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World’s First 3 V, SOT-25 Temperature Sensors 
With Power Shutdown. 

Finally, measuring the 

temperature of 

your 3 V battery 

applications is no 

sweat. The ulti¬ 

mate cooling 

solution comes 

from Analog 

Devices with the 

industry’s broadest range 

of precision, energy-saving 

temperature sensors. 

All three are designed for 2.7 V 

to 5.5 V operation to match your 

design requirements. While 

operating, supply current 

is a mere 50 pA (half 

that of the competi¬ 

tion). During shut¬ 

down you’re look¬ 

ing at an incredibly 

low maximum supply of 

0.5 pA. Our sensors also provide 

+10 mV/°C or +20 mV/°C linearized 

The Most Intelligent Use of Power 

The TMP3x family puts competitive sensors 

on ice with the world’s first 3 V sensors to have 

programmable power shutdown. Thermal moni¬ 

toring no longer drains your batteries. Now you 

have the flexibility to control temperature mea¬ 

surement for smart optimization of battery power. 

PARAMETER TMP35 TMP36 TMP37 

Output Scale Factor 10 mV/°C 10 mV/°C 20 mV/°C 

Temperature Range °C +10/+125 -40/+125 +5/+100 

Supply Voltage Range 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 

Max. Supply Current 50 pA 50 pA 50 pA 

Max. Shutdown Current 0.5 pA 0.5 pA 0.5 pA 

That means your CPU monitoring systems, PC 

notebooks, cellular and wireless telephones or 

other portable, micropower equipment are run¬ 

ning longer and cooler. 

Requiring no external signal calibration, condi¬ 

tioning or linearization, the TMP35, TMP36 

and TMP37 interface easily with your ADC. 

Shutdown 

VOUT = +10mV/C 

Tiny SOT-25 (2.7 x 2.5mm) 
package with 5-pin efficiency. 

For samples and technical information call 
1-800-ANAL0GD (262-5643)^ For data sheets 
dial AnalogFax™ at 1-800-446-6212 (Faxcode 
41972), or visit us on the World Wide Web. 

voltage output over a wide -40 to +125°C 

temperature range. And stability with large capaci-

longer battery life and small size make 

Analog Devices’ temperature sensors the hottest 

choice for your computer, communications or 

instrumentation applications. 

tive loads is guaranteed. 

Longer Battery Life, 

Smaller Package 

Available in the tiny 

SOT-25 package as 

well as TO-92 and 

SO-8 packages, 

TMP3x family mem¬ 

bers are space-sensitive 

and priced at just 

$0.87*. Low power, 

□ ANALOG 
DEVICES 

Analog. Digital. Solutions. 

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

* USD 1,000s, recommended resale, FOB U.S.A. t Outside U.S., please call 617-461-3392. 
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What it gives your customers is more memory. 

Our Production- Volume 
64-MEG DRAM. 

[ What that gives you is clout.] 

In the marketplace, you want 
to be a high-impact player. You 
want something the other guys 
don’t have. Something the 
customer wants. Something that 
will—yes—give you clout. 

Well, good news. Help is here, 
we have what you need. 

At Samsung, we have volume¬ 

production, 64-meg drams that 
will give your systems four 
times the memory they have 
now. With virtually no re¬ 
design required. 

And just as we were the first 
to complete the 64-meg, we are 
the only supplier out there that 
has volume production available. 

It’s in a 400-mil package, and we 
have it at a cost-per-bit premium 
that is probably much less than 
you’d expect. 

Especially when you consider 
the advantage these drams give 
you. Because after all, more 
memory is at the very top of just 
about every customer’s list of 

SAMSUNG SEMICONDUCTOR, INC., I995. READER SERVICE 128 



Alt parts in 3.3 volt, and both tsop and soj. 

The 64M DRAM, In Volume Production 

PART ORG. 

KM44V16OOOA 

KM44V161OOA 

KM48V8OOOA 

KM48V81OOA 

KM44V16004A 

KM44V1ÓIO4A 

KM48V8004A 

KM48V8IO4A 

I6MX4 

I6MX4 

8Mx8 

8Mx8 

16MX4 

16MX4 

8Mx8 

8Mx8 

50/60/70 

50/60/70 

50/60/70 

50/60/70 

50/60/70 

50/60/70 

50/60/70 

50/60/70 

Fast Page, 8k Ref 

Fast Page, 4k Ref. 

Fast Page, 8k Ref 

Fast Page, 4k Ref 

EDO, 8k Ref. 

EDO. 4k Ref 

EDO 8k Ref. 

EDO. 4k Ref. 

SPEED FEATURES 

what they want. 
The second-generation, 400-

I mil 64-meg is available with 
Fast Page or edo. It’s offered 
in both tsop and soj, and in 
three organizations. 

Whether you make work¬ 
stations, disk arrays, or servers, 
you’re going to want it. 

Because with a competitive ad¬ 
vantage like this, you just may be 
able to deliver the knockout punch. 

For information on the 
world’s most advanced dram 
and the only volume production 
available, contact the world’s 
leading memory supplier. 
Samsung. At 1-800-446-2760. 

Or write to dram Marketing, 
Samsung Semiconductor Inc., 
3655 North First Street, San 
Jose, California, 95134. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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Think Analog Arrays 
save time & money 

COMPARE & SAVE 
Key Decision 

Factors 
Orbit 

Mixed-Signal Array 
Full Custom 

ASIC 
Discrete 

Components 
NRE costs (typ) 
Prototypes*(typ) 

Low ($15K-$75K) 

Fast (6-18 wksL 
_ Fast_ 

Minimal_ 
_ Low 

High ($100K-$300K) 
Slow (24 to >52 wksl 

Slow 
—High 
Medium 

N.A. 
N.A._ 

Moderate (8-24 wks) 
_Low_ 

High 

Time-To-Market _ 
Design Risk_ 
Price (10K-100K/yr) 

(100K-lM/yr) Low Low High 
•Design cuuipleiiou to silicon 1

Rapid Analog Design-to-Silicon Gets 
Your System to Production Faster 
Orbit s analog and mixed-signal CMOS arrays speed the development 

of your end product. We offer over 25 array sizes which contain 50 to 5,000 

gates, 5 to 50 Op Amps, plus many other analog components and operation 

down to 1 volt. We also provide discrete KIT parts for breadboarding. 

Our arrays allow faster layout, shorter fab cycle times and reduced 

non-recurring engineering (NRE) costs compared to a full custom. 

FREE DESIGN GUIDE 

800-331-4617 
800-647-0222 CA 

http://www.orbitsemi.com 

Working jointly with our experienced analog design engineers, you can 

achieve design-to-silicon in as little as six weeks. And if any iteration is 

required. Orbit can provide turnaround in just two weeks. For high 

volumes, further cost reduction can be achieved by converting the array 

into a low NRE (S35K-S50K) Orbit full custom mask set. 

SEMICONDUCTOR, INC. 

ISO 9001 Certified 

Orbit Semiconductor, Inc. 169 Java Dr. Sunnyvale, CA 94089; 408 744-1800, fax 408 747-1263 
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BEST IBERS FOR DESIGN Ideas voted "Best Of Issue" by the readers of Electronic Design 

TO»BI 
Since its inception, the Ideas for Design section has always been one of the best¬ 

read sections of Electronic Design. In recent years, it has consistently vied with 
Pease Porridge for the top spot in our periodic readership surveys. Perhaps it's the 
unpredictability of each section that draws readers—In the IFD section, as it's 
known here in the office, you never know when you're going to find that circuit 
you've been looking for to solve a particular design problem; And, in Pease 
Porridge, the creative unpredictability of Bob Pease is becoming legendary in the 
industry. 
A little history: Ideas for Design as we know it today began in Electronic Design 

in March 1961, although the section title itself dates back to 1954, when it was 
used to designate a single, particularly useful article. In 1961, probably with more 
ideas coming in from readers than could ever be published one to an issue, the edi¬ 
tors decided to publish several ideas in each issue and allow readers to vote for the 
one idea that they considered the most useful. At that time, no other electronics 
trade publication had a similar section. 

Since then, we've probably' published more than 4000 ideas (it's difficult to esti¬ 
mate, but we could figure on about 125 ideas a year for 35 years). We have often 
been asked why we haven't collected the ideas into a book. Actually, we have done 
so in the past—I have on my bookshelf right now the office copies of Volumes 3 
and 4 of “400 Ideas for Design ” published by Hayden Book Co. in 1976 and 1980, 
respectively. Volume 1 was published in 1964, and Volume 2 in 1971 (our office 
copies of those earlier volumes took a walk a long time ago.) Today, we have our 
CD-BOMs covering the complete contents of Electronic Design from 1989 through 
1994, and we now are working on getting complete copies up on the Internet. 
In this supplement, we have collected many of the ideas that were voted “Best of 

Issue” by our readers in Electronic Design from early 1995 through early 1996. We 
hope you enjoy reading it and, more importantly, find it useful. We'd like to hear 
from you, because we plan to publish another, similar supplement in 1997, con¬ 
taining the Ideas for Design voted Best of Issue for a corresponding time frame. 

One final note: In several places throughout this supplement, you'll notice small 
boxes calling for readers to contribute articles to the Ideas for Design section. The 
fact is that we rely on our readers to supply the brief articles that make up Ideas 
for Design. We encourage all readers to participate in the IFD program, and share 
their innovative ideas with other readers. 

STEPHEN E. SCRUPSKI 
Editorial Director 
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PRODUCTION TEST TIME.. 

System One offers higher speed than traditional GPIB 
solutions, plus better performance and lower cost by 
combining many audio frequency test and measure¬ 
ment functions into one compact instrument. Its speed-
optimized architecture and greater instrument intel¬ 
ligence include features like selectable reading rates, 
switched detector time constants and an advanced 
measurement settling algorithm. This advanced design 
can give you overall testing speed 3 times faster than the 
common alternative, and even 10 to 100 times faster 
using our DSP option for multi-frequency testing. 

System One is simply the most complete and efficient 
high performance audio test system available for both 
Analog & Digital Domain testing. It makes fast, highly 
accurate measurements of all the analog and digital 
audio frequency parameters needed for testing any 
audio path. System One lets you separate audio test 
development from GPIB programming. Complete instru¬ 
ment setups and entire test sequences are automati¬ 
cally memorized with our easy-to-use PC software, so 
you spend time testing audio, not writing program code. 
Then after proving out the tests with our PC software, 
switch the System One to GPIB mode for production test 
development. 

ENGINEERING TIME 

DIGITAL & ANALOG AUDIO FREQUENCY TESTING 

It’s wr 
About Time 

Testing aircraft to automobiles, satellites to cellphones, headsets to 
hearing aids, SYSTEM ONE from Audio Precision saves you time... 

So if you make analog or digital domain audio frequency measurements 
its about time to consider Audio Precision and System One. We'd like to 

take the time to save you time (and money!) 
Please check the reader service number below. Our worldwide force 

Audio Precision representatives will be pleased to provioe 
further information and an onsite demonstration. 

Audio Precision... The recognized standard in Audio Testing 

of 
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P.O. BOX 2209 
Beaverton, OR 97075-3070 
503/627-0832,800/231 -7350 
FAX. 503/641-8906 

! Australia: IRT Electronics Pty. Ltd., Tel: 2 439 3744 Austria: ELSINCO GmbH, Tet (1) 815 04 00 Belgium: Trans European Music NV, Tel: 2 466 .‘>010 Brazil: INTERWAVE 
C-nada. GERRAUD O Disxioution Tel: (416) 696-2779 China. HongKong: AC E (Int’l)Co. Ltd.. Tel: 424-0387 Croatia: AVCAudio 
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Ill ■■lililí Illi MIHI 
FOR EMBEDDED APPLICATIONS, 

THIS 486 
COMES FULLY LOADED. 



GO AHEAD—KICK THE TIRES. 

To reduce costs and 

time to market for your 

embedded 32-bit appli¬ 

cation, the NS486SXF 

comes standard with all 

the features you could 

want. 

With the 

most complete set of 

integrated peripherals and on-chip service elements, the NS486SXF 

is the first true embedded 486 system on a chip. By eliminating cost¬ 

ly desktop features, we’ve created the only 486 CPU core that is 

optimized for embedded applications. 

The familiarity of the 486 architecture means you can develop 

with confidence. And the NS486SXF is supported by the best com¬ 

pilers in the industry, and by tools and kernels from leading real¬ 

time operating system and software vendors. 

The NS486SXF Evaluation Kit includes everything you need to 

generate and debug code and mn benchmarks, including evaluation 

copies of industry-leading development tools and kernels from sev¬ 

eral world-class software vendors. 

ORDER YOUR EVALUATION KIT TODAY. 

Kick the tires on National’s NS486SXF processor. Call 

your local National distributor to order your NS486SXF-KIT 

for the low price of $486. For more information, call 

National at 1-800-272-9959 Ext 608. Or visit us at 

http://www.national.com/NS486. 

NS486SXF 

NATIONAL SEMICONDUCTOR®, ®, are trademarks of National Semiconductor Corporation. 01996 National Semiconductor Corporation 

All rights reserved. FOB Santa Clara.Ca. USA. 



2.5KHz-8GHz AMPLIFIERS 
(3 Piece Set) 

Expand laboratory capabilities and put a full spectrum of power 
at your fingertips with Mini-Circuits 2.5KHz to 8GHz medium 
power amplifier set. Each ultra-wideband set contains three 
individual heat sinked RF amplifiers with at least +20dBm output 
and overlapping frequency response range capabilities; 2.5KHz 
to 500MHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications 
for these amplifiers include increasing the signal levdls to power 
meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 

11095 only 
(Set of 3 1-9 qty.) 

+20dBm Power Output, 20dB 

Model : 
ZHL-6A 
ZHL-1042J 
ZRON-8G 

Freq. 
(MHz) 

.0025-500 
10-4200 

2000-8000 

Gain 
(dB) 
21 
25 
20 

Power Output, 
dBm @1 dB 
Compression 

+23 
+20 
+20 

DC Power fndiv. 
Volt Current Conn. Price ($) 
V mA Type (1 -9 qty.) 
+24 350 BNC 199 
+15 330 SMA 495 
+15 310 SMA 495 

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 qty.) 

You can buy these amolifiers individually at Mini-Circuits already 
low prioes, or own the full spectrum set for the money saving 
price of only $1095 (1 -9 qty.) I To order from stock with a guarantee 
to ship within one week, call Mini-Circuits today I £□ 

Mini-Circuits...we’re redefining what VALUE is all about! 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCt£ REACER oERViCE CARO 

For detailed specs on all Mini-Circuits products refer to ■ 74C- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. fitar, 



Ideas voted "Best Of Issue" by the readers of Electronic Design BEST IDEAS FOR DESIGN 

Char QB Pump Generates Gate Drive 
CHESTER SIMPSON. 3360 Tracy Dr., Santa Clara, CA 95051; (408) 296-1925. 

M 
any products that are 
loaded with logic hard¬ 
ware use 5 V as the main 

power source. The management, dis¬ 
tribution, and conversion of this 
main 5-V rail often requires power 
FET devices. These devices are used 
as “switches” either in a de mode (to 
connect or remove power to specific 
circuits) or in an ac mode (where the 
FET is driven at high frequency to 
provide dc-dc conversion). 

In most cases, an n-FET makes a 
much better switch than a p-FET 
because of drastically lower cost, 
much lower on-resistance, and 
greater selection and availability of 
product. The only drawback of using 
an n-FET is that it requires “high-
side drive” for the gate, which means 
a voltage source must be available 
that’s higher than the 5-V rail. This 
“gate-drive voltage” needn’t be well 
regulated, because it’s simply used 
to pull the gate up high enough to 
turn the FET fully on. 
The amount of voltage required for 

gate drive to assure the FET is fully 
turned on is typically about 5 V high¬ 
er than the drain. Consequently, in 5-

V systems, the available drive must 
be at least 10 V. Of course, more volt¬ 
age is better, since it results in 
reduced on-resistance for the FET 
and, correspondingly, less power dis¬ 
sipation. 

The amount of current that the 
gate-drive source must provide 
depends on the application: If the 
gate drive is only for FETs used as 
de switches, then a few hundred 
microamperes is sufficient (the 
amount of de current that flows into 
the gate is negligible). However, if 
the gate-drive source is used to pro¬ 
vide bias voltage to a high-frequency 
converter, it may require 30 to 40 
mA of average current. That’s 
because the 2000 to 3000 pF of gate 
capacitance present on a typical 
power FET must be charged up and 
down at 100 kHz or more, and that 
takes a lot of current. 

This Idea for Design presents a 
charge-pump circuit that’s well suit¬ 
ed for generating a gate-drive rail 
for either application, showing how 
to optimize selected components to 
address the “high current” or “low 
current” requirements that were 

stated previously. 
The “high current” version will 

address applications requiring up to 
40 mA, while the “low current” ver¬ 
sion is a lower-cost alternative pro¬ 
viding up to 1 mA. 

A charge pump is usually prefer¬ 
able to a typical switching converter 
for applications in which load cur¬ 
rent is < 50 mA. That’s because it can 
be built with inexpensive, off-the-
shelf components, it requires no 
transformer or inductor, and it pro¬ 
duces zero EMI interference. 
Charge-pump (voltage-doubler) ICs 
are on the market, but they won’t 
work in this case due to the fact that 
they only generate about 8 V from a 
5-V input (two doublers could be 
used, but the cost is prohibitive). 

The design shown is a voltage 
tripler, which provides the right 
amount of voltage needed for gate 
drive in a 5-V system (about 10 to 14 
V) (Fig. 1). The circuit boosts the 5-
V input by charging capacitors Cl, 
C2, and C3 so that the voltage across 
Cl approximately equals 3 X 
(Vjn-V¿i0(]e). Resistors R5 and R6, 
as well as capacitors C4 and C5 are 

Notes: 

1. Resistor tolerance is 5%. 

2. All capacitors are ceramic, except as specified in Note 3 

3. Values of C-|, C, and C depends on desired load current: 

For the "low current" version, use 0.022-|xF ceramic (Panasonic ECU-S1J223MEA or similar). 

For the "high current" version, use 10-nF/25-V aluminum electrolytic (Panasonic ECE-A1EGE100 or similar) observing polarity shown. 

4. Diode type used at CR1, CR2, and CR3 depends on load current: 

For "low current" version, use 1N4148 or similar. 

For "high current" version, use a small Schottky diode such as 1N5158 or similar. 

1. Ä CHARGE PUMP built as a voltage tripler can provide just the right amount of voltage needed for gate 
drive in a 5-V system. 

SUPPLEMENT TO ELECTRONIC DESIGN • October 24. » SB 
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used to set up the LM555 (UI) as an 
astable (free-running) oscillator that 
produces a 40-kHz square wave of 
50% duty cycle at pin 3 (any typical 
ceramic capacitors can be used for C4 

and C5). 
On each complete cycle, C3 is 

charged up to about 4.3 V through 
CR3 when pin 3 of UI pulls down to 
ground. When pin 3 is driven high (up 

2. THE CURVES indicate the output voltage delivered by the high-cur¬ 
rent and low-current versions of the voltage tripler as a function of load. 

to about 4 V), Q2 is turned on pulling 
the negative side of C2 to ground, 
and C3 charges C2 up to about 8 V 
through CR2. When pin 3 of UI again 
goes low, QI turns on and pulls the 
negative side of C2 up to 5 V, which 
means its positive side swings up to 
about 13 V. This charges Cl up to 
about 12 V through diode CR1. As 
the charge pump operates, this cycle 
repeats continuously to keep deliver¬ 
ing current to Cl, which flows into 
the load connected to the VG point. 
The voltage seen at VG depends on 
load. 

Obviously, optimizing the compo¬ 
nents used makes a better design. 
Therefore, if higher current (up to 40 
mA) is needed, CR1-CR3 must be 
Schottky diodes similar to 1N5818. 
Also, C1-C3 must be 10-p.F alu¬ 
minum electrolytic capacitors. For a 
low-curent version, if 1 mA of load 
current is sufficient for the gate¬ 
drive source, lN4148-type diodes are 
best for CR1-CR3, and 0.022-p.F 
ceramic capacitors can be used for 
C1-C3 to save on cost and size. 
The curves show the output voltage 

delivered by both versions of the cir¬ 
cuit (using the components called out 
in the schematic diagram) as a func¬ 
tion of load current (Fig. 2). 

Voted “Best of Issue, ” 
Electronic Design, September 18, 1995 

Sine Waves With Crqstal Accuracy 
RONALD MANCINI, Harris Semiconductor, RO. Box 883, M/S 58-096, Melbourne, FL 32902-0883. 

M 
any test and design func¬ 
tions require a sine-wave 
signal source with excel¬ 

lent frequency accuracy. Although 
signal generators are used for accu¬ 
rate sine-wave signal sources in the 
initial design stages, they're too cost¬ 
ly to dedicate to manufacturing test 
functions. One option is to design a 
sine-wave crystal oscillator, but it 
can be costly because the design task 
is difficult and risky. 
Another option (see the figure) can 

replace signal generators in fixed 
frequency applications. The HA7210 
crystal oscillator, which is typically 
used as a square-wave generator, 
functions as the basic oscillator cir¬ 

cuit because it solves a myriad of 
design problems, such as startup, 
wide frequency range, and cost. The 
circuit topology is a Pierce oscillator 
that has a crystal-ir circuit in its 
feedback network. The crystal-TT 
network also functions as an excel¬ 
lent crystal filter, delivering a pure 
sine wave of the selected frequency 
at its output. 

In this application, the HA7210 is 
configured as a 1-MHz oscillator with 
the other functions, such as enable, 
not being used. The frequency can be 
modified by changing the crystal and 
digital code on the frequency-select 
input pins. Notice that the sine-wave 
oscillator input is taken from pin 2 of 

the HA7210 (a node that's recom¬ 
mended for the crystal connection) 
rather than the square-wave output. 
The node, which is the output of the 

crystal-TT feedback network, is very 
sensitive to loading and stray capaci¬ 
tance, so the circuitry buffering the 
sine-wave source must not load down 
this point. If the feedback node can 
be buffered without affecting the 
oscillator's stability or sine-wave 
purity, the problem is solved. The 
CA3130 is selected as the buffer 
because it has a 14-MHz bandwidth, 
and its extremely high input imped¬ 
ance minimizes loading on the oscilla¬ 
tor: Cl and RI couple the sine wave 
from the oscillator to the CA3130 

OsoppiEMEinDELEcmiic design • October 24.1936 



MOORS 
UNPRECEDENTED 

IN VALUE. 
All Ceramic 2 to 1900MHz (qty. 10-49) 

JMS mixers mean unparalleled performance and reliability. Solder plated 
J leads provide improved reliability of the solder connection while 

significantly reducing thermal stress and leaching. All-welded 
internal construction withstands reflow temperatures up 

to 240°C tor 5 minutes, and rugged construction enables 
JMS mixers to pass tough MIL-M-28837 shock and 

vibration tests. Additionally, the all-ceramic surface mount 
package has a cover pull strength of 20 pounds! Other quality 

features include 4.5 sigma repeatability unit-to unit, 
automated assembly for low-cost and fast, guaranteed 1 week 

shipment, tape and reel availability plus a 5 year Ultra-Rei™ 
guarantee. If value is a must...specify JMS mixers from Mini-Circuits. 

Mini-Circuits...we're redefining what VALUE is all about! 

SPECIFICATIONS MIDBAND (dB. typ.) 

LO FREQUENCY (MHz) Conv. Isolaten Sea. 
MODEL (dBm) LO/RF 1 F Loss L-R L-l (qty. 1-9) 

JMS-T +7 2-500 DC-500 5.75 45 45 4.95 

JMS-tLH +10 2-500 DC-5tX> 5.75 55 45 8.45 

JMS-1MH +13 2-500 DC-500 5.75 60 45 9.45 

JMS-1H +17 2-530 DC-500 5.90 50 50 11.45 

JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45 

JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45 

JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45 

JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45 

JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45 

JMS-2W +7 5-1200 OC-500 6.8 60 48 7.95 

JMS-11X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 

□□Mini-Circuits 
w ■ ■ ■ rinn f rfadfr vrvicf CARD 

P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www minicircuits, com 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S. Let Our Experience Work For You. F205RevOrig 



BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" bq the readers of Electronic Design 

buffer. The buffer input impedance is 
1.5 Tli in parallel with 4.3 pF. If Cl is 
selected as 3 pF, the overall loading 
capacitance seen by the oscillator is 
1.77 pF, which has no adverse effect 
on the oscillator. RI is selected as 40 
Mil to provide a path for the buffer 
input bias current (it can be as large 
as 50 pA). This component selection 
yields a clean sine wave with an off¬ 
set voltage of approximately 2 mV 
and a 2.5-V p-p amplitude. 
The buffer's sine wave output leads 

the digital output of the oscillator by 
approximately 54. Both outputs are 
low impedance and available for 
simultaneous use as signal sources. 

Voted “Best of Issue, ” 
Electronic Design, September 5, 1995 

A CRYSTAL OSCILLATOR, when used in this type of configura¬ 
tion. produces frequency-accurate sine waves, and thus can be used as a 

replacement for the costly signal generator. 

Broadband Bmplifier/Balanced Mixer 
DON SCHENDEL. 6234 E. Aster Dr., Scottsdale, AZ 85254-4429; (602) 948-6880. 

V arious CMOS digital func¬ 
tions are usable in many 
analog applications. For 

instance, a single CMOS package 
(MC74AC00) makes possible a low-
power, low-noise, broadband amplifi¬ 
er and balanced mixer (see the fig¬ 
ure). 

NAND gates 1 and 2 are config¬ 
ured in a self-biased, push-pull 
amplifier. The 470-k, 1/4-W resistor 
allows the gate outputs (pins 3 and 6) 
to establish equilibrium with the 
gate inputs (pins 1 and 5) for a nomi¬ 

nal bias potential of +2.5 V. (Vqq/2). 
Pins 2 and 4, when connected togeth¬ 
er, allow for an external “enable” 
control of the amplifier. The amplifi¬ 
er is enabled when the control line is 
in the “high state” (V^g). Both ends 
of the bias resistor are ac-bypassed 
at the center points of transformers 
T1 and T2 by 0.01-p.F capacitors. 
Transformers Tl, T2, and T3 are 
twisted-wire (transmission-line) 
types on small ferrite core toroids. 
Bandwidth and performance of the 
transformers are a function of the 

A LOW-POWER. LOW-NOISE broadband amplifier and balanced 
mixer can be built using a single quad 2/input NAND gate CMOS package 

(the MC74AC00). 

number and size of the wire turns on 
the type of toroids chosen for use. 
The upper frequency-response limit 
for this circuit is 60 MHz. 

The balanced mixer is configured 
with the two remaining gates (3 and 
4). Input pins 9 and 12 are connected 
to the secondary windings of trans¬ 
former T2. Pins 10 and 13 also can be 
used as an “enable” control. The 
local oscillator (LO) potential is 
applied to point A (see the figure, 
again). The IF is realized at the sec¬ 
ondary output of transformer T3. If 
point A is connected to point B (the 
330-k, 1/4-W resistor and 0.01-p.F 
capacitor node), a bias of +2.5 V is 
applied to pins 9 and 12 of gates 3 
and 4 of the mixer. In this configura¬ 
tion, pins 10 and 13 become the drive 
points for the LO potential. This 
lowers the drive power required of 
the LO source and reduces LO 
power common-mode, inverse feed¬ 
back through the amplifier stage. 
Transformer T3 can be replaced by 

a small audio transformer, such as a 
1-k ct : 8 11 for direct conversion of 
either AM or SSB signals. The 
broadband amplifier exhibits power 
gains of 12 dB and greater with a 
noise factor 4.5 dB or less from 3 to 
30 MHz. The balanced mixer offers 
10 dB or greater conversion gain at a 

• October M. 15% 



Watt 
EFFICIENCY! 

Meeting the power demands of circuits requiring in excess of 200W can be 
done quicker, cheaper and more efficiently with a Pulse Width Modulation 
(PWM) amplifier. Also know as “switching” or “class D” amplifiers, a PWM 
amplifier is typically more than 90% efficient and therefore requires substantially 
less heatsinking. But until now, typical PWM amplifiers have utilized potted-
module and rack mounted technology. 

Hybrid Reliability. Reduced Heatsinking. 
Apex Microtechnology is designing and manufacturing the industry’s first 
hybrid PWM amplifiers. In addition to greater reliability and packages that are 
smaller and lighter weight, the efficiency of these hybrids eliminates the need 
for bulky, space consuming heatsinks. Apex’s first three PWM models all 
feature full bridge output operation. 

Free Product Data. Single Unit Quantities Available. 
For more information on Apex’s PWM amplifiers, call 1-800-862-1021. 
All three PWM models are sold in single unit quantities for your evaluation 
by calling 1-800-862-1032 or fax 520-888-3.329. 

• Up to 400W continuous output 

• 97% efficient 

• 16V to 80V single supply 

• 5A output continuous 

• Low cost complete H-bridge 

• TO-3 packaging 

• Available fully screened to 
MIL-H-38534 

• Priced $85.00 in 100s 

HIGH EFFICIENCY AUDIO DRIVEU 

Up to 2kW continuous output 

97% efficient at 10A, max voltage 

16V to 100V single supply 

20A output continuous, 30A peak 

42kHz switching frequency 

• Max dissipation 200W 

• Full bridge output operation 

• Thermal protection 

• 2in2 footprint 

• Priced $250.00 in 100s 

• Up to 400W continuous output 

• 97% efficient 

• 16V to 80V single supply 

• 5A output continuous 
• Internal PWM generation 
• Full bridge output operation 

• Available fully screened to 
MIL-H-38534 

• Priced $95.00 in 100s 

SERVO MOTOR DRIVER 

For Immediate 
Product Information 
Call 1-800-862-1021 
or FAX (520) 888-3329 

nPEX' 
I Ip tech 
DEDICATED TO EXCELLENCE 

I C F R T 1 F I F~D~| 

Apex Microtechnology Corporation 
5930 N. Shannon Road, Tucson, Arizona 85741-5230 

For Applications 
Assistance Call Toll 
Free 1-800-862-1021 

AUSTRALIA, NEW ZEALAND (08) 2773288 BEL G1UM/LUXEMBOURG (323) 4583033 CANADA (613) 592 9540 DAEHAN MINKUK (02) 745 2761 DANMARK (45) 52 24 4888 DEUTSCHLAND (6172) 488510 
ESPA ÑA (I) 530 4121 FRANCE (Ol) 694F12I1 HONG KONG (852) 23348188 ISRAEL (3) 9345171 ITALIA (02) 6640-0153 NEDERLAND (10) 451 9533 NIPPON (3) 3244-3787 NORGE 63-89 8969 

ÖSTERREICH « / 7203-79010 PEOPLES REPUBLIC OF CHINA (852) 23348188 REPUBLIC OF SOUTH AFRICA (021) 23 4943 SCHWEIZ (0049) (6172) 488510 
SUOMI (OD49) (61 ?2) 488510 SVER1GF (8) 795 9650 TAIWAN—REPUBLIC OF CHINA (02) 722 3570 UNITED KINGDOM (1844) 278781 

Circle No. 132 - For U.S. Response Circle No. 131 - For International 



BEST IDEAS FOR DESIGN Ideas votei1 "Best Of Issue” bi| the readers of Electronic Desion 

relatively low noise factor. The quad However, the package pin configu- | ly, may be used in this application. 
2/input NOR gate, MC74AC02, also ration of this circuit must be 
can be used for this function with changed accordingly. Other CMOS Voted “Best of Issue,” 
similar performance. varieties, such as the 74HCxx fami- Electronic Design, October 2, 1995 

Acquire Watt-Hour Data With RS-232 
w. STEPHEN WOODWARD. Venable Hall. CB3290, University of North Carolina, Chapel Hill, NC 27599-3290; 
Internet:woodward@uncvxl.oit.unc.edu 

Hong-term measurement 
and recording of power 
consumption is useful when 

assessing energy efficiency of elec¬ 
trical appliances and apparatus. For 
meaningful readings of “real” (non-
reactive) power, the wattmeter must 
be insensitive to both load reactance 
and nonlinearity. 

This circuit utilizes a symmetrical 
pair of transistor multipliers to 
directly compute the four-quadrant 
product of real current and line volt¬ 
age (see the figure). The result is 
averaged and converted to a vari¬ 
able-frequency, optically isolated, 
RS-232-compatible pulse output 
suitable for direct connection to the 
comm port of a standard PC. PC 

comm port hardware interprets each 
pulse as the “start bit” of a valid 
(although meaningless) character. 
Simple software running in the PC 
then can monitor the frequency of 
character reception as an accurate 
measure of power consumption. 

Looking at one perspective of the 
circuit, consider positive half-cycles 
of the ac line voltage. These cause 
current proportional to the instanta¬ 
neous line voltage to flow through 
Rv and forward-bias Q4 and Q5. If 
the instantaneous load current 
through R¡ is zero, then the Rv cur¬ 
rent will divide equally between Q4 
and Q5 due to the inherent matching 
of these elements from the CA3096A 
array. 

The current entering Q4 is invert¬ 
ed by A2 and summed with Q5's cur¬ 
rent at integrator Al, at which point 
the currents will cancel, thus reflect¬ 
ing the zero-power condition. 
However, if the current is nonzero, 
the resulting voltage developed 
across Rj will cause a mismatch in 
the Q4/Q5 currents. Because we're 
dealing with positive half-cycles, if 
the load current is in phase with the 
line voltage, every ampere of load 
current will make the Q5 end of Rj 
1.0 mV more positive than the Q4 
end. Each millivolt of Rj voltage 
causes 0.8% of mismatch in the 
Q4/Q5 currents, with Q4 passing 
more than Q5. Consequently, the 
currents summed by Al will no 

THIS OPTICALLY ISOLATED AC POWER-TOFREQUENCY converter produces an RS-232-

compatible output suitable for direct input to a PC communications port. 

gBB awtnwi n nimt «ici • October 24.1336 



GaAs 

SWITCHES 
$030 DG2GHz Immediate Delivery from (1000 qty.) 

Finally! A line of SPOT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It’s 

Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 60dB), superfast 3nsec 
switching speed and excellent compatibility with surface mount 

soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 

1 week shipment guarantee. At only $2.95 (qty. 10), this 
top-of-the-line value is priced with your bottom line in mind! 

To order call or Fax Mini-Circuits with your requirements today. 
Mini-Circuits...we’re redefining what VALUE is all about! 

Model No. 

DC-2.0 +24 

DC-2.0 +27 

DC-2.0 

© Midband, 500-1000MHz ©Transmit ©Receive 

All Units: SOIC Spin Package 
Actual Size 

+28TX© 
+27 RX ® 

Insertion 
Loss © 
dB (max.) 

1.8 TX © 
2.0 RX® 

In-Out 
Iso. ® 

dB (typ.) 

MSW-2-20 
(Reflective) 
MSWA-2-20 
(Absorptive) 
MSWT-4-20 
(Transfer) 

1dB 
Comp. © 
dBm (typ.) 

Freq. 
(GHz) 

Price 
Sea. 

(qty.10) 

2.95 

3.45 

3.95 

£□ Mini-Circuits’ 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 CIKL£ SEFMCE CARO 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. Fi?4RevA 



BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" by the readers of Electronic Design 

longer cancel and Al will accumu¬ 
late 3.2 nA for every watt drawn by 
the load. The transistor multiplier's 
negative temperature coefficient is 
largely compensated by the positive 
temperature coefficient of the cop¬ 
per current-sensing resistor RI. 

Al's output controls the current-
to-frequency converter, which con¬ 
sists of A3 and Sa, Sb, and Sc. The 
idle state of the converter sets A3's 
output high. This connects Cl to 
Al's output and charges C2 to the 8-

V reference voltage developed by 
QI. When Al's output voltage 
charges Cl enough to pull A3's 
inverting input higher than its non¬ 
inverting input, A3's output goes 
low. This event initiates the dis¬ 
charge cycle of Cl, the duration of 
which determines the length of the 
RS-232 output pulse generated by 
Sb through isolator 01. 

Meanwhile, Sa resets the charge¬ 
pump capacitor C2. This action pro¬ 
vides frequency-proportional cur¬ 

rent feedback that, at equilibrium, 
accurately balances the difference 
between the Q4/Q5 currents, mak¬ 
ing the output frequency of the con¬ 
verter equal to 1 Hz for every watt 
of average load power. Full-scale 
output is 1200 Hz. For negative line 
half-cycles, Q4/Q5 turn off and 
Q2/Q3 take over power computation 
duties. 

Voted “Best of Issue, ” 
Electronic Design, April 3, 1995 

"Beeper“ Finds Circuit Shorts 
JIM WOOD. Inovonics Inc., 1305 Fair Ave., Santa Cruz, CA 95060; (408) 458-0552. 

Qi his design offers a way to 
trace resistance in the mil¬ 
liohm range, right to a short 

between bridged traces beneath a 
solder mask (see the figure). It sim¬ 
ply translates resistance into an 
audible tone, which increases in pitch 
as the measured value approaches 
zero. 
In the classic op-amp multivibrator 

(shown in the inset), oscillation fre¬ 
quency is determined not only by the 
R1C1 time constant, but also by the 
hysteresis set by the R2/R3 resistor 
ratio. Al in the main figure, with cur¬ 
rent boosters QI and Q2, is this same 
configuration. 

Assuming a virtual ground at the 
output of A2, free-run frequency is 
about 1 kHz-quite audible through a 
tiny 8-Í1 speaker. QI and Q2 deliver a 
± 10-V squarewave to R4, dumping a 
±100 mA through a short circuit 
placed across the probe tips. R5 
ensure than open circuit voltage 
never exceeds ±0.1 V. 

A2 monitors the voltage between 
the probes. The differential input 
must have its own separate path to 
the probe tips to eliminate test lead 
resistance from the measurement. 
Miniature “zip-cord” sold as loud¬ 
speaker wire makes a tidy two-con¬ 
ductor test lead. 

When the probes are open, A2's 
gain equals the R4/R5 divider loss, 
and the output of both amplifiers is 
identical. This has two effects: First, 
hysteresis is greatly increased and 
frequency falls to a low growl, and 
secondly, the loudspeaker that 

RESISTANCE BETWEEN BRIDGED TRACES can be trans¬ 
lated into an audible tone with this circuit. The tone increases in pitch as the 

measured value approaches zero. The inset at the lower right shows a classic 

op-amp multivibrator. 

bridges the two in-phase outputs is 
effectively silenced. 

A dead short across the probe tips 
will return nothing to A2 and the cir¬ 
cuit will squeal at its nominal 1-kHz 
rate. Anything less than a perfect 
short produces some output from A2, 
increasing multivibrator hysteresis 
and lowering the pitch. The circuit 
has so much “leverage," and the ear 
is so sensitive to pitch changes in this 
range, that it's easy to resolve 
minute resistance differences. 

Any general-purpose op amp will 

suffice in this circuit-a couple of 741s 
or an equivalent dual. Again, two 
wires must be taken to each probe 
tip and soldered securely. Also, 
probes must make low-resistance 
contact with the circuit under test. 
The H.H. Smith #317 probe is ideal 
here. Its tip is a replaceable, old-
fashioned steel phonograph needle 
that can pierce insulating layers and 
dig into oxidized solder joints. 

Voted “Best of Issue, ” 
Electronic Design, April 3, 1995 
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THINK 3 TIMES 
FASTER 

THINK 
TWICE THE 

DRIVE 
with no noise penalty 

if you’re thinking HC 

think 

From the same company that 
created FACPM and FAST*' logic 
technologies, National’s Fairchild 
Logic Group delivers the next 
answer to HC logic... National’s 
VHC. It offers up to twice the 
output drive and increased 
speeds up to three times faster 
than typical HC. These benefits 
come with no loss in noise 
performance! There are further 
benefits to National’s VHC over 
HC like reduced static power 
requirements. 3v characterized 
specs and 5v input protection. 

Future Electronics fully supports 
National’s VHC by providing 
available-to-sell inventory and 
superior technical product 
knowledge and experience to 
assist you in your VHC needs. 

VHC is clearly the logical 
choice for your HC designs. 
Future Electronics is also the 
logical partner you want on your 
team with National Semiconductor. 
No distributor knows more about 
components or maintains a larger 
available-to-sell inventory. 

No distributor better follows 
worldwide trends, pricing and 
component availability. And no 
distributor does a better job of 
staying on top through in-house 
training programs and regular 
seminars with suppliers. 

To find out more about National’s 
VHC and other logic offerings call 
Future Electronics for your free 
National Semiconductor VHC 
databook and logic selection 
guide. 

1-800-FUTURE-1 ext. 2255 

READER SERVICE 100 

Nati o n 

EUROPE 

Experience The Service That Wins The Awards...Worldwide 

FUTURE ELECTRONICS 
http://www.future.ca 



Device ISP Speed (tn,) 

EPM7256S Yes 7.5 
EPM7192S Yes 7.5 
EPM7160S Yes 7.5 
EPM7128S Yes 7.5 
EPM7096S Yes 7.5 
EPM7064S Yes 5 
EPM7032S Yes 5 

Introducing the Altera MAX 7000S Family with ISP. 

Speed has always been part of the Altera Advantage. Now you 

can have an even bigger advantage. Introducing the MAX 7000S 

family with in-system programmability (ISP). 

Altera's ISP makes it easy to change your design at any stage of 

production, without dismantling boards or bending leads. You can 

design on-the-fly, and even make changes remotely to perform 

field upgrades. 

Built on a 0.5-micron and triple-layer metal EEPROM process, the 

ISP-capable MAX 7000S family streamlines both prototyping and 

manufacturing. It's compatible with MAX 7000 and MAX 7000E 

devices—and MAX 7000S is available at the industry's lowest prices. 

Instill confidence. Install Altera. 

Alteras MAX 7000S devices and MAX+PLUS II development 

tools together give you the confidence that your designs will get 

to market quickly. Our devices provide speed, quality, and the 

convenience of ISP; our tools ensure smooth and easy integration 

with your existing design methodology. 

The Altera Advantage. 

As always, with Altera you get high-performance technology, 

robust tools, competitive pricing, and unmatchea technical support. 

To find out more about MAX 7000S and receive a free 

ISP information kit, call us at 800-9-ALTfflA (800-925-8372), 

Dept. A7NAP1. Or, visit us 

at http://www.altera.com 

on the world-wide web. 

© Copyright 1996 Altera Corporation Altera, MAX, and MAX+PUS are registered tradenarks and MAX 700::. MAX 7000E, MAX 70OOS, MAX+PLUS II. 
and spa if ic device designations are trademarks of Altera Corporation All rights reserved 
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DC to DC Converters 

af are easy fa swallow! 

I I I 

Performance 
90%+ EFFICIENCY RATING 

EFFICIENCY vs OUTPUT LOAD 
Oo W E R 
60 TO 100 WATTS 

1¡)RI C E 
LOW, 
LOW, 
LOW! 

3.3V 

PACKAGE 
2.3" X 2.4" X 0.475" 

"HALF PACK" 
INDUSTRY STANDARD 

PIN-OUT 

ULPOWER CONVERTIBLES 
Ddtd sheets dre dvdildble through our DA^AFAX 

system @ 520-628-8691 
IS0900I 

CERTIFIED 

Internet: www.pcd com 

READER SERVICE 133 

3450 S. Broddmont Dr. Tucson, AZ 8571 3 
520-628 8292 FAX 520-770-9369 
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fl Miniatore Broadband Antenna 
M.J. SALVATI. Flushing Communications, 150-46 35th Ave., Flushing, NY 11354; (718) 358-0932. 

I n electrically short dipole 
retains its figure-eight 

' polar pattern (with charac¬ 
teristically sharp nulls) at all fre¬ 
quencies below its half-wave reso¬ 
nant frequency. However, the out¬ 
put impedance of an electrically 
short dipole is so high that it can t 
develop sufficient power to drive the 
usual receiver. 

Using the impedance converter 
shown (see the figure) solves this 
problem by providing a huge cur¬ 

rent gain so that the voltage appear¬ 
ing at the dipole's output can even¬ 
tually drive a 75-11 load. Combining 
a short (3-to-6-ft.) dipole antenna 
and the converter results in a broad¬ 
band (3 to 30 MHz) receiving anten¬ 
na that can be rotated to null out an 
interfering signal. Because the 
dipole is short and the converter's 
differential voltage gain is only 4 dB, 
the signal level will be lower than 
with the usual receiving antenna. 
But, the salient feature of this 

0.05 nF “ 

Ä SHORT DIPOLE ANTENNA and impedance converter com¬ 
bined together can be rotated to null out an interfering signal. The converter 

supplies a tremendous current gain so that the voltage appearing at the 

dipole's output can eventually drive a 75-V load. 

antenna system is its ability to 
reject an unwanted signal, not its 
gain. 

The 2N5911 dual FET is config¬ 
ured as a pair of source followers to 
present a very high impedance load 
to the antenna, as well as power gain 
to drive the differential amplifier. 
It's extremely important to mini¬ 
mize the input capacitance of the 
source follower through proper 
device selection and construction 
technique. A high-frequency FET 
with low interelectrode capaci¬ 
tances, such as the 2N59111 or any 
of the Siliconix U440 family, is an 
excellent choice. Similarly, minia¬ 
ture (1/8 W) carbon-film resistors 
and minimal board footprints should 
be used for the gate connections. 
The CA3028 is connected in its dif¬ 

ferential mode to combine the sig¬ 
nals from the dipole halves into a 
single, ground-referenced signal. A 
75-Í1 collector load resistor also pro¬ 
vides back-matching for the con¬ 
necting cable. A multiplexing net¬ 
work, comprised of the capacitor, 
resistor, and RF choke connected to 
the output jack, allows the connect¬ 
ing cable to carry both the output 
signal and the operating current. A 
similar network at the power supply 
separates the two, so that the output 
signal can be applied to the receiv¬ 
er's 75-Í1 input. The CA3028's bias¬ 
ing can be adjusted for equal signal¬ 
peak clipping at maximum output 
through the 20-k trimpot in the 
FET's gate-biasing circuit. 

The dipole was created by colin¬ 
early joining two telescoping anten¬ 
nas (spaced about 0.5-in. apart) with 
a plastic rod jammed into their 
bases. This produces a dipole 
adjustable from 36 to 74 in. This 
adjustability is used only to fit the 
amount of space available in the 
reception area. There are no fre¬ 
quency-related adjustments 
because the dipole is always non-
resonant at the antenna's operating 
frequencies (3 to 30 MHz). 

Voted “Best of Issue, ” 
Electronic Design, February 20, 1995 
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Portable 
byDesign 
CONFERENCE & EXHIBITION 

presents 

BOB 
PEASE 
in a special 

appearance at 
the 1997 show. 

^Zome to Portable by Design 
and meet Bob Pease, National 
Semiconductor's analog design 
expert and popular columnist 
for Electronic Design magazine. 

You'll receive a free auto¬ 
graphed keepsake collection of 
columns from Electronic 
Design's well-read "Pease Por¬ 
ridge." Ask Bob questions on 
technology — or even human¬ 
ity, and you'll receive an 
answer filled with wit, wisdom, 
and waggish observations. 

Save the Date! 

WEDNESDAY, 
MARCH 26, 1997 

Exhibition Hall 
11:00 a.m. 

For technical conference or 
exhibition attendee information, 

call Betsy Tapp at 201/393-6075; 
Fax 201/393-6073; 

E-mail: portable@dass.org 

A Powerful Color Video Controller...and more! 
Be on the cutting edge of imaging technology with Sumitomo 

chips. Take our new IP90C62 Color Video Memory Controller. 
It operates two ports at a blazing 27Mpixels/sec, provides a low-cost 
flexible memory system without relying on VRAM and offers many 
other features, too. 

These Sumitomo products offer brilliant hardware solutions 
covering a wide range of applications. 

O HISTOGRAM CHIP 50MHz 
SPATIAL & LOGICAL FILTER/CONVOLVER 50MHz 
IMAGE ROTATION/EXPANSION/REDUCTION PROCESSOR 

O 4ch MULTIPLIER/ACCUMULATOR 
LABELING CHIP 40/20 MHz 4K/2K LABELS 
AVERAGE REDUCTION CHIP - AND MANY MORE 

For complete chip specifications and additional information about the 
great savings and sendee you’ll enjoy with Sumitomo chips, call us today. 

<0> SUMITOMO METALS 
JPA Electronics Supply, Inc. 

Park 80 West Plaza 1, 5201 Great America Parkway, Suite 320 
Saddle Brook, NJ 07663 Santa Clara. CA 95054 
Phone: (201) 845-0980 Phone: (408) 982-2503 
Fax: (201) 845-5139 Fax: (408) 982-2522 

READER SERVICE 92 



mPOWER CONVERTIBLES 
Data sheets are available through the World Wide Web or our DATAFAX system @ 
3450 S. Broadmont Dr. ■ Tucson, AZ 85713 ■ 520-628-8292 ■ FAX 520-7^^369 

What you’d expect..^ 
Industry standard pin-out. 

■ Primary remote on/off. w 
■ Synchronization input*. 
■ Output voltage adjust. 
■ Remote sense. 
■ 75pS transient response I 
for 50-100% load step. I 

■ Thermal shutdown. 
■ Operating base-plate temp: \ 
-40° to 100°C. 

■ 18-36 and 33-75 V input range. 
■ Also available in 15V, 24V and 28V. 

‘optional 

...just plain common sense. 

too win M 
91% EFFICIENCY 

ISMOOI —amnna— 

• 3.3 V 

• 12V 
• 5V 

EFFICIENCY vs OUTPUT LOAD 
i-1-1-1-1-1 

20 40 60 80 100 

Output Load (% of Rated) 

Internet: www.pcd.com 
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mPOWER CONVERTIBLES^^ 
Data sheets are available through the World Wide Web or our DATAFAX system @ 520-628-8691 
3450 S. Broadmont Dr. ■ Tucson, AZ 85713 ■ 520-628-8292 ■ FAX 520-770-9369 

OR 

ONE DC/DC CONVERTER - 3 OUTPUTS 

88% EFFICIENT 60 WATT DC/DC CONVERTER 

3 
■ 500 VDC channel to 

channel isolation. 
■ 18-40 & 33-75VDC input 

ranges. 
■ No minimum load requirements. 
■ 50pSecond transient recovery time 
to within 1% of nominal VOUT for a 50-100% 
load step. 

■ "Half-pack" size (2.4" x 2.3" x 0.475"). 
■ Primary & secondary remote ON/OFF. 
■ Output adjust & external synchronization 
■ Fixed frequency operation. 
■ Each channel independently current limited. 

OR 

Internet: www.pcd.com 

IS0900I 
iamunn 

5^ 

2*5$^ 

g"' 

-V" ^5^“ 

LOAD REGULATION 

Wn=33V 
Vin=48V 
Vtn=7SV 

70 1_ 
(VO 11.2/0.5 2.4/1 3.6/1.5 4.8/2 6/2.5 

lcilt-|/(lout2 + l0Ut3)(A) 

Example below: VKP60MT512 
Vout, x 5Vdc Vout2 = 12Vdc Vout3 = 12 Vdc 

0/5 6/2.5 12/D 

13.2 
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Ideas voted "Best Of Issue" by the readers of Electronic Design 

”3 «i 
equation 

10 k T^-R.GJn 10k 

C1 

0.1 nF + ¿5 ns 

GND 

= 488 ns 

330 pF 200 Hz to 6 MHz 
To approximate frequency: 

r5 r4
vin 

1k 1N4148 

-O.5V 

(2.7KX330p^X3.:m -1. 667) 
5 -O.5V 

I 1SS ns 

1.486x10 11 Vs 

0.5 V 

LT1016T .¿UBCFT 

0 POLY(1) 3 0 -1.4 1 

1C 

BF=53.30E3 CCC LE- 15 TF=154.3E-15 TR=4.192E-9) 

330 PF 

. END 

BEST IDEAS FOR DESIGN 

6 
0 

9 
8 
9 
a 

U1B 

MAX942 

QIN 
QIN 
QMO 
QMI 

U1A 

MAX942 

*ALIAS 
.PRINT 
R2 1 9 
V3 3 0 
C2 1 4 

3 
7 

3 

3 

7 
7 
3 
3 

Q1B 

MPQ2222 

3 
9 
8 
8 
1 

+5V 

Q 

4 
3 
6 

Fl 
IEE 
EVO 2 0 

D? 
R? 
R?1 3 
*ADDED POKER RESISTOR 
.MODEL DX DiIS=800 .OE-18) 

Voted “Best of Issue,” 
Electronic Design, November 20, 1995 

+5V 
Q 

R5 
RI 
R4 
DI 
VI 

2.7K 
LGX 
LE 
DM 148 
DC +5V 

THIS WIDE-BANDWIDTH voltage to-frequency converter, which 
is a variation of a relaxation oscillator, is rather inexpensive to produce. 

El 
VI 
Q5 

1 
100 .OE-b 

«2 

AAA/ 
10k 

C2 

Qi 

Q3 

. ; 

.MODEL QIN 

.MODEL QMI 

.MODEL QMO 

Q1B 4 6 5 QN2222 
R3 9 5 10K 
XI 9 4 1 0 5 0 XX LT1O1ÕT 
QIC 665 QN2222 

3 DX 
4 2.341E3 
167 

•ADDED OUTPUT SUPPLY 
RI 20 5 33 
•ADDED PULL-UP RESISTOR 
R2 21 0 1MEG 
•ADDED RESISTOR 
EOUT 21 0 POLY(l) 20 5 .21 
•ADDED COMPLEMENTARY OUTPUT 

F(vin

. ENDS 

.TRAN 25E.-9 4CE-6 20E-6 
•INCLUDE DEVICE.LIB 
.MODEL DN4148 D(RS=.8 CJO=4PF IS=7E-09 N=2 VJ=.6V 
+ TT = 6E-09 M=.45 BV=10GV) 

SEND IN YOUR 
IDEAS FOR DESIGN 

All readers are invited to participate 
in our Ideas for Design program. 

Send your ideas to: 
Ideas for Design Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 

B?=10) 
BF=1002) 
BF=1000 CJC=1E-15 TR=e.211E-9) 

NPN(IS=800 .3E-18 
PNP(IS=800.3E-18 
PNP(IS=800.OE-18 
3 9 1 

122 4 5 6 21 

9 VI 

4 DC 

.MODEL QOC KPN(IS=800 .QE-18 

ITÇHXp 

4 
■3 

2.7 k 

Q1C 

MPQ2222 

V(5i =FOUT 
TRAN V ( 5 ) 
1CK 

*SPICE_NET 
•INCLUDE EJTN.LIB 
.MODEL QN2222 NPN (IS=L5.2F NF=1 BF=105 VAF=98.5 1KF=.5 
+ ISE=8.2P NE =-2 BR = 4 NR = 1 VAR = 2O IKR=.225 RE=.373 RE = 1.49 
+ RC=.U9 XTB—1 .5 CJE=35.5P CJC=12.2P TF=500P TR = 85N) 
• Motorola 30 Volt .8 Amp 300 MHz SiNPN Transistor 04-11-1991 
•INCLUDE TICOMP.LIB 

= -(IK) (330pF) In 7—^— 
_ 2.333 V 

10 11 DC 0 
51. 6 QOC 

Upon observation, the prototype 
circuit linearity was approximately 
2% over the tested range. Also, up 
to 6-MHz operation was possible 
using the MAX942 by carefully 
selecting C2 and the hysteresis 
resistors. 

On the low side, discrete transis¬ 
tors can be used instead of the 
Motorola MPQ2N2222 monolithic 
quad package. This may cause some 
instability at low frequencies. The 
transistors should be located in close 
thermal proximity. On the high side, 
a good matched transistor pair can 
be used. Analog Devices' MAT-01 is 
a good choice. Other high-speed 
comparators are available. The 
Spice program uses an LT1016 
device from Texas Instruments (see 
the listing). 
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DC-DC 
CONVERTER 
IN A SINGLE 

24-PIN 
DIP? 
fITS 20,000,000 HOURS MTBF 

IS JUST AS INCREDIBLE. j 

THE LM2825 DC-DC CONVERTER 
DELIVERS UNSURPASSED 

INTEGRATION AND RELIABILITY AT 
A SUBSTANTIAL COST SAVINGS. 

Inductor 

[2X Actual size] 

As the industry’s first and only complete step-down 

DC-DC converter in a 24-pin DIP, the LM2825 

represents a huge breakthrough for power 

conversion designs. All thanks to our continuing 

innovation in advanced packaging technology. 

But what makes the LM2825 even more amazing 

is its reliability. In fact, recent benchmark studies 

calculated it to be a whopping 20,000,000 hours 

MTBF. That’s 2,283-1 years, for those of you who 

don’t have a calculator handy. 

The newest member of our SIMPLE SWITCHER" 

family, the LM2825 integrates a 1A switching 

regulator, an inductor, a Schottky diode, and input 

and output capacitors in a single 24-pin DIP. 

If all this doesn’t knock your socks off, the price 

will. Because the LM2825 goes for about *$8.99 in 

1000 piece quantities. 

FREE SAMPLES—FAST. 
For datasheets, free samples, and 

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 606. 

WEB: http://www.national.com/see/LM2825 
In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 

in Southeast Asia, fax us at 852-2376-3901. 

Product 
n̂ipleKit 

Moving and shaping the future.'“ 



BEST IBERS FOR DESIGN Ideas voted "Best Df Issue" bq the readers of Electronic Design 

Wideband RGC Loop 
REA SCHMID. Comlinear Corp., 4SOO Wheaton Drive, Fort Collins, CO 80525-9483; (970) 225-7421; fax: (970) 226-0564. 

w ide-bandwidth systems often need a dc-to-high-
frequency automatic 

gain control (AGC) circuit to amplify 
various signal types. Even though 
there are many high-speed AGC 
parts available, they tend to work at 
extremely high bandwidths and at 
prices that aren’t cost-effective for 
applications today. The idea pre¬ 
sented here takes advantage of the 
technology of de variable gain ampli¬ 
fiers to implement an AGC circuit 
with an external loop. 

Automatic leveling loops or gain¬ 
control loops are difficult to imple¬ 
ment without affecting bandwidth 
when changing gain. However, high¬ 
speed monolithic variable-gain 
amplifiers and high-speed voltage¬ 
feedback amplifiers can be used to 
implement a high-performance fast¬ 
settling loop function for continu¬ 
ous-waveform signals (see the fig¬ 
ure). At the same time, the loop 
maintains a gain bandwidth that’s 
independent of changes in gain. 

The circuit uses a variable gain 
amplifier (UI) in the forward path to 
amplify the continuous-time-domain 
signals occurring at Vin. U 1 has two 
input pins with high-input imped¬ 
ance that provide both noninverting 
(pin 3) and inverting (pin 6) func¬ 
tions. Once one has selected the 
inverting or noninverting configura¬ 
tion, the common-mode input volt¬ 
age range is set by the designer 
with resistor R„. The maximum 
peak input voltage on pin 6 and the 
current through R„ is used to calcu¬ 
late the resistor value using the fol¬ 
lowing equation: 

Rg = Vin(peak)/lR 

IR is the current through the 
resistor, which is 1.8 mA typically. 
The maximum common-mode range 
is ±2.2 V for a ±5-V supply opera¬ 
tion. The minimum usable signal 
level is determined by the input 
RMS noise. 
Once the maximum required gain 

is determined, Rf is selected by the 
formula shown below, while setting 

HIGH-SPEED MONOLITHIC variable gain amplfiers and high¬ 
speed voltage-feedback amplifiers are used to implement a high-performance 

fast settling ÄGC loop function. 

Vg to +1 V: 

Av = LSSíR^glííVg + l)/2) 

Vg is the gain-control voltage and 
has a linear voltage range of-1 to +1 
V with a gain linearity of 0.04% for 
Vout of ±2.0 V. The CLC522 attenu¬ 
ates the signal internally from this 
maximum level. Therefore, the 
input noise floor and the output volt¬ 
age range determine the lower and 
upper signal limits for the part. The 
output voltage range is ±4.0 V with 
an output current of ± 70mA. 
The maximum bandwidth is a func¬ 

tion of the internal current-feedback 
amplifier and the selection of Rf. U2 
has a usable selectable-gain range 
from 2 (6 dB) to 100 (40 dB). At a 
gain of 2 with Vout of 2 V p-p, a 330 
MHz bandwidth is achieved. For 
gains of 20 to 100, -3-dB bandwidths 
of 165 MHz and 45 MHz can be 
expected. Adding capacitance in 
parallel with R„ will extend the -3-
dB bandwidth for gains of 10 to 220 
MHz. 

The low-noise dual voltage-feed-
back amplifiers (U2) extend the 
dynamic range by placing the 
Schottky diodes or other low capaci¬ 
tive diodes in the feedback path. RI 

and Ry set the gain of the rectifier. 
The adjustable resistor (Ra(fj) sets 
the desired output voltage level and 
ensures that the initial conditions at 
pin 2 of U2 are +1 V with no input 
signal. When the rms current of the 
signal is greater than the negative 
current from Ra(jj, the integrator 
decreases the gain of UI. 
Conversely, when the signal drops 
below the Ra([j current, the gain of 
UI is increased. The acquisition 
time and hold time are set by Rx , 
Ry, and C. 
For larger gains and smaller band¬ 

widths, the CLC428 meets the per¬ 
formance bandwidth requirements. 
When smaller gain ranges and larg¬ 
er bandwidths are required, a high¬ 
er unity-gain-bandwidth CLC420 or 
CLC440 amplifier should be substi¬ 
tuted for U2. 

Voted “Best of Issue, ” 
Electronic Design, February 5, 1996 

Send your Ideas to: 
Ideas for Design Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
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ira 
R-R I/O. 
som 
«IMS» 
(THINK OF IT AS THE 

r LM741 OF THE 90s.) 

INTRODUCING THE LM7301. 
THE MOST ROBUST, BULLETPROOF 

GENERAL PURPOSE OP AMP 
AVAILABLE TODAY. 

GAIN & PHASE (2.7V Supply, 1OOOpF Load) 

FREQUENCY (Hz) 

Remember the '60s? Those were the days. When no 

application was so specialized that it couldn't make 

use of a simple, reliable, and versatile amplifier like 

the LM741. 

Well, today, the applications may be much more 

complex. But with the new LM7301—a wide voltage 

range op amp with all the features you need for 

today’s demanding applications—you get the same 

dependable versatility. In a Tinypak" package, no less. 

With the LM7301, you won't have to worry about 

oscillations when your device is driving heavy loads 

of up to 1,000 pF. Or—thanks to a low 600pA sup¬ 

ply current—worry about your battery running low. 

Add rail-to-rail I/O for high signal-to-noise ratio and 

dynamic signal range and there's only one thing left 

to say. Cool. The LM7301, from National. 

FREE SAMPLES—FAST 
For datasheets, free samples, and 

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 606. 

WEB: http://www.national.com/LM7301 
in Europe, fax us at r49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 

in Southeast Asia, fax us at 852-2376-3901. 

on a I Semiconductor Na t 

Moving and shaping the future.'" 



BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" by the readers of Electronic Design 

Loiu-Cost Precision Thermometrii 
W. STEPHEN WOODWARD. U. of North Carolina, Chapel Hill, NC 27599-3290; Internet: woodward@uncvxl.oit.unc.edu. 

Hmong the wide variety of 
temperature-sensing com¬ 
ponents available, the 

least expensive and most available is 
the diode-connected transistor. 
Circuits exploiting the approximate 
-2.2-mV/degree temperature depen¬ 
dence of the base-emitter junction 
forward voltage are common and 
work well. They all suffer, however, 
from unpredictability of the charac¬ 
teristics of the individual transistors. 
Consequently, they must be recali¬ 
brated whenever the sensing tran¬ 
sistor is replaced. 

A method does exist, though, that 
uses the humble transistor as a pre¬ 
calibrated temperature sensor (see 
Jim Williams' article "AN45," in the 
Linear Applications Handbook, Vol. 
II, published by Linear Technology 
Inc.). This “delta-Vjje” technique 
exploits the proportionality of 
dynamic impedance of transistors to 
absolute temperature. At 298K, for 

example, delta V^g is about 60 
mV/decade. This number is indepen¬ 
dent of transistor device-to-device 
and even type-to-type variation. It 
can, therefore, be used to fashion 
precision thermometers that need no 
transistor-dependent calibration. 
However, the reference cited recom¬ 
mends a number of premium compo¬ 
nents that increase the cost and thus 
loses the advantage of using inex¬ 
pensive transistors in the first place. 
The circuit described here, by con¬ 

trast, combines the delta-V^g effect 
with inexpensive generic parts to 
achieve two channels of truly low-
cost “no calibrate” transistor ther¬ 
mometry (see the figure). CMOS 
switch SI modulates the bias current 
applied to temperature sensors QI 
and Q2 over a 10:1 ratio. Only this 
ratio, rather than the exact current, 
matters in this case. The resulting 
square waves at the input of Al and 
A2 have amplitudes directly propor¬ 

tional to the absolute temperature of 
QI and Q2. A1/A2 scale their respec¬ 
tive ac inputs to 10 mV/degree, 
yielding 2.98-V p-p square waves at 
298K. Despite the fact that fairly 
high gain is required (34 dB), the ac-
coupled signal path ignores offsets 
and permits use of inexpensive 
(LM324) op amps. The de component 
of these signals is blocked by C3/C4 
and the ac is synchronously rectified 
by S2/S3. This produces stable, low-
impedance (about 500 Í1) de outputs. 
Multivibrator A3 produces a 400-Hz 
square wave for modulation and syn¬ 
chronous-rectification timing. 

The two thermometer channels 
have unadjusted accuracies of better 
than 1 degree. Trimmer Pl allows 
matching of the tracking of the two 
to <0.1 degree. This is ideal for appli¬ 
cations like wet-bulb/dry-bulb 
hygrometry and thermal-manage¬ 
ment analysis. The circuit's power 
consumption is less than 2 mA at 8 to 

TWO CHANNELS of low-cost "no calibrate" transistor thermometry can be achieved 
with this circuit, which combines the delta-V^e effect with inexpensive generic parts. 

15 V, which is ideal for 
battery operation. 
Power-supply 
feedthrough is about 
0.1 degree/V = -60 dB. 

Voted “Best of Issue, ” 
Electronic Design, 
August 21, 1995 

BE A PART OF THE 
IDEAS FOR DESIGN 

PROGRAM 

All readers are invited 
to submit their innova¬ 
tive design ideas for 
publication in the 
Ideas for Design section 
of Electronic Design. 

Send gour ideas to: 

Ideas for Design Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 
07604 
Fax: (201) 393-0204 
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THE NEW LM78 MONITORS 
TEMPERATURE, FAN SPEED, 
VOLTAGES AND MORE. 
ALL ON A SINGLE CHIP 

LM78 Microprocessor System Hardware Monitor 

The LM78. Think of it as an early warning system for 

your system. 

The LM78 monitors a wide variety of analog and 

digital functions. Including temperature, up to 7 ana¬ 

log voltage inputs (2 of which can be negative), fan 

speed and chassis security. It’s user programmable. 

And it offers a choice of interfaces to your system, 

ISA bus and PC. 

The LM78 even helps you cut costs. First, you’d 

need several of anybody else’s chips to monitor 

even half what it monitors. Second, it can cut your 

warranty costs (and/or your customer's cost of 

ownership) by catching small problems before they 

become big ones. 

The LM78. For the health of your system (and 

your wallet). 

FREE INFO PACK—FAST. 
For free datasheets, a selection guide, 

and application support; contact us at: 

CALL: 1-800-272-9959 Ext. 606. 

WEB: http://www.national.com/see/LM78 
In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 

in Southeast Asia, fax us at 852-2376-3901. 

National Semiconductor 

Moving and shaping the future" 



BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" bu the readers of Electronic Design 

Generate FIR Filter Coefficients 
FRANK N. VITALJIC, 514 13th St., Bellingham, WA 98225. 

Hhe calc_coeffs() function can 
calculate FIR filter coeffi¬ 
cients h(i) for low-pass, high-

pass, bandpass, and band-reject filter 
types (see the listing). For an odd-val¬ 
ued filter length N, coefficient values 
having even-symmetry about the h[(N 
- l)/2] coefficient (i.e., h(i) = h(N - 1 -
i) will exhibit linear phase. This makes 
the filter's time delay (Td) indepen¬ 
dent of frequency. Td = (N - l)/2fs, 
where fs is the sampling frequency in ! 
hertz. The first half of the coefficients, 
0 through (N - l)/2, are stored in the 
filter_coeffs (MAX) array. 
To reduce stopband ripple, a 

Hamming window (window_type = 
SNGL) is applied as weighted factors 
to the filter coefficients. By applying 
the window a second time 
(window_type = DUAL), the stop¬ 
band attenuation substantially 
improved at the price of broadening 
the transition region (see the figure). 

All filter types and filter lengths 
above 15 exhibit excellent passband 
ripple of less than 0.1 dB with respect 
to unity gain. The low-pass character¬ 
istics illustrate both the broadening 
of the transition region and deep 
stopband attenuation (see the table). 
The FIR filter gain H(f) can be cal¬ 

culated as follows: 

H(f) = h|(N-l)/2] + 

N-3 

2 ^h(i) cos [2ni _ j j f | 

i=o ' ' 

for f = 0 to 0.5 Hz 
The fl and 12 definitions (normal-

THE CURVES show the FIR filter bandpass characteristic when apply¬ 

ing a single Hamming window and a dual window. When the window was 

applied a second time, stopband attenuation improved substantially. 

Filter length 
(N) 

f2/fs 

f2 + 0.05 Hz f2 + 0.1 Hz 

31 -11 dB (-6) -59 dB (-23) 
41 -19 dB (-10) -57 dB (-52) 

61 -56 dB (-23) -57 dB (-96) 
81 -59 dB (-54) -59 dB (-88) 

1C1 -58 dB (-82) -61 dB (-88) 
127 -62 dB (-81) -69 dB (-90) 

( ) = dual windowed 

ized) are: 
Low-pass filter: fl = 0; 12 = cut-off 

frequency 
High-pass filter: fl = pass frequen¬ 

cy; 12 = 0.5 

Bandpass/band-reject filter: fl = 

flow = migh 

At the pass frequencies, the gain is 
down 6 dB. A frequency offset (plus 
or minus) should be applied for other 
values of gain. 

Voted “Best of Issue, ” 
Electronic Design, June 26,1995 

»include <math.h> II FIR FILTER COEFFICIEhTTS PROGRAM 

»define MAXLEN 127 //Maximum filter length 
»define MAX ((MAXLEN+ l)/2) 
»define PI (4 .0*atan(l.0)) //Define pi constant 
»define LPF 1 //Enumerate filter types 
»define HPF 2 
»define BPF 3 
»define BRF 4 
»define SNGL 1 //Hamming window 
»define DUAL 2 //Hamming window squared 

void calc_coeffs( int filter_type,int filter_len,int wir.dc-w_type 
double f 1,doublef2,double * f i1 1er_co«f f b ) 

//Calculates FIR filter coefficients for the four filter typ<9B: 
//Low Pass LPF, High Pass HPF, Band Pass BPF, and Band Reject BRF. 
II The coefficients are stored in the filter_coeffs array. 
{ 

int i, flag = 0 
double ham_coeffs[MAX], A,B,C,F1,F2; 

//Clear filter_coef fs array 
for(i = 0; i < MAX;i++ ) filter_coeffs[i]=0.0; 

II Calculate Hamming Window Coefficients 

for (i = O; i <= (filter_len-l)/2;i++ ) { 
double arg; 
arg =2.0 * PI/(filter_len - 1); 
ham_coef fs [i] = 0.54 - 0.46 * cos (arg * i),* 
if(window_type == DUAL ) han\_coef fs[i] *= nam_coef fs[i] ; 

} 
II Calculate filter coefffieients and pass through window 
if(filter_type == BRF ) { Fl = 0.0; F2 = fl;} 
else{Fl = f1;F2 = f2 ;} 
for ( ; ;) { 

for(i =0; i < (filter_len-l)/2; i++ ){ 
A = sin(2.0 * PI * ( (filter_len-l)/2 - i) * Fl); 
B = sin(2.0 * PI * ((filter_len-l)/2 - i) * F2); 
C = PI * ((filter_len-l)/2 - i); 
filter_coeffs[i] += ( (B - A)/C) * ham_cceffs[i] ; 

} 
if( (filter_type == BRF) && (¡flag)) { flag= 1; Fl = f2; F2 = 0.5;} 
else break; 

} 
II Calculate DC component value of coefficients 
if ( filter_type == LPF) filter_coeffs[i] = 2.0 * f2? 
if( filter_type == HPF) filter_coeffs[i] = 2.0 * (0.5 - fl); 
if( filter_type == BPF) filter_coeffs[i] = 2.0 * (f2 - fl); 
if( filter_type == BRF) filter_coeffs[i] = 1.0 - 2.C • (f2 - fl) ; 
} 
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<25 4) 

these l-ê-24 

footprints on 
your boards 
call us 
Lambda makes a superior DC-DC converter with the same 

pin-outs. If you’re using modules like the ones above, cneck out our 

laiviBna 
Electronics Inc. 

new PM Series. They’re available from 1OW -3OW with 12,24 & 48V 

inputs, have full agency approvals and a low 0.33" profile, LAMBDA ELECTRONICS IS AN 

ISO 9001 and are shipping now from stock. Call 1-800-LAMBDA-4. CERTIFIED COMPANY 

80 
(20.3) 

3.00 
(76.2) 

2.00 
(508) 

1.60 
(40.6) 

2.00 
(50.8) 

45 
(11.4) 

50 
(12.7) 

2.50 
(63.5) “f 

- .40 
(10.1) 

L 0.300 
(75) 

PIN SPACING 
.40 TYP. 

L' 0P^ 

- 1.80 
(45.7) 

515 Broad Hollow Road, Melville, NY 11747-3700 
Tel: 516-694-4200 Fax: 516-293-0519 
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_L 
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(6 3) 
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2.50 
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Save Energy In Snubber Network 
FERNANDO GARCIA. General Instrument Co., 1330 Capital Pkwy., Carrollton, TX 75006. 

eakage inductance, always 
a nuisance in switch-mode 
power supplies, is the main 

instigator of voltage overshoots. 
These voltage spikes may damage 
the power-switching devices unless 
they are tamed by a snubber net¬ 
work. 
Though snubber networks perform 

the required task of protecting cost¬ 
ly devices, it comes at the expense of 
efficiency. The efficiency penalty is 
usually regarded as nominal, but in 
the face of ever increasing require¬ 
ments, additional techniques must 
be found. 
One idea along that route would be 

to return the wasted snubber energy 
to an auxiliary output, such as, for 
instance, on flyback regulators. A 
flyback regulator offers the advan¬ 
tage of providing multiple output 
voltages with a single magnetic 
structure, and is therefore very com¬ 
pact and cost-effective (Fig. 1). 

This particular circuit has a main 
+5-V output, as well as a +12.5-V 

2 THE MODIFIED 
snubber network's operation at pin 4 

of U1 is shown in this waveform Iver-

tical scale: 10 V/div: horizontal: 2 

ms/div). 

auxiliary output. The device being 
driven also required a “bias” voltage 
of +27 V with a few milliamperes of 
current. 
Originally, the voltage was going to 

be provided with a charge-pump 
technique, but closer inspection 
showed that the voltage could be 
obtained without any additional 
setup. 

-o Vout (aux) 

+12.5 V @300 mA 

D4 

< VOut (bias) 

+27 V @ 2 mA 

o V0U|(m»n) 

+5 V@325 mA 

Ri 

6.19 k, 1% 

II: N = 49:30:12. Core Magnetics 77050-A7 

1. A FLYBACK reguldtor is a good application for implementing an ener¬ 
gy-efficient snubber network. The network saves what would otherwise be 

wasted snubber energy by returning it to an auxiliary output. 

The heart of the regulator is 
formed by a National Semiconductor 
LM2577-ADJ “simple switcher” con¬ 
troller IC. The main and auxiliary 
voltage configurations came straight 
from the company's application liter¬ 
ature, with resistors RI and R2 pro¬ 
viding the feedback for the main +5-
V output. The auxiliary +12.5-V out¬ 
put is regulated by the intrinsic tight 
coupling of a discontinuous-mode fly¬ 
back topology. R3 and Cl are com¬ 
pensation devices. 

Whereas another winding could 
have been used in the transformer to 
provide the +27-V bias output, a 
“free” output may be realized from 
the voltage spikes in the primary 
winding being transferred via diode 
D3 to a reservoir capacitor (C4). The 
charge in the capacitor is drawn by 
the current of both the bias load and 
the shunt Zener regulator D4. 
Enough charge is depleted from the 
capacitor to allow the next voltage 
spike to almost fully dump its energy 
in the next cycle. 

In a sense, this is a modified snub¬ 
ber network where the energy is 
being put to good use instead of 
wasting it as heat on a resistor. 
Figure 2 shows the network's opera¬ 
tion. 

Further efficiency points may be 
gained by returning the shunt Zener 
current to the +5-V supply. The 
Zener current contribution is small 
enough to only negligibly effect the 
voltage regulation. 

Because the capacitor doesn't dis¬ 
charge completely to 0 V due to the 
Zener's voltage, this modified snub¬ 
ber isn't as effective as the tradition¬ 
al “lossy” snubber. 

However, for applications that do 
not require extreme operating con¬ 
ditions, the circuit offers a useful 
cost reduction and efficiency 
improvement. 

Voted “Best of Issue, ” 
Electronic Design, May 1, 1995 
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25toW25MHzVCO's s11995
load insensitive (+9dBm output) 

From Mini-Circuits...here ’s the ZOS solution! A winning lineup of 
low cost, connectorized voltage controlled oscillators that tyoically 
provide wide octave band linear tuning, low phase no,se, and 
excellent 25cB harmonic suppression. The dual output provides 
well isolated ports(47dB typ), and frequency settings are virtually 
independent of the load. Applications include frequency 
monitoring, PLL circuitry, laboratory use, and as a frequency 
source for bum-in, power test, and other production testing. So, 
turn to the ZOS solution for reliable, high performance VCO’s 
with the “ o Mini-Circuits" stamp of value. 

Mini-Circuits...we’re redefining what VALUE is all about! 

Model Freq. Range Phase Noise Pulling, Typ. Harmonics 
No. (MHz) (dBc/Hz) (MHz)pk-pk (dBc) 

Min.-Max. SSB@1QkHzTyp. @0dBr Typ. 

ZOS-50 25-50 -107 \ 0.012 -22 
ZOS-75 37.5-75 -110 0.016 -26 
ZOS-100 50-100 -111 0.026 -29 
ZOS-150 75-150 -107 0.017 -26 
ZOS-200 100-200 -106 0.015 -25 

ZOS-300 150-280 -103 0.017 -27 
ZOS-400 200-380 -100 0.021 -24 
ZOS-535 300-525 -96 0.018 -27 
ZOS-765 485-765 -96 0.033 -27 
ZOS-1025 685-1025 -92 0.051 -25 

Notes: Tuning voltage 1 to 16V required to cover freq, range. Power output 
+9dBm Typ. (Main). Power 12V DC, +130mA (MÄX.). Operating 
temperature range: 55°C to »85°C. 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New Ybrk 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIKLE header service CARD 

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

CUSTOM PRODUCT NE E D S ...Let Our Experience Work For You. F 218 Rev Orig 



a YOU GET TO THAT POINT IN THE PROJECT AND IT HITS YOU. 

YOU HAVE THE POWER TO 

SOMEONE’S LIFE 
ROGER BRINGMANN. Ph.I 

n 
WÆxci uuv< Director oj Research, QMS 

“Sounds pretty noble, 
doesn’t it,” Roger Bringmann 
said. “But that’s the 
motivation.” . 

“In typical QMS™ 
fashion, we set the goals high 
for our new printers: make our 
customer’s job easier, help them 
do it faster, or in the case of 
a network administrator, 
painlessly. To get there, we 
needed twice the performance 
of the fastest controller card. 
But it absolutely had to be 
cost effective. 

It all came down to 
one processor: NEC’s 64-bit 
Vr4300™ Don’t think we 
handed it to them on a silver 
platter. We went through an 
extensive evaluation process. 

And after rigorous testing of three processors—on real world applications—it 
became clear that NEC would blow the market apart. None of the other 
processors came close to NEC’s price delta and performance. Not Intel™ or 
PowerPC™ In fact, the Vr4300’s 64-bit architecture with the 32-bit interface 
not only reduced our system costs, it also allowed us to use existing 32-bit code. 

The other thing that impressed us was the great things we saw coming 
down the road for the Vr4300. For the entire Vr Series™ in fact. But let me 
tell you, there are innovative ideas running throughout that entire organization. 

Which is why we’re putting our brains together—QMS and NEC. 
Creating new ways to make someone’s job a little better.” 

Call for more information about the Vr Series at 1—800—366—9782. 
Ask for Info Pack 195. 

The QMS 2425 printer with 
NEC’s 1^4300 processor received 

the PC Magazine Editors’ Choice award. NEC 
READER SERVICE 111 
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Battery Charger Made More Efficient 
HERB SEIDENBERG. Toshiba America Information Systems, 2 Musick St., Irvine, CA 92718; (714) 587-6930. 

Qhe project at hand was to 
build a small, efficient, inex¬ 
pensive, full-function bat¬ 

tery charger that could charge 2 to 
10 NiCd or NiMH cells. Choosing 
the charging controller, the Maxim 
MAX712/713, was simple because it 
was the only one that was pin pro¬ 
grammable and didn't require soft¬ 
ware development. For reasons of 
efficiency, a switching regulator 
instead of the standard pass regula¬ 
tor had to be added. But, the 
MAX713's application notes sug¬ 
gested non-standard, non-state-of-
the-art switching regulators as well 
as complex feedback loops. 
Instead, a switching regulator that 

could be set up as a constant current 
source was needed. This would 
bypass the current sensing of the 
MAX713 and eliminate its relatively 
larger current-sense resistor. 
Connecting the negative end of the 
battery directly to ground provides 
more voltage and reduces IR losses. 

Linear Technology's LTC1148HV 
synchronous step-down switching 
regulator seemed to fill this role 
because it's more than 90% efficient, 
it features two current sense inputs 
(Sense+ and Sense-), and a current 
control pin (I t̂ ) that has a de input 
linearly related to the maximum coil 

current (Fig. 1). 

2. BECAUSE IT'S pin programmable and doesn't require software 
development, the MAX713 charging controller was used in the development of 

small, efficient battery chargers that could charge 2 to 10 NiCd or NiMH cells. 

For example, with a low, common- ' output of the MAX713, the peak coil 
ly available 0.1 fl sense resistor and current is set to 1.55 A. The average 
1^ connected to the 2-V reference current will still vary with output 

1. THE LTC1148HV SYNCHRONOUS STEP-DOWN switching regulator was found to be the best fit 

as a constant current source for the MAX713 charging controller. 
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voltage, but this can be compensated 
for by feeding back some of the out¬ 
put voltage to 1^. A spreadsheet 
can help calculate the values of resis¬ 
tors R5, R6, and R8 for the desired 
current level and linearity. 

The constant-voltage regulation 
loop of the LTC1148 is disabled once 
the voltage divider (R2 and R7) for 
VFB is set above the highest voltage 
that the battery is going to reach 
during charge. 

With the battery above the con¬ 
stant voltage regulation point, the 
switching regulator will supply no 
current. 

If a trickle-charge current is 
desired, a switch (U5A) and a resis¬ 
tor (R14) can be added that supply 
the desired current directly from the 
primary de source (Vjn)— a simple 
wall cube— when the MAX713 con¬ 
troller terminates fast charge or 

during battery undervoltage condi¬ 
tion at startup. 

Some other important aspects of 
the MAX713 that should be kept in 
mind (Fig. 2): 

•The NC switch in J2 detects if no 
battery is plugged in and disables the 
switching regulator through the 
shutdown input. 

■Diode D2 indicates if power is 
applied, while D3 signals if the charg¬ 
er is in the fast mode. 

•Connecting PGMO and PGM1 to 
the proper voltage selects the num¬ 
ber of cells to be charged; PGM2 and 
PGM3 select the maximum charge 
time. 

■Upon timeout or dV/dT detection, 
FASTCHG goes inactive, which dis¬ 
ables the switching regulator 
through the Shutdown pin, turns the 
green LED off, and turns the trickle¬ 
charge switch on. 

■Thermistor voltage dividers can 
be added to the TEMP, THI, and 
TLO pins of the MAX713 to provide 
temperature trip points. 

■The maximum number of cells (10) 
is limited by the maximum Vjn of the 
MAX713 and the LTC1148, which is 
20 V. With a larger number of cells, 
ripple voltage on Vjn becomes a lim¬ 
iting factor. 

■To make LI as small as possible, 
the switching frequency of the 
LTC1148 can be set as high as 250 
kHz. 

The circuit is optimized for charg¬ 
ing six cells at 400 mA. It has a time¬ 
out of 4.4 hours, a trickle charge of 24 
mA, an open-circuit voltage of 11.5 V, 
a supply voltage of 12 V, and a 
switching frequency of 125 kHz. 

Voted “Best of Issue, ” 
Electronic Design, May 15, 1995 

Measure Picoamperes With DVR 
MARSHALL J. BELL. B.I. Instruments, 221 Kingslynn Rd., Stoughton, WI 53589; (608) 873-6449. 

any times, the need arises 
to measure current below 
1 |xA. The circuit shown 

helps along those lines, as it turns 
any voltmeter into a picoammeter 
with scales of 1 nA/V and 1 p.A/V 
(see the figure). 

By using a 3-1/2 digit voltmeter 
with a resolution of 1 mV, the read¬ 
out will be in picoamperes or 
nanoamperes. In addition, it can be 
attached to an oscilloscope. 

The frequency response is about 1 
kHz for the 1 gA/V setting and 150 
Hz for 1 nA/V. 

Looking at the circuit, U1B forms 
a transimpedance amplifier. With SI 
in the position shown, the transim¬ 
pedance is 1 Mil. In the other posi¬ 
tion, a gain of 1000 is added to make 
the total transimpedance 1 Gil. 

RI, Cl, DI, and D2 protect the 
input from high voltages, and R5 iso¬ 
lates the op amp's output from any 

THIS PICOAMPERE PRECONDITIONER allows a digital volt¬ 

meter to evaluate photdiodes and the shutdown current of ICs. 

load capacitance. 
The op amp's input current and 

voltage offset must be low for this 
circuit to work. In this case, a Linear 
Technology LT1047 was used. It has 
a nominal input bias current of ±5 
pA and a VOS of ±3 gV at room 
temperature. 
Five units were tried and they pro¬ 

duced an output of less than 1 mV in 
the 1 Gil range, so the manufactur¬ 
er's ratings are conservative. 
UI A is used to split the 9-V battery 

into positive and negative supplies. 
The LT1047 is overkill for this pur¬ 
pose, but it made the task easier. The 
total current is essentially the sup¬ 
ply current of the op amps. 

For the prototype, the total cur¬ 
rent measured for the LT1047s was 
< 100 pA, so a standard 9-V battery 
should last six months if you forget 
to turn it off. 

The entire circuit fits into a box 
small enough to hang off the input of 
a voltmeter or oscilloscope. 

Voted “Best of Issue, ” 
Electronic Design, December 16, 1995 
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CAMs New Flavors 
Do More. Cost Less 

ET 

Want the Scoop on CAM? We’ve got it 
Fax +31 45546 3738 
Fax +632 892 9324 

CAM: Not Just LANilla Anymore music s 
Content Addressable Memory now has increased functionality and 

reduced price. Search and translation engines that eliminate network 
bottlenecks, CAMs also accelerate hardware and drive applications to 
higher performance levels. MUSIC CAMs offer all the cool flavors you 

need to build competitive network solutions - today and tomorrow. 

USA Voice 800-933-1550 
Fax 908-979-1035 
Email info@music.com 
Internet http://www.music.com 

MUSIC 
MU9C2480A-70DC 
9614B/TA326E 

Denser, Faster, Cheaper 
MUSIC CAMs have a depth and width to 
fit all type networks. 16 bit and 32 bit I/O 

CAMs handle everything from small! 
Ethernet switches to ATM and FDDI 

systems. All our new CAM product familiy 
members boast capacity, speedl and cost 
effectiveness. Supporting 1/4 K to 2 K, at 
5V to 3.3V, 120 to 70ns cycle time, for as 
little as $9 and change, MUSIC CAM is 

dynamic plus affordable. 

Application Economics CAMs simplify complex 
functions in embedded systems. Real time list and table management 
is minimized, reallocating processing power. More muscle is available 

to embedded systems at a lower cost. Using MUSIC CAMs reduces 
design risk, development cycles and time to market. CAM based 

applications are a refreshing, economical design alternative. 

S E M I C O N D U\C TORS 

CAM Engines That Drive™ 

In Europe: Holland Voice+31 45546 2177 
In Asia: Manila Voice+632 893 7865 
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Feedbock Improves Notch Filter 0 
ERIC KUSHNICK. LTX Corp., LTX Park at University Ave., Westwood MA 02090-2306; (617) 461-1000. 

2. THE NOTCH FILTER’S RESPONSE, with k=o.9ó. 
shows a Q of about 5. 

Dn Electronic Design's Feb¬ 
ruary 20, 1995 Ideas for De-

_ sign section, a high Q band-
pass/band-reject filter is described 
(see “Tunable Filters Cover Wide 
Range” p. 110). The filter does in¬ 
deed have a very high Q as a bandpass 
filter, but as a notch filter, the Q is 
about 1/5 (Q = Fnotch/(BW at -3 dB)). 
However, the notch filter Q can be 
increased to almost any desired value 
by adding a little positive feedback. 

The schematic illustrates a 60-Hz 
notch filter with positive feedback 
(Fig. 1). If the optional buffer is con¬ 
nected between points A and B 
instead of the short circuit, then the 
resistors determining the positive 
feedback (R4 and R5) are completely 
independent of the resistors deter¬ 
mining the notch frequency and notch 
depth (RI, R2, and R3). In this case 
(with the buffer), the exact equations 
apply, and F notch = 
1/(2ttCx(3xR1xR2) 1/2), where RI = 
RIA + RIB and Cl = C2 = C3 = C. 

R3 determines the depth of the 
notch, and for the buffered case, the 
maximum notch depth occurs when 
R3 = 6(R1 + R2). The Q may be inde¬ 
pendently adjusted by varying the 

factor K, the ratio of R5 to (R4 + R5). 
The Q is approximately equal to (1/5) 
X ( 1/(1 - K)). In actual practice, how¬ 
ever, the value of R4 often is much 
less than the values of R1, R2, and R3. 
In this case, the optional buffer can be 

replaced with the short circuit 
between points A and B. The equa¬ 
tions for Fnotch, Q, and R3 now are 
no longer exact, but a little tweaking 
of the values on a simulator can bring 
back the desired response. The values 
shown were optimized for the "no 
buffer" case in a short period of time. 

The response of the bufferless cir¬ 
cuit in Figure 1 is shown with K equal 
to approximately 0.96, and with K = 0 
(to get K = 0, disconnect the top of R4 
from the op amp and ground it) (Fig. 
2). With K = 0.96, the Q of the notch 
filter is about 5. 

By making RI less than R2, small 
changes in RI can affect the notch fre¬ 
quency much more than the notch 
depth, because the notch frequency 
depends on the product of RI and R2, 
while the notch depth depends on the 
sum of RI and R2. This allows the fil¬ 
ter frequency to be easily adjusted for 
production variations in the values of 
the three capacitors, Cl, C2, and C3, 
which helps reduce the effect of pro¬ 
duction variations and makes the fil¬ 
ter easy to produce. 

Voted “Best of Issue, ” 
Electronic Design, Februay 19, 1996 

With optional buffer: 

Fnotch = 1/(2-C \ (3xR1xR2)| 

where R1 = R1A + R1B 

and C1=C2 = C3 = C 

R3 = 6(R1 + R2) 

0ä(1/5)(1/d-K|) 

1. BY ADDING POSITIVE FEEDBACK, a notch filter's Q 
can be increased to almost any desired value. 
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3,007 Reasons To Look 
At New OrCAD Layout Plus 

For Windows. 
■ ■ - T -

OrCAD H 
Bringing Electronic Design to the Desktop 

I What did we leave out? 
i Only the high price. 

Take a look for yourself. 
Ask for OrCAD's brand-new 
demo CD by calling OrCAD 
Direct at 1-800-671-9505. 

Email: info@orcad.com Internet: http://www.orcad.com 
OrCAD Layout. OrCAD Capture and SmartRoute are trademarks ot OrCAD. Inc. All other trademarks mentioned are property ci the ’ respective owners. 

How Can Layout Plus 7.0 
Help You Complete Your 
Design Faster? 
Let us count the ways. We added 
shape-based autorouting with one-
button automatic set-up. Polar 
placement, complete CAM and 
mechanical CAD tools. Plus full 
constraint passing from OrCAD 
Capture. A new Library Manager. 
And a professionally designed 

library with over 3,000 
pans and board blanks. 

Add it all up. OrCAD 
Layout gives you the capa¬ 
bilities of products costing 
$30,000 or more. You can 
import complete mechanical, 
electrical and fabrication 
constraints. Place and route 
your board to spec with 
sophisticated online DRC. 
And output full reports and 
fabrication files. 

Ov| 

Gr Vc |D 10: Round 0.0010x0.0010 □ 1*1» Sn 

I file Edit àP«'”1'«’ Qverv Qp»on$ look 

|1 1 tinishAtop (finish?.map) 

|fOf IV08IMMI' 

i 999. 

Hratow I 

Library Manager 
offers online 
graphical 
browsing and 
editing of over 
3,000footprints^ 

I SmartRoute™ 
I gridless, shape-
1 basea autorouter 
i uses artificial 
I intelligence for 
j easy set-up, fast 
! routing and 
I high completion. 

I GerhTool CAM station 
i lets you edit Gerber files, *■ 
I panelhe hoards and prep 
I hoardsf or manufacturing. 

OrCAD Inc. - DEMOC 

Visual CADD drawing 
system imports 
mechanical data into 
the system and exports 
DWG and DXF files. 
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BREAKTHROUGH MANUFACTURING PROCESSES. At CELESTICA, we take pride in our 

ability to offer our customers outstanding value through costj-effective and technologically advanced solutions across a 

broad range of manufacturing services. Faster time-to-market. Technological innovation. Full capability from card 

layout to system build. Put CELESTICA’s know-how and resources to work for vou today . 
’ Assembly 

CAIL: 1-800-461-2913 UCIUi*ci
AWARD 
1995 

pCTif^A contract
1 1 MANUFACTURING SERVICES 

,M Celestica is a trademark of Celestica. Inc. 
C Copyright Celestica Inc.. 1996. 

Photo courtesy of NOAO 
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Transformer-Less DC-DC Converter 
V. LAKSHMINARAYANAN. Centre for Development of Telematics, Sneha Complex, 71/1 Miller Rd.,Bangalore-560 052, India. 

BEST IDEAS FOR DESIGN 

Hhis configuration should 
prove handy in situations 
in which dual- polarity sup¬ 

plies are needed for a few devices 
on a board that has only one +5-V 
supply. The circuit doesn't use any 
dc-dc converter ICs, nor does it 
require any transformers or induc¬ 
tors. Three Schmitt-trigger invert¬ 
ers, such as the 7414, form the heart 
of the circuit (see the figure). One 
inverter is configured as a high-fre¬ 
quency astable multivibrator 
emplo-ying a single resistor and a 
capacitor. For the RC values 
shown, the frequency of the astable 
output is around 100 kHz. The oscil¬ 
lation frequency is given by f = 1/T, 
where: 
T = R1C1 ln[(l - VCC/VLT)/(1 -

vcc/vut)1 
where RI and Cl are the timing 
components of the astable, Vqq is 
the supply voltage, and Vlt and 
Vut are the lower trip point and 
upper trip point of the Schmitt trig¬ 

ger (in this circuit, Vlt = V’ 
Vut = 1-7 V, and Vqq = 5 V, 
because standard TTL is used). 
The astable's output drives a pair 

of inverters that, in turn, drive a 
pair of diode-capacitor voltage-dou¬ 
bler circuits. The outputs of the 

WHEN SEVERAL DEVICES on a pc board require dual-polarity 
supplies and there's only a single +5-V supply, this circuit may be useful. It 

has no dc-dc converter chips, no transformers, no- any inductors. 

diode-capacitor circuits are around 
8.5 V with the polarities shown. 
Diodes D1-D4 should be fast¬ 
switching types like the 1N914 or 
1N4148. As a result, the circuit can 
generate ±8.5 V from a single +5-V 
supply, making it useful in many 

applications. Because the device 
doesn't have any coils or transform¬ 
ers, it saves pc-board space and 
reduces cost. 

Voted “Best of Issue, ” 
Electronic Design, October 13, 1995 

Portable Airspeed Measurement 
W. STEPHEN WOODWARD. Venoble Hall, C63290. University of North Carolina. Chapel Hill. NC 27599-3290; Internet: 

woodward@uncvxl.oit.unc.edu. 

omputer-compatible air¬ 
flow instruments are wide¬ 
ly available but are usually 

expensive, bulky, and mechanically 
fragile. This anemometer continu¬ 
ously converts airspeed in the range 
of zero to tens of meters per second 
into an RS-232-compatible data 
stream while overcoming those 
drawbacks. It's battery-powered 
and, when combined with a laptop or 
notebook PC, consists of a fully 
portable airspeed measurement sys¬ 
tem. 

The anemometer's principle of 

operation is that of the familiar con¬ 
stant temperature hot-wire 
anemometer. In this case, the rela¬ 
tionship between electrical resis¬ 
tance and the temperature of tung¬ 
sten wire is used to monitor and reg¬ 
ulate the temperature of a heated fil¬ 
ament exposed to the airflow. The 
power needed to maintain a constant 
difference between ambient and fila¬ 
ment temperatures then can be used 
to directly calculate airspeed via 
“King's Law.” The law states that 
the rate of heat loss is proportional 
to the temperature differential 

between air and filament, multiplied 
by the square root of airspeed. 
In this version (see the figure), com¬ 

parator UI monitors the ratio of the 
resistance of filament Fl (a denuded 
Radio Shack #272-1141 incandescent 
lamp) to reference R3. Whenever 
Rw < R3/R10, UI triggers timer U2 
to apply heating pulses from battery 
VI to Fl via QI. The result is to 
maintain a constant filament, temper¬ 
ature of approximately 250°C. 

The average power dissipated in 
the filament is given by: FpX T^ X 
Vw ^/Rw, where Fp = pulse frequen-
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THIS ANEMOMETER continuously converts airspeed, ranging from zero to tens of meters per second, into an 
RS-232-compatiole data stream. 

cy, T^ = heat pulse duration, Vw  = 
pulse amplitude at the filament, and 
Rw = filament resistance. Th is gen¬ 
erated by a linear timing ramp pro¬ 
duced by Q2's collector current as it 
charges C2 to U2's threshold volt¬ 
age. Because Q2's collector current 
is made proportional to Vw ^ and to 
ambient temperature, is inverse¬ 
ly proportional to these factors. This 
feature compensates the quantum of 
heat, delivered by each puise against 
variations in battery voltage and air 
temperature, and keeps Fp propor¬ 
tional to the square root ofairspeed. 
Maximum Fp (corresponding to 20 

meters/s) is 1370 Hz. 
Each filament heating pulse caus¬ 

es Q3 to transmit an RS-232 start bit 
to the COM port (formatted for 9600 
baud, 1 start, 1 stop, 5 data, and no 
parity bits) of the connected com¬ 
puter. A simple software routine tal¬ 
lies these pulses and averages their 
frequency. Subtraction of an empiri¬ 
cally derived zero offset from the 
average, squaring, and normalizing 
it with a suitable scaling constant 
produces the final airflow measure¬ 
ment. 

Battery life is extended by apply¬ 
ing filament power only when the 

COM port is “Open” and by the wide 
range of battery voltage (4.6 to 6 V) 
compatible with the accurate 
anemometer operation. As the bat¬ 
tery finally does reach end of life 
and Vw  drops below 4.5 V, T^ 
becomes longer than 677 mus (the 
longest start bit compatible with 
COM-port framing requirements). 
The resuiting “framing error" pro¬ 
vides a reliable “low battery" warn¬ 

ing. 

Voted '‘Best of Issue, ” 
Electronic Design, January 22,1996 

Opticflllq Isolated Precision Rectifier 
W. STEPHEN WOODWARD. Venable Hall, CB3290, University of North Carolina, Chapel Hill, NC 27599-3290; Internet: 
woodward@uncvxl.oit.unc.edu 

n solation amplifiers and preci¬ 
sion rectifiers are widely 
available functions. With this 

circuit, both functions can be com¬ 
bined in one topology (see the figure). 
It achieves excellent rectification 
symmetry and zero stability, and 

good linearity (better than 1%) and 
frequency response (>10 kHz), with a 
minimum of precision components. 
Al acts as a voltage-to-current con¬ 

verter by servoing the current 
through the EH-D4 bridge and LI. 
Therefore, the voltage developed 

across RI equals the instantaneous 
input voltage. The diode bridge's full¬ 
wave rectification causes LI to be 
forward-biased regardless of the 
polarity of the input voltage. The 
magnitude of the bias controls the 
intensity of optical coupling between 
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Ll and QI, and, thereby, the magni¬ 
tude of Qi's collector current. 
A2 servos the current through L2 

and R2 so that the current passed by 
Q2 balances that passed by QI. 
Because of the good tracking of ele¬ 
ments of the PS2501-2 dual optoiso¬ 
lator, a constant ratio exists between 
Ll and L2 currents. Consequently, 
R2 can be adjusted so that the out¬ 
put voltage across R2 is equal to the 
rectifier's isolated input voltage. 
R3 and Cl provide frequency com¬ 

pensation for the L2-Q2 feedback 
loop. D5 prevents potentially 
destructive reverse bias of L2. 

If the input voltage range is very 
large compared with the forward 
drops of D1-D5 and Ll, such as when 
the 120 V ac mains must be moni¬ 
tored, Al can be eliminated and the 
input voltage simply applied directly 
to the bridge, optoisolator, and suit¬ 
able RI. All the while, good accuracy 
is maintained. Moreover, in this 
instance, the need for isolated de 
power supplies for the isolated op 
amp would also disappear. 

Voted “Beat of Issue, ” 
Electronic Design, June 12, 1995 

AN ISOLATION AMPLIFIER and precision rectifier can be com¬ 
bined in one topology, as demonstrated here. Only d hdndful of precision 

components are required to attain its zero stability, better than 17. linearity, 

and excellent rectification symmetry. 

Linear DRC Has Nonlinear Output 
CHARLES G. BAGG. 17 Drake Rd., Fitchburg, MA 01420; (508) 342-7603. 

hen controlling a nonlin¬ 
ear device such as an 
incandescent lamp, it is 

desirable to have fine resolution at 
the high end, where a small change 
in current may cause a large change 
in brightness. At the low end, 
where the filament is not even 
glowing, coarser resolution is quite 

adequate. Log DACs are available, 
but they have their fine resolution 
at the wrong end. 

Using the simple circuit shown 
{Fig. 1), any desired compression 
can be produced using just about 
any multiplying DAC. A negative 
10-V reference is fed through RI to 
inverting amplifier Al, which has 

w 

1. WHEN CONTROLLING A NONLINEAR device, this circuit 
can produce any desired compression using just about any multiplying digi-

tal-to-analog converter. 

an initial gain set to unity by R2. 
Al's output supplies a positive 
variable reference to the DAC. 

The DAC output provides addi¬ 
tional feedback through R3, reduc¬ 
ing the amplifier's gain as the DAC 
data increases. (You can also think 
of Al as a fixed-gain summing 
amplifier in which the DAC output 
is subtracted from the 10-V refer¬ 
ence input). Either way, the vari¬ 
able reference is gradually reduced 
so that each step is progressively 
smaller than the one before. 

With the values shown, as the 
DAC data approaches full scale, the 
reference approaches 1/4 of its 
original value. This gives the out¬ 
put four times as much resolution 
at the high end as at the low end. 
By decreasing the value of R3, 
greater compression and higher 
resolution can be achieved. The 
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O 32 64 96 128 160 192 224 256 

DAC data 

2. BY MIXING AND MATCHING the resistor values for the DAC 
and the reference voltage in a spreadsheet and plotting the results, the 

proper amount of compression can be obtained. Here, an 8-bit DAC was 

used. 

variable-reference output also may 
be useful in some applications. 

The math is surprisingly simple. 
Since the DAC feeds back a frac¬ 
tion of the variable reference volt¬ 
age to R3, it multiplies the effective 
value of R3 proportionally. 
Therefore, the equivalent resis¬ 
tance, Rg, equals R3 times (DAC 
resolution/DAC data). The parallel 
resistance of R2 combined with Rg 
equals (R2Rg) I (R2 + Rg), which 
we'll call Rp The gain of Al now is 
simply Rp/Rl. 

For a quick approximation, 
remember that when the data is 
zero, resistor R3 is out of the cir¬ 
cuit. When the data is all ones, the 
DAC is practically a straight piece 
of wire, so that Rg is approximate¬ 
ly equal to R3. The step size is 
always the variable reference 
divided by the DAC resolution. 

It's easy to set up a spreadsheet 

with a series of values for the DAC 
data and plot the results (Fig. 2). 
Then the resistor values and refer¬ 
ence voltage can be adjusted to get 

the desired compression. 

Voted “Best of Issue, ” 
Electronic Design, April 17, 1995 

Single Comparator Windom Detector 
JOSEPH V. D AIRO. 424 Higbie Ln., West Islip, NY 11795; (516) 661-1694. 

s imply by adding two steer¬ 
ing diodes, a window 
detector can be built using 

only a single comparator. The detec¬ 
tor performs well for windows of 
about 1 V or greater, but it isn't suit¬ 
able where extreme precision is 
required because the forward drops 
of the diodes vary. 

In the basic circuit (Fig. 1), two 
resistive dividers set threshold volt¬ 
age levels at both the inverting and 
noninverting inputs of the compara¬ 
tor by dividing the reference voltage. 
The input voltage is steered to the 
appropriate comparator input by 
diodes CR1 and CR2. 

When the input voltage is within 
the window, neither diode conducts, 
and the comparator is biased for a 
High output. When the input goes 
above the window, CR2 conducts and 
pulls the inverting input high, caus¬ 
ing the comparator output to go Low. 
When the input voltage goes below 
the window, CR1 conducts, pulling 
the noninverting input low, again 
causing the comparator output to go 
Low. The source resistance of V¡n 
must be low compared to the equiva¬ 

lent parallel resistance of each 
divider. That's because the conduct¬ 
ing diode must “pull” its divider until 
its voltage level crosses the thresh¬ 
old set by the opposite divider. 

One typical application for the 
detector involves monitoring a lead-
acid battery (.Fig. 2a). It indicates a 
fault when the battery voltage is out-

The diode forward 
drops must be con¬ 
sidered when setting 
the threshold volt¬ 
ages. The lower-
limit threshold volt¬ 

age, Ya. is set one 
diode drop above the 
required lower limit, 
while the upper-limit 
threshold, Vg, is set 
one diode drop 
below the upper 
limit. In this exam¬ 
ple, the reference 
voltage is 6.0 V and 
the window is select¬ 
ed to extend from 1 
to 4 V. At low cur¬ 
rent levels, the diode 
forward drops are 
about 0.5 V, so the 
thresholds are set to 
1.5 and 3.5 V, respec¬ 
tively. 

1. A WINDOW DETECTOR that uses only 
a single comparator can be constructed if two steering 

diodes are added. Due to varying forward drops of the 

diodes, its best to use the circuit in aplications with 

windows of about 1 V or greater. 
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2. ONE APPLICATION fot the window detector is as a lead-acid battery monitor (a). It indicates when the bat¬ 
tery voltage is outside an ll-to-14-V window. LEDs can be used if an op amp such as the LM324 is the comparator (b).he 

side an ll-to-14-V window. Because 
the circuit is powered by the battey, 
the input and reference were 
switched to keep the comparator 
inputs within its common-mode 
range. 
The circuit's reference is 5.0 V. The 

resistor values in divider R1/R2 
were selected to produce 5.5 V at the 
inverting input when the battery 
voltage is 14.0 V. Divider R3/R4 is 
set to produce 4.5 V at the nonin¬ 
verting input when the battery volt¬ 
age is equal to 11.0 V. 

When the battery voltage is within 
the window, the noninverting input 
is more positive than the inverting 
input and the output LED is off. 
When the battery voltage falls below 
11 V, the inverting input is clamped 
at 4.5 V by CR2, the noninverting 
input continues below that, the com¬ 
parator output goes Low, and the 
LED turas on. When the battery 
voltage rises above 14 V, the nonin¬ 
verting input is clamped at 5.5 V by 
CR1, the inverting input continues 
above that, the comparator output 

again goes Low, and the LED turns 
on. Resistors R5 and R6 show that 
hysteresis may be added to this cir¬ 
cuit in a conventional manner. 
If an op amp like an LM324 is used 

as the comparator, two LEDs can be 
implemented (Fig. 2b). The green 
LED will turn on when the battery 
voltage is within the window, and 
the red LED turns on when the bat¬ 
tery voltage is outside the window. 

Voted “Best of Issue, ” 
Electronic Design, January 23, 1995 

Single-Supply Summing Amplifier 
ALEX BELOUSOV. Standard Motor Products Inc., 37-18 Northern Blvd., Long Island City, NY 11101; (718) 392-0200. 

Qhis circuit produces an out¬ 
put that is the absolute 
value of the sum of two 

analog input signals, V1 and V2. The 
circuit (see the figure, a) consists of 
two amplifer stages, shown within 
the dashed boxes, which are included 
in the rail-to-rail dual op amp 
TLC2272, used in a single-supply 
mode. (Other rail-to-rail op amps 
also can be used.) 

The output of summing amplifier 
UI A, at terminal 3, is a high-imped¬ 
ance output, while the optional out¬ 
put amplifier, U1B, offers a low-
impedance output at terminal 4. 

The equivalent circuit is shown in 
part b of the figure. With the 
assumption RI = R2 = r, the two 
basic equations are: 

^SsunmiingELiwKiEi ■ octobeiei isæ 

(1) For (V¡ + V2)^0, the output 
voltage, Vout , is: 

V out = <V 1 + V2)R4/(r + 2R3 + 
2R4) 

(2) For (Vj + V2) < 0, then: 

Vout = -<Vi + V2)R3/r 
= - (Vi + V2) K 
where K = R3/r (the expression for 

st andard inverting amplifier gain.) 
To provide the symmetry of trans¬ 

fer function for both input polarities, 
the right-hand parts of both equa¬ 
tions must be equal: 
K =R3/r =R4/(r + 2R3 + 2R4). 
After simple mathematical manipu¬ 

lation, the equations become: 
R4 = R3(1 + 2K)/(1-2K). 
The last expression, taken with the 

previous assumption that 

(Rl=R2=r=R3/K), defines the main 
relationship between resistors R1 to 
R4. needed to assure proper opera¬ 
tion of the summing amplifier. 

Note that if K = 1/4. the resistor 
ratio will be as shown in the figure, 
part a. If we define a basic resistance 
as R, then the relationships between 
the resistors are: 
R3=R; R1=R2 =4R; R4 =3R. 
It is important io note that the 

absolute values of the resistors do 
not matter; the values need only be 

I “ratio-matched.” Thus, any standard 
I low-cost resistive network will be 
applicable. 
The output terminal 3 may be con¬ 

nected directly to a digital multime¬ 
ter or analog-to-digital converter 
with high input impedance. For bet-
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THE ABSOLUTE VALUE of the sum of the two input voltages is developed by the first stage of this circuit 
(a). The second-stage amplifier provides impedance matching and additional gain. The equivalent circuits (b) are used 

to analyze the overall circuit. 

ter impedance matching, the addi¬ 
tional noninverting output amplifier 
is recommended. 

The optional amplifier provides 
impedance matching and produces 
an additional gain of (1+R5/R6). If 
R5 is set equal to 3R6, unity gain of 
the whole amplifier is obtained. 
Consequently, the circuit returns 
the absolute value of the sum 
V1+V2 of the input voltages. 

However, all practical op amps 
introduce errors. In this application, 
the most critical de error source is 
the parasitic positive voltage on pin 
1 of op amp UI A when Vj+Vg is 
greater than 0. In an ac mode, the 
input capacitance of U1 defines the 
frequency bandwidth. 
When the values of resistors are as 

is shown (see the figure, a, again}, 
the frequency range measured at 

j the -3-dB points spans from de to 20 
! kHz. To obtain a wider frequency 
i range, lower resistances for RI to 
R4 must be used. Also be aware of 
the possible nonlinear distortion, 
which could result from variations in 
the input capacitance of op amp UI 
with changes in input voltage. 

Voted “Best of Issue,” 
Electronic Design, January 23. 1995 

Eliminate Periodic Noise 
W. STEPHEN WOODWARD, Venable Hall, CB3290, Univ, of North Carolina, Chapel Hill, NC 27509-3290; 

Internet: woodward@uncvxl.oit.unc.edu 

Dhe intrusion of periodic 
noise (for example, 60-Hz 
“hum") into electronic cir¬ 

cuits seems inevitable, particularly 
when high-impedance, low-level sig¬ 
nals are involved. The dominant 
mode of noise induction in such situa¬ 
tions is capacitive. Because capaci¬ 
tive induction emphasizes high fre¬ 
quency noise components, 60-Hz-
related noise is likely to be heavy in 
harmonic content and extremely non-
sinusoidal. For this reason, purely 
analog “notch” filters are limited 

• October at. 1336 

when cleaning up corrupted signals. 
This analog/digital synchronous-

averager circuit (see the figure') 
implements a robust “comb” filter 
that (theoretically) infinitely attenu¬ 
ates all 60-Hz harmonics. It does this 
independently of precision compo¬ 
nent tolerances and with a transient 
response ideal for use with 
analog/digital converters. Signal 
components with frequencies below 
20 Hz are passed virtually undis¬ 
turbed. 
In the circuit, Al continuously inte¬ 

grates and inverts the sum of the 
input signal and the output of buffer 
amplifier A2. Depending on the state 
of FF2, either switches SIA and SIB 
(FF2 = 0) or SIC and SID (FF2 = 1) 
will conduct. In the former case, the 
A2 buffer's input comes from the 
voltage stored on capacitor C3, while 
C2 tracks Al. In the latter case, the 
roles of C2/C3 are reversed. 

Because flip-flop FF2 toggles once 
each 60-Hz cycle, Al always inte¬ 
grates the difference between the 
instantaneous input voltage and the 
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THE "COMB" FILTER IMPLEMENTED IN THIS synchronous 
averager infinitely attenuates all 60-Hz harmonics. 

integral of the input taken over 
the preceding cycle. 
The transfer function of such a 

piecewise integration is well 
known. It's characterized by a 
series of impulses that occur at f 
(the fundamental frequency of 
the integration cycle) and at all 
integer multiples of the frequen¬ 

cy f. 
This extreme attenuation 

(greater than 10,000:1 in the pro¬ 
totype) of harmonic noise is not 
limited by component tolerances. 
The filter's settling time for an 

input step, however, does 
depend upon the trimming of 
potentiometer Pl. If Pl is prop¬ 
erly adjusted, the filter's tran¬ 
sient response to an input step 
will settle to better than 1% 
within one or two line cycles fol¬ 
lowing the input step. 
Otherwise, a minor overshoot or 
undershoot may be observed. 
However, even then, the filter's 
transient response will be supe¬ 
rior, for most purposes, to that of 
a linear analog filter of compara¬ 
ble complexity. 

Optional unity-gain inverter A3 
undoes the signal inversion per¬ 
formed by Al and incorporates trim¬ 
mer pots P2 and P3 for precise 

adjustment of overall filter gain and 
zero offset. The signal-processing 
function that results is de accurate, 
noninverting, and virtually blind to 

60-Hz related noise. 

Voted “Best of Issue, " 
Electronic Design, July 10, 1995 

Low-Cost Step-Down Regulator 
EUGENE E. MAYLE. R.L. Drake Co., 230 Industrial Dr., Franklin, OH 45005; (513) 746-4556. 

n inexpensive and 
efficient discrete 
step-down volt¬ 

age regulator can be built 
using a complementary 
transistor arrangement 
that uses both positive and 
negative feedback and is 
referenced to a Zener 
diode. A flyback conduction 
diode and a few passive 
components complete the 
circuit. 

A general-purpose pnp 
audio output-stage transis¬ 
tor is chosen for QI (see the 
figure)'. In a common-emit¬ 
ter configuration, QI acts a 
“switch transistor” under 
the control of Q2, the “com¬ 

Input = 18.0 V, output taken at C3 

Output (V) Load (ohms) 
Rip pie 

Efficiency (%) (mV p-p) (kHz) 

12.54 1k 50 4 67 
12.52 90.9 25 112 86.5 
12.49 47.6 40 58 88.9 
12.45 24.4 70 31 91.8 

Input = 18.0 V, output taken at C4 

Output (V) Load (ohms) 
Ripple 

Efficiency (%) (mV p-p) (kHz) 

12.53 1 k 58 0.8 67 
12.46 90.9 1.5 — 86.5 
12.37 47.6 1.5 — 88.4 
12.20 24.4 1.5 — 90.4 

Output taken at C3, load = 24.4 ohms 

Input (V) Output (V) 
Ripple 

Efficiency (%) (mV p-p) (kHz) 

15.0 12.35 73 17.8 93.4 
18.0 12.45 70 31.0 91.8 
21.0 12.53 75 43.3 90.8 

parator transistor." The 
value of R2 is chosen low 
enough to quickly discharge 
the parasitics of QI during 
turn-off, ensuring fast 
switching. R5 is a precau¬ 
tionary element included as 
a base current-limiting 
mechanism for Ql. Q2, a 
general-purpose npn tran¬ 
sistor, operates as a com¬ 
mon-emitter in its positive¬ 
feedback mode and as a com¬ 
mon-base amp in its nega¬ 
tive-feedback mode. After 
initialization of power, bias 
resistor RI provides base 
current to turn on Q2, which 
turns on QI. This results in 
additional bias current flow 
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Notes: 

decay of C3 through the load. If put to stabilize at about 0.7 V high. 

THIS inexpensive and efficient discrete step-down 
regulator is based on a complementary transistor 

arrangement that employs both positive and negative 

feedback and is referenced to a Zener diode. 

Cp470 p.F, 25 V 

02 = 220 ^ 

C3, C4 = 1000 nF, 16 V 

CR1 =1N5819 

CR2 = 13.6 V (2 X 1N4099) 

Li = 120 ^H. Q> 40 8 250 kHz, R< 0.5 

L? = 220 nH, Q > 40 @ 250 kHz. R< 0 8 

Rj. R3, = 2.2kíi, 1/4W 

R2 = 510 n, 1/4 W 

R4, R5 = 1001!, 1/4 W 

Q1=2SA1359Y 

Q2=2N3904 

through network R3, R4, 
and C2. Thus, a positive¬ 
feedback loop is formed. QI 
and Q2 output currents 
ramp the voltage across C3. 
Zener diode CR2 eventual¬ 
ly clamps the voltage at 
Q2's base while its emitter 
voltage at C3 continues to 
rise. Once Q2's Vjje drop 
becomes sufficiently small, 
Q2 turns off QI, completing 
the negative-feedback loop. 
The back E MF generated 

by LI forces Qi's collector 
negative, at which point it's 
clamped by Schottky diode 
CR1. The polarity of net¬ 
work R3, R4, and C2 
becomes reversed and 
shunts current away from 
Q2's base, enhancing the 
turn-off. A regulated bias 
point now is established at 
Q2's emitter and across C3. 
Regulation involves charg¬ 
ing C3 through LI, and the 

decay is directly depen¬ 
dent. Overshoot can occur 
due to fixed circuit¬ 
response delays and ripple 
frequency will be low. 

At higher loads, the 
charge-to-decay-time ratio 
approaches 1:1, the ripple 
voltage approaches a mini¬ 
mum, and the oscillation 
frequency peaks. Still heav¬ 
ier loads require that LI 
supply load current while 
charging C3, which increas¬ 
es the entire cycle—ripple 
frequency goes down and 
ripple voltage goes up. 
Inductor LI is selected to 

maintain the switching fre¬ 
quency above the audible 
range for the intended 

operating load. The output 
filter L2 and C4 reduces rip¬ 
ple to less than 10 mV p-p 
over a large range of loads, 
with only a slight decrease in 
efficiency. 

there's insufficient current draw At light loads, charging time is Voted “Best of Issue,” 
from the load, R3 will cause the out- ! almost load independent while Electronic Design, February 6, 1995 

Positive Feedback Terminates Cables 
JERRY STEELE. National Semiconductor Corp., Tucson Design Center, 940 Finance Center Dr., 
Suite 120, Tucson, AZ 85710; (602) 751-2380. 

Hositive feedback along with 
a series output resistor can 
provide a controlled output 

impedance from an op-amp circuit, 
with lower losses than would result 
from using an actual resistor. The 
circuit is useful occur when driving 
coaxial cables that must be terminat¬ 
ed at each end in their characteristic 
impedance, which is often 50 Q. 
Adding a 50-Í1 series resistor on the 
op amp's output obviously reduces 
the available signal swing. 
As can be seen in Figure 1, the cir¬ 

cuit is an adaptation of the Improved 
Howland Current Pump, which is 
usually designed to maximize output 
impedance. It uses the positive feed¬ 
back to provide a multiplication of 
the current sense resistor's value. 
For example, with RI = R2 = R3 = 1 
Í1, and R4 = 1.2 ils, the circuit sup¬ 
plies a 50-Í1 output impedance with 

only 5 Í1 of real resistance to lose 
voltage swing through. 

1. COUPLING positive feedback 
with a series output resistor provides 

a controlled output impedonce from 

an op-amp circuit, reducing losses 

that would otherwise occur with an 

actual resistor. The circuit is an adap¬ 

tation of the Improved Howland 

Current Pump. 

Adding positive feedback has the 
effect of multiplying circuit gain by 
the same ratio as it multiplies the 
sensing resistor (the example values 
given had a gain of about 10). Keep in 
mind that loading will cause the out¬ 
put voltage to drop to half (that's 
proof of the concept), so the loaded 
gain is half the unloaded gain. 
Available voltage swing remains 
essentially unimpaired. This can be a 
valuable feature, especially in low-
voltage circuits like those used with 
National Semiconductor's LM7131. 
This part can provide 4-V pulses into 
a 150-Í1 cable on 5-V supplies, but 
back termination would typically 
halve that. This technique maintains 
the full 4-V capability. 

The circuit tolerates capacitive 
loads well, better than just the op 
amp alone. The inductive portion of 
any load is what could cause stability 
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Hamamatsu's PC and Mac-
compatible digital cameras are here! 

Now you can capture high-quality, high-
resolution digital images for detailed 
applications with a simple cable connection. 

Thanks to a SCSI interface, 
Hamamatsu's cooled black & white 
and color cameras plug directly into 
your PC or Mac. And they work with 
most image processing software 
(Adobe Photoshop™ Image Pro Plus™, 
Optimas1'1, etc). 

Best of all, you eliminate costly frame 
grabbers with the added benefit of 
exceptionally clean images, even with 
low light applications. 

When it comes to digital CCD Cameras 
and Image Processors, there's only one 
connection: HAMAMATSU. 
Call (908)231-1116 today to hook up with 
Hamamatsu for detailed information on 
these, or for any other imaging needs. 

HAMAMATSU 
PHOTONIC SYSTEMS 

360 Foothill Road. P.O. Box 6910, Bridgewater, NJ 08807, Phone (908) 231-1116. FAX (908) 231-0852 
Japan: (81) 53 431 0124, Germany: (49) 8152 375 0, UK: (44) 181 367 3560, France: (33) 1 69 53 71 00 

Italy: (39) 2 935 81733, Spain: (34) 3 582 4430, Sweden (46) 8 703 29 50 
All trademarks are the property of their respective holders. 
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problems. Note that coax cable is a 
transmission line and isn't consid¬ 
ered purely inductive or capacitive. 
Load inductance will manifest itself ! 
as overshoot in pulse response, if the j 
overshoot is less than 40% of the ’ 
total peak-to-peak amplitude of the 
pulse then the circuit has adequate 
phase margin. 

Setting the desired gain involves I 
pegging the values of the negative 
feedback resistors. Remember that 
the gain will ultimately be multi¬ 
plied by an amount equal to what : 
the series output resistor R5 is : 
being multiplied. For convenience, 
the input leg of the positive feed¬ 
back (R3) can be set equal to RI. 
The following equations solves for 
R4: 

_Afi_ T » 
l + A,/[«l/(Äl + ß2)]J 3 

1-* z 

where Z is the desired output 

2. THE VALUE OF THE TECHNIQUE demonstrated in Figure 1 
is shown in this application, which uses National Semiconductor's LM7131 in a 

battery-operated piece of portable equipment operating at 3 V. 

impedance. Ao| is the open-loop gain 
of the op amp. 

An example demonstrates the 
value of this technique {Fig. 2). Al is 
National's LM7131 in a battery-
operated portable device operating 
at 3 V. At the 3-V supply, the 
LM7131 is specified for a maximum 
swing of 2 V. Using positive feed¬ 

back for back termination makes 
this entire voltage swing available. 
At the receiving end, another 
LM7131 provides gain to present a 
O-to-4-V input to a high-speed 12-bit 
ADC. 

Voted “Best of Issue, ” 
Electronic Design, March 6, 1995 

ANSOFT 

On Target! 
Model critical path PCB 
emissions. Evaluate 
component level EMI 
and study shielding 
effectiveness to 
proactively design for 
EMC compliance. 

Don’t miss the mark, 
contact Ansoft. 

Design RF components 
and sub-systems. Evaluate 
the interaction between 
the digital and RF portions 
of telecommunication 
systems. 

Analyze electromagnetic 
k radiation from wireless 

communication 
systems, MMIC s, 

systems, RF ICs, 
tables and loops, 

cabinets, and apertures. 

Ansoft Corporation • Four Station Square ■ Suite 660 ■ Pittsburgh, PA 15219-1119 USA 

TEL (412) 261-3200 ■ FAX (412) 471-9427 ■ Internet Slinfo@ansoft.com 

WWW http://www.ansoft.com 

Maxwell® SI Eminence: 
Software solutions for high-frequency 

and high-speed design 
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Charger Built With Fem Parts 
JOSEPH J. DENGEL. U.S. Merchant Marine Academy, Engineering Dept., Kings Point, NY 11204. 

BUILT WITH JUST FOUR COMPONENTS. this charger for 
small NiCd batteries is useful as a compact travel charger or in "floating" sim¬ 

ple battery-backed projects. It s small enough to fit in a 35-mm film canister. 

battery charger for small 
NiCd batteries, which can 
be constructed using just 

four components, comes in handy as 
a lightweight and compact travel 
charger or in "floating" simple bat¬ 
tery-backed projects. The circuit 
sacrifices isolation from the power 
line for a compact design. This lack 
of isolation requires the user to 
exercise prudence in the circuit's 
use. heed the notes mentioned below 
and ensure that circuit operation 
and the potential shock hazards are 
understood. As a travel charger for 
AA, C, or 9-V batteries, the circuit 
will usually fit inside a 35-mm film 
canister. A short ac plug comes out 
of one end and two small clip-leads 
from the other. 

In the circuit (see the figure), the 
capacitor is ac rated at 120 V ac with 
a value determined from the equa¬ 
tion below. The fuse is selected to 
match the designed charging cur-
rent/line voltage, and should not be 
above 0.25 A. The diode DI rectifies 
the line voltage and diode D2 pro¬ 
vides a discharge path for the capac¬ 
itor, which bypasses the battery. D2 
is a Zener diode that limits the open¬ 
circuit voltage between the two 
charging leads when there's no load 
present. 
Battery charging is based on aver¬ 

age current flow. After selecting a 
desired charging current in 
amperes, the value of the capacitor 

(in farads) is computed from the 
equation: 

C = (Lv„ X 0.0167)/340 (1) 
For example, AA NiCd batteries 

usually have a 0.5 amp-hr rating and 
an overnight charge rate of 10% as a 
rule of thumb. Charging current of 
0.05 A results in a 2.5-p.F capacitor. 
Some other notes about the circuit: 
l.The negative charging lead should 
be connected to the neutral conduc¬ 
tor (wide blade on a polarized plug). 
Hotel wiring often is incorrect, so 
keep both charging leads, the bat¬ 
teries, the appliance, and yourself 
clear from external ground paths. 
2.The charging leads may be short-

circuited without damage and any 
reasonable number of batteries can 

be charged in series without affect¬ 
ing the average charging current. 
When not in use, the circuit should 
be unplugged. 

3.The Zener-diode voltage rating 
should be set slightly above the 
highest voltage for the battery 
array. Its wattage rating can be 
approximated by: 

^d = hivg x Vz (2) 
4.The Zener diode is the only com¬ 

ponent that may dissipate any 
power; it should be liberally sized, 
especially if the final circuit will be 
completely enclosed. 

5.Batteries may be charged while 
still installed in the tape player or 
radio (convenient because a sepa¬ 
rate battery holder isn't required). 
Use caution to prevent an open cir¬ 
cuit in the battery path, or else the 
charging voltage will pulse at a 
value determined by the Zener. This 
may not be beneficial for the appli¬ 
ance if it's turned on or is in an "idle 

mode." 
6. A four-diode, full-bridge rectifier 

may be used in place of diode DI. 
This reduces capacitor size by one-
half for any given charging current. 
The zener diode will dissipate twice 
the calculated power and should be 
placed at the output of the bridge. 

Voted “Best of Issue,” 
Electronic Design, December f 1995 

•OPTIONS EXPAND LIBRARY LIST NODE 
.TRAN .001 0.03 0 50U 

VAC 
RI 
Cl 
RC1 
DI 
D2 
R2 
VI 
*R3 

1,0 AC 169 0 SIN(0, 169, 60, 0, 0, 0); 120VAC RMS 
1,2 5.2 ; EQUIVALENT FUSE RESISTANCE, 1/4-AMP, 250V S.B. 
2,3 1.5U; CURRENT LIMITING SERIES CAPACITOR 
2,3 1.7MEG; EFFECTIVE LOSS COMPONENT FOR CAPACITOR 
0,3 D1N5245; VOLTAGE-LIMITING DIODE, 15V, 0.5 WATTS 
3,4 D1N4007; BLOCKING DIODE 
4,5 .25;INTERNAL RESISTANCE OF BATTERY, "AA" CELL 
5,0 DC 1.2 AC 0.0 ; SINGLE CELL BATTERY 
4,0 500; LOAD RESISTANCE 

.model D1N5245 D(Is=3.142f Rs=3.536 Ikf=0 N=1 Xti=3 Eg=l.ll 
Cjo=80.5p M=.4186 
+ Vj=.75 Fc=.5 Isr=1.527n Nr=2 Bv=15 Ibv=24.573m 
Nbv=1.0932 
+ Ibvl=7.1249u Nbvl=.65646 Tbvl=833 .33u) 
•model D1N4007 D(Is=14.11n N=1.984 Rs=33.89m Ikf=94.81 Xti=3 Eg=l.ll 
+ Cjo=25.89p M=.44 Vj=-3245 Fc= .5 Bv=1500 Ibv=10u 
Tt=5.7u) 
.PROBE 
. END 
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Measure Temp Through Printer Port 
YONGPING XIA. 23008 Arlington Ave., Torrance, CA 90501; (310) 784-1442. 

A single-chip digital ther¬ 
mometer IC developed by 
Dallas Semiconductor, 

Dallas, Texas— the DS1620— can 
measure temperature from -55 to 
+125°C in 0.5° C increments. 

The circuit shown uses a PC's 
printer port to communicate with a 
DS1620 (see the figure). 

The C program (see the listing) 
will set the printer port to power 
the IC, send control commands to 
and read measured data from the 
IC, convert the data to temperature, 
and display it on screen. 

Voted “Best of Issue, ” 
Electronic Design, March 18, 1996 

TEMPERATURE CAN BE 
measured and displayed on a PC 

screen using this circuit. It utilizes a 

PC’s printer port to communicate with 

a single-chip digital thermometer IC 

(DS1620). 

#include <stdlib.h> 
»include <stdio.h> 
»include <conio.h> 
finelude <dos.h> 

»define POWER_ON 0x01 
»define POWER_OFF Cxfe 
»define CLK_ON 0x20 
»define CLK_OFF Oxdf 
»define RESET_ON Oxbf 
»define RESET_OFF 0x40 
»define OUT_HIGH 0x80 
»define OUT_LOW 0x7f 

typedef unsigned int WORD; 

int i, data, out_port, in_port, out=0; 
char msg[80]; 

/* find printer port address */ 
void find_port(void) 
( 
out_port=*(WORD far *}MK_FP(0x0040,8); 
in_port=out_port+l; 
out I =POWER_ON; 
outportb (out_port, out); /* power on */ 
delay(1000); 

/* send control command to DS1620 */ 
void ssend_control(int control_data) 
{ 

int control; 
control=control_data; 
for (i=0; i<8; i++) 

{ 
out&=CLK_OFF; 
outportb(out_port, out); 

if (control/2*2==control) 
OUt&=OUT_LOW; 

else 
out I =OUT_HIGH 

control/=2; 
outportb( out_port, out); 
delay(5); 
out I =CLK_ON; 
outportb( out_port, out); 
delay(5); 

) 

/* reset DS1620 */ 
void rst(void) 
( 

OUt&=RESET_ON; 
outportb(out_port, out); 
delay(5); 
out I =RESET_OFF; 
outportb( out_port, out); 
delay(5); 

/* read data from DS1620 */ 
int read_chip(void) 
{ 

int in, temp; 
rst(); 
send_control(0x0c) ; 
send_control(0x03); 
rst(); 
send_control (Oxee) ; 
send_control(0x00); 
rst(); 
send_control(Oxaa); 
out I =OUT_HIGH; 
outportb( out_port, out) ; 

in=0; 
for (i=0; i<9; i++) 

{ 
out&=CLK_OFF; 
outportb(out_port, out); 
delay(5); 
temp=inportb(in_port); 
in=in+(((temp/64)&0x01)<<i); 
out I =CLK_ON; 
outportb(out_port, out); 
delay(5); 

} 
return(in); 

main() 
{ 

int tempi; 
float tempC; 
clrscr(); 
gotoxy(50,24); 
printf("Hit any key to quit"); 
find_port(); 
do { 

templ=read_chip(); 
if (tempi..256) 
templ-=512; 
tempC=((float)tempi/2); 
gotoxy(1,1); 
printf("Temperature: %.If deg C ",tempC); 
gotoxy(1,1); 
delay(1000); 

} while (ikbhitO); /* quit if any key */ 

Ideas voted "Best Of Issue" hu the 
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Independent 
Device Design 

With OrCAD’s 
Programmable 
Logic Solutions 

Including 
Libraries And 
Interfaces For... 
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And Be Ready For 
The Higher Density 
Devices Of Tomorrow. 

Looking to high-density 
FPGAs and CPLDs for 
your next system? You 
can look to OrCAD to 
help you get the job done. 
Our next-generation 
software will give you 
high-level VHDL design 
and everything else 
you need in a single 
application. And we’ll 
upgrade you for free. 

Programmable Device 
And System-Level 
Design In 
A Single Solution. 

Here’s How Y)u Can 
Handle Your Whole 
Design Today. 
Tired of do-it-yourself 
integration and multiple 
toolsets? Or proprietary 
software that locks you 
into one vendor’s devices? 
Finally, there’s a single 
solution that will let you 
do your whole job faster 
and easier. 
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Show Me Your 
Complete Solution. 
_Please send data sheets and more information about the 

FPGA Designer Pack and new OrCAD Express for 
Windows. 

_Have an OrCAD sales representative contact me 
right away. 

_Send me the newest version of OrCAD’s Desktop 
Solutions demo CD. 

5. Verify Performance 
Analyze timing performance, using the routing delay information 

that OrCAD Simulate extracts from your post-layout netlist. Quickly 

measure the skew between edges with movable delta markers on 

the waveform windows. You'll also be alerted automatically when 

the simulator detects common timing violations, such as pulse 

width, or set-up-and-hold. 

6. Document Your Design 
Document your design with ease using OrCAD’s true-Windows interface. Cut and 

paste schematics and waveforms directly into your favorite word processor, export 

tab-delimited text files to spreadsheets, and generate custom bills of materials and 

other custom reports. 
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OrCAD’s FPGA Designer 

Pack also produces 

netlists in all common 

PCB formats, as well as 

every other file type you 

might need. 
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4. Commit To Silicon 
Press a button to open interfaces to Xilinx XACTstep, 

Altera MAX+PLUS II, Actel Designer Series, AMD 

MACH-XL, Lattice pDS+, and MINC PLDesigner-XL. 

User-friendly product licensing 

lets you install the software at 

the office, at home, and on a 

laptop — anywhere that’s 

convenient for you to work 

on your designs 

Full 32-bit application delivers 

maximum performance whether 

you use Windows 95,’ Windows 

NT," or Windows 3.1" with the 

Win32s subsystem 

Design 
Desktop for 
Windows 

2. Model The Design 
Create stimulus in OrCAD Simulates easy-to-use 

interactive dialog boxes. You can generate 

complex signal patterns with a few button clicks. 

Debug an entire design without using VHDL — or 

with VHDL, by using the built-in editor/debugger 

to compose a VHDL test bench. 

1. Design Your System 
Capture your design quickly with OrCAD Capture's intuitive 

drawing interface, using vendor-optimized schematic 

macros. Automate procedures with Capture's new macro 

recorder or use step-and-repeat and cut-and-paste 

commands to replicate blocks — you'll create complex 

logic structures in seconds. 

3. Debug 
Your Devices 
Verify the logic of your design and view the simulation results in multiple 

ways. Open several waveform windows at once to see how signals 

interact. Or, see the signal states annotated in the schematic. Unlike 

most simulators, you can start, stop and reset the simulation without 
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With OrCAD Capture'" and OrCAD Simulate?' you'll have a 
single solution that handles your entire design. That includes 
system-level PCB design. Programmable logic design, for 
devices from all major vendors. And every task, from design 

Buy The OrCAD FPGA 
Designer Pack Now. 

Name / Title 

Upgrade To OrCAD 
Express for Free. 

Company 

Address / Mailstop 

City State/Province 

Zip/Postal Code 

Telephone Fax 

E-mail 

*OrCAD Express is scheduled to ship in the fourth quarter of 1996. 
©1996 OrCAD. Inc. OrCAD Capture, OrCAD Simulate and OrCAD Express 
are trademarks of OrCAD, Inc. All other product names mentioned are 
property of their respective owners. 

You'll find all the tools you need integrated into a single, easy-to-use 

32-bit Windows application: Sophisticated project management. Mixed schematic 

and VHDL design entry. Vendor-optimized VHDL synthesis and simulation. And complete libraries, interfaces 

and documentation outputs for both system-level PCB and programmable device design. 

Express Entry lets you use schematics, 

VHDL, or a combination — even within the 

same device — and to import existing 

EDIF-format schematics and libraries 

created with other software 

Express Compiler synthesizes 

VHDL and combines it with 

schematic descriptions, creating 

a device-optimized netlist for the 

vendor's place and route tool 

When you purchase the FPGA Designer Pack, you'll also receive OrCAD’s next-generation solution — OrCAD Express 

for Windows — when it ships.* All the designs and libraries you create with the FPGA Designer Pack will be fully 

compatible with Express. And because the user interface shares the look and feel of OrCAD Capture and Simulate, 

you’ll be productive with OrCAD Express right away. 

To order, contact OrCAD Direct by phone, 
through our web site, by E-mail, or simply fax your 

purchase order. Act fast; this offer is valid only through 
November 30,1996. 

OrCAD Direct Sales 
1-800-671-9505 

_ FAX: 1-503-671-9501 E-mail: info@orcad.com 
Web site: http://www.orcad.com 
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OrCAD Express will do away with the inefficient point-tool approach that's burdened designers for years. Because 

Express will treat your PCB system and the devices on it the way you do — as a single project — you'll be able to 

focus on what's most important. Your design. 

Express will also include a custom version of Esperan's multi-media VHDL tutorial, as well as OrCAD's interactive 

training tutorials and online help. So you'll come up to speed fast. And have everything you need to design 

complete systems with higher-density devices. 
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imple RS-232 lester 
, ^RIAN-NICOLAE ION. Noesis-Domaine Technologique de Saclay,Bat. Ariane 4, rue Rene Razel, 91892 Orsay Cedex, France. 

Hne problem in transfer¬ 
ring data using the RS-
232 standard is whether 

the TxD and RxD cables should be 
cross-coupled. It's easy to determine 
this when a DMM is available, but it 
might be difficult to do in the field 
when there's no meter at hand. 
A simple solution handles this task 

easily, in a small package that could 
be carried in a pocket (Fig. 1). The 
‘ester is basically a window com-

rator, in which the Low and High 
^els are set at +3.0 V and -3.0 V, 
spectively, by resistors R2, R3, 
d R4. Resistor RI, when not dri-
n by an RS-232 output, will have a 

low voltage across it (approximately 
0 V), and the LED DI at the output 
of the comparators is turned off. 

If the unknown wire of the cable 
that's tested is an RS-232 output, 
then it will drive the In point to 
either a voltage between +3 and +12 
V or between -3 and -12 V. In both 
cases, one of the two comparators' 
outputs will be driven low. This 
turns the LED on, indicating the 
presence of a wire connected to an 
RS-232 output. The comparator 
should be an LM339 type or equiva¬ 
lent (with an open-collector output). 
The disadvantage of this scheme is 

that the thresholds are very sensi¬ 

tive to the supply variations. To 
eliminate that, the thresholds at the 
inputs of the comparators can be 
created using the normal forward 
drop on a simple diode (a Zener with 
such a low voltage would be more 
expensive and difficult to find), and 
then be brought to the necessary 
levels by ICI (+3 V at its output) and 
IC2 (a simple inverter) (Fig. 2). 
To minimize parts count, a quad op 

amp could be used for IC1-4, one 
that can assure a Vqjj level high 
enough to turn off LED D2. 

Voted “Best of Issue, ” 
Electronic Design, Februay 19, 1996 

1. THIS PEN-SIZED device can easily handle 
the task of determining whether TxD and RxD cdbles 

should be cross-coupled when transferring data using 

the RS-232 standard. . 

2. THRESHOLDS often are sensitive to supply 
variations. In this setup, thresholds are created using a 

diode's forward drop and then brought to the necessary 

levels by IC1 and IC2. 

Build Hr Accurate Log Amp 
MOSHE GERSTENHABER and Frank J. CIARLONE. Analog Devices Inc. Two Technology Way, 
Norwood. MA 02602; (617) 329-1241. 

Œogarithmic amplifiers are 
used in application in 
which the input possesses 

vide dynamic range, and there's a 
ed to resolve signal throughout its 
nge. 
conventional logarithmic amplifi-
(Fig. la) consists of an amplifer 

and nonlinear element in its feed¬ 
back, a reference circuit, and one 
specialized component to remove 

CALCULATED, ACTUAL AND ERROR OF THE 
LOGARITHMIC AMPLIFIER 1 

Vin Vout (Calculated) V out (Measured) Error/FS 

+10 V 1.985 1.990 V 0.05% 

+1 V OV ,0030 V 0.03% 

+100 mV -1.985 -1.99 V 0.05% 

+10 mV -3.97 -3.97 V 0% 

+1 mV -5.954 -5.93 V 0.24% 

+100 muV -7.94 -7.96 0.20% 
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temperature effects. Although such 
circuits are rather common, they 
have some limitations. For example, 
the input must be referenced to 
ground because common-mode sig¬ 
nals will generate errors in the "log¬ 
ging" device, and the input signal's 
source impedance must be small so 
that there's no interaction with the 
input resistance of the logarithmic 
amp. Moreover, the system band¬ 
width changes as the signal changes 
because the nonlinear device alters 
the loop bandwidth as the current 
through it is varied. 

By modifying the logarithmic-
amplifier circuit, it can reject com¬ 
mon-mode voltages and only mea¬ 
sure differential signals. Its band¬ 
width is independent of the input 
voltage andits input impedance is 
very high. The log circuit consists of 

an instrumenta¬ 
tion amp, and an 
op amp together 
with a diode-con¬ 
nected transistor 
that produces a 
voltage propor¬ 
tional to the loga¬ 
rithm of the cur¬ 
rent. 

A circuit con¬ 
sisting of a volt¬ 
age reference, an 
instrumentation 
amp, and an op 
amp together 
with a diode-con¬ 
nected transistor 
act as a reference 
circuit. A ther- 2. THIS CROSS PLOT of Vout versus Vin 
mometer IC, a demonstrates the circuit transfer function. The horizonta 

fixed-gain instru- scale = Vin 2V/div; Vertical = Vo iv/div. 

1. UNLIKE THE CONVENTIONAL LOGARITHMIC amplifier (a), a more accurate amp can be built to 
reject common-mode voltages (b). The modified amp consists of an instrumentation amp and an op amp configured as 

a voltage-to-frequiency converter. 

SUPPLEMENI ID ELECîmmiC DESIGN ■ October 24 1996 
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mentation amp, and a divider circuit 
provide the necessary temperature 
compensation and scaling for a 
transfer function: 
Vout = 1.9851oglO(Vin/l V) 
Vref must be set to 1.000 V and, 

with Vin = VreF’ the grain adjust 
has to be set so that Vo = 0 V. 
Calibration at low input voltage is 
done by changing buffer A4's offset 
voltage. The table illustrates the cal¬ 
culated, actual, and error of the loga¬ 

rithmic amp in Fig. lb. Figure 2 
shows a cross plot demonstrating the 
circuit transfer function. 

Voted “Best of Issue, ” 
Electronic Design, November 6, 1995 

Creating a Good, Stable Sine Wave 
ARTHUR D. DELAGRANGE. 437 W. Watersville Rd., Mt. Airy, MD 21771; (301) 829-2430. 

Ra Ra 
Out 

har-
LF347 

the 
and 

matched ceramics, which 
are more lossy, yields 70 
dB rejection of harmonics). 

Some notes on the filter: 
No 1% tolerances are nec¬ 
essary if matched compo¬ 
nents are used and RI and 
R2 are tweaked to adjust 
the notch frequencies (this 
is easily done by adjusting 
RI for minimum signal out 
at the third and R2 for the 
fifth). Because the filter is 
passive-derived, it must be 
lightly loaded. However, if 
the load provides de conti¬ 
nuity to ground, R3 may be 
eliminated. 

Similarly, if the driving 
impedance isn't small com¬ 
pared to the resistors in 
the filter, its impedance 
may be subtracted from 
the filter input resistor to 
compensate. The op amps 
are part of tuned circuits 
and should have a gain¬ 
bandwidth product of at 
least 100 times the notch 
frequency (when the filter 

by generating twice 
desired frequency 
dividing by two). 

Removing the odd 

up. The rejection would be inade¬ 
quate at the third and fifth harmon¬ 
ics, but notches at these frequencies 
can be created with just two more 
resistors, RI and R2. This turns the 
device into an elliptic-like filter (this 
isn't a true elliptic, because when 
the zeros are assigned arbitrarily, 
the humps in the reject band won't 
be equal). 

At first glance, the filter appears 
complicated, but a closer inspection 
shows that it can be built with as 

classic problem in elec¬ 
tronics is the generation 
of a good, stable sine 

wave. There are a thousand ways to 
do it; none of which are perfect. So 
here's number 1001, which offers 
some advantages... 

Semi-digital circuits (e.g., crystal 
oscillators and dividers) can create 
square waves of very stable ampli¬ 
tude and frequency. Although a 
square wave often is considered as a 
sine wave having 100% distortion, 
this is far from true. The _ 
“error” consists entirely of I 
odd-frequency harmonics if 
the duty cycle is exactly 
50% (this can be guaranteed 

few as six components. How so? The 
op amps can be a quad DIP. RA can 
be two RB resistors in parallel. RC 
can be equal to RB. R3 can be left¬ 
over RB resistors in series. 
Consequently, all of the resistors 
other than R1 and R2 can be in two 
DIPs. 

Performance results are shown in 
Figs. 2 and 3. Fig. 2 shows the filter 
frequency response, and Fig. 3 illus¬ 
trates the output spectrum when 
using a 1-kHz square-wave input. 

1. USING AN ELLIPTIC-LIKE FILTER, 
this circuit can remove odd harmonics from a square 

wave, creating a stable sine wave. The seemingly com¬ 

plex filter actually can be built with as few as six parts. 

Notes: Values for 1-kHz signal 

C = 0.D1 nF, W 

RA = 10k, 1%* 

RB = 20k, 1% 

Rq = 20 k nominal; matched required 
Ri = 1 407 k calculated: 1.40 k, 1% used 

Rj - 506.6 (! calculated: 511 il, 1% used 

R3 = 100 k nominal; for de bias 

'Looser tolerance with matching is okay if Rg and R2 are adjusted. 

Note that all harmonics are 
in excess of 80 dB down 
(this performance was 
achieved using 1% film 

DIP of 

monies is a reasonable task 
for a filter. The obvious 
solution, a narrowband fil¬ 
ter, isn't acceptable because 
analog types are notorious 
for poor stability. Digital 
and semi-digital (e.g., 
switched capacitor) are bet¬ 
ter in this respect, but they 
add their own noise and 
harmonics. 
Such a task can be accom¬ 

plished using the filter 
shown in Fig. 1. Without RI 
and R2, it's an active ver¬ 
sion of a 5-pole passive low-
pass L-C ladder. This type 
has excellent amplitude sta¬ 
bility in the passband, 30-
dB/octave slope outside the 
passband, low component 
sensitivity, and a capacitor 
to ground at the output, 
which ensures continuous 
high-frequency roll-off and 
minimizes stray noise pick¬ 

capacitors; a 
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was changed for a 10-kHz input by 
reducing the the capacitor values to 
1000 pF, harmonic rejection 
dropped to 66 dB). At much higher 
frequencies, the passive version 
might be better. 

Voted “Best of Issue, ” 
Electronic Design, November 6, 1995 

BE AN IFD AUTHOR 

Electronic Design’s Ideas 
for Design is one of our best¬ 
read sections. The ideal sub¬ 
mission contains 1 to 1-1/2 
pages of single-spaced type¬ 
written text and one or two cir¬ 
cuit diagrams, tables, plots, or 
listings. 

Design ideas should be 
intended to be freely used by 
our readers and should not 
contain proprietary or patent¬ 
ed material, or material 
intended-for-patent. 

Send your ideas to: 
Ideas for Design Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
Fax: (201)393-0204 

2.FREQUENCY-RESPONSE RESULTS FOR THE filter in 
Fig. 1 are illustrated. The filter is essentially flat within the passband and rolls 

off at about 30 dB/octave. Note the notches at the third and fifth harmonics. 

3. THE FILTER'S OUTPUT SPECTRUM, using a 1-kHz square¬ 

wave input, shows that all harmonics are in excess of 80 dB down. 

Convert Pulse Width To flnalOQ 
W. STEPHEN WOODWARD. Venable Hall, CB3290, University of North Carolina, 
Chapel Hill, NC 27599-3290; Internet: woodward@uncvxl.oit.unc.edu. 

nnstruments possessing an 
internal digital architecture 
are sometimes required to 

produce an analog output. Often, 
these requirements are introduced 
very late in the product-develop¬ 
ment cycle (thanks a lot, market¬ 
ing!), when it may be difficult to pro¬ 
vide board space and addressing 
logic for a conventional DAC. 

The circuit shown arose from just 
such a scenario, which involved a 
small microprocessor-based (Z-80) 

product that needed a greater than 
15-bit resolution O-to-5-V analog 
output grafted on. 

The product had few assets free 
for the control of even a serial-input 
DAC. What was available, however, 
was much idle processor time 
unneeded for the 500-ms measure¬ 
ment cycle, exactly one uncommit¬ 
ted output bit, and some unoccupied 
capacity in the system ROM. 

It was, therefore, apparent that 
design modifications could be intro¬ 

duced. Such alterations would gen¬ 
erate, twice per second as part of 
the measurement cycle, a software-
loop-timed pulse with duration 
ranging from 3 to 363 ms that would 
be proportional to the measured 
quantity. Pulse duration would be 
7.26 p.s or one part in 50,000. 

This circuit (see the figure) con¬ 
verts these pulses to a monotonic 
analog O-to-5-V output with 100-p.V 
resolution that settles to better than 
1% only 1 cycle after a change in 

SUPPLEMENT TO ELECTRONIC DESIGN • October 24 1006 O 
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SOFTWARE-LOOP-TIMED PULSES ARE converted to a O-to-
5 V analog output that settles to better than 1Z only one cycle after a change 

in pulse duration. The pulses have a duration ranging from 3 to 363 ms. 

pulse duration. 
During the interval between out- , 

put pulses, the CD4053B CMOS | 
Lswitehes are in the state illustrât- । 
ed. SI is closed, S2 is holding Cl I 
reset, and S3 connects C2 to A2's 
summing point. At the start of an 
output pulse, switch SI releases one 
end of R2. This causes the nonin¬ 
verting input of Al to drop about 4 
mV negative. The exact amplitude 
of this step is adjusted by poten¬ 
tiometer Pl so that a pulse width of 
the minimum 3 ms produces a zero 
output. 
While this is happening, switch S2 

begins the charge of capacitor Cl 
through RI. The rate of this charg¬ 
ing is adjusted so that a pulse with 
the maximum duration of 363 ms 
produces a 5-V output. 

Simultaneously, S3 connects the 
right-hand end of C2 to A2's output. 
As a result, at the end of the inte¬ 
gration cycle, the left-hand terminal 
of C2 will be at A2's output voltage. 
The minimum input pulse duration 
is set to 3 ms, rather than zero, so 
that C2 always has sufficient time to 
equilibrate to this differential. 

Therefore, at the end of the inte¬ 
gration cycle, when switch S3 
returns to the idle state and con¬ 
nects C2 to A2's summing point, a 

charge equal to C2 times the voltage 
difference between Al and A2's out¬ 
puts will be delivered to C3. This 
charge transfer occurs as S2 returns 
to the idle state and resets Cl, 
pulling the left-hand terminal of C2 
back to the idling voltage. 

The result is that if C2 = C3, A2 s 
output will slew exactly by the dif¬ 
ference between the output value 
from the previous measurement 
cycle to the one appropriate for the 
new cycle. If this equality isn't 
exact, one or two cycles may be 
required for precise settling. 

Voted “Best of Issue, ” 
Electronic Design, November 6, 1995 

SEND IN YOUR 
IDEAS FOR DESIGN 

All readers are invited to 
participate in our Ideas for Design 

program. Send your ideas to: 
Ideas for Design Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 

Try 

Visio Technical 

We can save you 

$100 now 
and much 

more later 

\Ne can save AutoCAD LT users 

$100* now, but anyone can save 

thousands in increased productivity. 

Unit Märtet Shara (US) 
60' -

□Visio Technical «AutoCAD LT 

Source: K Data. 1M5/96 Distribution Reports 

You're not alone in wanting a more efficient 
tool. As you can see. thousands of people are 
moving to Visio Technical. 

Here’s the proof. In a recent indepen¬ 

dent usability study,** Visio® Technical 

outperformed AutoCAD LT in every 

category: 83% of study participants 

said Visio Technical made them 

more productive, 92% said it was 

easier to use and 75% said they’d 

prefer to use Visio Technical over 

AutoCAD LT. See how much you’d 

save, call 800-24-VISI0, ext. H24. 

www.visio.com/rebate 

’Some restrictions apply For details on rebate offer visit 
www visio com/rebate or call 1-800-24-VISI0. ext H24 
’’For complete study results see www visio com/usability 
Visio is a registered trademark of Visio Corporation All 
other trademarks are held by their respective companies 



BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" by the readers of Electronic Design 

ProQrammable Noise Generator 
FRANK N. VITALJIC. 514-13th St., Bellingham, WA 98225. 

Qhe noise voltage (en) gen-
I erator shown is able to 

—I generate uniform or 
Gaussian noise (see the figure). The 
noise is multiplied by (K), resulting 
in a noise power of K2<rn2volts2 at 
the filter's input. This power is 
available at the filter's output by 
setting the bandwidth fully open 
(i.e., FL = 0, FH = 0.5 Hz). 

The 127-tap linear phase filter 
passes frequencies between Fl and 
F2, thus bandlimiting the filter out¬ 
put noise (eout). The output is sam¬ 
pled at a rate of Fs Hz, and stored as 
500 samples in the noise_data array 
(see listing for noise_generator() 
program). The output noise power is 
approximately: 

<rout 2[(F2 - Fl)/Fs]K2ffn2volts2 

The statistics of the output data 
(mean, variance, min, max) are 
stored in the stats array. The output 
noise power can be set as desired by 
adjusting (K) accordingly. 

THIS PROGRAMMABLE 
noise voltage generator is capable of 

producing uniform, or Gaussian, 

noise. The output noise power can be 

set as desired by adjusting (K). 

Voted “Best of Issue, ” 
Electronic Design. January 8, 1996 
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# includeotdlib . h> //PROGRAMMABLE BAND-LIMITED DIGITAL 
#include<math.h> // NOISE GENERATOR PROGRAM 

void noise_generator(int ncise_type, //0=uniform, l=Gaussian 
int seed, //Seed for srand()function 
double FL, //Low band-edge I normalized 
double FH, //High band-edge I F/Fs $ 0.5 
double noise_mul, //Noise multiplier 
double*noise_data, //500 data points 
double*stats ) //Array of mean, variance, 

//min, max noise data, 
resp. 
//Generates 500 data points of user programmable band-limited noise 
//Requires the function calc_coeffs()published in ELECTRONIC DESIGN, 
June 26, 1995, p. 104. 
{ 
double filter_coeffs[MAXLEN],*data_ptr,*coef_ptr,*p, *q; 
double data_in[626 ],*out_ptr, gaus[2], acum; 
int i, j ; 

//Calculate noise filter coefficients 
calc_coeffs(BPF, MAXLEN, DUAL, FL, FH, filter_cceffs ); 

//Duplicate symmetrical coefficients in upper-half of array 
p = filter_coef fs; q = &f ilter_coef fs[126 ] ; 
for(i = 0; i < 63; i + +)*q— = *p++; 

//Generate broad-band noise data for filter input 
srand(seed); //Initialize rand()function sequence 
p = data_in; 
if(noise_type = = 0) 

for(i = 0; i < 626; i++) *p++ = noise_mul * uniformO; 
else for(i = 0; i < 313; i++) { 

gauss ian(gaus ); 
*p++ = noise_mul * gaus[0); *p + + = noise_mul * gausdl; 

) 

//Input broad-band noise to filter and store band-limited noise 
//in array noise_data, 500 points. 

out_ptr = noise_data; 
for(i = MAXLEN-1; i < 626; i++) { 

data_ptr = &data_ir. [i] ; 
coef_ptr = filter_coeffs; 
acum = (*coef_ptr++) * (*data_ptr—); 
for(j = 1; j < MAXLEN; j++) acum += (*coef_ptr + +) * 

(*data_ptr—); 
*out_ptr++ = acum; 

} 

//Calculate min/max noise data 
stats[2] = stats[3] = noise_data [0 ]; 
for(i = 1; i < 500; i++) { 

if(noise_data [i] < stats[2]) stats[2] = noise_data[i] ; //min I 
if(noise_data [ i] > stats[3]) stats[3] = noise_data[i j; //max I 

1 ’ I 
//Calculate mean/variance noise data 

stats[0] = stats[l] = 0.0; 
for(i =0; i < 500; i++) { 

stats[0] += ncise_data [i]; 
stats[l] += noise_data[i] * noise_data[i] ; 

} 
statsfO] = stats[0] / 500.0; //mean 
statsfl] = stats[l] I 500.0 - stats[0] * stats[0]; //variance 

} //end noise_generator() 

double uniform(void) 
//Generate zero mean uniform random number, -0.5 to 0.5 

{ return ((double)(rand() & RAND_MAX)/RAND_MAX - 0.5); } 

void gaussian (double *gp) 
I/Generate zero mean unit variance Gaussian random number pair 

{ double X, y, r, a; 
//Generate pair of random numbers, Box-Muller Transform 

do { 
X = 2.0 * uniformO; y = 2.0 * uniform(); 
r X * X + y * y ; 

} while((r > 1.0) II (r == 0.0)); 
//Map X and y to gaussian random number pair 

a = sqrt(-2.0 * log(r) I r) ; 
*gp++ = X * a; *gp = y * a; 

OsumiHEIHOELECIMCOESICI ■ October 24 19% 
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Active Filter Uses Equal Value Parts 
MICHAEL A. WYATT, Honeywell Inc., 13350 U.S. Hwy. 19, Clearwater, FL 34624; (813) 539-5653; fax (813) 539-2558. 

■ _ * qual-value components 
£ 2V can Quite an advantage 

® in filter designs when 
considering the total costs associat¬ 
ed with the procurement, stocking, 
and assembly of the filter. 
For instance, the Butterworth 

active third-order low-pass filter 
(Fig. la, middle) uses equal value 
resistors and capacitors. This fea¬ 
ture normalizes the filter's 3-dB 
corner frequency to 1/RC (in radi¬ 
ans) for both low-pass and high-
pass designs (Fig. 2a). 

The two additional op amps for 
the normalized filter may cost less 
than the unequal value components 
in the traditional Sallen-Key filter 
(quad op amps don't cost much 
more than single op amps), especial¬ 
ly if the application calls for preci¬ 
sion components (see Fig. la, 
again) 
PSpice's (MicroSim Corp., Irvine, 

Calif.) behavioral modeling capabil¬ 
ity allows for the comparison of the 
normalized and Sallen-Key third-
order filters to an ideal filter. 

The Laplace behavioral voltage-
controlled voltage source " E Ideal" 
(Fig. la, top) is configured as an 
ideal Butterworth low-pass filter 
with a 1-kHz bandwidth (<oc = 
6283.19 radians/s). 

The Laplace transfer function 
(entered as symbol attribute of 
E Ideal) for the third-order 
Butterworth low-pass filter is as 
follows: 

1 (s) - y—--- - ■ , 
[(s' / w£) + 2 (s2 /oip)+ 2 (s/œc) + l] 

The graphs in Fig. lb are plots of 
the ideal, normalized, and Sallen-
Key low-pass filter frequency¬ 
domain magnitude and error 
responses. 
Note how both the normalized and 

Sallen-Key filters follow the ideal 
response well into the stopband. 
The error plots were created by 
plotting the difference between the 
responses of the real filter and the 
ideal filter. 

The plots indicate that the nor¬ 

malized filter achieves performance 
results that are equal to those of the 
Sallen-Key low-pass filter. 

Interchanging the resistors and 
capacitors transforms the normal¬ 
ized low-pass filter into a high-pass 
filter with the same corner frequen¬ 
cy (Fig. 2a). 
This concept is illustrated with an 

ideal Butterworth high-pass filter 
transfer function (Eideal): 

T(s) = _s'It»'_ 
[( s' / <»■ ' ) + 2 ( s2 / w2 ) + 2 ( s / to,. ) +1 ] 

Notice that the Sallen-Key filter 
must be modified according to 
impedance levels at each node. This 
yields a filter with equal-value 

1. USING EQUAL-VALUE components in a third-order Butterworth low-
pass filter design (d). will lead to lower total costs when procuring, stocking, 

and assembling the filters. Plots of the ideal, normalized, and Sallen-Key low-

pass filter amplitude and error responses show that the normalized and 

Sallen-Key filters follow the ideal response well into the stopband (b). 
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BEST IDEAS FOR DESIGN Ideas voted "Best Of Issue" bq the readers of Electronic Design 

capacitors and unequal-value resis¬ 
tors, an improvement over the tra¬ 
ditional low-pass design of equal¬ 
value resistors and unequal-value 
capacitors. 
The graphs in Fig. 2b indicate that 

the normalized high-pass filter com¬ 

pares favorably with the Sallen-Key 
filter in high-pass applications, 
much like the previously mentioned 
low-pass case. 

Voted “Best of Issue, ” 
Electronic Design, August 8, 1995 

2. A HIGH-PASS THIRD-ORDER Butterworth filter with equal-value 
components can also be built (a). The normalized filter once again compares 

favorably with the Sallen-Key in high-pass applications (b). 

WATCH FOR OUR NEXT 
“BEST OF IDEAS FOR DESIGN” 

SUPPLEMENT—PUBLISHED WITH 
THE OCTOBER 23, 1997 ISSUE 
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We play a 
powerful role in 

portable computers. 

Extend the run-time of your portable computers with 
Micrel’s extensive line of high-performance analog power 
ICs. Whatever your power management needs, we have a 
solution. From subminiature LDO regulators to switch¬ 
mode battery chargers to TinyFET™ power switches. 

Our LCD contrast and backlight power supplies solve 
your monitor design problems. If you're featuring a card 
slot, our TinyFET power switches, voltage regulators and 

power controllers are PCMCIA-compliant and meet all 
specs. Micrel also delivers active terminators that SCSI 
designs require. Our IttyBitty™ and Micrel Mini8™ 
subminiature packages are the tiniest in the industry, saving 
board space for increasing functionality. When you need 
design solutions for portable computers, call the company 
who plays a powerful role in portable computers. 
Call Micrel at 1-800-401-9572 fax 408-944-0970. 

SEMICONDUCTOR 

High Performance Analog Power ICs 
1849 Fortune Drive. San Jose. CA 95131 

http://www.nricrel.coni 
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LT1510: Absolutely the best solution for constant-current 
and constant-voltage charging of all battery types. 

You don’t have to replace your charging 
circuitry when changing battery type 
anymore! The LT’1510 current mode PWM 
battery charger is the simplest, most efficient 
IC solution for fast-charging rechargeable 
batteries. The LT1510 implements the 
constant-voltage/constant-current profile 
required by lithium-ion (Li-Ion) as well as the 
constant-current charging needed by NiCd 
and NiMH batteries. The LT1510 is a single 
charging source for these different battery 
types. 1.5A of fast-charging current is now 
possible in a surface mount package. 

The wide 8V to 28V input voltage range 
handles all wall adapter and automotive 
battery inputs. Only a single resistor is needed 
to program charging current from milliamps 
to 1.5A. The on-chip 2A saturating power 
switch permits up to 90% efficiency. 
Battery current sensing can be at either 
battery terminal, permitting the negative 
terminal to be system ground. A 0.5% 
accurate intern^ voltage reference meets 
the critical constant-voltage requirements 

LT1510 Charging a 2-Cell Lithium-ion Battery Pack 

LIMITED CONSTANT 
CHARGING VOLTAGE 
REGION OPERATON 

ZTun^ 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

of lithium-ion cells, making the LT1510 a 
complete lithium-ion charger. 

The 200kHz switching frequency and SO 
package keeps the total solution size small. 
The normal charger-battery blocking diode is 
eliminated since the LT 1510 goes into a 3pA 
sleep mode when the charging supply is 
removed. Soft start capability avoids over¬ 
loading wall adapter supplies at start-up. 
The LT1510 is ideal as an embedded battery 
charger, but if higher currents are needed 
the LT1511 provides 3A. 

The LT151OCS and LT1510CN are constant-
current/constant-voltage chargers in 16-lead 
SO and PD1P packages. The LT1510CS8 is a 
dedicated constant-current charger in an SO-8 
package. Pricing for the LT1510CS8 starts at 
$4.00 in quantities of 1000. For more details, 
contact Linear Technology Corporation. 
1630 McCarthy Blvd., Milpitas, CA 95035. 
408-432-1900. Fax-. 408-434-0507. 
For literature only, call 1-800-4-LINEAR. 

XT. LTC and LT are registered trademarks of 
Linear Technology Corporation. 

READER SERVICE 103 



IG MIC DESI 
■ Al ■ ■ ■ IB B BB BW IBW ■!!■■■ I ■ fl I t |^lm| BUIU ■ 
A PENTON PUBLICATION $10.00 DCTORFP 74 199A 

High Coverage, Low Overhead Come To Logic BIST p. 53 

Pc-Board Front-End Analysis Tools Reduce Iterations And Cut Time To Market p. 40 
12-Bit Sampling, Low-Power, High-Speed ADCs Attain Commodity Status p. 59 

Finding The Right Multiplexed-Input ADC Calls For Some Serious Homework p. 67 

The Fundamentals Of Simultaneous Voice-And-Data Transmission Technology p. 73 
Multichannel Systems Get Boost From Family Of l-mAz 400-MHz Amplifiers p. 121 

Decision-Feedback Equalization Hikes Disk-Drive Capacity At Same S/N Ratio p. 125 



THE DESIGNER'S DREAM TEAM WITH UP TO 100,000 GATES. 

The FLEX 10K Dream Team of programmable logic devices is a championship 
roster from Altera. With densities from 10,000 to 100,000 gates and up to 15 
times greater memory efficiency than FPGAs, FLEX 10K can take on even the 
most aggressive gate arrays. 

FLEX 10K offers all the benefits of programmability and features such as memory, in-
circuit reconfigurability, and built-in JTAG support. And, Altera’s easy-to-use MAX+PLUSII 
development tools interface with all major CAE tools, giving you a team that will easily 
score against mid- to high-density gate arrays. 

AN EMBEDDED ARRAY GAME PLAN. 

The unique FLEX 10K architecture adds an embedded array to a logic array, so you can 
have up to 24K bits of RAM in a single chip, and mega functions “such as microprocessors, 
microcontrollers, DSP and PCI functions, and others. 

THE ALTERA ADVANTAGE. 

You need every advantage to compete in this league. Value, competitive pricing, 
high-performance technology, and comprehensive technical support 
— that’s The Altera Advantage. 

It’s time to put the Dream Team to work for you. Call Altera today 
for your free FLEX 10K information kit. 800-9-ALTERA 
(800-925-8372), Dept. A165. Or, find us at http://www.altera.com 
on the world-wide web. 

•Developed through AMPP (Altera Megafunction Partners Program) Note: Individual family members available over the next 12 months. 
© Copyright 1996 Altera Corporation. Altera, FLEX, and MAX+PLUS are registered trademarks, and FLEX 10K, MAX+PLUS II, and specific 
device designations are trademarks of Altera Corporation. All rights reserved. 
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A quick and easy change 
can bring super results. 

With the same footprint as its 
multimode twin, HP’s line of 
powerful, laser transceiver 
components makes your transition 
to single mode fiber applications 
effortless. 

Until now, designing communications 
cards for single mode fiber applications 
has often meant using separate, fiber¬ 
pigtailed components. But today, with 
HP’s drop-in SMF transceivers, upgrad¬ 
ing your designs from MMF is easier 
than ever. 

How easy? Just swap in HP’s same¬ 
footprint 125 Mbd FDDI and 155 Mbd or 
622 Mbd ATM SMF transceiver products. 
Class I eye-safe, these small-footprint 
components immediately expand your 
offerings to intermediate-reach applica¬ 
tions of up to 15 km or more. And, with 
HP’s volume production, costs are 
among the lowest in the industry. 

Not only that, HP’s SMF components 
provide the same quality and reliability 
you’ve come to expect from HP. Which 
means you can be assured of both top-
of-the-line performance and the kind of 
service and support that only HP can 
provide. 

And when you’re ready for more? 
Gigabit Ethernet is around the comer. 
And 2.5 Gbd ATM and bi-directional 
transceiver products are currently on 
the drawing boards. 

So don’t delay. To get super perfor¬ 
mance, make a quick and easy change: 
HP SMF. 

Call 1-800-450-9455 for a list of technical literature 
available by fax (U.S. and Canada). 

HEWLETT 
PACKARD 

Call 
1-800-537-7715 
ext.2027 for free 
product literature 
and information 
on discounted 
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WHEN YOU’RE COMBINING 
TWO TECHNOLOGIES, 

TURN TO THE 
COMPANY WITH 
EXPERIENCE IN BOTH. 
For over 17 years, AMD has developed and produced 

AMOS 

Half of the silicon 

we make this year 

will include linecard 

ICs, Ethernet 

controllers and 

repeaters, pro¬ 

grammable logic 

devices, flash and 

EPROM memory, 

and embedded 

processors. 

leading communications ICs. Combine the strength 

and breadth of that experience with our PC heritage 

and put it to work in your new products. Last year 

alone, our technology helped improve more than 30 

million networking and PC products. AMD communi¬ 

cations products found in PCs, routers, switches, 

hubs and telephone equipment are raising the tide 

of the Internet. Our technology developments like 

Magic Packet" and DSP innovations make today’s new 

communications products more accessible, capable 

and economical. AMD can help drive your product 

innovations to higher levels of integration. Call us today. 

Magic Packet* 

technology gives 

the new HP Vectra 

XM the power to 

lower network 

administration and 

maintenance costs. 

Wow a network 

manager can 

remotely wake-up 

a PC in sleep mode 

and remotely 

power-up a PC 

that has been 

powered down. 

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

AMDH 



NEW 

AMPUHBiS 
qty) 

Dynamic Range 

120x60 

V 

block 3 

2 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 214 Rev A 

Model 

ERA-1 
ERA-1SM 

ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 

ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 

NF(dB) 

7.0 
7.0 

6.0 
6.0 

45 

5.2 
5.2 

4.0 
40 

*Freq 
(MHz) 

DC-8000 
DC-8000 

DC-6000 
DC-6000 

DC-3000 
DC-3000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

For ERA models, pin 1 
identified by Red dot. 

Gain 

(dB) 

11.6 
11.0 

13.1 

20.2 
194 

139 
13.9 

190 
190 

IP3(dBm) 

26 
26 

27 
27 

23 
23 

>36 
>36 

>36 
>36 

Size (mils) 

80x50 

Typical Biasing 
Configuration ERA 
DOT —\ 

©Price 
$ea (10 Qty ) 

180 
185 

195 
200 

210 
2 15 

4 15 
420 

4 15 
4 20 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000, 
2200. 4700. 6800. 10,000 pf 

.002, .047, .068, .1 pf 

ERA-1 ERA-1SM 

ACTUAL 
SIZE 

Max. Power Ou! 

(dBm. @ 1dB Comp) 

13.0 
13.0 

14.0 
130 

11.0 
11.0 

>19.1 
>19.1 

>196 
>19.4 

R bias (Required) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your applications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA'S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth stability, and lots to...gain! 
Mini-Circuits...we’re redefining what VALUE is all about! 

Mini-Circuits 

RFC(Optional) 

C block 
—I l—o OUT 

£DCto8GHz W9
(up to +19dBm output) From ¡(tooo qty 

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

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

Note: Specs typical at 2GHz. 25°C 

> Typ. numbers tested at 1GHz At 2GHz, Max Pwr. Out may decrease by 0 4dB & IP3 by 3 to 4dB 

* Low frequency cutoff determined by external coupling capacitors 

® Price (ea.) Qty 1000 ERA-1 $119. -2 $1.33, -3 $1 48. -4 or -5 $2 95 SM option same price. 

DESIGNER’S AMPLIFIER KITS: 
K1 -ERA: 10 of each ERA-1 ,-2,-3 (30 pieces) only $49.95 

K1-ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 

K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95 

K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 

Chip Coupling Capacitors at 12c each (50 min.) 

US 143 INTI 144
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A constant companion 

of designers all 

components. You'll also find a 

list of authorized distributors 

over the world, the i 

QT Optoelectronic \ 

Product Data Book \ 

contains specifications 

and ordering information 

for over 750 optoelectronic 

and technical representa¬ 

tives in hundreds of cities 

around the world. 

Call 800-LED-OPTO 

today, and we'll send 

you a FREE copy. 

OPTOELECTRONICS 

United States 800-533-6786 

Europe 322/466-3540 

Asia/Pacific 603/735-2417 

O 1995 Quality Technologies Corporation 

Designer's Best Friend 
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Low Profile .2” ht. 
Surface Mount 
Transformers & 

Inductors 

All PICO surface mount units 
utilize materials and methods 
to withstand extreme 
temperature (220°C) of vapor 
phase, IR, and other reflow 
procedures without 
degradation of electrical or 
mechanical characteristics. 

AUDIO 
TRANSFORMERS 
Impedance Levels 10 ohms 
to 10,000 ohms, Power Level 
400 milliwatt, Frequency 
Response ±2db 300Hz to 
50kHz. All units manufactured 
and tested to MIL-T-27. 

POWER and EMI 
INDUCTORS 
Ultra-miniature Inductors are 
ideal for Noise, Spike and 
Power Filtering Applications 
in Power Supplies, DC-DC 
Converters and Switching 
Regulators. All units 
manufactured and tested to 
MIL-T-27. 

PULSE 
TRANSFORMERS 
10 Nanoseconds to 100 
Microseconds. ET Rating to 
150 Volt-Microsecond. 
All units manufactured 
and tested to MIL-T-21038. 
Delivery-

week J 

See EEM 
or send direct 

for Free PICO Catalog 
Call toll free 800-431-1064 

in NY call 914 738 1400 
¡ FAX 9147388225 

r’LU Electronicsjnc. 
143 Sparks Ave . Pelhem. NY 10803 1889 

E Mail-HLSC73A@prodigy com 
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Polar to Rectangular Conversion Chart, H. E. Schrank, Bendix Ra¬ 
dio Div., Bendix Aviation Corp., Towson, Md. 

Designed to aid in calculations which involve converting complex numbers 
from rectangular to polar form, 
this chart is particularly suited 
for circuit and transmission line 
problems involving impedances 
or admittances. The chart con¬ 
sists of a simple combination of 
the Smith impedance chart and 
its alternate “Z-0” form, known as 
the Carter chart. Both charts are 
normalized to unity impedance at 
the center, and the halves corre¬ 
sponding to positive reactance 
components were chosen in mak¬ 
ing this conversion chart. Nega¬ 
tive reactances can, of course, be 
handled simply by reading theta as a negative angle. 

Using the chart is simply a matter of locating the rectangular components of 
an impedance (r + jx) in the lower half of the chart, and then reading its polar 
components (z/Q in the upper half of the diagram). 

Although the accuracy of this chart is not as good as slide-rule computations, 
it is a useful time-saver for rough estimating and checking. Its best accuracy is 
obtained by scaling the r, x, and z components to avoid the regions of the chart 
where the respective contours are crowded. For example in converting z = 10/53 
to rectangular form, it is advisable to use a scaling factor of say 10, in order to 
work near the middle of the cart; thus, the chart is entered with z’ = z/10 = 1.0/53, 
and the rectangular components r’ = 0.6, x’ = 0.8 are found as indicated in the 
example. The angle 0 is, of course, not scaled. The final results are r = 10, r’ = 
6.0; x = 10, x’ = 8.0; i.e., z = 6.0 + j8.0.f£/lectronic Design, October 15,1956, p. 44) 

This is another example of the type of pencil-and-paper graphical tools that 
were used by engineers to solve complex problems before the arrival of the 
calculator and personal computer.—SS 

Electronic Industry Growth 
Dr. W.R.G. Baker, president of RETMA and GE VP, Syracuse, predicts that 

a major portion of the electronics business 10 years hence will come from 
products not now in production. Electronics, 4th largest American industry, 
now employs 75 per cent of its more than 1-3/4 million employees on jobs which 
didn’t even exist 10 years ago. 

He indicates that to “...assume its responsibilities toward society...industry 
must: See that new products are not put on the market until the product is 
ready for market, and vice versa; Never fail to fulfill responsibilities for 
research, development, production and delivery of military products; Work 
increasingly to provide a fair return on investments; Take a genuine interest 
in employee welfare by providing good pay, pleasant working conditions and 
steady jobs; Recognize that industry and the community have interrelated 
responsibilities which must be met if both are to prosper; Help provide for our 
increasing technology by assisting the field of education wherever possible; 
Assure efficient use of one of our great natural resources, the radio spectrum, 
by thoroughly studying the problem of whether uhf can be made reasonably 
comparable to vhf TV service.” (Electronic Design, October 1,1956, p. 5) 

It looks like Dr. Baker was right on with every one of his points—he could 
probably make almost the same speech today. His mention of uhf tv, however, 
raises an interesting point: did over-the-air uhf tv ever really make it, even with 
every television set equipped with a uhf tuner? Reception here in the Northeast 
was never that great for uhf broadcasts, and it seems that it wasn’t until cable 
tv came alona that uhf stations drew much of an audience.—SS 
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Rated #1 for 
Availability of Product! 

K! 
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web site for your FREE CATALOG today! 
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Converter 

ZXIXlL_,l_J I 
corporation Fax: (415) 322-0455 

Menlo Park, California 94025 http://www.ancot.conr 

BASICS OF SCSI 
BOOKLET 
AVAILABLE FREE !! 

K (415) 322-5322 
\1 15 Constitution Drive, 
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■ Retiming 
■ Active S-E Signal Negation 
■ SCAM Support 
■ 16 IDs (Wide) 
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CFFCIAL 

■ FCC & CE Class B Approval 
■ SE & Diff switchable terminators built in 
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Here’s a new way to look at all your EDA calculations: 

Output more. 
Input Less. 

Analog Circuit Master (ACM) for Windows’ and 
Windows 95 brings fast, powerful, 32 bit (Win95 ver¬ 
sion) circuit simulation and analysis to your desktop 
at a surprisingly low price. And that’s just the start 
ACM offers a wide variety of graphical output options 
combined with the ability to open a virtually 
unlimited number of windows into the 
same data. Sophisticated file and project f, 
management features make project flow Lf ( \ 1 H 
a breeze. Call today at 1-800-396-4613 to 
find out just what ACM can do for you. 
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The new TEMIC TFDS6000 is the only IR 
transceiver which satisfies your need for 
the easiest upgradeability from an existing 
115 khit/sec solution to 4-Mbit/sec. 

Maximum sensitivity in bright sun 
and office lights. 

Finally, the speed you want is in the 
smallest IrDA-compatible transceiver 
available. Measuring only 13 mm x 5.3 mm 
with a maximum height of 5.ómm, the 
TFDSÓOOO integrates the complete 
receiver and the driver stage of the 
transmitter as well as the photo pin diode 
and the emitter diode. While combining 
the functions of two ICs, it eliminates a 
large number of discrete components. 
In fact, this solution requires the fewest 
discrete components of any IrDA module 
— only three - compared to the competition 
which has up to nine. 

With the receiver, the emitter diode, 
and the detector diode all in one package, 
the TFDSÓOOO is incredibly efficient. 
It operates at 5 V with a low 30-mW 
power consumption, and is capable of 
sending data at a 4-Mbit/sec transfer rate 
in accordance with IrDA standard 1.1 and 
protocols such as HP-SIR and Sharp ASK. 

In addition, it can send and receive 
data over distances of up to 1.5 meters, 
while providing an automatic gain 
control function and filter to ensure 
maximum sensitivity even with a high 
level of optical interference. This 
combination of speed and smallness 
makes it ideal for applications in mobile 
phones, PDAs, modems, PCs, and any IR 
applications you can imagine. 

To get your free IrDA design guide, 
call your local TEMIC sales office or 
1-800-554-5565 ext. 576. And visit our 
web site at http://www.temic.de for 
more information. 

Temic 
Semiconductors 

TEMIC is à company of Daimler Benz. Members ot TEMIC Semiconductors: Telefunken Semiconductors, Slllconlx, Matra MHS, Dialog Semiconductor. 2201 Laurelwood Road, Santa Clara, CA 95n54 Fax: 4HB-567-8995. 

TEMIC European Sales: GERMANY: 0130 8S7 320. JMTED KINGDOM: 01344-707300. FRANCE: 1-30 90 71 87. ITALY: 92 332 121. SCANDINAVIA: 08-73300®. OI99Ó TEMIC. All rigtns reservad. 
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UPCOMING MEETINGS 

Miniature Card Implementers Forum 
Info Workshop, Nov. 1. Boston, MA. 
Contact Kevin Randolph, (800) 462-
1042 or (619) 673-0870; fax (619) 673-
1432; e-mail: mcif@annabooks.com; 
http://www.annabooks.com. 

IEEE Ultrasonics Symposium, Nov. 2-
7. Hyatt Regency Hotel, San Antonio, 
TX. Contact Jeff Schoenwald, Rock¬ 
well Science Center, 1049 Camino Dos 
Rios, Thousand Oaks, CA 91360; (805) 
373-4236; fax (805) 373-4158; e-mail: 
jsschoen@scimail.remnet.rockwell.c 
om. 

IEEE Nuclear Science Symposium 
(NNS 96), Nov. 2-9.Anaheim Marri¬ 
ott, Anaheim, CA. Contact Jessica 
Quiroz, Health Sciences Research, 
Imaging Center, COM, University of 
California, Irvine, CA 92717-5026; 
(714) 824-6001; fax (714) 824-3481; e-
mail: jquiroz@uci.edu. 

GaAs REL Workshop, Nov. 3. Peabody 

Hotel, Orlando, FL. Contact Anthony 
A. Immorlica, EIA/JEDEC, JC-50 
Workshop, 2500 Wilson Blvd., Ar¬ 
lington, VA 22201-3834; (315) 456-3514 

GaAs IC Symposium, Nov. 3-6. Pe¬ 
abody Hotel, Orlando, FL. Contact 
Philip Wallace, 35 Technology Dr., 
Warren, NJ 07059-5197; (908) 412-
5987; fax (908) 412-5985; e-mail: wal-
lacepw@aol.com. 

Northcon, Nov. 4-6. Washington State 
Convention and Trade Center, Seat¬ 
tle, WA. Contact Electronic Conven¬ 
tions Management, 8110 Airport 
Blvd., Los Angeles, CA 90045; (800) 
877-2668 or (310) 215-3976; fax (310) 
641-5117; e-mail: northcon@ieee.org; 
http://www.northcon.org. 

IEEE/RJS International Conference on 
Intelligent Robots & Systems (IROS 96), 
November 4-8. Senn Life Science Cen¬ 
ter, Osaka, Japan. Contact Minoru 
Asada, Dept, of Mechanical Engineering 
for Computer Controlled Machinery, 

Osaka University, Suita, Osaka 565 
Japan; (81) 6 879 7347; fax (81) 6 879 
7348; e-mail: asada@robot-
ics.com.eng-osada-u.ac.jp. 

JEMIMA T&M 96, Nov. 5-7. Tokyo 
Ryutsu Center, 1-1-6 Heiwajima, Ohta-
ku, Tokyo 143, Japan. Contact Nobuo 
Kishino, Director, JEMIMA, 0081-3-
3502-0601; (fax) 0081-3-3502-0600. 

Ninth International Symposium on Sys¬ 
tems Synthesis, Nov. 6-8. Sheraton 
Grand, La Jolla, CA. Contact Frank Va¬ 
hid, Dept, of Computer Science, Uni¬ 
versity of California, Riverside, CA 
92521-0304; (909) 787-4710; e-mail: va-
hid@cs.ucr.edu. 

IEEE Frontiers in Education Confer¬ 
ence (FIE 96), Nov. 6-9.Marriott Ho¬ 
tel, Salt Lake City, UT. Contact 
Magdy F. Iskander, Electrical Engi¬ 
neering Dept., University of Utah, 
Salt Lake City, UT 84112; (801) 581-
6944; fax (801) 581-5281; e-mail: iskan-
der@ee.utah.edu. 

HI 
SIGNAL INTEGRITY HEADACHES? 

has 
the Proven 3D Extraction 

cure 

4. SPICE-level Accuracy 

Crosstalk increases dramatically as signal speeds rise. Courtesy 

Courtesy of AMP 
Interconnect Systems 

Courtesy of AMP 
Interconnect Systems 

Call Ansoft today. 412-261 -3200 
Or you can take two aspirin...again. 

Full-wave 
EMC Analysis 

5. Proven 
Characterization 
(non-ideal and loop 
inductance) 

6. Accelerated 
Run Times 

Courtesy of NCR Microelectronics 

3. Fast L&C Extraction 

As designs get faster, the headaches 
only get worse. 

Crosstaïk-Ground bounce-Simultaneous Ansoft 
switching noise-Parasitics-HEADACHES! 

Ansoft Corporation 
Four Station Square 
Suite 660 
Pittsburgh, PA 15219-1119 USA 

TEL (412) 261-3200 
FAX (412) 471-9427 
Internet: Slinfo0ansoft.com 
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Toshiba TLCS-900 16-bit Microcontroller Family 

When you’ve squeezed your current micro 
for all it’s worth. 

You’ve milked it for every last 
drop of functionality. Now it’s time 
to take a look at Toshiba’s new 
16-bit family of microcontrollers, 
which will give you the perfect 
combination of performance and 
integrated peripherals. 

SO 

40 to add design steps to the 
jo process. So while the core size 
20 of the current TLCS-900 is one 

of the smallest available, in the 
10 

future when it’s reduced even 
0 
mA further there won’t be any 

design change requirements. 
The TLCS-900 increases performance four times 

over a typical 8-bit MCU, while the higher-performance 
TLCS-900/H is eight times faster. The low-power 
TLCS-900/L rounds out the family. All are highly 
integrated, featuring on-chip peripherals that include 
A/D and D/A converters, DRAM controllers, serial 
interfaces, real-time clocks, and ROM, RAM or Flash 
memory. This degree of integration yields a lower parts 
count, reduced system costs and increased reliability. 

The flexible architecture of Toshiba’s 16-bit micros 
means ample room for expansion without having 

And because of its flexible architecture, we’re able to 
offer numerous derivatives. We can also provide 
a complete suite of development tools, as well as a 
number of third-party tools. 

So if increased performance, flexible architecture, 
a wide peripheral mix, low power and competitive 
pricing sound appealing, look to Toshiba’s TLCS-900 
16-bit microcontroller family. For more information, 
call us at 1-800-879-4963, or visit us on the Web at 
www.toshiba.com/taec. 

Well help take the pressure off you, and your micros. 

- SUPPORTÎD M -1 

S CMX JTASKING ©JAR SS! , softaid 
company S\STl MS ■■■ Intermetrics 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

© 1996 Toshiba America Electronic Components, Inc. 
Brand or product names mentioned herein an- trademarks or regi-tered trademarks of their resp-ctive holders. MPV-96-107 



and MACH <is a registered tra< 
© 1996 Advanced Micro Devices^ Inc. AMD. the AMD logo, and combr-ujM is thereof and Run With It are trademarks. 



MACH 5 
LETS YOU DESIGN WITH 

YOUR CPLDs 
NOT AROUND THEM 
How many times have you heard yourself say. 

MACH 5 CPLDs 

offer up to 51 2 

macrocells with 

10096 utilization. 

Choose between 

24 density-l/O 

options. 

All of the MACH 5 

CPLDs feature 

7.5 ns perfor¬ 

mance and four 

po we r/ s peed 

options per PAL 

block. 

“I like those CPLDs because I know how to work 

around their limits”? Use the MACH* family from 

AMD and you’ll find yourself working with, not 

against them. MACH 5 CPLDs provide complete gate 

utilization with the fastest speed and lowest power. 

They are engineered to make your design process 

easier with identical pinouts that allow you to 

migrate your designs across multiple MACH 5 den¬ 

sities. MACH 5 works with all of the popular EDA 

tools. Their seamless compatibility eliminates the 

need and the hassle of configuring your CPLDs with 

proprietary tools. They even reduce your design costs. 

Make your design process more productive. 

Call today for a detailed MACH 5 information packet. 

The MACH 5 

Universal 

Software Tool 

Program provides 

seamless sup¬ 

port for the 

most popular 

design software 

packages. 

The MACH 5 

price advantage 

and software 

compatibility 

dramatically 

reduce your 

overall costs. 

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

AMDS! 
Run with it. 



UPCOMING MEETINGS 

NOVEMBER 

IEEE International Conference on 
Computer Aided Design (ICCAD), 
Nov. 10-14. Red Lion Hotel, San Jose, 
CA. Contact Robert A. Rutenbar, 
Dept, of ECE, HH #3105, Carnegie-
Mellon Univ., 5000 Forbes Ave. Pitts¬ 
burgh, PA 15213; (412) 268-3334; fax 
(412) 268-2859; e-mail: ruten-
bar@ece.cmu.edu. 

Miniature Card Implementors Forum Info 
Workshop, November 11, 1996. Tbkyo, 
Japan. Contact Kevin Randolph, (800) 
462-1042 or (619) 673-0870; fax (619) 673-
1432; e-mail: mcif@annabooks.com; 
httpyAvww.annabooks.com. 

AUTOFACT 96 Conference & Exposition, 
Nov. 12-14. Cobo Center, Detroit, MI. 
Contact Society of Manufacturing Engi¬ 
neers, (800) 733-4763. 

IEEE/EMI Advanced Semiconductor 
Manufacturing Conference & Work¬ 
shop (ASMC), Nov. 12-14. Hyatt Re¬ 
gency Cambridge, MA. Contact Mar¬ 
garet Kindling, SEMI, 805 15th St. 
#810, Washington, DC 20005; (202) 
289-0440; fax (202) 289-0441; e-mail: 
mkindling@semi.org. 

Electronica 96, 17th International 
Trade Fair for Components & Assem¬ 
blies in Electronics, Nov. 12-15. Mu¬ 
nich, Germany. Contact Messe 
Munchen GmbH, Messegelande, D-
80325 Munchen; (49) (89) 5107-229; fax 
(49) (89) 5107-174. 

ACM/IEEE Supercomputing 96, Nov. 17-
22. Lawrence Convention Center, Pitts¬ 
burgh, PA. Contact Beverly Clayton, 
Pittsburgh Supercomputing Center, 
4400 Fifth Ave., Pittsburgh, PA 15213; 
(412) 268-4960; e-mail: clayton@psc.edu. 

LEOS 96, Nov. 17-22.The Westin Ho¬ 
tel, Boston, MA. Contact Melissa K. 
Estrin, IEEE/LEOS, 445 Hoes Ln., 
P.O. Box 1331; Piscataway, NJ 08855-
1331; (908) 562-3896; fax (908) 562-
8434; e-mail: m.estrin@ieee.org. 

Surface Mount Technology Associa¬ 
tions Third Technology in the Park 
Symposium, Nov. 18-21. Sheraton Im¬ 
perial Hotel, Research Triangle Park, 
NC. Contact Sue Rectenwal, SMTA 
Headquarters, (612) 920-7682; 
smta@smta.org. 
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Asia Pacific Conference on Circuits & 
Systems (APCCAS 96), Nov. 18-21. 
The Swiss Grand Hotel, Seoul, Korea. 
Contact Jae Ho Chung, Inha Univer¬ 
sity 253, Yonghyun-dong, Nam-ku 
Incheon, Kyunggi-do, 402-701 Korea: 
(82) 32 860 7420; fax (82) 32 866 7776. 

IEEE Global Telecommunications 
Conference (GlobeCom 96), Nov. 18-
22. QEII Conference Centre, West¬ 
minster, London, U.K. Contact Bob G. 
Blake, British Telecom Laboratories, 
Martlesham Heath, Ipswich, Suffolk 
1P5 7RE; 44 473 644855; fax 44 473 
647438; e-mail: blake_r_g@bt-
web.bt.co.uk. 

IEEE TENCON 96, Digital Signal 
Processing Applications, Nov. 26-29. 
Perth, Western Australia. Contact 
Australia Promotions Pty. Ltd., P.O. 
Box 1025, Bentley Delivery Centre, 
WA, 6983, Australia; (61) 9-470-2552; 
fax (61) 9-470-2556. 

DECEMBER 

DB/EXPO 96, Dec. 2-6. Jacob K. 
Javits Convention Center, NY. 
Contact Dave Codd or Karl Fos¬ 
ter, Blenheim NDN, 1975 W. El 
Camino Real, Suite 307; Mountain 
View, CA 94040: (800) 2DB-
EXPO; fax (415) 966-8934; e-mail: 
DBEXPONY@blen-usn.mhs.com 
puserve.com. 

IEEE International Electron Devices 
Meeting (IEDM), Dec. 8-11. San 
Francisco Hilton & Towers, San Fran¬ 
cisco, CA. Contact Melissa Widerkehr, 
Widerkehr & Assoc., 101 Lakeforest 
Blvd., Suite 270, Gaithersburg, MD 
20877; (301) 527-0900; fax (301) 527-
0994; e-mail: widerkehr@aol.com. 

Winter Simulation Conference (WSC 
96), December 8-11. Hotel Del Coro¬ 
nado, Coronado, California. Contact 
James J. Swain, Dept. IDE, Univer¬ 
sity of Alabama, Huntsville, Alabama 
35899; (205) 890-6749; fax (205) 890-
6608. 

35th IEEE Conference on Decision & 
Control, Dec. 11-13. International 
Conference Center Kobe & Portopia 
Hotel, Kobe, Japan. Contact Hidenori 
Kimura, Faculty of Engineering, 
Osaka University, Suita, Osaka 565, 
Japan; (810) 6 877 5111, ext. 5121. 
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Miniature Card Implementers Forum 
Info Workshop, Dec. 12. Austin, TX. 
Contact Kevin Randolph, (800) 462-
1042 or (619) 673-0870; fax (619) 673-
1432; e-mail: mcif@annabooks.com; 
http://www.annabooks.com. 

JANUARY 1997 

USELINUX: Linux Applications De¬ 
velopment & Deployment Conference, 
Jan. 6-10. Marriott Hotel, Anaheim, 
CA. Contact USENIX Conference 
Office, 22672 Lambert St., Suite 613, 
Lake Forest, CA 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; 
http://www.usenix.org. 

USENIX Technical Conference, Jan. 6-
10. Marriott Hotel, Anaheim, CA. Con¬ 
tact USENIX Conference Office, 22672 
Lambert St, Suite 613, Lake Forest, CA 
92630; (714) 5888649; fax (714) 588-9706; 
e-mail: conference@usenix.org; 
http://www.usenix.org. 

Annual Reliability & Maintainability 
Symposium (RAMS), Jan. 20-23. 
Philadelphia Marriott, Philadelphia, 
PA. Contact V.R. Monshaw, Consult¬ 
ing Services, 1768 Lark Lane, Cherry 
Hill, NJ 08003; (609) 428-2342. 

Second Annual Pan Pacific Microelec¬ 
tronics Symposium, Jan. 29-31. Shera¬ 
ton Maui Resort, Maui, HL Contact 
Jo Ann Stromberg, Pan Pacific Sym¬ 
posium, 5200 Wilson Rd., Suite 215, 
Edina, MN 55424; fax (612) 929-1819. 

FEBRUARY 

IEEE Aerospace Conference, Feb. 1-8. 
Snowmass at Aspen, Colorado. Contact 
Stephen Franklin, Deputy Program Chair, 
4800 Oak Grove Drive, Pasadena, Califor¬ 
nia 91109; (818) 393-0814; fax (818) 3934)530; 
e-mail: stephen.f.iranklin@jpl.nasa.gov.; 
http://chirp.plk.af.mil:1050/ieee/index.html. 

IEEE Power Engineering Society Winter 
Meeting, Feb. 2-6. New York Hilton & Tow¬ 
ers, NY. Contact Frank E. Schink, 14 Mid¬ 
dlebury Ln., Cranford, New Jersey 07016-
1622; (908) 2768847; fax (908) 2768847. 

Second International Conference on 
Chip-scale Packaging, Feb. 20-21. 
Sunnyvale Hilton Inn, Sunnyvale, 
CA. Contact Subash Khadpe; (610) 
799-0419; fax (610) 799-0519; e-mail: 
skhadpe@semitech.com. 



M ICROCONTROL L E R S 

For a limited time, you can order a Microcontroller Starter Kit 

IMSK/ for only $37 !n ormally $991'. For more information, call 

1-800-477-8924. ext. 6008, or visit http://www.ti.com/sc/6008 

Special $37 Starter Kit! 

Highlights of Tl's TMS370 devices: 

• Easy-to-use register-to-register architecture with 

small code size generation 

• Reduced system EMI with optional PEL clock circuitry 

• Timer coprocessor functionality via Programmable 

Acquis tion & Control Timer (PACT) 

• Increased measurement capability with up to 

15 ratiometric A/D converter channels 

• l/D robustness offering Schmitt trigger on all inputs 

• Highly efficient C compiler and common Compact 

Development Tool (CDT| emulator for all devices 

TI showers you with 73 
new microcontroller devices. 

TI has more than doubled the TMS370 8-bit microcontroller family by adding 

73 new devices, to give you one of the broadest fully compatible families in the 

industry. Choose from 13 subfamilies (135 devices) for your cost-effective 

solution among the ROM and OTP devices. And to make sure you’re first to 

market, TI supports every device with technical documentation, application 

notes, an engineering hot line and easy-to-use development tools. 

▼ 
EXTENDING YOUR REACH” 

Texas 
Instruments 

+ Price does not include shipping and handling. Orders must be received by 12/31/96. 
© 1996 TI 08-2062 



Serial/Parallel 
Conversion or 
Networks 

CY233 connects up to 255 computers, 
peripherals, or remote sites. 5v CMOS 
40-pin 1C works with RS232/422 drivers. 
300 baud to 57.6K baud. Supports a 
token in Peer or Host ring LAN modes. 
Numerous other operational modes: 

CY233 CY233 CY233 

HOST 

J CY233] 

HOST 

Host Ring LAN 
Serial 

2 CY233S per Node 

Master 
Server 

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

Host Ring 
Serial Ring Network with up to 
255 Nodes or Stations (2048 I/O Lines) 

f233j 
[CY233 

■TTL Dat, 
8-Bit I/O 

The CY233 . 
is available "*••••», 
from stock @ $45/ea, 
$30/25, $27/100, $16/Ik 
Prototyping kit also available. Call 
for free info or to order $10 manual. 

& Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 
Tel: 415-726-3000 ♦ Fax: 415-726-3003 
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EDITORIAL 

Virtual Sockets 

Something big is shaping up for the creative side of the electronics 
industry. The engineers who design ASICs may be getting a break 
that will diminish the drudgery of their jobs and release their pent-up 
creative energy now stymied by inadequate design tools on one hand 

and proprietary IC processes and cell libraries on the other. It’s called the 
Virtual Sockets Interface (VSI), and it started with the tacit admission that the 
million-transistor ASIC designs that we have been hearing about for the past 
few years were not going to happen in any significant number. Unless, of course, 
the industry sets some standard way of assembling intellectual property such 
as cores and reusing customer-designed logic blocks from previous designs. 

In essence, ASIC designers will have an environment analogous to the environ¬ 
ment board designers have enjoyed for years. In a board design, pin-compatible 
chips from different IC houses can always be expected to work together. The big 
difference is that instead of plugging chips onto boards, ASIC designers will be 
plugging intellectual property into silicon. This is possible because of virtual sockets 
and standard buses that will be defined across the industry for the first time. If a 
piece of intellectual property conforms to the standard interface, it will be reusable 
again and again. It can be mixed and matched with other VSI-defined IP. 

Once VSI’s significant implementation problems are solved, we will un¬ 
doubtedly see a revolution in the design industry. Companies such as Advanced 
RISC Machines (ARM) Ltd., Cambridge, U.K., will become a major driving 
force. Although ARM has just a few hundred employees around the world, its 
impact is much more significant because of its leveraged business model. For 
every engineer on the ARM payroll, you can count up to 20 engineers in its 
partner companies that also are working on enhancing ARM’s RISC cores. 

Since much is at stake in the VSI initiative, we can expect that there will be 
attempts to derail it. One argument that will be raised is “commoditization.” If all 
this IP is out there for anybody to use, the argument goes, how will companies 
achieve product differentiation? The answer is simple. The creativity of the chip 
architects will make the difference. But even if one accepts the commoditization 
argument, there is a bright side. Putting the ability to design of million-gate ASICs 
into the hands of hundreds (perhaps thousands) of design teams will result in a 
proliferation of affordable products of all types. In other words, the market for 
electronics will grow, and that’s good news for everybody, jshandle@class.org 
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• i Oki Semiconductor 

<1996 Oki Swriconductcr. 785 North Mery Avenue. Sunnyvale. CA S40B6-29(S Phone: 408-720-190. Fax <08-720-19® 

Competition is relentless in wireless design. So the best place to start is far 
Tig ahead. With Oki. Whether you design products for use around 
Hm I O the home> around town or around the world, only Oki has the 
fllfi advanced 3 Volt technology you need. Everything from CMOS 
U Ala baseband to the most efficient GaAs RF— complete system 

solutions for 3 Volt cordless, cellular and wireless LAN applications. 
No surprise. Oki's been offering wireless communications products from the 
industry’s inception. That’s why you find Oki’s leading-edge technology in 
products from major communications manufacturers worldwide. Once you 
begin partnering with the wireless leader, you’ll never look back. To find out 
more, visit our communications products corner, with application notes, on 
the Oki Web site at http://www.okisemi.com. Or call 1-800-OKI-6388. 

In Wireless 

Communications, 

Team Up With 

The Frontrunner. F 
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° low 
profile 
DC-DC 
verters 
«Hk 
WXjk \wk i* 

PICO 

500 
Watts 
3.3 to 5000 VDC 

FAX 914-738-8225 

rl V Electronics, Inc. 
143 Sparks Ave., Pelhem, N.Y. 10803-1889 

E Mail-HLSC73A ^prodigy-com. 

TECHNOLOGY BRIEFING 

How Do We Get To Lower-Power ICs? 

1 recently returned from the 1996 International Symposium on Low Power 
Electronics and Design. It was a conference dominated by papers from 
academia and the R&D labs of large systems houses such as Lucent 
Technologies and IBM. It provided an interesting window on a rather 

vital pin (or pins) of every IC package. That is: To what minimum and maximum 
voltages will the Vdd pin be required to connect? No concern is given as to 
whether it will be available. That is assumed. 

The majority of the papers also assumed the SIA road map was “real” and would 
be followed to the end without regal’d to economic practicality. But that’s another 
story. The papers that were presented assumed that power-supply voltages would 
drop below 2 V. U nlike last year’s conference, there was no talk of logic running off 
100-mV supply voltages while immersed in liquid nitrogen. Many papers were 
divided between process techniques, and circuit or system design techniques, that 
might further cut the power required by digital ICs. Some papers described 
mixed-signal systems working off low voltages, and others 
described sophisticated software designed to simplify 
logic-circuit redundancy. Although most of the papers 
described analog solutions to so-called digital problems, 
others described pure analog circuit problems such as 
cutting the power devoted to clocks, phase-locked loops, 
line drivers, and even a few data converters. 

There was talk of “triple-tub CMOS,” as well as adi¬ 
abatic logic and other techniques aimed at beating the 
CV2 dissipation problem. As supply voltages drop, to 
maintain performance gains provided by moving to sub¬ 
submicron CMOS, MOSFET threshold voltages must be 
lowered—a tricky business. Triple-tub CMOS gives logic 
designers flexibility. Two tubs contain n-channel FETh 

(one holds a FET with a conventional threshold voltage, the second sports a 
FET with a lower threshold voltage), and the third holds the p-channel FET. 

An evening panel discussed the relative importance of circuit/system design tied 
to special low-power synthesis software versus innovative, ultra-low-power proc¬ 
ess technology. There was little controversy. The panel members agreed that the 
processes came first and then low-power designs based on them. 

Adiabatic logic and similar energy-recycling schemes involving pre-, pulse-, 
or slow-charging of capacitors at first seem like black magic, anti-gravity, or 
perpetual motion, but their proponents claim they work. In fact, a logic family 
called domino logic was developed to implement it. (I’ll believe it works when 
I see it described someday in an Electronic Design cover story.) 

A paper by researchers at Stanford University described a digital switching 
power-supply controller for variable-frequency and voltage circuits. They put 
a ring oscillator and a PWM synchronous buck-regulator controller on a digital 
chip. The inductor, capacitors, and power MOSFETs were off-chip. The oscilla¬ 
tor determined the minimum supply voltage required to operate at a clock 
frequency that maximizes energy efficiency. The output of the supply was 
slaved to this voltage. As the CV2 load on the supply changed, both its PWM 
frequency and its output voltage changed. 

I wonder if a similar approach can be used to optimize the supply voltage of 
a power supply for ultra-fast advanced microprocessors instead of cherry-pick¬ 
ing it at the factory and creating a 4- or 5-bit code on processor pins to set the 
regulator’s output. The ring oscillator adjusts the supply voltage so that it 
oscillates at a maximum frequency, or at minimum power dissipation at some 
desired clock frequency. 

Copies of the Digest of Technical Papers (IEEE Catalog #96TH8211) are available 
fi-om the IEEE Service Center, 44 Hoes Ln., P.O. Box 1331, Piscataway, NJ 08855-1331; 
or by using ACM Order #477964 at (800) 342-6626; Europe: +44-1-865-382338. 

Please fax me your comments at (617) 227-4426. 

FRANK GOODENOUGH 
ANALOG & POWER 
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OVER 80 OFFICES NATIO 

OVER 100,000 PARTS IN STOCK 

OVER 275 MANUFACTURERS 

IDE! 

Allied 

Engineering 

Manual and 

Purchasing Guide 

Multimedia 

Catalog on 

CD-ROM 

24-Hour Modem 

Instant Access to 

Stock Inventory 

and Pricing: 

1-800-433-5003 

Same Day 

Shipment 

On The Internet — 

Order Entry, Stock 

Inventory and Pricing: 

http.//www.allied.avnet.com 

LUED ELECTRONI CS, uve 
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Introducing the 2 Meg Sync SRAM. 
Now you can achieve stellar system performance without altering your system design. 
Micron continues to lead in Synchronous Burst technology, by advancing both chip 
design and performance standards with the new 2 Meg Synchronous SRAM. 

Advanced technology to meet your design and performance needs: 

• 100-Pin TQFP (same footprint as 1 Meg) 

• JEDEC standard footprint 

• Speeds up to 133 MHz 

• High speed—doubles cache size without increased bus loading 

• More cost-effective than comparable performance alternatives 

•Available now! 

Easy to implement. Outstanding performance. And of course, Micron reliability. 
The 2 Meg Synchronous SRAM from Micron Technology—the power to propel 
you to a whole new world of possibilities. 

To apply for a product seminar or for additional product information visit Micron 
Technology's World Wide Web site at: http://www.micron.com/mti/marl<eting/ 
„ „ ... _ _ htmls/forms/syncform.html 
Call Micron DataFax”" at ' 

Configuration I/O Volt Functionality 

64Kx32 2.5vor3.3v FT.SCD.DCD 

64Kx36 2.5vor3.3v FT.SCD.DCD 

128KX16 2.5vor3.3v FT.SCD.DCD 

128Kx18 2.5vor3.3v FT.SCD.DCD 

FT- Flow through SCO - Pipeline single cycle deselect 
DCD - Pipeline double cycle deselect 

208-368-5800 and request #2344. 

8000 S. Federal Way, Boise, ID 83707-0006 • 208-368-3900 
E-mail: prodmktg®micron.com • Internet: http://www.micron.com/mti/marketing/htmls/fonns/syncform.html 

Customer Comment Line: 800-932-4992, Fax: 208-368-3342 
Micron DataFax is a service mark of Micron Technology, Inc. ©19*>. Micron Technology, Inc. 
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Instrumentation 
Software News. 

LabVIEW 4.0 - Graphical Programming for Instrumentation 
LabVIEW Version 4.0 is here and it's designed just for you! Whether your application is large or small, simple or complex, 
LabVIEW 4.0 has features designed to improve your productivity, simplify your development tasks, and integrate your 
application throughout your organization. LabVIEW 4.0 features a customizable development environment, powerful 
editing and debugging tools, open connectivity tools through OLE Automation, and the new CodeLink utility to IxlWIHV 
import C code directly into your Vis. 

New 

New LabWindowsVCVI 4.0 - Tools for C/C++ 
LabWindows/CVI, an interactive C programming environment to build virtual instruments for data acquisition and 
instrument control, now extends its powerful tools to other C/C++ programming environments. LabWindows/CVI 
Version 4.0 libraries work with compilers from Microsoft, Borland, Symantec, and WATCOM. In addition, you can 
automatically compile your C code in LabWindows/CVI into dynamic link libraries (DLLs) for use with C/C++, 
Visual Basic, or LabVIEW. 

Componentworks'' - ActiveX Controls for Visual Basic 
Componentworks is a new collection of ActiveX (OLE) controls and libraries for building virtual instalments in Visual 
Basic, Visual C++, and Borland Delphi. With Componentworks, you can acquire data from National Instruments 
DAQ products, control GPIB instruments with instrument drivers, perform advanced statistical analysis and signal 
processing routines, and build virtual instrument front panels in Visual Basic. 

New 

ComponentUlorks 

New VirtualBench ' - Turnkey Virtual Instruments 
VirtualBench is a suite of five low-cost “benchtop" virtual instruments that combine the benefits of plug-in DAQ boards, 
software, and the PC. These instruments run on a variety of National Instruments DAQ products and include a 
ready-to-run oscilloscope, function generator, digital multimeter, dynamic signal analyzer, and data logger. VirtualBench 

New Measure' - Direct Data Acquisition with Excel 
Measure for Windows adds direct data acquisition and instrument control capabilities to Microsoft Excel. With 
easy-to-use pop-up dialog boxes, you can configure data acquisition operations using National Instruments DAQ 
products or set up serial communications for any RS-232 instrument. You can transfer the data directly into your 
Excel spreadsheets. 

L Measure 

For your FREE evaluation 
copies of these software 
products on our 
Software Showcase 
call (800) 433-3488 

V NATIONAL 
^INSTRUMENTS 
r The Software is the Instrument* 

U.S. Corporate Headquarters • Tel: (512) 794-0100 • Fax: (512) 794-8411 • E-mail: info@natinst.com • WWW: http://www.natinst.com 
Branch OHices: Australia 03 9879 5166 • Austria 0662 45 79 90 0 • Belgium 02 757 00 20 • Canada 905 785 0085 • Denmark 45 76 26 00 • Finland 90 527 2321 • France 1 48 14 24 24 

Germmty 089 741 31 30 • Hong Kong 2645 3186 • Israel 03 5734815 • Italy 02 413091 • japan 03 5472 2970 • Korea 02 596 7456 • Mexico 95 800 010 0793 • Netherlands 0348 433466 

Norway 32 84 84 00 • Singapore 2265886 • Spain 91 640 0085 • Sweden 08 730 49 70 • Switzerland 056 200 51 51 • Taiwan 02 377 1200 • U.K. 0163S 523545 

© Copyright 1996 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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taking over 
the world. 

Industry standard 
pin to pin capability 
has just landed! 

Signal’s new Low Profile Transformers 

deliver all these additional benefits at 

no extra cost: 

• Construction designed to meet 

VDE/IEC/UL/CSA 

• Hermetically sealed for wave 
soldering processes 

• Encapsulated design provides superior 
protection in harsh environments 

• Rigid pin construction for easier 
board insertion 

• Mounting holes for easier installation 
and greater shock/vibration resistance 

• Improved electrical characteristics 
including regulation, temperature 

rise, efficiency, etc. 

• Dielectric strength test — 
4000 VRMS Hipot 

Add it all up and you simply won’t find 
a low profile transformer that delivers all 

the benefits that Signals does. Whether 

your product is designed for domestic or 

international markets, Signals new low 
profile transformers deliver lower initial 

cost, lower installed cost and superior 
performance. Signal Transformer. Your 

competitive edge... around the world. 

Call usf or our detailedproduct 
literature and complete specs today. 

Signal Transformer Co., Inc. 
Insilco Technologies Group 

500 Bayview Avenue 
Inwood, NY 11096-1792 
Call: 516-239-5777 
Fax: (24 hrs) 516-239-7208 
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Porous SiC Expected To It’s expected that porous silicon carbide (SiC), like porous silicon (which has 
y™ n TwAVATHT? DlMTTfTG êen extens*ve^ researched), will produce novel semiconductor devices. By 
HELD INNvVAllVE DEVICES suitable choice of the macrostructure, microstructures, and compositions of the 

porous regions, it can produce ultraviolet light-emitting diodes, ultraviolet lasers, blue electrolu¬ 
minescent devices and chemical-sensor fdters. One method that’s already been developed 
involves electrochemical etching on an SiC wafer. The wafer is mounted on a earner with a nickel 
contact, and covered completely with a black wax barrier except for the region to be made porous. 
The etching fluid in the vessel is 2.5% hydrofluoric acid and the reference electrode is a saturated 
calomel, with a platinum wire counter-electrode. A bias is applied to the contact on the wafer 
with respect to the calomel electrode. Where needed, SiC can be oxidized to insulating silicon 
dioxide at a much faster rate when it’s made porous by this method. The electrochemical etching 
can be repeated as is necessary and the process can be accelerated with ultraviolet light. For 
more information, contact Joseph Shor or Anthony Kurtz, NASA-Lewis Research Center, 
Cleveland, Ohio, at (216) 433-4000. PMcG 

HFARTNC-IMPATRFD Pl ACF three-month trial underway in Texas enables people who are hard of 
Cat T C Tnt QtCM T AvrrACr hearing, speech-impaired, and/or deaf to communicate electronically in Ameri-
LALLo IN Ö1GN LANGUAGE can Sign Language. Until now, hearing-impaired subscribers relied on inex¬ 

pensive telephone text terminals (TDDs) to pass messages to each other. Specially equipped 
operators, known as relays, currently provide text-to-speech/speech-to-text services, allowing 
the hard of hearing to use operator assistance or directory services, as well as communicate with 
telephone users. Recently, some hearing-impaired individuals have been using computer video¬ 
conferencing technology, which permits them to communicate in their native sign language. 
Unfortunately, they must still rely on TDDs to access operator services and “talk” with hearing 
people. The experimental service, jointly developed by Sprint Communications and the Texas 
Public Utility Commission, will demonstrate the feasibility of providing the same relay services 
using videoconferencing technology. 

Known as Relay Texas Video, the three month trial will provide traditional relay services for 
the deaf using videoconferencing technology. A Sprint interpreter viewing the live video relays 
the conversation in voice or sign language with the person being called. Individuals anywhere 
in t he state can participate, providing they’re rigged with the proper equipment. Basic require¬ 
ments are an ISDN line and a desktop computer equipped with an H.320-compatible videocon¬ 
ferencing system. For individuals who don’t have the hardware at home, public facilities were 
installed in Austin, Big Springs, Dallas, El Paso, Fort Worth, Pharr, and Corpus Christi, with 
others to possibly follow. The service will be available until November 30, 1996 from 8 A.M. 
through 8 P.M. A video relay operator can be reached by calling 888-VRI-TEST. For further 
information about the project, call James Fisher at (202) 828-7406. LG 

teBhnõlogy 
• NEWSLETTER 

VTRTUAI SCRFFNTNC TJSFD Biomedical engineers are using virtual-reality imaging to develop a colon 
Tn DviWT Pni Av f\  vrru cancer screening test that’s more comfortable, convenient, and less expensive 
10 DEI ELI COLON LANCER than the standard exam. David Vining, M.D., assistant professor of radiology 

at the Bowman Gray School of Medicine, Rosslyn, Va., has developed a method of using a spiral 
CT scan to build a three-dimensional image of the entire colon. The scan itself takes about 50 
seconds. The patient lies on a table, which moves through a rotating X-ray beam. Minutes later, 
the patient can go home. The X-ray data then is processed into a computer image that’s 
color-enhanced—the brightly colored areas indicate the location of the polyps. Another major 
advantage of the virtual exam is cost. A colonoscopy typically costs from $900 to $1500, while 
the virtual exam using spiral CT might cost $450 to $650, says Vining. 

A preliminary study in 30 patients showed the test to be as accurate as a colonoscopy. However, 
the image processing takes too long for routine clinical use. Vining’s group is working to reduce 
the image-processing time and improve clarity. Plans are to screen 200 volunteers to assess 
improvements in the system and compare results with those of a colonoscopy. For further 
information, contact Frank Blanchard at (703) 528-2430; e-mail: fb@whitaker.org, Web: 
http://bme.www.ecn.purdue.edu/bme. RE 
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The SP8538 in an 8-pin NSOIC package is ideally 

Introducing the new SP8538, 12-bit ADC that 

redefines price/performance leadership in the micro¬ 

power range. It delivers dynamic performance of 

SP8538 is a direct replacement for (Linear Tech) LTC 1298. 

73dB Signal to Noise Ratio at a mere 1,25mW. Plus, 

the simple 3-wire SPI serial interface works easily 

with a wide range of microprocessors and micro¬ 

controllers. Noisy environments? The SP8538 with 

its "True" differential inputs and a Common Mode 

Noise Rejection (CMR) of 11 OdB @ 60Hz is the 

solution to your problem. 

suited for Battery-Operated Systems, Portable Data 

Acquisition Instrumentation, and Remote Sensing. 

If your application calls for best-in-class perfor¬ 

mance at micropower, you need to select an IC 

from SIPEX's broad line 

of 12 Bit A/D and D/A 

converters. For data sheets 

and technical information, 

contact SIPEX at the 

number or web site 

listed below. 

22 Linnell Circle, Billerica, MA 01821 
Tel. 508-667-8700 Fax 508-670-9001 

web site: www.sipex.com 

Benefits Sipex_ Linear Tech_ Condition 

Cost $4.20 $5.20 @1kqty 
Power 0.56mW 2.2mW @5v and 90ps 
Complete Cycle Time 40ps 90ps @5v 
Inputs True Differential Pseudo Differential 
Linearity 1 LSB 2 LSB 
Crosstalk -120dB -66dB CH1=1MHzsqr 

wave, CHO = 4.5v 
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TECHNOLOGY ADVANCES 

Video Display Technology Enables Transparent 
3D Color Images Inside Clear Fluorescent Glass A graduate student at 

Stanford University, 
Stanford, Calif., 

Elizabeth Downing, has de¬ 
veloped a novel 3D video 
display technology that not 
only utilizes a new method 
of producing three-dimen¬ 
sional images, but provides 
significant advantages over 
available 3D technologies. 
Manufactured through fund¬ 
ing from a $350,000 grant 
from the U. S. Navy in 1993, 
as well as support from the 
U. S. Defense Advanced Re¬ 
search Projects Agency 
(DARPA), the display effec¬ 
tively marries a number of 
key components including 
semiconductor lasers, fluo¬ 
rescent glasses, and scan¬ 
ners. In conjunction with 
these governmental agen¬ 
cies, the project was also as¬ 
sisted by researchers from 
SDL Corp., San Jose, Calif., 
who provided the required 
diode lasers and other associ¬ 
ated electronics, and Robert 
Macfarlane, an expert in up-
conversion, IBM, San Jose, 
Calif., who helped identify 
the proper glasses needed to 
create the display’s three dif¬ 
ferent colors. While at the 
moment only a prototype, 
the display device, roughly 
one square foot in size, is able 
to produce 3D color images 
inside a sugar-cube sized 
solid fluorescent glass cube. 

The concept of display¬ 
ing 3D objects in fluores¬ 
cent glass dates back to 
the mid 1960s. It was not 
until recently, however, 
that the technology had 
advanced enough to make 
such a concept plausible. 

In fact, the difficulties that 
can ainse from working with 
fluorescent glass have only 
now been solved. For exam¬ 
ple, finding the appropriate 
glass mixtures to use for the 
3D video display would 

have been virtually impos¬ 
sible 20 years ago, because 
the variety of fluorescent 
glass materials available 
today simply didn’t exist. 

As opposed to some of the 
more conventional 3D tech¬ 
nologies, the 3D video dis¬ 
play technology creates an 
image that doesn’t just ap¬ 
pear to be three dimen¬ 
sional. Rather, it is actually 
drawn in three dimensions. 
Consequently, more than 
one person can view the im¬ 
age at the same time. Remi¬ 
niscent of a limitation that 
affects holographic or ste¬ 
reo pairs (techniques for 
producing 3D images), the 
3D video display produces 
emissive, as opposed to re¬ 
flective images. The advan¬ 
tage of this feature is that 
the images can be easily 
seen in ordinary room light. 
At the heart of the 3D 

fluorescent glass display is 
a scientific principle known 
as “upconversion.” Accord¬ 
ing to this principle, when 
certain atoms from the 
rare-earth family are 
struck in rapid succession 
by two infrared laser beams 
of light of slightly different 
wavelengths, visible light is 
emitted. To translate this 
fact into a working display, 
small amounts of these at¬ 
oms are doped into a cube of 
fluorescent glass as impuri¬ 
ties. Then, two infrared la¬ 
ser beams are directed 
through the glass. At their 
point of intersection, a point 
of visible light is created. 
Then, the two laser beams 
are scanned vertically, hori¬ 
zontally, backward, and for¬ 
ward through the volume of 
the cube. Through strict 
control of the points where 
the two beams intersect, 
visible images are pro¬ 
duced. To date, this method 
has successfully produced I 

3D wire figures, surfaces, 
and simple solid shapes. 

To generate color images, 
the fluorescent glass display 
utilizes another well-known 
technique whereby impuri¬ 
ties that create red, green, 
and blue colors are mixed 
into the fluorescent glass in 
separate layers. Next, these 
layers are placed very close 
together. Then, as the laser 
beams enter the glass, adja¬ 
cent color layers are stimu¬ 
lated at approximately the 
same time, causing the dif¬ 
ferent colors to fuse into a 
single colored dot. 

In the current prototype 
model of the display, three 
thick layers of glass, each 
doped with the impurities 
that create red, green, and 
blue, are employed. Conse¬ 
quently when looking at the 
image, a pink object ap¬ 
pears in front of a green ob¬ 
ject that appears in front of 
a blue object. In an actual 
display, however, 3D ob¬ 
jects of any color could eas¬ 
ily be created by utilizing 
thousands of groupings of 
red, green, and blue doped 
glass layers. 

The display, while still in 
development, has two fore¬ 
seeable drawbacks. Pri¬ 
marily, since the surface im¬ 
ages formed are transpar¬ 
ent, unlike most 3D tech¬ 
nologies which are opaque, 
a certain number of applica¬ 
tions, such as television or 
desktop computer displays, 
would be virtually impossi¬ 
ble. Other applications, 
such as medical imaging 
and scientific simulation, 
would see this as an advan¬ 
tage since transparent im¬ 
ages accurately show all the 
features of an object. 

Another disadvantage of 
the display technology is 
that it takes roughly 500 
times as much data to con¬ 

struct a 3D object as it does 
to draw the same object in 
only two dimensions. To 
overcome this limitation, 
holographic storage tech¬ 
nology is being investi¬ 
gated. With its high-speed 
data-transfer capability, it 
is conceivable that this 
technology could effec¬ 
tively be used to drive the 
fluorescent glass display in 
the future. 

Of all the potential ap¬ 
plications for which the 
display could be used, the 
one that holds the most 
promise is medical imag¬ 
ing. Currently, the tech¬ 
nology in use for MRI, 
CAT-scan, and ultrasound 
imaging requires a series of 
two-dimensional flat pic¬ 
tures on different planes to 
be stacked on top of one an¬ 
other. Images produced by 
this technology are opaque, 
potentially hiding some of 
the features of a surface be¬ 
ing examined— a distinct 
disadvantage. On the other 
hand, the new 3D video 
technology can produce 
more accurate images lead¬ 
ing to more accurate diag¬ 
nosis. With the current pro¬ 
jected cost of a 10-in. fluo¬ 
rescent glass display at 
roughly $80,000, this im¬ 
provement in clinical diag¬ 
nosis is expected to more 
than justify the cost. 

Further investigations 
relating to the 3D video 
technology include appro¬ 
priate storage technologies, 
methods for sizing up the 
display, and avenues of 
commercialization. 
For more information, 

contact the Stanford Univer¬ 
sity News Service at (415) 
723-2558, email: info@news-
service.stanford.edu, or the 
www at: http://www.stan-
ford.edu/news/. 

CHERYL AJLUN1 
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TECHNOLOGY ADVANCES 

Advanced processors And Graphics/multimedia 
Chips Make Their Debut At The Microprocessor Forum 

Providing a glimpse 
into the near future, 
presentations at this 

week’s Microprocessor Fo¬ 
rum, the Fairmont Hotel, San 
Jose, Calif., whetted design¬ 
ers’ appetites for high-per¬ 
formance, feature-rich proc¬ 
essors. Boasts of CPUs with 
new highs in floating-point 
performance, instruction sets 
enhanced for processing 
video, new features to stream¬ 
line memory use, as well as 
other enhancements domi¬ 
nated many of the sessions. 

Additional presentations 
covering graphics and multi¬ 
media showed off the efforts 
of many companies to de¬ 
velop dedicated and pro¬ 
grammable processors for all 
aspects of multimedia. 

In a session dedicated to 
advances in the X86 architec¬ 
ture, Intel Corp., Santa 
Clara, Calif., detailed the 
multimedia extensions that 
it has embedded in the mi¬ 
croarchitecture of the forth¬ 
coming enhanced Pentium 
processor, the P55C (elec¬ 
tronic design, May IS, p. 
H). And countering the 
MMX efforts that Intel has 
put forth, designers from 
Cyrix Corp., Richardson, 
Texas, unveiled the details of 

the M2 processor, a 6x86-
class CPU with MMX-like in¬ 
structions, a larger cache and 
additional enhancements. In 
addition, Advanced Micro 
Devices Inc. (AMD), Austin, 
Texas, gave designers a peak 
at the K6, its next-generation 
CPU that includes multime¬ 
dia enabling features and a 
new microarchitecture that 
provides a significant per¬ 
formance boost over the com¬ 
pany’s previous chip, the K5. 
The K6 wfll be performance-
competitive with the Intel 
Pentium Pro processors. 

The Cyrix M2 will include 
a superscalar X86-compat-
ible core with optimizations 
for both 16- and 32-bit code, 
and the ability to operate at 
clock rates from 180 to 225 
MHz (initial releases). The 
chip will be able to drop into 
a 6x86 socket and packs about 
6 million transistors into a 
chip area of less than 200 mm2 
thanks to a 0.35-pm, 5-layer 
metal process. A total of 57 
new instructions have been 
added to the X86 instruction 
set that will provide hill 
MMX compatibility. 

On the processor chip, 
Cyrix’s designers spent more 
than half then- transistor 
budget on the 64-kbyte unified 

cache and other smaller 
translation buffers, line 
caches, branch history ta¬ 
ble, branch target cache, 
and return stack. Enhance¬ 
ments to the data path and 
floating-point unit allow 
them to handle new data 
types as well-packed byte, 
word, double-word, and 
quad-word formats and 
eight new media registers 
support the multimedia op¬ 
erations. Like the Intel 
MMX operating mode, the 
Cyrix extensions do not re¬ 
quire a new processor state; 
they use existing floating¬ 
point context switch 
mechanisms, thus provid¬ 
ing compatibility with ex¬ 
isting operating-system 
and application software. 

The rising importance of 
multimedia in home as well 
as business applications has 
started to make its impact on 
the world of CPU design. 
Over the last few years, 
Hewlett-Packard Co. (H-P), 
Cupertino, Calif., and Sun 
Microsystems Computer 
Co., Mountain View, Calif., 
have both modified their 
CPU data paths and added 
instructions to better ma¬ 
nipulate video data and exe-

I cute MPEG algorithms. 

Now, Intel, Cyrix, and AMD 
have done the same, and 
more companies also are fol¬ 
lowing suit. 
For example, Digital 

Equipment Corp. (DEC), 
Hudson, Mass., has extended 
the Alpha instruction-set ar¬ 
chitecture to reduce the over¬ 
heads in processing motion 
video, and the MIPS Tech¬ 
nologies Division of Silicon 
Graphics Inc., Mountain 
View, Calif., also detailed ex¬ 
tensions to the MIPS archi¬ 
tecture and instruction set 
that will accelerate the com¬ 
putations needed to process 
multimedia data streams. 

Peter Bannon, a processor 
architect at DEC, detailed 
the motion-video instruction 
enhancements to the Alpha, 
which will allow host-based 
MPEG-2 video encoding for 
future Alpha-based desktop 
systems—the first CPU chip 
to do real-time encoding 
without hardware assist. 
The commands support sin-
gle-instruction/multiple-da 
ta (SIMD) operations and 
provide Pack and Unpack in¬ 
structions for pixel merge 
and de-merge parallel opera¬ 
tions. The extensions also 
provide clamping instruc¬ 
tions for saturation control 

SIMD functionality without SIMD instructions 

Fig. 1 
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Designers set standards for excellence in our most critical industries. Often, lives and livelihoods 
depend on the circuits you design. Your goal: design better circuits faster. Since our inception, MicroSim has been setting the 

standards for desktop EDA systems tha’ enable you to do just that. Try our evaluation software. See how MicroSim can help you 

set tomorrow's standards. 

Setting 
th e —i 

E 

SCHEMATIC ENTRY 
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SIMULATION 

PROGRAMMABLE 
LOGIC SYNTHESIS 
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I 
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Contact MicroSim at 1.800.245.3022 or 714.770.3022 
You can visit our Web site: http://www.microsim.com or call our faxback number: 714.454.3296 E-mail: SaleS@m¡CrOS¡m.COm 
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TECHNOLOGY ADVANCES 

on pixel operations. Another 
key addition to the instruc¬ 
tion set is a pixel-error in¬ 
struction— this command re¬ 
places a sequence of about ten 
instructions that would be 
needed when executing mo¬ 
tion-estimation algorithms. 
This instruction reduces the 
CPU overhead on motion es¬ 
timation from 61% to only 
15%, thus freeing up consid¬ 
erable CPU resources for 
other tasks. 

Designers at MIPS have 
made similar observations 
about the benefits of optimiz¬ 
ing the instruction set for 
multimedia and have thus 
created the MIPS V instruc¬ 
tion set architecture, which 
was unveiled at this week’s 
conference. Part of the en¬ 
hanced architecture is a split 
64-bit data path that allows 
for what the company calls 
paired single data types— 
SIMD functionality without 
SIMD instructions. Basically, 
the 64-bit-long data word is 
divided into two 32-bit sub¬ 
words, which are treated as 
independent values but syn¬ 
chronized to the flow through 
the data path (Fig. 1). In the 
case of a floating-point multi¬ 
plication, the first two num¬ 
bers are loaded into a 64-bit 
register that is split into two 
32-bit registers, C and D. 
Then the next two numbers 
are loaded into another 64-bit 
register that is also split into 
two sections, A and B. 

When the multiplication 
occurs, A is multiplied with 
C, and the 32-bit product is 
saved in a third register (half 
of a 64-bit register). Simi¬ 
larly, the product of B times 
D is saved in the other half of 
the third 64-bit register. Con¬ 
sequently, two results are 
produced every instruction 
cycle. That lets the processor 
to deliver twice the floating¬ 
point throughput of previous 
versions— ideal for many 3D 
graphics algorithms. 
The enhancements in¬ 

cluded in the MIPS V archi¬ 

tecture, the MDMX instruc¬ 
tion extensions, consist of 
many new instructions for 
signal processing. One new 
feature is the ability to split 
the data path into as many as 
eight subsections that can 
operate in SIMD fashion, 
executing up to eight identi¬ 
cal operations in parallel and 
providing up to an eight-fold 
reduction in algorithm exe¬ 
cution time. Unlike other 
processors that accumulate 
the results in their 64-bit ac¬ 
cumulator, MIPS’ designers 
increased the accumulator to 
192 bits. That allows each of 
the eight computations to re¬ 
tain their precision during in¬ 
termediate computations 
and thus improve the visual 
or audio quality of the proc¬ 
essed output signals. 

Pushing RISC architec¬ 
tures to even higher perform¬ 
ance, designers at DEC, 
Hewlett-Packard Co., IBM 
Corp., Austin, Texas, Quan¬ 
tum Effect Designs Inc., 
Santa Clara, Calif., and Expo¬ 
nential Technology Inc., San 
Jose, Calif., presented details 
of their next-generation 
processors. With about dou¬ 
ble the throughput of almost 
every other processor now 
shipping, the 21264, a su¬ 
perscalar version of the DEC 
Alpha processor, gets much of 
that performance increase 
through the use of an aggres¬ 

sive out-of-order execution 
scheme and clock speeds that 
exceed 500 MHz. 
Tackling extensions to 

well-established product 
lines, designers at Quantum 
Effects Designs detailed an 
extension to the MIPS IV ar¬ 
chitecture targeted at low-
cost workstations and high-
end embedded markets. Tar¬ 
geted for operation at an in¬ 
ternal clock frequency of 300 
MHz, the RISCMark 7000 
will be fabricated in a 0.25-p 
CMOS process that yields a 
chip area ofj ust 80 mm2. That 
will result in an estimated 
performance of more than 10 
SPECint95 and also greater 
than 10 SPECfp95. 

The chip employs a two-
way superscalar architec¬ 
ture with large, integrated 
level-1 and level-2 nonblock¬ 
ing write-back caches. The 
level-1 instruction and data 
caches are 16 kbytes each, 
and both have 4-way set as¬ 
sociativity and a 32-byte line 
size. The L2 cache is 256 kby¬ 
tes and is also 4-way set as¬ 
sociative and has a 32-byte 
line size. An off-chip level 3 
cache of up to 8 Mbytes also 
can be added. 

The system interface al¬ 
lows for two simultaneous 
outstanding read operations, 
and a mode bit is included to 
allow the chip to be setup in a 
backwards-compatible oper¬ 

ating mode for the R4600 and 
R5000 CPUs. And for debug¬ 
ging support, the chip in¬ 
cludes two watch registers 
with mask fields that can be 
configured to watch for data 
or instruction activity. Also 
included on the chip are per¬ 
formance counters and JTAG 
boundary-scan test logic. 

In addition, H-P disclosed 
details on the PA-8200, a fol¬ 
low-on to the PA-RISC 8000 
that will eliminate some of 
the system bottlenecks H-P 
designers encountered with 
their first 8000-family mem¬ 
ber. Aiming for the highest 
floating-point throughput of 
any IBM microprocessor to 
date, designers from IBM 
detailed the P2SC Power2 
Super Chip, a single-chip im¬ 
plementation of the Power 
architecture. 
Unannounced but in¬ 

cluded in the program at the 
conference are the first de¬ 
tails of the biCMOS imple¬ 
mentation of the PowerPC 
architecture by Exponential 
Technology. The X704 CPU 
is a bus-compatible exten¬ 
sion of the PowerPC60x ar¬ 
chitecture that can operate at 
internal clock speeds of 466, 
500, or 533 MHz. Such high 
clock rates and a superscalar 
architecture that issues up to 
three instructions each cycle 
allow the chip to defiver a 
SPECint95 rating of be-

SH4 processor 
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Write back/Write through selectable by page 

Instruction Data 
(8 kbytes) (16 kbytes) 

_ Bus unit_ 

Glueless Interface to 
EDO. SDRAM, SGRAM, etc. 
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Data bus 

M 
Full MT operatin 

1-kbyte/4-kbyte/64-

BU 
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DMA controller (4), programmable power 
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real-time clock, serial port (2), user breaks 
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Lattice ISP. The Speed Leader! 
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TECHNOLOGY ADVANCES 

tween 11 and 13. And since 
the chip is bus-compatible 
with the (504, it can work with 
existing PowerPC chip sets 
such as those from Apple 
Computer Inc., Cupertino, 
Calif., or the Firepower proc¬ 
essor (now part of Motorola). 

Implemented in a 0.5-pm 
biCMOS process, the chip 
combines high-speed bipolar 
logic with dense low-power 
CMOS cache memory (Fig. 
2). Thus, the chip occupies 
less than 150 mnr and will be 
housed in a 356-lead BGA 
package that has a built-in 
heat spreader to help deal 
with the expected 75-85 W of 
power the chip will dissipate. 
A unique on-chip Blast-
Cache interface between the 
dual internal Level 1 instruc¬ 

tion and data caches (2 kby¬ 
tes each) and a unified 32-
kbyte Level 2 cache pro¬ 
vides an 8-Gbyte/s peak 
transfer bandwidth be¬ 
tween the two levels over 
two independent 64-bit 
data paths. The dual on-
chip caches and the fast up¬ 
dates improve the cache hit 
ratio and CPU throughput. 

The x704 architecture al¬ 
lows up to three instructions 
to be issued every cycle and 
employs superscalar exten¬ 
sions, a six-stage internal 
pipeline, and strong branch 
prediction (and fast recovery 
from mispredicted branches) 
to minimize program execu¬ 
tion overheads. Up to five un¬ 
resolved branches can be 
handled, and just three cycles 

are needed to recover from a 
mispredicted branch. 
RISC-based embedded 

processors also will benefit 
from architectural and proc¬ 
ess improvements. The first 
superscalar implementation 
of the SH architecture was 
divulged by Hitachi America 
Ltd., the SH-4, while Sun Mi¬ 
crosystems detailed the core 
architecture of the picoJava 
processor, including a de¬ 
scription of the special hard¬ 
ware support integrated on 
the chip to support the Java 
byte-code instruction set. 

Three additional MI PS-
compatible processors were 
also unveiled, one for low-
end desktops and high-end 
embedded systems devel¬ 
oped by Quantum Effect De¬ 

sign, another by LSI Logic 
Corp., Milpitas, Calif., tar¬ 
geted at cost-sensitive appli¬ 
cations, and a new member 
from the ARM camp, the Pic¬ 
colo, with an architecture 
that merges DSP and micro¬ 
controller functions. 

Like previous members of 
the SH family, the supersca-
lar SH4 processor developed 
by Hitachi employs a 16-bit 
instruction set and is up¬ 
ward-compatible with all 
members except for the SH-
DSP version. Employing a 2-
way superscalar architec¬ 
ture, the chip can deliver a 
top throughput of 3(50 MIPS 
when clocked at 200 MHz. 
Yet it consumes just 1.8 W 
(Fig. 3). With first silicon ex¬ 
pected in the first quarter of 
next year, Hitachi plans to 
initially fabricate it with a 
0.35-pm, four-level metal 
CMOS process. But by mid-
1998, it will shift to a 0.25-pm 
rule set that should yield a 
chip area of just 6.5 by 6.5 
mm. The lowr-power design 
techniques used—such as 
pass-transistor logic—also 
allow the company to offer a 
lower-power version that 
consumes just 100 mW when 
clocked at 100 MHz. 

Targeted at graphics, the 
chip includes a special 128-bit 
processing block that han¬ 
dles 3D graphics geometry 
computations in conjunction 
with the on-chip 64-bit float¬ 
ing-point unit. The combina¬ 
tion achieves a peak 
throughput of 1.4 GFLOPS 
when running at 200 MHz. 

Internally, the main data 
path of the SH4 includes a 
32-bit integer unit, a 64-bit 
floating-point unit, a cache 
subsystem that contains 8 
kbytes of instruction cache 
and 16 kbytes of data cache, 
and a bus interface that pro¬ 
vides a glueless interface to 
extended-data-output 
(EDO) DRAMs, SDRAMs, 
SGRAMs, and other memo¬ 
ries. Also included on the chip 
is a memory-management 
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To modify an IC, you 
can spend weeks going 

back to square one. 
Or only hours 

going through a 
Micrion FIB system 

Until recently, if you wanted to modify an IC 
prototype, you had to go back to the circuit lay¬ 
out—and spend weeks redesigning, remasking 
and refabricating. 

But now you can have a revised, fully func¬ 
tioning prototype in a matter of hours. All you 
need is a Focused Ion Beam system from 
Micrion. Like the market-leading Micrion 9000. 

It lets you perform microsurgery on your IC quickly and easily. It 
also gives you high resolution imaging for a better view of the 
device features, unparalleled system stability for more accurate 
machining, and our patented charge neutralization technology to 
prevent electrostatic discharge (ESD) damage. 

So next time you need to rewire a prototype, don't go back to the 
drawing board. Go to your phone and call Micrion at 508-531-6464. 

We'll save you some expensive, time-consuming steps. So you 
can get those new designs to market faster. 

An IC Modified By Focused 

Ion Beam Technology. 

The Micrion 9000 
Focused Ion Beam System. 

^Micrion 
Where the future is in focus. 

Micrion Corp., One Corporation Way, 

Centennial Park. Peabody. MA 01960-7990 
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unit (MMU) with a unified 64-
entry translation look-aside 
buffer (TLB) and a 4-entry 
microinstruction TLB, the 
graphics processor, and pe¬ 
ripherals—a DMA controller, 
three timers, real-time clock, 
dual serial ports, an interrupt 
controller, and programma¬ 
ble power management. 

First details of the pico¬ 
Java core architecture were 
also disclosed by Robert Gar¬ 
ner, director of Java Media 
Processors at Sun Microelec¬ 
tronics. The processor is 
aimed at providing fast, na¬ 
tive execution of Java byte 
codes with no code-size ex¬ 
pansion. To do that, its de¬ 
signers defined the picoJava 
I CPU to include a simple 
RISC-style four-stage pipe¬ 
line with a 64-entry hardware 
stack with a background spill 
and fill algorithm. The algo¬ 
rithm ensures data in the 
stack is kept current—when 
the stack oveiilows, the algo¬ 
rithm writes the oldest data 
back into the cache, and when 
the stack empties, the algo¬ 
rithm reloads the stack with 
the latest data. And to im¬ 
prove the performance of the 
stack, the picoJava-1 exe¬ 
cutes the extra load opera¬ 
tions associated with the 
stach architecture simultane¬ 
ously with the compute in¬ 
structions, thus hiding about 
60% of the load operations. 
The architecture can 

switch tasks quickly, pro¬ 
vides a low interrupt latency, 
includes hooks for in-circuit 
emulation support, handles 
big- and little-endian data 
formats, and allows for in¬ 
struction breakpoint and ad¬ 
dress watchpoint traps to 
ease software debugging. 
Some simple benchmarks for 
the picoJava-1 include javac 
and raytracer that can be run 
on Intel Pentium processors 
using just-in-time compila¬ 
tion or an interpreter. In 
those two cases, and noiinal-
izing the Pentium perform¬ 
ance to 1 (at 100 MHz), the 

interpreted code for javac 
and raytracer, respectively, 
executes at 0.46X and 0.37X 
that of the Pentium. On the 
other hand, the same bench¬ 
marks execute at 5.2X and 
5X that of the JIT compila¬ 
tion (for the picoJava-1 
simulated for a clock speed 
of 100 MHz). 

The Java instruction set 
consists of about 200 op codes 
that are divided into five cate¬ 
gories—arithmetic, shift, and 
logical, constants, conver¬ 
sions, and stack operations in 
the first category; load/store 
from local variables and ob¬ 
ject fields in the second; con¬ 
trol transfer and compare in 
the third; method invocation 
and return in the fourth; and 
lastly, array, object, monitor, 
exception, and several other 
commands in the fifth group. 
Most instructions will exe¬ 
cute in one to three instruc¬ 
tion cycles, with the underly¬ 
ing mechanism for instruc¬ 
tion ranging from hardwired 
for the fastest-executing op¬ 
erations, state-machine and 
microcode-driven operations 
for more complex, not as 
time-critical commands, and 
trap and emulate mechanism 
for the most-complex infre¬ 
quent operations. 

Moving from the high to 
the low end, the TinyRISC 
from LSI Logic uses a similar 
strategy as put forth by Hi¬ 
tachi—it has 16-bit instruc¬ 
tions to minimize code space. 
The initial version will be the 
TR4101, a 2-mm" core that 
can be used in ASIC designs. 
The 32-bit CPU consumes 1 
mW/MHz when operating 
from 3.3V. Lower-power and 
higher-performance ver¬ 
sions are in development. 

Based on the recently-re-
leased MIPS1*’ architecture, 
the TinyRISC employs a 
new instruction set that al¬ 
lows mixed-mode operation 
with both 16- and 32-bit com¬ 
mands. The CPU uses a trae 
subset of the MIPS I and II 

I architecture and employs a 

three-stage pipeline with a 
unified instraction/data 
path. Most of the 32-bit in¬ 
structions can be translated 
into a 16-bit format and in¬ 
ternally decompressed on-
the-fly into a 32-bit format. 

The Tiny R ISC core can op¬ 
erate at a maximum clock fre¬ 
quency of about 70 MHz, de¬ 
livering a throughput of 
about 60 Dry stone MIPS. 
Verilog and VHDL models 
are available for designers to 
use in their ASIC designs. A 
hardware evaluation chip 
also will be available. 

Many of today’s applica¬ 
tions are demanding both 
control capabilities and the 
ability to process signals 
(everything from servo loops 
to audio). Tb do that, design¬ 
ers at Advanced RISC Ma¬ 
chines Ltd. (ARM) devel¬ 
oped a merged CPU/DSP ar¬ 
chitecture dubbed Piccolo 
that was described at this 
week’s conference. The chip 
consists of an ARM 7TDMI 
processor core (the Thumb 
core) and a high-performance 
DSP block (120 MIPS and a 
32-bit instruction set), as well 
as on-chip caches and periph¬ 
erals (Fig. It). 

In the combined architec¬ 
ture, the Piccolo DSP block 
has its own program counter 
and instruction set, and 
fetches all of its instructions 
from a private buffer. On the 
other hand, the ARM core 
generates all data addresses 
for the Piccolo and all data 
transfers take place across 
the internal coprocessor in¬ 
terface. The chip can then 
execute functions such as a 
16-tap finite-impulse-re-
sponse(FIR)filterinjust815 
clock cycles, and a 256-point 
in-place FFT in 6617 cycles. 

Dedicated chips for multi¬ 
media applications show 
what can be done with a more 
targeted architecture. Chro¬ 
matic Research Inc., Sunny¬ 
vale, Calif., for instance, is 
showing off its second-gen¬ 
eration Mpact processor, 

which went through major 
internal enhancements to 
achieve a many-fold im¬ 
provement in 3D perform¬ 
ance and a higher level of 
integration. Targeting 
MPEG and other multime¬ 
dia applications, Fujitsu 
Ltd., Kawasaki, Japan, 
Samsung Corp., San Jose, 
Calif., and Oak Technology 
and MicroUnity, both in 
Sunnyvale, Calif., all de¬ 
tailed high-performance 
multimedia support chips. 

Based on a RISC core, the 
Oak processor is targeted at 
digital versatile disk (DVD) 
applications that include the 
execution of decoding algo¬ 
rithms for MPEG-2 and AC-3 
audio. It combines a vector 
signal processor block for sig¬ 
nal processing (audio, video, 
telecom, and graphics data) 
and an ARM7 core for control 
operations. Trying a long-in¬ 
struction word approach, the 
Fujitsu MMA was initially 
developed as a coprocessor 
for SPARC-based systems. 
The chip has a peak through¬ 
put of 1 Goperation/s. Lastly, 
MicroUnity detailed a Me-
diaProcessor designed for ca¬ 
ble modems and other broad¬ 
band applications. 

The conference also played 
host to several key invited 
presentations. For openers, 
Goi-don Moore, chief execu¬ 
tive officer of Intel, discussed 
the history of the microproc¬ 
essor in this, its 25th year. Ad¬ 
ditional perspectives were 
presented by Bernard Pueto, 
founder of Concord Consult¬ 
ing, Portola Valley, Calif., who 
focused on the lessons 
learned from computer his¬ 
tory; Len Shustek of Net¬ 
work General Corp., also in 
Portola Valley, who examined 
ways to preserve the history 
of the computer and micro¬ 
processor; and lastly, David 
Liddle, a partner at Interval 
Research, who examined mi¬ 
croprocessor applications in 
the next 25 years. 

DAVE BURSKY 
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ISO9001 CERTIFIED 

New Product Update 

New, Switched-lntegrator Transimpedance Amplifier 
IVC102 is a precision integrating amplifier with FET op amp, on-chip integrating capacitors, 
and low leakage FET switches that can convert low-level ioput current to output voltage. 
It integrates low-level input current for a user-determined period, and stores the resuiting 
voltage on the integrating capacitor. The output voltage can be held for accurate 
measurement. Ideal for amplifying low-level sensor currents from photodiodes and 
ionization chambers, as well as leakage current measurement and current/charge-output 
sensors. ICV102 can integrate positive or negative input current. Key specs: 750fA max 
input bias current, 0.005% nonlinearity, low charge injection, and fast pulse integration. 
Available in 14-pin plastic DIP and SO-14 surface-mount packages and priced from 
$4.25 in 1000s. 

Reader No. 80 FAXLINE No.l 1329 

Single Supply Low Power Operational Amplifiers 
0PA234 series of single supply general purpose op amps features low power and excellent 
de performance. Available in single (0PA234), dual (0PA2234) and quad (0PA4234) 
versions—they're pefect for portable and battery-powered applications. In single supply 
operation, the input common mode range extends below ground and the output can 
swing to within 50mV of ground. It can drive large capacitive loads—up to 10.OOOpF in 
unity gain. Dual and quad feature completely independent circuitry for lowest crosstalk 
and freedom from interaction. Key specs: 2.7V to +36V (±1.35V to ±18V) supply range, 
250pA/amp quiescent current, 25nA max input bias current, and 10OpV max offset voltage. 
Single and dual are available in 8-pin DIP and SO-8 surface-mount packages; quad in 
14-pin DIP and SO-14 surface-mount packages. 0PA234 is priced from $0.98 in 1000s; 
0PA2234 is $1.76; 0PA4234 is $3.23 

New Product Guide 
Our new Product Guide highlights 
industry-standard and recently 
introduced products. This 90 
page brochure contains product 
descriptions and applications, 
circuit diagrams, specifica¬ 
tions, selection guides, and 
selection trees. Use it as a 
quick reference for easy 
product selection. Free 
from local salesman or call (800) 548-6132 

Reader No. 82 

ta^MiHinaM»6ainA«p-lS02S4 
tortn—mit»» AapBOKS 
OpealiMwi Amp IM 
Buffer Amp -ISQ253 

Precision 3-Port 

Isolated Amplifier Family 
IS0253. IS0254, IS0255. and ISO256 comprise a new 
family of precision, three-port isolated amplifiers specifically 
designed for industrial and process control applications. 
ISO253 is a buffer amp; IS0254 is a programmable gain 
amp; ISO255 is an instrumentation amp, and ISO256 is an 
operational amp. All have a 1500Vrms continuous isolation 
rating and 2500Vrms for one minute—they’re ideal for 
applications such as thermocouple, RTD, and pressure 
bridge isolators, medical instrumentation, power monitoring, 
analytical and biomedical measurements, and test equipment. 
All are available in a 0.6" 28-pin plastic DIP package. 

IS0253 key specifications: 
Nonlinearity.±0.01% 
IMR.115dB at 50Hz 
IS0253 is priced from $36.40 in 1000s. 

ISO254 key specifications: 
Gain....1,10,100,1000, 
Input bias current.5nA 
Voltage output.±10V 
Input offset voltage.±625pV 
ISO254 is priced from $43.70 in 1000s. 

IS0255 key specifications: 
Gain.1 to 10,000 
Input bias current.10nA 
Input offset voltage.125pV 
IS0255 is priced from $41.85 in 1000s. 

IS0256 key specifications: 
Nonlinearity.±0.046% 
Input bias current.3nA 
IS0256 is priced from $39.15 in 1000s. 

Reader No. 81 FAXLINE No. 11318 Reader No. 83 FAXLINE No. 11310, 11308, 11312, 11311 

Burr-Brown Corporation 
BURR-BROWN 

Burr-Brown Corporation • P.O. Box 11400 «Tucson, AZ • 85734-1400 • Cai! (800) 548-6132 or use FMLINE (800) 548-6133 • http://www.burr-brown.com/ 



TECHNOLOGY ANALYSIS 

Analysis Tools Target P<-
Board Design-Cycle Front End 

Utilizing Pc Board Analysis Tools 
Decreases Design Iterations, Cost, 

And Time To Market. 

40 

Cheryl Ajluni The rising speed and complexity of high-performance compo¬ 
nents have raised substantial physical issues that can result in 
design malfunctions if they are ignored during the functional 
design process or, if they are addressed in a sequential fashion. 
Until now, board-level designs were driven by layer minimiza¬ 
tion and manufacturability. Current designs are being driven 
by such constraints as massive siliconization, interconnect de¬ 

lays at the deep submicron and board levels, faster on- and off-chip board 
clock speeds, and signal paths that span across a number of multiple- pack¬ 
aging hierarchies. 

These malfunctions can lead to a string of costly iterations, and are 
becoming more difficult to fix after the fact. What’s needed is a new ap¬ 
proach: An innovative design paradigm that will enable better management 
of the functional and physical design relationships, as well as simultaneous 

1
1. EDANAVIGATOR FOR WINDOWS COMPLEMENTS traditional 
CAE/CAD tools for both engineers and layout designers. It provides easy-to-use hierarchical 
floorplanning, partitioning, interactive and automatic placement, constraint management and 
multiconstraint trade-off optimization. The screen capture depicts some of this functionality 
through its depiction of thermal, routability, and electrical advisors guiding interactive 
placement with multiconstraint trade-off analysis. 

optimization of a board across multi¬ 
ple performance domains. Whether re¬ 
ferred to as performance engineering, 
correct by design, correct by construc¬ 
tion, or top-down design, it all boils 
down to the same thing—a dramatic 
decrease in design iterations, cost, and 
time to market. The way to get there, 
according to many in industry, is by 
bringing back-end physical design 
processes as far up front in the design 
cycle as possible. In other words, the 
design toolsmustplayapreventiverole 
rather than a reactive one. 

In the past, it was not uncommon for 
a design engineer to sketch out a design 
and then simply “throw it over the wall” 
to the layout engineer. But the complex 
nature of today’s designs have made 
this method almost impossible. Analy¬ 
sis tools currently on the market have 
offered some help, but they are typi¬ 
cally used in the back-end where it is too 
late to fix some of the more costly mis¬ 
takes. And, because most tools are 
based on a sequential use model, only 
one engineering constraint can be dealt 
with at any given time. Yet, increasing 
design complexity also increases the 
probability that a design solution that 
satisfies one constraint will violate 
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STRATEGIC PARTNERS 
WORKING TOGETHER 
Information has always been a part of the developmental strategy needed for success in the OEM market. In today’s fast-paced, 
competitive global market environment, technology information 
has become a priority. Systems designers not only want to know 

what their strategic supply 
partners are doing today, but 
where they’re going. Designers 
and suppliers must now work in 
tandem to align enabling 
technology with the customer’s 
system requirements. These 
strategies demand strong 
partnerships in the development 
of competitive products. 

A third strategic partner 
completes this alliance. This 
partner’s mission is to observe 
and report today’s product 
availability by its editorial staff 
of respected experts, while 
constantly probing for the next 
generation of enabling 

technology. The constant flow of exclusive and vital information 
helps to bring systems designers and suppliers together as 
strategic partners. It also provides engineers and engineering 
managers with an enhanced ability to bring more competitive 
products to market, faster. 

Electronic Design is that strategic information partner — a 
partner who provides the information that helps the systems 
designer make those critical decisions that stay the course of the 
technology road map. 

ELECTRONIC DESIGN 

Audio-IC Technologies Tc ckle New Challenges p. 47 

Gigabit MANU 64-bit CPU» Sat Iba Digital Pace p. bl 

Technology Road Maj 

HYour Strategic Information Partner. 

ELECTRONIC DESIGN 
TIME 



PC-BOARD DESIGN TOOLS 

several others. For example, while 
placing components close together 
may minimize silicon real estate and 
help meet timing constraints, it may 
also cause unacceptable thermal ef¬ 
fects or manufacturing problems. 
Without the available tools to handle 
more than one constraint at a time, 
numerous design iterations and sev¬ 
eral prototyping turns are inevitable. 

Another factor instigating a change 
in the flow of pc-board design tools is 
siliconization. This technology has 
provided designers with a number of 
complex silicon building blocks, and 
consequently, the ability to design 
boards with radically different func¬ 
tions next to one another. Having this 
new-found flexibility means that plan¬ 
ning a design, positioning compo¬ 
nents, and fashioning interconnect 
tends to be more critical than ever. 

Mentor Graphics Offers Complete 
High-Speed PCB Board Design Solutions 

3. MENTOR GRAPHICS WILL LEVERAGE the interconnect technology 
from Interconnectix within the electrical performance portion of its current pc-board tool 
design cycle. This will help designers attain single-pass design success. 

Ultimately, electrical behavior, tim¬ 
ing, EMI, thermal, and noise con¬ 
straints play a much more crucial role 
than physical rules in determining the 
nature of a design. 

High-speed boards also have con¬ 
tributed to the need for a more mod¬ 
ern design approach. With board 
speeds passing 50 MHz, layout has 

become a critical issue in overall sys¬ 
tem performance. The design of com¬ 
plex interconnects guided solely by 
design constraints passed down from 
engineering is no longer viable. Engi¬ 
neers left to their own wits to define 
and resolve conflicting high-speed en¬ 
gineering constraints, while ensuring 
the performance of literally hundreds 

2. CADENCE’S BOARDQUEST OFFERS ENGINEERS an intuitive 
environment to explore net topologies and characterize design performance prior to physical 
implementation. Using a combination of logical and physical design abstractions, design 
engineers can proactively perform constraint trade-offs, timing-guided placement, 
termination synthesis, and form-factor analysis. Boardquest provides access to analysis tools 
via a smooth integration, eliminating the need for special library or database translators. 

of critical signals within individual 
boards and across entire system con¬ 
figurations, are fighting a losing bat¬ 
tle. These challenges are compounded 
by the fact that product life cycles are 
continuing to shorten. Using tradi¬ 
tional methods of pc-board layout 
and having to spend weeks debug¬ 
ging and fixing the problems just 
doesn’t cut it anymore. According to 
Harris EDA, Fishers, New York, 
building and testing multiple proto¬ 
types is no longer a viable method of 
ensuring that a complex design will 
work as specified and that it will be 
successfully manufactured. If you 
haven’t done system-level analysis 
by the time you get to the pc-board 
layout stage, it’s already too late. 

The Benefits Are... 
Moving the back-end physical de¬ 

sign processes as far up front as pos¬ 
sible in the design cycle sounds sim¬ 
ple enough, but in reality, it requires 
a highly-intuitive tool set. For exam¬ 
ple, engineers should have the abil¬ 
ity to conduct prelayout exploration 
and sketch possible net implementa¬ 
tion schemes to make important de¬ 
sign trade-offs. Although this 
method of design means that a great 
deal of time is invested in the design 
before it is laid out, many in industry 
would agree that it’s nothing com¬ 
pared to the time it would take to go 
through multiple iterations. 

As an example, thermal analysis is 
typically done after a board is laid out, 
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in order to check for hot spots which 
could cause a board failure. If a hot 
spot is located, the designer must go 
back and fix the problem. However, by 
bringing thermal analysis up front, 
the problem could be detected and 
prevented before the board is ever 
laid out. Signal integrity is another 
analysis technique that could prove 
more useful if used early on in a design 
cycle. By checking the signal integrity 
well before a design schematic even 
exists, architectural decisions, such as 
partitioning, can be made in an in¬ 
formed manner based on solid, accu¬ 
rate information. 

Since the use of analysis tools up 
front allows for a fair amount of explo¬ 
ration and enables design trade-offs, 
the designer is better able to under¬ 
stand the implications of issues re¬ 
lated to the physical aspect of the de¬ 
sign, such as thermal integrity, timing 
performance, electromagnetic inter¬ 
ference, and reliability. This knowl¬ 
edge empowers the designer to make 
more educated decisions in the design 
process, thereby eliminating many 
costly design changes down the line. 
In addition, by fully addressing these 
issues as they pertain to a specific 
pc-board design, the designer can 
achieve a more optimized, higher-per¬ 
formance design. 

As high-speed board design contin¬ 
ues to evolve, designers are being 
forced to play a more interactive, 
hands-on role in the design process. 
Eying this change, pc-board tool 
vendors are scrambling to be the 
first to find the “Holy Grail” of the 
EDA industry, a pc-board design so¬ 
lution that enables first-pass design 
success. While some may look to 
point tools for the answer, many be¬ 
lieve that the only possible way to 
attain this goal will be through the 
development of a highly integrated 
tool suite that emphasizes flexibility 
yet, affords its users the benefit of 
an open environment. 

The Solutions 
Recognizing the limitations of the 

traditional pc-board design-layout 
tools, many pc-tool vendors are now 
offering tools that bring analysis as 
far up front in the design cycle as pos¬ 
sible. For some vendors, this is not a 
recent move. Harris EDA, for exam¬ 
ple, has had one prime focus since its 

■ 4. THE WAVEFORM display tool, Wavescope, emulates a virtual oscilloscope during physical design, a function not previously offered in pc-board design-tool packages. 

management buyout in 1993—to 
bring analysis to the front end. In May 
1994, that goal was met with the intro¬ 
duction of EDAnavigator. Based on a 
client-server architecture that 
streamlines the flow of the design 
data, it plugs into existing design en¬ 
vironments to compliment traditional 
CAE and CAD tools (Fig. 1). Bridging 
the gap between logical and physical 
domains, it maintains data consis¬ 
tency and allows for both automatic 
and interactive trade-offs between 
key analog parasitics. The EDAnavi¬ 
gator also has the capability to read 
existing shape libraries from a variety 
of different sources. 

Designers using this tool can ex¬ 
plore floorplanning and partitioning 
options based on form factor, quickly 
place designs using timing and 
manufacturing constraints, and then 
further analyze and optimize de¬ 
signs for routability, electrical per¬ 
formance, thermal effects, and other 
critical physical metrics. User-de¬ 
fined net classes and constraints al¬ 
low the designer to specify timing 
rules on critical nets. 

One of the benefits of EDAnaviga¬ 
tor is its automatic and interactive 
post-layout analysis. This feature pro¬ 
vides the designer access to fully ex¬ 
plore any number of design alterna¬ 
tives, enabling design optimization 

much earlier in the design cycle. Be¬ 
cause E D Anavigator it relies on a pro¬ 
prietary simulated evolution algo¬ 
rithm, user-guided automatic realiza¬ 
tion of fully placed pc boards is possi¬ 
ble in minutes rather than days. 

EDAnavigator is complemented by 
Design Explorer, a powerful set of in¬ 
teractive floorplanning, hierarchical 
physical partitioning and placement 
functions, and Design Advisors for 
predictive analysis across multiple 
domains. The Advisor Backplane and 
Arbitrator also are available to man¬ 
age multidomain performance trade¬ 
offs. According to Laurence S. 
Liebson, president and chief execu¬ 
tive officer of Harris EDA, “Both en¬ 
gineers and layout designers are us¬ 
ing EDAnavigator to reduce overall 
design time by 25% or more and elimi¬ 
nate multiple, costly prototype spins.” 
EDAnavigator software is available 
on Unix, and on Windows NT, 95, and 
3.11 platforms. 

ISIS, offered by Viewlogic Sys¬ 
tems, Marlboro, Mass., consists of 
point tools that include ISIS 
PreVUE, ISIS Analyzer, and ISIS 
Designer. They are all integrated into 
one environment known as Con¬ 
straints Management System (CMS). 
With ISIS, engineers can conduct a 
series of trade-offs, provide fast criti¬ 
cal circuit optimization, and model in-
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terconnect on a net-by-net basis. The 
combination of logical and physical de¬ 
sign parameters during analysis pro¬ 
vides a comprehensive approach to 
overall design optimization. 

ISIS PreVUE, which can be util¬ 
ized at any stage of the design cycle, 
provides a conceptual prototyping 
scratch-pad environment, along with 
spreadsheets to evaluate and analyze 
transmission lines. In this environ¬ 
ment, signal performance and integ¬ 
rity can be optimized by performing 
what-if trade-offs. Information from 
these trade-offs can then be used as 
the electrical constraints for the de-
sign-in question. Physical parameters 
such as board stack and conductor di¬ 
mensions also can be evaluated and 
optimized. In addition, the tool pro¬ 
vides a means of matching device logic 
and the corresponding termination 
and net topology strategies prior to 
completion of the schematic. Wizards 
also are available to help graphically 
model signals and net topology strate¬ 
gies. The wizards ensure quick access 
into the impact of various approaches. 

ISIS Analyzer enables circuit opti¬ 
mization through dynamic floorplan¬ 
ning and analysis. The tool works by 
performing a signal integrity analysis, 
using actual physical design data on 
components as they’re placed. A 
graphical interpretation of the results 
is displayed, allowing the designer to 
make educated decisions regarding 
the choice of components. An intelli¬ 
gent checking feature, based on 
proven shape-based technology from 
Cooper and Chyan Technology, Cu¬ 
pertino, Calif., compares signal 
threshold constraints with actual 
simulation or analysis results. The 
feature also provides designers with 
results that match the needs and con¬ 
straints of the downstream CAD lay¬ 
out environment. These results are 
then transported to a CMS spread¬ 
sheet and back-annotated to MO¬ 
TIVE for static timing analysis. Infor¬ 
mation from the signal integrity and 
timing analysis can be utilized to auto¬ 
matically create constraints via the 
automatic constraint synthesis 
(ACS). ACS also can decide which 
paths are the most critical, in order to 
specify the net priority for the pur¬ 
poses of placement and routing. 

According to Omniview Inc. Pitts¬ 
burgh, Pa., part of the solution for 

decreasing cost, design iterations, and 
time-to-market involves addressing 
many of the critical questions (Will 
bus contention be a problem? Are 32 
processors really overkill?) early in 
the design cycle. To accomplish this 
task, the company developed the 
performance modeling workbench 
(PMW). By bringing together the 
speed and power of VHDL, graphi¬ 
cal architecture entry, automatic 
model generation, and advanced 
graphical analysis, PMW can not 
only answer those questions, but can 
rapidly create a number of alternate 
hardware and software architec¬ 
tures. These models can then be 
simulated and analyzed for perform¬ 
ance metrics of such things as la¬ 
tency and throughput. The PMW 
tool suite includes a hot spot ana¬ 
lyzer that utilizes a color scale to 
show the variance over time of se¬ 
lected performance parameters in 
the hardware architecture diagram, 
histograms, activity time lines 
(which display a performance pa¬ 
rameter for a given hardware ele¬ 
ment of software task versus time), 
and an analysis control panel (en¬ 
ables playback of the simulation 
transcript). If more elaborate tools 
are required, the performance data 
generated in PMW can be easily ex¬ 
ported to most spreadsheets, such as 
Mentor Graphics’ DSS. 
The PMW offers a number of 

benefits not previously possible. 
Primarily because it models soft¬ 
ware and hardware separately, com¬ 
parisons of the performance of alter¬ 
nate hardware/software architec¬ 
tures can be easily made. It also al¬ 
lows for simple identification of bot¬ 
tlenecks and overdesigns, as well as 
exploration of trade-offs between 
single- and multithreaded imple¬ 
mentations. Because PMW is based 
on a generic parametrized VHDL 
model library, the designer can 
write custom performance models 
that can be reused in future designs. 
Currently, most performance mod¬ 
els are proprietary and must be 
thrown away when the designer pro¬ 
ceeds to the next design step. 
The PMW fully supports a VHDL 

top-down design methodology. Its 
output directly feeds into the input of 
Fidelity, another product offering 
from Omniview that specifically fo-
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cuses on providing a smooth transi¬ 
tion between the conception and the 
realization of a hardware design. With 
this tool, the engineer simply inputs a 
high-level description of the intended 
design, in either a block diagram or 
VHDL format, along with require¬ 
ments and constraints into Fidelity. In 
a matter of minutes a synthesized 
component-level layout-ready sche¬ 
matic is created. According to the 
company, it transforms conceptual de¬ 
signs to rapidly create and evaluate 
alternative hardware architectures, 
and handle the tedious, time-consum¬ 
ing, and error-prone tasks of compo¬ 
nent selection, timing analysis, and 
detailed electrical design. Basically, it 
removes the grunt work of board¬ 
level design so the designer can spend 
more time on the what-ifs. 

Using add-in advisors, Fidelity also 
allows for the concurrent manage¬ 
ment of a variety of other non-electri-
cal factors that can affect the design. 
These factors include dependability, 
testability, manufacturability, parti¬ 
tioning, and specialized packaging. In¬ 
telligent trade-offs between conflict¬ 
ing requirements also can be made 
without having to be an expert in each 
domain. Other features include ar¬ 
chive specifications and preferences 
for retrieval and reuse, simplification 
of new-part entry, and automatic tim¬ 
ing-equation generation. Fidelity has 
no language requirement or behav¬ 
ioral code to write. 

An object-oriented design archive 
captures the entire design environ¬ 
ment including architecture, require¬ 
ments, and constraints. Subsequently, 
designs can be retrieved later, and 
quickly re-run to access the impact of 
key technology insertion, or to reengi¬ 
neer spares for older systems. Fidel¬ 
ity version 1.2 is currently available 
on Sun SPARCstations using SunOS 
version 4.1.2 operating system or 
later, or Solaris version 1.X and 2.3 
operating system or later. It’s also 
available on HP9000 platforms using 
the HP-UX A.9 version operating 
system or later. 

Cadence, San Jose, Calif., is another 
company with solutions for the design 
of high-speed complex components. 
Cadence’s solution, known as per¬ 
formance engineering, differs from 
other pc-board tools in the design 
methodology by focusing on the en-
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tire design process to ensure the 
integrity of the design intent 
throughout the exploration, de¬ 
sign, and implementation of high¬ 
speed systems. It embeds an auto¬ 
mated-constraint continuum into 
the front-to-back process and pro¬ 
vides an engineering function-ori¬ 
ented— rather than tool-driven— 
environment for trade-offs and de¬ 
riving the optimum set of design¬ 
specific rules and guidelines. This 
set-up resolves negotiable technol¬ 
ogy constraints. 

Cadence’s pc-board design tool, 
Boardquest, defines and uses high¬ 
speed engineering constraints to en¬ 
sure the performance of critical sig¬ 
nals within individual boards and 
across entire system configurations 
(Fig. 2). It does this by providing a 
dynamic engineering planning envi¬ 
ronment for single-board designs that 
include form-factor analysis, package¬ 
conscious performance tradeoffs, ter¬ 
mination synthesis, and on-line post¬ 
layout verification of target con¬ 
straints. It also allows for simultane¬ 
ous performance optimization across 
multiple domains such as timing, sig¬ 
nal integrity, EMI, thermal, reliabil¬ 
ity, and manufacturability. This capa¬ 
bility enables designers to proactively 
characterize and continuously refine 
design performance as partitioning 
decisions across an entire multiboard 
system are made. Using Boardquests 
SigXplorer, designers can perform 
what-if interconnect topology explo¬ 
rations as early in the design cycle 
process as they like. 
The Boardquest tool utilizes a 

unique synthesis technique to auto¬ 
matically create terminators across 
single- and multiple-board configura¬ 
tions based on interconnect perform¬ 
ance criteria. The synthesis employs a 
proprietary algorithm to accurately 
predict when terminators are re¬ 
quired, and to determine the proper 
termination schemes within the con¬ 
text of a specific design. 

Using the Boardquest tool, a de¬ 
signer can accurately constrain physi¬ 
cal packaging based on timing, signal 
integrity, EMI, and thermal perform¬ 
ance constraints derived during ear¬ 
lier exploration stages. Any design¬ 
specific engineering rules that result 
from this process, such as net topol¬ 
ogy, pin ordering, or min/max cros-
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stalk values, can then be used to drive 
the detailed physical implementations 
of the design without requiring fur¬ 
ther designer intervention. 

Another Boardquest feature is the 
ability to store pre-defined topology 
templates. Designers can use these 
templates for application to nets dur¬ 
ing the system design and board floor¬ 
planning stages for quick verification 
of design performance. The topology 
can then be automatically imple¬ 
mented by Allegro’s correct-by-de-
sign layout tools. 

Boardquest is fully integrated with 
Cadence’s front-to-back board-design 
solution, including Concept and Com¬ 
poser design entry, and the Design for 
Analysis tools of SigNoise, EMControl, 
Thermax and Viable, and the Allegro 
correct-by-design layout system. Avail¬ 
able in targeted product design envi¬ 
ronments (PDE), Boardquest configu¬ 
rations starting at $19,000 include sys¬ 
tem design planning, timing-guided 
board floorplanning, form-factor analy¬ 
sis, and automatic constraint manage¬ 
ment. It’s available on Unix worksta¬ 
tions and servers from Sun Microsys¬ 
tems, IBM, and Hewlett-Packard. 

Mentor Graphics, Wilsonville, Ore., 
has recently acquired Interconnectix, 
Beaverton, Ore. Interconnectix 
brings its interconnect-synthesis 
technology, which actively addresses 
the interconnect model through the 
use of high-level electrical abstrac¬ 
tions of interconnect (in terms of tim¬ 
ing and signal-purity specifications), 
to drive the creation of physical inter¬ 
connect structures. By adding this 
technology to its Board Station and 
Board Station 500 family of products, 
Mentor Graphics hopes to develop a 
complete pc-board design solution 
that combines electrically driven in¬ 
terconnects with high-speed design 
for manufacturability (Fig. 3). 

Board Station and Board Station 
500 are based on an integrated system 
design methodology that fully inte¬ 
grates the entire design flow from 
system-level design through final 
manufacturing output. Board Station 
is specifically designed for pc-board 
design and layout. Integrated with 
the company’s other EDA tools, it 
shares a common database that en¬ 
compasses schematic capture, simula¬ 
tion, electronic packaging, physical 
layout, manufacturability, testing and 
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documentation. A user interface en¬ 
ables coordination of shared informa¬ 
tion between engineers defining pc-
board logic, and those working at the 

device level. 
Board Station 500, an integrated 

high-speed design system, provides 
users with the comprehensive func¬ 
tionality needed for designing high¬ 
speed pc boards. It includes timing 
and constraint-driven place-and-
route algorithms, as well as high¬ 
speed analysis to control and ana¬ 
lyze physical effects, and to maintain 
signal integrity. 
This past July, Cooper & Chyan 

Technology (CCT) Inc., Cupertino, 
Calif., announced an agreement to 
acquire UniCAD, Inc., Ottawa, On¬ 
tario, Canada, a company specializ¬ 
ing in pc-board electrical integrity, 
analysis, and optimization tools. 
CCT, known for its fast circuit inter¬ 
connection software for pc boards, 
multichip modules (MCMs), and ICs, 
intends to leverage the tools offered 
by UniCAD to provide an integrated 
next-generation solution. According 
to Jack Harding, CCT’s president 
and chief executive officer, “Beyond 
clock speeds of 66 MHz, the high¬ 
speed pc-board interconnect prob¬ 
lem requires a tight coupling be¬ 
tween place-and-route software and 
analysis tools. While the acquisition 
of Interconnectix provides us with 
more products to sell, we are pri¬ 
marily interested in its future poten¬ 
tial to offer an integrated solution 
built from customer-proven point 
tools.” CCT’s next-generation sys¬ 
tem would allow the router to embed 
the analysis tool, resulting in cor¬ 
rect-by-construction routed and 
placed pc boards, and accelerated 
design times. 

Synario Design Automation, Red¬ 
mond, Wash., traditionally a key 
player in Windows-based EDA tools 
for CPLD/FPGA design, also has 
plans to address both logical and 
physical design constraints via 
analysis prior to pc-board layout. An 
announcement is expected later this 
year about a comprehensive Win¬ 
dows-based EDA solution that will 
allow designers to maintain their de¬ 
sign flows from IC through system 
design. The solution will provide en¬ 
try, simulation, and pc-board layout 
interfaces, as well as incorporate a 
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top-down methodology for the design 
of systems and boards. 

An interesting development out of 
VeriBest Inc., Boulder, Colo., is a sig¬ 
nal integrity analysis tool for high¬ 
speed pc-board designs. Known as the 
VeriBest PCB Signal Analyzer, it sup¬ 
plements the VeriBest PCB design 
and Design Capture package offering 
(Fig. 4). The software package in¬ 
cludes tools for layout, analysis, and 
manufacture of high-complexity pc 
boards that specifically address the 
critical timing issues designers must 
contend with as they move to higher 
clock speeds and densities. VeriBest 
PCB and Design Capture are linked 
through InterTool Communication 
(ITC) to help ensure that their data¬ 
bases are always in sync, notifying the 
designer of any changes. This connec¬ 
tion significantly reduces the risk of 
schematic and pc-board mismatch. Of¬ 
fering true IBIS compatibility, 
VeriBest PCB allows for analysis and 
simulation in the same environment, 
as opposed to other tools that require 
some form of translation from the de¬ 
sign to the simulation tool to be able 
to work with the schematic. It also 
provides its own virtual oscilloscope, 
Wavescope, that allows verification of 
wires and displays simulated results. 

The VeriBest PCB Signal Analyzer 
is significant because it, in conjunction 
with the VeriBest interactive router, 
enables designers to quickly analyze 
and tune nets, ensuring board-level 
timing requirements are met and haz¬ 
ards are eliminated. Also included in 
the tool are a placement analysis tool, 
waveform rules checker that offers 
autorouting capability, and transmis¬ 
sion-line simulation including cros¬ 
stalk analysis. By moving these analy¬ 
sis functions forward in the design 
process, the VeriBest PCB Signal 
Analyzer improves time to manufac¬ 
turing through the elimination of the 
time-consuming, repetitive process of 
post-layout analysis. Available for use 
on Windows NT, the VeriBest PCB 
Signal Analyzer costs $10,000. □ 

Cheryl Ajluni’s e-mail address is: 
cjajluni@class.org. 

How Valuable? 
Highly 
Moderately 
Slightly 

Circle 
549 

550 

551 

Where to order 
your new 

TMS320C3X DSK 

8OO/777-AMOW 

HAMILTON || HALLMARK 

800/350-6103 
www.hh.avnet.com/tigate.html 

marshall 
800/877-9839x3075 

www.marshall.com/pub/tis/tisindex.htm 

WYLE 
800/414-4144 

www. wyle. com/ti/c3xdsk. html 

▼ 

Texas 
Instruments 
Authorized Distributor 
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D S P S 0 L U T O N S 

Stop dreaming about DSR 
Start designing the easy way. 

Ever dreamed of using digital signal processing in your design? Wake 

up to the new ’C3x DSK from TI. The first, floating-point, 32-bit DSP 

starter kit. It’s fast and easy and costs only $99. It will get you design¬ 

ing with floating-point DSPs quickly, while allowing you to develop 

software code right on your own PC. 

The ’C3x starter kit is not a toy. It’s a real and expandable devel¬ 

opment platform to experiment with and develop real-time digital 

32-bit TMS320C3x DSK 

Contact your authorized TI distributor on the facing page. 

50-MHz 'C31 DSP-based board 
DSK assembler, debugger 
and sample applications 
TLC32040 Analog Interface Circuit 
(AIC) with 14-bit resolution 
PC connector cable 
Complete set of user guides 
Plus $99 discount coupon 
on purchase of 'C3x EVM 

signal processing applications. In fact, what you work on today can 

be used in future developments. 

So what are you waiting for? Start designing with DSPs today. You 

could wake up to a DSP Solution tomorrow. 

Visit us al http://www.ti.com/sc/cS.rdsk on the Internet. 

▼ 
EXTENDING YOUR REACH" 

Texas 
Instruments 

© 1306 TI 
08-1924 



DALLAS 
SEMICONDUCTOR 

Here are some of the choices you get: 

■ Linear or non-linear characteristics 

If it’s not in the source 
It’s not in the sound. 

Whether your application is audio, telecommunications, multi-media, industrial or PC, Dallas has what 
you need with the most complete line of Digital Potentiometers in the marketplace. Dallas pots give you 
advantages in device control, reliability, power consumption, accuracy, and available packaging options. 

■ 3 V, 5 V or dual +5V operation 

■ Volatile and nonvolatile devices 

■ I OK, 50K and 100K versions 

□ Singles, duals and hextets 

■ Commercial and industrial 
temperature grades 

■ Five interface control options 

Sound good? 
Just give us a call 
at (214) 450-0448 
to hear more. 

.»SX*"*"’ 

Visit our Web site at http://www.dalsemi.com/ 
4401 South Beltwood Parkway, Dallas, Texas 75244-3292 ❖ Phone: 214-450-0448 ❖ Fax: 214-450-3715 

For high-end audio or portable variable gain 
applications, the DS 1802 Dual Digital Audio Taper 
Potentiometer delivers all of the sound and none of the noise. The DS 1802 features 
two potentiometer channels, each with 63 1 dB steps. Keep the clean, true sound with 
a mere .002% THD at 1 kHz. 

Digital Potentiometer Products 
Device 

Pots/ 
Pock. 

Wiper 
Memory 

# of 
Positions 

Resistance Power 
Supply 

Control 
Interface 

DS1267 2 Volatile 256-Lin 10K, 50K, 100K 5V,+5V 3-Wire Serial 

DS1666 1 Volatile 128-Lin 10K, 50K, 100K 5V, ±5V Increment/Decrement 

; DS1667 2 Volatile 256-Lin 10K, 50K, 100K 5V, +5V 3-Wire Serial 

¡ DS1669 1 Nonvolatile 64-Lin 10K, 50K, 100K 4.5V to 8.0V Pushbutton 

DS 1800 2 Volatile 128-Log 50K 2.7V to 5.5V 3-Wire Serial/PB 

DS1801 2 Volatile 64-Log 45K 2.7V to 5.5V 3 Wire Serial 

DS1802 2 Volatile 64-Log 45K 2.7V to 5.5V 3-Wire Serial/PB 

DS 1803 2 Volatile 256-Lin 10K, 50K, 100K 2.7V to 5.5V 2-Wire Addressable 

DS1804 1 Nonvolatile 100-Lin 10K, 50K, 10CK 2.7V to 5.5V Increment/Decrement 

DS1806 6 Volatile 64-Lin 10K, 50K, 100K 2.7V to 5.5V 3-Wire Addressable 

DS 1807 2 Volatile 64-Log 45K 2.7V to 5.5V 2-Wire Addressable 

DS 1866 1 Volatile 8-Log 10K 2.7V to 5.5V 3-lnput Parallel 

DS1867 2 Nonvolatile 256-Lin 10K, 50K, 100K 5V, +5V 3-Wire Serial 

DS1868 2 Volatile 256-Lin IOK, 50K, 100K 5V, +3V 3-Wire Serial 

DS 1869 1 Nonvolatile 64-Lin ’OK, 50K, 100K 3.0V to 8.0V _ Pushbutton_| 
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COVER FEATURE 

A Design-For-Test Tool Automatically 
Inserts Built-In Self-Test Structures Into 

ICs, And Does A Better Job OfI t. 

Higher Coverage, Lower 
Overhead Enhance Logic BIST 

B John Novellino 
uilt-in self-test (BIST) offers de¬ 
signers several advantages that 
are becoming more widely recog¬ 
nized as ICs become larger and 
more complex. On-chip test cir¬ 
cuitry eliminates test-point ac¬ 

cessibility problems, reduces pattern counts, and 
facilitates at-speed testing. It also protects intel¬ 
lectual property in core-based ICs. But, in the 
case of random-logic, BIST use has been limited by 
a reluctance to accept higher area overhead, lower 
test coverage, and longer test sequences. 

Now, those problems associated with logic 
BIST are addressed by a design tool called 
LBISTArchitect, which automatically inserts 
BIST structures into ASICs, ICs, and core 
designs. The software offers designers the 
flexibility to make trade-offs and meet design 
goals while supplying at-speed fault coverage 
equivalent to that of leading-edge automatic 
test-pattern-generation (ATPG) tools. LBIS¬ 
TArchitect was developed jointly by Mentor 
Graphics Corp., Wilsonville, Ore., Texas In¬ 
struments Systems Group, Dallas, Texas, and 
McGill University, Montreal, Canada. 

With LBISTArchitect, designers can self¬ 
test random-logic circuitry using up to 40% 
fewer test points than previously needed. Lev¬ 
eraged with the company’s other DFT tools, 
the new software offers 100% coverage of test¬ 
able faults. Additionally, designers can per¬ 
form trade-off analyses for test coverage, run 
time, and area overhead in order to find the 
optimum combination for their applications. 

The new tool is based on FastScan, the com¬ 
pany’s scan-based ATPG software (Fig. 1). 
LBISTArchitect generates a complete Verilog 
or VHDL description of the BIST controller, 
pattern generator, and data compressor. It cre¬ 
ates a register transfer level (RTL) description 
of the BIST logic, which enhances design port¬ 
ability by simplifying reuse across different 
technologies. The BIST controller works in 

conjunction with the IC’s IEEE-1149.1 bound¬ 
ary-scan controller (Fig. 2). 

The RTL code can be simulated and synthe¬ 
sized with any industry-standard tool, includ¬ 
ing QuickHDL and Autologic II from Mentor 
Graphics, Design Compiler from Synopsys, 
and Verilog-XL from Cadence. The software 
also integrates with Mentor’s DFTAdvisor to 
provide design rule checking, deterministic 
fault simulation, and calculation of multiple-in¬ 
put shift register (MISR) signatures. 

LBISTArchitect’s generation of RTL code 
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ENHANCED LOGIC BIST 

■ 3. THE BIST DESIGN FLOW, when using LBISTArchitect. crosses different levels of abstrac¬ tion, starting out at a high level with register transfer level code and finishing with gate-level descriptions. 

with logic BIST, LBISTAr¬ 
chitect uses some innovative 
technologies. One, a proprie¬ 
tary technique called multi¬ 
phase test-point insertion 
(MTPI), allows complete test 
coverage by increasing control¬ 
lability and observability, but 
with less overhead. It also opti¬ 
mizes test-point combinations. 
Another innovation is 

pseudo-random-determinist 
ic (PRD) pattem generation, 
which uses a standard linear-
feedback shift register 
(LFSR) to generate the on-
chip test vectors but over¬ 
comes the functional cir¬ 
cuitry’s random-pattern re¬ 
sistance. In effect, the tech¬ 
nology offers the benefits of 
both pseudo-random power 
generation and deterministic 
pattern generation. 
PRD pattern generation 

employs a combination of new tech¬ 
niques. It starts with pseudo-random 
pattern generation, then determinis¬ 
tically calculates test cubes to detect 
the most difficult random-pattem-re-
sistant faults, like stuck-at and delay 
faults. It proceeds by calculating new 
seeds and reloading the LFSR. An 
extended polynomial allows seeds of 
variable length. All of the patterns 
can be applied on-chip, unlike typical 
deterministic ATPG patterns that 
must be applied through expensive 
automatic test equipment. 

Texas Instruments (TI ) was a natural 
partner for Mentor Graphics in this kind 
of project, according to Mark Olen, 
product line manager in Mentor Graph¬ 
ics’ DFT Group. Over the years, TI ac¬ 
cumulated in-house expertise by using 
DFT and BIST in its own products. 
TI worked closely with Mentor 

Graphics from the earliest stages of 
the LBISTArchitect program, sup¬ 
plying the CAE experts with a sys¬ 
tems designers’ point of view. The col¬ 
laboration was initiated by Andy Hal¬ 
liday, a DFT engineer in TI’s Systems 
Group, during various interactions 
with Mentor Graphics’ technical staf¬ 
fers at conferences. 

“We worked with them quite a bit in 
specifying the requirements, from the 
user’s perspective, of what this tool had 
to have,” says Don Sterba, test auto¬ 
mation manager in TI’s Systems Group. 

His group’s participation started with 
the project planning and continues 
through beta testing. “We worked 
closely through the specification phase, 
and then looked at the prototype version 
as they [Mentor Graphics] went along, 
giving them feedback on that and some 
of the advanced architecture that we 
needed,” says Sterba. 

He notes that TI had worked for 
years developing VHDL-based ap¬ 
proaches to BIST and using them 
from one project to another. But, as 
the technology evolved, cost and long¬ 
term support issues made it desirable 
to work with Mentor Graphics on a 
commercially available solution. 

Greg Young, who, along with Halli¬ 
day, helped develop those in-house 
BIST implementations, says that the 
work on LBISTArchitect was part of 
an effort to come up with a number of 
DFT approaches to fit different appli¬ 
cations. “From our point of view, we 
are looking for strategic DFT method¬ 
ologies that will cover a number of 
different areas, not just the ASIC 
level, but through the system level,” 
says Young, a member of the Systems 
Group’s technical staff. 

TI has received a copy of the latest 
version of LBISTArchitect and has 
begun using it, but it’s too early for a 
full report on the tool. However, the 
MTPI capability resulted in a signifi¬ 
cant reduction in the number of gates 

and test points required, compared to 
previous projects, says Young. 

A disadvantage of the in-house tool 
is that it takes an expert to run it, as 
well as an expert to maintain it, says 
Sterba. As a result, one of the goals of 
the collaboration with Mentor Graph¬ 
ics is to formulate a tool that could be 
run by a wide range of designers. 

TI is actively evaluating that issue 
as part of the LBISTArchitect valida¬ 
tion process. “We have Greg and 
Andy, who have quite a bit of experi¬ 
ence, here as the experts,” says 
Sterba. “But we also have a junior¬ 
level person working with them to 
make sure that the tool is usable. With 
some fairly limited training, he’s been 
able to take the product, pick it up, and 
start running with it.” □ 

Price And Availability 
A floating license for LBISTArchitect costs 

$75,000. The price includes a license for 
DFTAdvisor. The software is available for HP-
PA, IBM RS6000, and Sun SPARC industry¬ 
standard workstations. Beta testing started in 
the third quarter, with production software 
scheduled for delivery in mid-December. 

Mentor Graphics Corp., 8005 S.W Boeck-
man Rd., Wilsonville, OR 97070-7777; Con¬ 
tact Ian Burgess, product manager, (503) 
685-1329. CIRCLE 501 

How Valuable? Circle 
Highly 531 
Moderately 532 
Slightly 533 
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Get it right 

WORKVIEW 
OFFICE 

by VIEWLOGIC' 

For FPGA designs, engineers choose 

Workview Office 3 to 1*. An amazing suite of 

tools, or incredible coincidence? 

Looking at the numbers, you’d have to say that Workview Office 

has quite a legacy. And looking at how nary ASIC engineers 

are turning to Workview Office for their high-end design needs, 

quite a future as well. What’s driving therr decision? Simply the 

most open and powerful suite of best-in-class tools. And the 

only complete set of interoperable solutions from chip to board 

for both UNiX and Windows. But best cf an, it’s available right 

now. Find out more at 1-800-873-8439 or wvyw.viewlogic.com. 
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was ever built? 

hardware/software interface 

to an absolute minimum. 
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a breakthrough technology that bridges 

What if software engineers 

could debug their embedded 

code before the hardware 

Productivity soars. 

Time-to-profit is slashed. 

To find out how Seamless CVE 

Now they can. 

Thanks to Seamless CVE 

What if logic designers 

could verify their circuitry 

using actual software execution 

as a test bench? 

can put some zip into your 

embedded design process, 

contact us at 1 (800) 547-3000, 

department M86, or at 

http://www.mentorg.com. 

throughout the design cycle. 

So the classic problems 

encountered during integra¬ 

tion and test are reduced 

(Co-Verification Environment), 

the gap between hardware and 

software verification. 

For the first time, design teams 

have a virtual prototype at 

their disposal. Hardware and 

software come together early 

in the design process when 

tradeoffs and fixes are fast, 

simple and optimal. 

With Seamless CVE, design teams 

share a common view of the 
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LOW-COST COMMODITY 12-BIT ADCs 

COURTESY: ANALOG DEVICES 

12-Bit IC ADCs 
Becoming Commod¬ 
ity Components 

w ho could have imagined when Peter Halloway’s 
AD574 hit the streets in 
1978 that 12-bit IG ADCs 
(analog-to-digital convert¬ 
ers) with equal or superior 
performance would now 
be commodity devices 
priced at under $15 each in 

1000-unit quantities (see the table)1 At 
least one way to ensure a successful 
ADC-based analog/mixed-signal sys¬ 
tem design has not changed since the 
advent of the AD574 is to read the data 
sheet carefully when selecting an ADC 
(see “ADCs With Multiplexers Are 
Shaping Up In Designs ” p.67). 
While most data sheets are gen¬ 
erally excellent sources of informa-

Frank Goodenough 

12-Bit Sampling, 
Low-Power, High-
Speed ADCs Offer 
Designers Affordability 
And Reliability. 

tion, designers still may have ques¬ 
tions about a device’s specifications. 

For the record, and in contrast 
with today’s denizens of the “com¬ 
modity” ADC arena, the AD574 was 
the first 12-bit IC ADC. A 2-chip, 
non-sampling ceramic-packaged hy¬ 
brid (a 28-pin, double-width DIP), it 
sported a successive-approxima¬ 
tion-register (SAR) architecture 
based on a thin-film, laser-trimmed, 
R2R DAC (digital-to-analog con¬ 
verter). Its throughput rate ran 
about 40 kHz. At the time, it was 
priced at about $40 each, and it was 
hardly a commodity item. But it was 
a lot cheaper and a lot smaller than 
that day’s hybrids or modules. 
The AD574 ADC, and the fami¬ 

lies of general-purpose IC ADCs 
that it spawned, soon eliminated 
most of the then-current hybrid 
and module ADCs from all but the 
most critical high-speed, high-
resolution and military/space ap¬ 
plications. Today, those applica¬ 
tions, particularly if they are de¬ 
manding guaranteed ac specifica¬ 
tions, are dominated by costly 
(some go for over $1000 each) hy¬ 
brids, modules, and board-level 
ADCs from companies such as 
Datei, Mansfield, Mass., Analogic, 
Wakefield, Mass., and Edge Tech¬ 
nology, Lynnfield, Mass. 

In fact, Edge Technology recently 
announced a 16-bit ADC (the 
ET2665) that samples its input at 5 
MHz. It’s packaged in a small metal¬ 
can module, measuring 3 by 1.5-in., 
and is 0.375-in. thick. It is priced at 
$642 each in OEM quantities. 

But today, not only is the arena 
dominated by pure-CMOS devices, 
but almost all new IC ADCs run off a 
single 5-V rail, with 3.3-V (and lower) 
ADCs on the horizon. In fact, so wide-
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spread is CMOS and its favorite archi¬ 
tecture, the switched-capacitor SAR, 
that regardless of the technology, it’s 
difficult to find the process or archi¬ 
tecture mentioned on a data sheet. 
Moreover, analog system designers 
are being forced to give up split ±15-V 
supply rails if they want low power, 
low cost, and serial I/O. But for some 
applications, the 12-bit CMOS SAR 
ADC is being challenged by high-
resolution CMOS delta-sigma ADCs, 
and for other applications, by high¬ 
speed pipeline designs that may be on 
a bipolar or a biCMOS process. 

How Far We’ve Come 
The IC ADCs of today, like the 

microprocessors, microcontrollers, 
and DSPs to which they feed real-
world data, have seen many 
changes since 1978. Like their digi¬ 
tal kin, with each change, features 
and performance grew. Speed in¬ 
creased at the outset, albeit slowly, 
but as faster processes and archi¬ 
tectures arrived, speed climbed 
significantly. 

There was a time when a 12-bit, 
1-MHz-sampling-rate IC ADC was 
the key component of analog IC de¬ 
sign. One company had three separate 
developments underway at the same 
time. And low-cost devices with that 
kind of performance, such as Linear 
Technology’s LTC1410 and National 
Semiconductor’s ADC 12762, are just 
becoming readily available today (see 
the table, again). 
Whether it was because IC de¬ 

signers discovered they could do it 
easily, or customers who wanted su¬ 
perior ac specifications demanded it, 
sampling ADCs arrived about ten 
years ago. Soon after sampling, with 
the advent of all-CMOS analog ICs, 
came switched-capacitor SAR 
ADCs (which usually provide inher¬ 
ent sampling) and with them, cali¬ 
bration (first on chip, then at the 
factory). The switched-capacitor 
SAR ADCs soon dominated the low-
cost ADC arena. 
The wide use of CMOS also 

brought about ADCs with analog 
multiplexers on the front end. Ear¬ 
lier, multichip sampling hybrids and 
modules often avoided multiplexers 
on the front end because in most in¬ 
stances, the under-$10 multiplexer 
failed when it was exposed to an un-

6 

expectedoff-chipvoltage,therebyde-
stroying an expensive device. 

Lost But Not Forgotten 
With the move to CMOS, prices 

have plummeted in the last few years. 
With the lower prices have come truly 
useful “bells and whistles” features 
such as differential inputs, very low 
power through a variety of unique ap¬ 
proaches to power management, and 
ADCs in tiny 8-pin SOICs and even 
smaller packages with serial outputs. 
In many cases, however, ease-of-use 
in the form of “completeness” was sac¬ 
rificed. That is, many of the newest 
CMOS ADCs lack an internal clock or 
a reference. And most new ADCs, 
particularly those in 8-pin packages 
with their serial I/O, including one or 
more bipolar (inputs capable of han¬ 
dling both plus and minus voltages) 
inputs, are specified for a single posi¬ 
tive full-scale input voltage instead of 
two or more. 

There was a time, even after the 
advent of the AD574 (which had both 
a clock and a reference), that com¬ 
pleteness was the key feature of most 
IC ADCs. But with completeness be¬ 
coming less of a factor, what signifi¬ 
cance does it now have to the system 
designer? 

To begin with, though parasitic bi¬ 
polar transistors are available on most 
CMOS processes, the technology is 
still not known for its precision, low-
drift, bandgap references. And if the 
chip runs off a 5-V rail, even if a good 
bipolar device is available, it’s still im¬ 
possible to run a 6-V buried Zener 
reference off a 5-V rail. However, to 
handle the task, low-cost bipolar-tran¬ 
sistor bandgap references that can do 
the job are becoming available in tiny 
packages like the SOT 23. 

Why no clocks? Because eliminat¬ 
ing the clock saves power. And high¬ 
speed precision clocks are not that 
simple to build. Like the reference, 
they take up die area. In addition, 
most systems sport a clock some¬ 
where in the design. By synchronizing 
the ADC with the system clock, it 
usually is possible to cut the effects of 
digital noise by making sure the 
ADC’s critical comparisons do not oc¬ 
cur simultaneously with a clock pulse. 
Why the limited number of full-

scale input voltages? With only 8 
pins, none are available as extra 
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voltage inputs or for pin strapping to 
create new voltages. In addition, 
many of the CMOS processes do not 
have the thin-film resistors required 
to trim multiple full-scale voltage 
ranges to 12-bit accuracy. In this case, 
the system designer, in addition to 
giving up split +15-V rails and TTL, 
must search diligently for an ADC 
with multiple full-scale ranges, an in¬ 
ternal clock, and a reference on the 
chip, or design unique signal condi¬ 
tioning around them. 

Many of the new CMOS ADCs spec¬ 
ify an input voltage range from 0 to 
the reference voltage (even if they 
have an internal reference) and a few 
specify an input range of plus and/or 
minus the reference voltage. While 
some of these internal references are 
actually the 5-V rail, several ADCs 
derive a convenient 4.096-V reference 
from the 5-V rail. Other CMOS ADCs 
have two reference inputs. Ordinarily, 
the so-called negative reference input 
is connected to ground. However, a 
negative voltage can be applied to it 
in order to handle bipolar signals. In 
most instances, by applying a positive 
voltage to the minus input that is 
lower than the plus reference, the 
resolution can be changed. Alterna¬ 
tively, some of these ADCs provide a 
differential input to which a negative 
offset can be applied in order to handle 
a negative voltage input. 

Dynamic Specifications 
While most of these ADCs are used 

to digitize de or very slowly changing 
voltages, some may find homes han¬ 
dling ac input signals. And since they 
are all sampling ADCs, they are 
equipped to do it. And while sampling 
ADCs have dominated this arena for 
some time, some suppliers have frus¬ 
trated potential users. Their data 
sheets specify a sampling rate and 
provide a set of dynamic (ac) specifi¬ 
cations based on it. 

But the so-called ac specifications of 
these ADCs call out an input signal 
whose frequency is close to de rather 
than close to the Nyquist frequency, 
or at least near one-tenth the Nyquist 
frequency. For example, the sampling 
rate may be 100 kHz, but the ac data 
is taken and presented with an input 
frequency of 1 kHz. If these specifica¬ 
tions are to have any practical value 
to the system designer who must sam-
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with no noise penalty 

From the same company that 
created FACT" and FAST’ logic 
technologies, National’s Fairchild 
Logic Group delivers the next 
answer to HC logic... National’s 
VHC. It offers up to twice the 
output drive and increased 
speeds up to three times faster 
than typical HC. These benefits 
come with no loss in noise 
performance! There are further 
benefits to National’s VHC over 
HC like reduced static power 
requirements, 3v characterized 
specs and 5v input protection. 

Future Electronics fully supports 
National’s VHC by providing 
available-to-sell inventory and 
superior technical product 
knowledge and experience to 
assist you in your VHC needs. 

VHC is clearly the logical 
choice for your HC designs. 
Future Electronics is also the 
logical partner you want on your 
team with National Semiconductor 
No distributor knows more about 
components or maintains a larger 
available-to-sell inventory. 

No distributor better follows 
worldwide trends, pricing and 
component availability. And no 
distributor does a better job of 
staying on top through in-house 
training programs and regular 
seminars with suppliers. 

To find out more about National’s 
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Future Electronics for your free 
National Semiconductor VHC 
databook and logic selection 
guide. 
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ADCs REPRESENTATIVE 12-BIT SAMPLING-TYPE 

1 = successive approximation register (SAFt): 2 = calibrated: 3 - 16-bit delta-sigma: 4 = pipelined: 5 = 23-bit delta-sigma: 6 = SAFI 
(classic): 7 = can undersample: 8 = sleep and nap modes: 9 = single-ended input: 10 = single-and differential inputs: 11 = auto sleep 
mode: 12 = algorithmic: 13 = 12-bit + sign: 14 = RS-232 out: 15=1 and 2 channels. 
fin = input freguency: fs = sampling frequency: I/O = input/output: NA = not available: P = parallel: S = serial: SINAD = signal-to-(noise + 
distortion); SNR = signal-to-noise ratio: THD = total harmonic distortion. All values are minimum or maximum, unless labeled typical (t), at 25C 
and at minimum rated supply voltage. _ _ _ 

Ac specifications Operating power On-chip features 

Com¬ 
pany Model 

Sampling 
rate (kHz) 

fln/fs 
(kHz) 

THD 
(dB) 

SNR/ 
SINAD 
(dB) mW/mA 

Supply 
voltage 

(V) 

Power¬ 
down 
(uA/uW) 

I/O 
(S/P) 

8-pin 
package Clock 

Refer¬ 
ence 

Price 
(in 

1000s) 

Arch¬ 
itecture/ 
features 

Analog AD7896 100 10/100 80 /70 11/5 27-5.5 " 5/ s Yes Yes Yes $6.75 1 
Devices 
(800) 
262-5643 

AD7883 50 1/50 80 69/ 11/3 3.3 /1500 p No No No $6.75 1 

AD7853 200 10/200 78 /70 33/5.5 3-5.5 5/18 s No No Yes $8.95 1,2 

AD7853L 100 10/100 78 /70 10.5/1.9 3-5.5 5/18 s No No Yes $6.50 1.2 

AD7854 200 10/200 78 /70 20/5.5 3-5.5 5/18 p No No Yes $10.00 1,2 

AD7854L 100 10/100 78 /70 6.5/1.8 3-5.5 5/18 p No No Yes $7.25 1,2 

AD7721 469 210/469 78 /74 150/29 5 /10O S/P No No No $10.00 2,3 

Burr-
Brown 
(800) 

ADS820 20 MHz 10 
MHz/20 
MHz 

NA 58/58 235/55 5 None p No No Yes $7.45 4 

548-6132 ADS7820 100 45/100 80 70/70 100/16.3 5 None p No Yes Yes $10.25 1 

ADS7804 100 45/100 80 70/70 100/16.3 5 None p No Yes Yes $10.25 1 

ADS7806 40 1/40 80 70/70 35/5.6 
(*yp) 

5 None p No Yes Yes $9.25 1 

Com-
linear 
(800) 
272-9959 

CLC949 5-30 
MHz 

2.4 
MHz/5 
MHz 

SFDR = 
64 dB 

68/68 65/ 5 None p No No Yes $48.00 4 

Harris HI7191 2 0.5/2 81 NA 30/6 ±5 /5(typ) s No Yes No $6.98 2.5 
Semicon¬ 
ductor 
(800) 
4HARRIS 

HI5812 750 1/750 77 /70 NA NA None p No Yes Yes $4.64 1 

HI574A NA NA NA NA 1 W æ15 None p No Yes Yes $9.94 6 

Linear LTC1274 100 100/100 76 /70 20/4 5 or ±5 5/50 p No Yes Yes $7.60 1,7,8 
Tech¬ 
nology 
(408) 

LTC1277 100 100/100 76 /70 20/4 5 or ±5 5/50 p No Yes Yes $7.60 1,7,8.9 

LTC1400 400 100/400 76 /70 160/30 5 or ±5 20/125 s Yes Yes Yes $10.00 1.8 
432-1900 LTC1410 1.25 MHz 600/ 

1250 
74 /68 160/ ±5 10/ p No Yes Yes $28.00 1.8 

LTC1285 7.5 1/7.5 80 (t) /67 (1) /100 2.7-55 0.002/ s Yes No No $6.35 1.11 

LTC1286 7.5 1/7.5 80 (t) /67 (t) /100 5 0.002/ s Yes No No $5.20 1.11 

Maxim MAX120 500 100/500 77 /70 /315 5,-10 None 
p

No No Yes $11.50 1 
(408) MAX1241 70 10/70 80 /70 /4 2.7-55 10/ s Yes No No $5.80 1 

MAX187 75 10/75 80 /70 /2.5 5 10/ s Yes No Yes $6.45 1 

MAX189 75 10/75 80 /70 /2 5 10/ s Yes No No $5.95 1 

MAX191 100 1/100 80 /70 /5 ±5 20 (t)/ S/P No Yes Yes $9.60 1 

MAX 122 333 50/333 77 /69 /315 5. -10 None S/P No No Yes $8.25 1 

MAX 176 250 50/250 80 /70 /172 5,-12 None p No No Yes $9.85 1 

Micro ML2221 44 8/44 80 (t) NA /50 ±5 None s No No No $13.75 12,13 
Linear 
(408 
433-5200 

ML2223 44 8/44 80 (t) NA /50 ±5 None s No No No $11.00 12,14 

National 
Semicon-

ADC 
12041 

222 80/215 70 (t) 71 (t)/ 
67 (t) 

33/6.6 5 15/75 p No No No $5.50 1.2,13 

ductor 
(800) 
272-9959 

ADC 
12762 

1.4 MHz 100/1.4 
MHz 

70 67/67 300/35 5 /250 (t) p No No No $12.00 10,15 

Philips 
(800) 
234-7381 

TDA8767 30 MHz 4.4 
MHz/30 
MHz 

64 (t) 61/ 335 (t) 
/60 (t) 

5 None p No No No $11.00 4 

Sipex 
508-667-
8700 

SP8538 25 9.5/20 80 74/73 0 5 (t) 
/0.15 

3.3 2/10 s Yes Yes Yes $4.20 1 
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Protect Your Circuits 
For As Little As 300 Per Channel. 

New Single-, Triple- and Octal-Channel 

Protectors Prevent Overvoltage and Fault 
Conditions 

Now you can maintain structural integrity in 
your designs and your budget. The ADG465 
(single), ADG466 (triple) and ADG467 (octal) 
are the new, affordable industry standards for 
around-the-clock system safety. 

Maximum Protection, Minimum Power 

When you fortify your designs with channel pro¬ 
tection, any time input voltages exceed the user-
selectable rails, an internal switch opens automat¬ 

ically. There’s no need for logic drivers. And you 

eration of Clamping Function 

can use channel protectors in data acquisition 

systems with all the advantages of fast response 
time and trench isolation, preventing latch-up. 

In multiples, it’s possible to secure each channel 
independently. So whether power supplies are 

“on” or “off”, your designs are always shielded 
from voltage transients to ±35 V. That’s maxi¬ 
mum circuit protection at low power (30 pW at 
15 V) - even under fault conditions. 

Fundamental 
Design Practice 
Size, power and 
price are non¬ 

issues. No matter 

what your appli¬ 
cation, you can 
design in an 

SOT-23 or micro-

For complete technical information call 1-800-
ANALOGD (262-5643)f. For data sheets dial 
AnalogFax™ at 1-800-446-6212, Faxcode 2066 
(ADG465) or 2067 (ADG466/67). Or visit us on the 
World Wide Web. 

SOIC package for unbeatable circuit security 
starting at just 30ç! per channel*. Simply call the 
appropriate numbers below for 
samples and data sheets of the °®*® 
ADG465/66/67. It’s a line of 
defense that leaves no excuse 
for blowing another design. 

□ ANALOG DEVICES 
Analog. Digital. Solutions. 

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

• USD 1,000s, recommended resale, FOB U.S.A. t Outside U.S., please call 617-461-3392. 

READER SERVICE 188 
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LOW-COST COMMODITY 12-BIT ADCs 

pie some audio or some machine vibra¬ 
tions, the input frequency should have 
been at least 10 kHz and close to the 
Nyquist frequency (50 kHz) to truly 
indicate performance. In contrast, 
many suppliers of commodity ADCs 
actually provide ac specifications at 
input frequencies greater than the 
Nyquist frequency, thus recommend¬ 
ing them for undersampling applica¬ 
tions (see the table, again). 

There are several explanations for 
this disparity. First, the supplier lacks 
either the laboratory or the produc¬ 
tion test equipment required for run¬ 
ning the needed FFlk Or, to keep 
down production costs, tests are not 
performed. In this case, the supplier 
often provides detailed typical ac data 
on the data sheet. It’s called out as 
measured with close to the Nyquist 
frequency input signals. 

Note that the ac specifications in¬ 
clude the signal-to-noise ratio (SNR), 
the signal-to-noise + distortion ratio 
(SI NAD), the total harmonic distor¬ 
tion (THD), and the spurious-free dy¬ 
namic range (SFDR). Suppliers some¬ 
times include the characteristics of 
the sampling circuit itself—for exam¬ 
ple, the sample-and-hold amplifier, es¬ 
pecially if a standalone sampling-and-
hold amplifier is used ahead of the 
switched-capacitor SAR in order to 
achieve optimum sampling. Most sup¬ 
pliers include SNR and/or SINAD 
along with THD. Some add SFDR, 
and a few provide two-tone inter¬ 
modulation distortion (IM) figures 
and/or full-power bandwidth. 

Sleep Mode 
A couple of years ago, system de¬ 

signers were hit by a pair of virtually 
inseparable mandates: Cut power and 
run off a 3.3-V rail. And designers 
using ADCs were not exempt from 
these mandates. They have come up 
with devices able to run off a single 
3.3-V rail as well. In fact, most ADCs 
meeting this challenge run off a sup¬ 
ply rail between 2.7 and 5 V. 

One of the most intriguing ways to 
cut power, particularly in a mixed-sig¬ 
nal system, is by use of a process 
called “power management.” Simply 
put, it means turning off the circuit 
when it’s not being used (called by 
various suppliers the “sleep” mode, 
the “standby” mode, the “shut down” 
mode, and/or the “power down” 

mode). That sounds easy if the IC de¬ 
signer has lots of cheap CMOS 
switches around, as they do in these 
ADCs. But what happens to the refer¬ 
ence? Whereas the rest of the ADC 
turns on quickly, the reference may 
take a number of milliseconds to reach 
its final value, based on the value of 
the capacitor hanging on the refer¬ 
ence pin. 

One approach to this problem used 
by Linear Technology is to make 
available to the designer two modes of 
power down known as “sleep” and 
“nap” modes. During the sleep mode, 
everything is asleep. But in the nap 
mode, the reference, and in some de¬ 
vices the digital logic, is powered up. 
In the nap mode, the ADC is ready to 
go in under 1 ps. The functions are 
available in the speedier LTC1410 and 
in the slower LTC1274 and LTC1400 
(see the table, again). Although most 
of these ADCs provide a sleep mode, 
it is not specified whether the ADC’s 
reference is off in the sleep mode. 
Moreover, if it is turned off, they do 
not specify how long it takes to wake 
up. 

Why use high-speed ADCs to meas¬ 
ure de voltages? For starters, they 
offer a novel way to save power. While 
they use significantly more power 
than slower devices if on all the time, 
in some applications they can be pow¬ 
ered down most of the time, whereas 
a slower device might have to be run¬ 
ning all the time. Therefore, the aver¬ 
age power causing potential battery 
drain may be less for the high-speed 
power hog. Not only might a fast ADC 
save power, but it might be the cheap¬ 
est way to go. For example, the Hams 
HI5812, which samples at 750 kHz, 
costs less than $4.64 each in 1000-unit 
quantities. 

Sleepy Time Chips 
Analog Devices’ AD7896 and sev¬ 

eral Linear Technology ADCs, in¬ 
cluding the LTC1285 and LTC1288, 
offer a feature called known as 
“automatic power down.” The 
AD7896 goes into the sleep mode 
when a conversion is complete. Af¬ 
ter a conversion command, it is al¬ 
lowed 6 ps to wake up at which time, 
its sample-and-hold amplifier goes 
into the “hold” mode and the SAR 
starts to work. Less than 10 ps later, 
the conversion is complete, and if 
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runningin the automatic power-down 
mode shuts down. At that time, a read 
operation is performed on this serial-
I/O ADC in its 8-pin SOIC or DIB 

The Sipex serial-I/O SP8538 also 
features auto shutdown and two in¬ 
puts. It can be programmed to operate 
either with a single differential input 
or with two single-ended inputs. It 
runs off supply rails between 3 and 5.5 
V from which it draws just 150 pA. 
However, it still achieves a SINAD of 
70 dB while sampling a 9.5-kHz signal 
at the Nyquist frequency. It is priced 
at $4.20 each in 1000-unit quantities. 
National Semiconductor’s new 

high-speed (1.4-MHz sampling rate) 
ADC, the ADC12762, while not a mi¬ 
cropower ADC like the SP8538, em¬ 
ploys a somewhat similar one- or two-
channel front end. It contains a 2-
channel multiplexer whose common 
lead is brought out to a pin that must 
be connected to the chip’s sample-and-
hold amplifier. Gain can be applied off-
chip, between the multiplexer and the 
sample-and-hold amplifier, alterna¬ 
tively a single signal can be applied 
directly to the sample-and-hold ampli¬ 
fier. The converter is aimed at both 1-
and 2-channel applications and at 
$5.50 each—for a 1.4-MHz ADC—is 
priced accordingly. 

All of the power-down data in the 
table is for ADCs in the sleep mode 
(see the table, again). In most cases, if 
an ADC needs an off-chip reference, 
it’s up to the system designer to come 
up with a way to put the reference to 
sleep and to determine just how long 
it takes to wake up. 

The Micro Linear ML2221 and 2223 
are two devices that have a lot of po¬ 
tential uses. They both can be consid¬ 
ered “power hogs” (they take 50 mA 
from a 5-V rail and 30 mA from a -5-V 
rail), but both are 13-bit (12-bit plus 
sign) serial-I/O ADCs built on an an¬ 
cient CMOS process. The ML2221 has 
been around a long time; at least 10 
years, but it never caught on. The 
ML2223 adds a UART to the circuit 
and provides an RS-232 output. The 
ADC employs an algorithmic archi¬ 
tecture that uses the same circuits 
over and over again. Yet while sam¬ 
pling an 8-kHz sine wave at 44 kHz, 
they achieve a THD of -80 dB. One 
could speculate the kind of perfora 
anee that could be achieved when us¬ 
ing this architecture on a 0.6-pm 



Lambda’s FE Series 

High density, 

Bellcore compliant 

distributed power 

front ends. 

Lambda’s FE Series modular front 
ends are the ideal foundation for 
fault-tolerant distributed power 
architectures. Designed specifically 
for telecommunications and high-end 
computer applications, the FE Series 
is available from stock in 24 or 48 
VDC output modules. Delivering 
from 500W to 6kW of scaleable 
power, all models are Bellcore and 
ETSI compliant, and meet FCC 
Class B EMI emissions standards. 
In addition,the FE Series takes up 
35% less space than the nearest 
competitor, and features remote 
diagnostics, overvoltage and 
overtemperature protection for 
remote site use. Hot pluggable and 
N+N redundant, Lambda’s FE Series 
and FE Series Racking System are 
the most reliable, cost efficient 
system solutions. They make 
designing, building and qualifying 
your system easier, quicker, and 
much less expensive. 

FE Series Models and Complete Racking Systems 

FE0500-48-NA 
A — Analog Control 

Output Power Nominal C - Computer Option 

UOUU - OUUVV vuipui 

1000-1000W Voltage 

1500-1500W 48 - 48VDC 
2000 - 2000W 24 - 24VDC 

MAX OUTPUT 

POWER CURRENT Vout DE 

(WATTS) (AMPS) (VDC) 1 

24V OUTPUT 

500 21.0 20.0-29.0 $ -
500 21.0 20.0-29.0 715 

1000 42.0 20.0-29.0 
1000 42.0 20.0-29.0 1015 

1500 63.0 20.0-29.0 
1500 63.0 20.0-29.0 1305 

2000 84.0 20.0-29.0 
2000 84.0 20.0-29.0 1550 

48V OUTPUT 

500 11.0 40.0-58.0 $ -
500 11.0 40.0-58.0 715 

1000 21.0 40.0-58.0 
1000 21.0 40.0-58.0 1015 

1500 32.0 40.0-58.0 
1500 32.0 40.0-58.0 1305 

2000 42.0 40.0-58.0 
2000 42.0 40.0-58.0 1550 

_N - without diodes 

R - with diodes 

UNIT PRICE PER 

LIVERED QUANTITY 
10 100 MODEL 

$630 $567 FE0500-24-NA 

640 576 FE0500-24-RA1

896 806 FE1000-24-NA 

911 820 FE1000-24-RA1

1148 1033 FE1500-24-NA 

1173 1056 FE1500-24-RA1

1350 1215 FE2000-24-NA 

1395 1256 FE2000-24-RA1

$630 $567 FE0500-48-NA 

640 576 FE0500-48-RA1

896 806 FE1000-48-NA 

911 820 FE1000-48-RA* 

1148 1033 FE1500-48-NA 

1173 1056 FE1500-48-RA1

1350 1215 FE2000-48-NA 

1395 1256 FE2000-48-RA1

Note: 1. Redundant, or -ing diodes are included in model. 

Module Type-

4K - FE0500 
5K- FE1000 
6K- FE 1500/2000 

FE5K-N E 

Input Type-

N - Class B EMI and Circuit Breakers. 
X-Class A EMI 

Mounting Style 

N - NEBS/Telcom 
E-EIA 

MODEL 500 

MODULE CAPACITY 

1000 1500/2000 19 MOUNTING STYLE 

UNIT PRICE PER 

DELIVERED QUANTITY 

1-9 

Racking Systems 

FE4K-N-E 7 EIA $1195 

FE4K-X-E 8 EIA 899 

FE4K-N-N 7 NEBS 1295 

FE4K-X-N 8 NEBS 999 

FE5K-N-E 4 EIA 1195 

FE5K-X-E 5 EIA 799 

FE5K-N-N 4 NEBS 1295 

FE5K-X-N 5 NEBS 899 

FE6K-N-E 32 EIA 1195 

FE6K-X-E 32 EIA 799 

FE6K-N-N 32 NEBS 1295 

FE6K-X-N 32 NEBS 899 

Note: 2. FCC Class B EMI filtering is internal to the FE1500 and FE2000 modules. 

Note: 3. EIA Mounting Flanges are located at the front of the Rack. Telecom mounting flanges are center 
mounted per Bellcore NEBS requirements. 

FE Series Specifications 

AC Input 
line.85-265VAC, 47-63Hz for FE0500, FE1000, FE1600. 

170-265VAC, 47-63Hz for FE2000. 

Efficiency 
82% typical for 50-100% minimum without isolation diodes. 

Power Factor/Harmonic Correction 
0.95 minimum at full load. Compliant to IEC-1000-3-2. 

Hold-up Time 
Output will be maintained above lower limit of output voltage 
range for 16ms upon loss/disconnect of AC input. 

Surge Immunity 
IEC-1000-4-5 Level 3 for FE0500. Level 4 for FE1000, 
FE1500, FE2000. 

Regulated Voltage 
line and load 
regulation .1.0% from no load to full load. 

85VAC-265VAC max. 
ripple and noise.250mV pk-pk max on 24V 

models. 500mV pk-pk on 48V 
model. EIAJ RC-9002A 
procedure (20Mhz bandwidth limit). 

Overcurrent Protection 
The power module limits the output current to less than 110% 
of the full power rating. The current limit characteristic has 
constant power down to Vo min. The converter withstands an 
indefinite short circuit without damage and is self-recovering. 

Output Current Share 
±10% of max unit load from 10% to 100% load with single or 
multiple A/B rail inputs. Current sharing is accomplished via a 
single wire connection. The power module operates in parallel 
without any derating of its maximum full load output current, 
with and without Or-ing diode option. The current sharing 
bus is not a single point failure mechanism. Current sharing is 
not required for parallel operation. 

Temperature Drift 
±2% over the entire temperature range and life. 

Overvoltage Protection 
Adjustable non-latching unit shutdown. 

Overtemperature Protection 
Internal circuitry prevents damage by turning off the converter 
in the event of reduced airflow or excessive ambient 
operating temperature. The output spontaneously returns 
when the overtemperature condition is cleared. 

Hot Maintenance 
Unit is capable of being inserted and extracted with all 
operational voltages present, with or without Or-ing diode 
option. Overshoot recovery and inrush current is the same as 
for turn-on. 

Remote On/Off Signal 
Standard. Contact closure to turn on. Contacts open to turn off. 

AC Fail Signal 
Open collector type signal under fault condition, 20V 
breakdown. During nominal operation, the AÇ Fail signal 
conducts up to 5mA maximum. There is a minimum of 
16mSec hold-up time in the event of an AC failure or AC 
disconnect after the AC fail is activated. 

Output/lnverter Good Signal 
Open collector type signal under fault condition, 20V 
breakdown. During nominal operation, the Output/lnverter 
Good Signal conducts up to 5mA maximum. This signal will 
not alarm when the unit is in a parallel configuration with other 
units, batteries or at no load. 

Auxiliary Bias Supply 
12VDC at 50mA. 

Front Panel Indicators 
An AC present LED indicates that input power is applied to the 
unit. An output/inverter good LED indicates that DC output 
voltage is present and the inverter is operational. Operation is 
the same as output/inverter good signal. An overtemperature 
shutdown LED indicates that thermal shutdown has occurred. 
An output current meter LED ladder shows the approximate 
percentage of output current. 

Operating Temperature Range 

-40°C to +70°C ambient. From 55°C to +70°C, consult the 
factory for derating. 

Storage Temperature Range 
-40°C to +85°C. 

Operating Humidity 
0% to 95% (non-condensing). 

Shock and Vibration 
The FE Series is compliant with GR-63-CORE, Zone 4 
Upper Level standards assembled in a NEBS-type 
FE Racking System 

Transportation 

The FE Series is tested to MIL-STD-810E requirements. 

Isolation Rating 

Input/Chassis: 2.5k VAC 
Input/Output: 3.0k VAC 
Output/Chassis: 500VDC 

Conducted Battery Noise 
FE Series power modules comply with GR-1089-CORE and 
prETS300132-2 psophometric noise requirements. 

Conducted EMI 
FE0500 and FE1000 modules comply with FCC-CFR Part 15, 
Subpart J, Class A standards with 6dB of margin and with 
CISPR 22, Class A standards with 6dB of margin. When 
assembled into an FE-N standard racking system, the system 
is compliant with Class B standards. 
FE1500 and FE2000 modules comply with FCC-CFR part 15, 
Subpart J, Class B standards with 6dB of margin and with 
CISPR 22, Class B standards with 6dB of margin. 

Radiated Emissions 
Class A specifications on modules and racks. FCC Part 15, 
Subpart J, EN55022. 

Conducted Susceptibility (Output) 
FE Series power modules comply with Bellcore 
GR-1089-CORE, 3A/meter and IEC-1000-4-6. 

Radiated Susceptibility 
All models comply with Bellcore GR-1089-CORE, 10V/meter 
and IEC-1000-4-3. 

ESD 
FE power modules comply with Bellcore GR-1089-CORE and 
IEC-1000-4-2. 

Electrical Fast Transient 
FE power modules comply with IEC-1000-4-4. 

Lightning Surge 
FE power modules comply with IEC-1000-4-5. 

Physical Data 
Weight 

Lbs. Lbs. Dimensions 
Model Net Ship. (inches) 

FE0500 6.0 7.0 11.97x5x2.0 
FE1000 7.0 8.0 11.97x5x3.3 
FE1500/2000 9.0 10.0 11.97x5x5.5 
FE4K 15.0 18.0 12x5.25x17.75 
FE5K 15.0 18.0 12x5.25x17.75 
FE6K 15.0 18.0 12 x 5.25 x 17.75 

Safety Agency Approvals 
The FE Series meets safety agency approvals per UL 1950, 
EN60950, CSA22.2-234. All models are CE marked 
(Low Voltage Directive). 



FE Series Features 

High Density Lambda’s new FE Series provides up to 6W/in3. In addition, a 
3U height 19” rack can provide up to 6kW of power. 

Low Cost Less than 70e/W for all models in OEM quantities — making 
the FE Series the lowest cost standard front end on the 
market today. 

Modular and Power modules can be added as your system scales. 
Scalable 4 power module sizes allow the system to be scaled in 500W, 

1000W and 2000W increments. 

Hot Plug Lambda’s FE Series is specifically designed for hot plug 
N+l Redundancy N +1 operation to give your system 100% uptime and on-line 

upgradeability. 

integral All models contain built-in diagnostics, metering and front 
Diagnostics panel status display, for remote or local monitoring for system 

diagnostics. 

Automatic Should an overvoltage, overcurrent or overtemperature 
Fault Reset condition occur in the system, the FE Series will automatically 

recover for remote site applications — without service 
personnel intervention. 

Wide Range Input Full 85-265VAC, 50/60Hz operation ensures worldwide use. 
& Power Factor Power factor and harmonic correction per I EC-1000-3-2 with 
Correction reduced input current. 

Battery Plant The FE Series is designed to drive float battery plants directly 
Compliant with low psophometric noise and constant current operation. 

Worldwide Telecom The FE Series is designed to meet Bellcore NEBS and ETSI 
and Safety Approvals standards, as well as UL, CSA and VDE requirements. All 

models carry the CE mark (Low Voltage Directive) for 
European compliance. 

Standard The FE Series is available in two racking systems, providing 
Racking System a high level of system versatility. The -N system features 

internal filtering to FCC Class B emissions standards, as well 
as front panel circuit breakers. The -X rack allows for 
increased power density. Both systems feature multiple input 
rails which enhance system fault tolerance. 

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

To order, or for more information on 

the FE Series, call 1-800-LAMBDA-4/5, 

8am to 8pm, east coast time. 

ISO 9001 

SHANGHAI NEMIC-LAMBDA 
ELECTRONICS CO. LTD. 
ŒL 86-21-485-0777 

LAMBDA ELECTRONICS INC. 
Export Dept 
TEL. 516-694-4200 

COUTANT-LAMBDA LTD. 
TEL: 44-271-8-65656 

LAMBDA ELECTRONICS 
(CANADA) INC. 
TEL 1-800-361-2578 

514-695-8330 

L-27A 9/96 

NEMIC-LAMBDA K K. 
TEL:81-3-3447-4411 

NEMlCLAMBDA KOREA 
TEL 82-2-556-1171 

Malaysia, Sumirá 
NEMIÕ-LAMBDA (M) SDN BHD 
TEL 60-7-599-3901 

NEMIC-LAMBDA(S) PTE LTD. 
TEL: 65-251-7211 

K.D. Fisher & Co. PTY. LTD. 
TEL 61-08-277-3288 

Vessing. CA 
TEL 58-2-241-0081 

Powerline Productos 
Electrónicos Ltda 
TEL 55-11-954-7091 

Mexico 
Monterrey 
Canadien Co 
TEL 52-83-652020 

Mexico City 
MexitekSA 
TEL 52-5-575-9929 

Wortdwids Wotoslt® _ 

httpV/www.tambdapowercom 

LAMBDA-COUTANT SA 
TEL:33-1-60-12-14-87 

LAMBDA ELECTRONICS S.r.L 
TEL: 39-2-660-40540 

NEMIC-LAMBDA LTD 
TEL 972-3-902-4333 

LAMBDA ELECTRONICS GmbH 
TEL 49-07841-6806-0 

Hong Kong 
NEMIC-LAMBDA HONG KONG 
TEL 852-2420-6693 

V7SA 

complete line of 

standard 

distributed power 

front ends can 

provide anywhere 

from 500W to 6kW 

in a 3U rack space. 

FE50O 

UMBOa 

LAMBBA 
ElectronicsI nc. L 

Lambda 
introduces 

f-the-shelf 
telecom 
front ends 

OW to 6kW 

LAMBDA/^ 
Electronics Inc. / A \ 

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

LOW-COST 
COMMODITY 12-BIT ADCs 

CMOS process. 
The ADC12041 from National 

Semiconductor, while typical of most 
of the latest low-power CMOS 
ADCs, also is a 12-bit plus sign con¬ 
verter (maximum full-scale input 
voltage is ±5 V). Like many ADCs, 
it provides a pair of differential in¬ 
puts and a pair of differential refer¬ 
ence inputs. It also provides on-chip 
auto calibration and auto-zeroing on 
request by a host. With a parallel 
output, it comes in both a 28-pin 
SSOP, as well as a 28-pin PLCC. Un¬ 
like many of today’s ADCs, it speci¬ 
fies a typical total unadjusted de er¬ 
ror (TUE) that comes to a maximum 
of ±1 LSB. TUE includes differential 
and integral linearity (DNL and 
INL) error plus offset, gain and 
common-mode error. All are speci¬ 
fied as “after calibration.” 

Another way to cut power is to re¬ 
duce supply voltage; digital IC de¬ 
signers frequently do this. Some of 
these ICs will run on voltages as low 
as 2.7 V. Maxim’s MAX 1245 runs on 
just 2.375 V. Their MAX1241 provides 
0.5 LSB INL running off 2.7 V while 
sampling at 70 kHz. 

If a system designer needs a high¬ 
speed sampling converter, Philips’ 
TDA8767 seems to be the way to go. 
This 30-MHz-sampling-rate ADC 
costs just $11 each. While its SNR 
runs 61 dB sampling 4.4 MHz at 30 
MHz, its DNL runs ±1 LSB at de. 

A few years ago, delta-sigma (or 
sigma-delta) ADCs appeared on the 
scene and today, they dominate the 
arena above 16 bits. Now, 23-to-34-bit 
delta-sigma devices are available. 
And some of them are inexpensive. 
For example, the 23-bit Harris 
HI7191 goes for $6.98 each. And it’s 
12-bit accurate at de and up to a few 
hundred hertz. Depending on the ap¬ 
plication, and with ADCs like the 
TDA8767 and the HI7191 in mind, 
general-purpose system designers 
should look closely at high-speed and 
high-resolution ADCs not usually 
aimed at their applications. □ 
Frank Goodenough may be con¬ 

tacted by fax at (617) 227-1^26. 

How Valuable? Circle 
Highly 525 
Moderately 526 
Slightly 527 

' A Powerful Color Video Controller...and more! 
Be on the cutting edge of imaging technology wrh Sumitomo 

chips. Take our new IP90C62 Color Video Memory Controller. 
It operates two ports at a blazing 27Mpixels/sec, provides a low-cost 
flexible memory system without relying on VRAM and offers many 
other features, too. 

These Sumitomo products offer brilliant hardware solutions 
covering a wide range of applications. 

O HISTOGRAM CHIP 50MHz 
O SPATIAL & LOGICAL FILTER/CONVOLVER 50MHz 

IMAGE ROTATION/EXPANSION/REDUCTION PROCESSOR 
O  4ch MULTIPLIER/ACCUMULATOR 
O LABELING CHIP 40/20 MHz 4K/2K LABELS 
O AVERAGE REDUCTION CHIP - AND MANY MORE 

For complete chip specifications and additional information about the 
great savings and service you’ll en¡oy with Sumitomo chips, call us today. 

SUMITOMO METALS 

JP A Electronics Supply, Inc. 
Park 80 West Plaza 1, 

Saddle Brook. NJ 07663 
Phone: (201) 845-0980 
Fax: (201) 845-5139 

5201 Great America Parkway, Suite 320 
Santa Clara. CA 95054 
Phone: (408) 982-2503 
Fax: (408) 982-2522 

READER SERVICE 187 
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AS A MATTER OF FACT, 
we DO make the FASTEST 
ADCs ON THE PLANET 

Signal Processing Technologies makes the fastest analog-to-digital 
converters anywhere. And SPT’s production-proven designs 
mean high-speed conversion technology is not a mere laboratory 
curiosity - it’s available now. 

It’s no wonder SPT devices are chosen for fast analog-to-digital 
conversion in scanning, DSP interface, automotive and remote 
sensing applications - not to mention digital oscilloscopes, transient 
capture, radar, electronic warfare and direct RF down-conversion. 

SPT delivers the hands-down ADC winners in every category 
from 6- to 1 O-bit resolution - backed by international ISO9001 
certification and 10 years of world-leading technology. 

SPT Resolution Sample Rate SNR Available 
ADC (bits) (MSPS) (dB) 

SPT7610 6 1.000 36 9 250 MHz NOW | 

SPT7750 8 500 45 £250 MHz NOW 

SPT7755 8 _750 45 V 250 MHz_NOW | 

SPT7760 8 1,000 44 9 250 MHz NOW 

SPT7830-61 10 2.5-40 54-59' NOW 

SPT7870 10 100 56 @ 25 MHz NOW 

©1996 Signal Proa»>ing Technologies, Inc. '°' '»■"»I«« C«°s ADC> 

Check out SPT’s complete line of ADCs - the fastest on the planet -
and call our Product Hotline today: 

SIGNAL PROCESSING TECHNOLOGIES 

1-800-643-3SPT (3778) 
http://www.spt.com 

READER SERVICE 174 

WSPT 
4755 Forge Rood • Colorado Springs, CO 80907 
Phone: 719-528-2300 • Fax: 719-528-2370 
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12-BIT ADCs WITH MULTIPLEXERS 

COURTESY: NATIONAL SEMICONDUCTOR 

ADCs With Multi¬ 
plexers Are Shap¬ 
ing Up In Designs 

F aster, lower-power, cheaper, smaller packaging. All the 
things happening with single-
input ADCs (analog-to-digital 
converters) also are taking 
place with the multiplexed in¬ 
put parts. Some of the design 
results are more logical for 
the multiplexed ADCs. How¬ 

ever, there are even more pitfalls for 
the unwary when working from a data 
sheet. 

As pointed out in the previous report, 
appearing in this issue, the use of analog 
multiplexers did not really catch on untü 
system designers made CMOS parts 
relatively easy to design and implement 
(see “12-Bit IC ADCs Becoming Com¬ 
modity Components, ”p. 59). It also is the 
case that the means to make intelligent 
switching of the multiplexer needed a 
higher adoption level of microcontrol. 
Those two developments were more or 

Paul McGoldrick 

Reading The Data Sheet 
Is Good Advice For 
ADCs; With Multiplexer 
Parts, It Is Critical 
In Buying The Right 
Part For Your Design. 

less coincident. 
Thinking of multiplexer parts as 

“commodity” items may be a strange 
way of expressing it, but it’s a fact. The 
lowest-price 8-input ADC available is 
National Semiconductor’s ADC12138. 
In 1000-unit lots, it costs $3.38 (that’s 
42.25 cents per channel; which can cer¬ 
tainly be considered commodity pric¬ 
ing). The most-expensive 8-channel 
part available is Linear Technology’s 
LTC1289, priced at $18.15 apiece in 
1000-unit lots. That’s $2.28 per channel. 
Are there differences between the 
parts? Sure, but enough for the enor¬ 
mous difference in price? 

As is the case with the single-input 
parts, virtually all the multiplexed 
ADCs operate from single, 5-V rails— 
with a smattering working from 2.7 and 
3.0 V, and one as low as 2.375 V. The 
majority have no internal references, 
most are switched-capacitor succes¬ 
sive-approximation (SAR) types, and 
have the same power-down/sleep func¬ 
tionality. In addition, input levels are 
usually allowable to the reference volt¬ 
age or higher (the design stories behind 
this for the 2.7-V parts is a special report 
in itself.) The vast majority of ADCs 
have serial I/Os, while those with paral¬ 
lel I/Os are among the fastest parts. 

Why 12 bits? Are the ICs being used 
to take advantage of the resolution? In 
general, the answer is no. The majority 
of 12-bit devices are being used to take 
advantage of the dynamic range, simpli¬ 
fying or even avoiding the needs of scal¬ 
ing at the input. With multiple inputs, 
there is a large savings in external com¬ 
ponents when scaling is no longer a ne¬ 
cessity in getting the required resolu¬ 
tion. In other words, the majority of 
parts are being used to rather less than 
their full capability, but successfully. But 
there are “take-care situations” as well. 
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12-BIT ADCs WITH MULTIPLEXERS 

A COMPARISON OF LOW-COST 12-BIT ADCs WITH INTERNAL MULTIPLEXERS ....... 

Company Model 
Multiplexer 

inputs 
Sampling rate 
(symbols/s) 

Digital 
output 

Price 
(1000-unit lots) Comments 

Analog Devices 
Call 1-800ANALOGD 
or (617) 329-4700 

AD7862 2x2 250k Parallel $12.00 Dual-channel simultaneous 
sampling. 

AD7864 2x4 147k Parallel $15.00 4 sample-and-hold amplifiers 
and 1 ADC 

AD7858 8 200k Serial $9.95 Both are available with 
100-ksample/s rates at $6 95 
and $7.60 each, respectively. 

AD7859 8 200k Parallel $11.75 

Burr-Brown 
Call 1-800 548-6132 
or (520)746-1111 

ADS7824 4 40k Parallel and 
serial 

$12.30 

Linear Technology 
Call 1-8004-LINEAR 
or (408) 432-1900 

LTC1288 2 6.6k Serial $6.35 Auto-shutdown 3-V operation. 

LTC1289 8 25k Serial $18.15 Auto-shutdown 2.7-V operation. 
Note 1. 

LTC1290 8 50k Serial $6.60 Note 1. 

LTC1291 2 54k Serial $9.40 

LTC1293 6 46k Serial $9.40 

LTC1294 8 46k Serial $9 40 

LTC1296 8 46k Serial $8.35 

LTC1298 

LTC1594 

2 11.1k Serial $8.15 

4 16.8k Serial $6.15 Auto-shutdown operation. Note 2. 

LTC1594L 4 10.5k Serial $6.25 Auto-shutdown 3-V operation. 
Note 3. 

LTC1598 8 16.8k Serial $6.15 Auto-shutdown operation. Note 2. 

LTC1598L 8 10.5k Serial Auto-shutdown 3-V operation. 
Notes 3 and 4. 

Maxim 
Call (408) 737-7600 

MAX147 8 133k Serial $5.95 2.7 to 5.25-V operation. 

MAX 186 8 133k Serial $6.95 

MAX 188 8
133k Serial $6.25 

MAX 196 6 100k Parallel $9.90 

MAX 197 8 100k Parallel $9.90 

MAX 198 6 100k Parallel $9.90 

MAX 199 8 100k Parallel $9.90 

MAX 1245 8 100k Serial $6.25 Note 8. 

MAX1247 4 133k Serial $5.80 Note 9 

National Semiconductor 
Call 1-800 272-9959 ext. 659 
(Note 5) 

ADC 12030 2 70k Serial 44.40 Note 6. 

ADC 12032 2 70k Serial $4.40 Notes 6 and 7. 

ADC 12034 4 70k Serial $4.60 Notes 6 and 7. 

ADC 12038 8 70k Serial $4.80 Notes 6 and 7. 

ADC12048 8 222k Parallel $5.95 Note 7. 

ADC 12062 2 1.0M Parallel $15.00 Note 7. 

ADC12130 2 70k Serial $3.09 

ADC12132 2 70k Serial $3.20 Note 7. 

ADC12138 8 70k Serial $3.38 Note 7. 

LM12434 4 140k Serial $12.50 Note 7. 

LM12438 8 140k Serial $12.50 Note 6. 

LM12454 4 88k Parallel $12.50 Notes 6 and 7. 

LM 12458 8 88k Parallel $12.50 Note 6. 

ADC 12662 2 1.5M Parallel $20.00 Note 7. 

ADC 12762 2 1.4M Parallel $12.00 Note 7. Not released at press 
time. 

Sipex 
Call (508) 667-8700 

SP8538 2 25k Serial $4.20 

Texas Instruments 
Call 1-800 477-8924 

TLC2543 11 66k Serial $4.90 

TLV2543 11 66k Serial $5.60 Note 10. 

Notes: 1 = Full-duplex I/O: 2 = Pad should be released by issue dale; 3 = Pad release date not known; 4 = Pad not priced by press time: 5 = Most pads are 
self-calibrating: 6 = H versions (eg. ADC12H030) are available, tested at an 8-MHz clock (instead of a 5-MHz clock). Price premium ranges from 50 to 90 
cents more. L versions operate at 3.3 V. No price premiums on most pads; 7 = Multiplexer outputs and ADC inputs are available at pad pinout. 8 = 2.375 to 
3.6-V operation; 9 = 2.7 to 5.25-V operation; 10 = 3-V operation. 
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12-BIT ADCs WITH MULTIPLEXERS 

■ THIS FUNCTIONAL SCHEMATIC of the National Semiconductor LM12438 ADC shows the extensive digital control that is available. 

The sample rate of the ADC will be 
effectively divided between the number 
of inputs being sampled. The sample 
rates, in general, of the multiplexed 
pails, are on the ‘low” side, so the effec¬ 
tive sample rates may be extremely low. 

All of this indicates that manufactur¬ 
ers expect the parts will be used on 
dc/near-dc sources and sensors. Indeed, 
designers may find it difficult with most 
data sheets to even find any kind of 
small-signal ac performance detailed. 
But then, some data sheets seem to be 
getting more obscure than they used to 
be—sample rates aren’t even quoted on 
some of them. The applications informa¬ 
tion from the manufacturers becomes 
even more critical because of this. For 
review purposes, dual-input ADCs are 
included where they use a multiplexer 
(see the table). In most cases, the inputs 
can be configured for a differential feed, 
but they’re included for completeness. 

As previously mentioned, even if an 
ADC is being used in near-dc sampling 
applications, it can be preferable in 
portable applications to use the higher 
sampling part when the IC can shut¬ 
down between samples. Such program¬ 
mability is but one function that many of 
the devices allow. National’s LM12438 
8-input, serial-I/O ADC for example, 
epitomizes the company’s stated com¬ 
mitment to “systems” with a slew of 
digital functions: 8 different conversion 
setups (from the 48-by-8 instruction 
RAM), a 16-bit timer, and on-chip storage 

of results with a 32-by-16 FIFO, all 
without any I/O intervention from the 
host microprocessor (see the figure). 
The same functionality also is available on 
the LM12458, which has a parallel I/O. 
Manufacturem whose product lines are 
not restricted to analog will hopefully be 
able to develop such multiprogramming. 

That is, indeed, the case with Texas 
Instillments’ parts—the TLC2543 (5 
V) and the TLV2543 (3.3 V)—where a 
seamless interface can be made with 
TI’s DSP ICs such as the TMS320C25. 
Software is available for the interface as 
well. With 11 analog inputs, these ADCs 
also are the ones with the most multi¬ 
plexed channels (actually 14 because 
the part also has three self-test chan¬ 
nels) while consuming only 1 mA. 

Offerings from Linear Technology are 
extremely varied. All are serial-1/0 
parts, while a number have auto-shut-
down. The latest ADCs (1594 and 1598) 
have the multiplexer output available at 
a pin with the converter input available 
adjacent to it. This allows for the use of 
a single device, like a filter, to be applied 
equally to all inputs. The same capabil¬ 
ity is on a number of National parts. One 
3-V device was available as of this writ¬ 
ing, while a second, the LTC1594L, was 
expected to be available at this time. A 
third, the LTC1598L, is on an unknown 
schedule. The LTC1289 is a 2.7-V IC. 

Maxim has both serial- and parallel-I/O 
chips, with the latter seemingly carrying 
a price premium. The MAX 147 and 

ELECTRONIC DESIGN/OCTOBER 24, 1996 

MAX1247 are both 2.7-to-5.25-V 
parts, while the MAX1245 has the 
lowest operating voltage of all the 
multiplexed ADCs: 2.375 V. This al¬ 
lows it to run off the raw output of two 
cells (NiCd, NMH, or Li-Ion) right 
through most of the discharge cycle 
(typically 90%). The MAX197/7Æ/9 
family (the parallel I/O ones) have 
programmable input sensitivity. Four 
different input ranges can be set. In 
some instances, this internal scaling 
may give an apparent extension of the 
resolution. The Maxim parts also are 
particularly well protected from over¬ 
voltage, being tolerant to 16.5 V on 
the 5-V devices. In addition, an error 
or fault condition on one of the input 
channels should not affect the others. 
For the future, the MAX 146 and 
MAX1246 will be 8- and 4-channel de¬ 
vices, respectively, used on 2.7-V sup¬ 
plies. Both will have a serial I/O with 
113 ksamples/s and an on-board 2.5-V 
reference. The MAX1244 also will ex¬ 
tend the range of 2.375-V devices. 

National’s range includes the fastest 
sampling parts in the survey with 1.5 
Msymbols/s on an ADC12662. Most of 
National’s parts have the multiplexer 
output at a pin—to allow a fixed process 
to be applied to all inputs—and higher-
clock (8 MHz) and lower-voltage (3.3 V) 
versions are available on many parts. 

The award for the most unusual ar¬ 
chitecture might go to Analog Devices 
for two ICs being released next month. 
The AD7862 is a four-input ADC, how¬ 
ever, there are two completely separate 
12-bit conversion paths, so two channels 
can be simultaneously sampled. The 
AD7864, which might logically be ex¬ 
pected to be an 8-channel version of the 
above, is another surprise. It uses only 
one converter, and the four input chan¬ 
nels each have their own sample-and-
hold circuit before the multiplexer. 

An interesting range of products. 
The next steps will, of course, will be to 
see the commodity label move upwards 
to higher-resolution devices. Many of 
the 12-bit ADCs are, in fact, 12-bit plus 
sign ADCs. Next? □ 

Paul McGoldrick’s e-mail address 
is: 102447.346@compuserve.com. 
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nomadic, mobile and 
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From low-power system design to low-cost solu¬ tions, the Proceedings of the Third Annual 
Portable by Design Conference offers over 600 
pages of vital, timely and usable information for 
the portable OEM designer. 

For the price of $160 per copy plus $10 shipping 
and handling fee, you can receive the Electronic 
Design magazine-sponsored conference proceed¬ 
ings bound in one volume for handy reference. If 
you order now, you can receive the 1994,1995 and 
1996 Proceedings for only $260 plus $22 S& H. 
A single copy of the 1994 or 1995 Proceedings is 
available for $100 plus $10 S& H. Stay on the 
cutting edge of today’s innovative portable technol¬ 
ogy and order your copies now, while supplies last. 

The following is a sampling of topics from the 1995 
Second Annual OEM Designers’ Conference: 
• Power-Control Circuits 
• Connectivity and Communications 
• Display and Input Devices 
• Design Team Management 
• Expandability, PCMCIA, and Mass Storage 
• Time-To-Market 
• High-End Low-Power Microprocessors 
• Power Management Techniques 
• Operating Systems and BIOS Issues 
• Battery Technology 
• Low-Power Analog Design 
• Packaging and Assembly 
• Battery Management 
• System Design Issues 

i-1 
I Portable by Design Proceedings Order Form 

□ 1996 Proceedings: $160 + $10 s/h; # of copies_ 
I □ 1995 Proceedings: $100 + $10 s/h; # of copies_ 
I □ 1994 Proceedings: $100 + $10 s/h; # of copies_ 
, □ 1994, 1995 and 1996 Proceedings: $260 + $22 s/h; # of copies_ 

I NAME _ 
I TITLE _ 
I COMPANY_ 

I ADDRESS_ 
' CITY_STATE _ZIP_ 

Please return this form to: 
PORTABLE BY DESIGN • 611 Route 46 West • Hasbrouck Heights, NJ 07604 or call: 201/393-6075 • Fax: 201/393-6073 

Make checks payable to: 
PORTABLE BY DESIGN 
□ Check Enclosed 
□ MasterCard □ Visa □ American Express 

ACCT. NAME_ 

EXPIRATION DATE _ 

ACCT. #_ 

SIGNATURE_ 



LOW-POWER DESIGN 
A Collection of CSEM Papers 

• General Tutorial Papers 

• Digital Circuits 

• Devices and Analog Circuits 

• Low-Power Systems 

Over the past decade, minimization of power consumption 
has become a critically important task in the implemen¬ 
tation of electronics systems of all kinds, and especially for 

portable and battery-powered functions. The requirements for 
low-power will pervade systems and IC design to an ever increas¬ 
ing extent. 

This collection of landmark CSEM (Center Suisse d’Electronique 
et de Microtechnique SA) papers has been produced as a handy, 
basic reference book. 

_Now Available For s125._ 
LOW-POWER DESIGN Amount 
□ Single order, $125 _ 
□ Multiple order: Quantity:_ x $125= _ 

For S & H please add $6 for domestic _ 
or $25 for international per book TOta| _ 

Mail to: 
ELECTRONIC DESIGN 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
Attn: Jeanne Sico 

or fax: 201/393-6073 

□ Master Charge □ American Express □ VISA □ Check (payable to Electronic Design) 

Account Name_Account# _ 

Signature_Expiration Date _ 

Name_Title _ 

Company_ 

Company Address_ 

City_State_Zip_ 

Phone Fax E-mail 



Harris 68HC05: Second Source, First Choice' 

SPI 

CDP68HC05C4B 

CDP68HC05C8B’ 

CDP68HC05J3 

CDP68HC05J4A* 

Features include KBI, High Current Drive Pin, and Tone Generator 

20 SOIC 
PDIP 

20 SOIC 
PDIP 

28 SOIC 

Set your sights on Harris. 
• Only U.S.-licensed second source for Motorola 
68HC05 8-bit CMOS microcontrollers 

• Highly competitive lead times and pricing 

• Pin-for-pin 68HC05 compatibility 

• Complete supporting line of peripherals 

• Excellent noise immunity 

Very low power consumption 

Eval boards, emulators, samples and complete 
tech support 

To see how easy it is to design with our 68HC05S, 
call 1-800-4-HARRIS ext. 7627 or visit our "Big Idea 
web site at www.semi.harris.com/bigidea/ 

CDP68HC05C16* 
available Q1 '97 

16k 352 31 J J 40 PDIP 
* * SDIP 

44 PLCC 
PQFP 

2k 128 12 

4k 176 

For more information: Call 1-800-4-HARRIS and ask for ext. 7627 
Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com 

AnswerFAX 1 407 724 7800, doc. 7049 
your next big nica and Harris 68HC05 Second Source. First Choice are trademarks of Harris Corporation. 

Stop searching. 
Harris has your 68HC05 solution 

ROM RAM I/O COP SCI, Pins 

2] HARRIS 
SEMICONDUCTOR 

Byte Lines 

4k 176 31 
’ SDIP 

44 PLCC 
PQFP 

8k 176 31 J J 40 PDIP 
SDIP 

44 PLCC 
PQFP 
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DESIGN APPLICATIONS 

The Fundamentals Of 
Simultaneous Voice And Data 

SVD Modems Are The 
“Talk”Of The Town This 
Fall. Here Is A Brief 
Introduction To A 
Number OfVoice/Data 
Technologies. 

KARL NORDLING and 
RAPHAEL MEHRBAINS 
Cirrus Logic Inc., 
3100 West Warren, Bldg. 1, 
Fremont, CA 94538. 

s modems have 
evolved to provide 
higher data rates 
and multimedia 
transmission capa¬ 
bilities, they have 
enabled PCs to 
evolve into multi¬ 
media communica¬ 

tions devices. They now provide users 
with the ability to communicate via 
voice, text, or pictures over the same 
telephone connection at many levels 
of performance and functionality. 

Even at the bandwidths of today’s 
analog modems, applications such as 
electronic commerce, customer sup¬ 
port, white-board conferencing, and 
limited videoconferencing are being de¬ 
veloped, marketed, and used. Alternate 
voice/data (AVD), simultaneous 
voice/data (SVD), and H.324 videocon¬ 
ferencing are just some of the increas¬ 
ingly complex technologies that modem 
developers have created to address 
these applications. 

General Considerations 
Communications channels connect¬ 

ing two PCs (through modems or other 
devices like LAN or ISDN adapters) 
can be considered as pipes with no dif¬ 
ferentiation for the type of data trans¬ 
ported. Various data types, however, 
have specific characteristics and limita¬ 
tions that must be closely considered 
and designed for in the communications 
device. 

Two major issues that must be con¬ 
sidered for specific data types are: 

11. FACTORS AFFECTING LATENCY in a voice/data connection are illustrated here. At worst (two satellite 
hops plus maximum switching latency), the PSTN can contribute 1.2 
seconds of delay. Typical figures run in the 50-to-100-ms range. 

40 ms 

Modem 

• The real-time nature of voice and 
video—latency issues. 

• Error recovery issues. 

Latency 
Latencies, which are essentially the 

same as propagation delay, are cre¬ 
ated throughout a telephone connec¬ 
tion. An accompanying illustration 
shows how an end-to-end connection 
can be modeled at the highest level as 
two modems, with the telephone net¬ 
work in between (Fig. 1). The maxi¬ 
mum latency through the public net¬ 
work is always less than 1.2 seconds, 
which corresponds to the round-trip 
delay of a connection involving two 
satellite hops with the delay caused by 
each hop estimated at 600 ms. This is 
a worst-case scenario which does not 
happen often, even during interna¬ 
tional calls. Typical delays for calls 
made within the U.S. is less than 50 to 
100 ms for terrestrial connections and 
600 ms for satellite connections. The 
80-to-100-ms round-trip delay 
through the modems then becomes 
significant, especially when one con¬ 
siders the fact that latencies of over 
200 to 250 ms start to become annoy¬ 
ing to the user. 

High levels of latency can be toler¬ 
ated in data-mode applications. Once 
initial connection has been established, 
end users will not perceive any effects 
due to existing latency in the system. 
Latency in multimedia applications 
such as voice or videoconferencing, 
however, can be very annoying. 
The effects of latency are com¬ 

monly observed in videoconferencing 
situations. Most readers have prob¬ 
ably experienced the effects of la¬ 
tency during international voice calls, 
such as when two users begin talking 
simultaneously. Another example of 
an environment where latency may 
cause drastic degradation of the end¬ 
user experience is the emerging but 
significant telegaming application. 
When playing games over a telephone 
line, it’s critical to assure minimum 
delay so that each player’s movements 
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HE ABILITY TO STOP 

CHILD ABUSE 

IS FINALLY WITHIN OUR REACH. 

Until now, there was little you could 

do to actually stop child abuse. But now 

there’s an innovative new program that 

can actually help stop abuse before it 

starts. It's already producing unprece¬ 

dented results. But we need your help. 

Call 1-800-C H I L D R E N today. 

THE MORE YOU HELP 
THE LESS THEY HURT. 

1-800-CHILDREN 
National Committee to Prevent Child Abuse 

B îfî 

DESIGN APPLICATIONS 

UNDERSTANDING V.70 SIMULTANEOUS VOICE-DATA 

Voice and data multiplexing 
The third element of the DSVD 

solution is the multiplexer. ITU stand¬ 
ards refer to this function as the 
V.gmux specification. As defined by 
the V.70 standard, multiple data 
streams have to be transmitted and 
received over a single communica¬ 
tions channel. V.gmux describes a 
standardized procedure between peer 
stations for multiplexing/demulti-
plexing multiple streams of informa¬ 
tion at the same time. The V.gmux 
standard is based on the V.42 LAPM 
protocol using HDLC framing proce¬ 
dure. All error-recovery and detec¬ 
tion protocols such as frame-check se¬ 
quences (FCS) also are defined in this 
specification and include 8-, 16-, and 
32-bit frame-check sequences. 

In DSVD solutions, digitized voice 
streams are interleaved with data 
streams for transmission. Each frame 
header identifies the frame as a data 
or voice stream. As mentioned earlier, 
frames are resynchronized every 10 
ms to facilitate error recovery. 

SVD Architectures 
Implementation of multimedia 

functionality such as video, audio, and 
data communications requires special 
attention to the architectural parti¬ 
tioning of a personal computer. 

Concurrency is always an impor¬ 
tant consideration for multifunctional 
applications. Many video, audio, and 
data communication functions require 
significant processing that could be 
implemented on a host processor, a 
dedicated accelerator, or a program¬ 
mable accelerator. Optimum use of the 
alternatives outlined above depend on 
cost and concurrency goals and trade¬ 
offs for a target application. 
The telegaming application men¬ 

tioned earlier happens to be one of the 
worst-case scenarios in MIPS re¬ 
quirements, and therefore warrants a 
closer look. In a telegaming applica¬ 
tion, the following communications 
functions are required to operate con¬ 
currently (see the table). 

Of course, communications is only 
a portion of the total MIPS require¬ 
ment for telegaming. The most im¬ 
portant aspects of the game are prob¬ 
ably the 3D graphics and 3D audio, 
and they can easily consume all of the 
CPU bandwidth on their own. It is 
evident that each one of these func¬ 

tions can easily be implemented on the 
host. In order to take advantage of all 
of these functions for a telegaming ap¬ 
plication, however, significant accelera¬ 
tion is required. 

On the other hand, host implemen¬ 
tation of all or some of the features 
discussed above may be a reasonable 
trade-off for some applications. Host 
implementation of features is not only 
less costly, but it also provides a level 
of flexibility that cannot be achieved 
otherwise. 

A final architectural issue that 
needs consideration is the use of re¬ 
sources by various subsystems in a 
PC. Audio and telephony functional¬ 
ity, and the necessary connection be¬ 
tween the two, is one such case. 
Speakerphones have become a com¬ 
mon resource available on several PC 
models. Audio and communications 
subsystems of a given PC require con¬ 
nection to the speakerphone. A hard¬ 
wired connection between audio and 
modem subsystems is required in 
most current solutions. 
The best system-level approach, 

however, is to provide a virtual con¬ 
nection in software between the two 
subsystems. In this type of imple¬ 
mentation, the speakerphone acous¬ 
tic echo-cancellation code can be im¬ 
plemented as part of the modem de¬ 
vice, the audio device, or on the host. 
Both audio and modem systems can 
take advantage of the speakerphone 
hardware through a virtual (software 
connection). □ 

Karl Nordling joined Cirrus Logic in 
1992, and is currently vice-president of 
DSP engineering at Cirrus’s RSA  sub¬ 
sidiary. Prior to that, he was the presi¬ 
dent and founder of Data Pump Inter¬ 
national, and Kinex. He has been active 
in the field of DSP since 1977. 
Raphael Mehrbains received his 

BSEE in 1981,andhis MSEE in 1983, 
both from the University of Michigan, 
Ann Arbor. He joined National Semi¬ 
conductor in 1983 as a circuit design en¬ 
gineer, and joined Cirrus Logic in 1985, 
where he has held several engineering 
and marketing positions with graphics 
and communications groups. 

How Valuable? Circle 
Highly 534 
Moderately 535 
Slightly 536 
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PERFECT BALANCE 
The Competitive Edge of Motorola's New 16-Bit Microcontroller. 

On a scale of one to ten, it's a 12. The 68HC12. 

This new cost-effective microcontroller family 

offers the perfect balance of low power 

consumption and high performance. 

With a CPU 12 core that runs at 8 MHz 

from 2.7 to 5.5 volts, the 68HC12 will 

launch next-generation designs for portable 

consumer, automotive, wireless communications, and 

industrial control products. 

A perfect score. The 68HC12 is a highly integrated 

16-bit architecture that is completely source-code 

compatible with Motorola's industry-standard 8-bit 

68HC11 microcontrollers. Customers who need 

increased performance can now migrate designs directly 

up to the 68HC12 without sacrificing valuable 

investments in software. 

Flash memory. High-level language optimization. Fast 

math operations. On-chip fuzzy logic instructions. 

A modular design that leverages Motorola's 

wide array of existing, proven peripheral 

modules. And, the 68HC12 is backed by a 

complete set of development tools from 

Motorola and independent suppliers. 

One performance you don't want to miss. To 

experience this winning combination for yourself, call 

your local Motorola sales office or authorized 

distributor to order the 68HC12 Evaluation Kit 

(M68HC12A4EVB). For more information call (800) 

765-7795, ext. 942; fax us at (800) 765-9753; or visit 

our Web site at http://freeware.aus.sps.mot.com 

The 68HC12 is packed with features that make it a 

market first. Low voltage, low power, and low noise at 

full bus speed. Enhanced Background Debug™ Mode for 

non-intrusive in-circuit programming and debugging. 

MOTOROLA 
Microcontroller Technologies Group 

01996 Motorola, Inc. Background Debug is a trademark, and Motorola and @)are registered 
trademarks of Motorola, Inc. All rights reserved. What you never thought possible?" 



UPCOMING MEETINGS 

JUNE 1997 

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

Digital Cross Connect Systems Workshop 
(DCS 97), June 16-19. Banff, Alberta, 
Canada. Contact Richard Hamley, Sten¬ 
tor Resource Centre Inc., Room 500,160 
Elgin St., Ottawa, Ontario KI G 3J4, Can¬ 
ada, (613) 763-4591; fax (613) 781-2023; 
e-mail: hamleyrd@stentor.ca. 

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

IEEE Power Electronics Specialist 
Conference (PESC 

97), June 22-27. St. Louis, MO. Con¬ 
tact Philip T. Krein, University of Illi¬ 
nois, 1406 W. Green St., Urbana, IL 
61801; (217) 333-4732. 

International Symposium on Information 
Theory, June 29-July 4. Ulm, Germany. 
Contact Han Vinck, Institue of Experi¬ 
mental Mathematics, University of Es¬ 
sen, Ellemstr. 29,45326 Essen, Germany; 
(49) 2013206458; fax (49) 2013206425. 

SEPTEMBER 

AUTOTESTCON 97, Sept. 22-25.DÍS-
neyland Hotel, Anaheim, CA. Contact 
Bob Rassa, Hughes Aircraft Co., 2200 
E. Imperial Hwy., Los Angeles, CA 
90009-2426; (310) 334-4922; fax (310) 
334-2578 

OCTOBER 

IEEE Ultrasonics Symposium, Oct. 7-
10. Marriott Hotel, Toronto, Canada. 
Contact Stuart Foster, Dept, of Medi¬ 
cal Biophysics, Room S-658, Sunny-
brook Health Science Ctr., 2075 Bay¬ 
view Ave., Toronto, Ontario, M4N 
3M5, Canada; e-mail: stuart@owl.sun-
nybrook.utoronto.ca. 

Sixth IEEE International Conference 
on Universal Personal Communica¬ 
tions (ICUPC 97), Oct. 13-15.Contact 
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Tony Acampora, MC 0409, Bldg 
EBU1, UCSD, 9500 Gilman Dr., La 
Jolla, CA 92093-0409; (619) 534-2486; 
e-mail: acampora@ece.ucsd.edu. 

IEEE Holm Conference on Electrical 
Contacts, Oct. 18-22. Wyndham 
Franklyn Plaza, Philadelphia, PA. 
Contact Wendy Rochelle, IEEE Con¬ 
ference Services, 445 Hoes Ln., P.O. 
Box 1331, Piscataway, NJ 08855-1331; 
(908) 562-3870; fax (908) 981-1769; e-
mail: w.rochelle@ieee.org. 

IEEE Telecommunications Energy 
Conference (INTELEC 97), Oct. 19-
23. World Congress Centre, Mel¬ 
bourne, Australia. Contact Robert 
N.K. Thuan, Network Products-Tel-
stra Corp. Level 14, 242 Exhibition 
St., Melbourne, Victoria 3000, Aus¬ 
tralia; (61) 3 634 6216; fax (61) 3 632 
3607 

19th Annual International Conference 
of the IEEE Engineering in Medicine 
& Biology Society, Oct. 29-Nov. 2. 
Sally Chapman, Secretariat, National 
Res. Council of Canada, Bldg. M-55 
Rm. 393, Ottawa, KIA OR8, Canada; 
(613) 993-4005; fax (613) 954-2216. 

19th International Conference of the 
IEEE Engineering in Medicine & Biol¬ 
ogy Society, Oct. 30-Nov. 2. Chicago 
Marriott Downtown, Chicago, IL. 
Contact Meeting Management, 2603 
Main St., Suite 690, Irvine, California 
92714; (714) 752-8205; fax (714) 752-
7444; e-mail: embs97@ieee.org; 
http://www.eecs.uic.edu/-embs97. 

NOVEMBER 

IEEE Global Telecommunications 
Conference (GLOBECOM 97), Nov 
2-7. Phoenix, AZ. Contact Paul 
Narula, AG Communications Sys¬ 
tems, Information Line, (602) 581-
4297. 

WESCON 97, November 4-6. Santa 
Clara and San Jose Convention Cen¬ 
ters. Contact Electronic Conventions 
Management, 8110 Airport Boule¬ 
vard, Los Angeles, California 90045-
3194; (800) 877-2668; fax (310) 641-
5117. 

JANUARY 1998 

Annual Reliability & Maintainability 
Symposium (RAMS), Jan. 20-22. Ana-
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heim Marriott, Anaheim, CA. Contact 
V.R. Monshaw, Consulting Services, 
1768 Lark Lane, Cherry Hill, NJ 
08003; (609) 428-2342. 

IEEE Power Engineering Society Win¬ 
ter Meeting, Jan. 31-Feb. 5. Tampa, 
Florida. Contact Jim Howard, Tampa 
Electric Co., Post Office Box 111, 
Tampa, Florida 33601; (813) 228-4653; 
fax (813) 228-1333; e-mail: 
j.howard@ieee.org. 

MAY 1998 
IEEE World Congress on Computa¬ 
tional Intelligence, May 3-9. William 
A. Egan Civic and Convention Center, 
Anchorage, Alaska. Contact Patrick 
K. Simpson, Scientific Fishery Sys¬ 
tems Inc. P.O. Box 242064, Anchor¬ 
age, Alaska 99524; (907) 345-7347; fax 
(907) 345-9769; e-mail: sci-
fish@alaska.net. 

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

IEEE International Conference on 
Acoustics, Speech & Signal Processing 
(ICASSP’ 98), May 12-15.Seattle Con¬ 
vention Center, Seattle, Washington. 
Contact Les. E. Atlas, Dept. EE(FT 
10), University of Washington, Seattle, 
Washington 98195, (206) 685-1315; fax 
(206) 543-3842; e-mail: atlas@ee.wash-
ington.edu. 

JUNE 

IEEE/MTT-S International Micro¬ 
wave Symposium (MTT 98), June 7-
12. Baltimore Convention Center, 
Baltimore, Maryland. Contact Steven 
Stitzer, Westinghouse Electric Corp., 
P.O. Box 1521, MS 3T15, Baltimore, 
Maryland 21203; (410) 765-7348; fax 
(410) 993-7747. 

JULY 

IEEE Power Engineering Society 
Summer Meeting, July 11-17. 
Sheraton Hotel, San Diego, Cali¬ 
fornia. Contact Terry Snow, San 
Diego Gas & Electric, Post Office 
Box 1831, San Diego, California 
92112; (619) 696-2780; fax (619) 
699-5096. 



EDITED BY MIKE SCIANNAMEA AND DEKRA SCHIFF 

MARKET 
_ 

To paraphrase 
the singer Joe 

Jackson, “Why go 

out when the T.V.’s on?” Even better, why go to the 
movies at all, when you have your own personal theater 

in your living room? According to a recent Consumer 

Electronics Manufacturers Association (CEMA) study, at 

the end of 1995, nearly 11 million American house¬ 

holds were entertained by their own home-theater sys-

rect-view televisions that were 25 inches or larger in the 

second quarter than the first. The home-theater audio 

market gained 16% in the second quarter, with A/V re¬ 

ceiver and amp sales up 1%. Speaker sales, on the other 

hand, including home theater-in-a-box packages, were 
up 42% in the quarter. In the blank media category, au¬ 

dio and video tape experienced a 3% drop in unit ship¬ 

ments, in the second quarter, but the first six months of 

1996 found sales 2% ahead of the same period in 1995. 

■ ■ 

■ 

25" & Over Direct View T.V. 

Projection T.V. 

Laserdisc players 

Hi-Fi VCRs 

Total video 

A/V Receivers, amps, 
& separates 

Speaker separates 
& packages'* 

Total audio 

Total home theater 

terns. In its queries of 750 

American households, CEMA 

found that 6% of respondents 

owned a mini¬ 

dish satellite 

system, with 

another 5% 

planning to 

purchase a sat¬ 

ellite system 

within a year. 

The study 

watched fac¬ 

tory sales of 

home theater 

products (the 

1676 1557 8% 

The drop appeared after three 

consecutive quarterly gains. 

This may be attributed to the 

baby boom 

unit shipments 

of compact 

tapes (cam¬ 

corder and 8-

mm VCR me¬ 

dia) that rose to 

over 12 million 

for the third 

time in the last 

four quarters. 

That figure is 

up 10% from 

HOME THEATER FACTORY SALES* 
IN MILLIONS OF DOLLARS 

2nd Quarter 

1996 1995 % change 

’Totals may not ’’Includes home-theater-
add due to rounding. in-box packages. Source: CEMA 

90S R77 3% 

241 236 2% 

15 27 -46% 

323 251 29% 

1484 1390 7% 

107 106 1% 

85 60 42% 

192 166 16% 

category includes: direct-view color T.V.’s 25 inches and 

larger, laserdisc players, projection T.V.s, hi-fi stereo 

VCRs, surround sound processors, amps and receivers, 

subwoofers, center channel speakers, and satellite sur¬ 

round speakers sold as separate units or as multispeaker 

packages) to learn that they rose 8% in the second quar¬ 

ter, with sales of $1.68 billion, compared to $1.56 bil¬ 

lion one year ago. The six-month mark saw a 7% rise to 

$3.4 billion. 

Also posting a 7% gain in the second quarter was the 

home theater video market, thanks to large-screen T.V. 

and stereo VCR demand. Hi-fi VCR sales rose 29% to 

$323 million in the second quarter, with sales of $587 

in the first half of the year. Dealers bought 3% more di-

the same time last year. VHS-C tapes had sales of 6 mil¬ 

lion units in the quarter, increasing 13%, while 8-mm 

standard tapes rose 18% to hit unit sales of 4 million. 

The old stand-by, standard VHS tapes, continued to rise 

in unit shipments, 10% to 81.3 million in the quarter, 

and in dollar sales, 6% to $132 million, with a nod to 

the Olympics. Blank audio tapes sank 6% in the first 

half of I996, with unit shipments down for the third 

straight quarter. For more information on the study, 

contact Lisa Fasold at CEMA, 2500 Wilson Blvd, 

Arlington, VA 22201-3834, (703) 970-7669 or fax 

(703) 907-7690, e-mail lfasold@eia.org, or see the 

CEMA World Wide Web site at http://www. 

eia.org/cema. DS 
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WHAT MAKES SGS-THOMSON 
VIPower ICs A SMARTER CHOICE 
THAN OTHER SMART DISCRETES? 2 



WE'VE DONE 
OUR HOMEWORK 

SGS-THOMSON took VlPower™, the industry's most 
flexible, most functional truly vertical-flow smart power 
technology, expanded the range and made it better. 
Introducing the OMNIFET'“! Fully autoprotected three-

terminal Power MOSFETs that are definitely at the head 
of the class when it comes to performance. 
OMNIFETs are based on the same leading edge VlPower 

technology that has given ST’s intelligent high-side 
drivers bumper-to-bumper presence in the world’s leading 
automobiles. Using ST’s proprietary NMOS and DMOS 
structure, OMNIFETs 
bring intelligence 
and protection to 
industry standard 
“dumb’’ MOSFETs. 
In fact, OMNIFETs 
are becoming 
the power switches 
of choice in 

OMNIFETs - Fully Autoprotected Power MOSFETs 

ESD 
Protected 

Voltage 
Clamping 

Linear Current Limit 

- J Logic Level 

OMNIFET“ V-.. _ 
_ISource Current ' 

Overtemperature Sensing 
Protected 

industrial applications where high reliability and safety 
are prime concerns. 
As logic level devices. OMNIFETs offer more features 

than their predecessors — TEMPFET® and SENSEFET — 
combined. With RDS(on) ranges from l2mQ to 200mfi and all 
industry standard through-hole and surface mount packages 
available, the OMNIFET product range can meet the most 
demanding power switching cost/performance parameters. 
Do your homework and you’ll get a real education on 

the unprecedented advantages of SGS-THOMSON 
VlPower devices. Be one of the first 500 respondents and 
receive a sample kit with complete data and actual devices. 
Fax 617-259-9442 or write SGS-THOMSON Microelectronics. 
55 Old Bedford Rd., Lincoln. MA 01773. And visit our 
web site at http://www.st.com 

Service and Technology 
TEMPFET is a trademark of SiwnMns. SENSEFET is a trademark af Motorola 

©1996 SGS-THOMSON Microelectronics. All rights reserved. 
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OMNIFET-VIPower. 
The Smarter Power. 

OVERVOLTAGE CLAMP 
FEATURES 
>Unriva)ed energy handling 
>Clamp internally set from 
42V to 70V 
BENEFITS 
>No damage due to 
overvoltage spikes 

LINEAR CURRENT LIMITER 
FEATURES 
>Linear current limitation 
>Fast step response 
BENEFITS 
>Load protection 
>Adjustable current limit by 
changing the metal mask 

GATE CONTROL 
FEATURES 
> Analog driving due to direct access 
to the gate of the Power MOSFET 

> Logic-Level operation from a 
TTL/CMOS driver circuit 
BENEFITS 
>Pin to pin compatibility with 
standard MOSFET 

OVER TEMPERATURE 
FEATURES 
> Short circuit protection 
> Overtemperature protection 
> Automatically restarts at 135°C 
BENEFITS 
>High safety in all 
environmental conditions 

STATUS 
FEATURES 
> Overtemperature feed back 
through input pin 

BENEFITS 
>Real time monitoring 

OMNIFETs - AUTOPROTECTED POWER MOSFETs 
Type 

VNW100N04 
VNW5ONO4 
VNP49N04 
VNP49N04FI 
VNV49N04 
VNB49N04 
VNP35N07 
VNP35NO7FI 
VNV35NO7 
VNB35NO7 
VNP28NO4 
VNP28N04FI 
VNV28NO4 
VNB28N04 
VNP2ONO7 
VNP2ONO7FI 
VNV2ONO7 
VNB2ONO7 
VNPI4N04 
VNPI4N04FI 
VNV14N04 
VNBI4N04 
VNKI4N04FM 
VNPI0N07 
VNPI0N07FI 
VNVI0N07 
VNB10N07 
VNKI0N07FM 
VNP10N06 
VNPI0N06FI 
VNKI0N06FM 
VND10N06 
VNDI0N06-I 
VNP7NO4 
VNP7NO4FI 
VND7N04 
VND7N04-1 
VNK7NO4FM 
VNP5N07 
VNP5N07F1 
VND5N07 
VND5N07-I 
VNK5NO7FM 

*VIN=7V 

VCIamp 
(V) 
42 

42 

42 
42 
70 
70 
70 
70 

42 
42 
42 
70 
70 
70 
70 
42 
42 

42 
42 
70 
70 
70 
70 
70 
60 
60 
60 
60 
60 
42 
42 
42 
42 
42 
70 
70 
70 
70 
70 

RDS(on) 

(mil) 

12 

12 

20 

20 

20 

20 

28 

28 

28 

28 

35 

35 

35 

35 

50 

50 

50 

50 

70 

70 

70 

70 

70 

l(M) 

1(N) 

KM) 

l(M) 

KM) 

300* 

3<M>* 

3<M>* 

3(M)* 

300* 

140 

140 

140 

140 

140 

2(M) 

2(M) 

2(M) 

2<M) 

2(M) 

Package 

TO-247 
TO-247 
TO-220 

ISOWATT220 
PowerSO-10 
D2PAK 
TO-220 

ISOWATT220 
PowerSO-10 
D2PAK 
TO-220 

ISOWATT220 
PowerSO-10 
D2PAK 
TO-220 

1SOWATT220 
PowerSO-10 
D2PAK 
TO-220 

ISOWATT220 
PowerSO-10 
D2PAK 

SOT-82FM 
TO-220 

ISOWATT220 
PowerSO-10 
D2PAK 

SOT-82FM 
TO-220 

ISOWATT220 
SOT-82FM 
DPAK 
IPAK 
TO-220 

1SOWATT220 
DPAK 
IPAK 

SOT-82FM 
TO-220 

ISOWATT220 
DPAK 
IPAK 

SOT-82FM 

For more information fax 617-259-9442 
Complete product information at http://www.st.com 

^7 SGS -THOMSON 
OMNIFET and VIPower are trademarks of SGS-THOMSON Microelectronics. 
©1996 SGS-THOMSON Microelectronics. All rights reserved. 
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QUICKLOOK 
Edison Site On Most Endangered List 
INVENTION FACTORY NEEDS 
FUNDING FOR REINVENTION 

latest machinery and 
finest instruments for 
electrical, chemical, 
and metallurgical ex¬ 
periments. Any and 
all materials required 
by scientists and engi¬ 
neers in the course of 
their research also 
were stocked in the 
labs. 
Edison opened his 

West Orange facility 
in 1887 and directed 

the lab until his death in 1931. Supporters of 
the facility are hoping that the renovations 
will include a multimillion dollar moderniza¬ 
tion project. It begins with Square D 
Company’s electrical equipment donation 
and installation. Square D’s self-proclaimed 
obligation to the landmark stems from its 
presence, in the form of products, in the lab 
for nearly 90 years. 
If you’re interested in contributing to the 

Thomas A. Edison National Historic Site, 
checks or money orders should be payable 
to: National Park Foundation/Edison Site, 
1101 17th St., NW, Suite 1102, Washington, 
DC 20036. DS 

fTj hrowing a wrench into the works of every bad joke 
E aimed at New Jersey, the West Orange, N.J. inven-

SUtion factory of Thomas A. Edison served as the 
model for laboratories developed by General Electric, 
Westinghouse, and Bell. 
Now, over a century since its opening, the Thomas A. 

Edison National Historic Site is on the list of the na¬ 
tion’s most endangered landmarks. The West Orange 
research facility was the place where Edison perfected 
the alkaline storage battery, phonograph, and motion 
picture camera. The lab itself is one of his greatest tri¬ 
umphs, leading the field in team-based research and de¬ 
velopment. 
According to the National Park 

Service, which operates the land¬ 
mark, many of the five million 
documents and 390,000 objects 
stored throughout the 10 buildings 
remain uncatalogued and are in 
danger of being lost forever due to 
deteriorating conditions. In its 
heyday, the three-story main lab 
contained machine shops, an en¬ 
gine room, stock room, glass 
blowing and pumping rooms, a 
department dedicated to photogra¬ 
phy, experimental rooms, and a 
10,000-volume library. Four 
smaller labs were stocked with the 

has released IDK (Internet 

Development Kit), an Intranet en¬ 

abling technology. IDK is an 

Intra/lnternet middleware solution 

used to create World Wide Web 

front ends to existing company data 

while providing a web site produc¬ 

tion plug-and-play environment. 

The package allows turn-key 

Intranet creation and Internet pres¬ 

ence by providing highly optimized 

and stable development conditions. 

Cygnus has simplified and opti¬ 

mized the best versions of public¬ 

domain software for this offering, 

including: Perl 5 (programming lan¬ 

guage); Tel (programming/exten¬ 

sion language); Tk (Tcl-based win¬ 

dowing system); Expect (Tcl-based 

I/O event-driven state machine lan¬ 

guage); and the Apache HTTP 

Server package, the world's leading 
Internet server. 

Users can download IDK from the 

Cygnus FTP site at no cost, or re¬ 

ceive it on CD-ROM when they pur¬ 

chase a support contract. 

Information on how to download 

the package can be found at 

http://www.cygnus.eom/product/i 
net/idk. 

IDK is the first offering by Cygnus 

Support's new l*Net product line, 

focusing on the demand for 

lntra/ln*ernet consulting, technol¬ 

ogy, and support. The line aims to 

broaden the Cygnus emphasis on 

strategic technical consulting, 

shared software, unique applica¬ 

tions development, and customized 

levels of support. 

For more information, contact 

Cygnus Support, 1937 Landings 

Dr., Mountain View, CA 94043; 

(415) 903-1400; (415) 903-0122; 

Internet: http://www.cygnus.com. 
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QUKKLOOK 

Idee is offering a complimen¬ 
tary copy of its State Machine 

and HDL editor tools, which are 
part of the ACTIVE-CAD 
Development Series, via the World 
Wide Web. The copy has no limi¬ 
tations and supports ABEL, 
Verilog, and VHDL. It includes all 
interfaces to PC-based synthesis 
tools along with a very comprehen¬ 
sive tutorial. The Graphical State 
Machine Editor and HDL Editor, 
complete with Language Assistant 
and HDL Design Wizards, is pro¬ 
vided in an attempt to help edu¬ 
cate schematic centric design engi¬ 
neers about HDL design tools. The 
State Machine Editor is a graphical 
design entry tool that uses the fa¬ 
miliar concept of finite state ma¬ 
chines to design complex control 
diagrams. The editor handles both 
Mealey and Moore designs and al¬ 
lows for the graphical entry of hier¬ 
archical and concurrent state ma¬ 
chine designs. The complimentary 
copy of the State Editor and HDL 
Editor is available for a limited 
time at http://www.aldec.com. 
Contact Aldec Inc., Three Sunset 
Way, Suite F, Henderson, NV 
89014; (702) 456-1222; fax (702) 
456-1310. 

Software that measures the 
speed of parallel port transfer 

is available free of charge from 
Shuttle Technology. The PPTool 
software allows users to compare 
the rate of parallel port transfer to 
that of other interfaces, like SCSI 
and ATAPI. Users install the soft¬ 
ware and receive a full assessment 
of speeds achieved when transfer¬ 
ring files. The next version of the 
software will enable users to com¬ 
pare data transfer speeds using var¬ 
ious peripherals such as CD-ROMs, 
printers, and backup devices. The 
software can be downloaded from 
Shuttle’s web site at 
http://www@shuttletech.com. 
Contact Shuttle Technology Inc., 
43116 Christy St., Fremont, CA 
94538; (510) 656-0180; fax (510) 
656-0390. 

Jt looks as though Philips Electronics of The Netherlands has taken one more positive step into 
the future. Back in the summer, the company 

mounted an exhibition of a number of “concept” prod¬ 
ucts thought through by members of its corporate de¬ 
sign department. They represented Philips’ carefully 
crafted “Vision of the Future” (Electronic Design, 
Sept. 3, p. 64P), and were based on a whole raft of technologies. They 
ranged from micromotors to high-density solid-state memory that are due 
out of the research and development laboratories in time to be put to prac¬ 
tical use in consumer, telecommunications and professional electronics 
products that may hit the market anytime between 2001 and 2006. (Instinct 
told me to refer to these years as 2kl and 2k6, but common sense—and a 
Microsoft spelling checker— got the better of me). 
One of the technologies that was featured in a high proportion of these 

“VoF” products—68 of them in fact—was the idea of a flat, flexible wide-
area light-emitting display. According to the conceivers, this would be 
based on light-emitting polymer. 
At the time, it occurred to me to wonder whether the company that holds 

the basic patents on this type of display had been consulted. It turns out 
that at the time that Philips had its vision, it hadn’t. But that has now been 
corrected and Philips has signed a patent licensing deal with the inventors 
at Cambridge Display Technology Ltd., Cambridge, England. 
The Dutch really had little option. A quick look at the list of patents that 

the Cambridge company holds title to around the world shows it has the 
plastic light-emitting business pretty well wrapped up. And any company 
that wants to make plastic displays will have to follow the same route. The 
list of 24 patent titles owned by CDT is impressive. 
It covers virtually every aspect of the manufacture and application of 

light-emitting plastic from manufacture of organic LED’s; nitrile polymers; 
organic light-emitting diode color display; organic light-emitting diode dis¬ 
play (EL device); patterning; photoresponsive materials; polymers in pho¬ 
todetectors; and polymer protection for electrochromic displays; electroop¬ 
tic modulators; fabrication of organic LED's (composite LED’s); stacked 

EL devices; and tuning co-polymers. 
The upshot is that Philips Components has paid a multimillion dollar sum 

upfront and is committed to shelling out for royalties for the right to use 
the patents. So far, the Dutch company has not revealed exactly what it in¬ 
tends for the technology, or to reveal more details of its new license, except 
to confirm that “there will be no transfer of technology from CDT.” 
However, visitors to Philips’ web site at http://www-eu.philips.com/de-
sign/vof/ can make some pretty shrewd guesses at where any light-emit¬ 
ting plastic components might find their niche. 
In the meantime, CDT is busy negotiating with the next company in the 

line. At present, Mark Gostick, CDT’s marketing director, won’t say who 
that might be. But he did tell me that it will be aimed at ensuring a ready 
supply of the right type of polymer raw materials that mass producers such 
as Philips will need to get LEP production lines rolling. You could always 
ask Mark directly—his e-mail address is: mgostick@cdtltd.co.uk. Those in¬ 
terested in the physics and chemistry of these devices will find a visit to 
http://www//cdtltd/co.uk rewarding. 

Peter Fletcher is Electronic Design’s U.K. correspondent. His e-mail ad¬ 
dress is: panflet@cix.compulink.co.uk. 
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MI XED-SIGNAL & ANALOG 

Free CD-Based 
Designer's Guide 
and Data Book. 

Designer’s Guide and 
Data Book 

Application reports, full data sheets and macro models 

■ Powerful search functions 

Worldwide sales and distribution contacts 

Information on Tl events and seminars 

EXTENDI N G REACH" 

READER SERVICE 1S9 

Instruments 

CD-based Designer’s Guide and 

Data Book for Windows'1 includes: 

The new CD-based Designer’s Guide and Data 

Book from Texas Instruments is your single source 

for Mixed-Signal and Analog products information. 

Its powerful search engine helps you locate the 

parts that meet your design criteria and places 

over 10,000 pages of technical data at your finger¬ 

tips. Put time on your side with this all-in-one 

technical design and information source. 

■ Latest information on aH Mixed-Signal and 

Analog products 

■ Concise descriptions and parametrics for all 

orderable parts 

™ Extending Your Reach is a trademark of 
Texas Instruments Incorporated. 
Windows is a trademark of Microsoft Corporation. 
© 1996TI . 

For pur free CD-based Designers' Guide and Data Book, contact us at: 

1-800-477-8924, ext. 5022 
or http://viw.ti.com/sc/5022 



SOLUTIONS FOR THE FUTURE 

SYNCHRONOUS 

DRAM 

64Mj 
DRAM II 

EDO 

The 

future 

of our 

company 

has a lot 

to do with 

the future 

of yours. 
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SOLUTIONS FOR THE FUTURE 

No matter where memory technology goes, Hyundai 

will be there. We already have the next generation of 

memory: Synchronous DRAM. And we’re building the 

future in our new fab in Eugene, Oregon, operational in 

1997. Technology and manufacturing together are the 

solution to the future. 

Density Org. Volt. Speed Options Availability 

EDO 

4M bit 256K xl6 

IM X 4 

3.3V. 5V 50/60/70 SR (512K) 

IK Ref 

NOW 
16M bit 

4M X 4 

2M X 8 

1Mxl6 

3.3V. 5V 60/70 

2K, 4K Ref 

2K. 4K Ref 

IK. 4K Ref 

Synch¬ 

ronous 
16M bit 

4M X 4 

2M x 8 

IM xl6 

3.3V 10/12/15 4K Ref Q4,‘96 

Just think of us as the one memory source you have to 

have. Hyundai Electronics America. Worldwide Hyundai 

Electronics Industries Companies, Ltd., Memory Business 

Div., Hyundai Building 140-2, Kye-Dong, Chrongro-Ku, 

Seoul, Korea. For further sales information, call 408-232-

8342 or fax 408-232-8125. 

Internet address - http://www.hea.com 

Committed to your Success. 

•HYUNDAI 
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QUICKLOOK 
WideNote is a wide-screen 
format notebook compu¬ 
ter designed to allow 
users to view their 
spreadsheets without a lot 

of horizontal scrolling. According to Sharp Electronics, 
WideNote’s manufacturer, the 9.625 in.-by-5.625 in. screen is 
50% brighter than ordinary notebooks. It accommodates two 
World Wide Web pages or two windows applications on 
screen simultaneously. WideNote comes with a built-in 
28,8kbytes/s voice/data/fax modem, in addition to 16-bit 
stereo sound and speakers. The notebooks run $2999 to 
$3499. Contact Sharp Electronics Corp., Sharp Plaza, 
Mahwah, NJ 07430; (201) 529-8737; fax (201) 529-9597; 
Internet: http://www.sharp-usa.com. 

OPEN/stor 2.0 is bier- I 
archied storage management ! 
software for Windows NT 3.51 
and 4.0. Based on a three¬ 
tiered migration strategy, 
Wang's new software moves ¡ 
inactive files from the server's i 
hard disk to a separate disk 
storage unit, then on to optical 
and tape libraries for long-term 
storage. OPEN/stor's features 
include disaster prevention by ¡ 

writing to disk and tape simul¬ 
taneously, and recalling files 
from storage back to clients. 
The software is priced from 
$2995. For more information, 
contact Wang Software Storage 
Management Group, Wang 
Laboratories Inc., 600 
Technology Park Drive, 
Bilerica, MA 01821-4130; 
(508) 967-5000; Internet: 
http//www.wang.com. 

Epson has introduced the LQ-2070, a letter¬ 
quality dot matrix printer designed for large 

and small business applications. The 24-pin 
wide-carriage forms printer offers faster output 
and eight built-in barcode fonts, including two 
UPC codes and Postnet. The LQ-2070 prints at 
300 characters per second at 10 characters per 
inch in high-speed draft mode. The new carriage 
design prevents ribbon wear by four times as 

much as the LQ-1070, its predecessor. The 
printer is plug-and-play ready and comes with a 
driver disk that features software for program¬ 
ming defaults, rather than front panel or DIP 
switching methods. Contact Epson at 20770 
Madrona Ave., Torrance CA 90503; (800)-GQ-
EPSON; Internet: http//www.epson.com. 

eed to design a chip with a 
hardware description lan¬ 
guage (HDL)? If so, do your¬ 

self a favor and get Douglas Smith’s 
new book, “HDL Chip Design.” It 
offers a tutorial approach to using 
HDLs that’s basic, practical, and 
easy-to-read. The book is intended 
for both the experienced and novice engineer. A 
broad range of topics makes it suitable as a teach¬ 
ing aid for beginners, and also as a reference 
book for accomplished designers. 
The 464-page book, priced at $65, is printed in 

an easy-to-see 8.5- by 11-in. format. It starts with 
the basics by describing ASICs and FPGAs, the 
similarities and differences of VHDL and Verilog, 

the book. There are two appendices: 
one for VHDL and one for Verilog. 
And an index makes finding topics 
easy. 
Both the VHDL and Verilog lan¬ 
guages are covered equally through¬ 
out the book in an unbiased manner, 
with VHDL and Verilog models 

shown side-by-side. In fact, the book contains 
over 160 modeled examples. Synthesized circuits 
from either the VHDL or Verilog model are in¬ 
cluded. In addition, simulated waveforms are 
shown with the models where appropriate. An 
added bonus is that a disk containing all the ex¬ 
amples in the book is available for an extra $15. 
Also keep in mind that there’s no risk in buying 

and electronic-design-automation (EDA) tools for 
chip design. The second chapter discusses synthe¬ 
sis constraints and optimization. And there’s one 
whole chapter devoted to practical design and 
modeling, recommendations, issues, and tech¬ 
niques. The book finishes with practical modeling 
examples. For instance, it shows six ways to 
model the same decoder in VHDL, three ways in 

this book—satisfaction is guaranteed. Customers 
can get their money back within 15 days if they 
don’t like what they see. Information about the 
book can be found on the Web at: http://fly.hi-
waay.net/~asmith. 
Douglas J. Smith can be contacted at Doone 

Publications, 7950 Hwy. 72W #G106, Madison, AL 
35758; (205) 837-0580; e-mail asmith@hiwaay.net. 

Verilog, and discusses the merits of each. A com- : 
prehensive glossary explains all the terms used in ; LISA MALINIAK 
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Mixed Signal Excellence 

Picture higher 

imaging performance 

3V power supply. 

To learn more about our full line of 
converters and sub-systems give us a call. 
Or simply download our datasheets at 
http://www.exarcom. Either way, you'll find 
our oroducts the picture of performance. 

Color Copiers 

selecting A/D converters for imaging, video 
or communications, you no longer need to choose 
between performance and low power. Exar's design 
and process technologies give you the best of both 
worlds. 

We offer up to 12 bit resolution while featuring 
some of the lowest power dissipation in the industry. 
In addition to 3V operation, the latest additions to 
our family of converters also offer a 4 to I mux and 
a serial output option. And all of our converters are 
available in surface mount packaging. 

Twenty-five years of mixed-signal expertise goes 
into every product we offer. Our entire line of data 
converters, along with our applications support, 
have one single goal in mind: to simplify your 
product development effort. 

V»jeo Gxiferrncing 

MP87L75 8 bits 6 MSPS 3V 45mW $4.33 

XRDML15 10 bits 15 MSPS 3V 100mW $5.84 

XR966L92* 12 bits 1MSPS 3V 40mW $17.44 

XRD87L94 12 bits 1 MSPS 3V 40mW $17.44 

All devices also available In 5 volt supply ’Serial output 

“art # Resolution Speed Power Supply Power Cost 
(1000 PCS.) 

Digital Cameras 

http://www.exar.com email: converters@exar.com ■ 1-800-782-5167 
EX4R 
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made easy 

Version 
If you are looking for a user-friendly, powerful, and affordable CAD package that gets the 
job done, EAGLE is the # 1 choice! First time users just couldn't believe how much fun they had, 
and how easy it was to accomplish their first design. Ves, you can create your own board - it's that simple! 

You want more information NOW? Check out our Web site, ami learn more about us. In our new Forum, EAGLE users 
and interested design engineers can talk to each other, place questions, post hints for other designers, or just make comments 
about their experiences with EAGLE. This forum is an actual User Group embedded in our Web site -you will love it! 

Runs under DOS, OS/2 and Windows 

EAGLE 3.5 /-user license 3-user license 5-user license 

Layout only $ 399.00 $ 599.00 $ 799.00 

Schematic+Layout 
F Autorouter $ 1,197.00 $ 1,799.00 $2,399.00 

* free hotline * no hidden costs * 

Educational Institutions 

1-user $ 799.00 

5-user $ 1,699.00 

Class-Room $5,999.00 

Our Web site also offers an EAGLE Tour on which you can experience how 
EAGLE actually works. You will get a feeling how simple it is to get from 800-858-8355 
your initial idea to the final board files. You want to test EAGLE » 
thoroughly? Give us a call, and we will scndyou a FREE demo! www. caasottusa. com 
CadSoft Computer, Inc. Fax (407) 274-8218 E-Mail : lnfo@CadSoftUSA.COM 
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IDEAS FOR DESIGN 

CIRCLE 

520 Digital Variable-Gain Amplifier CARL E. DICKEY, National Semiconductor Corp., Comlinear Div., 4800 Wheaton Dr., Fort Collins, CO 
80525-9483; (970) 226-0500; fax: (970) 226-0564; e-mail: carl.dickey@cc.com. 

Digital receivers and digital 
back-channel modems em¬ 
ploy a high-speed, analog-
to-digital converter (ADC) 

to extract baseband information from 
a carrier signal. To increase the dy¬ 
namic input range of these receivers 
and modems, an automatic-gain-con-
trol (AGC) circuit is often placed up¬ 
stream of the ADC. Traditionally, 
these AGC circuits include a variable¬ 
gain amplifier (VGA) with an analog 
feedback circuit to generate the nec¬ 
essary gain and attenuation control 
signal. However, many of these appli¬ 
cations currently employ at least one 
digital signal processor (DSP) to chan¬ 
nelize, filter, and discriminate the 
baseband information. 

These days, it’s common practice to 
employ the DSP to supervise the 
AGC process through a VGA placed 
upstream of the ADC. To provide the 
analog gain-control signal that most 
high-performance VGA’s currently 
require, the DSP is usually interfaced 
to the VGA through a digital-to-ana-
log converter (DAC). A digital vari¬ 

able-gain amplifier (DVGA) can be 
controlled directly by the DSP, elimi¬ 
nating the analog gain-control signal 
and the associated DAC (see the fig¬ 
ure). 

The CLC533 is a high-speed 4:1 
analog multiplexer. It’s controlled 
with TTL, CMOS, or ECL logic ap¬ 
plied to A0 and Al. As the analog 
multiplexer is switched between in¬ 
puts A-D, the voltage divider formed 
by Rin(A-D) is selected to provide at¬ 
tenuation in 6-dB steps. The multi¬ 
plexer’s output is attached to the non¬ 
inverting input of a CLC502 clamping 
amplifier. The input resistor values 
can be recalculated if different at¬ 
tenuation steps are required. How¬ 
ever, the input resistors should be 
kept low in value to minimize offset 
effects caused by the multiplexer’s in¬ 
put bias current. In addition, some 
applications may need a charac¬ 
teristic terminating resistance for 
best transmission. The required input 
conditions, step sizes, and part avail¬ 
ability are formed into a set of con¬ 
straining equations that are solved si¬ 

multaneously to obtain the input re¬ 
sistor magnitudes. 

The clamp levels are set by the 
voltage dividers attached to pin 5 and 
8 on U2. Because most ADCs have an 
input range of 1-2 V p-p, the clamping 
feature ensures that the ADC is 
never overdriven. The clamping am¬ 
plifier must have very fast overdrive 
recovery so that data conversion can 
be quickly reestablished once the sig¬ 
nal returns to acceptable levels. The 
clamping amplifier used in this design 
recovers in 8 ns from a 2X overdrive. 
Higher recovery speeds can be 
achieved with a CLC501, which typi¬ 
cally recovers in 1 ns from a 32X over¬ 
drive. 

This circuit is well-suited to drive 
complex loads such as those pre¬ 
sented by flash converters. The out¬ 
put will typically settle to 12 bits in 
approximately 35 ns and to 14 bits in 
approximately 60 ns when driving a 
500-Q load. When driving a 100-Í2 
load, it may be necessary to add a 
small 5 to 10-Q resistor in series with 
the power supply traces. Very fast 
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SHOULD 
BE SEEN 
...NOT 
HURT. 

1-800-
WE-PREVENT 

CALL TO RECEIVE 
FREE INFORMATION 
ON HOW TO FIGHT 
VIOLENT CRIME. 

A Public Service of 
This Publication 

Crime Prevention Coalition 
and U S Department of Justice 

PEASE 
PORRIDGE 

several thousand dollars. But if the 
guy next door is able to buy a 1987 
Cadillac for $1000 because a guy in 
California (or New Jersey or Con¬ 
necticut) had to get rid of it—then 
your car is NOT worth nearly as much 

as you thought it was. 
The guys who sell cars are going to 

love this. They think you will cheer¬ 
fully buy a new car to replace that 
10-year-old lemon that nobody can get 
through smog. Well, if I just had to sell 
off a perfectly good, reliable, comfort¬ 
able old 1986 car for $1000 because 
nobody—not even the Agency—could 
get it to pass smog, then I am surely 
not going to cheerfully buy a new car. 
I may not be able to afford one.... 

Will the lines at the Official State 
Repair Stations get any better? I 
doubt it. Maybe if they let you get 
your own car repaired, that will help. 
But for the next 1.6 years, there will 
be a LOT of cars every month that are 
introduced to tough tests. Only after 
all cars have been through the new 
system once will the repair mess get 

better. 
Will it be true that some cars are 

more valuable, because it IS possible 
to keep them well tuned up, and in 
spec? I guess so. What kind will that 
be? I don’t know. But obviously, my old 
Beetle seems to be doing OK. If you 
know a mechanic who can get your 
Beetle through the test by twisting a 
screw in the right way—that sounds 
good to me. What are the test limits 
for a 1968 VW? 

1968 VW TEST LIMITS 
Hydrocarbons LIMIT CO LIMIT 

©IDLE 700 ppm ¡ ©IDLE 5.50% 

My results 34 ppm | My results 0.34% 

@2500 rpm 600 ppm @2500 rpm 4.50% 

My results 16 ppm I My results 0.21% 

—So—don’t just tell me that all old 
cars are dirty and fouling and pollut¬ 
ing. A well-maintained old car can be 
both fairly clean and economical. 

Anyhow, while this story is copy¬ 
righted, please feel free to pass it 
around to your friends as a public serv¬ 
ice. There is entirely TOO MUCH mis¬ 
information, disinformation, and igno¬ 
rance on this subject. And if anybody 
learns stuff, let me know. I KNOW that 
I don’t know the whole story, but I know 

enough to be of some help. 
I wish the bureaucrats and legisla¬ 

tors would level with us. I wish they 
did not try to argue that a car that is 
4% less than the Spec is GREAT, but 
a car that is 4% over spec is a GROSS 
POLLUTER. I wish they did not try 
to pretend that when the DMV tries 
to order you off the road until their 
2-month-backlogged repair station 
can look at your car, that is not a form 
of CONFISCATION. Even if you 
could get your car fixed, they won’t let 
you. And they will not tell you what 
you need to know. That is the WORST 
kind of bureaucracy. 

I wish the Smog Fearmongers did 
not exaggerate so much. They bend 
the truth, and tell partially-true sto¬ 
ries, almost as badly as the bureau¬ 
crats do. I wish not so much Bullbleep 

was going on.... 
Latest developments: In Sacra¬ 

mento, 46 legislators said they want to 
put these regulations on hold until 
they can rewrite them. The bureau¬ 
crats just say, No Way. I think I’ll go 
chew on my representative’s ankles. 

Also, one guy pointed out that some 
lawyers are putting together class-ac¬ 
tion suits. They are zeroing in on the 
administrative errors of depriving 
people of their property, WITHOUT 
due process, AND with no right of 
judicial review, because of the insuffi¬ 
cient repair facilities. Hmmmm.... 
They also are working on the aspect of 
discrimination based on unequal 
treatment of property based on age. 
Why are some of the Gross Polluter 
limits set arbitrarily high—or low?? 
Such a mess! 

And as Anatole France said, “The 
law, in its majestic equality forbids the 
rich as well as the poor to sleep under 
bridges....” It sure is strange when we 
find ourselves pulling for the lawyers! 

I’m in favor of clean air and low 
pollution as much as anybody. But let’s 
be fair about how we do it. 

All for now. / Comments invited! 
RAP I Robert A. Pease / Engineer 

Address: 
Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
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Micro-CapV 
Victory over the analog/digital 
simulation challenge. 
The conflict's ended. And you're the 
winner—with this fifth generation of 
Micro-Cap, the industry's premier 
PC-based interactive CAE design tool. 
Incorporating a native digital simu¬ 
lator with PSpice-compatible syntax, 
Windows-based Micro-CapV “ 
seamlessly integrates 
anaiog/digital simu¬ 
lation and begins a 
whole new era. 

Micro-CapV gives 
you a sketch and sim¬ 
ulate environment 
that's easier to learn, 
easier to use. Aided by 
familiar SPICE models 
and extensions, a muiti-page 
hierarchical schematic editor and a 

massive device library with models 
for over 7500 parts, you work quickly 
and smoothly—one kevstroke, for 
example, initiates on-line simulation. 

Further, this triumph comes at a 
very acceptable cost—$3495—less than 
half the price of would-be contenders. 

Yet, while cost 
is strictly contained, 
design power is 
prodigious. A few 
samples? Analog 
behavioral modeling. 
Parameter stepping. 
Monte Carlo analy¬ 
sis. Nonlinear 
magnetic modeling. 

An optimizing model generator. Lossy 
transmission lines. On-schematic 

node voltage/state display. Real-time 
waveform plotting. Individual device 
temperatures. 

We could go on, but our free 
brochure and demonstration disk can 
give you all the details. Ask for them. 
And begin reaping the rewards of 
total victory. 

Ui i i 
Spectrum Software 
1021S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
FAX (408) 738-4702 

Micro-Cap Vis a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 
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There’s only one way 
to get a 100% guaranteed 

FPGA conversion. 

LAMI 
AAÆRCAN MICROSYSTEMS NC 

Call AMI and ask for it! 
It's simple. AMI has completed over 800 successful netlist conversions. With this 

kind of experience and our proven Netrans’conversion tools, we have the confidence 
to guarantee your design works right the first time, or you pay no NRE . 

1-800-639-7264 
American Microsystems, Inc. • 2300 Buckskin Road, Pocatello, Idaho 83201 • www.amis.com 

Copyright 11996. American Microsystems, Inc. 
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TRENDS TO WATCH 

Six private and government-sector I 
Chinese telecommunications man- I 

ufacturers have adopted Integrated I 
Systems Inc.'s (ISI) pSOSystem for the 
development of their next generation 
of telecommunications products. This 
establishes pSOS as a standard kernel 
for China's ongoing initiative to 
become a global telecommunications 
equipment leader, while decreasing 
China's reliance on imports for domestic 
infrastructure requirements. Contact ISI 
at (408) 542-1500; fax (408) 542-1950. 

actual computer peripheral. The architecture has 
been designed to run on an Analog Devices chip 
set. in full compliance with Microsoft Windows 95 
TAPI. It will allow manufacturers to design PC cards 
with the most powerful features currently avail¬ 
able for telephony-voice-modem and audio on the 
same card. Contact Mediaphonics at +33 1 69 47 44 
20 or Analog Devices at +33 1 46 74 45 08. 

Carnegie Mellon University's Andrew 
Consortium has released the first C++ version 

of its Andrew User Interface System (Andrew 7.4). 
It is an integrated suite of compound document 
applications with which Unix users can create doc¬ 
uments containing combinations of text, pictures, 
graphs, figures, spreadsheets, and other embed¬ 
ded objects. Available free of charge, the software 
has been released in binary form, and can be 
found on the World Wide Web at 
http://www.cs.cmu/~AUIS. Contact the university 
at (412) 268-2900. 

new, enterprise-wide CAD 
Component Library Management I 
Program, as well as Sun's preferred I 
part and supplier programs. The new 
system provides Sun’s designers with 
desktop access within their standard 
design tools to internal Sun preferred 
data and on-line reference data for 
all other parts available on the mar¬ 
ket. Contact Aspect Development 
at (415) 428-2700; fax (415) 968-4335. 

American Megatrends Inc. (AMI) announced a 
technology agreement with SGS-Thomson 

Microelectronics to provide firmware support for 
its ST486 dedicated microprocessor family. AMI will 
provide firmware and OEM support for SGS-
Thomson's new semi-custom ST486 microprocessor 
to be used on low-cost, PC-based entertainment 
systems. Contact AMI at (800) 828-9264; Internet: 
http://www.megatrends.com. 

MediaPhonics and Analog Devices 
have jointly agreed to market and 

develop the MediaPhonics Galileo plat¬ 
form. Galileo is an architecture that pro¬ 
vides true integration of telephony into 

I PCs, whereby the telephone becomes an 

Sun Microsystems Inc. has selected Aspect 
Development Inc’s Explore CSM system and 

VIP component reference databases to support its 

1 Navy have been awarded six.month studies > 
Solutions ï^.^^^^ensive leading edge research and I 
where SPS will conduct ate« challenging prob- I 
development to develop contract, “Tempus: A I 
lems in software engineering. T the performanCe I 
Real-Ume Measurement Pr^ I 
of a real-time system ea y practical aspects of soft- I 
damental measurement theoiT ^ is needed to build on I 
ware operation a target critical timing I 
existing technology to 1 

I issues related to real-time sof ° Development I 
I contract, “Rapid Apphcatio ba‘edyParchitecture-directed I 

I ^h\L^ 

I (407) 984-3370; fax (407) 728-395 
. . iqo2 the Telecommunication Information | 

Established in 1992, the ium (TINA-C) attempts 
Networking Architectur ures for telecommunica-

! to define and validate open on broadband and multi. 
I tions service provisions, with f known as the Distributed 
I media systems. A specif ca architecture for 
I Processing Environmen ( distributed computing and 

implementing services as newest members is IONA 
object orientation. One °f ™N°^bute to the DPE architec-Technologies, who pledges to con ava.iabie ,n COBrA and 

ÍX TeX»^ " (6'7> 6,M900i
internet, http^^eo-_ 
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Introducing DC/DC from the number one 
name in AC/DC... Power-One. 

POWER-ONE DC/DC CONVERTER A VAILABLE OUTPUTS 

Series 
Max 
Watts 

Vin 
Range 

Vout 
33V 

Vout 
5V 

Vout 
52V 

Vout 
7V 

Vout 
12V 

Vout 
14V 

Vout 
15V 

Vout 
17V 

Single Output products 

DSPl 1 45-5.5 • • • • • • 
DFA6 6 9-27, 20-60 • • * • 
DFC6 6 3.5-16 • 9 • 
DFCW 10 9-18, 18-36,36-72 • • • • 
DGP12 12 3.5-16 • • 
DFC15 15 20-60 • 
DSN17 17 4.5-6, 6.5-15.5 • -

DFA20 21 9-18, 18-36, 36-72 • • 
DGP30 30 36-72 • • • 
Dual Output products provide the indicated Vout as one positive and one negative output 

DSPl 1 45-5.5 +/- +/- +/- +/- +/- +/-
DFCW 10 9-36, 18-72 V- +/- V-
DGP12 12 3.5-16 +/- +/-
OFC 15 15 20-72 +/■ +/-
DFA20 20 9-18, 18-36,36-72 +/- +/- +/-
Triple Output products provide a main output (•) and two symetrical outputs (+/•} 

DGP20 20 9-18, 18-36, 36-72 • +/- +/-

100% dynamic load burn-in. 
CE Marking pending. 
ISO 9000 approved quality. 
Stocked by your distributor. 
Industry standard footprints 
and pinouts. 
Over 100 models. 

® pourer-ane 
power supplies 

Visit our web site at http:llwww.power-one.com 
740 Calle Plano, Camarillo, CA 93012 (800) 765-7448 • FAX (805) 388-0476 

Powet-One logo and ISO 90Q0 logo are trademarks of Power-One. Inc 
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Bond-Out Technology Helps 
Debug Real-lime Problems 
Gerd Lammers 
KONTRON ELEKTRONIK 

100 

There was a time when embedded firmware 
was written by hardware designers who fo¬ 
cused on assembly-language programming. 
In those days, the job of an in-circuit emulator 
was much simpler than it is now. Today, de¬ 
veloping software for real-time 
embedded systems often entails 
high-level programming. As a re¬ 
sult, today’s emulators must de¬ 
code C++ and Ada, keep track of 
symbols and the locations of 
stored data, and be aware of how 
code is optimized. 

At the same time, the CPUs 
executing the software also have 
grown faster and more complex. 
In fact, the conventional signal 
pins on the processor may be in¬ 
adequate for an emulator to ac¬ 
quire details about how a 

real-time program is executing. 
As a result, to widen the window 
that an emulator has into a CPU, 
some processor manufacturers, 
working closely with emulator 
manufacturers, have begun offer¬ 
ing special “bond-out” versions 
of their CPUs to be used by the 
emulator as the target processor 
(Fig. 1). Bond-out chips have 
wires bonded to the processors 
normally unconnected package 
pins. On the die side, these wires 
give added access to the proces¬ 
sor’s internal signals. In this way, 

1. THE KONTRON ELEKTRONIK 5SE5 places buffer memory at the probe head 
therby reduceing signal delays to less than 1 ns. 

they allow an emulator to moni¬ 
tor and control internal states 
that would otherwise not be ac¬ 
cessible. 

The development of bond-out 
technology requires close coop¬ 
eration between both chip and 
emulator manufacturers, as well 
as with compiler vendors that 
provide the symbolic informa¬ 
tion needed to perform high-
level language debugging using 
the emulator (Fig. 2). A number 
of companies supply emulators 
using i386 EX bond-out technol¬ 
ogy, including Applied Microsys¬ 
tems, Microtek International, 
Emulation Tools, and Kontron 
Elektronik. In particular, systems 
from Kontron Elektronik emu¬ 
late Intel’s i486 family and its de¬ 
rivatives, including the SL 
Enhanced i486 and other ultra-
low-power architectures. 

To understand how bond-out 
wires help a designer better wield 
an emulator, consider the basic 
requirements for debugging real¬ 
time, embedded software. For the 
most part, a designer codes the 
logic of the application on a 
workstation and cross-compiles it 
to the binary form used by the 
target CPU. The point where 
embedded real-time develop¬ 
ment differs radically from gen¬ 
eral software development is 
when it comes to mating the code 
to the target hardware. 

In integrating real-time soft¬ 
ware with the target system, sev¬ 
eral factors become apparent. 
First is the interaction of the code 
with the CPU’s RAM and ROM, 
as well as its on-board peripher¬ 
als, such as UARTs. The other 
critical aspect is timing; making 
sure that what happens within 
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Asimple 

in Signal Chain™ design. Let someone else do the leg work. 

In fact, Pioneer and Analog Devices have 

already done it. So now you need only deal with 

one manufacturer, one supplier, and one point of 

contact for all your instrumentation Signal Chain5" 

needs - everything from sensors to DSPs. 

You truly do get the best of two worlds. 

High performance linear, mixed-signal, and digital 
integrated circuits from Analog Devices. And, 

from Pioneer, the most comprehensive technical 
support in the industry. 

Our Field Application Engineers will help you 

find the precise component you need to optimize 

your particular instrumentation application. They 

can even provide product data sheets, the 

latest technical papers on Signal 

Chain design, and a listing of 

upcoming Signal Chain seminars. 

In short, by doing the legwork, 

Pioneer can cut some steps out of your design 

process. For a Signal Chain design kit including a 

coupon for free samples of selected products, 
call Pioneer at 1-800-657-0168 Ore-mail us 
at adi@pios.com on the Internet. 

Solutions for a changing world. 

ANALOG 
DEVICES 

©3 996 Pioneer- Standard Electron cs Signal Chain is a service ma*k of Analog Devices, Inc. 

Pioneer 
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VISUAL TOOLS 

2. BOND-OUT TECHNOLOGY maximizes an emulator’s visibility into and control 

out technology must pass two key tests: 

102 

it must not affect the real-time behavior 
of the system. (Unfortunately, one CPU 
function that bond-out technology can¬ 
not reveal as it occurs is in the on-chip 
cache. Cache operations happen too 
quickly to extract a real-time, high-level 
language trace of their execution. In¬ 
stead, these operations must be recon¬ 
structed after the fact.) 

To avoid skewed measurements, the 
power supply and signal loading charac¬ 
teristics must duplicate that of the final 
system. To meet the requirements for 
real-time development, many emulators 
have a probe that plugs directly into the 
socket on the target system and draws 
only the power needed for the emulation 
chip. In contrast, some emulators will 
draw their full power from the target 
system, subtly changing the target sys¬ 
tems characteristics. 

Other measures for closely emulating 

First, it must use no system resources, 3. IN CPUs WITH PREFETCH pipelines, it is important to trigger on, time-stamp 
such as memory or interrupts. Secondly, and view trace buffers in both bus cycle (“raw”) and execution formats. 

an adapter can clip onto the CPU and put the chips signal 
pins into a high-impedance state. But because of the extra 
distance that signals must travel through the clip-on adapter, 
this approach can add unwanted signal delays. 
NO LOADING 
To examine program status during emulation, it is often 

necessary to alter normal execution by using breakpoints, 
single-stepping through program execution, or issuing a user 
command to halt execution. A number of emulators halt 
execution by using the processor’s nonmaskable interrupt 
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an actual target CPU include having the 
emulation probe plug directly into the 
CPU’s socket, and putting the emulator’s 

I trace and overlay buffer memory directly on the probe head. 
[ These steps minimize the signal delays introduced by the 
1 emulator. In cases where the CPU is soldered to a board, 

oft he target CPU. Among thefeatures ofa  modem emulator are a source level debugger 
and the ability to view and modify main, peripheral and MMU registers. 

the CPU has the right time relationship with the execution 
flow and with events in other parts of the target system. 

Normally, an in-circuit emulator is the tool used to reveal 
exactly what is happening in the CPU to make sure the 
real-time requirements are met. In contrast, a software simu¬ 
lator is less likely to be used to debug real-time applications, 
since it does not operate in real time and would be hard-
pressed to discern the critical timing relations. 

Ideally, a designer wants to look inside the exact same 
processor that will power the production system and see it 
precisely the same way it will run in the production system. 
Another requirement is to be able to start and stop execution, 
and possibly change the contents of the CPU’s internal 
registers if needed, without introducing 
any unwanted effects. The facts of quan¬ 
tum physics notwithstanding, whatever 
the designer does to observe the processor 
should not have any influence on the 
action being observed. 

Unfortunately, the complexity of to¬ 
day’s embedded CPUs precludes access to 
all internal activity from the chip’s stand¬ 
ard package pins. For example, registers, 
pipelines, and cache memory within the 
chip are not directly accessible through a 
processor’s normal package pins. 

By using a CPU with bond-out tech¬ 
nology, however, an emulator can asyn¬ 
chronously trap the processor contents at 
any time, and can do this whether the 
processor is operating in real, protected, 
or virtual modes. But using any emulator 
that wields bond-out technology is not 
enough. For real-time development, an 
emulator that takes advantage of bond-



People are making 
a lot of NOISE about the fact 

To improve test reliability, our 
amplifiers are designed to minimize 
“noise pollution” from dirty 
current/voltage effects. And we offer 
a full line of individual models and systems with 
frequencies up to 40 kHz: 

• Low noise (< ImV rms residual noise). 

• Low distortion (< 0.1% THD + N over a wide bandwidth). 

• Rugged design withstands back EME 

Plus, most models feature front 
panel indicator lights to provide 
rapid assessment of amplifier 
operating conditions. 

Questions? Just call our applications engineers. 
Do you need a voltage or current amplifier? Are you con¬ 

cerned with monitoring output voltage or load current? Let 
our applications engineers help you find a solution. We’ll 
quickly respond to any question—before or after purchase. 

Improve your test reliability. 
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amplifers. Call 1-800-933-7956 today to discuss an 
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\ ISl \r TOOLS 

4. AN EMULATOR SHOULD be able to set complex breakpoints and trace trippers 
according to events within the processor and the target system as a whole, as well as with 
sequence counters and counter timers. 

to the target system. 
Bond-out technology also lets an emu¬ 

lator directly read the contents of any pro¬ 
tected mode registers. In this way, it 
eliminates the need to search through re¬ 
served area of memory to locate the regis¬ 
ters, an operation that would disrupt the 
target systems normal program flow. Even 
the registers needed to calculate those elu¬ 
sive protected mode addresses, including 
the hidden segment descriptor register, are 
direcdy visible. In fact, bond-out technol¬ 
ogy offers yet another advantage when 
working with the 1486: It lets a designer 
single-step through the user program, even 
when the portions of interest are entirely 
contained in the on-chip cache. 
REAL-TIME BEHAVIOR 
It is important to understand that a 

bond-out chip is effectively the same 
piece of silicon as the standard commer¬ 
cial product. The bond-out chip is built 
using the same base silicon as that for 
the production system. It has extra wires 
bonded to pins, giving access to internal 
states and control of execution. 
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(NMI). When that happens in the real mode, the CPU 
pushes some of its registers onto the stack, reads the interrupt 
vector’s corresponding jump address, and then jumps to the 
NMI service routine. 

But this relatively simple process uses a CPU interrupt that 
becomes unavailable to the target system during develop¬ 
ment. By drawing on the processors resources, in this case 
the NMI and whatever memory is allocated for the service 
routine, the emulator can introduce problems when running 
a real-time application. For example, a real-time application 
that calls on the NMI to initiate a procedure can crash if it is 
preempted by the emulators own use of the interrupt. 

In addition, the memory used by the emulator to store the 
NMI routine could be inadvertently activated by some nor¬ 
mal read or write operation, such as when the application 
program performs a memory test. Consequently, this simple 
scenario appropriates resources from the CPU (the interrupt) 
and from the target system (a portion of its memory). 

Things get more complicated in the protected mode. 
There, an NMI vector access can go to any physical address 
in memory. These memory areas are kept track of in the in¬ 
terrupt descriptor table (ID I ). The emulator has to know the 
base address of the IDT, and if that address changes, the de¬ 
signer can easily become confused. That’s the danger in the 
protected mode, where the IDT base addresses can be differ¬ 
ent for each protected mode session. In this case, the emulator 
uses system resources in a way that cannot be easily detected 
without deeper insight into the processor’s internal states. 

For that reason, some processors have a built-in emulation 
mode. In the emulation mode provided for Intel’s X86 proc¬ 
essors, for example, program execution can be halted at any 
point in real, protected, or virtual 8086 mode, even during a 
transition from one mode to another. This ability to halt exe¬ 
cution makes the designer aware of changes to global descrip¬ 
tor table (GDT) base addresses. Coupled with bond-out 
technology, a high level of control becomes available without 

I using any interrupt resources; resources that remain available 

This is especially important when dealing with timing 
issues. To detect and characterize timing problems, the de¬ 
signer can’t just freeze execution and look at the internal 
states. He or she must trigger on selected conditions and 
record trace data. It does not suffice to set a breakpoint and 
then single-step through the program. Instead, events must 
be set that can trigger a trace without altering the timing 
relationships of execution. Bond-out technology provides 
the connections that can tell the emulator to assert a hard¬ 
ware breakpoint and trigger a trace. 

In fact, real-time development demands two types of hard¬ 
ware events—bus events and execution events (Fig. 3). For 
bus events, the normal external pins will suffice. The emula¬ 
tor monitors address, data, and status pins and detects the 
respective event defined in the emulation session. In addition 
to monitoring the microprocessor itself, the emulator also 
should have provisions (extra test leads) for monitoring other 
target system signals (Fig. 4). In processors with a prefetch 
pipeline, a fetched instruction will appear on the bus that will 
be captured by a bus event detector. But something may occur 
that prevents that instruction from actually being executed. 
To determine that case requires the emulator to offer execu¬ 
tion event detection. Triggering a trace solely on an instruc¬ 
tion fetch could cause the emulator to record a branch of 
execution that was not intended if something preempted that 
instruction. It’s also important that event detection not violate 
real-time behavior. Without bond-out technology, debug regis¬ 
ters and interrupt sevice routines must be used, as is the case with 
monitor debuggers. This violates normal program flow and also 
prevents detecting the nth occurrence of an event. 

The combined ability to emulate the target processor 
without loading its resources and to accurately reproduce 
the target system’s real-time behavior becomes especially im¬ 
portant for interrupt-driven systems. If a system has many 
interrupts to juggle, there may be no easy way for the emu¬ 
lator to borrow one during development. As for memory, 
cost alone is one reason to avoid its use for emulation. 
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Bond-out technology helps to meet these goals. The pro¬ 
gram flow of interrupt-drive systems is almost impossible to 
predict, so a full picture of external activity, internal states, 
and changes to program flow is essential. In some cases, the 
designer may need to trigger a halt to execution based on 
one of those internal conditions, making the access granted 
by bond-out technology indispensable. 

Unlike some bond-out processors, bond-out versions of 
the i486 processor give access to the on-chip cache so that 
the designer can single-step program execution while moni¬ 
toring all the other internal states of the CPU. Moreover, 
derivatives of the SL Enhanced i486 include a system man¬ 
agement mode (SMM) that simplifies the design of power 
conservation measures in portable systems. By using SMM, 
the processor can deactivate and reactivate peripherals, in¬ 
cluding monitors and disk drives, as well as place itself into 
a sleep mode that consumes about l/20th of normal power. 

Devising the optimal strategy for taking advantage of the 
SMM is an important aspect of development, especially for 
portable and hand-held systems, as well as for other embed¬ 
ded designs. SMM is accessed via a system management 
interrupt and provides bond-out technology to support emu¬ 
lation of SMM. Any emulator used for developing systems 
where power consumption is critical must be able to work 
with SMM and during phases where power consumption is 
set at a minimum. 

As microprocessors grow more complex, there will be an 
increasing need for vendors of chips, compilers, and devel¬ 
opment tools to work more closely. Eventual!, a time will 
come when a part of the emulator technology will have to 
migrate from the instrument onto the processor itself. This 
will be made necessary by the same imperatives driving 
emulation today: A designer must know what’s going on 
within the processor in terms of both states and time. When 
parts of an emulator indeed move onto the chip, bond-out 
technology will give way to what might then be called “bond-
in” technology, es 
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SIMULATION 
Navin Govind 

System Simulators 
Can Speed Time-To-Market 

D
esign prototypes can be an important aid t< > de-
SIGN ENGINEERS IN MEETING THEIR TIME-TO-MARKET 
GOALS. IN PARTICULAR, PROTOTYPES CAN BE OF GREAT 
USE IN GENERATING OPTIMIZED REAL-TIME APPLICATION 

code with the shortest development cy¬ 
cle. But in the early stages of design 
and development, physical prototypes 
are usually not available. In such in¬ 
stances, software simulation of the 
prototype model early in the design cy¬ 
cle can make the difference in meeting 
time-to-market goals. System simula¬ 
tion using high-level languages opens 
the door to system emulation and the 
selection of the rest of the tools within 
the tool chain, including a real-time op¬ 
erating system, compilers, assemblers, 
and debuggers for various projects. 

While the concept of using a system 
or architectural simulator has been 
around a few years, system designers 
have not taken full advantage of it as 
a design resource, particularly when 
compared to the widespread use of 
logic or circuit simulation. A key to suc¬ 
cessful system simulation are the accu¬ 
rate high-level, bus-functional models 
now available for co-development en¬ 
vironments. These models are device 
models with complete timing accuracy. 

Tying the bus model interface to a sys¬ 
tem simulator facilitates soft-
ware/hardware co-simulation and sys¬ 
tem validation. A system development 
environment is shown at a block dia¬ 
gram level (Fig. 1). The system archi¬ 
tecture is defined at a hierarchical level, 
beginning with the bus-functional 
model to the final system integration. 
MODELING 

Behavioral modeling can be imple¬ 
mented at a high level to validate the 
design. When using a behavioral 
model, results are monitored through 
interactive graphical user interface 
(GUI) tools such as debuggers that al¬ 
low the editing of variables, terms, and 
rule blocks for fine tuning. Model 
simulation direcdy affects the design 
and development time, as well as veri¬ 
fication of a system. For example, 
complex systems can be analyzed for 
variable critical margins and system 
thresholds that would render a system 
unstable or unrealizable in the final 
stages of the development cycle. In a 
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1. THIS BLOCK DIAGRAM illustrates a typical system development environ¬ 
ment. The architecture is defined at a hierarchical level beginning with the bus-functional 
model and ends at thefi nal system integration. 
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simulation environment, blocks in a 
GUI editor are visually displayed and 
edited in a well-defined format. Using 
graphical interface editors, the input 
and outputs of a system can be ma¬ 
nipulated for defining function types, 
and output shapes are then outputted 
to the simulation block for validation. 

Despite its advantages, modeling 
suffered from serious shortcomings. 
First, it required a time-consuming and 
complex process of identifying system 
parameters and dynamics. And as most 
designers know, real-life embedded 
systems can interact with more com¬ 
plex systems. In these cases, generic 
floating point-based behavioral model¬ 
ing, although useful for algorithm vali¬ 
dation, are rarely sufficient. But due to 
its complexity, hardware and software 
simulation have been insufficient. So it’s 
not surprising that a demand for effec¬ 
tive and sophisticated commercial 
modeling tools emerged. These tools 
are becoming popular worldwide, even 
though most designs are still hand-
stitched, and problems are discovered 
during integration, with the only option 
being a redesign. 

The designer’s ability to use off-the-
shelf real-time operating systems has 
been particularly problematic. Signifi¬ 
cant advances have been made in the 
area of real-time kernels, with a variety 
of architecture-specific, highly opti¬ 
mized, user-configurable kernels avail¬ 
able. Some come integrated with fea¬ 
ture-rich native development environ¬ 
ments, GUI interfaces, configuration 
control, network management and In¬ 
ternet access facilities, all tuned to make 
the software development and system 
debugging easier and more efficient. 
Unfortunately, many major developers 
in the embedded world still do not use 
these integrated development tools be¬ 
cause they believe they do not deliver 
accurate modeling, simulation, auto¬ 
matic code generation, and hard-
ware/software emulation of systems 
running such microkernels. 
SYSTEM SIMULATORS 

For a simple design such as an adap¬ 
tive PID controller, time-to-market 
pressures can be eased if the system 
software integration is 90% complete 
before the hardware is targeted. This 
can be accomplished with a system 
simulator that allows system-level inte-
• OCTOBER 24. 1996 



mini 

France +33-1-69 53 
Spain +34-3 582 44 

AMATSU 
71 00 • Germany +49-8152-3750 
30 • Italy +39-2-935 81 733 

•ature or application assistance 

1-800-524-0504. 



snn Lvno^ 

2 THIS TYPICAL SYSTEM SIMULATION 
MODEL describes aprocedural designflow. The choice oftools 
and the complexity of the system under consideration play a key 
role in the possible trading off of cost versus accuracy. 

simulator will run faster than 
EDA-based simulators. This 
means that a fast PC could 
run a simulation model 
quickly and effectively. 

When rigid design methods 
are followed, repeated simula¬ 
tion runs must be observed to 
accurately predict the per¬ 
formance pattern. Problems 
occurring due to pure time de¬ 
lay can be reduced by includ¬ 
ing a model that predicts the 
future output of the system in 
general. Repeated simulation 
runs predict the performance 
and behavior patterns of the 
system under development 
and establish observable pa¬ 
rameters for stability analysis. 

A generic simulator can be used for 
simulations for similar designs. The 
compatibility of the tools and the de¬ 
sign being implemented must be veri¬ 
fied before the tool can be reused. The 
flexibility of using one set of tools for 

gration to be handled over the 
entire design cycle rather than 
just the back end. Desirable 
features in a system simulator 
include a completely or par¬ 
tially reconfigurable GUI that 
supports symbolic disassem¬ 
bly with multiple breakpoint 
and single-step execution. 
Support for a source-level, 
high-level language debugger 
such as C/C++ also is needed 
to complete the integration of 
various levels within the model 
being described. A usable sys¬ 
tem simulator also offers fea¬ 
tures such as easily understood 
design flow, performance, in¬ 
tegrity, specification within in¬ 
dustry standards, and support. 

System simulation depends on an 
accurate, complete system-level de¬ 
scription that also requires that soft¬ 
ware, firmware, microcode, and hard¬ 
ware partitions be determined. For ex¬ 
ample, in the case of a closed-loop con¬ 
troller, the algorithm for error compen¬ 
sation can be simulated indcpendendy 
and its effect on the system response 
observed. The algorithm variables can 
then be individually tweaked for opti¬ 
mization. During debugging, a variable 
edit option can be used to specify the 
range, names, and data type of the vari¬ 
able within the simulation tool in float¬ 
ing-point or integer-type resolution. 

While implementing a complex con¬ 
trol system, a limitation in defining the 
variables is the degree of scalability the 
tool supports during code conversions. 
Standard practice usually dictates that 
variables be set to a limit within 10% by 
observation and are defined as integers 
that can be represented between 0 to 255 
for computation. Values of coefficients 
and variables are chosen so that excessive 
undershoot and overshoot due to control 
are minimized. Values can be chosen by 
observing the change in the control sur¬ 
face plot and designing for a required sys¬ 
tem gain and zero overshoot. 
CODE GENERATION 

In the simulator environment, ANSI 
C code for computation and I/O han¬ 
dling is generated with 16-bit resolution 
using a GUI tool. Assembly-language 
code generation using the GUI is an op¬ 
tion if the code is required to be com¬ 
pact and fast. In the optimization stage, 
off-line optimization allows system per¬ 
formance analysis using model simula¬ 
tion, while on-line optimization allows 
process hardware to be connected to 
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the host system and optimization of the 
controller performance during run 
time. When simulation of a control 
loop is initialized, the simulation fills in 
input values to the system, invokes the 
computation of the output values, and 
outputs the result of the inference 
simulation. Single control cycles are 
executed and the changes in inputs and 
outputs can be observed, which helps 
to define a real-world control strategy. 

Changes in the simulation environ¬ 
ment and determination of the con¬ 
troller response through observation 
and redundancy allows for fine tuning 
of the controller. Simulations tend to 
be approximations of actual system be¬ 
havior. Appropriate optimization of 
the embedded system is done on-line, 
taking feedback into consideration. 
On-line optimization can be realized in 
real-time mode and enables a system 
to be visualized and modified in real 
time while the process is running. The 
generated code from the GUI tools are 
recompiled without the on-line option, 
and integrated into the Cl96 hardware 
system in either ANSI C or assembly. 
The recompiled code compacts the 
code, since optimization features are 
enabled during recompilation. Superior 
simulator performance is attributed to 
the higher level of abstraction in de¬ 
scribing the model and using accurate 
and procedural modeling techniques. 

Since some controllers are prone to 
immunity from noise and system pa¬ 
rameter variations, simulation tends to 
be ignored during the design and im¬ 
plementation stages. Simulation speed 
often is a topic of debate. While logic 
and circuit simulators tend to be time¬ 
consuming, a C/C++ language-based 
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compatible multiple designs ensures 
maintaining previous designs, and also 
speeds up the design cycle. 
SYSTEM EMULATION 

The next step after system simula¬ 
tion is system emulation to verify soft¬ 
ware and hardware co-design. This al¬ 
lows system verification long before 
the hardware is ready for implementa¬ 
tion. Software emulation of a target 
system helps system designers to select 
the right algorithm for optimization 
and fine tuning as well as in choosing 
the right set of tools. The idea of reuse 
lies within the design and simulation 
environment. Once the system model 
is created and verified, it would be pos¬ 
sible in most cases to eliminate com¬ 
patibility issues and a similar simulation 
platform used on derivative projects. 

A visual description of procedural 
design flow for a system simulation 
model is shown (Fig. 2). Cost-versus-ac-
curacy trade-offs depend on the choice 
of tools and the complexity of the sys¬ 
tem. For a design based on derivatives, 
the trade-offs are minimal. Debugging 
at the system level provides a process 
for discovering and correcting design 
and integration problems early and ac¬ 
celerates time-to-market by weeks or 
months. Simulation and model verifica¬ 
tion should be a necessity rather than an 
option. The parameter selection and 
code generation process using the right 
set of tools determines the robustness 
and efficiency of the controller-based de-
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snii ivno\ 

sign. By using a complete ensemble of 
visual graphical tools, a successful em¬ 
bedded system can be implemented and 
verified in a short design time-frame. 

The advanced concepts of system 
modeling, simulation, automated de¬ 
sign and validation are all well under¬ 
stood. Translating them into practical 
tools, however, has been difficult. But 
it has been changing recently. An ex¬ 
ample of the new approach is the joint 
effort of Intel Corp., Chandler, Ariz., 
and Integrated Systems Inc., Sunny¬ 
vale, Calif. They have ported ISI’s Ma-
trixX tool chain to Intel’s MCS(R) mi¬ 
crocontrollers. MATRIXs is a full-fea¬ 
tured environment for system model¬ 
ing and visualization, automatic code 
generation (ANSI C and Ada), virtual 
and real-time hardware simulation, and 
automatic documentation. The grow¬ 
ing system complexity and availability 
of tools such as real-time microkernels, 
combined with the trend toward ex¬ 
pensive, long turnaround, custom com¬ 
ponents, is tipping the scales in favor 
of automated modeling, design and 
simulation tools, es 
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SOFTWARE IDEAS FOR DESIGN 
Microcontroller Interface With Infrared 
ABEL RAYNUS / Armatron, 2 Main St.. Melrose, MA 02/76. 

TWO MICROCONTROLLERS can communicate via 
an IR link, with the transmitter and receiver software shown here. 

The circuit diagram shows the IR link for wireless data 
transmission between two 
68HC705P9 microcontrol¬ 
lers (MCI to MC2). To imple¬ 
ment asynchronous commu¬ 
nication, MCI generates three 
types of output AM signals: 
start burst, logicO burst, and 
logic 1 burst. Each type is dis¬ 
tinguished by its width, and 
each burst is separated by a 
small delay. 

These signals activate an IR 
Emitting Diode (IR333), whose bursts 
of IR light are transformed by the re¬ 
ceiver module (IRM8410) into pulses 
at the TCAP input of MC2. After get¬ 
ting the start pulse, the MC2 software 

begins logicO and logic 1 pulse-width 
recognition and the receiver word reg¬ 
ister begins to fill up. The most impor¬ 
tant and interesting part of the idea is 
the communication software. 

A software fragment for the 
transmitter to send an 8-bit 
word is shown in Listing 1, 
below. The word of data to be 
sent is kept in register “reg.” 

The program starts by send¬ 
ing a “start burst.” After that, 
the program looks through 
each bit of “reg,” starting from 
the LSB, and generates logl 
or logO bursts, if the bit is a 1 
or a 0. 

The receiver software frag¬ 
ment is shown in Listing 2. 

The easiest way to measure the pulse 
width is to use the input-capture 
function of the microcontroller timer. 
Both High and Low bytes of the in¬ 
put capture register are used for more 

• LISTING 1 ( TRANSMITTER)) 

• REGISTERS and VARIABLES: 
prtA equ $00 
ddrA equ $04 
REG equ $81 
num equ $82 ¡output signal register 
s equ $83 ;bit test number 
• INITIALIZATION: 

Ida $ff :prtA as output 
sta ddrA 

• WORD GENERATING SUBROUTINE 

word Ida #$33 ¡start burst 
sta s 
jsr burst 

Ida #$01 
sta num 

w1 Ida REG 
and num 
beq w2 

Ida #$48 ;log1 burst 
sta s 
jsr burst 

w3 ele ¡0 ->C-carry bit 
Isl num ;go to next bit 
bee w1 ;is it NOT a last bit? 
bra w4 

w2 Ida #$1 f ¡logO burst 
sta s 
jsr burst 
bra w3 

w4 rts ¡return from word 

burst bset l.prtA ¡40 kHz AM pulse 
dec s 
dec s 
inc s 
inc s 
bclr 1 ,prtA 
dec s 
dec s 
inc s 
nop 
bne burst 

Ida #$7f ¡Delay 0.64ms 
rep decA 
nop 
nop 
bne rep 
nop 
rts ¡return from Burst 

• LISTING 2 (RECEIVER) 

• VARIABLES 
tIH equ $80 
tIL equ $81 
t2H ecu $82 
t2L equ $83 
tH equ $84 
tL equ $85 
num equ $86 ¡register to form word 
reg equ $87 ¡temporary word register. 
word ecu $88 ¡final received word register. 
flag equ $89 ;0=WF (word flag) 
mem equ $8a Jemprorary memory register 
• REGISTERS 
ter equ $12 
tsr equ $13 
IcpH equ $14 
icpL equ $15 
• INITIALIZATION 

org $100 
init bset 1 ,tcr ¡set positive edge TCAP 

cln< ¡clear memory locations 
mO clr $80,X ¡from $80 to S8a 

incx 
cpx #$0b 
bio mO 

WORD FORMING PROGRAM 

start brdr 7,tsr,start 
brset 1,ter,11 ;IEDG=1? 
Ida icpH 
sta t2H 
Ida icpL 
sta t2L 
bset 1,tcr ;1 >IEDG 

Ida t2L 
sub t1L 
sta tL 
Ida t2H 

sbe t1 H 
sta tH 

brclr 0,flag. ¡2 ;WF=0? 
Ida tH 
emp #1 ;tH=1? 
beq bito 
emp #3 ;tH=3? 
beq bitt 
bclr O.flag ;0-> WF 

ires Ida tsr ¡ICF reset 
Ida icpL 
jmp start 

i1 Ida icpH 
sta t1H 
Ida IcpL 
sta t1L 
bclr 1,tcr ;0->IEDG 
bra ires 

¡2 Ida tH 
emp #2 ;tH=2? 
bne ires 

bset O.flag ;1 -> WF 
Ida #$fe ¡0 -> O-bit num 
sta num 
jmp ires 

bitO Ida reg ¡put 0 into given reg. bit 
and num ; while saving all 
sta reg ; of the rest bits 
bra ¡3 

bit1 Ida num ;put 1 into given reg. bit 
sta mem ; saving all of the 
and reg ; rest of reg. bits 
com mem 
eor mem 
sta reg 

¡3 sec ;1 -> Carry bit 
rol num ¡go to the next bit 
bes ires ¡is it NOT the last bit? 
bclr O.flag ¡0 -> WF 
Ida reg 
sta word ¡word is completed! 

112 ELECTRONIC DESIGN • ENGINEERING SomURC SPECIAL EDITORI AL EKITI RE • OCTOBER 24. 19116 



Affordable ATM 
IDT is the first to break the $100 
barrier that makes ATM affordable 
for the desktop. Now high-speed 
videoconferencing and multimedia 
applications can take advantage of 
ATM at unheard of pricing. 

Available for $99, the IDT77903 
is a 25Mbps NIC reference design 
card with a PCI bus interface that 
enables OEMs to bring ATM’s fast 
bit-rate features to the desktop at 
prices and performance equivalent 
to fast Ethernet. 

Available Now 

to wait years for affordable ATM 
solutions to become reality*. You 
can get to market 2 to 3 years 
ahead of schedule! 

The IDT77201 NICStAFT is the 
first SAR chip to enable an afford¬ 
able NIC. Team it with the revolu¬ 
tionary IDT77105 SWITCHStAR”, 
a low-cost PHY device with TC and 
PMD on-chip, and you can imple¬ 
ment a NIC running full-duplexed 
25Mbps ATM for less than $100. 

IDT = ATM ¡Accaleratnd Ume-to-Market) 
IDT’s ATM hardware solution is 
available as discrete ICs, a fully 

IDT pioneered the low-
cost silicon technology 
that brings ATM to the 
masses today. So, con¬ 
trary to expert forecasts, 

77201RC 
L1KP0FW 
4544J 

documented reference 

ra 

design with files for the 
above design or as a 
customizable refer¬ 
ence card. Add your 
choice of software M(W WKUsfflfi 

•|n-Stat p rede ted NIC ASP would net be near $100 until after the yea' 2000 (Januaw 1996 ATM Che-sals Report No CE96C1DC) 

The ID" log« s J regisb-red tradenark, and NCStAR, SARwin. and SWlTCHStAR are tradenarks of In-egrated Device Technology, Inc 

(800)345-7015 • FAX: 1-408-492-8674 ¡na 

don’t have 

Kit Code #3621 ASK for KIT CODE A021 

and workgroup or enterprise¬ 
level system integration and it 
can quickly launch you, too, 
into the ATM market. 

Make Us Prove It 
Contact us now to get IDT’s 
Data Book CD-ROM 
with technical infor¬ 
mation and IDT’s 
SARwin” demo 
software, and 
qualify for a S99 
ATM Start-up 
Design Kit. 

Integrated 
Device 
Technology, Inc. 



SOFTWARE IDEAS FOR DESIGN 

precise measurement. The starting 
pulse activates the program and sets 
the flag (WF=1). After that either 
logic “1” or “0” will be written one 
by one into register “reg,” beginning 
from the LSB, depending on the cor¬ 
responding pulse width. 

Only when all 8 bits are completed 
does the flag drop off (WF=0); the 
contents of the “reg” is then finally 
rewritten into the register “Word.” 

This idea is applicable to any type 
of microcontroller and needs only one 
MCI output pin and one MC2 input 

pin. 
With the external IR components 

shown in the figure, the distance of 
reliable communication is about 20 ft. 
To vote for this item as the “Best of 
Issue” in Software Ideas for Design, cir¬ 
cle 621. 

Program Code Splitting 
ALEX EISEN / State University of New York. Department of Physics. 239 Fronczak Hall, Buffalo, NY 14260. The object code created by an assem¬ bler for a 16-bit microprocessor con¬ 
sists of a sequence of 16-bit numbers, 
represented by four ASCII-coded hexa¬ 
decimal digits, which are transmitted to 
an EPROM programmer through the 
serial port. In many cases, however, the 
code must be downloaded through a 
single-chip 8-bit programmer. For Mo¬ 
torola SI-9 format, each line of code 
starts with a header, following with a 
string length, an address, the body of 
the object code itself, and finally a 
checksum to verify the correctness of 
data transmission. 

The purpose of the following pro¬ 
gram, written in C, is to split the 
original machine code file into two 
files—“even-” and “odd-”byte se¬ 
quences—for downloading into two 
separate 8-bit EPROM chips. 

This program recognizes the Sl-9 
Motorola format, breaks each line of 
the original object code into two by 
separating even and odd bytes and 
sending them to two different files— 
“evenwr” and “oddwr”—and calcu¬ 
lates and appends a new checksum 
for each line. 

The program thus allows the de¬ 
signer to overcome the limitations of 
the programmer. 
The hexasc( ) subroutine converts 

hex digits into an ASCII string, follow¬ 
ing with a EOS—end of string—while 
the aschex( ) subroutine performs con¬ 

SPLIT . C s=slart; b=buf; a=addr; n=number; e=even; 
#include <stdio.h> o=odd; 
»include <stdlib.h> do{ fseek(fp,numread,SEEK_SET); 
»include <string.h> fgets(buf,sizeof(buf),fp); 
»define EOS ’\0’ *s=*b; ’(s+1 ) =*(b+1); *(s+2)=EOS; 
char start[40], number[30], addr[20], even[20], iffs!='S’) { printf("not Motorola codeVn“): 
odd[20]: break;} 
char *s, ’n, ‘a, ‘e, *o; if !strcmp(s,”S8") I I !strcmp(s,"S9") 11 
char *hexasc(int x, int n) !strcmp(s,“S7")) 
{ {k=10-aschex(s+1);} else 
chara[10]; k=aschex(s+1); 
int i,z; *n=*(b+2); *(n+l)=*(b+3); *(n+2)=EOS; 
for(i-n; i>=0;¡--){ z=x&0xf; for (i=0; i<2; i++) {’ (a+i)=*(b+4+i);) 

if((z<=9)&&(z>=0)) num=aschex(n)-k-2; 
a[i]=z+48; else a[i] =z+55; x»=4;} for(i=0; knum; i++) {if(! (i%2>) { 

a[n+l]=EOS; •(e+i)=*(b+2‘(k+3)+4’(i/2)); 
return(a); *(o+i)=,(b+2*(k+4)+4‘(i/2)); ) else {, 

} *(e+i)=*(b+2"(k+3)=4'(i/2)+1); 
aschex(char 'q ) *(o+i)="(b+2‘ (k+4) +4‘(i/2 + 1);}) 
{ e[num]=EOS; o[num]=EOS; 
char temp[2], *t; num=num/2+k+2; 
int n=0; q=hexasc(num,1); strcpy(n,q); 
t=temp; q=hexasc (aschex (a)/2,(2* ( k+ 1) - 1)); 
do{ if (•q>=’A’) *t=*q-55; else "t=’q-48; strcpy(a.q); 

n=n'10+(*t); q++; t++;} while(’q); strcat(n.a); strcat(n.e); num=chksum(n); 
return(n); q=hexasc(num,1); strcat(n.q); strcat(s,n); 

) fe=fopen("evenwr",”a"); fprintf(fe,"%s\n", 
chksum (char *q) s); 
{ fclose(fe); 
int i,sum=0; *s=‘b; *(s+1 )=*(b+1 ); *(s+2)=EOS; 
char v[2); •n=*(b+2); ‘(n+1 )=*(b+3); *(n+2)=EOS; 
do{ for(i=0;i<2;i++){v[i]=*q; q++;} v[2]=EOS; for(i=0;i<2’(k+1); i++) {*(a+i)=‘(b+4+i);} 
sum=sum+aschex(v);} while('q) sum=(- •(a+2'(k+1))=EOS; num=aschex(n)-k-2; 

sum&Oxff); num=num/2+k+2; 
return(sum); q=hexasc(num,1); strcpy(n.q): 

} q=hexasc(aschex(a)/2,(2‘(k+1 )-1 )); 
main ( int arge, char *argv []) strcpy(a.q); strcat(n.a); strcat(n,oj; 
{ num=chksum(n); q=hexasc(num,1) 

char buf [80], *b, *q; strcat(n.q); strcat(s.n); 
int num, k, l=0, numread=0 fo=fopen("oddwr","a"); 
FILE *fp, ‘fe, *fo; fprintf(fo,"%s\n",s); fclose(fo); 
if(argc!=2){printf("usage: split filenameVn- numread=numread+strlen(buf); } 

“);exit(1 );} while(!feof(fp)); 
if((fp=fopen(argv[1 ], “rb“ )) ==NULL) ) 

printf("cannot open file\n";exit(1);} 

version of an ASCII string into hex 
digits, and chksum() calculates the new 
checksum value. 

To vote for this item as the “Best of 
Issue" in Software Ideas for Design, cir¬ 
cle 622. 

Enhanced Numeric Value Conversion 
JOSEPH D’ AIRO / 424 Higbie Lane. West Islip, NY 11795. Accepting numeric input can be troublesome in languages such as 
Qbasic and related dialects because 
their input routines require strict com¬ 
pliance with formatting requirements. 
For example, numbers such as 
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“1,000” and “$125” will be misinter¬ 
preted because of the illegal comma and 
the dollar sign. 

This will be a problem not only 
when a user forgets the formatting 
rules, but also when data is read in from 
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a preexisting file such as a database. 
There are two steps to overcoming 

this problem. The first step is to accept 
the input as a string—and not as a 
number. The string input routines will 
allow the non-numeric characters to be 
• OCTOBER 24. 1996 
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HARD 

Correct-by-Design 

K VI E Ml 

Powerful PCB Design For Windows 

Interoperability 

MANUFACI URAB ILITY 

An object-oriented database enabuo 

THIS SPLIT POWER PLANE TO RETAIN ITS 

INTELLIGENCE AND PASS DRC. 

ideas 
grow 

ACCEL Technologies, Inc. 
800 488-0680 Sales 
619 554-1000 Service 
619 554-1019 Fax 

Call for your 

Free Eval Software, 

or TO SET UP 

AN ON-SITE DEMO. 

«h 
•M [ 

from the fOOt of VOUT 
towermg products 
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SOFTWARE IDEAS FOR DESIGN 

LISTING 1: END FUNCTION 
THE XVAL!) FUNCTION AND DECLARATION IN MAIN ROUTINE 

LISTING 2: 
DECLARE FUNCTION xval# (numstrS) DEMO OF THE XVAL() FUNCTION 

• DECLARE FUNCTION xval# (numstrS) 
'The main routine goes here 

END DEMO ROUTINE 

FUNCTION xval# (numstrS) 
CLS 

'Removes all characters that do not appear in 
the list of valid characters DO

Step through the input string 
FOR i = 1 TO LEN(numstrS) 'Input numbers as strings 

PRINT 
'If the individual character appears in the LINE INPUT "Enter a number (type end to quit) ;b$ 
'list, copy it to the end of the output string 

'Quit when end' is typed instead of a number 
IF INSTR("01 23456789.-", MIDS (numstrS, i, 1)) THEN IF b$ = "end" THEN EXIT DO 

aS = aS + MID$(numstr$, i, 1) 
'Compare the results of the functions 

END IF PRINT "The VAL function returns: "; VAL(b$) 
NEXT i PRINT "THE xval function returns: ": xval#(b$) 

Convert the output string to a number, LOOP 
'and return it as the value of the function, 

xval# = VAL(a$) END 

entered. The second step is to convert 
the string to a number for further use 
in the program. There is a built-in func¬ 
tion in most BASICs named VAL () 
which will convert numeric strings into 
numbers. 

Unfortunately, the built-in function 
will only convert a string until it en¬ 
counters an illegal character, so “ 1,000” 
will convert to 1 and the comma and 
anything past that point will be ig¬ 
nored. Similarly, “$125” will convert 
to zero, since the first character, the 
dollar sign, is illegal and it will be ig¬ 
nored along with all of the remaining 
characters. 

The solution to this problem is a 
function which will strip out the illegal 
characters, and then convert the re¬ 
maining numeric characters to a num¬ 
ber. Since this function is an extended 
version of VAL(), it has been named 
XVAL(). 

Listing 1, shown above, shows the 
XVAL () function. The first statement 
names the function and lists its parame¬ 
ter, a string variable, as required by the 
Qbasic interpreter. The function name 
ends with a to declare it as double¬ 
precision. 

A FOR loop is set up to step through 
the numeric input string numstr$. The 
index, i, is incremented from 1 to the 
length of numstr$ as determined by the 
LEN () function, so each character is 
examined in turn. 
The INSTRO function compares 

two strings and returns a non-zero 
value if the second string appears in the 

6 

first. In this case, the first string is a 
reference string of valid characters, 
composed of the digits 0 through 9, 
the decimal point, and the minus sign. 
The second string is one character ex¬ 
tracted from numstr$ at the index point 
via the M1D$ () function. 

If the indexed character appears in 
the reference string, the INSTRO func¬ 
tion returns a non-zero value to the IF 
statement, which is interpreted as 
TRUE, causing the THEN clause to 
be executed. 

The THEN clause is an assignment 
statement which adds the indexed char¬ 
acter to the end of string a$. Con¬ 
versely, if the indexed character does 
not appear in the reference string, it is 
not added to a$. In this way, only the 
valid characters appearing in numstr$ 
are copied to a$. 

Once all the characters appearing in 
numstrS have been processed through 
the FOR loop, string a$ contains a copy 
of numstrS less any invalid characters. 

The VALO function is used to con¬ 
vert the valid numeric string repre¬ 
sentation in a$ into a number and the 
result is assigned to XVAL# to be re¬ 
turned as the result of the function. 

A program to demonstrate the dif¬ 
ference in action between VAL() and 
XVAL() is shown in Listing 2. 

An on-screen prompt asks for a num¬ 
ber to be input, then both the VALO 
and XMALO results are printed. Try 
entries such as “1,234.45”, “UI01”, 
and “$123” to see the difference. 
The LINE INPUT command is 

EAGIAEERIMi SOFTWARE SPECI AL EDITORI Al. FEAT! RI 

used to read the keyboard since it will 
accept all characters up to a carriage 
return, while the INPUT command 
would be confused by commas. Try 
changing this to see what happens. 

Note that the reference string used 
does not include the BASIC characters 
for exponential or hexadecimal nota¬ 
tion, so those characters will be stripped 
from the input. They can be included 
by adding “eEdD” and “&hH to the 
reference string, respectively. 
To vote for this item as the “Best of 
Issue" in Software Ideas for Design, cir¬ 
cle 623. 

EDITORIAL CALL: 
SOFTWARE IDEAS FOR DESIGN 

This Software Ideas for Design 
section was established to give 
software designers an opportunity to 
publish innovative, brief programs that 
solve specific problems during the 
design process. Both Ideas for Design 
and Software Ideas for Design are 
based on readers contributing ideas for 
publication. 

The author of the Software Idea for 
Design that is voted “Best of Issue” by 
the readers of Electronic Design 
receives a check for $150, in addition 
to the $100 that is awarded to all 
authors whose ideas are published in 
the section. Send or fax your Software 
Ideas for Design to: 

Software Ideas for Design Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
Fax: (201) 393-0204 
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TOOL CREATES 3D 
MULTIMEDIA TITLES 

Hyperwire from the Kinetix division 
of Autodesk, Inc., is a visual authoring 
tool for creating 2D and 3D World 
Wide Web tides in Sun Microsystems’ 
Java environment. The tool allows Web 
content authors to build multimedia ti¬ 
des that can include works created with 
Kinetix’s 3-D Studio MAX and other 
VRML-compliant tools. Applications 
developed with Hyperwire can enhance 
the Web by augmenting real-world titles 
with 3-D capabilities. Hyperwire cre¬ 
ates applications in Java, the popular 
programming language for the In¬ 
ternet, and supports the VRML (virtual 
reality modeling language) 3D Web 
standard. Tides can be played on plat¬ 
forms running Microsoft Windows 95 
and NT, Apple Macintosh, and Unix 
operating systems. The extensible Hy¬ 
perwire architecture accepts third-party' 
plug-in applications for expanded fea¬ 
tures and capabilities. Using Hyperwire, 
designers and programmers can create 
richer web sites with interactive games, 
financial analysis applications, sales de¬ 
mos, advertising, and interactive learn¬ 
ing. A free preview version of 
Hyperwire is available on the Kinetix 
web site at http://www.ktx.com. Ship¬ 
ping and pricing information will be 
available later this year. 

Reccommended development con¬ 
figurations include a Pentium class PC 
or compatible system running Mi¬ 
crosoft Windows or Windows NT, 16 
Mbytes of memory, 20 Mbytes of free 
disk space, and an 8-bit, 640-by-480-
pixel resolution color display. 
Kinetix, 111 McInnis Pkwy., San Ra¬ 
fael, Cd 94903; (415) 507-5000. 
CIRCLE 760 

AUTOMATED SOFTWARE 
TESTING, MANAGEMENT 

QC/Advantage automates software 
testing and test management for com¬ 
plex distributed, multi-tier client/serv¬ 
er and Intranet applications. The 
system consists of six key' components. 
A Uniform User Environment allows 
users to access and control any' testing 
tool through one graphical interface. 
An Object-based Test Foundation en¬ 
ables development teams to develop 
complex tests faster using less code. 
Distributed Test Designer provides 
automatic test synchronization for rap¬ 
idly testing a complete system to ensure 
client/server relationship functionality7. 
QC/Advantage also includes a Parallel 
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Execution Executive that allows tests 
to be executed in parallel interactively 
or in scheduled nightly batches across 
the network. A Consolidated Results 
Analyzer provides customizable 
graphical reports on the performance 
of all tools for distribution to mem¬ 
bers of the development team through 
e-mail and Internet. Finally, the Open 
Integration Platform enables full life¬ 
cycle test workflow management using 
a script-based application program¬ 
ming interface. 
QC/Advantage is available on 

SunOS and Solaris for Sparc, and Ul¬ 
traSparc systems and HP/UX for 
HP9000 platforms. The initial release 
also supports Windows 3.1, Windows 
95 and Windows NT clients. Support 
for IBM AIX will be available this sum¬ 
mer, with other UNIX platforms and 
full Windows NT support to follow. A 
QC/Advantage Starter Pack, which in¬ 
cludes five licenses, on-site installation, 
training and consulting is $37,995. Ad¬ 
ditional add-on seats are available at 
volume discounts. 
CenterLine Software, Inc., 10 Fawcett 
St., Cambridge, MA 02138-1110; (617) 
498-3000; fax: (617) 868-6655; web 
site: http://www.centerline.com. 
CIRCLE 761 

STATISTICS TOOLBOX 
AIDS ENGINEERS 

Tightly' integrated within the MAT¬ 
LAB technical computing environment 
of The MathWorks, Inc., the MATLAB 
Statistics Toolbox 2.0 is a set of tools 
for statistical algorithm development, 
analysis and modeling. Users involved 
in data analysis, modeling, and simula¬ 
tion can access over 200 statistics func¬ 
tions, including statistical methods for 
probability distributions, parameter es¬ 
timation, multivariate statistics, linear 
and nonlinear modeling, statistical plot¬ 
ting, statistical process control, design 
of experiments, nonlinear regression, 
and principal components analysis. In 
addition, the toolbox provides custom 
statistical plots and a set of interactive 
graphical displays for point-and-click 
analysis, modeling and on-the-job 
learning of statistical concepts. 
The MATLAB compiler and C math 

library can be used to automatically 
convert custom-developed statistics 
routines into C code. GUI tools help 
users understand and analyze system 
characteristics through illustrated sta¬ 
tistical concepts. These interactive dis-

(continned on next page) | 
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FOR WINDOWS 

a complete 
CAD/CAE tool system from 

conceptual design, 
HDL/mixed-mode simulation 

to PCB verification and 
simulation 

Win32 Application 
♦ 

Hierarchical Schematic Editing 

Mixed-Mode Spice Simulation 
♦ 

VHDL Behavioral Simulation 
♦ 

Signal Integrity 
RC Extraction/Simulation 

Interactive AutoRouting 
& Placement 

♦ 
PCB Multi-Layer Design 

CAD-MIGOS 

499 Seaport Court-Suite 201 
Redwood City-CA 94063 

TEL 415-369-5853 

FAX 415-568-5989 

E-MAIL info@cadmigos.com 

http://www.cadmigos.com 

© 1993-1996 CAO Migos Software Tools. Inc All rights reserved 
The Whole Enchilada. CAD-Migos Software Tools and 

the CAD Migos logo are trademarks of 
CAD Migos Software Tools Inc 

Windows and Windows NT are trademarks of Microsoft Corporation 

Available December 1996 
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Run 
Microsoft 
MS-DOS 
from 
ROM -

The On e-Sto p ^oufce 
AnnaSoft has everything you need to 

port MS-DOS to your embedded system. 
PromKit™ converts any MS-DOS 

version to an EPROM image, or if you 
want to execute directly from ROM, 
get Microsoft MS-DOS ROM Version 
development kits and licenses from us. 
AnnaBios lets you customize your 

BIOS while still retaining full MS-DOS 
capability, and SSi SoftProbe is a perfect 
debugger that works with all the above. 

Lice nsing 
And, as an OEM you can license any 

version of MS-DOS, Windows» (including 
95 and NT) and other Microsoft system 
support products directly from AnnaSoft! 

Support 
To wrap it up you’ll get on-line 

technical support from designers who 
have been there. Call us toll free for all 
the facts. 

-800-462-1042 

Annafoft 
AN ANNABOOKSCOMPANY 

We 're here to help 
11838 Bernardo Plaza Court 
San Diego, CA 92128-2414 

(619) 673-0870 • Fax: (619) 67:3-1432 

MicRBoft. MSDOS and Windows an- registered tra< lemadts of Microsoft Corporation 
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plays provide graphical and textual in- j 
formation that give insight into the j 
characteristics of a specific process or [ 
dataset by visually showing the effect | 
of changes. Each Statistics Toolbox j 
function can be applied as is to solve i 
specific problems, or can be used to i 
design custom statistical algorithms, i 
Also, users can integrate a statistical । 
function with any program built using , 
other MATLAB toolboxes, such as | 
Neural Networks, Signal Processing, 
Image Processing, NAG, and Optimi¬ 
zation toolboxes. 

The Statistics Toolbox is available 
for leading desktop engineering plat¬ 
forms supporting MATLAB, including 
PCs, Macintosh, Unix, and VMS work¬ 
stations. Pricing for PC and Macintosh 
computers start at $395. The product 
runs on MATLAB 4.2 or higher. 
The MathWorks, Inc., 24 Prime Park 
Way, Natick, MA 01760-1500; (508) 
647-7000; fax (508) 647-7001; e-mail: 
info@matbworks.com.; web site: 
http:// www.matbworks.com. 
CIRCLE 762 

ENHANCED TOOLS FOR 
RF/MICROWAVE DESIGN 

MMICAD Version 2 is a set of Win¬ 
dows-based RF/microwave linear simu¬ 
lation software for the PC. The package 
operates with the Windows 95 and NT 
32-bit multitasking operating systems as 
well as 16-bit Windows 3.1 and 3.11 ver¬ 
sions. For MMICAD Version 2, new 
models have been added to the MMI¬ 
CAD library, including coplanar 
waveguide, microstrip, suspended sub¬ 
strate, stripline, ideal elements, and noise 
elements. Version 2 also offers expanded 
design aids covering capacitor, matching 
circuit, transmission element, resonator 
and filter designs. 

The package comes with a CD im¬ 
plementation, on-line manuals, and ap¬ 
plication notes. The software can also 
be supplied in disk format. Version 2 
works with any version of Windows 
on a 386 or later PC equipped with 8 
Mbytes of memory. 

The MMICAD Version 2 Suite sup¬ 
ports schematic capture using either 
Protel Advanced Schematic 3 or Or-
CAD Schematic Capture. An inte¬ 
grated layout capability allows 
MMICAD to simulate the effect of 
changes on circuit performance. The 
layout module works with a variety of 
graphical file formats, including Ger¬ 
ber photoplot, Calma GDS II, Excel-
Ion NC drill, HPGL, DXF, postscript 

and others. The Version 2 Suite also 
has programs that offer nonlinear am¬ 
plifier gain-compression measure¬ 
ments and small-signal modeling of 
MESFETs and HEMTs. The recom¬ 
mended platform for the Version 2 
Suite is a 486 or later PC with 16 Mby¬ 
tes of memory. Schematic capture, lay¬ 
out, filter synthesis and CAT modules 
are available separately or integrated 
with MMICAD in the Version 2 Suite. 
Optotek Ltd., 62 Steacie Dr., Kanata, 
Ontario, Canada K2K2A9; (613) 591-
0336 or 800-361-2911; fax (613) 591-
0584; e-mail: mmicad@optotek.com; web 
site; www.optotek.com. 
CIRCLE 763 

MODULE PROCESSES 
DIGITAL AUDIO 

Digital audio analysis, display, and 
processing is now available through a 
menu-driven environment provided by 
DADiSP/WAV, an add-on module to 
DADiSP from DSP Development Corp. 
Integrated with the DADiSP graphical 
spreadsheet for scientific and engineer¬ 
ing data analysis, DADiSP/WAV allows 
digital audio data to be read, written and 
edited via pop-up menus or one-line 
functions. The module supports the 
standard PCM WAV file format for 8-
and 16-bit mono, or stereo data. 
DADiSP/WAV lets the user call any 
Windows-compatible WAV player device 
and play WAV data on any WAV-com¬ 
patible sound card. All source code is 
written in the DADiSP programming 
language (SPL), and variable definitions, 
and menus are supplied in ASCII text 
format so they can be customized by the 
user. DADiSP provides an intuitive icon-
and menu-driven environment for data 
management and display, allowing users 
to work with data series of any length. 
The spreadsheet combines hundreds of 
built-in functions to perform graphical 
data analysis, mathematical and statistical 
analysis, data management, and FFT 
analysis. WAV files are typically digital 
audio files that conform to the Microsoft 
Windows WAV file format standard. A 

I WAV file is a binary file consisting of a 
I 44-byte header and its corresponding 
I sound data. 
¡ The DADiSP/WAV module is 
[ priced at $495.00 each and is used with 
j the DADiSP 4.0 Windows version 
j ($1895.00). 
i DSP Development Corp., One Ken-
! dall Square, Cambridge, MA 02139; 
I (617)577-1133. 
I CIRCLE 764 
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Introducing the newest member to the family 

Trouble Shooter 

Fast Sampling and Long Memory • Easy to Use Dual Zoom • 
Enhanced Parameter Measurements and Waveform Processing 

Better Measurements 
with More 

Waveform Data^-Z 

Benchtop 
Performance 
Designed to 
Move When 
You Do. 

CHI 

CHI 

O.igOOd flax 

CHI 
•o.ooged 

DL2700 

Fall 
1 Sus 

80.51 
80.59 
IM M 

>6^/21 10:04:30 
¡topped 5Z 

•Width 
IM .Sir. 
176.5US 
159.S1B 

I sdZ 
' 5« Sd3 

Trigger 
Zns Type 

(40k) Level 

Bandwidth 
DL1520 DL1540 0L154IL DL2700 DL2700 DL4100/DL4200 
150MHZ 150 MHZ '50 MHZ 150 MHZ 150 MHZ '50/300 MHZ 

Sampling 
Rate 

100MS/S, 2 Ch 
200MS/S, 1 Ch 

100MS/S, 4 Ch 
2OCMS/s,2Ch 

200MS/S, All Ch. 
CIMCs, Interleave 

100MS/S. All Ch. 

Memory 
Length 

10kW/Ch 
2CkinRcll 

56kW/Ch, 3-4 Ch 
120WV/Ch, 1-2 Ch 

1 MVWCh, 3-4 Ch 
2MWCh, 1-2 Ch 

512kW/Ch, All 
1MW/Ch, Interleave 

2MW/ch, All 
4MW/Ch, Interleave 

l00kW/Ch 

Channels 2 4 2,4, 6or8 4 
Resolution 8 Bit 10 bit. 1%Acc 

For more information fill in and fax to 770-251-2088 
Name: _ Phone:( )_ 
Company:__ 
Add ress :___ 

or call us at 800-258-2552 
Yokogawa Corporation of America. 2 Dart Rd., Newnan GA 30265 PH: (770 ) 253-7000 

See our full line of Test & Measurement 
Equipment @ http://www.yca.com 

® YOKOGAWA 
Yokogawa Corporation of America 
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Lack of Board Space 
Bugging You??? 

' fw 
NEW SOT-23 Tiny Package Amps from 
the High Performance Amplifier Leader 

Footprints about one-fourth of the k A d size 

board space compared to the SO-8 W 
* H 

SOT-23 SO-8 

EL2150C 125 MHz 
5 mA, Single Supply Amp 

• +3V to ±6V Operation 
• Input/Output - Common 
Mode to Ground 

• $2.29 in 1,000 units 

EL2170C 70 MHz 
1 mA, Current Mode Amp 

• +3V to ±6V Operation 
• 100 mA Output Current 
• $1.90 in 1,000 units 

EL2180C 250 MHz 
3 mA, Current Mode Amp 

• +3V to ±6V Operation 
• 1200 V/ps Slew Rate 
• $1.99 in 1,000 units 

Attention Designers! 
E-mail us with your e-mail address so that we can 
keep you apprised of the most recent product info, 
and we’ll send you our new 1997 Data Book. 

Contact factory to find out about other amplifiers that will be available in the SOT-23 package 

élantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

Elantec’s full amplifier product line is available in our 1997 Data Book, 
1997 Short Form Selection Guide, or call our literature hot line at I-(8001-882-2109. 
faxback service: 1-(800)-328-2113, e-mail: info@elantec.com, 
and our world wide web site: http://www.elantec.com - For samples/technical 
questions: l-(888)-ELANTEC. 

ELANTEC SEMICONDUCTOR, INC. ■ 675 Trade Zone Blvd. ■ Milpitas, CA 95035 ■ (408)045 1323 ■ (80S) 333 6314 ■ FAX (408) 945-9305 
European Sales: 44 171 482 4596 ■ FAX 44 171-267 1026 

Distributed by: Marshall Industries ■ Insight Electronics ■ Nu Horizons ■ Gerber Electronics ■ Zeus/Arrow 
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PRODUCT INNOVATION 

Amplifiers Attain 
400-MHz Bandwidths 

Current Savings For 1-mA Current-Feedback 
A mplifi ers Could Be Extremely Significant 

For Multichannel Systems. 

Paul McGoldrick Using the next stage in the development of one of the fabrication 
processes acquired from their purchase of the Tektronix semi¬ 
conductor operation (Beaverton, OR), Maxim has introduced a 
range of 1-mA current-feedback amplifiers that produce exem¬ 
plary frequency responses. The MAX418X amplifiers are two-
stage systems with biasing arrangements that avoid the prob¬ 
lems of feedback systems. The differential-input and -output am¬ 

plifiers are available in single, dual, and quad arrangements (see the table). Each 
version has parts that are optimized for a gain ( Av) of either 1 or 2. The single 
amplifiers are available in the tiny, 6-pin SOT-23 or the 8-pin SO-8, while the duals 
are available in 8-pin pMAX/SO, or, if equipped with an auto-shutdown feature, 
14-pin TSSOPs. The quads also are available in 14-pin TSSOPs. 

The architecture of the amplifiers is such that the two stages are bias-related 
(see the figure). The second stage is an open-loop stage, avoiding the bandwidth 
limitations and the inherent, potential instability of feedback at some frequencies. 
The added noise consequences associated with feedback also are eliminated. In 
order to control the bias of the second stage, a ‘‘replica” stage precedes it w7here 
the current loops of the second stage are adjusted to balance out impedances, base 

■ BASIC CIRCUIT ARRANGEMENT of the Maxim MAX418X series of 1-mA current-feedback amplifiers, with two stages, and a novel replica stage for biasing. 

ELECTRONIC DESIGN/OCTOBER 24, 1996 

currents, and matching effects. The cur¬ 
rent drawn by the second stage is al¬ 
ways twice that of the input. A patent 
is pending for the bias technology. 

The high-frequency response of the 
process, together with high ß values of 
2400 to 2500, allows for very little peak¬ 
ing, or boost, on the output stage. The 
process used by Maxim is a derivation 
of the C-Pi process developed by Tek¬ 
tronix, and was acquired by Maxim 
with the purchase of the Tektronix 
foundry facilities in late 1993. Improve¬ 
ments in the CB-2 process are particu¬ 
larly noticeable in the pnp devices. 

The CB-2 process is a single poly¬ 
emitter, recessed-oxide-isolated, high¬ 
speed complementary bipolar process. 
It features a 40-Q-cm p-type substrate 
with buried layers (p-type in the pnp, 
n-type in the npn) and a silicon-dioxide 
trench between the collector and base. 
An active base is used under the emitter, 
and heavy gold metallization techniques 
are used. CB-2 is optimized for low-volt-
age applications up to 12 V, but higher-
voltage layouts (up to 20 V) also are pos-
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HE ABILITY TO STOP 

CHILD ABUSE 

IS FINALLY WITHIN OUR REACH. 

Until now. there was little you could 

do to actually stop child abuse. But now 

there's an innovative new program that 

can actually help stop abuse before it 

starts. It’s already producing unprece¬ 

dented results. But we need your help. 

Call 1-800-C H I L D R E N today. 

THE MORE YOU HELP 
THE LESS THEY HURT. 

1-800-CHILDREN 
National Committee to Prevent Child Abuse 
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1-mA CURRENT-FEEDBACK AMPLIFIERS 

MAXIM’S FAMILY OF WIDEBAND CURRENT-FEEDBACK AMPLIFIERS 

Part number 
Number of 
amplifiers 

Optimized for 
gain (A,) of 

3-dB small¬ 
signal 

bandwidth 
(MHz)’ 

Auto¬ 
shutdown 
mode Packaqe types 

MAX4180 1 2 340 No SOT-23-6 or 
SO-8 

MAX4181 1 1 400 No SOT-23-6 or 
SO-8 

MAX4182 2 2 340 No NMAX180 
(8-pin) 

MAX4183 2 2 340 Yes TSSOP (14-pin) 

MAX4184 2 1 400 No NMAX180 
(8-pin) 

MAX4185 2 1 400 Yes TSSOP (14-pin) 

MAX4186 4 2 340 No TSSOP (14-pin) 

MAX4187 4 1 400 No TSSOP (14-pin) 

* = Ft^of 1 kii and a supply voltage of ±5 V 

sible. The process’ LVceo is over 10.5V 
for the npn transistor, and greater 
than 8.0 V for the pnp transistor. 
The CB-2’s high-frequency per¬ 

formance is not as impressive as the 
Maxim’s flagship GST-2 process, but is 
high enough for an enormous range of 
potential products, including this se¬ 
ries (the MAX418X series) of prod¬ 
ucts. The Ff for the npn transistor is 
8.7 GHz at Vce = 4 V, and 6.4 GHz for 
the pnp transistor. The maximum fre¬ 
quency (fmax) is 9.4 GHz for the npn 
transistor and 7.0 GHz for the pnp 
transistor. Betas are high and the 
process also manufactures p-channel 
JFETs, Schottky diodes, MOS capaci¬ 
tors, and nichrome resistors. 

In achieving a reasonable balance 
between the conflicting demands of 
slew rate, bandwidth, and load levels, 
the parts feature small-signal, 3-dB 
bandwidths of 400 MHz for the de¬ 
vices optimized at unity gain ( Av), and 
340 MHz for those optimized for Av = 
2. The bandwidths are quoted with a 
load of 1 kQ. Rather unusually, Maxim 
also specifies bandwidths at a load of 
150 Q, as 280 and 240 MHz, respec¬ 
tively. Large-signal 3-dB bandwidth 
is 100 MHz, while worst-case 0.1-dB 
flatness is typically at 60 MHz. 

Distortion figures are low. The 
worst-case second-harmonic distor¬ 
tion is -72 dB, and the third-harmonic 
distortion is -54 dB, both with a 150-Q 
load and an fc of 5 MHz. Differential 
phase and gain are, typically, 0.02 
and 0.04%, respectively, making the 
parts eminently suitable for video 
work, while the noise-voltage density 
at the input is 2 nV/\Hz. 

Rail voltages for the parts are nor¬ 
mally ±5 V, but they can be operated 
with a single +5-V rail, with the bias set 
at mid-point to the rail. Because quies¬ 
cent current drops with a single rail, 
there’s about a 20% reduction in small¬ 
signal bandwidth. Some distortion fig¬ 
ures worsen while others improve. 

Headroom in the devices comes 
within 1 V of the supply rail(s), input 
capacitance is about 2 pF, while the 
typical output current that can be 
driven is ±30 mA. A 1200-V/ps slew 
rate and a settling time of 16 ns to within 
0.1% completes the picture of these low-
power-consumption high-speed parts. 

The performance suggests that the 
parts will be used in portable video cam¬ 
eras and switchers and in high-band¬ 
width portable applications, as well as 
for CCD imaging systems and worksta¬ 
tions. The low quiescent current makes 
them particularly attractive in cases 
where high performance is needed for 
multiple sources (e.g. in the buffering of 
inputs into high-speed analog-to-digital 
converters (ADCs). □ 

PRICE AND AVAILABILITY 
The single-amplifier parts (MAX4I8O 

and MAX4181 ) are available now. The duals 
and quads will become available over the 
next eight to ten weeks. Prices, in 1000-unit 
lots, vary from $1.75 for the MAX4I8O/4I8I, 
to $4.50 far the MAX4I86/4I87. 

Maxim Integrated Products, Inc., 120 San 
Gabriel Dr., Sunnyvale, CA 94086; (1,08) 737-
7600, fax (4O8) 737-7104. CIRCLE 500 

How Valuable? Circle 
Highly 528 
Moderately 529 
Slightly 530 
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If all that mattered were power and bandwidth, 
almost anyone could build these amplifiers. 

But you know better—perhaps through 

bitter experience. For example: Is the 
power you’re receiving nowhere near 
the power you were promised? Is the 
bandwidth not available fulltime, or 
do you have to bandswitch or tweak 
to get it? 

There is still black magic in the 
design of broadband high-power ampli¬ 
fiers. In twenty-five years of building 
these things especially for use in 

unpredictable load-VSWR situations, 
we at AR have amassed a rather impos¬ 

ing fund of knowledge about keeping 
the rf output power up to at least the 
minimum level we promise—across 

the full bandwidth. And a look at the 

power curves shown here will tell you 
that the typical output power is most 
often ten percent or more above the 
promised minimum. 

The amplifiers shown on this page 
—our “W” series—are completely 
solid-state, with minimum cw output 
from one to 1,000 watts, all operating 
Class A with a top frequency of 1,000 
MHz. Not included in the curves is a 
40-watt model that operates from de to 
1 GHz. Our full line includes models 
up to and beyond ten kilowatts. 

So, if rf power that doesn’t fold 

back when you need it most is impor¬ 

tant to you, you should talk it over with 
one of our applications engineers, who 
will answer the phone himself when 

a a nmniFiBR 
ResenncH 160 School House Road • Souderton, PA 18964-9990 USA 

TEL 215-723-8181 • FAX 215-723-5688 • www.ar-anips.com 

For engineering assistance, sales, and service throughout Europe, call EMV: Munich, 89-614-1710 • London, 01908-566556 • Paris 1-64-61-63-29. 
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JUST 
LISTEN... 

ROBIN SAXBY 
President & CEO 

Advanced RISC Mochines 
(ARM) 

... and you will hear four important 
industry leaders offer their views 

on the future of the portable industry. 

VAUGHN WATTS 
Director of 

Mobile Computing Architecture 
Texas Instruments 

TOM BEAVER 
Vice President 

Worldwide Marketing 
Motorola, Inc. 

RICHARD PIERCE 
Director of Marketing 

Intel, Corp. 

One luncheon and you'll understand the importance 
of the designs you're now working on. 

Get a leg up on the trends and technology that will shape 
portable products in the twenty-first century. Attend the... 

Portable "Design 
CONFERENCE & EXHIBITION 
-MARCH 24-27, 1997-

Keynote Luncheon • March 25,1997 * 
Santa Clara Convention Center, Santa Clara, Calif. 

For Conference, Exhibition, or Luncheon information, call:201/393-6075; fax:201/393-6073 



PRODUCT INNOVATION 

Paul McGoldrick 

Philips Semiconductors is no 
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stranger to either technology area, 
and they have introduced the 
DFE9955R, a RAM-DFE read-chan¬ 
nel chip for high-end disk-drive appli¬ 
cations. The IC will handle 64 to 240 
Mbit/s data rates. It has a fully adap¬ 
tive RAM-DFE core with an 8-cell 
analog RAM-based hybrid feedback 
filter and an analog delay line-based 
forward filter, both of which are based 
fully on continuously adaptive least¬ 
mean-square (LMS) algorithms. The 
purpose of the DFE channel is to re¬ 
produce the write-channel current 
waveform with its correct transitions 
at t = 0 and t = 1 as they are recorded 
(Fig. la). This worst-case transition 
of a current reversal within the mini¬ 
mum time spacing is known as a “di¬ 
bit.” The reproduced signal on the 
read channel shows a voltage pulse 
wider than the write pulse and with 
considerable interference (Fig. lb). 

DFE is a process for removing in¬ 
ter-symbol interference (ISI) from a 
signal to recover the original encoded 

Decision-Feedback 
Equalization 

Increases Disk-Drive 
Capacity At The 

Same Signal- To-Noise 
Ratio. 

Communications Solution 
Comes To Mass Storage 

s Rich Nass inti¬ 
mated in his Spe¬ 
cial Report on 
disk-drive tech¬ 
nology, decision¬ 
forward equaliza¬ 

tion (DFE) has the potential to be¬ 
come a dominant tool in the ability to 
increase the capacity of high-end disk 
drives over existing techniques 
(ELECTRONIC design, Aug. 5, p.69). It 
is expected to vie with extended par¬ 
tial-response, maximum likelihood 
(EPRML) techniques, and the figures 
being quoted range from a 15 to 30% 
increase in areal density over existing 
PRML channels with the same signal-
to-noise ratio (SNR). Competition for 
solutions to get to market is intense, 
and it is almost inevitable that the 
most robust solutions will come from 
those that have both mass-storage 
technology and the company synergy 
to draw on the communications side of 
their business. Why? Because DFE 
implementation is a communications 
engineering solution to a data stream. 



RAM-DFE FOR DISK-DRIVE READ CHANNELS 

■I 2. BLOCK DIAGRAM OF the Philips DFE9955R decision-feedback equalizer aimed at high-end disk-drive applications. 

data. The off-disk data (generically 
known as RDX and RDY), which are 
amplified by an embedded IC in the disk 
drive, are ac-coupled to the DFE chip. 
An analog variable-gain amplifier is 
controlled by two decision levels, one 
from the output of the pre-filter, and the 
second from the later feedback circuitry 
(Fig. 2). The pre-filter removes obvi¬ 
ously out-of-band signals. 

The defining parts of a DFE system 
are the two sets of filters, forward and 
feedback, and their adaption algo¬ 
rithms. The forward filter is used for 
pulse shaping and phase minimiza¬ 
tion. The ISI before t = 0 is moved to 
after the digital event being recov¬ 
ered— that is, precursor ISI moves to 
become post-cursor ISI. If a single 
pulse was to be isolated, the appear¬ 
ance would be a negative overshoot 
after the pulse. The filter consists of 
four analog delay lines with analog 
multipliers on each tap. Each delay 
line is tuned to a sample period. The 
outputs of the five multipliers are 
added. All coefficients in the summing 

are adaptive. 
The filter output feeds a track-and-

hold circuit that outputs conjoined 
pulses that are amplitude-repre¬ 
sentative of the input, effectively con¬ 
verting the signal to the discrete time 
domain. The clock is derived from the 
on-board voltage-controlled oscillator 
(VCO), which is a phase-locked loop 
control from the frequency synthe¬ 
sizer, and from analog-produced sig¬ 
nals from the feedback circuits. 

The track-and-hold circuit forms 
one input to a summing junction 
(whose output is the fully corrected 

126 

signal). The second input is from the 
feedback adaptive filter. The latter 
consists of a loop with slicer, shift reg¬ 
ister, and multipliers. The slicer is a 
threshold comparator and the input is 
subtracted from the output to provide 
the equalizer-error signal to the AGC 
loop. That signal also drives the time 
recovery/control circuit and, most im¬ 
portantly, drives the adaptation on 
the two filter-equalizers. The update 
process is driven by the mean square 
error and the coefficients are driven 
up to the point at which the signal-to-
noise ratio is maximized. 
As past decisions are clocked 

through the filter at the sampling 
rate, the filter output is used to cancel, 
in the summing junction, the ISI over¬ 
shoot. Cancellation is precise since the 
amplitude is exactly known and no 
noise is added in the process. 

The division of the overall filtering 
task between time and voltage func¬ 
tion elements is crucial to good DFE 
implementation. It is well known that 
the optimum detector for an isolated 
pulse is a matched filter because at the 
detector, sampling instant SNR is 
maximized. In an ideal channel with 
multiple pulses, it can be shown that 
the optimum filter will still be a 
matched filter, although the best re¬ 
sults will be obtained if half the filter¬ 
ing was in the record channel and half 
in the playback. In a non-ideal chan¬ 
nel, the matched filter is not optimum 
and the best results, as here, are ob¬ 
tained when the filtering is spilt be¬ 
tween an ideal filter—for channel 
noise—and a linear equalizer for mini¬ 
mizing ISI. The design of a linear 

ELECTRONIC DESIGN/OCTOBER 24, 1996 

equalizer for this purpose is usually a 
compromise unless there is a large 
SNR margin to work with. 

The standard DFE is enhanced in 
the Philips process by adding non-lin¬ 
ear cancellation of the ISL This con¬ 
sists of an analog RAM (data gener¬ 
ator) which will independently com¬ 
pensate for both positive- and nega¬ 
tive-going pulses detected by the 
DFE. The coefficients for the multi¬ 
pliers are picked from a lookup table 
identified by the first three decisions. 
This facility improves the potential 
yield of single-stripe magnetoresis¬ 
tive (SSMR) heads that have large 
amounts of nonlinearity. 

Additional features are the 4-burst 
servo demodulator and a 16- to 17-bit 
translation in the encoder-decoder 
feed to and from the NRZ data stream 
interface, making the data patterns 
easier to recognize. Control-signal po¬ 
larity is programmable for the read, 
write and servo gates. Power con¬ 
sumption of the 5-V chip is about 700 

mW in the adaptive mode. □ 

Price And Availability 
The DFE9955R RAM-DFE product is 

packaged in a 100-pin LQFP. Price in 1000-
unit lots is $25 each with samples being made 
available January 1997 and production in 
March 1997. 

Mass Storage Products Group, Philips 
Semiconductors, Dennis Medley, (408) 991-
4022; e-mail dmedley@SCS.philips.com. 

CIRCLE 502 

How Valuable? Circle 
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Moderately 547 
Slightly 548 



GALILEO 
Changing the world of FPGA design. 
Exemplar logic, with its visionary new gaulect TOOL SUITE, DELIVERS ALL TEE BENEFITS OF A 

HIGH-LEVEL DESIGN PARADIGM TO THE FPGA WORLD. 

Today's complex FPGAs demand this complete, high-
performance, standards-based environment for synthesis, 
simulation and timing verification. 

COMPLETE HDL SYNTHESIS SUPPORT 
Increase your design productivity and portability with our 
HDL Logic Explorer " package, and gain Synopsys-compat-
ible VHDL and Verilog language support. 

BACK-ANNOTATED HDL SIMULATION 
The industry's most popular VHDL simulator, V-System, is 
fully integrated with a complete back-annotated timing 
interface. V-System accelerates the Exemplar-provided, 
fully compliant VITAL libraries and VITAL netlists by up to 
10X over non-accelerated versions. 

Call 1-800-861-FPGA or email: 
E«empU Log*. Exempta (tafeo, Kt logx Eipkxr* meScope ano NtScope are tradererks of Exempta lo^c. 
organizations for their respes tnre prcdixt s and servx s 

EXPERT RESULTS OUT OF THE BOX 
Galileo delivers the broadest FPGA device support with 
proven expert performance and ease of use. In fact, an 
indepencent benchmark shows first-time Exemplar users 
out-performmg expert users on all other synthesis tools. 

FULL TIMING VERIFICATION 
Verify your design's timing constraints with Galileo's 
integrated timing modules: TimeScope? the static timing 
analysis tool that lets you accurately evaluate post layout 
timing; and NetScope," for easy schematic viewing of 
highlighted critical nets. 

MAXIMUM DESIGN RE-USE 
Take advantage of design reusability with our high-
perfo-mance support libraries that automatically insert 
optimized, technology-specific implementations of high-
level macros and operators. 

info@exemplar.com 
nt, tauch acknowirdge. triWutta a register« Ih femarts o’ other 

EXEMPLAR 
LOGIC 

An Antares Company xmplr 

http://www.exemplar.com 
815 Atbntc Ave^je, Sure 105 • Alameda, CA 94501-2274 • t510) 377-3700 
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RF mUtSFORMBtS 
Over 80 off-the-shelf models... 

3KHz- from $195

‘units are not QPL listed 

bent lead 
version style X 65 

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

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

Ultra-wideband response achieves low droop and fast T TH 

risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer’s Handbook. 

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

□□Mini-Circuits 
■ ■ ■ ■ . . _ CIRCLE READER SERVICE CARD 

PO Box 350166. Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET com 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT NE E D S ...Let Our Experience Work Far You. F71REVF



Q NEWSLETTER 

Gina Maechitelli at (847) 762-2528, or Melissa Vadman at (312) 751-8878. RE CIRCLE 590 

357-5151; fax (503) 357-3168; e-mail: r.cary@sunlab.com. RE CIRCLE 591 

faster the assembly line can operate. Call (516) 921-7200. CIRCLE 592 

Dan Anderson at (408) 450-8060; e-mail: dan_andersen@qualitysemi.com. re CIRCLE 593 

MOVGCHRDATF CaMFRA FtATTURQ The KP-F1 black and white camera developed by Hitachi Denshi America 
Ltd -’S Industrial Video Systems Div- comes with a ful1 f™e shutter and a 

rKUGKEbblVE-uUANNlNG LvU 1/2-in. progressive-scan-type CCD. Because it uses the progressive-scan tech¬ 
nology instead of interlace scanning, the 44 mm by 44 mm by 67 mm camera provides video at 
60 frames/s—twice the speed of a standard video camera. The enhanced scanning speed increases 
the amount of information displayed, improving the image’s vertical resolution. Designed 
specifically for machine-vision applications, it can potentially speed up assembly line operation. 
For instance, the camera may be focused on bottles of pills to check to ensure that the labels are 
on correctly all of the pills inside the bottle are where they should be, says Phil Gant, v.p. of the 
company. The output of the camera travels to a computer which processes the signal and changes 
the manufacturing process, if necessary. Therefore, the higher the frame rate of the camera, the 

JTAG TFCHNOT OCY FasFS! ŵo new'y developed devices from Quality Semiconductor can provide JTAG 
Pc RritDn TvQTTMr access a data bus while being virtually transparent to a system during 
r 1-DUAKD 1 ES 1 ING normal, non-JTAG operation. By combining the “like-a-wire” characteristics of 

the company’s QuickSwitch devices with a JTAG boundary-scan access port, the QS3J245 and 
QS3J309 are able to reduce pc-board debug time, cut test-program development time, and 
minimize the need for costly test fixtures. The 8-bit J245 and 9-bit J309 are universal JTAG 
access-port devices with output enable. It offers scan coverage for system functional blocks 
without imposing cost and performance penalties of individual scan components. When not in 
boundary-scan mode, the QuickSwitch devices are turned on, allowing for transparent, bidirec¬ 
tional data propagation. When in boundary-scan mode, scan data can be captured from, or loaded 
onto, the data bus. The J245 comes packages in a 150-mil, 24-pin QSOP, while the J309 comes in 
a 150-mil, 28-pin QSOP. In 10,000 units, the price is about $3.47 apiece. Production quantities are 
available. Call Deepak Savadatti at (408) 450-8016; e-mail: deepal@savadattiqualitysemi.com; or 

DATA-ACQUISITION INTERFACE The recent’y unveiled AIB-PCx interface board is targeted for instrument data 
RO ARD FyPAVDQ G ADARTT TTTPC ac(Iuisition and control. The general-purpose IBM PC ISA board, designed by 
DUAKU LÄrAlMDo U Ar AdILI 1 lEb Sunset Laboratory Inc., Forest Grove, Ore., features a wade range of sensing 

capabilities, including measurement of voltage, current, resistance, temperature, sound, light 
intensity, pressure, acceleration, magnetic field strength, and so on. It features eight software 
selectable inputs and a 12-bit analog-to-digital converter with a built-in track-and-hold amplifier 
offering 1.4-ps conversion time (up to 200-kHz data input rates). Six software-selectable input 
ranges are available—bipolar: -10 V to +10 V, -3 V to +3 V, and -0.5 V to +0.5 V; unipolar: 0 to 
+ 10 V, 0 to +3 V, and 0 to +0.5 V. Using an ISA Bus, the board is compatible with all IBM PCs 
and compatibles from the XT through the 386, 486, Pentium, and Pentium Pro. The AIB-PCx 
goes for $240; volume pricing is available. For more information, contact Robert A. Cary at (503) 

PAY-AS-YOU-GO CFI I UI AR Those concerned about entering the wireless world because of cost reasons 

Dunvr Tc T nwiron ma^ want to 1°°^ ’nto the “pay-as-you-go” cellular kit. Developed by Cellular 
1HUNE lb LAUNCHED One, Schaumburg, Ill., Cellular One»2»3 includes a cellular phone, a battery, 

and charger. It also comes with the AccessCard, which is filled with a predetermined amount of 
local air time. As a result, there’s no long-term contract, no credit check, no monthly bill, and no 
activation fee. Basically, customers choose exactly how much they want to spend on cellular 
service. Both local and long-distance calls can be made and received, with all charges deducted 
directly from the customer’s account. When the allotted time is nearing its expiration, customers 
are notified of the number of available minutes remaining. When the initial 60 minutes of air 
time on t he AccessCard expires, users can “refill” their card with the amount of air time they 
want by making a phone call or taking the card to any participating Cellular One location. Cail 
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NEW PRODUCTS 
INSTRUMENTS 

Ultra-Small Modules Make Lab-
Grade Measurements In The Field 

The Intelligent Link family of 
network measurement mod¬ 
ules allows laboratory-grade 

measurements to be made in factory 
and field environments. The modules 
are small enough (1 by 1.25 by 6.5 in.) 
whereby they can be located very 
close to demanding signals and sen¬ 
sors to reduce lead-length errors and 
induced noise. 

Users can store or display the results 
locally for monitoring and debug pur¬ 
poses, or transmit them over more than 
a dozen types of communications net¬ 
works for remote use. Among the pro¬ 
tocols supported are Ethernet, RS-
232C, RS-422, RS-485, Centronics, and 
IEEE-488. On-board intelligence al¬ 
lows the module to apply complex algo¬ 
rithms to the input signals, which elimi¬ 
nates the need for the host computer to 
provide signal processing. 

Each module handles a specific class 
of analog inputs and has a specific type 
of network interface at the output. 
Seven models are currently available. 
Sensors and signals accommodated 
include strain, force, weight, RTDs, 
thermistors, pressure transducers, 
temperature, humidity, calculated 
dew point, torque, RPM, horsepower, 
ohms, and de volts. Digital inputs and 
outputs also are available. Other mod¬ 
ules planned for the near future will 
handle low currents, thermocouples, 
motion sensors, frequency, and 
counter-timer functions. 

Keithley Instruments Inc., 
28775 Aurora Rd., Cleveland, OH 
44139; (800) 552-1115 or (216) 248-
0400; e-mail: productJ .nfo@keith-
ley.com; Web: http:llwww.keUh-
ley.com. 
CIRCIÍ660 
■ JOHN NOVELLINO 

multiple modulations within the same 
channel. Twelve paths are available, 
and dynamic range is 114 dB. 
With its ability to change fading 

models and sequence length, the unit 
allows users to create a wider range 
of realistic propagation scenarios. F or 
advanced applications, the FLEX4 
can expand a four-branch diversity 
system with full correlation control to 
test space diversity receivers. 
TAS 4600 prices start at $38,950, 

while the TAS 4500 FLEX4 starts at 
$34,950. Both instruments are avail¬ 
able immediately. 

Telecom Analysis Systems Inc., 
P.O. Box 497, 34 Industrial Way, 
Eatontown, NY 07724; (908) 544-
8700; fax (908) 544-8347; 
76546.2353@compuserve.com. 

■ JOHN NOVELLINO 

Synthesizer Specializes 
In Wireless CommTest 
With a range of 800 to 960 MHz, the 
PTS W800 frequency synthesizer is 
designed specifically for wireless 
communications applications. A com¬ 
panion instrument scheduled for in-Emulators Offer Real-World Testing 

For Wireless Communication Systems 

A pair of emulation instru¬ 
ments ensure thorough, re¬ 
peatable testing of wireless 

communications equipment. The TAS 
4600 is an integrated, one-box unit 
that emulates the noise and interfer¬ 
ence found on most wireless commu¬ 
nications channels. The TAS 4500 
FLEX4 accurately emulates channel 
characteristics like multipath or ter¬ 
rain-induced fading, delay spread, and 
path loss. Both instruments employ a 
modular architecture that can be eas¬ 
ily upgraded as a user’s needs change 
or as standards are revised. The TAS 
4600 has attenuation capability and 
includes two channels. 
Features offered by the TAS 4600 

include an instrument-grade power 
meter for precise carrier and noise 
measurements, and calibration con¬ 
stants stored in nonvolatile memory 
for enhanced accuracy. The system 
meets or exceeds testing standards 
for both the cellular and PCS bands, 
as well as recently introduced CDMA 
equipment test specifications like IS-
97A and IS-98A. 

Users can operate the TAS 4600 us¬ 
ing front-panel controls or through a 
host PC using TASKIT for Windows, 
the company’s standard control soft¬ 
ware. A high-level remote-control 
command set simplifies test automat¬ 
ion. IEEE-488 and RS-232 interfaces 
are standard. 
The TAS 4500 FLEX4 offers a choice 

of standard or wide-bandwidth signal¬ 
processing modules. The two-channel 
instrument’s wide-bandwidth emula¬ 
tion delivers 1-ns resolution for indoor 
applications. Propagation delays of up 
to 1.6 ms are available. Users can apply 

troduction shortly, the PTS W1850, 
covers the 1800-to-1900-MHz wire¬ 
less bands. Both instruments feature 
frequency switching of 20 ps, phase 
noise of “-”110 dBc at a 1-kHz offset, 
frequency resolution of 0.1 Hz, and 
spurious outputs of “-”65 dBc. A vec¬ 
tor modulator option allows user input 
of I and Q data for up-conversion to 
wireless frequencies. The units are 
designed for rack-mount or benchtop 
use. Versions are available with man¬ 
ual front-panel controls for engineer¬ 
ing and prototype development 
($5100) or with remote-control capa¬ 
bility only for OEM use ($4800). Deliv¬ 
ery is in 8 to 12 weeks. JN 

Programmed Test Sources Inc., 
9 Beaver Brook Rd., P.O. Box 517, 
Littleton, MA 01460; (508) 486-3008; 
fax (508) 486-4495. 
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NEW PRODUCTS 
SOFTWARE 
C/C++ Softwaretargets 
PowerPC, MAC OS 
Version 3.0 of the Motorola C/C++ 
Software Development Kit (SDK) is 
available for the Mac OS. Besides of¬ 
fering a complete set of development 
tools for Apple’s Macintosh Program¬ 
mers’ Workshop (MPW) environ¬ 
ment, including the Kuck & Associ¬ 
ates Preprocessor (KAP), the new 
version of the Motorola SDK includes 
“plug-in” versions of the C/C++ com¬ 
pilers that can be used directly by 
licensees of the Metrowerks Code-
Warrior and Symantec Project Man¬ 
ager development environments. 
The kit also includes versions of the 

highly optimized “libmoto” libraries, 
which are compatible with the Apple, 
Metrowerks, and Symantec environ¬ 
ments. The development tools aim to 
enhance applications such as interac¬ 
tive entertainment and computer 
games. Tests have shown that code 
generated by the Motorola compiler is 
18% to 29% faster than code gener¬ 
ated by other industry-standard com¬ 
pilers for a broad series of standard 
benchmarks, including Nullstone, 
Dhrystone, Whetstone, Linpack and 
the BYTE benchmarks. 
As the first development kit to sup¬ 

port Apple’s MPW. Metrowerks Code-
Warrior, and Symantec Project Man¬ 
ager development environments, the C 
and C++ compilers enable developers to 
optimize code simultaneously for mem¬ 
bers of the PowerPC family of micro¬ 
processors, including the 601, 603, 604, 
and 620, while maintaining code com¬ 
patibility across all PowerPC family 
members. The Motorola C/C++ kits, 
which list at $299, comprise a complete 
MPW development environment (in¬ 
cluding the MPW shell, debugger, linker, 
and libraries). A “plug-in” kit consisting 
of only the Motorola C/C++ compilers, 
assemblers and “libmoto” libraries for 
the Code Warrior and Symantec Project 
Manager environments also is available 
for an initial list price of U.S. $99. Addi¬ 
tional information is available on Mo¬ 
torola’s development tools on its Pow¬ 
erPC Web server, which is located at 
http://urunv.mot.com/PowerPC/. SVT 

Motorola, RISC Software, 6501 
William Cannon Dr. W MS OE-112, 
Austin, TX 78735; (800) 347-8384; 
ppcinfo@risc.sps.mot.com or mo-
tosoftware@applelink.apple.com 

emeu 663 

Software Manages 
Documents And Drawings 
Version 4 of the AutoEDMS for Win¬ 
dows is a document, drawing, and im¬ 
age-management system designed for 
workgroups and multisite enterprises. 
New features and functions include 
viewing support for AutoCAD R.13, 
MicroStation, CALS IV, and HPGL/2. 
Document management is imple¬ 
mented through user-designed screens 
containing textual database informa¬ 
tion and graphical views of managed 
files. Among the document-manage¬ 
ment functions are check-in/check-out, 
revision control, automatic file naming, 
and file activity audit trails. In addition 
to documents, users can automatically 
manage and view drawings, spread¬ 
sheets, scanned images, and faxes. All 
supported file types can be viewed, 
printed and copied to the Windows clip¬ 
board without using native applica¬ 
tions. Network operating systems sup¬ 
ported include Novell NetWare, NT 
Server, DEC Pathworks, LAN Man-
ager/LAN Server, Banyan Vines, and 
Windows for Workgroups. An upgrade 
from AutoEDMS for Windows Version 
3.1 to version 4 is $79 per seat. Upgrade 
pricing for DOS users is $279 per seat. 
New product pricing is $895 for the 
Starter Kit (two users) and $395 per 
Expansion Kit. An optional CAD View¬ 
ing Module is $195 per seat and Docu¬ 
ment Viewing Modules are $150 per 
seat. ML 

ACS Software Inc., 25825 Eschel-
man Ave., Lomita, CA 90717-3220; 
(310) 325-3055. ML 1/ 

Emulatorless Debugging 
For PowerPC 604 
Combining the Single-Step On-Chip 
Debugger from SDS and the 
Hewlett-Packard Processor Probe 
for the embedded PowerPC 604 pro¬ 
vides real-time debugging perform¬ 
ance without the need for in-circuit 
emulators. The PowerPC 604 is a 
superscalar, multiprocessor-enabled 
chip that issues up to four instruc¬ 
tions in parallel every clock cycle to 
six execution units. Its 3-stage, dou¬ 
ble-precision, floating-point unit al¬ 
lows the use of highly graphics-ori¬ 
ented software packages. At 100 
MHz, the PowerPC 604 has an esti¬ 
mated SPECint92 rating of 160 and 
an estimated SPECfp92 rating of 165. 
The new PowerPC 604e at 200 MHz 
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provides an increase of approximately 
400% in desktop computing power over 
the original PowerPC 601. Single-Step 
for the HP Processor Probe is designed 
to benefit companies developing around 
a real-time operating system. Single-
Step for the HP Processor Probe starts 
at $8400 under Unix and $6500 under 
Windows (including the HP Processor 
Probe hardware). ML 

Software Development Systems 
Inc., 815 Commerce Dr., Suite 250, 
Oak Brook, IL 60521; (798) 368-0400 
or (800) 448-7733. fr WWl 

Add-On module 
processes Digital audio 
Digital audio analysis, display, and proc¬ 
essing now is available through a menu-
driven environment provided by 
DADiSP/WAV, and add-on module to 
DADiSP developed by DSP Develop¬ 
ment Corp. Integrated with the 
DADiSP graphical spreadsheet for sci¬ 
entific and engineering data analysis, 
DADiSP/WAV allows digital audio data 
to be read, written, and edited via pop¬ 
up menus or on-line functions. The mod¬ 
ule supports the standard PCM WAV 
file format for 8- and 16-bit mono or 
stereo data. DADiSP/WAV lets users 
call any Windows-compatible WAV 
player device and play WAV data on any 
WAV-compatible sound card. All source 
code is written in the DADiSP pro¬ 
gramming language (SPL), and vari¬ 
able definitions and menus are supplied 
in ASCH text format so they can be 
customized by the user. 
DADiSP provides an intuitive icon-

and menu-driven environment for 
data management and display, allow¬ 
ing users to work with data series of 
any length. The spreadsheet com¬ 
bines hundreds of built-in functions so 
that it’s able to perform graphical data 
analysis, data management, and FFT 
analysis. 

WAV files are typically digital audio 
files that conform to the Microsoft 
Windows WAV file format standard. 
A WAV file is a binary file that con¬ 
sists of a 44-byte header as well as its 
corresponding sound data. The 
DADiSP/WAV module, which is 
priced at $495, is employed with the 
DADiSP 4.0 Windows version 
($1895). ML 

DSP Development Corp., One 
Kendall Square, Cambridge, MA 
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NEW PRODUCTS 
POWER 
DC-DC CONVERTERS 
HAVE HIGH ISOLATION 
The NMV range of pc-mounted dc-dc 
converters have an input-to-output 
isolation and power-handling capabil¬ 
ity rated at 3 kV and 1W, respectively. 
Standard devices operate from 5-, 12-, 
24-, and 48-V supplies, and feature 
outputs of 5, 9, 12, and 15 V. Single-
and dual-output versions also are 
available, which allow loading to be 
split in any proportion between the 

outputs. 
All devices in the NMV range oper¬ 

ate at a power density of 0.89 W/cm3, 
have a typical efficiency of 80% at full 
load, and come in low-profile DIP or 
SIP package styles. The devices oper¬ 
ate to 125°C. Pricing is $10.89. I’M 

Newport Technology Inc., 6321 
Angus Dr., Raleigh, NC 27613; (919) 
571-9405. IH/HHUtlM 

GaAs Rectifiers 
have High reliability 
The IN675x series of GaAs Schottky 
rectifiers, which is rated at 180 to 250 V 
and 9 and 10 A, targets high-reliability, 
high-frequency, power-conversion ap¬ 

plications. The devices come in a TO-
257 metal package and are available 
with or without isolation (to 700 V), as 
well as in both single- and center-tap 
configurations. Features include a re¬ 
verse recovery time of 12 or 13 ns, a 
non-repetitive peak surge current of 
up to 20 A, and an operating tempera¬ 
ture range of -55 to 175°C. Pricing 
ranges from $92.70 to $130 each in lots 
of 100 to 499, with samples from stock 
and production quantities available in 

8 to 14 weeks. PM 
Omnirel Corp., 205 Crawford St., 

Leominster, MA 01453; (508) 534-
5776. mm 

DC power Converters 
AreVME-Compatible 
The C3600 Series of 1700-W dc-dc and 
ac-dc converters are 6U VMEbus-

compatible and come in seven stand¬ 
ard de input voltage ranges, from 18 
to 36 up to 450 to 900 V. The ac input 
ranges are 185 to 264 and 93 to 138/185 
to 264 (switchable) V ac. A variety of 
single outputs are available, ranging 
from 4.5 to 5.5 V de up to 200 to 250 V 
de. Outputs are adjustable and fully 
regulated to 0.2% or better (load) and 
0.1% (line). All units have remote 
sensing, overvoltage protection, and 
current-limit protection on the out¬ 
put. Efficiencies run up to 90% and the 
operating temperature range is -40 to 
75°C. Cost is from $1946 each per 100, 
delivery is five to eight weeks. PM 

Schneier Inc., 200 Butterfield Dr., 
Ashland, MA 01721; (508) 881-7330. 
mm 

High Power Switching 
Supplies Are Rugged 
The FE Series of rugged ac and de 
switching power supplies have a uni¬ 
versal ac input front end with 
power-factor correction. They’re 
available in pc-board or chassis¬ 
mount versions with output power 
levels of 30, 50, or 100 W. The mod¬ 
ules have an operating temperature 
range of -25 to 85°C (baseplate), 
fixed frequency operation (100 kHz 
typical), and 3750-V ac I/O isolation. 
Measuring from 3.5 by 2.5 by 0.84 in. 
for the 30-W versions up to 4.8 by 3.8 
by 1.0 in. for the 100-W unit, the 
supplies have triple output protec¬ 
tion comprising overvoltage crow¬ 
bar, thermal shutdown, and continu¬ 
ous short circuit. Line regulation 
and ripple are ±0.5% and 1% of Vout 
(or 50 mV, whichever is greater), re¬ 
spectively. Agency approvals are 
pending. Pricing is $97.90 each per 

1000 for the 100-W version and deliv¬ 
ery is stock to 14 weeks. PM 

Wall Industries Inc., 5 Watson 
Brook Rd., Exeter, NH 03833; (603) 
778-2300. Ei 

Switchmode Chip Charges 
BATTERIES EFFICIENTLY 
Combining charge-state logic with av¬ 
erage-current PWM control circuitry, 
the UC3909 family boosts the charge 

Switchmode Lead-Acid Battery Charger 

Optimizes Efficient Control 

efficiency in lead-acid batteries. The 
UC3909 includes a thermistor that 
tracks battery requirements over 
temperature, thus providing precise 
control of the rate that matches the 
battery’s ability to accept charge. 
Four status bits report the state of 
charging at all times. Also contained 
is a differential current-sense ampli¬ 
fier, a voltage reference, a thermistor¬ 
linearization circuit, voltage and cur¬ 
rent error amplifiers, a PWM oscilla¬ 
tor, a comparator and latch, and a 100-
mA open-collector output driver. Un¬ 
dervoltage lockout circuitry also is 

provided. VB 
Unitrode Corp., 7 Continental 

Blvd., Merrimack, NH 03054-4334-
mun 

voltage Regulator 
modules Serve Pentiums 
A line of voltage regulator modules 
from C-MAC have been derived from 
Intel specifications to address the 
power needs of both the Pentium 
(P54) and Pentium Pro (P6) proces¬ 
sors. These deliver from 2.5 to 13 V at 
up to 13 A, and offer a high-efficiency 
solution to providing high-current 
sources in proximity to the associated 
processor. Initial samples are avail¬ 

able now. VB 
C-MAC Microcircuits Ltd., 

South Denes, Great Yarmouth, Nor¬ 
folk, NR30 3PX U.K. (+44) 1493 
858536. U M113/4 
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? NEW PRODUCTS 
COMPONENTS 
Welded Sensing Resistors 
Perform Like Wirewounds 
Utilizing a three-piece welded ele¬ 
ment construction, the Series 60 of 

Lo-Onm current-sensing resistors of¬ 
fers the performance of wirewound 
resistors at low cost. With resistance 
values as low as 0.005 Q, the Series 60 
is offered in power ratings from 0.1 to 
5 W in axiaLlead, radial-lead, and cor¬ 
rugated wire radial-lead versions. 
Price is as low as $0.15 in large quan¬ 
tities. VB 

Ohmite, 3601 Howard St., Skokie, 
IL 60076; (847) 675-2600. h ,’'811381 

VCXO Guarantees 
±25-ppm Error 
Models M2031, -2 and -3, available for 
center frequencies from 1 to 175 MHz, 
are tested and individually guaran¬ 
teed to have less than 25 ppm fre¬ 
quency error (deviation) at a control 

voltage of 2.5 V. Typical jitter is less 
than 40 ps p-p, and control-voltage 
bandwidth extends to 75 kHz. Oscilla¬ 
tor startup time is less than 5 ms. 
Frequency capture ranges of 50,100, 
and 150 ppm, respectively, are guar¬ 
anteed from 0°C through +70°C. They 
provide full-scale capture with a 0.5 to 
4.5 V control voltage, and draw from 
30 to 60 mA, depending upon logic 
family and operating frequency. The 
VCXOs are available in ECL and 
HCMOS logic families, and are sup¬ 
plied in dual-in-line packages. VB 

MF Electronics, 10 Commerce 
Dr., New Rochelle, NY 10801; (914) 
576-6570. 

Regulator For RS-232 
is Highly Accurate 
The MicroPR-RS232 pressure regula¬ 
tor for process control applications de¬ 
livers a high accuracy (within ±0.25%) 
pressure output in response to a serial 
input signal. It can control the output 
pressure of an inert gas from 0 up to 

100 psig. Included in the regulatorare 
a Fluistor microvalve chip, a silicon 
micromachined pressure sensor, and 
electronic feedback circuitry. It has 
standard NPT pneumatic connec¬ 
tions. Standard pressure ranges of 0 
to 5, 30, and 100 psig are available. It 
has a response time of 2 seconds. 
Power requirements are 15 V at 100 
mA continuous, 250 mA peak. It thus 
consumes less than 2 W during normal 
operation over the 0 to +55°C range. 
The MicroPR-RS232 can be control¬ 
led with an analog signal (0.5-4.5 V) or 
digital (RS-232) control interface. VB 

Redwood Microsystems, 959 
Hamilton Ave., Menlo Park, CA 
94025; (415) 462-5812. V-liMiWi 

Avalanche Photodiode 
Improves Measurments 
Having a low temperature coefficient 
of breakdown (0.4 V/°C) over a wide 
temperature range (-40 to +85°C), the 
silicon S6045 series serves well in ap¬ 
plications requiring temperature-sta¬ 
ble, distance-related measurements, 
such as in laser radars. Six models are 
available, all suited for low-level light 
detection in the near-infrared spec¬ 

trum. Peak sensitivity occurs at 800 
nm. Cutoff frequencies are as follows: 
S6045-01, 1 GHz at 800 nm; -02, 900 
MHz; -03,600 MHz; -04,350 MHz; -05, 
80 MHz; and -06, 35 MHz. Maximum 
dark-current ratings range from 0.5 
nA for the -01 model to 30 nA for the 
-06 model. The photodiodes have a 
typical voltage rating of 200 V. They 
achieve a quantum efficiency of 75%, 
with an excess noise figure of 0.3 at 
800 nm. They’re available in TO-5, -8, 
and -18 packages with borosilicate¬ 
glass windows. VB 

Hamamatsu Corp., 360 Foothill 
Rd., P.O. Box 6910, Bridgewater, NJ 
08807-0910; (908) 231-0960. 18 28113/1 

Aluminum Caps Give High 
values for smt boards 
Opening the door to ever-greater 
high-capacitance values in surface¬ 
mount applications, the CLB 136,165, 
and 048 Elcap Series of aluminum ca¬ 
pacitors place as much as 680 pF on 
board. The CLB 136 is characterized 
by very low E SR and high ripple-cur¬ 
rent capability per unit volume, prin¬ 
cipally for filtering in SMPS circuits. 
It’s available in capacitances from 10 
to 470 pF. The CLB 165 Series, with a 
maximum operating temperature of 
125°C, is particularly suited to the en¬ 
gine compartment of motor vehicles. 
It’s available in capacitances from 10 
to 330 pF. The CLB 048 Series offers 
an extended range of capacitances 
from 10 to 680 pF with voltage ratings 
from 10 to 100 V. It’s particularly well 
suited to energy storage and telecom 
applications. The three series are sur¬ 
face-mount equivalents to the com¬ 
pany’s RVI 136, RHT 165, and RML 
048 Series, respectively. They come in 
a nominal case size of 10 by 10 by 14 
mm and are supplied in blister tape-
on-reel applications. VB 

Philips Components, Building 
BAE-I, 5600 MD, Eindhoven, The 
Netherlands. Contact Cor Vreven at 
(+31) 40 272 2790. Wiiffltolk 
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STRATEGIC PARTNERS 
WORKING TOGETHER 

In today’s competitive global marketplace, customers need 
to bring their supplier’s enabling technology in alignment 
with their own systems requirements. Systems designers 
want to know, not just where their strategic suppliers are 
today, but where they are going. 

But systems designers have another working-together 
partner, an objective strategic information partner who not 
only reports on what’s available today, but who is constantly 
scanning the technology horizon to help engineers and 
engineering managers plan for their next designs; helping 
them figure out which technologies will be useful and which 
will end up on the scrap heap. 

Electronic Design is that strategic information partner. By 
providing the information that helps the system designer 
walk the line between leading edge and bleeding edge, 
Electronic Design helps the engineer get a more competitive 
product to market, faster. 

Your Strategic Information Partner. 
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NEW PRODUCTS 
DIGITAL ICs— FOCUS ON ASICs 

Embedded DRAM Lets ASICs 
Deliver System Solutions 

A family of high-integration 
system ASICs that contain 
large blocks of customer-con¬ 

figurable DRAM provide designers 
with a potential single-chip solution 
for many memory-intensive systems. 
Fabricated with 0.5-pm design rules 
(0.46-pm effective channel lengths), 
the EDL60 series gate arrays com¬ 
bine 60 to 400 kgates of random logic 
and from 1 to 16 Mbits of embedded 
DRAM on one chip. 
The first member of the family, the 

E DL60, will pack 60 kgates and 1 Mbit 
of user-configurable DRAM. Another 
chip, slated for release by mid-1997 
will pack 100 kgates and 4 Mbits of 
DRAM. From there, the company will 
move to a 0.35-pm process, which will 
allow them to offer a new family mem¬ 
ber that packs 400 kgates and 16 
Mbits of embedded DRAM. Such a 
chip contains a transistor count 
equivalent to three Intel P6 micro¬ 
processors at 5.5 million transistors 
each. Additional plans call for process 
improvements that will transition the 
technology to a 0.25-pm process in 
1998 and a 0.19-pm process in 1999. 
The arrays are designed for operation 

from a 3.3-V supply and have I/O Unes 

that can be powered by the same 3.3-V 
supply or from a separate 5-V supply for 
interfacing to 5-V systems. The logic 
process can support such functions as 
high-performance phase-locked loops 
and various I/O interfaces, including 
PCI, LVDS, and ATA. Individual gates 
consume just 1.6 pW/MHz with an av¬ 
erage load, which keeps the power in 
the logic array to reasonable levels. 
To ease the crosstalk analysis at the 

system level, the company also pro¬ 
vides Spice models for the high-per¬ 
formance I/O blocks. For comprehen¬ 
sive chip testing, the design tools sup¬ 
port internal scan ATPG, IEEE 
1149.1 JTAG, RAMBIST, and IDDQ 
test schemes. 

Aimed at high-integration applica¬ 
tions such as set-top boxes, digital-
versatile-disk (DVD) systems, inter¬ 
active video games, Ethemet/ATM 
switches, graphics/MPEG frame buff¬ 
ers, and on-chip cache for CPU sub¬ 
systems, these embedded-memory 
arrays bring the system RAM on-
chip. This makes possible true "sys-
tem-on-a-chip" implementations. 
By bringing the system RAM on-

chip, the system benefits because there 
are fewer chips—it can be made smaller 
and will consume less power. As a re¬ 

sult, it will offer higher reliability and 
potentially higher performance. Since 
the signals between the RAM and 
logic don’t have to travel off-chip, less 
power is needed to drive the signals. 
Wider buses can be used to transfer 
data, improving system performance 
even further. Moreover, user configu¬ 
rability allows designers to select the 
chip with the memory size that best 
matches their system requirements, 
thus optimizing the system cost. 
Designs are supported by “open” 

EDA design tools from vendors such 
as Cadence, Mentor, Synopsys, and 
Viewlogic. Customers also can en¬ 
hance their toolsets with value-added 
Samsung tools that include dynamic 
and static power analysis, delay pre¬ 
diction, and clock routing. As gate 
densities evolve through 1997, cus¬ 
tomers will be able to integrate a wide 
variety of processor cores, such as the 
ARM7 RISC, 80C52, and the Pine and 
Oak DSPs, as well as a wide range of 
complex building blocks from the com¬ 
pany’s macrocell library. 

Prices for the embedded arrays de¬ 
pend on many factors, therefore indi¬ 
vidual quotes are required. 

Samsung Semiconductor Corp., 
3655 N. First St., San Jose, CA 
9513b; Farzad Zarrinfar, (b08) 
95b-7228. 
iHiHHit.ni 
■ DAVE BURSKY 

Trio Of MiniRISC 32-Bit Cores 
Set Their Sights On High-End Tasks 

LSI Logic has added a trio of 
32-bit user-definable MIPS 
R4000-compatible microproc¬ 

essor cores to its MiniRISC family of 
Core Ware cells. The cores target such 
applications as digital-versatile-disk 
(DVD) systems, set-top box control, 
direct satellite broadcast receivers, 
digital cameras, routers, multifunc¬ 
tion peripherals, cellular phones, and 
many other applications. 
The first two cores take aim at cost¬ 

sensitive applications. They include 
the CW4002 and 4003 MiniRISC proc¬ 
essors, which employ three-stage 
pipelines to minimize chip area. The 
third core, the CW4011, is meant for 
high-performance applications and 
employs a superscalar architecture 

with a dual five-stage pipeline. 
Fabricated with 0.45-pm design 

rules, the CW4002 can operate at clock 
frequencies of up to 40 MHz and deliver 
a throughput of about 33 MIPS while 
consuming about 2 mW/MHz. Upping 
the ante, the CW4003 employs 0.25-pm 
design rules and can operate at clock 
rates to 85 MHz as well as deliver a 
throughput of 75 MIPS. Yet it consumes 
just half the power of the CW4002— 
just 1 mW/MHz. 
The high-end core, the CW4011, 

also employs 0.25-pm design rules. 
But, thanks to its superscalar archi¬ 
tecture, the chip can deliver a 
throughput of 150 MIPS when clocked 
at 100 MHz. The more-complex archi¬ 
tecture does require more power, 
though—the core consumes about 3.5 
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mW/MHz. This core also contains 
DSP-like functionality to support the 
computational requirements in appli¬ 
cations such as multimedia and image 
processing (MPEG-2 encoding/decod-
ing, 3D graphics, etc.). 
All three cores support caches of up 

to 16 kbytes and include the company’s 
FlexLink interface and ScanICE test 
debug support. The FlexLink interface 
allows the standard MIPS-II instruc¬ 
tion set to be easily extended and tai¬ 
lored to a particular application by pro¬ 
viding a direct connection into the proc¬ 
essor’s pipeline. 

The cost to use the cores is part of 
the overall ASIC development fee 
structure and depends on volume, en¬ 
gineering costs, and other factors. 

LSI Logic Corp., 1551 McCarthy 
Blvd., Milpitas, CA 95035; Jim 
Panfi l, (b08) b33-8000. 
CHUM 679 
■ DAVE BURSKY 



Reach The Most 
Powerful Buying 

Audience In 
OEM 

Eiæctronics 
Worldwide 

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

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

BPA audited and guaranteed 99% 
deliverable. Call your advertising 
representative, or call 216-696-7000 and 
ask for the List Department. Fax requests 
to 216-696-6662. Ask for your FREE 74 

page Penton Lists Catalog. 

NEW PRODUCTS 
DIGITAL ICs—FOCUS ON ASICs 
SynthesisOptimized Cell 
Library Delivers smgates 
A high-density ASIC cell library de¬ 
veloped by Hitachi includes synthe¬ 
sis-optimized cores and pad cells. The 
HG73C libraries include four select¬ 
able drive strengths, and a patented 
noise-isolation scheme to reduce 
power and ground pin count. They 
also feature fully integrated analog 
phase-locked loops that can be used to 
reduce system clock-skew problems; 
and handcrafted, low-profile cells for 
simplified routing and minimal chip 

area. 
The libraries are implemented in 

the company’s 0.35-pm CMOS proc¬ 
ess, which employs a tight, 1.4-pm 
metal pitch with three levels of metal 
interconnections. That combination 
allows for gate counts of up to 5 million 
gates. By adding two more metal lay¬ 
ers, the same silicon could support up 
to 6 million gates. I/O options include 
GTL and LV-TTL interfaces, as well 
as PCI and SCSI blocks. 
The GTL and SCSI blocks can drive 

loads as high as 48 mA, while all other 
output pads can drive loads of up to 20 
mA. When deployed with the Hitachi 
design kit, the HG73C libraries enable 
complete design flows and sign-off 
simulation at the end user’s premises. 
Pre- and post-layout timing corre¬ 
lates to within 5% of Spice simula¬ 
tions. 
The same technology also is part of 

an alternate sourcing arrangement 
with VLSI Technology Inc., San Jose, 
Calif. That setup offers the same ca¬ 
pabilities in its High Density Initia¬ 

tive libraries. DB 
Hitachi America Ltd., 2000 Si¬ 

erra Point Pkwy., Brisbane, CA 
94005-1819; Jim Smith, (800) 285-
1601 (U.S.), (415) 589-8300 (outside 
U.S.). EEHEJ 

CAM Megacell Eases 
Net hardware Design 
A content-addressable memory, avail¬ 
able as a megacell building block, pro¬ 
vides designers with a flexible ele¬ 
ment that can be used in many custom 
chips targeted at networking applica¬ 
tions, such as bridge and router de¬ 
signs, asynchronous-transfer-mode 
support systems, local-area-network 
switches, hard-disk drives, and so on. 
The CAM block, which can be config¬ 
ured for data widths ranging from 32 

to 128 bits (selectable on a bit-by-bit 
basis), allows for bit-by-bit masks for 
searches with a speed of just 40 ns. By 
using the CAM generator software, a 
custom-sized CAM of up to 128 kbits 
can be created and embedded on the 
same chip with up to an additional 300 
kgates of logic. 
The cell is available as part of the 

ASIC library and design system of¬ 
fered by Kawasaki LSI U.S.A., and is 
implemented in the company’s 0.5-pm 
ASIC process. Both Verilog and 
VHDL models are supported for high-
level design, and the cell-library is 
supported on most popular design 
platforms—Cadence, Mentor, 
Viewlogic, and others. DB 

Kawasaki LSI U.S.A., 4655 Old 
Ironsides Dr., Ste. 265, Santa Clara, 
CA 95054; Keith Kawana, (4O8) 654-
0180. EZEHm 

Speedy ARM megacell 
NowIn 0.35-|im Library 
Shrinking the core area for the ARM 
Thumb core (ARM7TDMI) to just 2.2 
mm2 by moving the design rules down 
to 0.35 pm, VLSI Technology brought 
the megacell into synchronization 
with its 0.35-pm cell library. Thanks to 
these small features, the Thumb core 
is able to operate at clock speeds 
reaching upwards of 90 MHz. This 
translates into a CPU throughput of 
about 80 MIPS—all while operating 
from a 3-V supply. 
The core, which is available as part 

of the Functional System Block li¬ 
brary, will actually be able to operate 
over a 2.5-to-3.6-V power-supply 
range. At 2.5 V, the core can operate 
at 53 MHz. When accessing 16-bit¬ 
wide memory, the ARM7TDMI core 
can deliver a top throughput of 0.75 
MIPS/MHz. When interfaced to 32-
bit-wide memories, the Thumb core 
delivers 0.9 MIPS/MHz. 
HDL models of the core are avail¬ 

able for use with design-automation 
tools from Compass Design Automat¬ 
ion, Quick VHDL, Synopsys, Verilog, 
and Zycad. Designers can employ the 
company’s VYC86C07-903 evaluation 
chip in breadboards. The VYF86C07-
903FSB building block, now part of 
the library, can be used to implement 
new designs. DB 

VLSI Technology Inc., 1109 
McKay Dr., San Jose, CA 95131; (4O8) 
434-3000. EJESEH 
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Trade in your FPGA for a 
quick, low priced convertible 

>4 

Microchip’s QuickASICs::.ZeroNRE Zero Risk. 
In the race to get your product to market faster, costly 

FPGAs might move you off the starting Lne quickly. But, 
production-ready designs deserve the cost reduction that only 

an efficient Mask Programmed 
Gate Array-MPGA-can provide. 

Introducing Microchip's 
QuickASIC product family-the 

perfect choice for replacing your existing FPGA when 
you're ready for production. We’ll ship prototypes in less 
than four weeks, and volume at the lowest cost on the market. 

And that’s not all! With Microcnip's complete conversion 
program, you'll never get a lemon. You'll have a drop-in, 
pin-for-pin and functionally compatible QuickASIC device in 
the package you need. So why ship your production-run 
profits to your FPGA vendor? Hop into 
a Microchip QuickASIC convertible 
and keep the cash in your pocket. 
www.microctiip2.com/new/quickasic/ 

or call 1-800-437-2767. ^AlCROCHIP 
The Embedded Control Solutions Company 

Microcontrollers • Non-Vdatile Memories • ASSPs 

Microchip Technology Inc. • The Americas • Asia/Pacific • Europe • Japan 
2355 W. Chandler Blvd • Chandler, AZ 852246199 • (602) 786-720C • FAX (602) 899^210 

The Microchip name. logo rvl me tmt> d ten Control Sohitio* * Conxw are registered trademarks and Quick*SC an« ZeroNRE are trademarks a 
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INCREASE YOUR REACH 
into important wireless markets... 
...with Wireless systems design. 

Wireless Systems Design is in a class by itself. The first 

design magazine to serve the wireless industry, it is the 

only monthly magazine devoted to the wireless systems 

designer—that engineer tasked with creating some of the hottest new elec¬ 

tronic systems on the market, including portable computers, 

cellular telephones, and wireless data communications systems. 

Wireless Systems Design’s applications-based technical articles 

and product reviews guide these engineers to market with 

practical, time-saving ideas. 

Published since April 1994 Wireless Systems Design reaches more than 

50,000 design engineers. Starting 

with the April 1996 issue, you can 

reach these wireless systems designers 

every month. Ton’ll find more of them 

reading Wireless Systems Design than any other monthly publication. 
For advertising rates call Matt Carey National Sales Manager at (201)393-6229 

Weless 
S^SEEMS DESIGN 
FOR DESIGNERS OF COMMUNICATIONS AND COMPUTER SYSTEMS 
A PENTON PUBLICATION 
611 ROUTE #46 WEST 
HASBROUCK HEIGHTS, NJ 07604 
TELEPHONE 201-393-6229 FAX 201-393-6297 



By advancing semiconductor device technology, 
the people of Mitsubishi Semiconductor 
America, Inc. (MSAI) 

are fast changing the 
way the world lives, 
works, and commu¬ 
nicates. Known 
worldwide for 
16- and 8-bit 

microcontrollers, the MSAI of today is making 
great strides in custom microcontrollers and wafer 

fabrication. The unique talent for innovation 
that has already earned us prominence in the global 

semiconductor industry is now at work pioneering 
faster and more powerful ICs, with results 
likely to impact the lives of people all over the world. 

Affecting the lives of individual people begins with those 
who comprise our own community; 
namely, the men and women of 
MSAI. While we come from a 
wide variety of cultures and 
backgrounds, the common 
purpose we share creates 
an understanding and 

appreciation for the importance of each member of our 
team. This has partly to do with the fact that we are a 
relatively small company, but more significantly, this 
community spirit is something we’ve built into our 
corporate culture. It is seen in the motivation and support 
behind everyone’s achievements, and in the recognition 
bestowed upon those who attain individual goals. 

The beauty of our surroundings is another aspect of 
belonging to the MSAI team which enhances the 
experience. Our location in North Carolina boasts 
not only breathtaking scenery, but a wide range of 
recreational and educational offerings, includ¬ 
ing distinguished technical schools and 
universities. Further, residing in the 
Research Triangle area, the East Coast’s 

technological center, lends added prestige. 
Our state-of-the-art facilities feature a new 

Design Center in the works, and an on-site 
Recreation Center, including a basketball court, 

tennis courts, and a sand volleyball court. 

Consider one of the following immediate openings, 
and join us in developing advanced technology for life. 

Analog/Mixed Signal Design 

Custom CMOS VLSI Circuit Design 

Microcontroller Architect 

Logic/Circuit Design (General) 

Communications Logic Design 

Microprocessor Test 

Product Definition (Microcontroller) 

Hardware Reference Design (Microcontroller) 

Microprocessor Applications 

CAD • Layout 

Microcontroller Systems (S/W, H/WR) 

3 • I) Graphics ASIC Design 

For consideration, please forward your resume to: 
Mitsubishi Semiconductor 
America, Inc., 

Human Resources, Dept. ED 1024/96, 
Three Diamond Lane, Durham, NC 27704. 
Fax: (919) 479-3737. 
E-mail: jobs@msai mea.com. 
No phone calls, please. 
MSAI is an equal opportunity employer. 
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Visit our home page on the net: 
http://www.msai.com A MITSUBISHI SEMICONDUCTOR 

AMERICA, INC. 
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ELECTRON! 
□ Mr. NEW SUE 
□ Ms. □ SCRIPTIC 
PLEASE PRINT 
NAME 
1_ 
JOB TITLE 
2_ 
COMPANY 
3_ 
DIVISION/DEPARTME 
4_ 
MAILING ADDRESS 
5_ 
CITY 
6_ 
POSTAUZIP CODE 
7_ 
HOMEADDRESS 
8_ 
CITY 
9_ 
POSTAL/ZIP CODE 
10_ 

1. Your Project Re 
2. Your principal j 

1. □ Des-gn & Devek 
2. □ Design & Devel< 
3. □ General Corpoi 

□ Other (please de 

3. I I Your princi 
07. Design & Develop 
12. Design & Develop 
11. Executive & Oper 

01. Corporate & Opei 
03. Manufacturing & I 

21. Mainframe, Mini/i 
22. PCs, Workstation 
23. Laptops, Noteboc 
computers 

24. Other Computern 
02. Computer periph« 

plotter 
03. CAE/CAD/CAM s 
04. Software manufai 
05. Computer system 

5. Do you buy thro 
6. Do you design v 
7. Do you design t 
8. Do you have or 
9. Do you subscrit 
lO.Products you sf 
A Digital ICs 

01 □ Microprocessor 
02 □ 4/8'16 bit uPs/u* 
04 □ 32-bit and largei 
08 □ RISC uPs/uCs 
16 □ Digital Signal Pr 
32 □ Video Controller 

A2 01 □ Video Compresr 
02 □ Logic ICs 
04 □ Storage Control 
08 □ Memory - DRAK 
16 □ Memory - ROM, 

EEPROM, Flasf 
32 □ Memory Module 

A3 01 □ ICs, other 
B Analog/Mixed-Signa 

01 □ Mixed Signal De 
02 □ Converter ICs & 
04 □ Linear ICs & Mo 
08 □ Communication: 
16 □ Audio Processif 
32 □ Power Semicon 

B2 01 □ RE Devices 
02 □ Hybrid Devices 
04 □ OP Amps 

C ASICS 
01 □ Gate Arrays 
02 □ FPGA 
04 □ Programmable L 
08 □ Standard Cells 
16 □ Custom LSI/VLS 
32 □ Megacell Functi-

C2 01 □ Analog Cells 
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THE WORLD'S LARGEST SELECTION 

2kHz- 10GHz 
Choose from over 480 standard off-the-shelf models from 2-way to 48-way; 
0°, 90° and 180°; 50 and 75 ohms; covering 2kHz to 10GHz. Mini-Circuits wll also 
supply your special needs such as wider bandwidths, higher isolation, lower insertion 
loss, and phase matched ports...all at catalog prices with rapid turnaround time. 
Models include surface mount, plug-in, flat-pack and standard connectorized designs 
such as SMA, N, TNC, C, and F connectors as well as custom designs. Ultra-miniature 
surface mount units provide excellent solutions in cellular communications, cable systems 
and countless wireless applications. All units come with a 1year guarantee and “skinny" 
4.5 sigma repeatability unit-to-unit and production run to production run. 
Catalog models are guaranteed to ship within one week. 
Mini-Circuits...we’re redefining what VALUE is all about! 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4651 INTERNET http://www. minicircuits. com CIRCLE READER SERVICE GARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
CUSTOM PRODUCT N E E D S . . .Let Our Experience Work For You. F202RevOrig 
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Company 

Address 

State_Zip City 

Telephone (_ 

Back: FREE! 

Country 

ED 

n 1996 linear technology corporate 
VERSION 1 0 «1996

Yes’ Please send me 
a FREE copy of the 
LinearView CD-ROM. 

FAX FORM: 
FAX #: 408-434-0507 

Attention: Marketing Communications Dept. 

IT LinearView™ CD-ROM Technical Catalog. 
Linear Technology is well known for its expert analog 

engineering. Now you can access this expertise by viewing 
our new PC-based LinearView CD-ROM. It's FREE for the 
asking. You can instantly reference thousands of pages via 
our easy-to-use product selection and 
applications search tools for Linear 
Technology’s entire line of high perfor¬ 
mance analog products. 

Our LinearView CD-ROM holds full 
product specifications contained in our 
Databook library Volumes 1, II, 111, IV 
along with our Applications Handbook 
library Volumes I and II. Our extensive 
collection of Design Notes can be 
accessed in addition to every issue of Linear Technology 
Magazine. 

A powerful search engine is built into the LinearView 
CD-ROM enabling you to select product by various parameters, 

keywords or part numbers for your design application. All 
product categories are accessible: Data Conversion, References, 
Amplifiers, Power Products, Filters and Interface. Up-to-date 
versions of Linear Technology’s design software (SwitcherCAD, 

FilterCAD, Noise and Spice) are contained 
on our LinearView CD-ROM. Everything 
you need to know about Linear Technology’s 
products and applications is readily accessi¬ 
ble to you via LinearView. 

To order your FREE LinearView CD-ROM 
Technical Catalog, fill out the coupon 
and FAX it to Linear Technology at 
408-434-0507. Or order by phone: 
1-800-4-L1NEAR. For more details, 

contact Linear Technology Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035-7417. 408-432-1900. 

LT. LTC and LT are registered trademarks of Linear Technology Corporation. 

LinearView is a trademark of Linear Technology Corporation. 

rri_inc/\R 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN. 
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