink/source regulator, a low-dropout
regulator of 0.7V, thermal shutdown,
and current limiting. $2.18 (1000). Uni-
trode Integrated Circuits, Merri-
mack, NH. (603) 424-2410. Circle No. 379

PCI chip sets target all levels. The
82420 PClset family provides a range of
options for creating 486-based PCI
local-bus PCs. The EX chip set for 486
CPUs packs dynamic RAM control,
cache control, Integrated Device Elec-
tronics control, and power management
into a 2-chip set for low cost ($25.20,
10,000). The 3-chip ZX chip set adds all
standard ISA-bus signals and a data-
path unit with write buffers. It also
optimizes its interface for the DX4
processor ($38.50). Intel Corp, Folsom,
CA. (800) 628-2283. Circle No. 380

SCSI terminator reduces power to
90% of passive components. The
BH9590FP-Y dissipates 66 mW max
when no signal is present. The IC
actively terminates as many as 18 SCSI
lines and meets all SCSI-I and -II stan-
dards. A programmable enable pin
determines whether the IC is in a ter-
mination or a high-impedance-discon-
nect mode. Disconnect mode separates
the SCSI lines from the terminator cir-
cuits. Line impedance is 100 to 130()
under standard operating conditions.
Capacitance is <10 pF. $1.80 (10,000).
Rohm Corp, Antioch, TN. (615) 641-
2020, ext 178. Circle No. 381

HDD read-channel IC fits small
forms. The IMP62C540 read-channel
IC runs at 5V and handles data rates to
40 Mbps. The IC includes a servo con-
troller with serial addressing to reduce
I/0 pin count. The device comes in a 64-
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pin TQFP and costs <$9 in large quan-
tities. International Microelectronic
Products Inc, San Jose, CA. (408) 432-
9100. Circle No. 382

LED emits white light. The
WhiteLED surface-mount LED with
white-light emission offers blue, green,
and red light sources on board. Simul-
taneously illuminating all three sources
creates a white light. Illuminating the
light sources separately or in pairs cre-

EDN-NEw PRODUCTS
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ates any color in the spectrum—from
yellow to purple. $2 (10,000). Siemens
Components Optoelectronics Divi-
sion, Cupertino, CA. (408) 725-3508.
Circle No. 383

Synchronous pipelined burst
SRAMs for Pentium and Power PC
pwPs. The KM732V588 and KM732V592
static RAMs (SRAMs) are for the Pen-
tium and PowerPC cache memories,
respectively. The 1M-bit synchronous

Specialty Polymers.
e Solvent free for low VOCs

* Easy fo apply with dip, spray, flood or brush meihods

* Complete line of chemistries and cure options

* MIL Spec listed and UL rated ik
* Reduced material and handling costs i
Plus, ECCOCOAT UV-7900 is the only UV coating in
with a reliable secondary moisture cure — providing excelle:

under every component.

All you need to do now is call Grace Specialty Polymers —-?‘he
company with a global perspective. '

Woburn, MA

GRACE Specialty Pol

North America

(800) 832-4929
©1994, W.R. GRACE & Co. - Conn.

ECCOCOAT®
Conformal
Coatings.

All the

‘performance e
you need without
all the solvents.

Everything you want in a one-component conformal coaﬁhg
is in the complete line of ECCOCOAT® products from Grace

Europe :
Westerlo, Belguim  Atsugl, Japan
+32-(0)14-57 56 11 25'5833

(ﬁ),
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SRAMs have two stages of data and
address pipelining. The units sample all
data, address, and control inputs, and
all outputs are valid at the positive-
going system-edge clock. The SRAMs
have a 32,768 x32-bit organization and
have inter ndl data, address, and control
latches. Price is $22 each for 66-, 60-, or
50-MHz versions. Samsung Semicon-
ductor Inc, San Jose, CA. (408) 954-
7000. Circle No. 384

CPLD runs at 143 MHz. The CYC371
version of the vendor’s Flash370 com-
plex programmable-logic devices
(CPLDs) has 32 macrocells and an 8.5-
nsec worst-case propagation delay. The
flash CPLDs implement an advanced
programmable interconnect matrix for
routing signals between logic blocks.
The devices also offer a product term
matrix, which lets you individually
route product terms to macrocells. The
143-MHz CY7C371 is available in 44-
pin PLCC packages and costs $31.50
(100). Cypress Semiconductor Corp,
San Jose, CA. (408) 943-2600.

Circle No. 385

Decoder provides JPEG in single
chip. The M65700 IC provides 30-
frame/sec compression and decompres-
sion using the JPEG standard of images
as large as 9640x480 pixels. It includes
color-space conversion for the YUV,
RGB, and CMYK spaces and handles
raster-to-block data conversion. The
device holds both default and program-
mable Huffman and quantization tables
and provides an on-chip DMA con-
troller for fast bus access. The sample
price is $300. Mitsubishi Electronics
America Inc, Sunnyvale, CA. (408) 730-
5900, ext 2106. Circle No. 386

LCD controller handles video over-
lay. The Mustang family of LCD/flat-
panel controllers provides a 256 X18-
color palette, a 24-bit DAC, and a video
input port. The devices can simultane-
ously display on CRTs and monochrome



RS-232 IC ELIMINATES MULTIPLE
CABLES AND MAKES NULL
MODEMS OBSOLETE

One IC connects directly with both DTE and DCE ports!

Maxim’'s new MAX214 changes from a DTE port to a DCE port with the flick of a switch, eliminating
the need for null modem cables. The +5V powered MAX214 meets EIA/TIA-232 specifications, is
guaranteed to run at data rates up to 120kbps, and has a low power shutdown mode that reduces
supply current to 20pA.

MAX214’s INTERNAL SWITCHES ADAPT
TO ANY RS-232 CABLE OR PORT

MAXIMN

MAX214 DTE |
T i
b

LOW-=STRAIGHT THROUGH
CABLE (DCE)
HI-NULL MODEM
CABLE (DTE)

FREE Interface Design Guide—Sent Within 24 Hours!
Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800

For a Design Guide or Free Sample
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.
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True 3V RS-232 IC Reduces.
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or color LCDs, plasma panels, and elec-
troluminescent panels. The 65540 and
65545 are pin- and software-compati-
ble; the 65545 has a hardware accelera-
tor for Windows. Prices are $24 and
$31, respectively (10,000). Chips and
Technologies Inc, San Jose, CA. (408)
434-0600. Circle No. 387

DSP family grows. The MDSP2020
and MDSP2021 DSPs for notebook com-
puters provide audio-speed DSP with a
3.3V supply. They also offer sleep and
suspend operating modes. The devices
offer 20 kbytes of program and data
memory; [SA-bus, audio codec, and
telephony interfaces; and MIDI-port
and UART emulation. The 2020 pro-
vides built-in memory; the 2021 allows
for external memory. Their prices are
<$30 each. IBM Microelectronics,
Hopewell Junction, NY. (800) 426-0181,
ext 500. Circle No. 388

Chip set speeds MIPS design. The
Rab?it chip set provides an interface
between the R4000 MIPS processor and
the 486 processor bus. Designers can
use the chip set to create systems hav-

INTEGRATED CIRCUITS

ing peripherals for the ISA architec-
ture. The 2-chip set includes the inter-
face device and a dynamic-RAM con-
troller. The set operates at 67 MHz at
3.3V but includes a 5V interface buffer.
Samples will be available in the fourth
quarter for $120. NEC Electronics Inc,
Mountain View, CA, (800) 366-9728.
Circle No. 389

Flash version of the 22V10 is
available. The ATF22V10B family,
electrically erasable flash versions of
the 22V10 PLD, offers 7.5- to 25-nsec
speeds. The family is plug-compatible
with other 22V10 CMOS and bipolar
devices. The devices are available in 24-
pin PDIP and CERDIP, plastic SOIC,
and PLCC packages. 7.5-nsec version,
$11.45 (100). Atmel Corp, San Jose, CA.
(408) 441-0311. Circle No. 390

Staggered 1/0O pads available for
gate arrays. Staggered I/0-pad
placements for the vendor’s AMISGxS
family of gate arrays are available. The
gate arrays are based on the company’s
0.8-pm and triple-metal CMOS process
that provides a sea of gates. For a

Model LW & LWB

Novotechnik’s LWH
series of conductive-
plastic position transducers
comes with whichever connec- -
tor you need: DIN 43 650 (models
LWH & LWG), Binder (LWB & LW), or

Amphenol (LWC). The LWH series also gives you
high resolution (.01mm) and a range of stroke
lengths from 75 to 900mm. The transducers
may be built directly into your mechanical system,
without need of motion conversion or linkage mechanisms.
Improved design of the LWH transducer eliminates
offset errors and ensures reliable contact of the elastom-
eter-damped wiper. Outstanding linearities of up to +.05%
are available (up to +.01% on special order), as well as life
expectancies of up to 100 x 10° operations. Robust construction
ensures consistent reliability, in temperatures from — 40 to

+ 100°C, 5 to 2000Hz vibration.

 The Position
Transducer
\. with Good
Connections

For Novotechnik'’s full line catalog of transducers,

potentiometers and sensors, call or write:

novotechnik u.s., inc.

novotechnik u.s., inc.
237 Cedar Hill Street
Marlborough, MA 01752
Tel: 508-485-2244

FAX: 508-485-2430

CIRCLE NO. 19
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design requiring 208 pad locations, the
staggered I/0 technique realizes a 39
percent savings in silicon area. Gate-
array prices for various options range
from <$5 to $25. American Microsys-
tems Inc, Pocatello, ID. (208) 233-4690.

Circle No. 391

FPGAs have 500-.A standby cur-
rent. The AT6002 and AT6005 field-
programmable gate arrays (FPGAs)
have 2000 and 5000 usable gates,
respectively. The devices also offer
thousands of registers for pipelining,
250-MHz toggle rates, and <1-nsec
guaranteed clock skew. The devices
also offer a 500-pA max standby cur-
rent. The devices’ T6000 cache logic is
the rough equivalent of the cache mem-
ory used in wP designs. The AT6002
costs $16; the AT6005, $72 (5000).
Atmel Corp, San Jose, CA. (408) 441-
0311. Circle No. 392

Triple-video op amp has 125-MHz
unity-gain bandwidth. The HA5013
IC contains three current-feedback op
amps with 0.07-dB to 20-MHz gain flat-
ness for RGB video and 0.03° differen-
tial phase and 0.03% gain at +5V for
composite video. Slew rate is 475
V/psec at a gain of +2. Typical quies-
cent current is 7.5 mA/amplifier, and
output current into a 150€) load is typi-
cally 20 mA. In 14-pin DIPs and SOICs,
the IC costs $3.50 (1000). Harris Semi-
conductor, Melbourne, FL. (800) 442-
7747, ext 7219. Circle No. 393

Modem chip set suits audio appli-
cations. The CL-MD1414BA chip set
comprises three chips that combine a
data, fax, and voice modem with a
sound card. Adding a 32-kbyte static
RAM provides complete modem func-
tionality. The audio suits multimedia
presentations. On-chip DMA increases
the audio sampling rate and offloads
the host wP. The chip set supports all
the popular standards for data, fax, and
voice modes, including V.32bis. $60
(1000). Cirrus Logic Inc, Fremont, CA.
(510) 623-8300. Circle No. 394



STEP-UP/DOWN CONVERTERS:
3.3V OR 5Vout FROM 1.5V T0 6.2VIN

Compact 8-Pin Solution: No Transformer, No External Diode

The MAX877/MAX878/MAX879 step-up/down DC-DC converters provide a regulated output
from inputs above, below, and equal to the output, overcoming input-range limitations of con-
ventional buck and boost converters. These 8-pin devices require only an input capacitor, out-
put capacitor and 22uH inductor. An internal synchronous rectifier takes the place of the usual
external diode, saving cost and space. The rectifier also disconnects the load from the input when
in shutdown, stopping battery current drain associated with conventional step-up converters.

+ Regulated Output from Lower and MAIRTAIRBERILATION EVEN AS
Higher Input Voltages YOUR BATTERY VOLTAGE DROPS

¢ Compact:

8-Pin SOIC Package Z:..G | Vour = 5V(MAX77) | ° §
:\:Itt)eTrrnaanIst‘t:er(:Itlltf;re r 54t INE—— é

¢ 1.5V 10 6.2V Input Range = v...:sm =

5 BATTERY VOLTAGE ’
¢ Load Disconnected from Input TME—————»
in Shutdown

¢ Guaranteed 250mA Qutputs: STEP-UP/DOWN CONVERTER

5\: MAX877 USES ONLY 3 EXTERNAL COMPONENTS

INPUT

3Vor3.3V: MAX878 15VT06.20

Adj. (2.5Vto 6V):  MAX879 i
¢ 195uA Quiescent Supply Current M
(18uA Shutdown Current) %}? 7,;, el
o Up to 82% Efficiency “’”10;— - 3;
¢ Qutput is Short-Circuit Protected L L
. Evaluation Klt (MAX877EVK|T‘SO) The MAX878 delivers a regulated 3.3V output for inputs

ranging from 1.5V to 6.2V, and it does not require a trans-
former or an external diode.

FREE Power Supply Design Guide—Sent Within 24 Hours!
Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800

For a Design Guide or Free Sample
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders.
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TestPoint is a software tool
for building test, measure-
ment, and data acquisition
applications for Windows.
TestPoint lets you build com-
plete applications without draw-
ing, connecting, or wiring icons
or writing lines of code.

New Capabilities
TestPoint brings extraordinary
capability to instrument control
and data acquisition for the
benchtop or production line.
TestPoint's software func-
tions can replace hard-
ware functions worth
thousands of dollars,
provide new measure-
ment capabilities and
simplify testing.

Better Tests
Sharp graphics and clear indica-
tors eliminate errors and improve

accuracy. ® Data Acquisition Development System $995
Multitasking A/D, D/A, Free Unlimited Runtime License
Cut Through the Paperwork e b Literature 1-800-234-4232
TestPoint can "hot link" to your ¢ Instrument Control ¥
spreadsheets, databases and IEEE-488, RS232, RS485 Applications 617-273-1818
word processing files so the * Analysis
paperwork is done the instant the Mathematics, DDE
test is finished. * Presentation - Capital Equipment Corp.
There is no faster, better or Graphics Charts Cec 76 Blanchard Road
easier way to build applica- Displays File I/0 Burlington, MA 01803

tions. Guaranteed!
TestPoint is a trademark of Capital Equipment Corp.
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Dual-channel X.25 link fits in 3U
VME. The VIX25 provides two telecom-
munications channels for use with
packet-switched wide-area networks.
The channels are full-duplex X.21bis
links running the X.25 protocol and
meeting Europe’s NET2 certification
tests. They offer data rates of 64 kbps
over public networks and 2 Mbps over
private networks. The 3U VME board
requires 3.5W of power and costs $2055.
A license for OS-9 applications software
costs $180. PEP Modular Computers,
Scottsdale, AZ. (602) 483-7100.

Circle No. 316

ATM comes to VME systems. By con-
necting to a DS3 telephone service, the
CVME901 board brings asynchronous-
transfer-mode (ATM) communications
to VME systems. The board offers a
hardware-based ATM adaptation layer
(AAL) that handles packet segmenta-
tion and reassembly for service cate-
gories AAL 3/4 and AAL5. An on-
board 1960 processor handles con-
gestion control, error checking, and the
host interface. The board’s DMA con-
troller handles data at rates to 48
Mbytes/sec, ensuring that the board
can handle communications traffic at
the DS3 link’s full speed. Price is $4597
(100). Cyclone Microsystems, New
Haven, CT. (203) 786-5536. Circle No. 317

VME module hosts Alpha RISC
processor. The VMEAIpha64/SP, a 2-
board module, is based on the 150-MHz
Alpha AXP processor. The design sep-
arates the CPU, its local memory, and
secondary cache from the VME 1/0
channel to avoid interference. The mod-
ule offers a 512-kbyte secondary cache,
128-Mbyte main memory, and a variety
of peripheral interfaces, including Eth-
ernet and SCSI. An 1960 CPU is avail-
able as an optional I/0 coprocessor.
With the DEC OSF/1 operating system
and a 1-Gbyte SCSI disk, the board
costs $16,875. Aeon Systems Inc, Albu-
querque, NM. (505) 828-9120.

Circle No. 318
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Adapter boards provide fast 1/0.
Working with standard peripheral and
network interfaces, the 6U MVME-
328XT and MVMES385-120 boards pro-
vide high-speed I/0 capability to the
VMEDus. The 328XT ($3600) is a Fast
SCSI-2 host adapter that handles as
many as 14 devices, providing a 10-
Mbyte/sec synchronous data-transfer
rate on each of two independent chan-
nels. The 385-120 ($6895) uses dual 32-
bit-wide static RAM (SRAM) buffers
and dual-ported video RAM (VRAM)
to match its memory I/0 to the speed of
its FDDI (fiber distributed data inter-
face) port. The board can transfer data
at 80 Mbytes/sec from SRAM, 60
Mbytes/sec from VRAM, and 50
Mbytes/sec from the VME' ' interface

to the FDDI. Prices sta; it $3245.
Motorola Computer Grc ), Tempe,
AZ. (800) 759-1107. urce No. 319

Flash-memory board provides
fault tolerance. Fitting in a single 6U
VME slot, the RM250 board provides as
much as 128 Mbytes of static RAM
(SRAM) or flash memory. Two RM250
boards work in parallel to provide fault
tolerance by automatically duplicating
memory writes to one board on the
other board and providing a software
disable command. The board’s non-
volatile memory works with either 5 or
12V flash memory or SRAM backed by
two on-board lithium batteries. A con-
trol-status register reports battery
failure. Prices start at $1333. RAMix
Inc, Chats- worth, CA. (818) 349-6772.

Circle No. 320

Board boosts performance with
68060 CPU. The PT-VME161 carries
a 68060 CPU, which provides a 250%
performance boost while retaining
software compatibility with previous
68040 versions. It also offers a Fast
SCSI-2 interface with DMA, dual seri-
al I/0 ports, and a 60-Mbyte/sec
VMEG64-bus interface. The board’s
memory capacity ranges from 4 to 64
Mbytes. Prices start at $3245. Perfor-
mance Computer, Rochester, NY.
(716) 256-0200. Circle No. 321

Frame-grabber board handles
rough environments. Designed for
military and rugged commercial envi-

ronments, the SVME/DMV-674 frame-
grabber board provides the front end to
a digital imaging system. It handles
525-, 675-, or 875-line interlaced frame
formats with images as large as
12801024 pixels. The image-acquisi-
tion section provides three mono-
chrome analog input lines sampled at
35M samples/sec to 8-bit resolution. It
also offers a 16-bit digital input port.
The board comes in six software-com-
patible versions for diverse environ-
mental conditions and ranging from
air-cooled commercial to conduction-
cooled full MIL-SPEC ratings. Prices
start at $6522. DY 4 Systems Ltd,
Campbell, CA. (408) 377-9822.

Circle No. 322

Synchro/resolver accurate to 2
arc-minutes. Handling as many as
four channels of synchro or resolver
rotational-position-transducer sig-
nals, the MPX5000 and 501 VME
boards offer an accuracy of +2 arc-
minutes. Each channel is programma-
ble for 10-, 12-, 14-, or 16-bit resolution
and offers an 8-bit turns counter. The
boards track input signals to 15 rps
with 16-bit resolution and to 960 rps
with 10-bit resolution. Prices start
at $2500. Pentland Systems Ltd,
Danville, CA. (510) 736-5113.

Circle No. 323

Single-board computer runs
Basic. Based on the 8032 processor,
the ANC-3052B module allows design-
ers to create applications programs in
Basic. The module offers a 32-kbyte
RAM bank and sockets for as much as
64 kbytes of PROM in addition to the
Basic interpreter in ROM. The board
includes two external interrupts, two
counter/ timers, and eight digital I/0
lines, along with a 20-pin adapter that
can be wire-wrap configured to meet
the I/0 signal’s pinout needs. The
board costs $198 and is available with-
out Basic for $146. Antona Corp, West
Los Angeles, CA. (310) 473-8995.

Circle No. 324
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500-pg temperature-measure-
ment guide includes technical
data. This free guide includes more
than 100 pgs of technical data and spec-
ifications and application data on ther-
mocouples, RTDs, connectors, panels,
and instrumentation. Thermo Electric,
Saddle Brook, NJ. Circle No. 325

PCMCIA developer’s guide. Guide
gives comprehensive overview of the
Personal Computer Memory Card
International Association (PCMCIA)
standard, along with design examples
and reference materials. The 450-pg
book also includes directories of PC
Card, host computers, and desktop host
adapters, as well as listings of ICs,
development tools, and software.
$89.95. Sycard Technology, Sunny-
vale, CA. Circle No. 326

Application selector guide. This
application guide details an extensive
line of high-performance adhesive com-
pounds for tacking wires and attaching
components to printed wiring boards.
The publication details 1- and 2-compo-
nent epoxies, UV-curable epoxies,
reactive acrylics, and hot-melt and
cyanoacrylate adhesives. Master Bond
Inc, Hackensack, NJ. Cirde No. 327

Hot-pluggable connector catalog.
The publication contains complete tech-
nical, performance, and design infor-
mation for a SMPS-compatible connec-
tor and its contacts, including ac, de,
logic, signal, and hot plug. The catalog
also includes photos and dimensional
drawings. Elcon Products Interna-
tional Co, Fremont, CA. Circle No. 328

Electronic-case catalog. This catalog
shows an expanded line of injection-mold-
ed ABS/polycarbonate, roto-molded, and
vacuum-formed polyethylene-resin prod-
ucts. The publication details lightweight
construction, waterproof, airtight,
water- and dust-resistant ATA 300 stan-
dards, 2000-1b stacking loads, operating
temperatures from —20 to +160°F', ultra-
violet- and ozone-stabilized materials,
and recessive hardware. Free. Cases
Plus Inc, Livermore, CA.  Circde No. 329

Fiber-optics catalog. A new 132-pg
catalog features performance informa-
tion and technical specifications on a line
of fiber-optic connectors and adapters,
as well as cable assemblies, termination
tooling, fiber-optic switches, and
premise-wiring products. The catalog
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also includes a glossary and a section
describing connector-termination pro-
cedures, including tooling required.
Molex Inc, Lisle, IL. Circle No. 330

High-power dc/dc converter cata-
log. This catalog introduces mountable
and plug-in 100W dual-output de/de
converters, transformers, and induc-
tors. The dec/de converter section
details more than 1100 standard models
with output voltages up to 1000V dec.
This 136-pg catalog also offers an ac/de
power-supply section with linear and
switchers in single, dual, and triple out-
puts. Pico Electronics Inc, Mount Ver-
non, NY. Circle No. 331

ISRs catalog. This catalog includes a
new family of small, easy-to-use inte-
grated switching regulators (ISRs) and
aline of de/de converters. The 32-pg pub-
lication has complete product informa-
tion, specifications, photos, and schemat-
ics on each power module; it also includes
a section on product operation, applica-
tions, and special considerations. Power
Trends, Batavia, IL. Circle No. 332

Catalog of passive components.
This 93-pg catalog presents specifica-
tions and outline drawings on a variety
of passive components in the frequency
range of de to 18 GHz. Commercial,
industrial, and military components in
the publication include fixed and tun-
able filters; fixed, high-power, pro-
grammable, and variable attenuators;
high-power loads; SPDT, SPAT, and
SP8T programmable switches; and

built-to-order switching and control,
rack-mountable subsystems. Trilithic,
Indianapolis, IN. Circle No. 333

User-input device-data book. A data
book for custom and standard user-input
devices is available for system designers.
The literature contains protocol descrip-
tions, scan-code listings, schematics, and
detailed application notes on an extensive
set of encoder ICs. Also included are a
recommended matrix layout for types of
keyboards or keypads. For those design-
ing low-power systems, the data book
provides techniques to produce low-
power keyboards. USAR Systems, New
York, NY. Circle No. 334

Brochure describes ESD test system
for ICs. This free brochure details sys-
tems for testing to MIL-STD 883c,
according to a number of models, as well
as latch-up testing according to JEDEC
standards. KeyTek Instrument Corp,
Wilmington, MA. Circle No. 335

Electronic-hardware catalog. A
200+-pg, electronic-hardware catalog
offers specifications for circuit-board
spacers, captive panel screws and
retainers, standoffs, chassis and cabi-
net handles, shoulder screws, and more.
RAF Electronic Hardware, Seymour,
CT. Circle No. 336

Catalog covers DSP hardware,
software, and development tools.
This free 134-pg catalog describes
boards, boxes, systems, operating sys-
tems, design software, and develop-
ment tools. Sonitech International
Inc, Wellesley, MA. Circle No. 337

Product handbook. A 320-pg catalog
describes the company’s line of data-
acquisition and imaging products. The
handbook highlights software solutions,
from programming tools to applications,
and includes technical tutorials and
products that help you choose the opti-
mum solution for data-acquisition and
imaging applications. Free. Data Trans-
lation, Marlborough, MA. Circle No. 338

Preview of microterminals. The
catalog details small, rugged microter-
minals designed as operator-inter-
face/control panels and data-collection
terminals; it also contains specifica-
tions, photos, and information on key
features and applications. Burr-Brown
Corp, Tucson, AZ. Circle No. 339
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Newest in
Z-world’s line of
C-programmable miniature

55
2925
controllers, the Little Star™ has 16 pro
tected digital inputs, 14 high-current driver outputs, RS232/RS485

battery-backed RAM and real-time clock, programmable timers,

watchdog, and more. The Little Star is also available with enclo
sure and LcD/keypad, expansion cards for additional 170, and
optional 18 MHz clock. Our easy-to-use, yet powerful Dynamic

C™ development system (8195) integrates an editor, compiler
debugger, and dozens of software libraries all in source code
The Little Star is ideal for OEM control applications, manufactur
ing automation, test and data acquisition

24-Hour AutoFax ) Ave
916.753.0618. Call [mx\ CA 95616 (

m your | 5 \ ZWORLD ]
Request catalog 18 916.7 \whl FAX

from your FAX 757.3737
Ll __4

UNIVERSAL/GANG PROGRAMMERS

| FLEX-700

' 32 pin from $593
40 pin from  $845

48 pin from $945
S 1l

~ |40pin §695
IL \lanufacturera rmed&under 1000

B Supports Altera 7xxx, MACH 435, Xilinx, Intel
FX7xx, nearly all FPGA/CPLD/PLD..

M Support EPROM, 28/29F FLASH, Serial PROM,
PSD4XX/5XX, Intel/Motorola/TI/NEC/Hitachi
MPU/DSP devices.

W Test 74/40/45 series, DRAM(SIP/SIMM), and
SRAM

W Parallel port connection to PC option.

M Free software updates via BBS.

Tribal Microsystems Inc.
44388 S. GRIMMER BLVD., FREMONT,CA 94538

Tel: (510) 623-8859
Fax: (510) 623-9925

Don’t drop that screw!

HOLD IT WITH A NON-MAGNETIC
HJJ®MODEL X SCREW-HOLDING /4
DRIVER for Types IA & |l cross 4
recess screws, and small 4
diameter slotted screws.

No. 3X and Nu 3EX DRIVERS —
3%, 10" lengths, for
#6, F8 4,10 #12, #Y"
SCIEWS.

No. 4X and No. 4EX DRIVERS —
3", 6", 8" lengths, for #3,
4, 35 screws.

No. 5X and No. 5EX
DRIVERS —3“, 6, 8"
lengths, for ”0 ::l,

2 screws.

(Other models for
Available in both larger slotted screws)

;I"“"d b'l“sl ‘;‘.d ; Send for literature
pwoker H.J.J. CO. INC
P.O. Box 60833
Boulder City, NV 89006
Phone: (702) 293-2588
FAX: (702) 293-4224

CIRCLE NO. 254

CIRCLE NO. 259

Best Value in the World
for
POLYIMIDE & FR4
1 to 5 DAY TURN

1 to 12 Layers
PRlNTED ClRCUIT PROTOTYPES
OR R4 .06

LAYERS 2 3&4 | 586 | 788
15 3233 $292 | $639 | $787 | $935
SQUARE| 30 | 264 | 330 | 724 | 891 | 1059

up | 60| 311 | 389 | 853 | 1049 | 1137

T0 90 | 358 | 448 | 980 [ 1207 | 1434
120 | 385 | 486 | 1044 | 1311 | 1559
M 5PIECES x 1.34 W 5 DAY PRICES ABOVE
W 10 PIECES x 1.67 M UL LISTED

CAPABILITIES DISCOUNTS
B Buried & Blind Vias

m -
BT B Polyimide Multilayer =2
i B Full Body Gold o,
. il it 5%

§ Contacts - $50 M Carbon
Tin nickel burn-in boards
Below 8 Mil Hole L]
Dt ST B SMT-SMOBC & cop
Below 1S Mil Hole g Up " 0,
P e
M SMOBC & LP1- 550  H Impedance 10%

FOR MORE INFORMATION CALL OR FAX

Ken Bahl M 1108 W. Evelyn Ave., Sunnyvale, CA 94086
Phone (408)735-7137 FAX (408)735-1408 Modem (408)735-9842

yers
control boards

i1 SRR . T ST M S
EPROM EMULATION SYSTEM

" The Most Flexible
PROM Emulator
You CanGet Today
* Emulates up to eight

4-Megabit EPROMS through
one standard serial port

* Accepts Intel Hex
Motorola S-Record and
Binary files

* Software available for IBM
PC and compatibles

+ Downloads 2-Megabit
programs in less than 23
seconds

* Base 27256 EPROM
System $395.00. Other
configurations available

* Examine and modify
individual bytes or blocks

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

UniLab 8620

J PC Based,
Zero-Wait-State Operation

1 Non-Stop Analysis: Define & Refine Triggers & View
Multiple Traces On-The-Fly

[ Source Level & Symbolic Debug

1 Built-In EPROM Programmer

1 Same Base Unit Supports Most 8-bit pCs &
1Ps, including 8051, 68HC05, 68HC11, Z80,

80C196,6502, 8085, etc. 700012297700

Tel: 415-327-8800
Fax: 415-327-9881
180 Independence Dr., Menlo Park,

A 94025 U.S.A

(<

CIRCLE NO. 247

CIRCLE NO. 239

To advertise in Product Mart, call Joanne Dorian, 212-463-6415
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200MSa/s

Digital Oscilloscope

- 200 MSa/s Sampling Rate

- up to 128K Samples/Channel

- PC-BASED INSTRUMENT

- 2 Analog Channels (2 ch. Oscilloscope)

- 8 Digital Channels (8 ch. Logic Analyzer)
- All 10 channels can be used at same time
- Simultaneous use of all 10 channels

- Cross Triggering of Digital and Analog

- 125 MHz Single Shot Bandwidth

$1799 DS0O-28200 (200MSa/s, 4K/Ch)
$2285 DSO-28264 (200MSa/s, 128K/Ch)

400 MHz
Logic Analyzer

- up to 128 Channels

- up to 400 MHz

- up to 16K Samples/Channel
- Variable Threshold

- 8 External Clocks

- 16 Level Triggering

- Pattern Generator (Option)

$1299 - LA32200 (200 MHz, 32 Ch) Pods & Software
$1899 - LA32400 (400 MHz, 32 Ch) included

Also Available:
$799 - LA12100 (100 MHz, 24 Ch, TTL only)

Universal
Programmer

PAL - GAL - MICRO
EPROM - EEPROM - FLASH

$475
Call for full device support list

Free software updates on BBS
Call (201) 808-8990
I“ Link Instruments

369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786

CIRCLE NO. 243
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BEST PRICE FOR PROTOTYPE CIRCUIT BOARDS ‘

| FR-4 - FLEX - POLYIMIDE |

24 HOUR TO 120 HOUR

2 PIECES, FR-4, 062 THICK, 8/8 DESIGN, 5 DAYS

TOTAL SQ. IN. AREA

| |iavers| e [ 32 [ 64 | 96 | 120 |
SINGLE | $230 |$ 2605 300]$ 350}547 380
DOUBLE| $290 [$ 320}$ 380|$ 440|$ 480
FoUR | se30(s 720ls 8503 980 | $1,040
siX $780 |$ 880|$1,040 |$1,200 | $1,300

EIGHT | $930 |$1,050[$1 133\&;1,«720’{15407

DISCOUNT 10%

| capasiTiLIES

MATERIALS : EXTRAS
SMOBC . 0

FA-4 & FR-5 - AR
+ TIN LEAD + FLEX
« TIN NICKEL

+ GOLD BODY + DUROID « GOLD COI 50
BLIND/BL IAS + TEFLON - BELOW 8 MIL TRACES &

5T 15 MIL HOLES 25% MORE
GAPS |
ES PLEASE CALL OR FAX

| MODEM (408) 988-3415 TirRi
CoRpORATION

|
TEL. (408) 988-3980 -
| 3391 KELLER STREET

L TF
+ 4 MIL TRACE
+ 8 MIL THRU HO!

FAX (408) 988-4534

- SANTA CLARA - CALIFORNIA 95054

Combine your
Product Mart ads in
EDN Magazine and

Products Editions
for
higher impact
and a
lower rate!

CIRCLE NO. 233

48 Channel 50MHz Logic Analyzer

Complete System $1495.00

New Windows 3.1 Compatible Software

16 Trigger Words/16Level Trigger Sequence
o Storage and recall of traces/setups to disk
‘ *Disassemblers available for: 68000,8088,8086,
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031, 64180

' NCI O 6438 UNIVERSITY DRIVE,
HUNTSVILLE, AL 35806
L (205) 837-6667 FAX (205) 837-5221

i
48 Chnnls @ 50 MHzx 4K words deep ‘
\

A Complete Line of Development
Boards, Programmers and
In-Circuit Emulators

NEW...NEW...NEW...NEW...

DS-186 — In-Circuit Emulator for
80C186/8/XL/EA/EB/EC, V40/50
8086/8 and other uCs

***NEW ADDRESS IN THE USA***

Call today for your
free demo and
software update

Toll Free: 1-800-833-4084

7 EDGESTONE CT.
FLORISSANT, MO 63033
TEL: 314-830-4084
FAX: 314-830-4083

CEIB

CIRCLE NO. 248 CIRCLE NO. 255
Windows Schomﬁcul::rtm to PCB Layout
Single System Dynamic Integration
:mlyirf“rﬁ T ¢

Communicate
Weekly
to the
electronics OEM

;cﬁrc Spending a lot o; monw on 80's t::hﬂPﬂDS: through EDN MagaZine
?{,‘Z‘:.:::fﬁ%ﬁ:‘iovf S "E-:E"‘:-{?",: o8, and Products Editions'
wo side: ,Autorouter, Mechanical drafting ... °
#integrated Schematic, PCB, & Mech. drcgﬂing Product Mart sections.

eal time Pin/Gate swap & Cross Probe, 1u Res.
eal time Fwd & Bkwd Annotation, Network, etc
rCAD,PADS,PCAD,AutoCAD,Protel, etc Compt.
True 32bits, No Limits!!. Call for tradeup discount
Full function eval. kit with complete manuals
(4Bks) $100.00 (Creditable towards purchase).
Interactive CAD Systems, P.O. Box 4182
Santa Clara, CA 95056. (408) 970-0852, FAX: (408) 986-0524

CIRCLE NO. 241
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PROGRAMMABLE

KEYBOARD ENCODER NEW DATEL

CATALOG
HAS 50
NEW
PRODUCTS

New 64-page DATEL catalog. New-product
information and product-selection guides for
data conversion components, DC/DC con-
X verters, DPM‘s and |/O boards for PC/AT, EISA
The first truly universal keyboard encoder can accom- — and VME. ADC’s up to 14 bits at 10MHz. Mod-
modate any keypad layout with up to 24 lines (up to ular DC/DC's up to 50 Watts. Smallest 3'/2and

144 keys). Supports PC XT/AT and RS232 interfaces PILOT'UM_U"W“S"‘I Programmer 41/2 digit LED/LCD DPM'’s. EISA I/O boards to
can operate in parallel with standard IBM keyboard. All The Leader in New FPGA Support 12/14 bits at 10MHz. Detailed specs for many
key codes and interface parameters are stored in EEP- ® Altera 7064,7128,7160,7192 in 84-, 100- and 160-pin packages new products.
ROM and can be changed by the user at any time using ({5 ® Xignx 17650, 17128 cc © fniel FLEX, 87C1% KCKD,JR MC
h ) etc, oto , E9; 68H 5C8,C9, J2, P9 etc. S
asupplied utility. 2.4'x3.6', $145 gty 1, volume disc PSD-3XX,-4XX,-SXX,PAC SAM ® Atmel 29C040, ATF22V10 etc DATEL, Inc.
avail ® AMD MACH435, 29F040, etc ® Lattice pLSI-2000,-3000 etc. 11 Cabot Boulevard
VG Controls, Inc. ® All packages to 256-pin: PLCC,PGA,QFP, TQFP, TSOP,SOIC Mansfield, MA 02048
34 Jenkins Rd.. Hewitt NJ 07421 For vmmedlalc‘sup’por(_ please call (508) 339-3000 e (800) 233-2765
Tel (201) 853-4600 Fax (201) 853-7913 BRI O N0 FAX (508) 339-6356
CIRCLE NO. 251 CIRCLE NO. 230 CIRCLE NO. 260

[ Ein Ean viow Options
MEI Cache Controlier
Visual Software Solutions, Inc:

state Invalid:
[t

— RST \CYC & RD & ISNP | ELSE IF (RST) THEN Invalid
| & Invalid 'j ELSE Invalid;
7'y Ta Yy

state Exclusive:
\F (IRST & SNP) THEN Invalld
e D ~ ELsE iF(RST & CYC 8 1RD & 1sNP
swe [ SNe i ELSE_IF (RST) THEN Invalid
We A Broueve | ELSE exciuave
— | state Moditec N
= oy T F (RST & SNP) THEN Invalid wITH \
s | We.et \
Modified ) —r ENDWITH; \
\ /?v?srnnusuv | 1A
if ELSE IF (RST) THEN invalid | \
/ BILI ELSE Modified: A\

e et ENO CACHEA H

6004 Logic Scope Probe Kit converts analog
oscilloscope into 8-channel real-time logic an-
alyzer, trigger-probe or MUX-mode tool for dig-
ital analysis of newest circuits and ICs. Memory
switch saves 3 readings. Daisy-chain up to 3

Wouldn’i yo“u rather dr_;w ﬁDLf’
With StateCAD™ you can!

StateCAD enables you to draw state diagrams and

automatically analyze them for design flaws. From : e ) 2
state diagrams StateCAD produces synthesizable 84 programs EPROMs, EEPROMs, FLASH, PICs, units for 24 channel system. Board powered

C, ABEL HDL, and professional documentation. 8751 micros. It emulates RAM and ROM too! (8¥). Kit includes MX9100 probe asdemibly,
“CALL FOR A FREE DEMO DISK!” To get S4 on your desk tomorrow, or to simply request literature, call Micrograbber® lead, comb BNC and phone
Visual Soft Soluti 800-328-2336 or 407-649-3335 jack/plug interface cabling.
( Isual Software solutions Fax: 407-649-3310 BBS: 407-649-3159 :
! 3057 Coral Springs Dr. Suite 203 o l ITT Pomona Electronics
T Coral Springs, FL 33065 == somsn Progromnars . 1500 E. Ninth Street
—famecan)  Ph; (305) 346-8890 Fax: (305) 346-9394 DAI AllIAn 2Lt et Pomona. CA 91766 “;%5
X Toll Free 1-800-208-1051 Dataman Programmers Inc.FL 32606, USA. | o e A e -
StateCAD is a trademark of Visual Software Solutions, Inc (909) 469-2900 * FAX (909) 629-3317

ABEL is a trademark of Data 10 Corporation

CIRCLE NO. 252 CIRCLE NO. 237 CIRCLE NO. 261

Powerful :
PLD and CPLD You Don't Have LOGICAL
design: $1995 To Burn Your

ABEL", the industry-standard * 2 2 L,{/ke Tﬂ/{/’l

universal PLD design tool, now gives
you more power for less:
* New StateCAD" graphical entry
option lets you draw state machines
e VHDL - Direct” for full VHDL
design entry and synthesis
* New fitter support includes AMD®
MACH, Altera® MAX, and Lattice
pLSI devices
To order call 1-800-3-DatalO EXT. 602
(1-800-332-8246)

Has a Full
Range of
High Quality
Universal & Gang

(EEPROMs, FLASH, PLD,
& MICRO CONTROLLER)

Programmers
l.OGlmCeAl.
miapann @igeled

1 800 331-7766 Ext: 103

CIRCLE NO. 235 CIRCLE NO. 244
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LARGE SCREEN Low-Cost Digital Multimeter Adapter

PIESUA SRS, O el Osplay Cporwior ntariocas Quatech's new DMM-100 is a digital multimeter adapter for IBM PC/AT
* 8 Lines by 24 Character and compatible computers. Input functions include DC and AC voltage,
G S te iy 5= Cliaroe: ‘ DC and AC current, resistance, and diode/continuity tests. The DMM-

ters (selectable) . e : .
« VT-100 Compatible 100 provides a full 3 3/4 digit resolution and programmable sampling

(ANSI 3.64) rates from 10 samples per second to over 1 hour between samples.
* User Programmable = \DRM100

Keypad - Qplions el
20, 30, 32 or 45 Key

Keypad

* Readily Customized to

e e il

Suit Your Application F.00 Yoo l e 0 H
o | & Fuaed

« RS-232 or RS-422 Interface focame | €re 70 |

« Full line of Terminals Available

i | € Dwdn E 1= Eanbils Lirw Pass Fittey
it

h Two Technologies
' ﬁ 9 %argorPlAN]agOM For more information and a free product catalog call: 1-800-553-1170
orsham,
P Tel: (215) 441-5305 _ 662 Wolf Ledges Parkway FAX (216) 434-1409
L ng;((ms)) 441-0423 n SRAA T Akron, Ohio 44311 BBS (216) 434-2481
CIRCLE NO. 262 CIRCLE NO. 246

{ Schematic

HiWIRE ||

Schematic and PCB Software

Logical Choice

Q  ZL30B - the new industry standard in high
speed PLD programmers

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 ¢oun-
terpart, including full hierarchy with unlimited levels,
automatic gate packaging and comprehensive symbol

Q Easily updated to reflect the latest device
developments

o Q Expansion available for PLCC packages, ECL,
Center Ground, efc

T

Q ‘Stand-alone’ or PC operation

Stag Microsystems, Inc. 81
Tel: (408) 988-1118 Fax: (408) 988-1232 Ogi

With support for expanded and extended memory,
HIWIRE Il can handle your most demanding schematic

and PCB designs. The unique HiWIRE_II editor allows libraries. DesignWorks is built to work with PCB, FPGA,
. you to display and edit schematics and PCBs ASIC, and SPICE packages from any vendor. Custom
- simultaneously, using the same commands for each netlist/report generation, back annotation, EDIF
HIWIRE Il is $995 and is guaranteed. schematic support and a custom programming interface
1@ Wintek Corporation free your designs from being locked into one layout pack-
1801 South Street age or one simulator.
Lafayette, IN 47904
Phone: (317) 448-1903 CALL (800) 444-9064 FOR YOUR FREE DEMO!
1 - 8 0 0 - 7 4 2 - 6 8 0 9 CAPILANO COMPUTING
(604) 522-6200 Fax (604) 522-3972
CIRCLE NO. 257 CIRCLE NO. 253 CIRCLE NO. 232

RS-232/GPIB-488 SOLUTIONS FOR
INSTRUMENTATION PROGRAM STORAGE
azagl & TRANSFER NEED d

CMOS 555 wired as an eacillater 10 32 chanacls of event driven
Transient Transient

e e e T e

4
S

- achtor
s :L.
The Easi-Disk Simplifies Your Data Acquisition
pice , Transfer, and Retrieval Needs Completely 2
Analog Simulation for Windows « IBM/MS-DOS PC Compatible o o I n g o r
For Under $1000 ! ! + RS-232, GPIB-488, 8-Bit Parallel, RS-485, RS-422, plus
0 AC, DC, Traasient, Fourler Analysis CJ Monte Carlo and Worst gg;: b '\Igglrllllrngl Controls
Case Analysis [ Nowlinear behavior models ] Componeat + 312" and 5'/4" Floppy Disks or Removable RAM
ping O T ping O Probe for voltages, + Stand-Alone, Rackmount or “Built-In" OEM
currents, dissipations, dB gains, phase angle, group delay and = 110VAC, 220VAC, 6VDC, 12VDC, or Batte: Operation
power consumption [ Unlimited circuit size 0 Generate families « Stand-Alone Price is $795, Controller Card Price is $495, in 9
of curves O Acts as "lab" full of “test equipment” O Friendly ! Singles with Quantity Discounts re S u s H
editor O Component library -BIT's, Darlingtons, MOSFET"s, Also, ADPI offers New “ONE FOR ALL" Portable Opti-
O With Level 7 » SPICE Model & Subckts, BIT's, JFET's, etc. cal Disk and Tape Drives on DOS, Macintosh, SCO-
O With Level 11 » 32 Channel logic analyzer-style display UNIX, 0S/2, PICK, Peer to Peer LANs, and Novell
O Bus groupings O Digital signal input syntax LANs via Parallel & SCSI ports.
ANALOG & DiGITAL PERIPHERALS, INC.
Tatum Labs Inc_— [ e P.0. BOX 499
1287 N. Silo Ridge Drive Ann Atbor M1 48108 1‘ [ u&)?d T. PL%oh}{é %:’gg;;g;%
Tel: 313 663 - 8810  Fax: 313 663 - 3640 Il 517 - ﬁl, FAX 513/339-0070
CIRCLE NO. 258 CIRCLE NO. 236
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Getting lost
in the
crowd?

PLCC LoClip - PLCC Probe

Probe in Place

* Probe surface mounted PLCC chips

* Lowest profile Clip (.45" -.75")

* Instrument VME bds. etc with no extender

* PLCC sizes from 20-84 pins

* Annotations available

* Mechanically and electrically reliable connection
* Ask about custom solutions

IRONWOOD ELECTRONICS

P.0. BOX 21151, ST. PAUL, MN 55121
(612) 431-7025; FAX (612) 432-8616

Smart TekMeter from Tektronix
< P a—

The new TekMeter integrates the usability of
a digital multimeter with the waveform dis-
play of an oscilloscope in a compact, easy-to-
use, two pound battery-operated package. Tek-
Meter has 25Ms/sec digitizer(s) automatic
setup, spike detect and cursors. Prices for Tek-
Meters range from $859 to $1,259. For more
information, call Tektronix at 800-426-2200
or your local distributor.

CIRCLE NO. 242

CIRCLE NO. 250

Find out how you
can break through
the clutter to get big
results for a small
price, by placing a
4-color ad in
EDN Product Mart.
Call Joanne Dorian
at (212) 463-6415
for details.

In-Circuit
Emulators
From $851

m Easy to learn & use

] Mndowrd interface --
user configurable

® Real-time and non-
intrusive

m Source level debug

w Support for structures, arrays, unions and pointers
m Trace buffer with advanced searching capabilifes.
w Fast serial (RS-232) link to any PC, even laptops.
' Broad support of derivative devices /interchangeable probe cards
m Rental and 10-day trials available.
u Call today for free demo disk
We¥ a0

(800) 638-2423 i
'A 'A iMdCl, 00

Metalink Corporation
Phone: (602) 926-0797
Fax (602) 926-1198

MetaLink Europe GmbH
Teleton: (08091) 2046
TeleFax (08091) 2386

Relex

Reliability 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 DEsIGNSs, INcC.

410-788-9000
FAX 410-788-92001

Two English Elm Court
Baltimore, MD 21228 USA

CIRCLE NO. 256

CIRCLE NO. 240

High- X-Med's é /f and.t1 5 Iow-:actjiadtiton

super VGA monitors are listed to

Resolution gt standards, and
g feature patented low-eakage EMI

Med'cal filters. Other features include:
(06) [+l * Small footprint fits any desktop.
e NIE * Ergonomically designed screen
Monitors

controls with easy pincushion
correction.

 Built-in autosizing and
autocentering.

* Multiscanning to maximize
resolution, picture quality
and graphics card
compatibility.

o State-ofthe-art surface
mount technology .

Contact us today for additional

information and specifications on

A Y 4 e

~ M =D these outstanding new monitors.
X-Med Systems Division of

SYSTEMS Condor DC. Power Supplies, Inc.

2311 Statham Parkway, Oxnard, CA 93033
(805) 4864565 ® FAX (805) 487-8911

Hardware
&

Software

Here is the definitive authority on the PCI bus

Written by the experts, this book contains all the
details you won't find anywhere else! Like Ed Solari's
book on the ISA and EISA buses, PCI Hardware and
Software is bound to become the world wide reference
for the PCI bus. This book is ahead of the official
specification, and will probably stay that way for
some time! Hardcover; introductory price $87.95.

If you're going to use P(I,
you need this book!

Call Toll Free (800) 462-1042
We accept Co. PO's and: (] @8 mu

Annabooks

£ 11848 Bernardo Plaza Ct. Ste. 110
San Diego, CA 92128-2417

—_— (619) 673-0870 » Fax: (619) 673-1432

PCB RUSH SERVICE

Proto Manufacturing

sa& 24 hour Multi/Rigid
s 10 day std delivery
sa Design & CAM
vax Laser Plotting

Jax LPI/DFSM

s Mil GF & GI

i

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. 234

To udVerﬁsefin Pro

i a2
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EDN-CAREER

OPPORTUNITIES

—— IOWA MIDWEST
MOWEST 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
power amplifiers, frequency synthesizers, mod-
ulation/demodulation, spread spectrum, DSP
implementation of radio functions. Multiple
openings with several of my Midwest client com-
panies

DON GALLAGHER, MSEE
Gallagher & Brei Associates

1145 Linn Ridge Rd., Mount Vernon, IA 52314
(319) 895-8042 « Fax (319) 895-6455

8amto5pm

40 hours per week
Design and development of embedded con-
troller software. Research and design of sig-
nal processing algorithms. Master of Sci-
ence degree, major in Electrical Engineering
or equivalent. Two (2) years experience in
job offered or two (2) years experience as
engineer/scientist. Experience must have
included 12 months of "C" language usage
and real time system programming and
graphics programming. Contact LA Office of
Employment Security, Job Order 093762,
1991 Wooddale Blvd., Baton Rouge, LA
70806

DESIGN ENGINEER
$17.35/hr

EDN reaches an
audited circulation
of 163,000
engineering professionals,
assuring 100%
qualified inquiries
for specialized
technical jobs.

Why not let EDN’s
Career Opportunities
section help your
clients hire the
qualified engineering
professionals
they need!

If T can be of assistance
in helping your clients
with their recruitment
advertising, please call:

Jackie Daniels
at 1-800-603-4859.

152 - EDN May 26, 1994

ENGINEER

&

THE FUTURE

-

WE ARE LOOKING FOR HIGHLY TALENTED PEOPLE
TO ENHANCE OUR GLOBAL ENGINEERING EFFORTS.

The Advanced Development Group at GI Communications Division in San Diego, is a small
team of engineers who built the DigiCipher HDTV and the Channel Compatible DigiCipher
HDTV systems which were tested by the FCC Advisory Committee.

Currently, we are looking for the following engineers to expand our horizon in new areas
and fully utilize the digital compression technology we have developed:

TELECOMMUNICATIONS ENGINEER

Will define requirements as well as design and test telecommunication systems. Must
have experience in ATM switches, packet networks and digital telephone signaling proto-
cols. Experience in telecommunication standards is highly desirable. CODE: HDTVTEL

DIGITAL COMMUNICATIONS ENGINEER

Will design digital communication systems and hardware. Must have experience in
QPSK, QAM, adaptive equalization, coding, computer simulation such as COMDISCO,
and information theory. Experience in digital signal processing, “C” programming
and/or video compression is a plus. CODE: HDTVCOM

DIGITAL DESIGN ENGINEER

Will perform a wide variety of digital circuit and signal processing tasks. Must have expe-
rience in complex gate arrays, FPGA, EPLD such as XILINX and ALTERA. Microprocessor
and firmware background is preferred. CODE: HDTVDIG

SYSTEMS ENGINEER

Will design, test and integrate advanced digital communication systems for satellite,
cable and broadcast TV and multimedia applications. Must have experience in commu-
nication system design, data communication protocols, telephony and networks, digital
signal processing and digital video compression. CODE: HDTVSYS

All positions require a minimum of MSEE or CS, or BS with 5 years’ related experience.

Share our vision of global communications. Please send resume with salary
history/requirements, REFERENCING APPROPRIATE CODE, to: General Instrument
Corp., Human Resources, 6262 Lusk Blvd., San Diego, CA 92121. EOE. Principals only.

@ General Instrument
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dest

andadvanced technology:
Because 11vets depen
on 1

Siemens Pacesetter is a world leader in technological
innovation for cardiac arrhythmia management devices.
Together with our parent company, multibillion dollar
Siemens, we are bringing these life-saving and life-
enhancing products to today’s everchanging healthcare
marketplace. If your vision matches ours, we offer a sup-
portive, advancement-oriented
environment to the professionals
who join us as:

SR. SOFTWARE
ENGINEER (Software
Development Dept.)
Individual will use creativity
and high-quality standards to
design and implement software
for implantable/external pace-
maker applications. Responsi-
bilities include developing
product and software specifi-
cations, architecture design,
detailed design, implementa-
tion, unit tests and integration
tests suite. 5+ years experience
in all phases of high reliability
software development is
required. BSCS/MSCS and C/
C++ background preferred.
Demonstrated systems develop-
ment experience using OOP
techniques in real-time systems
desirable. Respond to Dept.
EDN/SSE.

SR. STAFF

SOFTWARE ENGINEER

Advanced Product Development

Will design/develop software for new pacemaker/pro-
grammer interfacing and communications. Involves
requirements definition, design, coding, testing and
debugging. Will also perform large scale software
integration to ensure functionality of final product.
Requires a BS/MS degree in CS or equivalent and 5+
years experience with knowledge of Assembly and C.
Respond to Dept. EDN/SSSE.

Siemens Pacesetter

SR. MECHANICAL

DEVELOPMENT ENGINEER

The selected candidate will be called on to design and
develop new leads, as well as provide test protocols
and documentation. Also entails coordinating leads
project teams, and designing
related tooling/fixtures. Related
BS degree in Engineering
required, with 5+ years directly
related experience. Respond
to Dept. EDN/SMDE.

TEST ENGINEER

Our selected candidate will
develop and design new soft-
ware/hardware to test new
products, maintain existing
software and test equipment,
and generate related documen-
tation and reports. BSEE or
equivalent and a minimum of
5 years mixed signal test engi-
neering experience strongly
preferred. Knowledge of C
program language (with a
preference in Assembly) and
precision analog test methods/
circuits a must. Respond to
Dept. EDN/ATE.

In addition to our desirable
Southern California location,
we offer competitive compen-
sation, paid relocation and
complete benefits, including employer-paid pension
plan, 401(k) savings, tuition reimbursement, vision
care and a choice of medical/dental plans. Send resume
(NO PHONE CALLS, PLEASE!) to the appropriate
department: Sue Mayes, Employment Representative,
Siemens Pacesetter, Inc., 15900 Valley View
Court, P.O. Box 9221, Sylmar, CA 91392-9221.
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Excellence in Cardiac Pacing
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AzTech is the U.S. subsidiary of a successful European recruiting group, which does nof charge hiring fees
to applicants or employers. For clients in the West, South-West and other parts of the U.S., we seek BS/MS
level applicants for a wide range of research, design and/or development openings, including

SEMICONDUCTORS
For hi-speed Linear Products, amplifiers & video processors

Manuﬁzcturers For hi-frequency RF Transceiver IC’s, in silicon or GaAs
. For Mixed Signal IC’s, including parts of ADCs & DACs
market. For analog/mixed-signal, disk-drive read CMOS Channel Products

For Hi-Resolution Converters; range of CMOS/BICMOS circuits

SYSTEMS
RF Engineers, with RF/analog/digital circuit/system design experience
Communications Engineers, with hardware design/systems integration
Systems Test Engineers, with Orcad SDT, Excel & Windows or DACs/ADCs
DSP Engineers for Cellular DSP applications; analog and/or digital
4 Project Leaders, for GSM, Analog, TDMA and CDMA sectors

SOFTWARE/FIRMWARE
Performance Engineer for SVR4, with UNIX systems software experience
Windows Device Drivers Applications; specialist with 10+ yrs experience
Human Machine Interface/HMI; specialist with Windows fools/languages
Software Integration; with ADA, C++ experience on Sun/VAX platforms
Firmware Engineers; C programming + microprocessor embedded systems

Let me help you fill
those positions!

For more
information, call:

JACKIE DANIELS

There are just a few of our client needs for EO/AA employers in the U.S. Mail or fax your resume, with salary
indicator and location preferences to:

AzTech Recruitment Company
z ECH 3336 N. 32nd Street, Suite 115, Phoenix, AZ 85018
Recruitment Co. Call (602) 955-8080 or Fax (602) 955-9639

1-800-603-4859 Tel
1-617-630-3925 Fax

154 - EDN May 26, 1994



EDN-INTERNATIONAL

ADVERTISERS INDEX

Company Page Circle | Company Page Circle
ADPI 150 236 | Mini-Circuits 97 103
AMP Inc 92-93 104 | Motorola Semiconductor
AT&T Microelectronics 12 49 Products Inc 73
Accel Technologies Inc 129 47 | Mueller Electric Company 122 81
Advanced Micro Devices 46-47 46 | Murrietta Circuit Design 108
Advin Systems 149 230 | NCI 148 248
Allegro MicroSystems 66 200-203 | NCR Corp 44 152
Allied Electronics 39 107 | National Semiconductor 19-32
Altia Inc 38 97 | Nohau Corp 133 83
Analog Devices Inc 77-84 Novotechnik US Inc 142 19
Annabooks 151 231 | Omron Electronics Inc 156 84
Atmel Corp C3 48 | OrCAD Cc2 113
Burr-Brown Corp 62-63185-196 | Orion Instruments 147 245
70 64 | P-CAD 76A-B
CEIBO 148 255 it 85
Capilano Pico Electronics 122 89
Computing Systems 150 232 155 89
Capital Equipment Corp 144 108 | Quatech 150 246
Cherry Semiconductor 37 37 | Quad Design 121 9
Cirexx 148 233 | Quantic Laboratories Inc 137 30
Compass Quicklogic 5 86
Design Automation 123 65 | Raytheon Corp 50 87
Condor DC Power Supplies 151 234 | Samsung
Cypress Semiconductor 15 Semiconductor Inc 78-79 91
DSP* 2 109 | Samtec Inc 17 114
Data I/O Corp 149 235 | Sierra Circuits 147 247
Data Translation Inc 48 66 | Signal Transformer Co C4 88
Dataman Programmers 149 237 | Sony Semiconductor 55 16
Datel Inc 149 260 | Spectrum Signal Processing 56 31
Digi-Key Corp 1 69 | Stag Microsystems Inc 150 257
Digital Equipment Corp  64-65 Sun Circuits 151 249
Ecliptek Corp 106 71 | Tatum Labs 150 258
Frequency Devices Inc 74 3 | Tektronix Inc 85 93
GE Rental/Lease 68 12 87 92
HJJ Co Inc 147 238 151 250
Harris Semiconductor 119 4 | Texas Instruments 41-42
Heurikon Corp 105 73 43
Hyundai 58-61
Electronics Industries 10-11 74 | 3M Electronic Products 124 1
IEE 76  76-77 | Toshiba America
ITT Pomona Electronics 149 261 Electronic Components 34-35 98-99
Incredible Technology 147 239 | Tribal Mircosystems 147 259
Innovative Software Two Technology 150 262
Design Inc 151 240 | Underwriters Laboratory 33 94
Integrated Device VG Controls 149 251
Technology Inc 53 75 | Viewlogic Systems Inc 135 118
Integrated Systems Inc 107 110 | Vishay Resistive Systems 132 A-B
Intel Corp 8-9 36 | Visual Software
Interactive CAD Systems 148 241 Solutions Inc 149 252
Intusoft 57 17 | WR Grace 140 95
Ironwood Electronics 151 242 | Wind River Systems 99 96
Jeta Power Systems 38 3 | Wintek Corp 150 253
Linear Technology Corp 94 78 | Zworld Engineering 147 254
Link Instruments 148 243
Littlefuse Electronics 127 79
Logical Devices 149 244 | Recruitment Advertising 152-154
Loral Data Systems 138 80
Massteck 83 105
Maxim Integrated Products 101 26
1083 27
141 28
143 29
Mentor Graphics 36 34
Metalink Corp 151 256
Microchip Technology Inc 4 38 | This _index is provided as an cdditiqpcl service. The
6 33 put?lls.her does not assume any liability for errors or
Mini-Circuits 3 577 M

SURFACE MOUNT
& PLUG-IN
TRANSFORMERS
& INDUCTORS

DC-DC
CONVERTERS

AC-DC
POWER SUPPLIES

NM HIGH POWER
DC-DC
CONVERTERS

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
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~ RELAYS ARE LIKE OYSTERS, YOU'VE GOT T0 LODK
BENEATH THE SURFAGE T0 FIND THEIR REAL VALUE.

Think if you've seen one relay and you've seen them all? Take a closer look at
Omron relays, and you'll find real value. The bottom line value of Omron's superior
technology coupled with some of the most extensive customer support services in
the business. Find, for instance, our new G6R and you'll discover a relay twice as
small as previous models. One that allows for smaller circuit board requirements, leading to
smaller products, and the kind of treasure that ultimately returns lower product costs. The G6R
also meets or exceeds all major international standards. But the real value of Omron is our
extensive customer support services. Real treasures like: Designed-in features to meet your
requirements, Quality testing and custom stocking programs. Benefits
that give tremendous value by om Ron reducing your application design
and administrative costs. So if you e think all relays are created equal,

take a closer look at Omron. WE HAVE THE FUTURE IN GONTROL. Call us at 1-800-62-OMRON.
CIRCLE NO. 84




CHAMPIONS

COME IN ALL

They took 90 pounds of power 60| | and go — there’s no erase cycle.
to new heights, and redefined the 50— { Small memory sectors for fast
meaning of performance. 40— ‘ and easy reprogramming.

Atmel also offers championship £ *"’ ‘ And, for you folks who are not
performance. We married our 3- 22 working on carry-on equipment,
volt proprietary process with a b | we also make a 5-volt-only
four-megabit Flash so you can take A 0 AT29LV040 version of our four-megabit Flash,
your design to new heights. the AT29C040.

The AT29LV040 is not some stripped- Take your pick, 3-volt or 5-volt,

down version. It has all the stuff you've they're all in our new Flash record
come to expect from Atmel’s 3-volt book. Write or give us a call at
(800) 292-8635 for the book,

Flash memory. A single power
source for both read and write. The then let Atmel Flash give your
world'’s easiest algorithm, just load design the championship edge.

Atmel Corporation Headquarters: 2125 0'Nel Drive, San Jose, CA 95131 (408) 441-0311, FAX (408) 436-4300. © Copyright 1993 Atmel Corp.

CIRCLE NO. 48




Signal’s International Flathead" Circles The Globe.
’ The whole world’s going flat out for Signal’s International Flat-
head transformers, because we went all out to win international
approval.
These super rugged, low profile transformers, fully encapsulated
. and hermetically sealed, meet UL, CSA, VDE, IEC and EN stan-
dards for international use.
f Thanks to their extremely low profile, these IF series transform-
ers are ideally suited for use on densely packed PC boards.
Available in 2VA to 30VA configurations, these Flatheads feature
** dual primaries (115/230V, 50/60Hz) and non-concentric windings.
The result: reduced inter-winding capacitance and the elimination
of electrostatic shielding.
% \}g Low profile (as low as 0.69")
2 4 Precise pin alignment for drop-in applications
¥, . Class B insulation (130° C)
“2. For more information on Signal’s International Flathead Series,
2 contact Signal Transformer, 500 Bayview Ave., Inwood, NY 11696.

Sampling of products offered. A total of 80 part numbers are
available off-the-shelf in 2, 4, 6, 10, 14, 18 24, 30 VA sizes.

'SECONDARY PRICE

*Part No:’WWszew By Series om0 Parallel v100-249 Pcs

IF-2-10 2VA 10Vct. @ 200mA 5V @ 400mA
IF-2-12 2VA 12Vet. @ 1770mA 6V @ 340mA
IF-2-16 2VA 16Vct. @ 125mA 8V @ 250mA
IF-2-20 2VA 20Vct. @ 100mA 10V @ 200mA
IF-2-24 2VA 24Vct. @ 85mA 12V @ 170mA $7.63
IF-2-30 2VA 30Vct. @ 70mA 15V @ 140mA
IF-2-34 2VA 34Vct. @ 60mA 17V @ 120mA
IF-2-40 2VA 40Vct. @ 50mA 20V @ 100mA
IF-2-56 2VA 56Vct. @ 40mA 28V@ 80mA
IF-2-230 | 2VA | 230Vct.@ 9mA | 115V@ 18mA

IF-10-10 | 10VA 10Vct. @ 1.00A | 5v@ 2.00A
IF-10-12 | 10VA 12Vct. @ 835mA Ve 1.67A
IF-10-16 | 10VA 16Vct. @ 625mA 8v@ 1.25A
IF-10-20 | 10VA 20Vct. @ 500mA 10v@ 1.00A
IF-10-24 | 10VA 24Vct. @ 420mA 12V @ 840mA $9.49 ;
IF-10-30 | 10VA 30Vct. @ 335mA 15V @ 670mA §
IF-10-34 | 10VA 34Vct. @ 300mA 17V @ 600mA
IF-10-40 | 10VA 40Vct. @ 250mA 20V @ 500mA
¢/ IF-10-56 | 10VA 56Vct. @ 180mA 28V @ 360mA
IF-10-230| 10VA | 230Vct. @ 45mA | 115V @ 90mA

X

IF-30-10 | 30VA | 10Vct.@ 3.00A | 5vV@ 6.00A %, o
IF-30-12 | 30VA | 12Vct.@ 2.50A 6V@ 5.00A {
IF-30-16 | 30VA | 16Vct.@ 1.90A | 8V@ 3.80A /
IF-30-20 | 30VA | 20Vct.@ 1.50A | 10V@ 3.00A 5
IF-30-24 | 30VA | 24Vct.@ 1.25A | 12V@ 250A | $13.99 |
IF-30-30 | 30VA | 30Vct.@ 1.00A | 15V@ 2.00A o4
IF-30-34 | 30VA | 34Vct @900mA | 17V@ 1.80A he
IF-30-40 | 30VA | 40Vct. @ 750mA | 20V@ 1.50A T
IF-30-56 | 30VA | 56Vct. @550mA | 28V@ 1.10A
115V @

IF-30-230 | 30VA | 230Vct. @ 130mA 260mA 5

f A T { : ) ‘ik‘;’,’ { ' y X . ’;; . ® s S @ = —C T {
# ‘ ¢ y T c #
X ,Q; X p v )‘ \.'A 5 {)m:ﬁ : : g: ‘o o
I o : ~ B4 PRIMARIES 1 3 l
AT "t ‘ ’s‘ y :y_g N 50/502\,/ @ 0O o 7o @
L L R fs T Y 4HOLESFOR
rm\.‘f B I NIETY ﬁ g \ E TAPAING SCREW :
>3 \‘ ! | KX ﬁ’,, . el ® — L] ® Jzw # 1 1
‘_, e . - " @ INDICATES LIKE POLARITY Consutt datam:hm Yok
! % (/ exact pin
i Size| L w - ML MW WGT
: § 2 2.09" 173" 0.69" 1.87" 1.48" 4.60z
53.0mm | 44.0mm | 17.6mm | 47.5mm | 37.5mm | 0.13kg
10 2.66" 2.24" 0.89" 2.46" 1.97" 10.30z
67.6mm | 57.0mm | 22.6mm | 62.5mm | 50.0mm | 0.29kg
30 2.68" 2.26" 1.39" 2.46" 1.97" 19.70z
68.0mm | 57.5mm | 35.3mm | 62.5mm | 50.0mm | 0.58kg

BUY DIRECT: 516-239-5777 m Fax: 516-239-7208
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