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ofastandard~ 

Gates introduces two new rechargeables 
that are commandlng everyone's attention: 
Nickel-Metal Hydride and ULTRAMAX™ 

Nickel-Cadmium batteries. 
Ni-MH offers up to 100°/o more cap 

acity than a standard Ni-Cd battery, w hile 
our ULTRAMAX 
line offers up to 70°/o 

more capacity. 
And, with this power increase 

comes unequaled design flexibility, such 
as longer run time, additional features, or 
downsizing without having to sacrifice 
performance. Contact your nearest sales 
engineer by calling 1-800-67-POWER. 

And see why no ~Energy 
battery ranks higher. 'w2'b Products 

Th e power of gr e at id e as. 
CIRCLE NO. 164 



High Speed, High Current 
Low Side MOSFET Drivers 

vcc 

~~ 8-
Drives a hex O - hex 3 size 
MOSFET; 400 pF 10 3000 pF. 
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Drives a hex 0 - hex 3 size 
MOSFET; 400 pF to 3000 pF 
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MOSFET ; 15000 pFto 16000 pF 
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Drives a hex O · hex 3 size 
MO SF ET, 400 pF to 3000 pf 

MIC426/7/8 (Original) 

• 30 nS into 1000 pF 
• 4.5V10 18 V supply 
• 1.5 A peak output 
• 6 0 output impedance 
• Avai lable in surface mount 

packages 

MIC142617/8 (Low Cost) 
• Low cost predriver 

· • 38 nS into 1000 pF 
• 4.75 V to 16 V supply 
• 1.2 A peak output 
• 8 n output impedance 
• Availat>Je in surface mount 

packages 

MIC4426/7/8 (Protected) 

• Latch-up protected 
• 25 nS into 1000 pF 
• 4 .5 V to 18 V supply 
• 1.5 A peak output 
• 7 0 output impedance 
• Withstands 5 V negative swing 
• Available in surface mount and 

high temperature packages 

MIC4423/4/5 (High Current) 

• Laich-up protected 
• 25 nS into 1800 pF 
• 4.5 V to 18 V supply 
• 3 A peak output 
• 3.5 n output impedance 
• Withstands 5 V negative swing 
• Available in surface mount 

packages 

MIC4420/4429 (Singles) 

• Latch-up pro1ec1ed 
• 25 nS in10 10,000 pF 
• 4.5V10 18 V supply 
• 6 A peak output 
• 2.5 n output impedance 
• Withstands 5 V negative swing 
• Available in surface mount 

packages 

MIC4465/6/7/819 (Quad) 

• Latch-up protected 
• 25 nS into 470 pF 
• 4.5 V to 18 V supply 
• t .2 A peak output 
• Available in surface 

mount packages 
• Five logic choices 
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High Side, Protected 
MOSFET Drivers 

MIC5010 

• Full Featured predriver 
• Optional speed up caps 
• 7 V to 32 V supply 
• Internal charge pump 
• 60 µS into 1 nF 
• Over current sensing 
• Fault flag output 
• Surface mount packages 
• Dynamic sensing threshold 

MIC5011 

• Minimum parts count 
• Optional speed up caps 
• 4. 75 V to 32 V supply 
• Internal charge pump 
• 60 µS into 1 nF 
• Surface mount packages 

MIC5012 

• Dual predriver 
• Provides high and low side 
• 4. 75 V to 32 V supply 
• Internal charge pump 
• 60 µS into 1 nF 
• Surface mount packages 

MIC5013 

• Over current sensing 
• 7 V to 32 V supply 
• Fault flag output 
• Internal charge pump 
• 60 µS into 1 nF 
• Surface mount packages 
• Dynamic sensing threshold 

Choose from the widest selection of MOSFET 
predrivers in the industry. Whether your specification 
requires ultrafast low side driving, overcurrent 
protected high side driving, or overcurrent protected 
low side driving of 1 Amp to 100 Amp MOSFETs, we 
can supply the right product from our family of CMOS 
drivers to reliably meet your needs. For details 
contact: Micrel Semiconductor, 560 Oakmead Parkway, 
Sunnyvale, CA 94086. Or call (408) 245-2500. 

SEMICONDUCTOR 

The Intelligent Power Company~ 
Circle No. 26 



You can automate your 
system with 30-year old 
technology, 
or . .. 

Automated Test Analytical Chemistry 

Process Control Audio and Vibration 

Chromatography Manufacturing and Production 

BRING IT TO LIFE WITH IABVIEW® 2 

Tired of wrestling with cryptic text-based programming languages? 
Then make the switch to LobVIEW 2 on the Macintosh . 
LobVIEW 2 is the most celebrated application software for data 
acquisition and instrument control. It recently won the MocUser 
magazine Editors ' Choice award. five years ago, LabVIEW 

introduced the combination of front panel interfaces and graphical 
programming. Today, engineers and scientists around the world use 
LobVIEW 2 for a broad spectrum of applications. 

Unlike other graphical packages, LabVIEW 2 does not sacrifice 
power and flexibility for ease of use. With LabVIEW 2, you quickly build 
block diagram programs and add your own blocks to expand upon our 
libraries. You also create front panel user interfaces and import pictures 
to customize the panels . Yet LobVIEW 2 virtual instruments run as quickly 
as compiled C programs. Coll us to find out how LabVIEW 2 con bring 
life to your system. 

For a free labVIEW 2 Demo disk, coll: 
(5 l 2) 794-0 l 00 or 
(800) 433-3488 
(U.S. and Canada) 

Circle No. 27 

~NATIONAL 
• ~!!a~~!!!!: 
,,, 6504 Bridge Point Parkway 

Austin, TX 78730-5039 
© arional Instruments Corp. 1991 . 



--------.-• 

Nobody fills these slots better than we do. 
For years, Wavetek has set 

the standard in Arbitrary and 
Function Generators . Now, 
we've put our latest models on 
boards, and their front panels 
on a disk. Other than 
that, nothing has 
changed. 

The Model 1370 
12 MHz Function 
Generator com
bines your most
needed features 
with a very low 
price. It delivers 
lOVp-p into SOQ, 
with continuous, 
triggered , gated 
and burst modes. 

© 1991 Wavetek Corporation 

Circle 88 for Literatu re 

Our VXI Arbitrary Generator, 
Model 1375, has a 32K memory 
(expandable to 128K), 12 bit 
vertical resolution and can 
sample at up to 20 MHz. It also 
has a 64K Shared Memory that 

lets you download 
waveforms 40 times 
faster than the 
conventional binary 
method. Yet it only 
requires a single C
size slot. 

Both instruments 
"""VETI!K ~ use SCPI-compatible 

command language 
for easy integration 
into automated 
test systems. Run 

Circle 89 for Demonstration 

WaveTest program develop
ment software on the system 
controller and you'll have 
complete "soft panel" displays 
for the Models 1370 and 1375, 
along with many other VXI and 
GPIB instruments. A new 
Wavetek ARB software package 
rounds out your waveform 
creation system. 

So if you have openings for 
a really good function generator, 
arbitrary generator or test 
development software, call 
Wavetek at 1-800-223-9885. 
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Siliconix' DG458 is the bestvalue in CMOS analog multiplexers. 
Now you can get +35V overvoltage and fault protection for 25% less . 

At Siliconix, we've 
always been committed to 
providing you with the best in 
Analog Switches. 

But recently we noticed that we had overlooked 
a small niche in our broad line of industry standard
setting products. 

Multiplexers with overvoltage protection. 
So now we offer you the DG458/459 eight- and 

dual four-channel CMOS Analog Multiplexers. Devices 
with overvoltage 
protection and 
fault tolerance too! 
They're ideally 
suited to meet your 
requirements for 
data acquisition, 
industrial process 
control or test 
system solutions. 

•Fault and overvoltage 
protection 

• Fail safe with power loss 
(no latch up) 

•Break-before-make switching 

•TTL and CMOS compatability 

•All channels off when power 
off for signals up to ±35V 

•Pin-compatible with 
HI508A and MAX358 

• 
We could tout 

all the feature/benefit 
advantages of our products 

such as higher reliability result
ing from our silicon-gate processing. 

Or faster switching speed, lower on-resistance, and 
minimized power consumption ... but we won't. 

Why? 
Because our research has indicated that your 

primary concern is value. And that we can guarantee. 
Because our devices outperform industry equivalents 
and cost far less. About 25% less to be exact. 

That's right. Just $3.75*each. 
And that means more value for you. So why pay 

full price for an HI508A or MAX358, when a DG458 
costs so much less and performs so much better? 

Get MUX more for MUX less! Call our toll-free 
hot line now. 1-800-554-5565, Ext 959. Ask for our 
DG458/459 Qualification Kit including free samples. 

Siliconix 
2201 Laurelwood Road, Santa Clara, CA 95056 

*In 5,000 piece quantities 

CIRCLE NO. 147 EDN May 9, 1991 
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On the cover: Because they are tailored 
to operate from a unipolar power sup
ply, single-supply linear devices are 
gaining popularity over bipolar sup
plies for some applications. Primarily, 
these linear components are suited to 
systems that pose strict size and weight 
constraints, such as battery-powered 
equipment. See our Special Report on 
pg 118. (Photo courtesy Philips 
Signetics) 

WBPA MP ID 
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SPECIAL ISSUE: 
ANALOG TECHNOLOGY 

SPECIAL REPORT 
Linear components for single-supply designs 118 

The number of linear ICs tailored to 
operate from a single power-supply 
voltage has dramatically increased in 
the last few years. Using these devices 
requires a conservation-of-signal men
tality and a conscious choice of what to 

N~ .. 
Driving Elecrronic 

Technology lnro The 
Nexr Cenrury 

call "ground."-Anne Watson Swager, Regional Editor 

DESIGN FEATURES 

Patience and reason solve digital-system 
debugging problems 

135 

When a bug strikes your digital system, try to suppress panic 
and approach the task systematically. Deductive digital debugging 
can help you find and eradicate any digital bug infestation. 
-Ronald M Jackson, Fascinating Electronics 

Designers' guide to subranging A/D 
converters-Part 3 

155 

Part 1 of this 3-part series covered the architecture and operation 
of subranging ADCs. Part 2 covered the devices' parameters and 
specifications. Part 3 concludes the series with a discussion of 
testing high-speed subranging ADCs.-Ray K Ushani, Datel Inc 

TECHNOLOGY UPDATES 
Analog Spice simulation models: Accurate 
models mirror extremes of operation 

61 

Before you base design decisions on the results of a simulation, 
check that the pedigree of your models is fine enough to satisfy 
the needs of your application.-Brian Kerridge, European Editor 

Continued on page 7 
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Faster circuits for laster systems: Here's the good book. 
The 1991 Cypress Semiconductor 
Data Books are hot off the presses. 
Highlights include: 
• SPARC® RISC Microprocessors. 
The fastest CMOS available. From 
embedded control to full chipsets. 
• Highest Speed PLDs. Broad 
selection, from standards at rocket 
speeds to functionally specialized 
systems. 
• Static RAMs. Biggest selection of 
high-speed devices, including our 
lOns BiCMOS 64Ks. 

high-performance PROMs, to 512K 
densities. We'll fill your order fast. 
• Specialty Memories. Including 
ultra-high-speed FIFOs. 
• Multichip Modules. Including 
32-bit space and time savers. 
• And much more. All in our new 
Data Book. 
• Call for your copy today. 

1991 Data Book Hot6ne: 
1-800-952-6300*. Ask for Dept. C4R 

• VME Bus Controllers. The space
saving solution for a broad range of 
processors. -=:__ ~ 

~I ~:?s~7~9~i?:::aT(~~ ~;~~O~~:~ ~i::P~~l991 Cypress ~~il-i"'"~:f ~PRESS 
Semiconductor,390 1 North FirstStreet,SanJose,CA 95 134. Phone: - _;:!'- SEMICQNDUCTQD 
I (408) 943-2600, Telex: 82 I 032 CYPRESS SNJ UO, TWX: 9 I 0-997-0753. T\.. 
SPARC isa registered trademark of SPARC International, Inc. 
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TECHNOWGY UPDATES (CONTINUED) 

Switching regulators: Demo boards, software 79 
ease circuit design 

For engineers not familiar with the intricacies of switching 
regulators, design aids help simplify the task of realizing a practical 
circuit.-Dave Pryce, Associate Editor 

Spectrum analyzers: Modern instruments 
ease frequency analysis 

95 

Modern spectrum analyzers have come a long way. Improved RF 
performance and digital processing features open new vistas for 
viewing the frequency domain.-John Gallant, Associate Editor 
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Fastest High Density 
CMOS PLDs 

At 15ns 

-

PALCE16V8H-ID 

Fast Universal 
CMOS PLO Family 

At 10ns 

~ ~ - - - ~ 

, PAL16L8-5 

Fast Bipolar 
PLO Family 

At5ns 

EDN May 9, 1991 
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Whatever kind of PLO you need, 
the fastest comes from AMO. 

We'd love it if all our work amounted to "zero:· As in 
zero delay And were not far off. 

Not surprising-because AMO invented the PAL® 
device. That's why we know programmables better. 
And offer you the most choices of the best devices. 

Say you want speed. but can't sacrifice density 
Don't. Use our new MACH™ products (Macro Array 
CMOS High-density) that give you up to 3600 
gates and 15ns performance. They're two to three 
times faster than the competition and cost 40% less. 

For more speed. along with low power consump
tion. try our new 10- and 15-nanosecond CMOS 
PLDs. Use our 16V8-10s and 20V8-10s anywhere 
you'd use a GAL® device. Or choose the ever
popular AMO-invented 22Vl0. at 15ns. 

Faster still are our seventh generation bipolar 
PAL devices. Complete families of 16L8-5s. 20L8-5s. 
and the 22VI0-10s. And for real speed freaks. we're 
now shipping a 4.5ns bipolar PAL device-the 
world's fastest TTL programmable logic. 

Along with all this speed. we're providing 
equally fast delivery In quantity In fact. we deliver 
more programmable logic devices than all our 
competitors combined. 

For details. call AMO now at 1~800~222~9323. 
And let nothing stand between you and your need 
for speed. 

~ 
Advanced Micro Devices 

90 1 Thompson Place.PO. Box 3453.Sunnyvale.CA 94088 199 1 Advanced Micro Devices. Inc. 
MACH is a trademark and PAL is a registered trademark of Advanced Micro Devices. 

GAL is a registered trademark of La nice Semiconductor. 

CIRCLE NO. 148 9 
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OUR CLASSIC™ EPLDs CUT J 

~ EP330PC I 

... - . .,_, 

• 

They also cut your product 

costs, with prices low enough to 

impact your bottom line . 

As for logic delays, we've 

cut them down to a remarkably 

low 12ns. 

So now you can cut something from your design: PALs 

and GALs. Because our Classic parts give you a combination 

of speed, density and flexibility you won't find in other PLDs. 

All of which helps you cut the time it takes to produce a 

superior design. 

For example, our 20-pin, 8-macrocell EP330 is the perfect 

replacement for over 20 types of PALs and GALs. It stretches 

counter frequencies to 125 MHz while sipping one-fourth 

the power of a standard PAL. And its quiet output switching 

circuitry allows the EP330 to run faster in-system than 

a lOns 16V8. 

Our 24-pin, 16-macrocell EP610 delivers 60% more 

logic density than a 22Vl0. And unlike a 22Vl0, the 15ns 

EP610 consumes a mere 20µ,A in standby. And its registers 

(X') 

w 
w 
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LOGIC DELAYS. 

can be programmed for D-, T-, JK- or SR-operation or for 

asynchronous clocks. 

To replace multiple PALs and GALs with a single chip, 

try our 44-pin EP910 or 68-pin EP1810. Both offer superior 

logic density and greater 1/0 at a lower cost than any other 

mid-range CMOS PLD. 

Our Classic EPLD family also helps you get to market 

faster. Thanks to a host of powerful logic development tools 

from Altera and third parties. 

What's more, we offer the industry's broadest, most 

flexible line of CMOS PLDs. With devices ranging from 20 

to 100 pins, and logic densities from 8 to 192 macrocells, 

there's an EPLD for every logic design task . .., 

r ~ So call Altera today 

at (408) 984-2800 

for more information. And discover 

programmable logic that's a cut above the rest. 

0 

26100rchard Pkwy., San Jose. CA 95134-2020 (408) 984-2800/Fax: (408) 248-6924 

Classic is a 1radcmark of Altera Corporation Oiher brands or producls are trademarks of thei r respective holders 1991. Altera Corporation. 

CIRCLE NO. 149 
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~National 
~Semiconductor 

"The world runs on inf or 
silicon breakthroughs to 
right to the desktop." 

How NATIONAL SEMICONDUCTOR IS HELPING 
YOU MEET THE CHALLENGES OF TODAY'S -AND 
TOMORROW'S- DATACOM AND TELECOM SYS1EMS. 

]ohn]orgensen, National's 
Director, Advanced Communica
tions Business Group, talks about 
applying advanced VLSI tech
nology to next-generation com
munications systems. 

Setting the stage 
for connectivity. 

" ational ha<> a definitive 
strategy for providing voice- and 
data-communications solutions 
in silicon. 

"We have solutions for Ether
net, FDDI, and integrated-digital 
networks. And we're working on 
next-generation solutions for ultra
high-speed network applications. 

"The key to building devices 
this sophisticated is our experi 
ence with advanced analog+ digital 

FDDI Chip Set 

12 

integration. We have all the enab
ling technologies. BiCMOS, CMOS, 
and ECL processes. Powerful 
design tools. Experienced analog 
+digital designers. 

"It isn't easy. But we're doing it:' 

Linking LANs with FDDI. 
" Our FDDI chipset provides 

the backbone that links Ethernet 
LANs at the workgroup level with 
integrated-digital networks, such as 
ISON and SONET- and it provides 
the high -speed datapipe that links 
workstations directly. 

"We're the first manufacturer 
to introduce a fully-integrated FDDI 
solution. It offers more network 
management features and con
sumes less power than any other 
solution. 

"Our latest device, called the 
BSI , provides the system interface 
between our core FDDI chips and 
the host-system bus, such asVME, 

SONIC 

Ethemet Cb1pSet 

FDDI Backbone 
Configuration 

D --
ETHERNET 

AT, Microchannel, or EISA. It gives 
you the maxim um ·available system 
bandwidth, with burst-mode trans
fers of800Mbits/ second through 
a 32-bit-wide data interface-with
out the need for an external 
processor. 

"So now you can develop prod
ucts for highly-integrated FDDI 
networks, such as btidges, routers, 
and concentrators, or you can 
develop adapter cards for high
performance workstations and PCs 
- all from one supplier. ational: ' 

Linking the workgroup 
with Ethernet. 

"Our SONIC - Systems 
Oriented Network Interface Con
troller - integrates, for the first 
time, a digital controller ·with a 
lOMbit/ second analog encoder/ 
decoder. 

ISDN l ' l11te1fc1ce 



ma,tion) and we're tnaking 
bring that infortnation 

"It supports all IEEE 802.3 
functionality in a single chip that 
goes right on the motherboard in 
16- and 32-bit systems, providing 
full network management func
tions in hardware. 

"And with a transfer rate of 50 
Mbytes/ second, it's 20 times faster 
than most other solutions, and 
cuts bus occupancy by up to 80%. 

"The workgroup is linking itself 
with Ethernet. And we're making 
it happen faster, smaller, and more 
cost effectively That's the standard, 
and we're setting it:' 

EDN May 9, 1991 

Linking voice and data 
"With ISDN. 

"Our U interface breaks the 
ISDN logjam. It allows the simul
taneous transmission of voice and 
high-speed data over the existing 
twisted-pair telephone network, 
providing the missing link between 
the subscriber and the central office. 

"It may be the most technically 
complex mixed analog+ digital 
device ever designed. The receiv
ing front-end is analog, but the 
back-end signal processing is all 
VLSI digital. And this had never 
been done before. Until we did it:' 

Putting it all to work for you. 
"The communications revolu

tion is accelerating. As a datacom 
or telecom systems designer, I'd 
feel the need for advanced solu
tions to tomorrow's problems 
today That's why I'd call National. 
Because we have those solutions. 
Today" 

1-800-NAT-SEMI, Ext. 115 

~National 
~Semiconductor 

13.51, BMAC, CDD, CRD, PIAYER and SONIC are trademarks of 
NationaJ Semiconductor C.Orporation . 

VME is a trademark of Motorola, Inc. AT and Microchannel are 
trademarks of lnremational Business Machines, Inc. 

© 1991 National Semiconduaor Corporation 
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INTRODUCING THE BEST DISK DRIVES 
The newest generation of disk drives fi-om Conner. Lighter. 
Cooler. Smarter. Faster. With more capacity than ever 

Sell. Design. Build. 

before. Precisely what high
performance dreams are made o[ 

And, for the fourth 
consecutive year, Conner is 
delivering a generation ahead 
of the competition. Helping 
major OEMs get new systems to 
market faster than they ever 
dreamed possible. Summit 5IOMB Hopi80MB 

Before we design or build a product, our engineers 
work closely with the most respected experts 
in the industry-our customers. By asking 

the right questions, we identify 
specific needs. Sooner. And 
fill those needs with the right 
products. Faster. 

So it's no surprise that 
more of the world's leading 

Pan<1o0Jo.•o,60Ms OEMs work with Conner. 
World Headquarters: 3081 bnker RDlld, ~n Jose. CA 95134 Telephone: (408) 456-4500 FAX: (408) 456-4501 Sales Offices: Asia -Sing.ipore: (65) 2961992 • T.iipfr (886) 2-718-9193 • Tokyo: (81) 3-485-8901 • Seoul: (82 ) 2-551 -2m Europe 
Cl 1991 Conner Periphenls, Inc. 
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OUR CUSTOMERS COULD DREAM UP. 
Because we consistently design the exact disk drives 
our customers need. Then build those drives -
in volume. 
Keeping You A Generation Ahead. 

The results of this unique sell-design-build 
strategy have been remarkable. Using proven tech
nologies, our high-performance 3.5-inch and 2.5-inch 
disk drives continuously set the standards. For all 
major segments of the market. 

The fact is, Conner delivers disk drives for 
today's powerful systems. From high-end workstations 

and file servers to desktop, laptop and notebook PCs. 
And Conner has sales offices and manufacturing 

facilities in Europe, Asia and America. Keeping us 
close to our customers around the globe. 

So call Conner today. And we'll work together 
to tum your dreams into realities. 

C~··••ll!!!'~ ..,, ...... ... 
DELIVERING A GENERATION AHEAD. 

London: (44) 249-444-049 • Munich: (49) 89-129·8061 • Paris: (33) 1-47-47-4108 • lvte.1: (39) 125-631715 •U.S. - Boston: (508) 660-1088 • Dalla.s: (214) 680-2913 • Los Angdes: (714) 455 -2777 • Minnc.1polis: (612) 449-5186 •~Jose: (408) 456-4500. 
Aut horized U.S. Distributors: Anthem Electronics, Avnet Computer, CAL-ABCO 
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SIEMENS 

International Exchange. 
Siemens integrated circuits help 
bring the world closer together 
with telecommunications. 
Siemens is continuing to provide inno
vative solutions in communications 
which are making a sound impact, 
throughout the industry. And the world . 

We offer the most comprehensive 
communication IC family in the world , 
facilitating the incorporation of data, 
speech, and picture sources, 
to meet your application
specific needs. 

With the development of 
our PEB2091 ISDN Echo High-Integration 

C II . c· . (IEC Q) echocance11at1on ance atlon ircu1t - , transceiver 

we introduced the industry's for 1soN. 
first single-chip CMOS solution for the 
standardized U-interface. It can double 
the traffic-handling capability of existing 

© 1991 Siemens Components, Inc. M12A 010. 
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telephone lines. And it's ideal for 
transmission systems such as digital 
added main line and other pair gain 
systems and intelligent channel banks. 

For applications such as cel
lular or full-featured tele
phones or line cards, 
which require lower 
power consumption , 
we offer CMOS 8-bit 
microcontrollers based cMos e-b11 
on the 8051 architecture. Mlcrocontrollers. 

Like the SAB80C537, which features 
16-bit hardware multiply/divide, and 
8 data pointers. 

Siemens CMOS ASIC technology 
features both Sea-of-Gates and stan
dard-cell families. Our 1.5, 1.0 and 
sub-micron technologies are compatible 
with Toshiba even at the G DS2 data
base level , for true alternate sourcing 

CIRCLE NO. 152 

worldwide. And they 
come with the European 
content and U.S. design 
support you need , as 
well as the best service 
in the industry. ASICsotutlonsln 

both Sea-of-Gates 

For the most advanced and stan<1an1-ce11. 

telecommunications ICs, hook up with 
the leader. 

For details, call (800) 456-9229, or write: 

Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054 -1514. 

Ask for literature package M12A 010. 

• Siemens 
World Wise, Market Smart. 
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NEWS BREAIZS 
EDITED BY SUSAN ROSE 

CAL TECH RECEIVES EDN'S $10,000 INNOVATION GRANT 
As part of its annual Innovation and Innovator awards program, EDN presented 

the 1990 $10,000 Innovator grant to the Power Electronics Group at California 
Institute of Technology (Pasadena, CA) in April. The award was presented to Cal 
Tech in the name of Dr. 
Klas Eklund who won 
EDN's Innovator award 
for 1990. Eklund received 
a plaque and the right to 
designate the grant's bene
ficiary at EDN's awards 
banquet at Wescon '90 in 
Anaheim, CA. Eklund 
garnered the Innovator 
award for work done in 
implementing power 
MOSFET transistors us
ing a standard CMOS-logic 
semiconductor-manufac

From left to right: Jo11 Tit11s, Dr David Middlebrook , Dr Klas Ek/1111d, Mark Ho/dreith. 

turing process. Eklund chose the Power Electronics Group for its innovative work 
in switching power-supply topologies and in magnetic materials for power-supply 
circuits. Present at Cal Tech were Dr Eklund, Dr Middlebrook of Cal Tech's electrical 
engineering department, EDN's associate publisher, Mark Holdreith, and EDN's edito
rial director, Jon Titus. After the brief ceremony, several graduate students demon
strated research projects involving high-voltage switching supply circuits and mag
netic-materials in vestigations.-EDN Staff 

:MIXED-LEVEL A NALOG TOOL SIMULATES CIRCUITS 
Profile, a Spice-based analog simulation tool from Valid, lets you describe all or 

part of a circuit or system at the behavioral level. The software works with the 
company's Workbench II to let you mix ordinary Spice-level descriptions with a 
behavioral description for simulation. The software simulates many effects that are 
difficult or impossible to simulate with Spice macromodels, such as hysteresis, mem
ory, state-variable, and conditional branching. You can easily model pulse-width 
modulators, multiplexers, and sample-and-hold circuits. The tool accepts user
programmable blocks for functions such as differential equations, Laplace domain 
transfer functions, and basic arithmetic. The $15,000 software runs on Sun, DEC, 
and IBM workstations and will be available the second quarter of 1991. Valid, San 
Jose, CA, (408) 432-9400, FAX (408) 432-9430.-Doug Conner 

DSP V:MEBUS PROCESSOR CLOCKS UP TO 66'.M FLOPS 
The DPV30 from Loughborough Sound Images is a VMEbus DSP board that employs 

two TMS320C30 processors. The twin processors operate independently, in parallel, 
or by pipeline multiprocessing. Each processor has a 64k x 32-bit-word zero-wait
state static RAM (BRAM), which is expandable to 256k x 32-bit words. Each processor 
shares 128k x 32-bit-word single wait-state SRAM or lM x 32-bit-word dynamic RAM 
(DRAM), expandable to 512k x 32-bit words or 4M x 32-bit words, respectively. Fur
ther coupling is possible using a block of 2k x 32-bit-word dual-port SRAM, which 
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NEWS BREAIZS 
occupies the same address location of each processor. One processor shares a further 
2k x 32-bit-word dual-port SRAM with an expansion port, enabling up to three more 
DVP30 boards to function in the same system. A daughter board containing two 
channels of 16-bit ADC and DAC, sampling at 200 kHz, plugs into the main assembly. 
A proprietary 16-bit I/O port enables further off-board expansion. Two full-duplex 
synchronous serial ports transfer data as 8-, 16-, or 32-bit words at 8.3 MHz. 

Software tools include an assemblerjlinker, a C compiler, debug monitors, and the 
SPOX DSP operating system. You can develop applications in DOS or Unix using IBM 
PC or compatible computers, or Sun SPARC workstations, respectively. DPV30 with 
basic memory costs £4395. Analog daughter board adds £600. Loughborough Sound 
Images, Loughborough, UK, (509) 231843, FAX (509) 262433.-Brian Kerridge 

GRAPHI CS I Cs SUPPORT RESOLUTIONS AS HIGH AS 1920 x 1150 
The GC1200 series of graphics chips suits 2- and 3-D applications and supports 

resolutions ranging from 640 x 480 to 1920 x 1150 pixels, respectively. You can pick 
and choose among five !Cs to design a graphics subsystem that meets your needs. 
The vector raster processor can draw as many as l .2M vectors/sec. One or more 
bitblt processors control frame buffers as deep as 32 planes . The video controller 
processes signals from as many as 24 planes and produces a video rate as fast as 120 
MHz. You can add shading and depth cuing to a design with the depth buffer control
ler that handles the Z axis. Finally, the pixel accelerator speeds bitblt operations 
four fold. In evaluation quantities, a chip set for a basic 8-plane, 4k x 2k-pixel design 
costs $1000. You can add shading and pixel acceleration for $1500. Yamaha Corp, 
San Jose, CA, (408) 437-3133, FAX (408) 437-8791.-Maury Wright 

SWITCHED-INTEGRATOR IC SURPASSES DISCRETE DESIGNS 
The ACF2101 from Burr-Brown Corp is a dual, monolithic switched integrator for 

precision applications. Each channel can convert a low-level input current of 0 to 
100 µA to an output voltage of -10 to + 0.1 V by integration using either an internal 
or external capacitor. As a complete circuit on a chip, the device eliminates or 
minimizes many of the problems commonly encountered in discrete integrator de
signs: leakage-current errors, noise pickup, and charge injection. The integrator 
uses a minimum of pc board space . Key specifications are low noise, 10 µV rms, low 
bias current, 100 fA, and dynamic range of 120 dB. The $18 (100) device comes in 
24-pin plastic DIP and SOIC packages. Burr-Brown Corp, Tuscon, AZ, (800) 548-6132, 
FAX (602) 889-1510.- Anne Watson Swager 

$1995 VIVIEBUS CPU I S PC COMPATIBLE 
The EPC-6 VMEbus CPU board from Radisys can run IBM PC-compatible software 

because of its 20-MHz 80386SX processor, MS-DOS in ROM, as much as 4M bytes of 
RAM, and 512k bytes of Flash EPROM for program storage . The board targets embed
ded-control applications, and the control software lets you download software you 
develop on a PC into the Flash memory. Yet, the $1995 board doesn't include standard 
PC features, such as graphic controller, modem, and disk interfaces-features often 
not needed in embedded applications. You can add peripheral functions necessary 
to your application via a local expansion bus. Standard features of the board include 
a math coprocessor socket, 8k bytes of battery-backed static RAM, two RS-232C 
ports, and a clock. Radisys Corp, Beaverton, OR, (503) 690-1229, FAX (503) 690-1228. 
-Maury Wright 
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A cycle by cycle simulation of switch-mode power supplies is recognized as a difficult simulation task for 
SPICE-based simulators, which must cope with timings that can span 4 orders of magnitude. This problem 
invariably results in very long simulation times, but is improved considerably by MicroSim's approach of 
building the controller macromodel chips so that a significant section is simulated in the digital domain. PSpice's 
behavioral modeling and mixed analog/digital simulation capability makes this possible. 

PSpice is available on the IBM-PC (running DOS or OS/2); Macintosh II; Sun 3, Sun 4, and SPARCstation; DECstation 
2100, 3100, and 5000; and the VAX/VMS families. In addition to the PWM macromodels, the PSpice library contains 
over 3,500 analog and 1,500 digital parts which can be used in a variety of applications. Our technical staff has over 150 
years of combined experience in CAD/CAE, and our software is supported by the engineers who wrote it. 

For further infonnation about the PSpice family of products, call us at (714) 770-3022, or toll free at (800) 245-3022. 
Find out for yourself why PSpice has become the standard for circuit simulation. 

20 Fairbanks • Irvine, CA 92718 USA • FAX (714) 455-0554 

!'Spice i• a reiiiiccred trademark of MicroSim Corpondion. All Giber brands ad pmducl _,... are tradomarl<s or reg1""""'1 tndemlril:li al dlelr..,..,.... ......._ 
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NEWS BREAIZS 
SOFTWARE REVISION ADDS PROJECT-MANAGEMENT FEATURES 

Major revisions to version 2.0 of Software Partners Inc's Tirne$heet Professional 
time- and expense-tracking software package for IBM PC and compatible computers 
take the product into the realm of project management. The modifications add 
spreadsheet-like analysis of the tracked hours and expenses; let you display labor 
costs to date and estimates of completion costs; and give you a sorting feature .that 
lets you examine project costs by project, client, or activity. For international pro
jects, the package supports international date formats and a variety of currency 
symbols. 

An import/export module allows the product to exchange files with Computer 
Associates' (Garden City, NY) accounting products and Superproject project
management software, and Symantec's (Cupertino, CA) Time Line project
management package . The import/export module can also use ASCII files for 
exchanging data with other programs. A single-user version of the package costs 
$179.95 , and a 5-user network version costs $595. Other network versions support 
as many as 500 users . Software Partners Inc, Palo Alto , CA, (415) 857-1110, 
FAX (415) 949-3365.-Steven H Leibson 

PLD EASES DESIGN OF VIDEO TIMING GENERATORS 
Altera Carp's function-specific PLD helps generate complex timing waveforms. 

The EPS464 synchronous timing generator offers the equivalent of 2500 gates in 
64 macrocells . The macrocells include wide (> 100) product-term logic, programmable 
register type (D, T, SR, or JK) , and a selectable clocking source. The macrocells 
operate with system clocks as fast as 50 MHz, or with logic terms as the clock source . 
The device also features programmable I/O pins-configurable as input, output, or 
bidirectional signals-and input buffers having 250 mV of hysteresis . 

You can design for the synchronous timing generator using the company's 
Max + Plus II software . The software lets you specify your design using waveforms, 
then uses logic synthesis to convert the waveform description to a fuse map . The 
company also offers a library of macro functions for the timing generator, including 
logic to generate NTSC, PAL, and SECAM waveforms, a digital phase-locked loop, and 
an oscillator. The synchronous timing generator is available in a windowed, ceramic 
J -lead chip carrier for $35 (1000). It is also available in plastic 1-time-programmable 
packages . Altera Corp , San Jose , CA, (408) 984-2800, FAX (408) 435-1934. 
- Richard A Quinnell 

FRAMEWORKS SUPPORT ASIC AND SYSTEM DEVELOPMENT 
Visula ASIC Expert and System Expert from Racal-Redac provide t ightly coupled 

frameworks with application software that you can select to meet your needs. The 
frameworks support schematic entry, architectural synthesis from VHDL (VHSIC 
hardware description language) ; simulation for logic, timing, and fault ; automatic 
test pattern generation; mixed digital and analog simulation; hardware modeling; 
and PLD design tools . The frameworks are currently available for Sun, DEC, and 
HP-Apollo workstations. Individual products start at $25,000. Racal-Redac, Mahwah, 
NJ, (201) 848-8000, FAX (201) 848-8189.-Doug Conner 
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What's the quality 
of our quality 

Ford 

Rockwell International 

General Electric 

Honeywell Inc. 

Rockwell International 

Northern Jelecom 

Motorola Inc. 

john Fluke Mfg. Co., Inc. Talk to any of the major manufacturers 
who, during the past three years, have 
recognized Dale's ability to meet their 
exacting quality standards. Then talk to us. 
We have a wall full of awards-perhaps as 
many as anyone in the industry-and we're 
always pleased to receive more. However, 
we'd much rather discuss what these 
awards represent: A soundly structured 
quality system able to quickly interface 
with your manufacturing process-and 
make you more competitive. That's the 
quality of our quality. 

EDN May 9, 1991 

General Electric 

Jektronix 

Department of Energy 

For more information on Dale quality 
procedures and systems, write Joe Matejka, 
Vice President of Quality Assurance, 
Dale Electronics, Inc., 1122 23rd Street, 
Columbus, Nebraska 68601-3647. 
Phone (402) 563-6511. 

A COMPANY OF 
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NEWS BREAIZS 
PRECISION OP AMPS SPEED UP 

The LT1220 family of op amps from Linear Technology Corp combines slew rates 
of 250 and 150 V/µsec with offset voltages of 1 mV max, gains of 20,000 min, and 
input bias currents of 300 nA max. The family includes a unity-gain-stable amplifier 
with a 45-MHz gain-bandwidth product and a 250 V/µsec slew rate; an amplifier 
with a 150-MHz gain-bandwidth product and a 250 V/µsec slew rate, decompensated 
for closed-loop gains of 4 or more; and an amplifier with a 350-MHz gain-bandwidth 
product and a 150 V/ µsec slew rate , decompensated for gains of 10 or more. The 
amplifiers use a single gain stage , which enables them to achieve respective settling 
times of 90 and 165 nsec to within 0 .1 % and 0 . 01 % to a 1 OV step, along with gain
enhancement circuitry to increase the amplifiers' de gain. The amplifiers are speci
fied for operation with either ± 5V or ± 15V supplies, require 8 mA of supply current, 
and can drive unlimited capacitive loads. Wideband noise varies from 3 to 17 nV/YHz 
for the three devices. The op amps are available in 8-pin plastic DIPs. Prices start 
at $3.85 (100). Linear Technology Corp, Milpitas, CA, (800) 637-5545, (408) 432-1900, 
FAX (408) 434-0507.-Anne Watson Swager 

TRANSPUTER INCLUDES MULTIPROCESSING PROTOCOL 
Inmos revealed the technical details of its second-generation transputer at the 

Transputing'91 conference in April. The 50-MHz device, named the Hl, is code com
patible with existing Transputers and extends their multiprocessing capabilities 
by adding hardware to facilitate interprocessor communications. These extensions 
let you program the device for multitasking without concern for which CPU executes 
each task. Both local and remote interprocessor communications appear identical 
at the instruction level. The device also offers a virtual channel processor, automati
cally multiplexing as many channels as you need onto the four physical chan-
nels the device provides. An external message-router IC directs traffic between 
processors. 

The Transputer operates with an internal clock rate of 50 MHz max, derived from 
an external 5-MHz clock signal. Its serial links can transfer data as fast as lOM 
bytes/sec in each direction. It offers a 16k-byte combined intruction- and data-cache 
and can directly address 8M bytes of external dynamic RAM without additional 
logic. The cache 's speed and the device 's superscalar architecture combine for an 
execution of > 60 MIPS sustained and 200 MIPS peak. Samples of the device will be 
available in the second quarter of 1991, with production slated for the fourth quar
ter. It will cost from $300 to $500 (100). SGS-Thompson/Inmos, San Jose, CA, (408) 
452-9122, FAX (408) 452-0218.-Richard A Quinnell 

600W MODULAR POWER SUPPLY INCORPORATES PFC 
Omega 600 modular switched·mode power supplies from Coutant Lambda provide 

four outputs of nominal 5 , 12, 24, or 48V. Power factor correction (PFC) circuitry 
produces a power factor of > 0 .9 to anticipate 1992 European standards for EMC. The 
unit complies with line harmonic-distortion standard IEC 555-2 and conducted RFI 
standard VDE 0871 curve B. The unit accepts a line supply of 85 to 265V, 47 to 63 
Hz without adjustment. Overall dimensions are 64 x 127 x 303 mm. Price is £495 (100) 
depending upon configuration, and shipments commence third quarter of 1991. 
Coutant Lambda Ltd, Ilfracombe, UK, (271) 863781, FAX (271) 867185. 
-Brian Kerridge 
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There's a new standard 
for functionality, ease-of-use and 

TheTl-68. 
• pnce. 

We set some tough goals for ourselves in 
designing the 11-68. It had to have the 
powerful functions that technical profes
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The 11-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The 11-68 evaluates 40 complex number 
functions and lets you choose polar or 
© 1989 TI 
IHOOOJJD 

rectangular forms for entries and results. 
It also lets you easily check your equations 

with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
TI-68's polynomial root finder will calculate 
the real and complex roots - automatically. 

Working with number bases and conver
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 

CIRCLE NO. 165 

binary. And it does Boolean logic operations, too. 
The 11-68 provides up to 440 program 

steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 

The 11-68 has what you've been looking 
for - the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1-806-747-1882 for additional informa
tion and to request free product literature. 

TEXAS~ 
INSTRUMENTS 
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THE WORLD'S LARGEST SELECTION OF 

POWER SPLITTERS/ 
COMBINERS 

2 KHz to 8 GHztrom$1Q45 
With over 300 models, from 2-way to 48-way, O ~ 90° and 180 ~ a variety 
of pin and connector packages, 50 and 75 ohm, covering 2KHz to 
8000MHz, Mini-Circuits offers the world 's largest selection of off-the
shelf power splitter/combiners. So why compromise your systems 
design when you can select the power splitter/combiner that 
closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 

And we will handle your "special" needs, such as wider band
width, higher isolation, intermixed connectors, etc. courteously 
with rapid turnaround time. 

Of course, all units come with our one-year guarantee. 
For detailed specs and performance data, refer to the 

Microwaves Product Directory, EEM or Mini-Circuits RF/IF 
Signal Processing Handbook, Vol. II. Or contact us forour 
free 68-page RF/IF Signal Processing Guide. 

F134-1 REV.A 

t1nd1ng new ways . . 
setting higher standards 

t:::1 Mini•~0~0~0~0!:!~!~ 
PO Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes 6852844 or 620156 
ACCEPT AMERICAN EXPRESS 
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Before you buy CAE 
from the ATE leader, 

you'd better have 
some good reasons. 

26 EDN May 9, 1991 



Some 
"We use Teradyne's LASAR simu
lation religiously on the bipolar and 
BiCMOS designs we accept to do 
thorough race checking on both the 
circuit and the vectors. Before we 
started using LASAR, 9 out of 10 
designs would require some inter
vention at test. LASAR guarantees 
us a stable design. That means we 
produce a higher quality part in 
less time. " 
Gary Oehrle, 
Implementation Manager 
AMCC 

" A Stardent 1000 system has more 
than 60 CMOS ASICs, a total of 
more than 2 million gates. Using 
AIDA, we were able to achieve 
virtually lOOo/o fault coverage with 
the test vectors we generated for 
our ASIC supplier, LSI Logic. When 
we received first silicon, all the 
ASICs worked the first time. We 
had the whole system up and run
ning in three days. " 
Brnce Schurmann, 
Vice President of Hardware 
Engineering 
Stardent Computer, Inc. 

good reasons. 
"Imagine you're using a battery
powered laptop and suddenly your 
system shuts down. What's hap
pened is that as the battery's power 
got lower, the parts on the laptop 
board began operating under worst
case conditions, causing the failure . 
At Western Digital, we want to 
design a quality product and elimi
nate these kinds of timing hazards . 
That's why we're believers in 
LASAR. It's the only way you're 
going to find timing hazards under 
worst-case conditions." 
Bob Hutchins, 
Manager, Design Automation 
Western Digital 

"The MultiSim Interactive 
Designer is excellent - it's the first 
CAE tool that works well with a top 
down design approach. It's set up so 
you can build and simulate block by 
block, and its speed makes it easy 
to find your mistakes, make changes, 
and try again without a lot of time 
spent recompiling." 
Steve DeLong, 
Technical Team Leader 
Jim Walsh, 
Technical Staff Member 
Rockwell International Corporation 

"We design and test complex 
boards for military and commercial 
satellites, and LASAR gives us two 
critical advantages: accuracy and 
reliability. LASAR's ability to accu
rately predict timing hazards caused 
by IC lot variations and design errors 
gives us complete confidence in the 
manufacturability of the boards we 
design. And when we hand off a new 
board design to the test group, we've 
got a good head start because our 
test engineers also use LASAR and 
its testability analysis tools to devel
op the test program sets." 
Ed Faller, 
Senior Engineer 
General Electric Company 

Design engineers are using Teradyne's CAE tools for lots of good reasons. Interactive 
design analysis. Accurate design verification. Tight integration between design and 
test. With Teradyne CAE, you get greater speed, accuracy, and reliability than with 
other CAE systems. That adds up to higher product quality and faster time-to-market. 
And in today's competitive environment, 
those are the best damn reasons of all. ""' I -; • U \ I:~ I ~ 

To learn more, call Daryl Layzer today at ...... ~--·~.i..,.1~.,.. .. ~ ............ ~ 
1-800-225-2699, ext. 3808, or FAX (408) 748-7761. 
© 1991, Teradyne, Inc. AIDA, MultiSim, and Vanguard are trademarks of Teradyne, Inc. Frenchip is a product of Dassault Electronique. 
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No two 

While HP's high-performance 
plastic optocouplers may all look 
alike, the similarity is only skin 
deep. 

Because as the largest optoelectronic 
supplier in the U.S. and one of the 
world's leading suppliers of opto
couplers, we can actually offer you 
five completely different lines of 
plastic devices with an equally 
wide range of performance options. 

Such as an innovative dual-channel 
design that combines a photon
emitting diode with a high-speed 

CG08907A 

photon detector to produce data 
rates up to 40 MBd. 

You also get high-output gain from 
low-input current or high-speed 
logic gates. Wide Vee from 4.5 to 20 
volts. And a unique AC/DC interface. 

Plus, they're compatible with TTL, 
STTL, LSTTL, and, in many cases, 
CMOS logic families. 

All of which makes HP's opto
couplers the ideal solution for 
problems caused by ground loops 
and induced common mode noise. 
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• 

No wonder HP sets the standard 
for quality, reliability, and innova
tion. To find out more about HP's 
optocouplers, call 1-800-752-0900, 
ext. 2324. You 'II soon see why 
theres nothing quite like working 
with the best. 

There is a better way. 

Ff,pw HEWLETT 
~~ PACKARD 



SIGNALS & NOISE 
Saga of a 
"defense engineer" 
After reading "The Job-Hunting 
Blues" by Julie Anne Schofield 
(EDN, January 21, 1991, pg 230), 
I believe it's time we laid to rest 
some myths about the so-called "de
fense engineer." 

Most of today's defense contracts 
are known as "firm fixed-price" con
tracts. These contracts will pay 
only a predetermined, negotiated 
unit price for the product. The total 
profit negotiated into the unit cost 
is limited by the federal govern
ment. Unit cost overruns are borne 
completely by the contractor. 

Other costs not associated with 
the unit product cost also affect the 
"product" cost. Most defense-re
lated items are sold on a "lot" basis. 
A predetermined number of units 
will be pulled from this lot and 
tested, often destructively, to de
termine if the entire lot is accept
able. Passing this lot-acceptance 
test often results in an incentive be
ing paid to the contractor. These 
incentive payments usually increase 
as the number of contiguous accept
able lots increase. 

Knowing that a failure , due to the 
random combination of parts char
acteristics assembled on a circuit 
board may cause a failure in 1 of 
100,000 units, I may specify one 
part to have tighter tolerances, 
pushing the failure rate to 1 in 
125,000 units. Doing this may cause 
my unit price to rise $0.05/unit, but 
is acceptable in the defense world 
where higher product reliability is 
top priority. 

Another way that the defense en
gineer reduces cost is through a 
process known as a VECP (value 
engineering change proposal). The 
defense contractor will write a 
VECP and submit it to the govern
ment. If it is accepted, the change 
is implemented, and the unit prod
uct cost is reduced by the amount 
specified in the VECP; the govern
ment and defense contractor share 
the savings-50/50. Note that both 
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incentive payments and VECP sav
ings represent revenue beyond that 
generated by the actual sale of the 
product. 

I am no longer employed as a de
fense engineer. I'm working as a 
consulting electrical engineer at the 
same start-up company that laid me 
off after only three months of em
ployment during a general downsiz
ing. Curiously enough, they hired 
me because of my defense back
ground. 
Steven Hum 
Minnetonka, MN 

Hobbies had 
lasting influence 
Jon Titus's editorial, "Where are 
the experimenters?" (EDN, Febru
ary 4, 1991, pg 29), rang sympa
thetic chords in my own recollec
tions. When I was in the fourth 
grade, an uncle gave me a copy of 
Audel's Radioman's Handbook and 
a copy of Radio for the Millions, I 
earned my novice-class amateur
radio license when I was in the sev
enth grade. For every early ex
periment that did work, there were 
probably three that didn't. But that 
early training gave me solid founda
tions for future endeavors; the most 
useful lesson was developing the at
titude that if you can't buy it, then 
build it. 

My hobby activities won me a job 
at Boeing as an electronics techni
cian straight out of high school. My 
most pleasing achievement was be
ing promoted to supervisor of the 
electrical/avionics group of the GP-
180 project at Lear-Jet. In that po
sition, I had six engineers-all with 
degrees-working for me. I am 
presently general manager of a firm 
that pioneers techniques for illus
trating and demonstrating factual 
evidence in court. 

I'm planning to start a science 
club in Benton, KS, a suburb of 
Wichita. Everyone will be welcome, 
but the kids will be the target of 
the program material. The goal will 

be to stir the imagination of any kid 
who rises to the invitation. We al
ready have members in the commu
nity who can serve as mentors in 
aviation, electronics, amateur ra
dio, computer science, photogra
phy, astronomy, and the mechanical 
arts such as woodworking, machin
ing, and welding. The local Lions 
Club will be tapped for funds to sup
port National Science Fair projects. 

In answer to Jon's question, 
"Where are the experimenters?" I 
say, "They're all around us just 
waiting for the opportunity to 
grow." 
Robert L Nuckolls, III 
Videmation Inc 
Wichita, KS 

Omission 
Anne Watson Swager's article on 
Semicustom analog ASICs (EDN, 
February 4, 1991, pg 35) did ·not 
include Sipex. The company manu
factures a number of dielectrically 
isolated complementary bipolar ar
rays and full-custom !Cs. It accepts 
projects with customer, joint, and 
turnkey designs with nonrecurring 
engineering costs from $19,000. 
The typical turnaround time is six 
to eight weeks from an approved 
layout. 

The company has a high-speed 
and high-performance process that 
can be laser trimmed. The arrays 
have vertical pnp and npn transis
tors, and the tile architecture al
lows the macro cells to be easily 
placed and moved. A macro library 
with many functional blocks is avail
able. 

Sipex Corp's address is 491 
Fairview Way, Milpitas, CA 95035. 
(408) 945-9080. FAX (408) 946-6191. 

Revise criteria for 
hiring software engineers 
"Software · crisis" is a term in per
petual vogue, it seems. Yet the 
software industry, which has so 
many problems in development that 
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it is virtually unable to produce 
quality products in a timely man
ner, appears willing to perpetuate 
a myth. This myth is that expertise 
in a programming language and 
with a specific piece of hardware is 
necessary to be a successful pro
grammer and applicant for a pro
gramming position. Today the myth 

extends to the need for experience 
with CASE (computer-aided soft
ware engineering). 

Experience with a programming 
language makes for a good "coder," 
but says little about analytical and 
design abilities. Experience with a 
specific hardware set and a related 
operating-system/control-program 

set makes for a good "operator," 
but says nothing about analytical 
and design abilities . Experience 
with CASE is so vague as to be 
meaningless nonsense. 

There is only one universal 
expressive language, and it governs 
the underlying machine-state
machine theory. It addresses many 

----------------------------~ of the issues that face software 
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Even though they 're 
Power Factor Corrected, 
the power supplies you 're 
now using could ban your 
products from Europe after 
1992. They might keep 
you from doing business 
domestically, too. 

Your PFC supplies 
might not meet !EC 555-2 
because they have too 
much current circulating in 
third and fifth order line 
current harmonics. 

Pioneer supplies have Jess 
than 5% total harmonic 
current content. They 
feature built-in > .99 active 
Power Factor Correction, 
meet proposed !EC 555-2, 

I I I 

all applicable international 
safety and EMC standards, 
and are available from 250 
to 2000 watts, in single or 
multiple outputs. Delivery 
for most models in OEM 
quantities is 60-90 days. 

P.S. - We apologize for 
not having brought you 
this information earlier. 
But the word is out. We 've 
been shipping our PFC 
supplies worldwide for 
more than two years. So 
call us now at 800-233-
1745, or 800-848-1745 
in California. 
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engineering, specifically, and com
puter science, generally. 

Electronics engineers are not 
hired on the basis of being able to 
use a specific CAD program. Why 
then hire software engineers on the 
basis of years of experience pro
gramming a specific language on a 
specific machine under a specific op
erating system or control-program set? 

The tail still wags the dog! 
Charles F Sauerbier 
Senior Project Coordinator 
Information Systems Service 
Salem, OR 

Courts should research 
programming interchange 
In the December 6, 1990, issue of 
EDN, pg 252, Joseph S Iandiorio, 
attorney at law, refers to the fed
eral district court's considerations 
of "Supercode 4 ... electronic 
spreadsheet." According to my re
search and recollection, there never 
was a microcomputer spreadsheet 
with that name. There was a code 
generator and a database. Perhaps 
he should have referred to Super
calc 4, which was quite successful. 

The above is only one example 
of careless research and limited un
derstanding of the issues involved 
in Lotus vs Paperback. It's no won
der that the court and the lawyers 
have reached a conclusion so much 
at variance with common sense and 
the history of free information in
terchange for computer program
ming! 
Harvey Nice 
Actinics 
Research & Development 
Addison, IL 
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Seagate's Swift Family 

,_-.a n artist applies 
special tech-

niques in 
order to create a work of art. Simi
larly, Seagate has blended a number 
of advanced technologies into the 
Swift® family of high-performance 
3.5" disc drives. 

Designed expressly for high-end 
PCs and workstations, these half
height drives range in capacity from 
80 to 210 megabytes formatted. The 
drives are available in industry stand
ard ST412, SCSI, AT and ESDI inter
faces , which means there is a Swift 
drive for every application. Our top
of-the-line ST1239, for example, 
comes in both AT and SCSI versions, 
making it an ideal drive for advanced 
workstations. 

And it's no coincidence that 

don't delay; like their 
name, these drives are 
bound to go fast. 

&)'Seagate 
Swift. Seagate and 1he Seagate logo are registered 1rademarks of 
Seagate Technology, Inc. PC/AT isa regis1ered trademark of 
lntemalional Business Machines Corp. 
Cl 1990 Seagate Technolog), Inc. 
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Continue Irwin Feerst 's 
work for engineers 
In memory of Irwin Feerst, several 
of us are taking action that we hope 
will lead to the continuation of 
Irwin's work. He has done the basic 
work by forcing leading individuals 
in the IEEE hierarchy to realize 
that some real problems exist for 

t he members of the IEEE and 
other branches of the engineering 
profession. 

We must continue to place em
phasis on portable pensions so that 
companies can no longer lay off en
gineers who are just short of being 
vested. We must find an effective 
way to prevent undercutting of our 

people and underpaying for engi
neering services. Another problem 
I've encountered is the rejection of 
papers that I could prove contained 
new technology. 

Tentatively, our group is called 
"Society of Concerned Engineers." 
Anyone who's interested write to 
me or to Richard Lowrie, 101 Low

---------------------- -------, rie Lane, Dade City, FL 33525. 
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We expect that the IEEE will 
cooperate with us in this endeavor. 
A check for $10 made out to the 
Society of Concerned Engineers 
would be helpful. Richard Lowrie 
will deposit the money in a special 
account, which I'm sure will be sub
ject to audit. We have also been in 
contact with Richard Tax and other 
recipients of the final CCEE bul
letin. 
Keats A Pullen, PE 
2807 Jerusalem Rd 
Kingsville, MD 21087 

Correction for logic
analyzer table 
In the table of logic-analyzer sup
port for 32-bit CISC processors 
(EDN, December 20, 1990, pg 139), 
the information for Tektronix's 
DAS9200 is incorrect; it should in
clude the Motorola 68020, 68030, 
and 68040 microprocessors, and the 
i386SX should be the i386. [The i486 
is correctly listed.] 
Wendy L Morrison , Manager 
Logic Analyzer Div Marcom 
Tektronix Inc 
Beaverton, OR 

"Good old days" befog 
today's experimenters 
Experimenters may not still build 
short-wave or broadcast radios, but 
before Jon Titus (EDN, February 
4, 1991, pg 29) decides that nobody 
builds electronic things anymore, 
three general electronics hobby 
magazines are available on the 
stands. There are also several com
puter magazines, with new ones be
ing added every day. Computers 
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STRETCH YOUR BERT 
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Meet Changing Requirements 
Of Every BER Application 
With Plug-In Flexibility 
• 1 MHz to 1.4 GHz 
• Synthesized Clock 
• Multiple Patterns 
• Multiple 1/0 Interfaces 

The ME522A Error Rate 
Measurement Equipment 
covers a frequency range of 
1 MHz to 700 MHz, and up to 
1.4 GHz with plug-in MUX/ 
DEMUX units. It provides 
abundant pattern generation 
capability and measurement 
functions, including PRBS to 
223 -1, three words up to 2048 
bits in length, mark ratio 

variable patterns, alternate 
patterns, and isolated patterns. 

The ME522A is the most 
flexible solution to your BER 
measurement requirements, 
from component test to systems 
analysis and from low 
frequency rates to the optical 
requirements of SONET. 

For a demo, application 
assistance or literature, 
contact Anritsu America, Inc., 
15 Thornton Road, Oakland, 
NJ 07436. Call 800-255-7234 
or (in NJ) 201-337-1111 . 
FAX 201-337-1033. 
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II n r i tsu Anritsu Co"'o~lion of Japan 
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are "electronic," and people experi
ment with them. In earlier t imes 
these people would have built ra
dios. 

I'm sorry to report that kids to
day are not building short-wave ra
dios as they used to; now they buy 
them. [The reason for buying ra
dios] is to save time that's better 
used to make satellite transceivers, 
repeaters, packet-switching radio 
links, and microwave radio equip
ment. 
Steve Laska 
Arnold, MD 

Sorry, wrong numbers 
The correct numbers for Software 
Publications Hotline in the ar ticle 
by JD Mosley (EDN, February 18, 
1991, pg 114) are (800) 426-7763 and 
(407) 982-6178. EDN 

UNIVERSAL INPUT SWITCHING POWER SUPPLIES 

FEATURING: 
• 90-264 VAC (continuous) UNIVERSAL INPUT 
• FCC CLASS 'B', VOE 0871 'B' OPTIONAL 
• HIGH SURGE CURRENTS ON +12V OUTPUTS 
• PRICE, DELIVERY AND QUALITY 

TOV Rheinland 

WATTS MODEL NUMBER OUTPUT 1 OUTPUT 2 (Peak) 

20 UPS20- 5002 +5V@ 1.6A +12V@ 1.0A (2.0) 
30 UPS30 - 4003 +5V@ 1.5A +12V @ 1.5A(3.0) -12V @0.3A 5.1 x2.8" 
40 UPS40-1002 +5V@3.0A + 12V @ 2.0A (4.5) 2.0 x 7.0" 
40 UPS40- 2002 + 5V @3.0A + 12V @ 2.0A (4.5) 3.0 x 5.0" 
40 UPS40 - 2003 +5V@ 3.0A +1 2V@ 2.0A 4.0) -12V@0.3A 3.0 x 5.0 " 
50 UPS50 - 1002 +5V @3.0A + 1 2V @ 3.0A 5.5) 2.0 x 7.0" 
50 UPS51 - 2002 +5V@4.0A +12V@ 3.0A 5.5 3.0 x 5.0" 
65 UPS65 - 1002 -X +5V @3.5A +12V @ 4.0A 7.0 3.5 x 6.0" 
65 UPS65 - 1003 +5V@6.0A +12V@ 2.5A (4.0) -12V @0.5A 3.5 x 6.0" 

CALL NOW. .. RUTEC 
F'ClW~R 
SY9T~ms 818·341·6123 
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SINGLE AND QUAD OUTPUT 
MODELS ARE AVAILABLE. 

9301-101 JORDAN AVENUE 
CHATSWORTH, CA 91311 
FAX: 818-341 -5726 
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JAKE EXPENSIVE REWORK 
our OF CIRCUID ASSEM81Y 

•• • and improve product reliability 
When you use NAS solder and flux 
bearing edge clips, rework is virtually 
eliminated. Steps that yield high 
rates of rejects in other circuits 
assembly methods - solder paste, 
dipping qnd board clean-up - are 
replaced by simple, one-step lead 
attachment and reflow operations 
that consistently produce 100% sol
derability. Also, NAS clips can be 
bonded to conductor pads without 
raising the temperature of pre
populated boards to reflow levels 
and causing damage to existing 
connections. Most - or all - of the 
inspection procedures required by 
other methods are 
unnecessary, and 
expensive rework 
becomes a th ing of 
the past. 

Preforms on 
edge cl ip terminals contain 

precisely the right amounts of 
the proper solder and flux for 
each application, and the 
exclusive NAS "Claw" grip 

holds each preform . This 
unique grip design pro
vides direct contact 

between solder and 
conductor pa9s, a 
beneficial wiping 
action as clips are 
attached, and 

, positive control 
· of solder flow. 

The simple, efficient method 
of applying NAS solder and 
flux bearing edge clips: 

Direct contoct between solder preforms 
ond conductor pods produces a benefi
cial wiping oction as clips ore attached, 
either manually or with a lead attach
ment machine. 

Interference fit holds clips firmly in 
position for reflow. Top and bottom 
preforms ore reflowed in one operation 
using any method that raises tempera
tures to reflow levels. 

Precise amounts of the right solder and 
the shape of the "Clow" grip provide 
control of solder flow without a solder 
stop. This assures perfect mechanical 
and electrical bonding without wicking 
or bridging . 

Unretouched Macro Photography 

A single reflow operation for top 
and bottom preforms - using any 
method that raises temperatures to 
reflow levels 
- produces per
fect solder joints 
every time. 

With no 
specialized labor 
skills to acquire and very little capital 
investment, you can quickly and easily 
convert to the NAS solder and flux 
bearing edge clip method . The 
immediate result will be a faster, far 
less costly circuits assembly process, 
and more reliable, better performing 
products. 

NAS offers a large selection of 
edge clips, including .100, .075 and 
.050 centerlines for both through
hole and surface mounting of SIP, 
DIP, Quad and Multi-chip devices. 

~ 
~ 

Our surface 
mount clips are 
the most effec
tive solution to 

the problem of thermal mis-match, 
and are available in a variety of 
types. Ask about our Compliant " J" 
surface mount designs with .025 
and 1 mm centerlines. 

In addition to a complete line of 
edge clips, N AS offers economical 
semi-automatic SIP, DIP and Quad 
lead attachment machines, and 
bench-top and in-line reflow 
machines, al l of w hich further 
enhance assembly efficiency and 
reliability. 

For complete information about 
any of our products, please contact: 

NAS Electronics, 381 Park St., 
Hackensack, NJ 07602. 
Phone (201) 343-3156. 
FAX (201) 343-4883. 

E l c ~ 

In Europe 

100°/o 
solderability 

with the 
11CLAW" 

.. . our exclusive 
grip design 

NAS-TEKA Electronics GmbH 
Corl-Zeiss-Strosse 14/1 

D-7100 Heilbronn, Germany 
PHONE, 07066/7056 

FAX,07066/4108 

Nasbrit ltd. ELMITECH 
Nobel Road 31 Chemin Oe Montjeon 

Wesler Gourdie Industrial Estate Sentiers 505 
Dundee, Scotland DD2 4UX F-94266, Fresnes, Cedex, 

PHONE, Dundee 0382-622222 Fronce 
FAX· 03826/22217 PHONE, (1)46684433 

CIRCLE NO. 81 . FAX, (1)46684345 



Quality lnline With Your 
Oki's 12 New 4-Meg SIMMs 
Meet Users' Criteria for Quality 

e insist on the 

highest level of 

quality perfor

mance from our 

4-Meg single inline memory 

modules. That's why they're 

manufactured and tested to 

the most stringent quality 

standards. More important, 

however, is that these SIMMs 

meet our customers' criteria 

for quality and reliability. And 

they do. 

Many high-volume users 

depend on Oki SIMMs to meet 

and exceed the strictest quality 

standards. One major PC manu

facturer consistently rates Oki 

as its # 1 Quality SIMM Supplier. 

Another major computer maker 

quotes a mere 0.05 percent 

failure rate as typical for Oki 

SIMMs, after performing in

line system-level boot and 

burn-in tests. 

For many other PC, work

station, printer, and computer

related companies, Oki is simply 

"the preferred SIMM supplier." 

Our modules are favored for 

their superior quality levels. 

For their low power features 

and variety of configurations 

and heights. And for their range 

of packaging options-such as 

our ultrathin TSOP for memory 

cards. Plus our new manufactur

ing facility in Tualatin, Oregon 

supports fast, full custom SIMM 

capabilities. 

If you'd like to sample quality 

that's inline with your standards, 

call the preferred SIMM supplier 

now at 1-800-0KI-6388. 

Transforming technology into customer solutions 
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Standards 

Oki's 4M·Based SIMM Family 

Part Number Organization Arrangement 

MSC2358-XXYS2 1Mx 8 Single-sided 

MSC2359-XXYS3 1M x9 Single-sided 

MSC2357-XXYS8 1Mx32 Double-sided 

MSC2361-XXYS8 1M x32 Single-sided 

MSC2355-XXYS12 1M x36 Double-sided 

MSC2360-XXYS12 1M x36 Single-sided 

MSC2353A-80YS10 1M x40 Single-sided 

MSC2362-XXYS16 2M x32 Double-sided 

MSC2356-XXYS24 2M x36 Double-sided 

MSC2352A-80YS20 2Mx40 Double-sided 

MSC2341-XXYS8 4Mx8 Single-sided 

MSC2340-XXYS9 4Mx9 Single-sided 

All the above listed SIM Ms operate in fast page mode. 
Speed options (XX) include: 

70 = 70ns (1RAC) 

80 = 80ns (
1
RAC) 20ns (

1
CAC) 

EDN May 9, 1991 

OKI 
Semiconductor 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
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r to 3Gffz fromS114s 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30dB/octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 
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frequency 

BANDPASS 

NARROWBAND IF 

FREQUENCY 

low pass de to 1200MHz 
PASSBAND, MHz fco, MHz 

(loss<1dB) (loss 3db) 
MODEL 

NO. Min. Norn. 

PLP-10.7 DC-11 14 
PLP-21.4 DC-22 24.5 
PLP-30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-100 DC-98 108 
PLP-150 DC-140 155 
PLP-200 DC-190 210 
PLP-250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-600 DC-580 640 
PLP-750 DC-700 770 
PLP-800 DC- 720 800 
PLP-850 DC-780 850 
PLP-1000 DC-900 990 
PLP-1200 DC-1000 1200 

high pass de to 2500MHz 
PASSBAND, MHz fco, MHz 

(loss<1dB) (loss3db) 
MODEL 

NO. Min. Min. Norn. 

PHP-50 41 200 37 
PHP-100 90 400 82 
PHP-150 133 600 120 
PHP-175 160 800 140 
PHP-200 185 800 164 
PHP-250 225 1200 205 
PHP-300 290 1200 245 
PHP-400 395 1600 360 
PHP-500 500 1600 454 
PHP-600 600 1600 545 
PHP-700 700 1800 640 
PHP-800 780 2000 710 
PHP-900 910 2100 820 
PHP-1000 1000 2200 900 

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

FREQ. (loss < 1dB) 
MODEL MHz Max. Min. 

NO. FO F1 F2 

PIF-21.4 21.4 18 25 
PIF-30 30 25 35 
PIF-40 42 35 49 
PIF-50 50 41 58 
PIF-60 60 50 70 
PIF-70 70 58 82 

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. l.L. 1.5dB max. 
MODEL MHz 

NO. FO F1-F2 

PBP-10.7 10.7 9.5- 11 .5 
PBP-21 .4 21.4 19.2- 23.6 
PBP-30 30.0 27.0-33.0 
PBP-60 60.0 55.0-67.0 
PBP-70 70.0 63.0- 77.0 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Max. Max. Min. typ. typ. 

19 24 200 1.7 18 
32 41 200 1.7 18 
47 61 200 1.7 18 
70 90 200 1.7 18 
90 117 300 1.7 18 

146 189 400 1.7 18 
210 300 600 1.7 18 
290 390 800 1.7 18 
320 400 1200 1.7 18 
410 550 1200 1.7 18 
580 750 1800 1.7 18 
750 920 2000 1.7 18 
840 1120 2000 1.7 18 

1000 1300 2000 1.7 18 
1080 1400 2000 1.7 18 
1100 1400 2000 1.7 18 
1340 1750 2000 1.7 18 
1620 2100 2500 1.7 18 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Min. Min. typ. typ. 

26 20 1.5 17 
55 40 1.5 17 
95 70 1.8 17 

105 70 1.5 17 
116 90 1.6 17 
150 100 1.3 17 
190 145 1.7 17 
290 210 1.7 17 
365 280 1.9 17 
440 350 2.0 17 
520 400 1.6 17 
570 445 2.1 17 
660 520 1.8 17 
720 550 1.9 17 

STOP BAND, MHz VSWR 
(loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 
Min. Max. Min. Max. total band 
F3 F4 F5 F6 MHz 

4.9 85 1.3 150 DC-220 
7 120 1.9 210 DC-330 

10 168 2.6 300 DC-400 
11 .5 200 3.1 350 DC- 440 
14 240 3.8 400 DC-500 
16 280 4.4 490 DC-550 

STOP BAND, MHz STOP BAND, MHz PASS-
l.L. > 20dB l.L. > 35dB BAND 

VSWR 
F5 F6 F7 F8-F9 Max. 

7.5 15 0.6 50-1000 1.7 
15.5 29 3.0 80-1000 1.7 
22 40 3.2 99-1000 1.7 
44 79 4.6 190-1000 1.7 
51 94 6 193-1000 1.7 

PRICE 
$ 

Qty. 
(1-9) 

11.45 
11 .45 
11 .45 
11.45 
11.45 
11.45 
11 .45 
11 .45 
11 .45 
11.45 
11.45 
11.45 
11.45 
11 .45 
11 .45 
11 .45 
11 .45 
11 .45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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Aluminum Electrolytics 
NON-POLARIZED 2000 

CAUTION 
LOW CEILING 
MAX. HEIGHT 
5.5mm 

EXPANDED 

~55°C 
+105°C 

TEMPERATURE 

POLARIZED 

All signs point to Nichicon 
surface mount electrolytics. 

When you need surface mount 
aluminum electrolytic capacitors. 
remember that all signs point to 
Nichicon. 

Because now there are seven sur
face mount electrolytic series ready to 
help your products meet their market
ing window- on time and on budget 

Save time. Save space. Save money. 
Who isn't under pressure these days to 

reduce costs? 
Well now you can. without sacrificing 

performance. when you design your 
new products or replace comparable 
tantalum capacitors with Nichicon 
surface mount electrolytics. 

More Nlchlcon advantages. 
Your real bottom line though is still 

capacitor performance. And with 
seven series with 1.000 to 5,000 load life 
ratings to choose from. your chances 
of finding your capacitor choice are 
better than ever. 

Each series is carrier-toped and reeled and 
features Nichicon s anti-solvent design. 

SERIES 
WT 

ux 

uz 

wx 

UT 

UP 

UK Muse 

FEATURE 
1,000 hr. life/5.5mm max. ht. 
- 55- + 105"C/O. 1- 100 µF 
4- 50V 

2,000 hr. life/-55- + 105°C 
22 - 470 µF/6.3- 50V 

5,000 hr. life/6mm ht./4- 50V 
- 55- + 105°C/O. 1- 200 µF 

2,000 hr. life/5.5mm max. ht. 
-40- 85°C/0.1- 220, µF/4 - 50V 

2,000 hr. life/6mm ht. 
- 55- 105"0'0. l - 100, µF/4- 50V 

1,000 hr./6mm ht/Non-polarized 
- 40- + 105°C/O. 1 - 4 7 µF 
6.3- 50V 

2,000 hr./6mm hl./For audio 
- 40- + 85"C/O. 1 - 220 µF 
4- 50V 

For your free Nichicon Capacitor 
• J _ • catalog or more information, call your 

n •cn•con ® local Nichicon representative or 

Th "t h · distributor. or call us at (708) 843-7500. 
e capac1 or c 01ce. Fax (708) 843-2798. 

927 E. State Park\4/Cly •Schaumburg, IL 60173 • (708) 843-7500 

One good idea after anothet 
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Mysterious reader has scoop 
on discontinued parts 

Regarding the January 21, 1991, 
question on obsolete National Semi
conductor parts: I don't know if the 
following companies have the 
needed parts, or if they're even still 
around, but here are some places 
that have specialized in discontin
ued devices: 

Rochester Electronics 
10 Malcolm Hoyt Dr 
Newburyport, MA 01950 
(508) 462-9332 
FAX (508) 462-9512 

American Microsemiconductor Inc 
133 Kings Rd 
Madison, NJ 07940 
(201) 377-9566 
FAX (201) 377-3078 

Lansdale Semiconductor Inc 
2929 S 48th St, #2 
Tempe, AZ 85282 
(602) 438-0123 
FAX (602) 438-0138 

If you print this letter, please with
hold my name. 

We checked up on these companies, 
and all three still exist and continue 
to specialize in discontinued parts . . 

Antique-radio collector 
seeks same 

I collect World War II military ra
dios and specialize in German 
Wehrmacht and resistance (suit
case) equipment. Who in the USA 
deals with this kind of antique 
equipment? 
Ragnar Otterstad 
Holte, Denmark 

John Terrey, editor and publisher of 
the Antique Radio Classified (Box 2-
V22, Carlisle, MA 01741), recom
mends several individuals who collect 
antique radio equipment. One of these 

EDN May 9, 1991 

ASIZEDN 
EDITED BY JULIE ANNE SCHOFIELD 

people claims to have the largest col
lection of spy-related equipment in 
the world and has already corre
sponded with the reader. Rather than 
having Ask EDN serve as a classified 
section, we recommend that hobby
ists use either the EDN bulletin
board system (BBS) at (617) 558-4241, 
300/1200/2400,8, N,1 or specialty pub
lications such as the Antique Radio 
Classified, which will send an evalu
ation copy upon request. 

Reader suggests urgent 
data request 

In the October 1, 1990, issue of 
EDN, David Fors of the Naval 
Weapons Center in China Lake, CA, 
requested a vendor for an IRIG-B 
converter. I would suggest he try 
sending out an urgent data request 
through the Government Industries 
Data Exchange Program (GIDEP). 
Most large companies, including 
military IC manufacturers, have a 
GIDEP representative. 
Mark Monroe 
Grumman Corp 
Bethpage, NY 

Sensitive-sensor suggestion 

I hope your department can help us 
search for a particular sensor. We 
are looking for vendors of sensors 
to measure the blast/light intensity 
of a military fuse. We would prefer 
an explosion-proof sensor with an 
ultrahigh response time and an ana
log output. 
Arthur Rangel 
Senior Engineer 
Engineering/Documentation 
Systems Inc 
Corona, CA 

EDN Editor Jon Titus suggests that 
you try a photomultiplier tube. They 
are extremely sensitive and fast, and 
they provide an analog output. A cou
ple of inches of clear Lexan in front 
of the tube's face should provide 

enough protection from an exploding 
fuse. Three companies that sell pho
tomultiplier tubes are 

Antique Electronic Supply 
688 W First St 
Tempe, AZ 85281 
(602) 894-9503 
FAX (602) 894-0124 

Daily Elexs, Div E 
Box 5029 
Compton, CA 90224 
(213) 774-1255 
FAX (213) 603-1348 

International Components Corp 
105 Maxess Rd 
Melville, NY 11747 
(516) 293-1500 
FAX (516) 293-4983. 

Alternate APU found 

We are using the AM9511 arithmetic 
processing unit (APU) from Ad
vanced Micro Devices for trigono
metric functions and roots in sev
eral systems with different micro
processors. This device was easy to 
configure as an 110 peripheral. 

The AM9511 became obsolete. We 
are looking for a similar 8- or 16-bit 
APU. Can you help? 
Robert Fesler 
Brussels, Belgium 

By using the CAPS (Computer-Aided 
Product Selection) system, which is 
available from Cahners Technical In
formation Services, we discovered 
that Intel makes an 8-bit part similar 
to the AM9511. The APU's generic 
part number is 8231. 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 765-8080 
FAX (408) 765-2633 EDN 

Ask EON solves nagging design problems and 
answers difficult questions. Address your letters 
to Ask EON, 275 Washington St, Newton, MA 
02158. FAX (617) 558-4470; MCI : EDNBOS. 
Or send us a letter on EDN's bulletin-board 
system at (617) 558-4241 ; leave a letter in the 
asLedn Special Interest Group. 
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Call for our free catalog, or else. 
Or else you won't be able to quickly 

find everything you need to build afford
able, yet superb PC-based test systems. 
Such as signal sources, DSOs and data 
acquisition tools. 

Nor will you be able to take advan
tage of our other free offer: Buy a power 
supply or switching system, plus any 
GPIB instrument and get a $595 PC GPIB 
interface card. 

But to get your free card, you'll 
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maybe our other freebie will. 
want to see our catalog firsr 

Th is offer ends Sept. 27, 1991. 
Limit one card per customer. 

For a catalog and details, call 
1-800·44-FLUKE. Ask for extension 701. 

The call is free (what else). 

EDN May 9, 1991 

·11 you have our catalog already. great-feel free to go straight 
to the phone and order. 

John Fluke Mfg. Co., Inc., P.O. Box 9090, MIS 250C. Everett, 
WA 98206-9090. U.S. (206) 356-5400. Canada (416) 890-7600. 
Other countries: (206) 356-5500. 

© 1991 . All rights reserved. Ad No. 00088 
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45 



'IHE 
-~040 --

MIGHT AS WELL 
BE'IHE I ,AST. 



First, we're delivering 040 
VME single board com

puters today. In quantity. 
So you can get started 
while the rest of the 
world waits for a delivery 

date from other suppliers. 
Seco:nd, our new CPU-40 board is 

I,)eveloping new applications is also a snap. Choose 
frohi the broadest range of third-party software in the 
business, including VMEPROM~' pSOS+ :" VRTX32:" 
OS-9:" VxWorks:" UNIFLEX:" MTOS™ and UNIX~ 5.4. 

Of course, we provide comprehensive support with 
the industry's best-rated documentation:• complete 
systems integration support and technical assistance. 
CPU-40 PERFORMANCE CHARACTERISTICS 

setting performance standards nobody Datarrom cpu cPu cPu CPU VMEbus SCSI" Floppy 
Disk· 

Ethernet· Shared VMEbus · 
RAM" 

else can touch. Like 30,000 dhrystones 
sustained at 25 MHz: And DMA transfers at a scream
ing 50 Mbytes per second sustained (3 microseconds 
on the VMEbus). 

So it might just be the last 040 board you'll ever 
need. 

That's because we've fully optimized the on-board 
architecture. Thanks to our 281-pin gate array, DMA 
operations can be handled between on-board RAM, 
the VMEbus and on-board I/O devices. Or through 
our FLXi interface to other 1/0 drivers. a 

Transfer to 

Transfer 
Speed 

Locat68040 
CPU 
Operation 

"DMAxFPS 

Shared EPROM Seriall/O SCSl. 
RAM Timers Ethernet 

53 7 16 2 
MBJsec MB/sec MB/sec 

Controller, 
Floppy01sk 

2 
MB/sec 

100% 1000/o 100% 1000/o 

Shared 
RAM 

Shared Buffer 
RAM RAM 

Dual ·port VMEbus VMEbus 
RAM 

5 4 500 10 15 15 
MB/sec MB/sec KBit/sec MB1Usec MB/sec MB/sec 

70% 80% 100% 100% 75% 100% 

So be the first in your company to tum 040. Call 
1-800-BESf-VME, ext. 40, for more information or fax 
a request to (408) 374-1146 for an immediate response. 

All of which means the CPU is free I ~ !S~~f CE® 
over 7 5 % of the time to run your "" ~" 
application. 

It'll be to your lasting advantage. 

FORCE Computers, Inc. 3165 Winchester Blvd . Campbell, CA 95008-6557 
•Actual dhrystone results may vary depending on compiler used ... Computer 
Design News, March 12, 1990. All brands or products are trademarks of their 
respective holders. Cl 1991 FORCE Computers, Inc. 

VME at its best. 
CIRCLE NO. 91 



WHEN IT COMES TO HIGH 
ACCURACY CRYSTAL UNITS, 
ONLY RALTRON HAS IT ALL. 
RALTRON manufactures one of the industrys 
most complete lines of high quality crystal units. 
Call us for all your crystal needs from micro
processor to AT strip to tuning fork to high 
accuracy. Or call us for our 28 page catalogue. 

HIGH ACCURACY CRYSTAL UNITS 
• Frequency Range: 1.0 MHz-360 MHz 
•Mode of Oscillation: Fundamental to 9th O.T. 
•Frequency Tolerance: @ 25°C: ±2.5 ppm to ± 100 ppm 
• Frequency Stability: ± 3 ppm ( -10°C to + 60°C) to 

± 50 ppm ( - 55°C to + 105°C) 

SURFACE MOUNT CRYSTAL UNITS 
HC-45/U SMD, TT SMD, HC-488 SMD 

• Frequency Range: 3.5 MHz-360 MHz 
• Mode of Oscillation: Fundamental to 9th O.T. 
• Frequency Tolerance: @ 25°C: ± 2.5 ppm to ± 100 ppm 
• Frequency Stability: ± 3 ppm ( - 10°C to + 60°C) to 

± 100 ppm ( - 10°c to + 70°C) 

The Products. The Prices. The People. Only RALTRON has It all. 

RALTRON ELECTRONICS CORP. 
2315NW107th Avenue, Miami, Florida 33172 
FAX (305) 594-3973 TELEX 441588 RALSENUI 
(305) 593-6033 

CALENDAR 

Project Management: Skills For 
Success (short course), San Fran
cisco, CA. Learning Tree Interna
tional, Box 45028, Los Angeles, CA 
90045. (800) 421-8166; in Canada, 
(800) 267-1824. May 14 to 17. 

Spin-On Dielectrics for VLSI Ap
plications (short course), San Fran
cisco, CA. Continuing Education in 
Engineering, University Exten
sion, University of California, 2223 
Fulton St, Berkeley, CA 94720. 
(415) 642-4151. FAX (415) 643-8683. 
May 18. 

American Consulting Engineers 
Council Annual Convention, Balti
more, MD. ACEC, 1015 Fifteenth 
St NW, Washington, DC 20005. 
(202) 347-7474. May 19 to 23. 

International Semiconductor 
Manufacturing Science Sympo-

CIRCLE NO. 32 sium (ISMSS), Burlingame, CA. 
----------------------------J SEMI, 805 E Middlefield Rd , 
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INDUSTRIAL COMPUTER 
KEYBOARDS FROM PREH 

• Designed Specifically for 

Hostile Environment Applications-Splash/Dust Proof 

• Available in Rack Mount, Stand-Alone or 

NEMA-4 Configurations• Full Travel Mem

brane Switching Technology with Sealed 

Electronics and Tactile Feel • Reprogramm

able/Relegendable Function Keys • IBM 

PC/XT, AT and PS/2 Compatible • Available 

from Stock/Distribution 

Call, 708-438-4000 or Fax 708-438-5522 

Preh Electronic Industries. Inc. 
A subsidiary of Preh Werke . 
West Germany 
© 1990 Preh Electronic 
Industries. Inc. 
Lake Zurich. IL 60'J47 

SEE US AT COMDEX SPRING, BOOTH #5159 

CIRCLE NO. 33 

Mountain View, CA 94043. (415) 
964-5111 ; (415) 940-6901. May 20 
to 22. 

AN SYS International Conference 
And Exhibition, Pittsburgh, PA. 
Jennifer D'Orazio, Swanson Analy
sis Systems Inc, Box 65, Houston, 
PA 15342. (412) 746-3304. FAX 
(412) 746-9494. May 20 to 24. 

Midwest Electronics Exposition, 
Minneapolis, MN. Leslie Tolworthy, 
Miller Freeman Expositions, 1050 
Commonwealth Ave, Boston, MA 
02215. (617) 232-3976. May 21 to 23. 

Semicon/West, San Mateo , CA. 
SEMI, 805 E Middlefield Rd, 
Mountain View, CA 94043. (415) 
940-6961. FAX (415) 967-5375. May 
21 to 23. 

Embedded Processor Design 
Seminar, Various Cities. Intel 

-Corp, 5000 W Chandler Blvd, Chan
dler, AZ 85226. (800) 548-4725; 
in AZ, (602) 941-3000. May 21 to 
June 27. 

EDN May 9, 1991 



TI-IE LARGEST FAMILY 
OF lMEG SRAMS. 

Sony's family of 1-Meg 
SRAMs gets larger and 
larger all the time. 

Our newest additions 
will include an industrial
grade temperature range, 
synchronous ASM {Appli
cation Specific Memory), 
and a low, 3-volt power 
requirement. 

We've also adopted all 
of the industry's most pop
ular package styles, making 
our family more compat-

Model 

MORE 
ONTI-IEW& 

Sony 1 Megabit SRAM Family Tree 
Data 

Speed Packaging Retention Special Avail-
(ns) Current Features ability' 

128Kx8 l CXK581000P - 100/120/150 - DIP 600mil --Ull --B/X - Now 
CXK581000M-100/120/150 - SOP 525mil--Ull--B/X- Now 
CXK581100TM-100/120/150 - TSOP ULL--B/X- Now 
CXK581100YM - 100/120/150 - TSOP (reverse) - ULL --B/X - Now 
CXK581001P - 70/85 --DIP 600mil --ULL Now 
CXK581001 M - 70/85 --SOP 525mil --ULL Now 
CXK581020SP - 35/45/55 - SDIP 400mil Now 
CXK581020J - 35/45/55 - SOJ 400mil Now 

128Kx9 - CXK77910J - 20 --SOJ 400mil Sync ASM - 2H '91 
256Kx4 - CXK541 OOOJ - 25/30/35 - SOJ 400mil 2H '91 

L = Low Ll = Low,Low 8 = 3Volt X = Extended Temperature 

ible with all of your PCB designs. SRAMs than ever. 
And with the full support of two 

production facilities - plus another 
one due soon in San Antonio, TX 
- we'll be producing more 1-Meg 

Sony is a registered tradema rk of Sony Corporation . 

EDN May 9, 1991 

If you still can't find the right high
density SRAM, we've got your answer 
- a full team of designers in the 
USA, armed with 0.8-micron CMOS 

SONY 
CIRCLE NO. 98 
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• 100% IBM-AT compatible STD Bus 
Industrial computer 

• Fast 10, 12, 16 or 20 MHZ 80286 CPU 
• Phoenix Bios 
• 20, 40, 100 Mbyte 27 ms Hard Disk 
• VGA, EGA, CGA, MDA Color Graphics 
• Industry Standard IEEE 961 STD Bus 
• compact, Rugged, Industrial Packaging 

The STD-AT'" is the first 80286 IBM-AT compatible STD Bus computer offering over 
18 times the performance over a standard XT. The compact 4.5" x 6.5" STD Bus 
card size makes it ideal for mounting in disguised and embedded controllers in a 
wide variety of industrial and commercial applications. The STD-AT is the blending 
of proven hardware and software standards to provide the most rugged, 
compatible, cost effective industrial solutions. 

WRITE OR CALL FOR A FREE STD-AT BROCHURE 
P.O. BOX 121361, Arlington, TX 76012 Phone (817) 274-7553 Fax (817) 548-1358 

' 
'"THI: STD Bl S .\l TllORITY'"'• 

CALENDAR 

Troubleshooting and Maintaining 
IBM & PS2 (short course), St. 
Louis, MO. Center for Advanced 
Professional Development, 1820 E 
Garry St, Suite 110, Santa Ana, CA 
92705. (714) 261-0240. May 22 to 23 . 

International Symposium on 
Computer Architecture, Toronto, 
ON, Canada. Prof Z G Vranesic, 
Dept of Electrical Engineering, 
University of Toronto, Toronto, 
ON, M5S 1A4, Canada. (416) 978-
5032. May 25 to 30. 

IEEE-UFFC Frequency Control 
Symposium, Los Angeles, CA. 
Clark Wardrip, Box 6147, Vanden
berg AFB, CA 93437. (805) 865-
3214. May 29 to 31. 

Unix System V.4 Developers' Con
ference, Universal City, CA. Inter
active Corp, 2401 Colorado Ave, 

CIRCLE NO. 34 Santa Monica, CA 90404. (800) 753-
---- ---- - --- - ------- - - -----; 3400; outside US, (818) 707-0102. 
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New "1210" 
Surface Mount Inductors 

Surface mount inductors available from .01 µH through 220 µH in 53 values. 

• Internally welded connections 
• Precise dimensions permit automatic 

insertion 
• Excellent flow soldering terminal strength 
• Solderability per MIL STD 202 Method 

208 

I J. W. Miller Division 
BELL INDUSTRIES 

• Operating temperature range: - 20°C to 
+ 100°c 

• Shock and pressure resistant 
• Positive value identification with laser 

marking 
•Epoxy resin encapsulation ... Ferrite core 

... Tinned copper terminals 

Catalog on request. 

~ 306 E. Alondra Blvd.• Gardena, CA 90247 • (213) 537-5200 •FAX (213) 631-4217 
-~ Since 1924, leading manufacturer of standard and custom inductors. 

CIRCLE NO. 35 

FAX (805) 373-7357. June 2 to 5. 

International Communications 
Association Conference & Exposi
tion, Anaheim, CA. Naomi Sokol 
O'Sullivan, 12750 Merit Dr, Suite 
710, LB-89, Dallas, TX 75251. (214) 
716-4143. FAX (214) 233-2813. June 
2 to 7. 

Open Distributed Computing Ex
hibition, San Jose, CA. ICS Inc, 
Xhibition 91, 201 Broadway, Cam
bridge, MA 02139. (617) 547-0510. 
FAX (617) 547-0758. June 3 to 6. 

Nepcon East, Boston, MA. 
Cahners Exposition Group, 1350 E 
Touhy Ave, Des Plaines, IL 60017. 
(708) 299-9311. FAX (708) 635-1571. 
June 10 to 13. 

ISS Europe 91, Budapest, Hun
gary. SEMI, 805 E Middlefield Rd , 
Mountain View, CA 94043. (415) 
964-5111. FAX (415) 940-6901. June 
19 to 21. 
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for Telecommunications and Industrial Applications 

10 Watt/in.3 

Bellcore 
@Bell Communications Research 

A ·· Inc ~ TUV Rheinland of North America, · 
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The com PAC™ family of high-density 
DC-Input power systems is designed to 
keep your system running while shrugging 
off the sags, surges and transients that 
your input source hands out. So, if 
meeting Bellcore, British Telecom or IEC 
standards for input voltage and transient 
protection is your problem, in applications 
from 50 to 600 Watts , comPAC is your 
solution. And comPAC doesn't talk back 
... it meets Bellcore, British Telecom and 
FCCNDE specifications for EMl/RFI. 

The low profile package ... only .99" tall 
. . is standard, as is extended input 

overvoltage capability and reverse polarity 
protection, output overvoltage and 
overcurrent protection, trim capability on 
all outputs, and a master disable. And, 
every comPAC benefits from the high 
efficiency and inherently high reliability of 
our Vl-200 family of component-level 
power converters. So, just tell us what you 
want .. . 24, 48 or 300 VDC in . . . 1, 2 or 3 
outputs, from 2 to 95 Volts . . . output 
power ratings to 600 Watts .. . we'll do the 
rest. 

comPAC ... Vicar's compact solution 
to your toughest applications. 
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~National 
~Semiconductor 

At ±lSV, our high-speed VIP™ op amps 
are the ultimate driving devices. 

Drit•ing a I,OOOpF C, and slewing at 250 V/µs, tbe LM6313 delivers 250mA into tbe load and still remains stable. 

Turbocharging your load
driving capabilities. 

Our new VIP op amps are built 
to drive ... and at very high speeds. 
Which makes a great deal of high
performance sense when you 
consider they're designed with an 
innovative bipolar technology called 
"Vertically Integrated PNP" or VIP. 

With a± 15V power supply, our 
VIP op amps offer a higher signal
to-noise ratio, a higher dynamic 
range, and higher drive capability 
(none of which you can get from 
other high-speed ±5V amps). In 
fact, they'll drive capacitive loads 
without oscillating. Which means 
they're easy-to-use and very stable. 
Even at the highest speeds. 

Packing precision and speed 
in the same op amp. 

The LM6218, a dual op amp, 
is not only extremely precise, it's 
extremely fast. Which is why it 
provides a low offset voltage of 
3mV (lmV max for the LM6218A), 
a bandwidth of 17MHz, and a slew 
rate of 140V/µs . 

It also provides a settling time of 
400ns to 0.01 % for a lOV step and 
7mA of power dissipation. All in a 
dual op amp. So now you get a high
performance solution that's ideal for 
high-speed industrial and military 
applications requiring 12-bit 
accuracy, such as image processing 
and high-speed data acquisition and 
instrumentation (883/SMD devices 

are available). 

Delivering the world's 
first high-speed, 

high-power 
monolithic op amp. 
Until recently, you 

needed multi-chip solutions 
to match the world-class 

performance now achieved by our 
one-chip solution, the LM6313. 

This monolithic device 
delivers 35MHz performance and 
a 250V/µs slew rate. Plus, it'll drive 
a 750 cable to a ±UV output swing 
-with a peak output current of 
300mA and 220mA continuous 
-making it ideal for ATE and 
pin-driver applications. 

What's more, the LM6313 
provides on-chip protection. Like 
overcurrent and thermal shut
down protection with early
warning error flags. 

Driving with a winner. 
For your design package, call 

or write us today. And let our high
speed VIP op amps put your 
designs into overdrive. 

1-800-NAT-SEMI, Ext.123 
National Semiconductor Corp. 
P. 0. Box 7643 
Mt. Prospect, IL 60056-7643 

~National 
~Semiconductor 

V I P is a tradem ark of Nat ional Semiconducto r Corpontio n . 
© 1991 National Semiconductor Corporation 

Outside North America, contac t Na1ional Semiconductor : EUROPE: Raiffeisenstrassc 10, D-8016 Feldkirchcn, Germany (le i: 49 8141 103 0: Fax : 49 8141 103 515); HONG KONG: 13lh Floor, Straight 
Block , Ocean Cenier, 'i Canton Rd., Tsimshatsui. Hong Kong (Tel , 852 737 1600, Fa" 852 736 9921 ); JAPAN, 4-15, Nishi -shin juku, Shinjuku-ku. Tokyo, j apan 160 (Tel, 813 3 3299 7030, Fax, 813 3 3374 4303). 
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EDITORIAL 

Leave Microsoft alone 

Jesse H . Neal 

I 
i 

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

American Society of 
Business Press Editors Awa.rd 
1988, 1983, 1981 

EDN May 9, 1991 

Some members of the computer industry press have been overin
dulging in their coverage of the Federal Trade Commission's inves
tigations of Microsoft for anticompetitive practices. Because Microsoft 
is the largest personal-computer (PC) software company, and because 
it sells both operating systems and applications programs, it's the 
company that many self-proclaimed software experts love to hate. 
We say, "Leave Microsoft alone." 

Microsoft isn't anticompetitive. Although it sells the MS-DOS and 
Windows operating-system programs as well as many application pro
grams, I've never felt ahy pressure to buy both types of software from 
Microsoft. The company certainly has never forced anyone to buy its 
Word or Quickbasic as a prerequisite for purchasing MS-DOS. Micro
soft doesn't have a lock on the operating systems market, nor does it 
enjoy preeminence among application-program suppliers. 

In the PC operating-system domain, you can get DR DOS from 
Digital Research, and lesser-known operating systems from other com
panies. Granted, most PC manufacturers don't bundle those alternate 
operating systems with the PCs they sell, but alternatives are available 
if you want them. You may think that Microsoft's application-software 
people have an advantage in being so close to their MS-DOS and 
Windows developers, but sales figures don't seem to agree. If there's 
an advantage to Microsoft, it's not obvious. In the language arena, 
Borland's language packages come out about even with Microsoft's, 
and Wordperfect still beats Word in word-processing package sales. 
Also, Microsoft lags badly in network operating systems. So much for 
the uncompetitive, innovation-stifling monopoly argument. 

Since I've mentioned PCs . . . Maybe the software industry's 
stuffed shirts ought to examine the hardware side of the PC business 
and consider the "monopoly" that Intel has had on the PC market for 
about a decade. There are few PCs that use anything but Intel's 80X86 
microprocessor chips. However, without that "monopoly," the PC mar
ket would have shattered into uninnovative niche markets years ago. 

The same sort of "monopoly" appears in the workstation market, 
too. Even small companies are selling Sun-workstation clones now, 
but all clone makers still must license compilers, programming toolkits, 
and other software from their archrival: Sun Microsystems. Consider 
CAE software supplier Cadre, too. If its CAE framework becomes 
successful, will the US government try forcing the company to split 
into independent framework and application-software suppliers? 

A monopoly exists only when one company forces its competitors 
out of business and exerts clear control over a market. That's not 
taking place in the computer industry. We don't think that anyone 
gains from attacking so-called monopolies that are actually just pros
perous companies thriving through good business sense, smart market
ing, and a dash of luck. 

~ ~ Jon Titus U Editor 

Send me your comments via FAX at (617) 558-4470, or on the EDN 
Bulletin Board System at (617) 558-4241, 300/1200/2400, 8, N, 1. 
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SIEMENS 

Heavy traffic. 
System solution 
forT1 and CEPT. 
The best address for Siemens Semiconductors: 

New technologies generate new 
th inking and with Siemens new 
product intelligence as well. 
Take our soluti on for ISDN primary 
access and T1 /CEPT transmission 
systems: ISDN PRIMARY 
ACCESS TRANSCEIVER (IPAT) 
PEB 2235 and ADVANCED CMOS 
FRAME ALIGN ER (ACFA) PEB 2035. 
The IPAT recovers clock and data 
using an adaptive ly contro lled 
receiver threshold. It is transparent 

© Wien, Tel. (02 22) 717 11 -5661 @ Melbourne, Vic. 3121 , Tel. (03) 4 207111 ® Bruxelles, Tel. (02) 536-2111 @ Siio Paulo-SP, Tel (011) 833·2211 
@Bl Mississauga LST1P2, Tel. (4 16) 5 64 -19 95 @ Zurich, Tel. (01) 4 95 -3111 ® Berlin 10, Tel. (0 30) 39 93-0; Diisseldorf 1, Tel. (0211) 399·0. Frankfurt 1, 
Tel. (0 69) 7 97·0; Hamburg 1, Tel. (0 40) 28 89 -0; Hannover 81 , Tel. (05 11 ) 8 77-0; Miinchen 80, Tel. (089) 92 21-43 91141 38; Niirnberg 1, Tel (0911) 6 54-0; Stuttgart 1, 
Tel. (071 1) 2076-0 ® Ballerup, Te l. (44) 7744 77 © Madrid, Tel. (01) 5554062 © Paris, Te l. (1) 4922-38 10 @ Sunbury on Thames, Tel (0932) 75 26 15 
@ Amaroussio/Athen, Tel (01) 6864 -11 1 @ Hongkong, Tel. 5 -8330222 CD Milano, Tel. (02) 6766 -42 41 <@) Bombay 400018, Te l 4 938786 
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to ternary codes and shapes the 
output pulse according to 
AT&TTechnical Advisory # 34 or 
CCITT G. 703. The jitter tolerance 
meets the latest CCITT recom
mendations (I. 431, G. 823) and 
many other AT&T/ Bellcore specifi
cations, e.g. PUB43801, PUB62411. 
It may be programmed or hard
wired to operate in T1 (1.544 Mbit/s) 
or CEPT (2 .048 Mbit/s) 
transmission systems. 

Our ACFA, on the other hand, is an 
universal frame aligner which imple
ments layer 1 functions such as frame 
alignment, coding, decoding and 
maintenance for all T1 (24-channel) 
and CEPT (32-channel) oriented 
applications. The ACFA complies with 
both CCITT I CEPT recommondations 
and AT&T/ Bellcore specifications. 
Backplane PCM interface data rates 
of 2.048 Mbit/s and 4.096 Mbit/s 
can be accommodated. 

@ Dublin, Tel (01) 302855 0 Tokyo 100, Tel (03) 201 2' 01 ® Oslo 5, Tel. (02) 633000 ® Den Haag, 
Tel (0 70) 3333333 ® Alfraglde, Tel (01) 4183311 @ Buenos Aires, Tel (01) 300411 @ Taipei , 
Tel (02) 5 234700 <ill> Seoul, Tel. (02) 275-61 11 ® Kista, Tel. (08) 7033500 ® Helsinki, Tel (9) 051051 
<ill> Singapore 0513, Te l. 7760044 @ Istanbul, Tel. (01) 1510900 <ill> lselin, Tel. (201) 906 -4300 (Discrete); 
Santa Clara , Tel. (4 08) 9 80-4500 (I Cs). Cupertino, Tel (4 08) 725-7910 (Opto) @Johannesburg, Tel. (0 11 ) 4 07-4 111 
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So, whenever the job requires 
a bit more, ask for the products 
that can deliver more. 
For further information 
please contact your local 
Siemens office or Siemens AG , 
lnfoservice HL 1573, 
Postfach 2348, 
0-8510 Furth , Germany, 
quoting "IPAT/ACFA". 
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Power 
tools 

KEPCO 
DIGITAL 
POWER 
CONTROLLERS 
Choose your tools carefully for the 
work at hand. Choose a single unit 
ATE power supply and drive it with an 
SN digital analog interface to 
translate GPIB commands to useful 
voltage and current. Or choose a 
multiple-unit TMA-MAT system and 
drive up to 27 independent voltages 
and currents from a single GPIB 
address. Get full status monitoring 
and read back of actual values. 

Kepco's power tools are carefully 
calibrated to provide you with just the 
right combination for the work you 
need to do. 

146·1716 

a-cpower 
and d·c bipolar 

Switching 
a·c to d-c and 

d·cto d-c 

Call/fax/write to Dept. MCT-12 for any 
of our three catalogs. 

Kepco , Inc., 131-38 Sanford Avenue , 
Flushing , NY 11352 USA· Tel: (718) 461-7000 •Fax: (718) 767-1102 • Easylink (TWX): 710-582-2631 

de, unipolar power 
D Listen only, GPIB 

D 12 bit control, 0-6V to 0-325V, unipolar de 

D Power: 50W, 100W, 250W, 500W, 1000W 

D Control one, four or eight units, analog drive 

Kepco Group SN/ATE Power Supplies 

de, bipolar power 
D Listen only, GPIB 

D 12 bit control , ± 20V to ± 200V, bipolar de 

D Power: 100W, 200W, 400W 

D Single unit, self-contained 

Kepco Group BIT/BOP Power Supplies 

de, unipolar power 
D Listen, talk-verify, GPIB 

D 12 bit control , 0-6V to 0-325V, unipolar de 

D Power: 50W, 100W, 250W, 500W, 1000W 

D Control one to sixteen units, analog drive 

Kepco Group TLDIATE Power Supplies 

de (selectable polarity) power 
D TalK-listen, GPIB, full read back 

of both voltage and current 

D 12 bit control, 0-6V to 0-150V 
unipolar de with polarity selection 

D Power: 360W, 720W, 1080W 

D 1-27 unit control , digital (bit-bus) drive 

Kepco Group TMAIMAT Power Supplies 

software controller 
D Talk-listen on bit-bus 

D Control up to 27 power supplies 
(Kepco type MAT) 

D Plugs directly into DOS computer 

ac power 
D Talk-listen , GPIB 

D 12 bit amplitude and frequency control , 
0-125V ac , 47-2000Hz ac power 

D 1KVA to 18KVA 

D Expandable to 90KVA 

Kepco Group RGB/BOP Power Supplies 

SEE OUR PAGES IN VOLUME D eemH 

Eastern Region: 5 Kane Industrial Drive, Hudson, MA 01749 USA· Tel : (508) 562-6515 ·Fax: (508) 562-6548 
Western Region: 4713 First Street, Suite 295, Pleasanton , CA 94566 USA. Tel: (415) 484-2922. Fax: (415) 484-3723 - THE POWER SUPPLIER •• 
Kepco Europe, Ltd ., London. England: Salamander Quay West, Park Lane , Harefield , Middlesex UB9 6NZ ·Tel : + 44 895 825046 •Fax: + 44 895 825045 
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The right tools 
make all the difference • • • 

Introducing jOMEGA! 
-Tired of Using RF Design 

Tools That Don't Measure ' 
Up to the Task? 
EEsof introduces 
jOMEGA, the first 
design automation 
software developed 
expressly for RF 
engineers. jOMEGA 
has the features you 
need for fast , manufac
turing-oriented design at 
frequencies below 3,000 MHz: easy
to-use schematic entry, fast linear and 
nonlinear circuit simulation, an RF
oriented model set including large
signal BJT transistor library, and built
in documentation capability. 

jOMEGA Has the Edge You Need 
to Create Better RF Designs in 
Less Time: 

jOMEGA's harmonic-balance 
simulator gives you fast 
optimization of linear and 
nonlinear circuits with 
simultaneous access to 

circuit response in 
both time- and fre

quency-domains. And 
jOMEGA has advanced fea

tures, like manufacturing yield opti
mization and optional board layout, 
that let you make manufacturing 
tradeoffs during engineering design. 

Breaking the Barriers ... 

eemJ 

Call Us Today, Let Us Show You 
How j OMEGA Can Make the 
Difference on 
Your Next RF 
Design! 
We'd like to send 
you an informative 
product brochure 
which describes 
the many features 
ofjOMEGA. Call us at (800) 624-8999, 
ext. 155. Or if you prefer, contact us 
by FAX at (818) 889-4159. In Europe, 
call (49) 8105-24005 or FAX (49) 
8105-24000. 
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TECHNOLOGY UPDATE 

Before you base 
design decisions 

on the results of a 
simulation, check 
that the pedigree 
of your models is 

fine enough to 
satisfy the needs of 

your application. 

Brian Kerridge, 
European Editor 

EDN May 9, 1991 

ANALOG SPICE SIMULATION MODELS 

Accurate models mirror 
extremes of operation 
You can use just about any ge

neric Spice (Simulation Pro
gram with Integrated Circuit 

Emphasis) semiconductor model to run 
a simulation if you only need to prove 
that a circuit functions. But most of the 
time you'll be using simulation for some
thing more. You may wish to examine 
performance when power supplies are 
operating at their upper limits, transis
tors are in saturation, and components' 
ambient temperatures are reaching the 
end-stops. At these times, you'll need 
accurate models if you plan to produce 
meaningful results. 

Semiconductor designers already em
ploy analog Spice simulation tools when 
developing new components. But, as cir
cuit designers also rely increasingly on 
simulation to develop their products, de
mand for accurate models is growing. 

You can produce accu
rate models using the 
software tools in Table 1. 
These tools have two 
functions. First, they de
rive characteristic per
formance curves from 
measurements made on a 
hardware sample of your 
device. Second, using the 
measured data as a start
ing point, they assign in
itial model-parameter 
values. When the pa
rameter-extraction tools 
are finished, you can then 
have a Spice simulator 
optimize the parameters 

However, as Table 1 shows, Spice 
model parameter extraction tools cost 
$10,000 or more. When you add to that 
figure the cost of the computer and the 
test instruments, your total bill will ex
ceed $50,000. If you can't justify that 
expense, but still need an accurate 
model, all is not lost. A number of ven
dors are dedicated to offering compre
hensive modeling services utilizing this 
type of set-up. If you buy from one of 
these vendors, a bipolar junction tran
sistor (BJT) model, for example, will 
cost you $350 or more depending on your 
requirements. 

The question arises: How do you spec
ify the level of accuracy you need for a 
particular application? You have to 
make some sort of assessment to put 
the cost of models and simulation into 
context with alternative development 

I 

L .... 

until simulated results 
and measured results 
tally. 

You can supervise optimizing and ensure that parameters adopt 
sensible values using Electrical Engineering Software's Suxes 20 
package. 
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Ir's a tall order. But detailed ASIC simulation is just the beginning. For top-
And traditional simulation tools just don't measure up. down design, Logic Workbench provides the only 100% full 
That's why Valid created the Logic Workbench. It gives you the VHDL simulation offered by a major EDA vendor. Which means 

advanced tools and front-to-back integration you need to rise you can tackle the complexity of next-generation design 
above next-generation design issues. without the limitations ofVHDL subsets. 

Take RapidSIM. The only simulator that TlleL.oglc- And because simulation issues don't 
meets the accuracy, speed and capacity stop when they reach the board, Logic Work-
requirements of high-speed submicron bench is also fully integrated with Allegro, 
ASIC design. RapidSIM's Vendor Definable our suite of advanced physical design tools. 
Algorithms support linear, piecewise -linear Allegro's sophisticated signal analysis tools 
and non-linear modeling equations. So you back-annotate critical delay information 
can accurately simulate even the most to the Logic Workbench, allowing detailed 
complex fanout loading, input slew rates post-layout simulation of high-speed 
or other delay characteristics. PCBs, MCMs and hybrids. So your design 

And while this level of detail causes team can correct subtle problems and 
other leading simulators to grind to a halt, make sure their designs meet key perfor-
RapidSIM's modular timing processor mance specs. 
and optimized data structures produce prim- ~-------------~ It's all part ofValid's Process Integra-
itives that are 3 to 5 times more compact. RapidSIMandthe lo(l,ic \florkbenchhelpyou tion Architecture, the industry's most 
Giving you accurate, high performance risea/Joi e next-genemtion design issues. practical and comprehensive approach 
simulation for up to 300,000 gates or more. to concurrent engineering. 

It's no wonder that RapidSIM is supported by over 100 ASIC So if you're ready to face next-generation design, call 1-800-48-
design kits from leading ASIC vendors. VALID today. We'll cut your simulation is ues down to size. 

'4LID 
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TECHNOLOGY UPDATE 

Analog Spice simulation models 

methods. The box , "Appraising 
BJT Spice models," introduces 
some ideas you can adopt to check 
the validity of your models. 

Tools adopt various forms 
All of the software tools in Table 

1 will run with the typical setup for 
extracting model parameters from 
hardware in Fig 1. These tools can 
output models in a range of formats 
to suit standard Spice and other 
Spice-based simulators. Only Meta
Software steers you to its own 
HSpice simulator. 

Take care when comparing 
prices-there is no commonality in 
the way vendors offer their prod
ucts. Program sections appear as 
standard in some products, but as 
options in others. Also, with some 
vendors, options depend on the 
semiconductor device you wish to 
model. 

Time-domain analysis software is 
commonly offered as an option, al
though without it you can't estab
lish the parameters necessary to 
model ac and transient perform
ance. This option often comes bun
dled with a macro-modeling pro
gram to enable you to construct 

D 
WORKSTATION 

VI SOURCE/ANAL YER 
E.G. HP 41458 

LCR METER 
E.G. HP 4275A 

NETWORK ANALYZER 
E.G. HP 87538 

SEMICONDUCTOR 
SAMPLE IN TEST HEAD 

Fig I-This diagram shows a typical setup for extracting model parameters from a hard
ware sample of a semiconductor. 

sub-circuit models by using Spice 
primitive elements. 

If you find macro-modeling a 
bore, then consider the model
definition software that Electrical 
Engineering Software, Hewlett
Packard, and Sancad offer. Only for 
the real enthusiast, this toolkit soft-

ware allows you to tinker with 
equations that form the very basis 
of Spice primitive models. 

Producing accurate models re
sults from the modeler skillfully in
tervening during the parameter
optimizing phase. In this phase, you 
guide the software to produce a 

Table 1-Representative software for Spice-model parameter extraction 
c ompu er 

Vendor Product platform Price• Options/comments 

Electrlcal Suxee20 Apollo, HP 9000, $25,000 Plus-instrument drivers, $5000; EXModeler-time-domain and 
Engineering Sun, VAX macro modeling, $10,000. (Single purchase of three programs, $35,000.) 
Softwmre 
Hewlett-Packard Te cap HP 9000 series 300 $24,720 Essential modules dependent upon semiconductor type: BJT2, $7210; 

(Pascal) MOS, $4120; 8SIM3, $4120; GaAs, $7210. 

IC-Cap HP 9000 series 300 $22,000 Essential modules dependent upon semiconductor type: BJT2, $9000; 
MOS, $6000; 8SIM3, $6000; GaAs, $9000. Instrument drivers (four 
modules-de, ac, LCR, and time-domain) $17,000. 

Meta-Software Atem Apollo, HP 9000, $10,000 Provides initial parameter values that require optimizing with HSpice; 
MIPS, Sun, VAX emphasis on process modeling. 

Sancad Model Station II Apollo, Sun, HP $15,000 Instrument drivers, $7500; macro-modeling tool kit, $7500; HP4145 
data link, $1000. 

Sllwlco Utmost II Apollo, HP 9000, $30,000 Product exists as three modules for modeling BJTs,2 MOS, or GaAs 
Sun, VAX devices. Each module costs $30,000. All modules include modeling of 

diodes, JFETs, and macro modeling. Time-domain modeling option, 
$15,000. 

Notes: 1. Price includes instrument drivers unless shown separately. 
2. BJT-8ipolar junction transistor. 
3. 8SIM-8erkeley short-channel insulated-gate MOSFET. 

EDN May 9, 1991 63 



TECHNOLOGY UPDATE 

Analog Spice simulation models 

match between measured and simu
lated results. The skill lies in under
standing which parameters to ad
just to bridge discrepancies be
tween the two sets of data. You in
struct the program to continue it
eratively optimizing parameter val
ues until results fall within a speci
fied range. You can assign target 
values to parameters, specify limits 
of acceptability, and apply weight
ing factors among parameters. 

Electrical Engineering Soft
ware's Suxes 20 plots the progress 
of all parameters, cycle-by-cycle, 
and displays curves representing 
measured and simulated data while 
it optimizes the parameters. This 
display allows you to supervise opti
mizing and ensure that parameters 
adopt sensible values. 

Sancad's Model Station II doesn't 
require an overly skilled user to 
identify which parameter is likely 
to narrow differences between 
measured and simulated display 
curves. Using what the company 
calls "rubber-banding," you use a 
mouse pointer to grab a section of 
simulated curve and drag it toward 
the measured curve. The software 
recognizes this movement as an in
struction to adjust certain model 
parameters when optimizing be
gins. In addition to assigning indi
vidual target values to a set of 
model parameters, you can enter 
mathematical relationships be
tween parameters that must hold 
as optimizing progresses. 

Such intelligent software can be 
invaluable in helping to avoid situ
ations when, although measured 
and simulated results match, some 
of the underlying parameters end 
up with physically impossible val
ues-a possible outcome with ear
lier generations of this type of soft
ware tool. 

If you resort to the services of a 
dedicated hardware modeler, your 

64 

Appraising BJT Spice models 
Veteran modelers urge you to use 
the simplest model to do the job. 
The simplest model possible uses 
Berkeley Spice default values, 
which assume an ideal device. 
Such a model has speed benefits 
but ignores some characteristics 
of the device such as storage ef
fects, current limiting due to ter
minal resistors, and deviation 
from the logarithmic relationship 
between V BE and le. The key to 
success is identifying what mini
mum set of parameters to specify 
for each area of operation. 

The following paragraphs pre
sent just a few ideas to help you 
assess the suitability of a BJT 
model. The checks are not ex
haustive, but they draw attention 
to the significance of appraising 
models-a point to ponder the 
next time you base important de
sign decisions on simulation re
sults. 

Table 2 shows parameter val
ues for the default BJT and two 
versions of a BC107. The BC107 
basic and hardware-derived ver
sions are typical of models from 
low-cost simulator and modeling 
vendors respectively. The first 
point to check is that critical pa
rameters do not have default val
ues. Essential parameters are IS, 
BF, VAF, IKF, VAR, RB, IRB, 
RBM, RE, RC, CJE, TF, CJC, 
and TR. If VAF or VAR is at 
default, use the model only in 
applications with constant V CE· If 
any reverse parameter is at de
fault, avoid use in applications 
where reverse biasing occurs (eg, 
with an inductive load). If either 
TF or TR is at default, restrict 
use of the model to steady-state 
de simulation. 

The values shown for the 
BC107 basic model indicate that 
the model should perform ade
quately for functional de and ac 
simulations. 

For a model to perform well 
in the saturation region, the pa
rameters-RB, IRB, RBM, RE, 
and RC-must be set. When you 
wish to mirror V BE accurately and 
the transistor is saturated, the 
IRB and RBM parameters will be 
the most significant. RBM domi
nates at low currents. 

In an attempt to achieve model 
conformity at low current, values 
set for RE and RC are often too 
high. Check that a voltage drop 
across the addition of RE and RC 
does not exceed specified V CE<satl 

at the corresponding le. A Gum
mel-plot simulation of le and 18 

vs V BE• at constant V CE(satJ• will 
soon show up deficiencies in RE 
and RC. Both current plots 
should rise steadily and round off 
smoothly to the upper limit. Any 
sudden flattening off of le, or 
rapid increase in 18 , indicates RC 
is set too high. 

A further simple simulation 
test indicates likely ac and tran
sient accuracy. Set up the switch
ing circuit commonly shown in 
data books to test storage time. 
If the simulated storage time 
measurement deviates by more 
than ± 30% from the data sheet 
value, suspect the accuracy of TR. 

Acknowledgment 
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Table 2-Comparison of bipolar-junction-transistor (BJT) model parameter values 

Parameter value 

BC107 
Parameter BJT BC107 hardware-derived 

symbol Parameter description default model basic model model Units 

IS Saturation current 1E-16 2.27E-16 1.3BE-14 A 

BF Ideal maximum forward Beta 100 307.00 362 .58 

NF Forward-current emission coefficient 1.0 Default 0.992 

VAF Forward Early voltage Infinite 121.00 55.61 v 
IKF High-current Beta roll-off Infinite 0.50 0.07057 A 

ISE Base-emitter leakage saturation current Zero 5.19E-13 2.17E-14 A 

NE Base-emitter leakage emission coefficient 1.5 2.00 1.37 

BR Ideal maximum reverse Beta 1.0 4.00 8.78 

NR Reverse current emission coefficient 1.0 1.00 0.993 

VAR Reverse Early voltage Infinite 24.00 9.21 v 
IKR High current reverse Beta roll-off Infinite Default 0.01718 A 

ISC Base-collector leakage saturation current Zero Default 1.60E-14 A 

NC Base-collector leakage emission coefficient 2.0 Default 1.13 

RB Zero-bias base resistance Zero 1.70 91.68 fl 

IRB Current where RB falls to half minimum Infinite Default 1.50E-04 A 

ABM Minimum base resistance RB Default 0.05673 fl 

RE Emitter series resistance Zero 0.41 0.555 fl 

RC Collector series resistance Zero 0.17 1.18 fl 

CJE Base-emitter zero-bias depletion capacitance Zero 9.00E-12 1.337E-11 F 

VJE Base-emitter built-in potential 0.75 Default 0.658 v 
MJE Base-emitter junction exponential factor 0.33 Default 0.31 

TF Ideal forward transit time Zero 4.50E-10 3.44E-11 Second 

XTF Coefficient for bias dependence of TF Zero Default 178.03 

VTF Voltage describing VBC dependence of TF Infinite Default 10.56 v 
ITF High-current parameter for TF Zero Default 1.0 A 

PTF Excess phase at f, Zero Default 120.08 Degree 

CJC Base-collector zero-bias depletion capacitance Zero 7.70E-12 7.88E-12 F 

VJC Base-collector built-in potential 0.75 Default 0.455 v 
MJC Base-collector junction exponential factor 0.33 Default 0.271 

XCJC Fraction of CJC connected to internal base node 1.0 Default Default 

TR Ideal reverse transit time Zero 6.20E-08 3.4415E-10 Second 

CJCS Zero-bias collector-substrate capacitance Zero Default Default F 

VJS Substrate junction built-in potential 0.75 Default Default v 
MJS Substrate junction exponential factor 0.33 Default Default 

XTB Forward and reverse Beta TC Zero Default Default 

EG Energy gap for temperature effect on IS 1.11 Default Default eV 

XTI Temperature exponent for effect on IS 3.0 Default Default 

KF Flicker noise coefficient Zero Default Default 

AF Flicker noise exponent 1.0 Default Default 

FC Coefficient for forward-depletion capacitance 0.5 Default Default 
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choice of vendors is limited, but the 
service is not. Companies such as 
ERA, Sancad, Silvaco, and Thorn
EMI have the setups and experi
ence to carry out as much modeling 
as you care to finance. As a guide, 
expect to pay between $350 and 
$1500 for one BJT model from their 
libraries of standard models. The 
price spread allows for the range 
of model parameters that you may 
or may not want defined. At $350, 
temperature coefficient parameters 
will almost certainly have default 
values and not be the result of a 
temperature sweep on the device. 
For a complete library, you can pay 
$5000 or more , depending on size 
and semiconductor type. If the com
ponent type you want is not in the 
library, or if you want to model a 
particular hardware sample, then 
expect to pay around double the 
price of a standard library part. 

For a nonstandard service, all 
modelers emphasize their ability to 
model as intensively as you in
struct. In this situation, you need 
a very clear idea of what you expect 

from a model and its application. 
Generally, you need to provide ap
proximately five device samples, 
from which the modeler selects one 
for the tests. 

At Thorn-EMI's Device Charac
terization and Modeling Center 
(DMCC), the emphasis is on accu
racy right up to extremes of opera
tion. Steve Webb, DMCC .Manager, 
says the objective is for robust mod
els accurate to a few percent across 
all areas. Webb says users expect 
models to work under all conditions, 
instead of being spot-on in one re
gion. Anyone can fit parameter val
ues in the lower current region, but 
then quoting tight specifications for 
mean or rms curve fit is meaning
less. Thorn-EMI's increased accu
racy comes at a proportionally in
creased cost; a BJT model costs 
£750. 

For de characteristics of a BJT 
model, DMCC optimizes parame
ters from sets of measurements at 
different levels in fourteen areas of 
operation. The resultant spread of 
optimized parameters leads to an 

For more information . . . 

optimal parameter value that cov
ers the entire operational range. 

When establishing capacitance 
values for ac characteristics, DMCC 
employs a 3-terminal measurement. 
This method guards against stray 
interelectrode capacitance, yielding 
only the capacitance value of in
terest. 

Webb adds two points as further 
examples of DMCC's desire to 
achieve model accuracy. First, all 
parameter-extraction routines in 
the simulator compensate for dy
namic self-heating in the semicon
ductor sample. Second, Webb be
lieves the company is unique in its 
ability to routinely isolate RE from 
other parameters: RB , IRB, and 
RBM of the base-emitter circuit of 
a BJT. These parameters are criti
cal for accurately describing the up
per-end "knee" of a Gummel curve. 

Don Peddar, ERA's modeling
service manager, expects users to 
recognize limitations of models in 
the same way that component ven
dors assume you understand the 
real parts. For around $500, ERA's 

For more information on the software and simulation models discussed in this article, circle the appropriate numbers 
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standard service will provide you 
with a full list of, for example, BJT 
parameter values, showing which 
values are set and which remain at 
default values. For a small-signal 
BJT, the accuracy of the curve fit 
has a mean error between meas
ured and characterized values of 
less than 2%. Accuracy for reverse 
characteristics is less than 6% typi
cal, and less than 1 % maximum for 
capacitance. Peddar states it's all a 
matter of cost. If you need to model 
components working at the edge of 
their capabilities, that's OK, but ex
pect to pay significantly more for 
the model. 

Paul Gunther, Sales and Market
ing Manager with Silvaco Data Sys
tems, also assumes users have a 
certain level of knowledge. He says 
if customers ask no questions or 
state no specific requirements, then 

they automatically receive standard 
model service. In most cases, users 
do not query the accuracy of these 
models. When a customer starts 
asking questions about the models, 
that's the time to investigate the 
application, and if necessary, bring 
the full modeling service into play. 

Data sheets open low-cost path 
Although modeling from hard

ware samples provides the most ac
curate-and most expensive-re
sult, circuit designers have other, 
lower-cost options. Some designers 
argue that if component data sheets 
provide enough information for you 
to design-in a part with confidence, 
then the same information should 
be adequate for specifying a model. 
In the case of op amps, this asser
tion is valid. 

For this reason, even model ven-

dors wit h hardware-modeling 
equipment develop op-amp models 
directly from data sheet informa
tion. But op amps are the exception; 
and anyway, almost all op-amp ven
dors now off er free Spice models of 
their preferred types (Ref 1). It is 
unfortunate that semiconductor 
component vendors are not so forth
coming. With intimate knowledge 
of their products, t hey occupy a 
unique position from which to offer 
the best Spice simulation models. 

Several low-cost, PC-based soft
ware tools exist for extracting 
Spice-model parameters from data
sheet information, although some 
are inseparable from simulator pro
grams. Intusoft's Spicemod ($199) 
is a stand-alone modeling program 
that produces strictly Spice-com
patible models. The program pro
vides parameters of models for di-
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odes, BJTs, junction FETs 
(JFETs), and MOSFETs; and 
macro-models for power transis
tors, Darlingtons, and two levels of 
power MOSFETs. In operation, 
you enter essential specifications 
(16 in the case of a BJT) from the 
component's data sheet, and a table 
of most significant Spice parame
ters updates on each entry. 

MicroSim's Parts program ($450) 
performs a similar function but out
puts model files compatible with the 
company's PSpice simulator pro
gram. As you enter the series of 
data sheet values, a display of char
acteristic curves developed from 
model parameters allows you to 
compare performance with original 
data. 

The snag with modeling from 
data sheets is that they can be in
adequate and misleading. Missing 

information can limit the accuracy 
of the model, or the data may be 
wrong or simply out of date. Conse
quently, these low-cost tools at
tempt to determine only those pa
rameter values that play a signifi
cant role in molding a component's 
performance. Other parameters re
main at Spice default values. 

This approach may work fine 
while you simulate a semiconduc
tor's de and small-signal perform
ance, but if semiconductor junctions 
see reverse bias voltage or ac sig
nals, failure to assign a wider set 
of parameter values may cause er
rors in simulation. 

You can also have vendors pro
duce data-sheet-based models for 
you. Companies such as Analog and 
RF Models, Contee, and Intusoft of
fer a modeling service using only 
data-sheet information. Bill Sands, 

President of Analog and RF Mod
els, emphasizes the economy of this 
approach-a typical model costs 
$75. The company specializes in 
models with good RF performance 
and can also parameterize MMICs 
(monolithic microwave ICs). Ac
cording to Sands, if three sets of s 
or Y parameters are available, his 
in-house software tools can even as
sign values to package parasitics. 

Charles Hymowitz, Chief Appli
cations Engineer with Intusoft, of
fers a pragmatic view of modeling. 
Modeling is such a complex subject, 
it is impossible to generalize on the 
merits of using hardware or data 
sheets. The good and bad points in 
each method not only vary with the 
type of component being modeled, 
but also with the Spice parameter 
being extracted. Modeling from 
hardware produces accurate data 

SWITCHING 
FUNCTION 

25Mllz CPU- Shipping Now! 

Up to 32M RAM Onboard 

Noise Reduction Circuitry 

DTI CAT10 2 0 
'486" 

t/ 
Jt... 
t/ 

MORE DTI 
SINGLE BOARD 

COMPUTERS 
Under 8 Watt Capability 

COM2 COM I Keyboard / Mouse Port 

T T~ 

Daughter Card Connector 
For A Flat Panel VGA Adaptor 

CIRCLE NO. 36 

For FCC Class B 

Speed Switching ~ 
Under 8 WATI Capability t/ 
PS/2 Mouse Support t/ 
PS/2 Keyboard Support 1'_ 
Bl-directional PS/2 Printer Port t/ 
2 Serial Ports - Up to l 15K Baud t/ 
Future Domain SCSI ~ 
IDE Interface t/ 
Floppy Interface t/ 
Double Sided t/ Surface Mount Technology 

Manufactured In-House (U.S.A.) ~ 
Landmark Version 1.14 114.1 Speed at 25MHz 

• 
Diversified 
Technology 
An Ergon Co. 

Call us toll free for orders and information. 

1-800-443-2667 
In MS - (601) 856-4121 

Outside U.S.A. - (201) 891-8718 I Fax (201) 891-9629 

'486" 25/33Mllz - CAT1010 
Fully lnt~ted with: 

• 2 Senal 
• 1 Parallel 
• Floppy 
• SCSI 
• IDE 
• PROM Disk 

'486' 25/33Mllz - CATlOOO 
CPU & Memory Only 

'386' 25Mllz - CAT985 - Low $ 
CPU & Memocy Only with: 

• PROM Disk 
'386' 25/33Mllz - CAT990 

Fully Intejlrated with: 
• 2 Serfal 
• l Parallel 
• Floppy 
• SCSI 
• IDE 
• CACHE 

'386 ' 16/20/25Mllz - CAT980 
CPU & Me mory Only 

• CACHE 

'386SX' 16 / 20Mllz - CAT970 
Fully Inte~ted with: 

• 2 Senal 
• l Parallel 
• Floppy 
• SCSI 
• IDE 
•VGA 

'386SX' 16 / 20Mllz - CAT960 
CPU & Memory Only 

DTIIOl91 



These days you hear a lot about "niche marketing". Thrre 
generations ago we pioneered r/Jort nm metal stampings and we've 
been improving the proreiS ever since. No question aboot it, short 
nm stamped parts are oor bag-oor niche. Wdnt to know more? 
Write for oor free booklet "How Tu Design Metal Stamp in~". 
Or call TOLL FREE . .. 

1-800-677-8881 

~Dayton 

.... ~?'"q!~~ 
2824-13th Avenue South, 

Minneapolis, MN 55407 
Fax: 612-871-2646 

70 

& subsidiaries Federal Stampings, Inc. 

CIRCLE NO. 37 

Minneapolis, MN • Rochester, NY 
SI. Petersburg, FL • Columbus, OH 

Arlington, TX • Eugene, OR 
Yan Nuys, CA 

Twice as Precise as Electrochemical Etching 

1" 

BALCO Microformed TM Parts 

• 

• For encoder discs, masks, optical 
slits, aperture plates, ink-jet 
nozzles, reticles, laser electrodes 
and more, BALCO Microformed 
parts offer over two times the 
precision of electrochemical 
etching. 

runs. 
Let us design a Microformed 

part with you. 
Call 203/481-4277 

1 DELKER 
C ORP ORA TI O N 

P.O. Box 427 • Branford, CT 06405 • 203/481 -4277 • FAX: 203/488-6902 

CIRCLE NO. 38 

UPDATE 

Analog Spice simulation models 

for a specific sample, but you can 
never be sure if the part exhibits 
maximum, typical, or minimum be
havior. In general, hardware-gen
erated data must be combined with 
data-sheet information to gauge 
limits of performance. For example, 
some hardware modeling programs 
waste time optimizing the heck out 
of de response curves-resolving 
Spice parameters from semiconduc
tor characteristics that typically 
vary 4:1 from sample to sample. 

Another limitation on the accu
racy of hardware modeling is the 
uncertain effects of package parasi
tics (resistors, inductors, and ca
pacitors) on collected performance 
data. If modeling software ignores 
these elements, then its Spice pa
rameters adopt invalid values. The 
effects of ignoring parasitics show 
up particularly at RF and must be 
overcome by extending the model 
by adding Spice primitive ele
ments-macro-modeling. The ques
tion of when to consider modeling 
in the parasitics is left to the judg
ment of the person controlling the 
modeling. As Hymowitz points out, 
macro-modeling in general is an ex
tremely skillful exercise, requiring 
a rare combination of experience in 
device physics, Spice models, com
ponent characteristics, and applica
tions. EDN 
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For engineers not 
familiar with the 

intricacies of 
switching regula
tors, design aids 
help simplify the 

task of realizing a 
practical circuit. 

Dave Pryce, 
Associate Editor 
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SWITCHING REGULATORS 

Demo boards, software 
ease circuit design 
W hen confronted with the 

task of designing a switch
ing power supply, many sys

tems engineers become apprehensive. 
Accustomed to a building-block ap
proach to circuit design, these engineers 
often view designing switching-regula
tor circuits and switching power sup
plies as a form of black magic. Determin
ing the correct value for an inductor, 
the required primary inductance and 
turns-ratio for a transformer, or even 
the values for the input and output ca· 
pacitors can be intimidating to anyone 
who isn't a specialist. Recognizing the 
problem, several vendors of switching
regulator ICs have come to the assis
tance of the neophyte with aids that sim
plify the design task. 

These design aids usually take the 
form of a demo board containing the 
company's switching regulator or de/de 

Although these design kits are usually 
application-specific, they can often pro
vide a starting point for other applica
tions. In many cases, you can use the 
board as a test bed to evaluate your 
circuit's performance as you change 
components. Moreover, the application 
notes and design guides often provide 
helpful information about how these 
sometimes perplexing switching-regula
tor circuits actually work. 

Most manufacturers of monolithic 
switching-regulator ICs have, at various 
times, offered demo boards to assist the 
designer in applying the company's par
ticular type of pulse-width modulator, 
resonant-mode controller, or de/de con
verter. Included among the suppliers of 
demo boards and design kits are Linear 
Technology, Maxim, Gennum, Cherry 
Semiconductor, and National Semicon
ductor. In addition to a demo board, Na-

converter as well as 
most, if not all, of the ad
ditional active and pas
sive components needed 
to complete a representa
tive circuit. The manufac
turers also provide data 
sheets that describe the 
circuit options. For ex
ample, data-sheet infor
mation typically includes 
charts and graphs that 
provide guidelines for se
lecting the proper induc
tor, the value of which 
depends on the input 
voltage and load current. 
Where appropriate, manu
facturers also provide de
tailed application notes 
and assembly manuals. 

Fig I-Typical of the switching-regulator demo boards are these 
boards ji·om Linear Technology. The largest contains a buck con
ve1t er and a jlyback conve?ter. The board with the meter attached 
contains a micropower regulator. The other two boards demonstrate 
regulator !Cs for use in telecom111 and LAN applications. 
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The K3 24 Quad Modem 

We've thrown out all stops 
between your modem design and 
the European market. 

Our new Silicon Systems 
K324 is the first low power single
chip Quad Modem which complies 
with key CCITT European 
standards. Pin-compatible with our 
proven K Series family, it is a 
high-performance modem IC that 
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will significantly reduce your 
system cost, cut power dissipation 
and board space, and minimize 
design time. 

You might even think of the 
K324 as the best way to upgrade to 
first-class capability. It's ideal for 
low-power, laptop computer 
applications and certainly worth a 
call to your nearest Silicon Systems 

CIRCLE NO. 71 

representative or distributor. 
Or call us for literature 
package CPD-5. 
Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph 1-800-624-8999, ext. 151. Fax (714) 669-8814 

European Hdq. U.K. Ph (44) 79881-2331 
Fax (44) 79881-2117 
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tional offers a floppy-disk-based 
software program for use with 
three of its families of switching
regulator circuits. 

Typical of the demo boards are 
four offered by Linear Technology 
(Fig 1). The largest of the four pc 
boards demonstrates the use of the 
LT1070 5A switching regulator. 
This board, which operates from a 
6 to 16V input, contains a buck con
verter with a 5V output and a 
fly back converter with - 5 and 12V 
outputs. The board with the test 
meter attached demonstrates the 
use of the LT1073 micropower volt
age regulator. The LT1073 circuit, 
which delivers a 5V output from one 
l.5V battery, needs only 130 µA 
of supply current and can work from 
an input as low as 1 V. Moving from 
left to right in Fig 1, the other two 
boards demonstrate the use of the 
LTll 71 as a - 48 to - 5V converter 
in a telecomm application, and the 
LT1072 in a 5 to 9V LAN applica
tion, respectively. 

Roll-your-own or ready-made 
In support of its Max743, a 3W 

dual-output switching regulator, 
Maxim Integrated Products offers 
an evaluation board and a produc
tion kit. The $20 evaluation board 
is actually a kit of parts in a static
proof plastic bag. In addition to the 
Max743, the kit includes a small pc 
board, two 1N5817 Schottky di
odes, two 100-µH inductors, three 
150-µF capacitors, and several re
sistors. 

The Max743 is a de/de converter 
that generates ± 15V at 100 mA or 
± 12V at 125 ,mA from a single 5V 
supply. In addition to two power 
MOSFETs and the usual converter 
circuitry, the device contains a few 
bells and whistles in the form of cur
rent limiting, undervoltage lockout, 
thermal shutdown, and soft-start. 

If you don't want to play with the 
evaluation board and simply need 
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Fig 2-This 3W converter is available as a production kit. Using Maxim's Max743 de/de 
converter, the board delivers ±15V at 100 mAfrom a single 5V supply. 

a plug-in module, Maxim accommo
dates this with its $8.18 (1000) pro
duction kit (Fig 2). The kit, which 
features a proven board layout and 
an in-circuit-tested Max743, gives 
you a 3W converter with a guaran
teed output voltage tolerance of 
±4%. The Max743 production kit 
has a typical efficiency of 78% with 
a 100-mA load and 70% with a 10-
mA load-good numbers for a low
power de/de converter. 

Many of the demo boards de
scribed thus far use devices that 
lend themselves to the construction 
of relatively simple circuitry. For 
example, the LT1073 micropower 
regulator from Linear Technology 
includes an on-chip power switch, 
which simplifies designing by re
ducing the number of necessary ex
ternal components. Moreover, by 
operating at a fixed frequency, the 
LT1073 simplifies the design of the 
magnetic components. As is the 
case with many similar devices, the 
LT1073 needs only a single inductor 
as the magnetic element. 

Despite the hand-holding simplic
ity provided by these demo boards, 
you may want to use them as just 
a starting point for your particular 
circuit application. If you're going 
to deviate from the components 
used on the demo board or charted 

in the data sheet, you should con
sider a few important points. Apart 
from any variations in circuit lay
out, the foremost point you should 
consider is which capacitors and in
ductors you can use. 

Because most switching regula
tors and de/de converters operate 
at frequencies in the 20- to 100-kHz 
range, a capacitor suitable for filter
ing the 120-Hz ripple from a full
wave-rectified 60-Hz line simply 
won't work in these devices. You 
need to choose a capacitor with a 
low equivalent-series-resistance 
(ESR). In general, standard wet 
electrolytics are questionable 
choices; you may find one that 
works in your breadboard, but don't 
count on being able to repeat the 
performance in production. Your 
best choice is either a tantalum ca
pacitor specifically designed for 
switching power supplies (not all 
types are suitable), or a capacitor 
made from organic semiconductor 
material. The latter type has a very 
low ESR and is also smaller than 
an equivalent-value wet electro
lytic. 

When putting together a switch
ing power supply, you must choose 
inductors that can handle de current 
while maintaining their inductance 
value. You wouldn't want to choose 
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general-purpose RF chokes, for ex
ample, because they're usually inca
pable of storing enough energy to 
provide proper switching. Induc
tors suitable for use in switching
regulator applications typically 
have a core material made of Moly
Permalloy, powdered-iron, or fer
rite. All of these materials present 
choices in size, cost, and perform
ance. If you're not sure where to 
look or how to proceed, the inte
grated-circuit vendor can usually 
provide assistance. In many cases, 
the vendor's data sheet includes in
formation detailing suitable types 
and sources. 

Software program eases design 
If a design kit or a completed 

module doesn't suit your objective, 
National Semiconductor's Simple 
Switchers software program may 
be just what you need. The pro
gram comes on a single 51/4 -in. 
floppy disk and is compatible with 
MS-DOS 2.0 or higher versions. De
signed specifically for use with the 
company's LM2575 (lA), LM2576 
(3A), and LM2577 (3A) families of 
switching regulators, the program 
provides several options. It helps 
you design buck and buck-boost (in
vert) regulators that use the 
LM2575/76, and boost and multiple
output flyback regulators that use 
the LM2577. 

Apart from its ability to handle 
most of the commonly used regula
tor topologies, the best thing about 
the program is its ease of use. Even 
a novice-a category befitting this 
writer-will have no trouble follow
ing the program's menu-structured 
directions. However, if you do need 
help, take a look at the program's 
README.DOC file. The file pre
sents various warnings you should 
heed as well as about nine pages 
of supplemental information con
cerning the operation of the pro
gram. 
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Unlike other programs that re
quire design expertise, this pro
gram actually does the design work 
for you. All you need to do is select 
the appropriate circuit topology and 
enter the desired input-output pa
rameters such as input voltage, out
put voltage , load current, and tem
perature range. If you enter an un
acceptable value for any parameter, 
or commit a faux pas of any kind, 
the program provides warning mes
sages that direct you to the proper 
corrective action. 

The program then calculates and 
provides a list of the values for all 
components , including the part 
number and manufacturing source 
for the component where appropri
ate. The program also provides a 
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summary of miscellaneous calcula
tions such as the peak switch cur
rent, ripple voltage, crossover fre
quency, and phase margin. If you 
wish, the program can generate a 
circuit schematic showing the input
output parameters and the values 
for all components. To print the 
schematic, you'll need an Epson
dot-matrix- or HP-Laserjet-com
patible printer. 

Examine the two sample designs 
in Fig 3. The first design (Fig 3a) 
is a boost converter with an input 
voltage between 4.5 and 5.5V, an 
output voltage of 15V, and a load 
current of 0.2A. The second design 
(Fig 3b) is a 2-output flyback con
verter with an input voltage be
tween 25 and 30V. The first output 
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Fig 3-These converter designs were generated using a software program available from 
National Semiconductor. As reproduced by a laser printer, a shows a boost converter with 
a rwminal input of 5V and an output of 15V at 0.2A. Circuit b is a 2-output flyback 
converter, which provides 5V at 2.5A and 15V at 0.2A . 
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Kokusai has become a world leader 
in electronics by making bold claims 
... and backing them up. How can we 
guarantee such a high percentage of 
first pass reliability? 

First.our quality control procedures 
utilize the most advanced technology 
to weed out any less-than-perfect com
ponent before fabrication begins. Sec
ond, Kokusai 's precision mounting 
and advanced robotics eliminate 
human error. 

Finally, all PCBs go through a full 
series of automatic inspections to 
insure that they meet Kokusai's rigid 
standards. These exhaustive steps 
result in printed circuit boards with 

the highest degree of reliability avail
able today. 

A superior product is only one of 
Kokusai's many advantages: 

Cost Effectiveness 
Based on your specifications, we'll 

produce finished boards with near
perfect reliability ... on time, and at very 
competitive prices. 

Design Assistance 
We're specialists in hardware and 

software. This means we can utilize 
gate arrays and ASICs to satisfy any 
application you require, including 
reducing board size. 

e10K~& 
Kokusai Electric Company, Ltd. 

(Nobody's Perfect) 

Quick Response 
Our manufacturing facilities are 

self-contained. We have the ability to 
respond immediately to specification 
changes and other critical require
ments, on-time and on-budget. 

To learn more about 
Kokusai reliability, 
cost-effectiveness, 
design and response 
capabilities, ask for 
a free brochure. 

Special gift when 
you call or write to us 
on company letterhead -
Kokusai Cubed Memo Pad. 

3000 Marcus Ave., Lake Success, NY 11042 (516) 354-1177 Fax: (516) 354-1502 
Offices: New York• California• England• Germany • Japan 
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provides 5V at 2.5A; the second 
output provides 15V at 0.2A. Both 
designs use a member of the 
LM2577 family of 3A regulators. 
Fig 3 shows the actual output of 
the sample schematics from an HP 
Laserjet II printer. 

Within the limitations of the de
vices it applies to, N ational's Simple 
Switchers program fulfills its prom
ise. Moreover, it does so in an easy
to-use, mistake-proof manner. Al
though National provides device 
data sheets that supply much of the 
same design information, the soft
ware program is so good-and so 
much fun-that you probably won't 
look at the data sheets until you 
need to know the pin connections 
for the recommended device. 

High-power assembly kits 
The design kits and the software 

program previously discussed are 
for use with relatively low-power 
devices that provide outputs in the 
0.2 to 15W range. If your needs ex
tend to high-power circuits, you 
might want to take a look at the 
board-mounted power supply kits 
from Cherry Semiconductor or Gen
num Corp. Although differing in 
their respective circuitry, both of 
these boards use resonant-mode 
control for power conversion. Capa
ble of operating at high frequencies 
while exhibiting low switching 
losses, resonant-mode control is be
coming increasingly popular as a 
means to achieve high efficiency 
and high power density in switching 
power supplies. 

Designed around its 1-MHz CS-
360 monolithic controller chip, 
Cherry offers a complete half
bridge resonant converter. Operat
ing in the series-resonant, parallel
loaded mode at 700 kHz, the con
verter outputs 28V at 5A from 
either a 90 to 132V or a 180 to 264V 
ac input. Other performance specifi
cations include 85% efficiency, 0.1 % 
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Fig 4-This converter kit operates from either a 110V or 220V ac line and delivers an 
output of 28V at 5A. Available from Cherry Semiconductor, the kit includes all of the 
components needed to assemble a 140W resonant-mode converter. 

line regulation, and 0.5% load regu
lation. 

Mounted on an anodized alumi
num heat sink, the 7.5 x 3.5-in. pc 
board (Fig 4) accommodates all of 
the components needed for a 140W 
converter. The $200 kit contains 
over 130 unmounted components. 
Cherry plans to make 250 kits avail
able on a first-come , first-served ba
sis. Included with the kit is a data 
sheet for the CS-360, a 24-pg appli-

cation note describing the design of 
the resonant converter, and a 16-pg 
assembly manual.- In addition to de
tailed instructions, the assembly 
manual includes a complete parts 
list, a schematic, a board-layout dia
gram, and a picture of the fully as
sembled converter. 

If you're heavily into Laplace 
transforms, you'll want to take a 
close look at the above-referenced 
application note. The note takes you 

Basic switch-mode topologies 
For the benefit of the newcomer to switching-regulator circuits, 
following is a brief description of the four basic topologies. 
Boost: Used to step up the input voltage, eg, VIN= 5V, VouT = 12V. 
Buck: Used to step down the input voltage, eg, VIN= lOV, VouT=5V. 
Buck-Boost: Used to generate a negative voltage from a positive 
voltage without isolation, eg, VIN=5V, VouT= -5V. 
F lyback: Used for multiple output voltages, positive or negative, 
with the possibility of isolation. This topology requires the use of a 
transformer instead of an inductor. High output voltages are possible. 
Both step-up and step-down modes are possible. eg, VIN= 5V, 
VouTJ=15V, VouT2 = - 15V. 
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WHEN WE DESIGNED OUR NEW NFC SERIES 
DC/DC CONVERTERS, WE INCLUDED EVERYfHING. 
EXCEPT COMPROMISE. 

Designed to fulfill the needs of 
the nineties, our new NFC family 
of power converters are more 
compact, consistent and 
cost effective than com
petitive products. 

For example, the 
NFC40 packs over 16 
watts per cubic inch - 5 
times more than similar 
converters. Plus up to 
three outputs with 
various user interface 
functions. The cooling 
baseplate makes heat
sinking easy. And its 
small footprint and low 
profile are ideal for space critical 
applications in telecom and data 
communications. 

But more power and features 
per inch weren't the only goals 
we set for ourselves. We built in 
more reliability too. Most models 

are built on a rugged thick film 
hybrid substrate in an automated 
assembly process so highly con-

' 

trolled and repeatable, you get 
consistent quality and reliability 
whether you order ten or ten 
thousand. And lower costs too! 

The NFC family's high effi
ciency allows them to withstand 
hot ambient temperatures. Their 
wide input voltage range lets you 
operate from a poorly regulated 
24V or 48V power source, or 

THE NFC FAMILY OF DC/DC CONVERTERS 

even from a battery as it discharges. 
Best of all, the NFC series is a 

winner in value too. Because in 
addition to more power 
density and reliability, 
we also included many 
useful features. Like a 
choice of single or 
multiple user-adjustable 
outputs. Or converter 
inhibiting with a simple 
TIL signal. 

For real value, don't 
settle for anything less 
than the best. Ask for 
Computer Products NFC 
Series. Because we didn't 

compromise - and neither should 
you. For the name of your local 
distributor, call 1-800-624-8999, 
extension 123. 

rr.r;;J COMPUTER ,., 
~PRODUCTS, Inc . 
POWER CONVERSION AMERICA 

N FC40 40W single and triple output. 
Density: 16W /cubic inch. 

NFC25 25W triple output. 
Density: 6W /cubic inch. 
Wide range input. 

N FC20 20W single and double output. 
Density: 14W /cubic inch. 

NFC15 15W single and double output. 
Density: !OW / cubic inch. 

Wide range input. 
Hybrid technology, baseplate cooling. 
Output voltage adjust, TIL inhibit. 

Output voltage adjust. ITL inhibit. 
Wide range input. Wide range input. 
Hybrid technology. Hybrid technology. 
Output voltage adjust, TIL inhibit. Output voltage adjust, TIL inhibit. 

3797 Spinnaker Court, Fremont, California 94538 Phone: 415-657-6700, FAX: 415-683-6400 
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Relax, 
now there's 

TIMING 
l>FSIGNER~ 

The Timing Diagram 
Drawing and Analysis 

SoftWare that ... 
• Lets you create and modify 

timing diagrams in minutes 
instead of hours. 

• Automatically perfonns 
worst case timing analysis. 

• Instantly highlights 
timing violations. 

• Generates standardized 
timing documentation. 

Tim1ngDes1gner 
will help you develop 
better designs more 

quickly! 

Pick up the phone now 
and call for more 

information. 

206 •869-4227 

-I CHRONOLOGY 

2849 I 52nd Ave. NE I Redmond, WA 98052 
FAX (206) 869-4229 
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on a mathematical excursion into 
the design of a half-bridge resonant 
converter using the CS-360 control
ler. Apart from its math orienta
tion, the application note provides 
numerous graphs, photos of scope 
traces, and timing diagrams that 
provide a good understanding of cir
cuit operation. 

Using the same basic approach as 
Cherry, Gennum Corp offers its 
X485, a lOOW de/de converter kit 
in unassembled form. Designed 
around the company's GP605 reso
nant-mode controller, the circuit 
uses a single-ended, forward-con
verter topology operating at a 
switching speed of 500 kHz. The 
converter delivers an output of 5V 
at 20A from a de input of 48V (the 
input range is 36 to 60V). Other 
specifications include a typical effi
ciency of 82%, line regulation of 
0.1%, load regulation of 0.5%, and 
a p-p output ripple of 50 mV. 

Gennum's $225 kit contains all of 
the active and passive components 
needed for an operating converter. 
You mount the components on the 
5.25 x 3.5-in. pc board, which you 
then attach to an aluminum heat 
sink. Included with the kit is a data 
sheet, a 12-pg application note, and 
a 14-pg assembly and troubleshoot
ing manual. The manual includes a 

complete parts list, a schematic of 
the circuit, and a board-layout dia
gram. 

Gennum also offers an evaluation 
kit, the X486, for use with its 
GP6040 resonant-mode controllers. 
This kit, which contains only a pc 
board and the GP6040 IC, sells for 
$15. You can use the X486 kit in 
two ways. One-third of the board 
contains space for all the compo
nents needed to build an open-loop 
test circuit and evaluate the 
GP6040. The remaining two-thirds 
of the board allows you to build 
various types of resonant-mode con
verters. Included with this kit is an 
information note containing a sche
matic and layout diagram for the 
test circuit and a parts list. 

Although not a panacea for all of 
the ills and pitfalls that often con
front the designer of switching 
regulator circuits, the design aids 
described here can often provide 
the assistance needed to point a 
novice in the right direction. In 
some cases, the design kits might 
even provide a drop-in answer to 
your design problem. EDN 

Article Interest Quotient 
(Circle One) 

High 509 Medium 510 Low 511 

For more information ... 
For more information on the design aids discussed in this article, circle the 
appropriate numbers on the Information Retrieval Service card or use ED N's 
Express Request service. When you contact any of the following manufactur
ers directly, please let them know you saw their products in EDN. 

Cherry Semiconductor Corp 
2000 S County Trail 
East Greenwich, RI 02818 
(401) 885-3600 
Ci rcle No. 700 

Gennum Corp 
Box 489, Station A 
Burlington, ON 
L7R 3Y3 Canada 
(ll16) 632-2996 
Circle No. 701 

Linear Technology Corp 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
Circle No. 702 

Maxim Integrated Products 
120 San Gabriel Dr 
Sunnyvale, CA 94086 
(408) 737-7600 
Circle No. 703 

National Semiconductor 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
(408) 721-5000 
Circle No. 704 
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... IS OVER. A,t Unitrode 
Integrated Circuits, we have the right power 
management IC for a myriad of power supply 
and motor control applications . We're working 
smarter'than ever to help our customers deliver 
their products with innovative solutions for the 
highest performance control of switching 
power supplies and fractional horse power DC 

PWM's 
The Current Mode Leader 

Military Commercial 
UCl823 •uc1s23A UC3823 •uc3B23A 
UCl825 •UC1825A •uC3825 •UC3825A 
UCl840 UC3840 
UC1841 UC3841 
UCl842 •UC 1842A UC3842 *UC3842A 
UCl843 *UC l843A UC3843 *UC3843A 
UCl844 *UC l844A UC3844 *UC3844A 
UCl845 *UC 1845A UC3845 •UC3845A 
UC l846 *UCl846A *UC3846 *UC3846A 
UCl847 UC3847 
UCl851 UC3851 

*Improved Versions 

High Power FET Drivers 

Military Commercial 
UCl705 UCl709 
UC1706 UCI7 10 
UCl707 UCl7 1 I 
UCl708 

UC3705 
UC3706 
UC3707 
UC3708 

F.H.P. Motor Drivers 

Commercial 

UC3709 
UC3710 
UC371 I 

motors. We guarantee a contin 
ment to uncompromised quality. Fro 
ing your most sophisticated custom require
ment, to offering you new world standards with 
our catalog products, no other company can 
offer you the circuit and application 'know-how' 
you need today! 

Resonant Controllers 
Power Factor 

Controllers 
Military 

UC1860 
UCl861 
UCl864 
UC1865 

Commercial Military 

*UCl852 
*UCI853 

Commercial 

UCl854 

*UC3852 
*UC3853 

UC3854 

UC3860 
UC3861 
UC3864 
UC3865 *Available Mid-1991 

New Products 
*Advanced Information 

UC3724 
UC3725 
UC3875 
UC3908 
UC3825A 

High Side Driver Pair 
High Side Driver Pair 
Phase Shifted PW M 
Load Sharing Control 
High Frequency PWM 

*Samples Available Early 1991 

Look to Unitrode Integrated Circuits to provide 
unique solutions for your design needs. For 
more information contact your Unitrode Rep
resentative or call: 

n n INTEGRATED 
~ CIRCUITS 

- --·ITRDDE 
.. 

Military 
UCl620 
UCl625 
UCl655 

UC3620 
UC3625 
UC3655 

UC3770A 
UC3173 
UC3174 CIRCLE NO. 74 (603) 424 410 

7 Continental Boulevard, Merrimack, NH 03054-03519 Fax (603) 424-3460 
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Extended triggering. Sophisticated trigger
ing in the DSA600A reliably discriminates 

glitches, transition slew-rates, runt pulses and 
timing violations. Long memory and pre

trigger help reveal the cause. 

When you need serious measure
ment, serious analysis, serious 
accuracy, nothing-but nothing
delivers it like Tek DSA 602A and 
11403A oscilloscopes. 

Transient capture, analysis and storage. 
Capture a series of transient events with auto

matic labeling and parametric analysis. 
Examine statistics of each measured param

eter over the ensemble. Transport results 
using built-in (DOS-compatible) floppy disk. 

Advanced signal processing. Transform and 
combine acquired waveforms at visual real

time speeds to reveal key phenomena. 
FFf, correlation, convolution and calculus 

functions provide multiple views of 
critical events. 

When you expect your instruments to be as serious about the truth as you are, only the 
DSA602/ l 1403A, with their superb new amplifiers and probes, their unrivaled accuracy, plug-in 
flexibility, and their powerful new set of waveform analysis and measurement functions, come 
through with results like you see above. 

Serious numbers? Try the new 2 GS/s, 1 GHz bandwidth Tek DSA 602A. No other 
scope combines DSP hardware for live displays of FFfs, correlation or convolution, plus high 
signal fidelity and powerfully selective triggering modes. There's even a new disk drive in this 
latest DSA version to save setups and data. 

Pit the new 11403A Digitizing Oscilloscope, with 1 GHz bandwidth and 10-bit vertical 
resolution, against the toughest repetitive signals. Get more than 30 pushbutton measure
ments, with statistical analysis and built-in pass/fail decisions from the most accurate scope of 
all. Put its new FFf features to work measuring total harmonic distortion, or use the statistical 
data base to characterize jitter. 

Configure and reconfigure your scope with new plug-ins like Tek's programmable 
50 MHz current amplifier, four-channel 75fl video amplifier and high-resolution video 
trigger. Choose from our true differential amplifier and voltage comparator, our 50fl and high
impedance amplifiers. Take advantage of their unequaled overdrive recovery and wide dynamic 

Copyright © 1991. Tektronix, Inc. All rights reserved . 186-177 
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Video and HDTV. Analyze video wave
forms , including HDTV. Line and field select 

on up to 1280 lines with the new I ITSH 
Video Trigger Unit. New 4-channel l IA34V 

75fl Video Amplifier provides excellent 
signal fidelity up to 300 MHz. 

Current and power. Make accurate, high
bandwidth power measurements and 

energy calculations with our new I IAl6 
Programmable Current Amplifier. 

Current and voltage maintain their proper 
phase relationship to 50 MHz. 

range, while you mix and match to the capabilities, channels and band
widths you need. 

Finally, choose from our high-impedance, high-bandwidth probes 
for fast logic devices ... high-voltage and current probes for power 
conversion analysis ... optical-to-electrical converters for direct 
measurements on lightwaves ... and more, from the best probing 
resource around. 

Current measurements, spectrum analysis, transient 
capture, glitch detection, precise power measurements, jitter 
analysis, high-definition video design-when your work is this 
serious, you want serious solutions like the DSA602A/ l l403A. Contact 
your Tek sales engineer or return the card for more information. 

1-800-426-2200 
F A X 1-503-690-3959 
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• 

Jitter and noise analysis. Analyze jitter 
and noise with Tek's exclusive statistical data 

base. Color grading, statistic readout 
and histograms clearly show the 

distribution of the edge jitter. 
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THANKS TO OUR HIGH 
OF A NEW DAY IN USES 

Until now, there's been 

no volume supplier of the 

leading-edge 256K CMOS 
EEPROM, so supplies have 

been short. 

Samsung has changed 

all that . We're produ cing 

SAMSUNG'S CMOS EEPROMs 

Part Organiwlion Tyty 
Numhtr 

KM28C256 32Kx8 Parallel 

KM28C64 8Kx8 Parallel 

KM28C65 8Kx8 Para llel 

KM28Cl6 2Kx8 Para llel 

KM28Cl7 2Kx8 Para llel 

KM93C06 16x 16 Serial 

KM93C07 16x 16 Serial 

KM93C46 64x 16 Serial 

FaAt.d Ftalurr.1 

SpmJ 

150 Da111l"'llU1g, 
toggk bi.I, 
64 pagt mo« 

200 Data polii'ng, 
J2p"!ft'11tJ<°k 

200 Datapo/11i1.q, 
1Ya1)ylh1J.Jy 

150 Data pol1U1.q, 
J2pagtm(}(k 

150 Data poliing, 
nady/ b11.Jy 

Writ.- prolt<I, 
dt/ft1l1mJ 

programming 

Writ.-prolt<I, 
<1t/ft1/11ed 
progrm11mU19 

lmJu.Jtrialgnuk 11er.iio1M of all productJ arc a1•mlaNe. All par/J of/em) 
111 botb DIP amJ PLCC (SOIC fur .win/). 256K huJu,11ria/ a .. ailnbk 
Q4 1990, other partn all m·ailnhlt' 11ou1• 

extremely high volumes, a nd 

as you can see, a ll kinds of 

new ways to use the part are 

turning up. 

Large-memory cellular 

phones , and . .. well, we're 

sure you'll think of many 

other interesting things to do 

with them. 

Also new from Samsung 

are parts proven for indus

trial temperature ranges, 

which means you can use 

them in robotics, automotive 



VOLUMES~ IT~S THE DAWN 
FOR 256K EEPROMs. 

applications, industrial 

control and related areas. 

Our 256K parts boast a 

fast, 5 millisecond/page write 

ti me. This gives you an 

effective byte write time 

(including erase cycle) of just 

78 microseconds. And the 

entire chip can be rewritten 

in only 2.5 seconds. 

What all these things 
represent is a broad-based 

commitment at Samsung to 

EEPROMs. We also offer 

CMOS 64K and 16K parts, a 

variety of serial EEPROMs, 

and forthcoming higher

density serial parts. 

Surface mount pack

aging is available across the 

entire line. 

Request a comprehensive 

Samsung EEPROM Ouality 

Kit, including samples, by 

calling 1-800-669-5400 or 

408-954-7229 now. Or write 

to EEPROM Marketing, 

Samsung Semiconductor, 

3725 No. First St., San Jose, 

CA 95134. 
And start planning your 

own new uses . 

•• !!! SAMSUNG 
U Semiconductor 

IC Sam.m11_9 Sm1ir.omJ11ctor, Inc., 1990. 



WHY MORE COMPANIES ARE 
PWGGING US INTO THEIR DESIGNS. 
TodaytheRayovac844 
computer clock battery is 
specified by 23 system archi
tects worldwide. Its proven 
reliability safeguards the 
configuration file memory 
in 286/386/486 personal 
computer products, 
especially in power-down 
situations. 

Maintaining voltage is just 
one way the Rayovac 844 
delivers superior reliability. 
It also offers long life, a 3-5 
year span, plus safety no 

The power of innovation 
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Power Transition Reliability 
Power On Power Off 

Typical 
6.0 & 3.6 Volt Solutions 

- 50 0 so 100 
Time(msec) 

The 844 ensures IC voltage above the 
critical 3. OV level maintaining clock 
stability and configuration file memory. 

lithium battery can match. 
The 844 is compatible 

with industry standard chip 

CIRCLE NO. n 

sets: Chips & Technology; 
VLSI Technology; Western 
Digital; Zymos and Intel. 
And it's made in the U.S.A., 
with on-time delivery 
available around the world. 

So plug added reliability 
and service into your 
design. Specify a Rayovac 
844. Call Rayovac's 
Technical Sales & Marketing 
Department for complete 
information and battery 
specifications at 
608-275-4694. 

© 1990 Rayovac Corporation 

EDN May 9, 1991 



TECHNOLOGY UPDATE 

Modern spectrum 
analyzers have 

come a long way. 
Improved RF per

formance and digi
tal processing fea

tures open new 
vistas for viewing 

the frequency 
domain. 

John Gallant, 
Associate Editor 

EDN May 9, 1991 

SPECTRUM ANALYZERS 

Modem instruments 
ease frequency analysis 
Pure mathematical spectral analy

sis, such as the Fourier analysis, 
can carry you only so far. Engi

neers need tools and instruments that 
can actually measure spectral-analytical 
results to quantify data. Tools, such as 
the oscilloscope, that measure the t ime 
response of a waveform are most famil
iar to engineers. However, their fre
quency-domain counterpart, the spec
trum analyzer, is equally important for 
spectral analysis measurements, if less 
understood. 

Spectrum analyzers can make fre
quency and amplitude measurements, 
and they operate over a larger dynamic 
range than time-domain tools. Because 
spectrum analyzers have narrow band
widths, they are more sensitive than os
cilloscopes. 

Today's spectrum analyzers are more 
accurate and easier to use than older 
models, such as HP's Model 141T. Vin
tage engineers will recall not only the 
limitations of these 
"Model Ts," but will also 
recall the high degree of 
skill required to use them 
effectively. Although the 
141T is still an effective 
tool, modern spectrum 
analyzers are more accu
rate and perform a 
broader range of func
tions. 

DSP techniques to perform an FFT on 
signals in the 0- to 1-MHz range. 

Spectrum analyzers for the communi
cation frequency range of 10 kHz to 2 
GHz operate similarly to heterodyne ra
dio receivers. These analyzers employ 
the fundamentals of the first local oscil
lator as the mixing agent in the input 
mixer. Microwave spectrum analyzers, 
which operate from 2 to 18 GHz, are 
also heterodyne receivers. However, 
they use harmonic mixing to convert the 
high frequency range to the first IF. 

Of the three types of analyzers, com
munications frequency-range analyzers 
best illustrate some of the advances that 
have occurred in the past 10 to 15 years. 
(For a broader look at spectrum analyz
ers, see box, "What you call a basic spec
trum analyzer.") 

Modern spectrum analyzers for the 
communication range have options for 
quasipeak detectors, antennas, and pre
amplifiers that conform to the CISPR 

Spectrum analyzers 
are classified in three 
categories: low-frequency, 
communications, and mi
crowave analyzers. Low
frequency, or audio-fre
quency analyzers employ 

Low residual FM enables narrow resolution bandwidths. Th e 
Tektronix 497P portable spectrum analyzer has less than 5-Hz p-p 
residual FM , thereby permitting a 10-Hz bandwidth filter. 
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Spectrum analyzers 

(Comite International Special des 
Perturbations Radioelectri ques) 
standards for measuring electro
magnetic interference (EMI). The 
quasipeak detectors are standard 
for Anritzu's MS2601 series and Ad
vantest's R3261 and R3361 series. 
By conforming to CISP R stan
dards, a spectrum analyzer qualifies 
as a dedicated EMI receiver and can 
make prequalifica tion tests on 
equipment to meet FCC and VDE 
EMI emission standards. 

In addition, some communication 
frequency analyzers can perform 
specialized tests on CATV systems 
and mobil-radio systems. HP's 8590 
series offers either 50 or 75!1 input 
impedances and can perform t ime-

gated spectrum analysis. The Pan
European digital cellular-radio sys
tem, as defined by Groupe Speciale 
Mobile, uses time-division multi
plexing to increase capacity. An op
tion for the 8590 series provides a 
1-µsec to 65-msec gate, which is 
triggered by an external signal, to 
turn only the analyzer on and make 
measurements on a signal at specific 
time intervals. 

The frequency accuracy of a mod
ern spectrum analyzer has the reso
lution of a good frequency counter. 
All of the fixed local oscillator fre
quencies in modern analyzers are 
multiples of a stable crystal refer
ence oscillator. The reference oscil
lator's stability is specified over 

time and temperature. Typical ref
erence oscillator aging rates range 
from 1 to 0.1 ppm/year. The tunable 
first local oscillator also uses the 
crystal oscillator as a reference in 
a phase-locked loop or frequency 
synthesizer. 

Further, many modern analyz
ers , such as HP's 8590 series, 
Rohde and Schwarz's FSA and FSB 
analyzers, and Marconi's 2383, use 
a YIG-tuned oscillator for the first 
local oscillator. The oscillator has 
two tuning coils-a coarse-fre
quency control coil and a fine-grain 
tuning coil. The span generator 
drives the tuning coil to establish 
the specified frequency span. The 
precise linearity inherent in the 

What you call a basic spectrum analyzer 
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Spectrum analyzers provide a visual representation 
of the amplitude of the frequency components in a 
waveform vs a specified frequency range. However, 
all phase relationships between components are lost. 
Fig A shows a simplified spectrum-analyzer block 
diagram for the communication frequency range. 

The spectrum analyzer consists of a heterodyne 
receiver that has a tunable first local oscillator, 
which converts an input frequency range to a fixed 

first IF frequency. Practical analyzers have as many 
as four IF stages to reduce spurious responses 
caused by image frequencies and local oscillator leak
ages. (The fixed local oscillators for the subsequent 
IF stages aren't shown in Fig A because they aren't 
essential to explain the analyzer's operation.) Spec
trum analyzers also have an RF step attenuator to 
adjust the RF level into the input mixer and an IF 
step attenuator to adjust the display dynamic range. 

MIXER 
RESOLUTION 
BANDWIDTH 

VIDEO 
BANDWIDTH 

RF 
INPUT RF 

STEP 
ATTENUATOR 

IF 
STEP 

ATTENUATOR 

BANDPASS 
FILTER 

FREQUENCY SWEEP 

,.__ ___ _....A.A.A.A t-------1~ 

TUNABLE 
LOCAL 

OSCILLATOR 

SCAN 
GENERATOR 

DISPLAY 
CONTROL 
CIRCUIT 

DISPLAY 

ENVELOPE 
DETECTOR 

LOWPASS 
FILTER 

ANALOG 
TO 

DIGITAL 
CONVERTER 

Fig A-This communications spectrum analyzer has a frequency-swept receiver whose display is synchrunized to the sweep rate. 
A log-IF amplifier compresses the dynamic range of input signals for display. 
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tuning characteristics of the YIG 
oscillator is another factor in the 
frequency readout accuracy. 

Improvements in oscillator accu
racy have allowed manufacturers to 
guarantee a frequency readout us
ing a formula that typically depends 
on the reference oscillator's stabil
ity and the span accuracy. For ex
ample, Advantest specifies the fol
lowing center-frequency readout 
accuracy formula for its R326I and 
R336I series: 

Using this formula and the specified 
aging stability (1x10- 1/year) of the 
reference to calculate the readout 
accuracy for a I-GHz signal at a I
kHz span yields 

Anritzu's MS260I series can meas
ure the frequency of a marker 
placed anywhere on the display 
with I-Hz accuracy. 

Because all oscillators wobble in 
frequency, all spectrum analyzers 
have an overall residual FM specifi
cation. In fact, the residual FM of 
the reference level, which is the 
feed-through signal from all of the 
local oscillators, determines the 
minimum bandwidth resolution of 
the analyzer. In order to make any 
meaningful measurements, the re
sidual FM must be less than the 
minimum resolution bandwidth. 
The specification stipulates a meas
urement time, which usually ranges 
from . I to less than 10 sec and 

Readout accuracy= I50 Hz/year. 

Readout Accuracy = ± (3% x span 
+ central frequency 

x reference oscillator stability 
+20 Hz). 

Compare this number with the 
specification for a plug-in module 
(8554B) for measuring a I-GHz sig
nal on the I4IT, which only guaran
ties that the dial indicates the dis
play center frequency within IO 
MHz. All modern spectrum analyz
ers have readout accuracy formulas 
similar to the Advantest formula. 
In fact, HP's 8590 series, Advan
test's R326I and R336I series, and 

The selectable bandwidth of the bandpass filter 
that precedes a log-IF amplifier in the final IF stage 
determines the frequency resolution of the analyzer. 
The log-IF amplifier compresses the signal's dy
namic range into the detection range of an envelope 
detector. Spectrum analyzers also have selectable 
post-detection video filters for averaging noise on 
the detected de voltage. All modern spectrum ana
lyzers digitally process the detected voltage using 
an AID converter. The analyzer uses the digital data 
to control the vertical deflection on the display and 
also can store the data in onboard memory for a 
local µP's use. 

The sawtooth ramp generator, called the scan gen
erator, provides the capability of displaying ampli
tude vs frequency. The analyzer provides spectral 
analysis by synchronizing the display's horizontal 
deflection to the scan generator, which also linearly 
sweeps the first local oscillator in frequency. You 
can select the amplitude of the scan generator, which 
determines the displayed frequency range, called 
the frequency span. Because the display's horizontal 
graticule is usually 10 divisions long, you can divide 
the frequency span by IO to obtain the span/div. 
You can also select the scan generator's period, de
termining the time for one frequency span on the 
display-the sweep time. 

The swept-frequency response of a filter depends 
on how long a signal dwells in the filter's passband. 

EON May 9, 1991 

Therefore, a relationship between the frequency 
span, the resolution bandwidth, and the sweep time 
must be maintained to achieve the instruments cali
bration accuracy. Spectrum analyzers also let you 
select the start, stop, and center frequency for the 
display; they also generate frequency markers to 
designate specific points to make measurements. 

You can also select a zero-span mode that displays 
the time-domain response of a signal tuned to the 
receiver's center frequency. The zero-span mode ba
sically gives you an oscilloscope presentation of the 
input waveform having the frequency resolution of 
the attached receiver. In addition, modern spectrum 
analyzers can measure time periods and frequencies 
with the accuracy of a frequency counter. 

Spectrum analyzer vendors have a variety of ap
plication notes that can acquaint you with these in
valuable tools. Once you've mastered the controls, 
the analyzer not only lets you measure the amplitude 
and frequency of a waveform's spectral components, 
but it lets you determine distortion products, noise 
levels, frequency wobble, and the amplitude of any 
modulation sidebands. You can also measure the 
coarse and fine-grain frequency response of a system 
transfer-function and identify unwanted signals due 
to electromagnetic interference. The list of applica
tions extends as far as your imagination allows. 
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Spectrum analyzers 

Some communication spectrum analyzers can perform specialized measurements. HP's 
8594 and 8595 perform time-gated spectral analysis on mobil-radio and CATV signals. 

distinguishes this specification from 
long-term drift in the oscillators. 

Modern spectrum analyzers have 
RF sections with low enough resid
ual FM to permit bandwidth resolu
tions as low as 3 Hz. For example, 
Marconi's 2380 series has a resolu
tion bandwidth of 3 Hz min. Rohde 
and Schwarz's FSA and FSB have 
resolution bandwidths of 6 Hz min, 
and Advantest 's R3265 and 
Tektronix's 497P have resolution 
bandwidths of 10 Hz min. In con
trast , the communication-range 
plug-in module for the 141 T has a 

Table 1-Spectrum analyzers for the communications frequency range 

Reference 
Frequency Resolution Selectivity Frequency Amplitude Third-order oscillator 

range bandwidth (60to3 dB Span Range Intermodulation stability Nonharmonlc 
Vendor Model (Hz) (Hz) bandwidth) (Hz) (dBm) (dBC) (per year) response 

Advantest R3261A 9kto 3.6G 30 to 1M 15 to 1 1k to 3.6G +25 to -130 -70 at -30 dBm ±2x10 - 7 -70dBC 
and (at -30 dBm) 

R3361A 
series 

R3265 100to8G 10to3M 20to 1 200to 8.0G +30 to -140 -60 ±1x10 - 7 -70 dBC 
(1 MHz to (at -30dBm) (10 MHz to 8 GHz) 
3.6GHz) (10 MHz to 3.6 GHz) (at -30dBM) 

Anrltzu MS2601A 9kto2.2G 30to 1M 15to 1 1kto2.2G +20to -130 -75 ±2x10-7 -75dBC 
America (at -30dBm) (at -30 dBm) 

(5 to 800 MHz) (5 to 800 MHz) 

H-lett- 8594A 9k to2.9G 1k to 3M 15to1 10kto2.9G +30to -112 -70 (at - 30 dBm) ±2x10 -6 -65dBC 
Packard (at -30 dBm) 

8595A 9kto6.5G 1kto3M 15to 1 10kto6.5G +30to - 114 - 70(at -30dBm) ±2x10 -6 -65dBC 
(at -30dBm) 

IFR A-8000 10k to2.6G 300to3M Not specified 10kto2.5G +30to -120 -70 (level not ±0.5x10 - 6 Not specified 
Systems Inc specified) 

Marconi 2383 100to4.2G 3to 1M 11 to 1 100to4.2G +30to -150 -90 (at -40 dBm) ±1x10- 6 -70dBC 
(at -40dBm) 

2382 100 to 3to 1M 11to1 100to400M +30to -150 -95 (at -42 dBm) ±1x10 - 6 -75 dBC 
400M (at -42 dBm) 

Rohde and FSA 100 to 1.8G 6to3M 12to 1 10to2G +30to -150 -75 (at -30dBm) ±1x10 - 7 -75 dBC 
Schwarz (> 20 MHz) (>20 MHz) 

-70dBC 
(<20 MHz) 

(at - 40dBM) 

FSB 100to 5.0G 6to3M 12to 1 10to2G +30to -145 -70 (at -30 dBm) ±1x10 - 7 -75 dBC 
(> 40 MHz) (>40 MHz) 

-70dBC 
(<40 MHz) 

(at -40dBm) 

Tektronix 2712 9kto 1.8G 200to 7to 1 10to 1.8G +20to -127 -70dBC 1x10 - 7 Not specified 
5MHz (-139 using (at -30dBm) 

built-in preamp) 

2710 10kto 1.8G 3kto 5M 7to 1 10kto 1.8G +20to -129 -70dBC ±10x10 - 6 Not specified 
(at -30dBm) 

497P 100 to 7.1G 10to 3M 7.5to 1 100to500M +30to -120 - 70dBC ±1x10-6 Not specified 
(at -27dBm) 
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resolution bandwidth of 100 Hz min. 3-dB bandwidths specifies the filter 
shape factor. Ratios of better than 
11:1 are common in today's ana
lyzers. The resolution filters in Ad
vantest's 3265 are better than 20:1. 

The resolution filter's shape fac
tor also plays an important part in 
spectral analysis. The filter's selec
tivity determines the analyzer's 
ability to distinguish between spec
tral components that are close in 
frequency but broadly separated in 
amplitude, such as "hum" sidebands 
produced by power line frequen
cies. If the resolution filter rolls off 
slowly in frequency, the analyzer 
may not recognize frequency com
ponents close to the carrier fre
quency. A ratio of the 60-dB to the 

The maximum dynamic range of 
the spectrum analyzer hasn't 
changed much over the years. Mini
mum sensitivity is determined by 
nature and the analyzer's noise fig
ure. Because spectrum analyzers 
don't have a preamplifier, the noise 
figure of the first mixer and the 
noise figure of the first IF amplifier 
determine the analyzer's overall 

Scale settings Price Other features 

10, 5, 2, and 1 $12,900 R3361A has an internal tracking generator, standard quasipack detec-
dB/div, linear (R3261A) tor; preselector option; 12 division display; ± 1 dB total accuracy; log 

$18,500 sweep 1, 2, or 3 decades from 10 kHz to 1 GHz. Device weighs less 
(R3361A) than '$7 lbs. 

0.1to10 dB/div, $27,000 AM/FM demodulators; standard quasipeak detector; time-gated sweep; 
linear log sweep 1, 2, or3decadesfrom 1 kHz to 1 GHz. Deviceweighs48.5 lbs. 

10, 5, 2 and 1 $11,995 ± 10 overall accuracy; plug-in memory cards; zone sweep and meas-
dB/div, linear urements between markers; standard quasipeak detector; log sweep (3 

decades). Device weighs 41 lbs. 

0.1 to 20 dB/div, $14,995 Tracking generator; AM/FM demodulator; time-gated sweep; quasipeak 
linear detector; memory card. Device weighs 35 lbs. 

0.1 to 20 dB/div, $19,760 Tracking generator; AM/FM demodulator; time-gated sweep; quasipeak 
linear detector; memory card. Device weighs 35 lbs. 

10dB/div, 2 $11,595 Tracking generator; quasipeak detector; 750 input impedance; RS-232C 
dB/div, linear port. Device weighs 34 lbs. 

10,5,2, 1,and $46,000 Total accuracy=± 1 dB; standard tracking generator; overload protection; 
O.SdB/div, 1Q-division display; AM/FM demodulators. Device weighs 50 lbs. 

linear 

10, 5, 2, 1, and $27,950 Total accuracy=± 1 dB; standard tracking generator; overload protection; 
0.5dB/div, 10-division display; AM/FM demodulators; 750 option. Device weighs 

linear 381bs. 

10 dB/div, 0.1x $42,800 1Q-division display; AM/FM demodulator; color monitor. Device weighs 
measurement 128 lbs. 
range, linear 

10 dB/div, 0.1x $64,200 10-division display; AM/FM demodulator; color monitor. Device weighs 
measurement 1281bs. 
range, linear 

1, 5, 10 dB/div, $11,950 Standard quasipeak detector; nonvolatile memory; AM/FM demodu-
linear lator; tracking generator. Device weighs 21 lbs. 

10, 5, and 1 $8750 AM/FM demodulator; views TV picture on display; nonvolatile memory; 
dB/div, linear switchable internal preamp. Device weighs 21 lbs. 

1 to 15 dB/div, $26,250 Automatic unit conversion; nonvolatile memory; help menu. Device 
linear weighs 45 lbs. 
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noise figure , and subsequently its 
minimum sensitivity. 

Spectrum analyzers have overall 
noise figures between 20 and 25 dB. 
Since nature dictates that the noise 
floor of the universe is - 17 4 dBm/ 
Hz at room temperature, a spec
trum analyzer with a 20-dB noise 
figure and a 1-kHz resolution band
width has a sensitivity of - 124 
dBm min. Spectrum analyzers have 
an upper power limit, which you 
must observe to avoid damaging the 
RF attenuator or the first mixer. 
The power level ranges between 20 
and 30 dBm max. 

Another factor that degrades the 
· analyzer's sensitivity is noise im
posed on the detected signal caused 
by noise sidebands on the conver
sion of local oscillators. These noise 
sidebands can appreciably add to 
the system noise and mask signal 
components that are close in fre
quency to the detected signal. You 
estimate this degradation on state
of-the-art spectrum analyzers by 
specifying the amplitude of the 
noise sidebands in dBC/Hz (dB be
low the carrier in a 1-Hz bandwidth) 
at a specific offset frequency. Ven
dors provide a curve of the noise 
sideband levels in dBC/Hz vs offset 
frequency. As recently as a few 
years ago, you had to measure the 
noise sidebands yourself. 

Nonlinear distortion components 
also limit the analyzer's ability to 
identify signals. Harmonic distor
tion, nonharmonic distortion, and 
third-order intermodulation distor
tion products all affect the ana
lyzer's spurious-free dynamic 
range. The third-order intermodu
lation products are the most vexing 
because two input signals can gen
erate in-band spurious responses 
within the analyzer's resolution 
bandwidth . Third-order-product 
terms for a particular power level 
are specified into the first mixer, 
generally - 30 dBm. 
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You can find considerably lower 
nonharmonic distortion products for 
state-of-the-art spectrum analyzers 
than older models. Modern spec
trum analyzers have a lowpass filter 
preceding the first mixer that 
attenuates out-of-band signals, 
which generate these products. (An 
example of this is a signal at the 
image frequency for the input 
mixer.) Some analyzers, such as 
Advantest's R3261 and R3361, have 
an optional preselector that tracks 
the first local oscillator in fre 
quency. 

In contrast, the 141 T has a broad
band input section. Therefore, it 
isn't always clear whether you've 
tuned the display frequency to the 
desired response or tuned the im
age response of equal magnitude. 
Engineers who have been around 
for 15 years will remember the sig
nal identifier switch on the 141 T, 
which identifies image responses. 

The lowpass filter in the RF sec
tion of HP's 8590 series reduces the 
image response to at least 65 dB 
below the desired response for a 
- 30-dBm input signal. Distortion 
specifications depend on the ampli
tude levels, so it is important to 
compare specifications with consis
tent input power levels. Because 

dBC/Hz 
-90 t-----+----1---------<----+----+-----i 

• ! -100 ""'~;;::----t~----..,,1---------t..,,----t----t-----t 

I -110 i--1----'"'"""'t---;;;::;::::::---i=-rr-----.--~~~,r--~,t,:---1 

w -120 l--~--~~----~-_:~~~-1 ...... ::------'l• 
15 ............... 
z 
iii 
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FREQUENCY OFFSET FROM CARRIER 

Noise sidebands can degrade the minimum sensitivity close to a detected signal. The curve 
shows the typical single sideband noise for the Rohde and Schwarz FSB analyzer. The 
triangles are the guaranteed specification. 

these specifications depend on the 
second and third order intercept 
points for the first mixer, they are 
sensitive to the measurement's 
power level. 

Thank God for calibration 
The amplitude accuracy of a spec

trum analyzer depends on a wealth 
of factors. Some sources for error 
include attenuator accuracy, gain 
variations vs frequency, bandwidth 
accuracy, log-IF linearity, detector 
linearity, and the fidelity of the de-

flection circuitry for the display. ' 
Because total uncertainties can 
measure ± 6 dB, you need to cali
brate the instrument if you want 
to measure amplitude with ± 1-dB 
min accuracy. Calibrating older in
struments requires a host of expen
sive peripheral equipment. 

Because modern analyzers digi~ 
tally process data, they can store 
calibration data internally. The 
µP 's ability to manipulate and store 
internal data and perform auto
matic calibration is the most distin-

For more information ... 
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For more information on the spectrum analyzers discussed in this article, circle the appropriate numbers on the 
Information Retrieval Service card or use EDN's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you read about their products in EDN. 

Anritsu America Inc 
15 Thornton Rd 
Oakland, NJ 07436 
(201) 337-llll 
FAX (201) 337-1033 
TLX 642141 
Circle No. 716 

Hewlett-Packard Co 
19310 Pruneridge Ave 
Cupertino, CA 95014 
(800) 752-0900 
Circle No. 717 

IFR Systems Inc 
10200 W York St 
Wichita, KS 67215 
(316) 522-4981 
FAX (316) 524-2623 
TWX 910-741-6952 
Circle No. 718 

VOTE ... 

Marconi Instruments 
3 Pearl Ct 
Allendale, NJ 07401 
(800) 888-4114; 
in NJ, (201 ) 934-9050 
FAX (201 ) 934-9229 
Circle No. 719 

Rohde & Schwar z 
Muhldorferstr 15 
D-8000 Munich 80 
Germany 
(089) 4129-0 
FAX (089) 4129-2164 
TLX 523703 
Circle No. 720 

Please also use t he Information Retrieval Service card to rate this ar t icle (circle one): 
High Interest 518 Medium Interest 519 Low Interest 520 

Tektronix Inc 
Box 1700 
Beaverton, OR 97075 
(800) 835-9433 
FAX (503) 641-7245 
TWX 910-467-8708 
Circle No. 721 
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MACNETWIRE 

For specialty coll and motor windings. 

While product miniaturization allows less 
space for components, MWS MICROSQUARE 
film coated magnet wire lets you design 
compact coils and small motors that 
deliver more power in less space. 

MICROSQUARE means miniature square 
and rectangular copper and aluminum 
magnet wire. Custom produced in sizes 
smaller than 14 AWG or 3500 sq. mil. cross
sectional area, MICROSQUARE is available 
in a wide range of solderable and high
temperature insulations in a variety of col
ors, with or without bondable overcoats. 

MICROSQUARE magnet wire was devel
oped to provide improved winding uni
formity and maximum use of space. When 
you're looking for options to meet the 
most demanding coil, small motor, or 
other special application requirements, 
without size limitations or quantity mini
mums, take a good look at MICROSQUARE 
magnet wire. 

Illustration of cross-section ~ 
of typical coil winding 

using round magnet wire. 

m Illustration of cross-section 
of coil winding using 
MVVS MICROSQUARE magnet wire. 
Note improved winding uniformity 
and maximum use of space. 

Call or write for your free copy of our 
new Technical Data and Capa
bilities Brochure. It contains 
valuable information on all 
wire produced and inventori
ed by MWS Wire Industries. 
Samples of MICROSQUARE 
are available upon request. 

MWS 
Wire Industries 

31200 Cedar Valley Drive. Westlake Village, CA 91362 
CALL TOLL FREE 800 423·5097 
818 991-8553 FAX 818 706-0911 

MICROSQUARE ts a trademark of MVt'S Wire Industries 
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World Class Ferrite Core 
Manufacturers. 

At Your Fingertips. 
To get the best in ferrite quality and service, you have to know the 
right buttons to push. 1-800-345-4082. That's your direct line to 
DEXTER, your One Stop Shopping Center tor your every ferrite need. 
From world class manufacturers such as SIEMENS, MAGNETICS, 
FAIR-RITE, HITACHI, MMG/KRYSTINEL. From standard stock items, 
ready for 24-hour delivery, to the most intricate custom designs 
utilizing DEXTER's extensive value-added services, like precision 
fabrication, E-core and pot-core gapping and testing, and more. 

Call Toll Free 1-800-345-4082 tor Free Catalog and Nearest 
DEXTER Location. 
ATLANTA e BOSTON e CHICAGO e DALLAS e LOS ANGELES e MINNEAPOLIS/ST. PAUL e 
NEW YORK e SAN FRANCISCO e TOLEDO/DETROIT e ENGLAND e WEST GERMANY 

MAGNETIC 
MATERIALS 
DIVISION 

THE DEXTER CORPORATION 

UPDATE 
Spectrum analyzers 

guishing aspect of the modern ana
lyzer. Some instruments, such as 
Advantest's R3361 and Marconi's 
2382 and 2383, contain accurate 
built-in tracking generators for cali
bration. In fact, these instruments 
claim an overall accuracy of better 
than ± 1 dB after calibration. 

Digital processing provides a 
gaggle of other features. For exam
ple, modern analyzers have digital 
display storage. This feature count
ers the difficulties in setting the 
phosphor persistence used in older 
analyzers. They can also automati
cally adjust the resolution band
width, video bandwidth, and sweep 
time. This ability ensures sufficient 
dwell time of the signal within the 
analyzer's passband during a speci
fied frequency span. 

In addition, digital processing al
lows built-in diagnostics, direct-plot 

_____________ C.=..l:.:...R-=C-=L-=E_N_:0:.:...._4_1 ___________ ---1 capability on printers and plotters, 
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BINARY CODED MINIATIJRE ROTARY SWITCHES 

LET You INTERFACE 

w1m MICROPROCESSOR

CONTROLLED EQUIPMENT. 

ESTABLISH D ATA RATE 
SELECT ADDRESS 
REPLACE THUMBWHEELS 

• Only half-an-inch in diameter! 
• Choice of 16 or 8 positions 

maximum 
• Adjustable stops permit 

limited rotation 
• Shaft and panel seal 
• Shorting contacts 
• Very affordably pr-iced 
• Off-the-shelf availability through 

your local Grayhill distributor 

Ask for Bulletin Number 438 with code 
and truth table and detailed specs. 

561 Hillgrove Avenue, PO. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone : (708) 354-1040 FAX: (708) 354-2820 
TLX or TWX. 190254 GRAYHILL LAGE 

CIRCLE NO. 42 

programming of custom measure
ment routines, and frequency-set
table markers to make accurate 
measurements at or between dis
play settings. Digital processing 
also allows simultaneous compari
son of stored data at different dis
play settings, automatic pass/fail 
tests, storage of data on memory 
cards, and automatic readout of dis
play settings. 

Advantest 's R3261 and R3361 
analyzers can display a 120-dB dy
namic range and have a log sweep 
feature that produces a semi-log 
display for as many as three fre
quency decades. In fact , the num
ber of gaggles on modern analyzers 
is mind boggling. Of course, any 
modern spectrum analyzer would 
lose respectability without incorpo
rating an IEEE-488 interface, 
which allows remote software con
trol. EDN 

Article Interest Quot ient 
(Circle One) 

High 518 Medium 519 Low 520 
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NEW! ... THE MOST POWERFUL . .. MOST ACCURATE CWB IN GOLF! 

The CONTROLLER® HITS 30-50 YARDS LONGER, 
AUTOMATICALLY CORRECTS HOOKS AND SLICES 

.. . MUST CUT STROKES - OR MONEY BACK! 
Put your #3, #4 and #5 woods in the cellar. Tests 

show our new Controller driving iron can outhit 
all three by 30 to 50 yards. 

And that's only half the story. The Controller 
automatically corrects hooks and slices! The club is 
so powerful, so accurate , we unconditionally guar
antee it will cut 5 to 10 strokes off your score - or 
you owe us nothing! In fact, to prove it we'll send 
you one risk-free. 

Test it against your #3 wood. If it doesn't give 
you 30 more yards (if you are a fairly good golfer) , 
send the club back for a refund. 

But it will give you 30 more yards! In fact, the 
Controller is so powerful many golfers use it off the 
tee, especially on narrow fairways. 

Here is the Controller's exact distance advantage 
as compiled by some low-80's golfers. 
CONTROLLER® ............................... 220 yards 
#3 Wood ..... .. .. .. ... . .. .. . .. .... .. ............ 190 yards 
#4 Wood ....... ... . ............... . ...... . ...... 180 yards 
#5 Wood ....... ..... .. ........ .. ... .. .. .. .. .. .. . 170 yards 

Now test the Controller's accuracy against your 
3-iron. Purposely hit a shot off the toe of each club 
and watch what happens. Your 3-iron will hook the 
ball violently- the Controller will keep it down the 
middle! The same is true with heel shots. Your 
3-iron will slice the ball violently-the Controller 
will automatically keep it on course! 

THE GREATEST 
STROKE-CUTTER IN GOLF 

These scientific breakthroughs make the Con
troller driving iron the most powerful strokecutter 
in golf. We believe the club will transform the 
game. First of all , it obsoletes fairway woods! The 
Controller not only hits 30 to 50 yards farther than 
fairway woods, it automatically corrects hooks and 
slices! Here's how it works . 

AUTOMATIC ACCURACY 
The Controller has an invisible curve across its 

hitting surface-a curve that's going to revolution
ize your game. No other iron has it! Hit a shot off 
the Controller's sweet spot and it will go straight, as 
it would with an ordinary iron. But even pros hit off 
the heel and toe. 

Now, here is the Controller's genius ... Lere is why 
you could cut as many as 10 strokes off your score. 
Hit the ball off the Controller's heel or toe and its 
invisible curve will automatically impart a correc-
tive spin to what would otherwise be a disastrous 
hook or slice. The ball will actually fade or draw 
back on course! It's an incredible sight and you can 
prove it to yourself with only a few test shots. THIS 
IS THE MOST IMPORTANT GOLFING BREAK
THROUGH IN GENERATIONS. ALONG WITH THE 
CONTROLLER'S EXTRA 30-50 YARDS, YOU SHOULD 
EASILY CUT 5-10 STROKES OFF YOUR GAME! 

SCIENTIFIC GROOVES 
AUTOMATICALLY CORRECT 

HOOKS AND SLICES 

TOE-SHOT 
CORRECTION SWEET SPOT 

Here are more reasons why the Controller driving 
iron is going to give you the best golf of your life ... 
• it gives you the power of a driver with the con

trol of an iron . .. 
• its sleek, smooth head swoops through grass 

more cleanly than a wood ... 
• its 17° loft gets your shot up faster than a #3 

wood . . . ~ 
• its smaller head size (versus a wood) boosts ~ 

clubhead speed .. . 
• its boron-graphite shaft model adds even more 

clubhead speed ... 
• it lets you carry more wedges and putters with-

out exceeding the 14-club limit (by eliminating 
your #3, #4 and #5 wood) . .. 

The Controller is new and supply is limited. You 
must act now and remember, you are completely 
protected. If the Controller doesn't cut 5-10 strokes 
off your score, you may return it (undamaged, 
of course) for a prompt refund of its price. 

FREE! 
... just for trying the Controller! Keep your new 
power pin-high with a $15.00 Rangefinder! It's 
yours to keep FREE! even if you return the Con

troller for a refund. NOW 

CONTROLLER 
DRIVING 

IRON 

YOU CAN RANGE YOUR NEW 
DISTANCE LIKE AN ARTILLERY 
OFFICER. No batteries required. 
Clips to belt. 

HOW TO ORDER 
Send your name, address and check (or credit card 
number and expiration date) to the NATIONAL GOLF 
CENTER (Dept. DR-88), 500 So. Broad St., Meriden, ORDINARY 
CT 06450. Or call 203-238-2712 (8-8 PM, M-F) . The IRON 
steel-shaft CONTROLLER costs only $59.00; the 
carbon-graphite model costs $89.00. Add $4.00 for u· 
shipping. CT and NY must add sales tax. Specify 
regular or stiff flex, no P.O. boxes, all deliveries are 
UPS. A refund is guaranteed if a club is returned 
undamaged within 30 days. Clubs are also available 
in ladies size, steel or graphite, same prices. 

THE CONTROLLER HITS LONGER AND STRAIGHTER THAN ANY OTHER CWB IN GOLF. 
IF IT DOESN'T CUT 5-10 STROKES, YOU OWE US NOTHING! ACT NOW! 

~ Bost Enterprises, Inc. 1991 
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••• RHD HHRT IT TRKES TO 
YOUR MORE DIFFICULT 

Frequency Convertors. Prescalers. Amplifiers. 

Switches. Small Signal and Power Transistors. 

And more. If you're looking for more design 
margin . .. 

PRESCALERS 
Silicon and GaAs, 

circuit designs and layouts don't always 

behave the way you'd expect. 

Which can be extremely frustrating-

- Higher f r's 

- Greater gain bandwidth 

100MH1 lo 14GHr, Dual Modulus, 
Mulliple Divide Ratios, 

unless you've chosen a vendor that can 

also give you solid technical support. 

- Wider dynamic range 

- Lower propagation delay 

Low Phase Noise, Low 
Supply Current/Voltage. 

. you won't find a broader range of cost

effective high-speed devices than we 

We can. 

We're the exclusive North American 

BIPOLAR TRANSISTORS offer at California Eastern Laboratories. 

source for NEC high-speed semi
conductors. And we back our 

parts with the kind of engineer

ing support that can shave SILICON ANALOG ICs 
Over 40 types, f,'s to 11GHz, But at higher speeds, conventional 
NF under 1.0dB at SOOMH1, 

Gain lo 18dB al SOOMH1, dozens 
of different packages. 

106 

weeks off your design cycle. DC lo 1900MH1, Power to 20dBm, 
Gain lo 24dB, NF low as 2dB. 

Amplifiers, Frequency Convertors, 
Arrays, and LED Drivers. 
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COMPLETE 
OHES. 

GaAs ANALOG ICs 
IOMHz lo 20GHz, 

Just call . 
We have 25 years worth of appli

cations information, all within an 

arm's reach. 
So there's no waiting for answers 

Power lo 18dBm, 3SdB i1olalion. 
Amplifieri and Swilche1. to your questions. 

And when it comes to data, our 

lab can provide device characterization specific 
to your project. And, if necessary, special 

selections specific to your circuit. 

Best of all, most parts can be shipped 

immediately, direct from onshore stock 

So if your projects demand parts with higher 

speeds and greater design margin , our Product 

Selection Guides are a good place to find them. 
To get a set, just fill out and mail this card. 

California Eastern Laboratories 
4590 Patrick Henry Drive, 
Santa Clara, CA 95056-0964 

Phone(408)988-3500 
FAX ( 408) 988-0279 

California 
Eastern 
Laboratories 
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The Right 
Could Save You $25,000. 
HTBasic from TransEra will turn your PC into a scientific 
workstation at a fraction of the cost. A real alterna-
tive to a high-priced dedicated workstation, a PC 
with HTBasic gives you the capabilities you 
need for complex scientific/engineering 
applications, while retaining compat-
ibility to run and share data with 
standard PC software. 

The savings don't end with the 
workstation itself. With an HTBasic 
system, you can use industry-standard 
printers, graphic output devices, and networking 
systems. You get the flexibility you need to lay out 
the system you want without being tied to limited 
offerings from one supplier. 

HTBasic is a state-of-the-art language which gives you 
a number of advanced scientific/engineering features 
not found in other BASIC packages. 

110 CIRCLE NO. 160 

Features such as data acquisition and IEEE- 488/RS-232 
instrument control syntax, COMPLEX arithmetic, 

matrix mathematics, complete HP-style graphics, 
a comprehensive on-line help facility, and many 

more, add up to increased productivity for all 
levels of users. 

The right choice for your next 
engineering workstation is a PC 

with HTBasic. Call or wnte us 
today for more information. 

TransEra 
Engineering Excellence for 15 Years rM 

3707 N. Canyon Road Provo, UT 84604 
(801) 224-6550 Fax (801) 224-0355 

EDN May 9, 1991 



Icon-based workstation software handles 
mathematics and instrument-control chores 

H P VEE (Visual Engineer
ing Environment) is a 
software package that in 

its basic form, called VEE Engine, 
lets engineers and scientists ma
nipulate and display data without 
programming. You make the soft
ware do your bidding by intercon
necting icons on the screen. An op
tional version, called VEE Test, 
also controls instruments and gath
ers data from them. 

The software runs on the ven
dor's HP 9000 Series 300 and 400 
workstations under the HP/UX op
erating system. It operates in an 
interpreted mode, it is not a code 
generator, and it requires no compi
lation. 

One of the more obvious differ
ences between this software and 
other visually oriented problem 
solvers is the quality of the graph
ics. Like those produced by many 
workstation-based products, its 
graphics are highlighted and shaded 
to suggest three dimensions. Gener
ally speaking, software that runs on 
IBM PCs and even on the Apple 
Macintosh does not produce such 
displays. 

But impressive graphics and 
genuine usefulness are two differ
ent matters. A shortcoming of other 
interpreted data-manipulation pack
ages has been speed of operation. 
Although HP is not yet providing 
performance data, the package's 
speed in running demonstrations 
seems to be quite fast. 

The software's developers point 
out that one of the most frustrating 
aspects of writing data-manipulat
ing software is that of dealing with 

EDN May 9, 1991 

data types. Although the software 
recognizes nine data types, it usu
ally shields users from concern 
about types. When necessary, the 
software will automatically convert 
a waveform into a spectrum by per
forming an FFT. 

Approximately 150 objects ma
nipulate data (analysis objects). A 
few categories of analysis objects 
are trig, array, matrix, calculus, re
gression, filtering, probability, sta
tistics, and signal processing. 

Although icon-based block dia
grams are to a large degree self 
documenting, they often can't do a 
complete job of describing an ex
periment. Users of other instru-

mm 
E! liJI 
Ell Ell . 

l3i::J l3i::J 
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ment-controlled software have usu
ally had to maintain lab notebooks 
to hold vital information. In VEE, 
a notepad icon acts as a repository 
for such textual material. The num
ber of such notepads is unlimited. 

Even when you avoid program
ming by describing your procedure 
graphically, you don't guarantee 
that everything will work perfectly 
the first time. Most of the time, 
you'll have to do some debugging. 
A line-probe feature shows which 
objects are connected by a specific 
line. In addition, debugging tools 
let you insert breakpoints and show 
data and execution flow. 

One of the beauties of conven-

Linking icons allows you to control instruments and manipulaU! and display the data the 
instruments produce. HP's VEE avoids programming yet does not sacrifice the control and 
flexibility normally associated with it . 
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Cheyenne™ 7130A 
Set your sights on the highest capacity and 
performance available in an inch-high, 3.5-inch form 
factor disk drive. Maxtor's Cheyenne Series Model 7130A 
delivers peak specs including an unsurpassed 130MB of 
formatted storage. 

Powerful features such as a 64KB cache, 6MB/sec 
transfer rate and low 3. 7 watts power requirement are 
packed into the 7130A, making it the crystal clear 
choice for desktop and portable laptop computers. 

Effective electronic communications require speed. 
Compare the Maxtor 7130A's fast 15ms access time to 
the competition's 19ms access time. Maxtor's two-platter 
design increases its reliability to a towering 150,000 hours 
MTBF, compared to the competition's 40,000 hours. 

Call and ask about our Cheyenne family of high-
performance, inch-high AT and SCSI drives with 
capacities from 40MB to 130MB. Don't fall for the 
others' claims. Instead, set your sights on peak 
performance with Maxtor. Call your nearest 
Authorized Maxtor Distributor. 

Maxtor 
Cheyenne 7130A 
BOMB 
64KB 

6.0MB/Sec 
15ms 
150,000 hours 

We Drive Harder. 

CIRCLE NO. 95 
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Call 
Your 
Authorized 
Maxtor 
Distributors 
A.D.P.I. 
1-800-275-2374 
301-258-2744 
Anthem Electronics 
408-452-2287 
Arrow Commercial Systems Group 
1-800-323-43 73 
Arrow /Klerulff 
1-800-777-2776 
Avnet Computer 
1-800-422-7070 
B.S.M/Business Solutions in Micro 
1-800-888-34 75 
214-699-8300 
Cal Abco 
818-704-9100 
800-669-2226 
Compac Micro Electronics 
1-800-426-6722 
415-656-2244 
Computer Brokers of Canada (C.B.C.) 
416-660-1616 
604-273-1155 
CPC 
714-757-0505 
800-582-0505 
Data Storage Marketing (D.S.M.) 
1-800-543-6098 
303-442-4747 
Firstop Computer 
1-800-832-4322 
Future Electronics 
514-694-7710 
Intelect 
011-525-255-5325 
Marshall Industries 
1-800-522-0084 
Microware Distributors 
1-800-777-2589 
503-646-4492 
Mini Micro 
408-456-4500 
1-800-628-3656 
Pioneer Standard Electronics 
1-800-8 7 4-6633 
Pioneer Technologies 
1-800-227-1693 
S.E.D. 
1-800-444-8962 
404-491-8962 
Tech Data 
1-800-237-8931 
813-539-7429 
Technology Factory 
1-800-848-2073 
1-800-227-4712 
Technology Marketing Group 
1-800-688-7000 
612-942-7000 
U.S. Computer 
305-477-2288 
Wyle Laboratories 
1-800-289-9953 
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EON EDITORS' CHOICE 

tional programming is that it allows 
you to use constructs that control 
the flow of your program. Often, 
when you replace program state
ments with a graphical flowchart, 
you automatically and intuitively 
answer questions about program 
flow-but not always. The software 
recognizes that flow-control con
structs are still needed and pro
vides a group of objects for the pur
pose. Included are several if/then 
conditional objects as well as ob
jects to control looping and repeti
tion. 

The software requires a color dis
play; the vendor recommends one 
with at least six color planes. Al
though the software will run on a 
workstation with 8M bytes of RAM, 
the vendor recommends 12M to 
16M bytes and a hard disk of at 
least 200M bytes. VEE Engine 
costs $995; VEE Test, including 
VEE Engine, costs $5000. 

-Dan Strassberg 
Hewlett-Packard Co, 19310 

Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 730 

EDN's Editors' Choice 

On occasion, a new product will show a 
great deal of innovation and thus ap
pear as an EON Editors' Choice selec
tion. To qualify for special coverage by 
our editors, an innovative product must: 
~Offer significantly higher levels of 

performance in ways not previously 
available 

U?Solve a continuing problem much 
more effectively than its prede
cessor 

u;;i..Exhibit a marked degree of clever
ness, which differentiates it from 
earlier products 

[!r Embody new technology that ad
vances the state of the art or use 
older technology in a unique and in
novative way. 
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PRODUCT UPDATE 

Compact panel-mount package accommodates 
80386 PC, EL display, and touchscreen 

You can now buy a panel-mount 
EL-display package that includes a 
CPU and measures only I0.5 x 
6.875 x 3 in. The Displaypac-EL in
cludes a choice of IBM PC/ AT
compatible 80386- or 80286-based 
single-board computers . An op
tional user-interface touchscreen 
suits the product for various appli
cations, ranging from factory and 
machine control to point-of-sale ter
minals and medical equipment. 

The display package's single-board 
computer includes as much as I6M 
bytes of dynamic RAM and IM byte 
of EPROM; its processor's clock 
speed can run as fast as 20 MHz. 
The board also includes speaker and 
keyboard ports, two RS-232C ports, 
a parallel printer port, a 
real-time clock, a watch
dog timer, and a math 
coprocessor. You can also 
add mass storage to the 
product via an onboard 
IDE (integrated device 
electronics) hard-disk in
terface and an industry
standard floppy-disk in
terface for 31

/2- or 5114-in. 
drives. 

The product features an 
amber EL display with 
640 x 400-pixel resolution 
and a viewing angle that 
exceeds I60°. The display 
offers CGA and EGA com
patibility and employs 
gray scale to simulate 
color images. The com
pany plans to offer a VGA 
product in the next six 
months and may also offer 
the product using differ

You can run standard MS-DOS 
software on the system. The pack
age can boot its disk-operating sys
tem from onboard RAM or ROM 
disks, as well as from an external 
drive. The company offers a ROM
based software tool that allows you 
to run target software developed on 
PCs without having MS-DOS pre
sent. Therefore, you don't have to 
buy MS-DOS licenses for each sys
tem used in embedded applications. 
The company can also supply soft
ware that allows you to use the 
touchscreen as if it were a mouse. 

You can add features to the pack
age via PC/AT-compatible expan
sion slots or with industry-standard 
iSBX-compatible cards. The com-

pany offers an expansion rack to 
hold either type of card; the slot 
increases only the depth of the 
unit's dimensions. The product fea
tures a NEMA-I2 rating; therefore, 
it can operate in oily and wet envi
ronments. The system will operate 
over a 0 to 55°C temperature range 
and consumes only 37W of power. 

Displaypac-EL is available now; 
the version with a 20-MHz 80286 
µP, IM byte of RAM, and a 
touchscreen costs $2I95 (IOO). 

-Maury Wright 
Computer Dynamics, 107 S Main 

St, Greer, SC 29650. Phone (803) 
877-8700 . FAX (803) 879-2030. 
Contact L ee Prevost . 
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ent display technology The EL display operates in harsh NEMA-12 environments, making the panel-rnount Displaypac-EL 
such as LCD. system suitable for applications such as factory control. 
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like the feeling of our new 
~·tal troubleshooting scope. 

Now there's a 100 MHz 
digital scope that handles 
just like analog. 
Digital oscilloscopes have cer
tain advantages that are hard to 
overlook. But for troubleshoot
ing, many engineers still prefer 
analog scopes. Simply because 
they like the way they handle. 

The HP 54600 changes that. 
It looks like a 100 MHz analog 
scope. All primary functions are 
controlled directly with dedi
cated knobs. And itfeels like one. 

• U.S. Prices only. 
t In Canada, call 1-800-387-3867, Dept. 428. 
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The display responds instantly 
to the slightest control change. 

But when it comes to trouble
shooting, the HP 54600's digi
tal performance leaves analog 
and hybrid scopes in the dust. 
At millisecond sweep speeds, 
the display doesn't even flicker. 
Low-rep-rate signals are easy 
to see without a hood. It has all 
the advantages that only a true 
digital scope can provide. Like 
storage, high-accuracy, pre
trigger viewing, hard copy out
put, and programming. And 
since it's one of HP's basic instru
ments, the HP 54600 gives you 

CIRCLE NO. 84 

all this performance at a very 
affordable price. Only $2,395* for 
a 2-channel scope; $2,895* for the 
4-channel version. 

So, if you need the power of a 
digital scope, but like the feel of 
analog, call 1-800-752-0900. Ask 
for Ext. 2286,t and find out how 
well the HP 54600 handles your 
troubleshooting needs. 

There is a better way. 

Ff/OW HEWLETT .:a PACKARD 

l'C> l991 Hewlelt-Packard Co. TMCOLl07/ EDN 
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No matter what range you're work
ing, your work goes better and 
faster with connectors engineered 
for the right balance of properties. 
AMP has the coax connectors you 
need for top performance, consis
tent electrical characteristics, and 
maximum manufacturability. 

Select from a line that spans the 
spectrum-DC to 50 GHz-in a 
variety of 50 or 75 ohm versions. 
Our selection delivers the advanced 
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design and controlled properties 
you need, with commercial versions 
that exhibit Mil-equivalent perfor
mance. Our fully Mil-qualified 
versions offer productivity gains, 
as well, including our proven crimp/ 
seal technology. 

We support the broadest selection 
of RF connectors available with the 
broadest range of mounting options 
as well: from cable to bulkhead, 
panel to board-and now including 

CIRCLE NO. 86 

custom and semi-custom high
speed coax and transmission cable 
assemblies. 

We'd like to extend all that 
support to you. For literature or 
the name of your nearest AMP 
Distributor, call the AMP Product 
Information Center at 1-800-522-6752 
(fax 717-561-6110). In Canada call 
416-475-6222. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

AIVIP 
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Linear components 
for single-supply 
designs 
The number of linear ICs tailored to operate from a single 
power-supply voltage has dramatically increased in the last 
few years. Using these devices requires a conservation-of-signal 
mentality and a conscious choice of what to call "ground." 

Anne Watson Swager, Regional Editor 

Designing linear circuits that oper
ate from a single power-supply 
voltage is becoming an increas
ingly common system require
ment. Applications that demand 
single-supply operation can feature 
strikingly different performance 
criteria. Possibly the most common 
application is a primarily digital 
system that can't afford the space, 
cost, or weight to add a negative 
supply to power a small percentage 
of analog components. These sys
tems' linear circuits are limited by 

voltage levels but not necessarily by power con
sumption. 

Single supply doesn't necessarily mean five 
volts. Automotive and aircraft control circuits often 
require single-supply operation at 9 or 12V. In 
many cases, control circuits must deliver a signifi
cant amount of power to their loads. These circuits 
require high drive currents and must provide wide 
voltage swings. Battery-powered equipment offers 
the most constrained example oflow-voltage opera
tion. Not only do size and battery-voltage-level 
limits exist, but power is also at a premium. In 
fact, by far the most common characteristic of sin
gle-supply linear components-amplifiers , com-

parators, and data converters-is very low power 
consumption. 

Compared with multiple-supply systems, single
su pply systems have distinct advantages, or 
disadvantages, depending on your perspective. 
From a systems viewpoint, these systems require 
one power supply, consume less power-simply ac
cording to P =VI-weigh less, and occupy less 
space. From a circuit designer's point of view, sin
gle-supply systems require that you adjust to new 
operating ranges and circuit techniques to accom
modate those ranges. Designers-especially when 
working with op amps-must adhere to a new 
creed: conservation of signal. No longer do you 
have the ± 5V of head room typically available 
with op amps that run from ± 15V supplies. 

Not only do you have to combat a familiar prob
lem in mixed analog-digital systems-digital
system noise injecting itself into sensitive analog 
circuits-but you have less signal to combat the 
noise with. Single-supply op amps have lower out
put-power levels and slew rates compared with 
devices designed for ± 15V supplies. Depending 
on the level of your supply voltage, however, you 
may be able to use a ± 15V device (see box, "The 
single-supply vs standard op-amp debate"). Fi
nally, when designing single-supply circuits, you 
have to adjust your way of thinking about what 
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ground really is, and design and lay out your circuit 
accordingly. 

One of your first options is to avoid single-supply 
operation altogether by using a low-current charge 
pump or de/de converter to generate a negative 
voltage. Many low-cost and low-power devices are 
available for this purpose. However, these devices 
generate noise, which is the one major drawback 
of this approach. Depending on the requirements 
of your design, adding a converter may not be an 
option. 

Fortunately, low single-supply voltages may not 
be as limiting as they seem. Although single-supply 
systems invariably reduce the available signal 
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Linear components such as op amps and data converters ofteu have to work 
at a single-supply voltage-frequency SV, the level at which digital systems 
operate. (Photo courtesy National Semiconductor) 

range, the total dynamic range of some of the more 
recent single-supply op amps may not be such a 
liability when compared with that of older ± 15V 
op amps. A traditional op amp has a signal swing 
of ± lOV and an input offset around 2 mV, which 
results in a dynamic range of 10,000 to 1. Many 
op amps now have offset voltages as low as 100 
µ V. An amplifier with this offset and a 4V output 
swing has a range of 40,000 to 1. Of course, the 
dynamic range available from that same low-offset 
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The change in a single-supply op amp's behavior when 
a circuit violates the device's input or output range 

can be drastic. 

op amp would be much greater when operating from 
± 15V supplies. 

Also, when using a 5V-powered amplifier instead of 
a ± 15V device, the common-mode range decreases 
from a total of 20 to 4 V-a factor of 5---and the power
supply voltage goes down sixfold, from ± 15 to 5V. 
Thus, for the same power-supply rejection ratio and 
the same power-supply-voltage tolerances, the effect 
of power-supply variations on the signal levels may 
actually diminish. This point may be a subtle one, con
sidering the extent to which digital supplies generate 
spurious signals that disrupt the operation of analog 
components and raise the level of the noise floor. Nev
ertheless, with careful design-especially adherence to 
device performance limits-a lower-voltage single-

supply system has the potential to perform just as 
well as a higher-voltage dual-supply system, despite 
reduced signal levels. 

Consider op amps and data converters 
Manufacturers of linear components have long recog

nized the trend to single-supply systems. Hundreds 
of linear components are now available, ranging from 
filters to switches to RS-232C drivers and receivers. 
Focusing on the basic linear categories of amplifiers 
and data converters provides a broad overview of sin
gle-supply components, definitions, and design tech
niques. Many initial and so-called "single-supply" parts 
had shortcomings, the best example of which is a sin
gle-positive-supply DAC that required a negative volt-

The single-supply vs standard op-amp debate 
Using amplifiers in single-supply 
applications generates more 
questions than using other types 
of components. The most com
monly asked question is 
whether-and if so how-you can 
use a ± 15V op amp in a single
supply situation. 

The answer is yes, if that op 
amp has the input and output 
range-including head room
you need. Standard op amps don't 
know where ground is. Any op 
amp with the proper input range 
for your signal can work in single
supply applications as long as you 
bias the input so that your sig
nal's range matches the device's 
input range. You can use any 
number of standard op amps if 
your single-supply voltage is 12 
or 15V and your signal swings are 
commensurate with the input and 
output ranges of the device. 

However, as you lower the 
supply voltage to 5V, the head 
room that most bipolar-supply op 
amps require reduces those 
ranges to the point where you're 
left with no useful signal swing. 
In a 5V single-supply circuit, 
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the limited common-mode range 
and output swing of standard 

op amps become liabilities. 
Two op-amp manufacturers 

that don't have extensive single
supply offerings-Burr-Brown 
has one single-supply op amp and 
Comlinear has none-field many 
questions about using their op 
amps in single-supply situations. 
A Burr-Brown application note 
(Ref 1) describes several biasing 
schemes, and application engi
neers at Comlinear will explain 
how to use the company's cur
rent-feedback amplifiers in sin
gle-supply applications. 

When using current-feedback 
op amps such as Comlinear's 
CLC401 ($8. 70), you have to be 
careful not to compromise the 
part's speed by limiting the volt
age. For example, a total supply 
voltage less than lOV will slow 
the performance of the part. Ex
ceeding the op amp's output volt
age range will result in internal 
saturation, which in all cases re
sults in very slow recovery time 
from overdrive. Each op-amp in
put may have different limits on 
how close it can come to the sup
ply voltage. In essence, however, 
these types of limitations are no 
different from those you should 

look out for when evaluating any 
amplifier. 

The underlying issue in the sin
gle-supply vs standard op-amp 
debate is how important buying 
a part specified for the way you 
plan to use it really is. Manufac
turers of single-supply devices
including those that also produce 
standard op amps-maintain that 
if you're going to power a device 
with 5V, you ought to buy a part 
specified for 5V operation. The 
best 5V op amps are those specifi
cally designed to work at that 
voltage, these companies say. 
Manufacturers warn against 
reading data sheets between the 
lines and say that assuming per
formance tested at ± 15V will be 
the same at 5V is a bad practice. 

Fortunately, many manufactur
ers do test and specify single
supply components at 5V, but 
few do so at a single 12 or 15V. 
If a device's data sheet doesn't 
provide the information you 
need, ask the manufacturer. 
Don't be shy. Pin manufacturers 
down on the specs, and push 
them to tell you how the part op
erates under nonideal conditions. 
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age reference. Many early single-supply op amps had 
limited output ranges, which rendered them useless 
in certain output-drive situations. 

Now, however, the number of amplifiers, compara
tors, and data converters tailored for single-supply op
eration that have useful input and output ranges is 
growing rapidly. Table 1 lists manufacturers of basic 
linear components. Analog Devices and its newly ac
quired Precision Monolithics Division, Harris Semicon
ductor, Linear Technology, National Semiconductor, 
Maxim Integrated Products, Motorola, and Texas In
struments all have a wide range of product offerings. 
Each company has been actively designing and an
nouncing new devices with single-supply operation as 
one salient feature. 

You have a wide choice of amplifiers and AID con
verters, especially of low-power op amps. A variety 
of precision op amps are available, featuring supply 
currents in the 10- to 100-µA range (Fig 1). The speed 
of single-supply op amps extends from precision levels 

Single-supply linear design 

Small size is crucial for portable instruments, and most single-supply op amps 
comply. The LMC604x series from National Semiconductor includes single, dual, 
and quad devices that are available in 8- and 14-pin SOICs and DIPs. Prices start 
at $0.75 (100). 

to Elantec's EL2243 ($7.67) 90V/µsec decompensated 
op amp to Philips-Signetics' NE5209N ($14.27) wide
band, variable-gain amplifier with a bandwidth of 85 
MHz. (Unless otherwise noted, all prices in this article 
are for quantities of 100.) Fewer choices exist in the 
higher speed range, just as there are fewer choices 

Table 1-Manufacturers of basic linear components designed for single-supply operation 
Manufacturer Op amps Comparators ADCs DACs Features/Comments 

Advanced Linear Devices Inc . . Rail-to-rail operation. CMOS. 

Analog Devices Inc . . . Broad range of products including precision and micropower devices 
from the Precision Monolithics Div . 

Apex Mlcrotechnology Corp . High power . 

Brooktree Corp . 8-bit video ADCs . 

Burr-Brown Corp . One precision, low-power, dual op amp. 

Dateline . Video speed ADCs. 

Elanteclnc . High speed . 

Fujitsu Microelectronics Inc . . . . Video speed converters. 

GEC Plessey Semiconductor . . Wide selection of low-cost (starting around $3) and low-to-medium 
performance converters. Also RF products. 

Harris Semiconductor . . . . Broad range of products. 

Hitachi America Ltd . . Video speed, flash ADCs and 20 to 50-MHz DACs. 

ILC Data Device Corp . One special-purpose device, a monolithic tracking resolver and 
LVDT converter. 

Linear Technology Corp . . . Wide product line including precision and micropower devices . 

Maxim Integrated Products . . . . Wide product line. 

Micro Linear Corp . Wide range of serial and microprocessor-compatible 8-bit ADCs . 

Motorola Inc . . . . Wide range of products available from both the MOS and bipolar 
product divisions. 

Natal Engineering Co Inc . Special-purpose converters : hybrid 16- and 22-bit resolver-to-digital 
converters. 

National Semiconductor . . . . Wide product line . 

Phlllps-Slgnetlcs . Low-voltage op amps, RF products . 

SGS-Thomson . . Micropower emphasis . 
Microelectronics Inc 

SlpexCorp . Monolithic 12-, 14-, and 16-bit DACs that operate from 15V supplies . 

Sony Component . Video speed ADCs . 
Products Co 

Teledyne Components . . Chopper-stabilized op amps, LCD-driver ADCs. 

Texas Instruments . . . Wide range of products including low-power, precision, and low-
noise devices. Micropower comparators. 

EDN May 9, 1991 121 



Not only do you have to combat a familiar problem in 
mixed analog-digital systems-digital power-supply noise
but you have less signal with which to combat the noise. 

among high-output-drive amplifiers and single-supply 
DACs. Small packaging is a common characteristic of 
single-supply devices. Virtually all single-supply op 
amps are available in small DIP and SOIC packages. 

The wide availability of these components eases the 
design of single-supply circuits, but that fact doesn't 
let you off the hook when evaluating a part's data 
sheet. The front page of a data sheet may tout "single
supply operation," but manufacturers' definitions vary. 
Even if all manufacturers' definitions matched, you'd 
still have to look at the guaranteed specs on the data 
sheet. Obviously, the very least you can expect from 
any single-supply component is that it will operate 
within the manufacturer's stated power-supply limits. 

In the case of data converters, however, you can 
take the operational definition at face value. Single
supply AID converters cover a wide speed and preci
sion range, from the signal-conditioning 8-bit AD670 
($7.20) from Analog Devices to the video-speed ADCs 
available from several manufacturers in Table 1. Prob
ably the most typical 5V ADC is the serial I/O, µP
compatible type. Conversion rates for these ADCs 
range from 13 to 20 µsec. In the case of the 12-bit 
LTC1290 ($12.95) series from Linear Technology and 
the 10-bit ADC103x ($8.90) series from National Semi-

conductor, these converters can include input multi
plexers and S/H amplifiers. The input-signal range is 
a key specification for AID converters, and the accom
panying voltage reference largely determines it. 

Examine voltage needs of supporting devices 
Fewer DACs than ADCs work under single-supply 

constraints. The output swing of a DAC is an important 
specification. Unfortunately, many CMOS multiplying, 
current-output DACs, which by themselves do operate 
from a single positive supply voltage, require a nega
tive voltage reference to generate a positive output. 
Voltage-output DACs need no positive supply. An
other single-supply DAC liability to watch out for is 
that some devices aren't TTL compatible over their 
entire power-supply range. Also, the manufacturer 
may not specify the interface timing for the supply 
voltage you intend to use. 

A limiting factor when exploiting the entire range 
of any 5V-powered data converter is the small supply 
of 4V references. More of these references are begin
ning to appear. Linear Technology's LTC1019 4.5V 
($3.90) reference is one example. 

The definition of a single-supply op amp is more 
complex than the operational definition for data con-

POWER/SPEED TRADEOFFS OF REPRESENTATIVE OP AMPS 

• 

1 
EL 2242 ($7 .67) 

ELANTEC 

10 l-------+------!------MC3047X ($0.62)---1------l 

Fig l-Although the general shape of 
this power-speed curve is no surprise, 
the curve places the operational power 
and speed ranges of representative sin
gle-supply op amps into perspective. 
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Several single-supply op amps have outputs that can swing to both power-supply 
rails, but few op amps' inputs can swing rail to rail. Advanced Linear Devices' 
CMOS op amps are one exception. 

verters. The single most defining characteristic of a 
single-supply op amp is that its input can swing to the 
negative supply rail, which by definition is equal to 
ground in a single-supply system. Put another way, 
the op amp's common-mode input range must include 
ground. Comparators have similar restrictions on their 
inputs to suit single-supply operation. 

This signal-swing characteristic doesn't necessarily 
apply to the output of a single-supply op amp. How
ever, the outputs of many of the newer op amps can 
swing to ground, and more op-amp manufacturers in
clude this capability in their single-supply parts. Com
paring the output swings of various devices can be 
tricky. The outputs of some op amps need a pull-down 
resistor to help them along. Also, the output swing 
always depends on the load or the amount of sink cur
rent. A more precise definition of output swing, then, 
is the output swinging to ground while sinking current. 
Linear Technology and other manufacturers subscribe 
to this definition. 

Keep in mind that swinging to ground is relative. 
The exact numbers that correspond with an amplifier's 
lowest input voltage varies. The highest power-output 
amplifier in Table 1, the PA21 ($23.95) from Apex 
Microtechnology, can deliver 3A of peak current but 
has an input that can go only to within 300 m V of 
ground. Other device data sheets guarantee operation 
all the way down to ground or to within a few millivolts 
or a few hundred microvolts of ground. In a few cases, 
the guaranteed operation extends beyond the supply 
rails. The common-mode input range of Philips
Signetics' NE/SE5234 ($1.56) quad , low-voltage op 
amp extends 250 m V beyond the supply rails. When 
driving a 60011 load, the NE/SE5234's output swings 
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Single-supply linear design 

to within 250 m V of the rails. While sinking 100 µA, 
the LT1077 ($1.65) from Linear Technology is guaran
teed to swing to within 130 m V of ground. 

Rail-to-rail operation represents one more perform
ance step for single-supply op amps. The output of a 
rail-to-rail op amp can swing from ground to the posi
tive supply rail. The output swing is typically a limiting 
factor in single-supply designs, so rail-to-rail operation 
can be a real advantage. National Semiconductor has 
three families of rail-to-rail, single-supply op amps: the 
LMC/LPC660 quad ($.90 to $1.27), LMC/LPC662 dual 
($0.80 to $1.27), and the LMC6041/2/4 ($0. 70 to $2.20) 
devices. Texas Instruments and Harris also have rail
to-rail output op amps. 

The term "rail to rail" refers to. the output of an op 
amp, but not necessarily-in fact, rarely-to the input. 
Two exceptions are Advanced Linear Devices' family 
of CMOS op amps and Philips's NE/SA5234. Both the 
inputs and outputs of these devices can swing from 
ground to the positive supply. 

Failure protection prevents disaster 
Once you've found an op amp that meets your basic 

performance requirements-input range, output 
swing, power, and speed-looking at what happens 

Single-supply operation often goes hand in hand with battery-powered operation. 
Analog Devices' 18-bit DAC suits portable, audio applications. 
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Single-supply linear design 

when your circuit violates a part's rated specifications, 
especially at the input, is essential. If your circuit vio
lates guaranteed specs, the change in these op amps' 
behavior can be drastic. Unfortunately, a higher prob
ability exists that your circuit will violate the input 
condition of a single-supply op amp than, for example, 
the specs of a device working from bipolar supplies. 
If your input-signal levels are near ground, any nega
tive-going spikes riding on those signals can violate 
the input range. 

Two potential problems that can occur when the in
put level exceeds an op amp's specs are phase reversal 
and, in dual and quad devices, crosstalk. In phase re
versal , which Fig 2 illustrates, the output abruptly 

4V 

2V 

OV 

(a) HORIZONTAL SCALE =1 mSEC/OIV 

4V 

2V 

OV 

(b) HORIZONTAL SCALE =1 mSEC/OIV 

Fig 2-A single-supply circuit is likely to violate the input and output ranges of 
single-supply op amps, so investigate how the devices deal with such violations. 
The problem of phase reversal, demonstrated here when the input goes below 
ground, can trip up drive circuitry. 
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changes polarity when the input reaches a low enough 
point. This reversal can cause severe problems in the 
drive circuitry. The LT1077 clamps the output to pre
vent phase reversal. Texas Instruments' line of Excali
bur op amps also includes circuitry to prevent this 
problem. 

Crosstalk occurs when one output of a dual amplifier 
picks up problems occurring on the other amplifier's 
input, as Fig 3 illustrates. The two scope photos show 
two different dual amplifiers operating with one ac and 
one de input, both of which violate each part's common
mode range. Both amplifiers prevent phase reversal; 
the outputs of each amplifier clamp at zero when the 
inputs go below ground. However, one of the amplifiers 
in Fig 3b's dual package outputs errant square pulses 
because the sine wave violates its companion ampli
fier's input. 

All of Elantec's amplifiers, including the company's 
two high-speed, single-supply devices, prevent 
crosstalk because of their dielectrically isolated fabrica
tion. Junction-isolated processes can't prevent the 
spread of carriers that disperse when an input stage 
saturates, however. The collectors of other transistors 
on the IC act as receivers of these carriers and can 
cause errors and abnormal device behavior. If you're 
using dual or quad devices, be extremely careful to 
characterize your input signals and add safety margin 
if necessary. 

Crosstalk and phase reversal are problems you'll dis
cover in testing-or worse yet, production. You can 
sometimes avoid these problems by checking the de
vices' data sheets. Reading every data sheet with the 
following check list in mind can help you determine if 
a part will fail gracefully. In many cases, manufactur
ers address these issues in the application information 
included in data sheets. If not, press the manufacturer 
for more information. Ultimately, your own breadboard
ing and analysis is the only fail-safe test. 

• How has the IC designer protected the part 
against fault conditions? 

• How fast does the device recover from overloads? 
• Is the device monotonic; that is, do increasing in

puts produce only decreasing outputs? 
• What is the device's transient response? 
• What happens when input signals are present be

fore the power-supply voltages? 
• What happens as the supply voltage comes up? 
In addition to the answers to these questions, the 

minimum operating range of the part will indicate the 
part's range of predictable behavior. Unfortunately, 
you may not have to violate guaranteed specs to see 
anomalous behavior. A single-supply op amp may not 
maintain its performance specs through its entire rated 
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Single-supply linear design 

input and output range. For example, a component 
operating near its output-voltage-range limit may ex
hibit nonlinearities and show signs of distortion due 
to transistor voltage saturation. Allowing yourself 
some safety margin on the output swing will keep your 
signal safely within an amplifier's linear region. 

Create a new concept of ground 
Possibly the most important adjustment you must 

make when designing single-supply circuits is to your 
concept of ground. In single-supply systems, ground 
and the negative-supply rail are one and the same. 
Thus, ground can no longer serve as a convenient refer
ence point-unless you design exclusively with unipo
lar signals-because input signals can't swing lower 
than ground. Also, signal ground and the power-supply 
return are one and the same. Ground now carries real 
current. 

In some cases, you can use ac coupling to get around 
the need for input biasing, but this technique isn't an 
option for instrumentation equipment that measures 
absolute levels. Ultimately, you must consciously de
cide what voltage level to call "zero signal." This point 
will be your circuit's virtual, or pseudo, ground point. 

Using resistive dividers or discrete voltage refer
ences are two ways to generate the new reference 
point for your circuit. The down side of bias schemes 

A 
-GROUND 

B -GROUND 

c -GROUND 

D -GROUND 

(a) HORIZONTAL SCALE=500 !'SEC/DIV 

TRACE DESCRIPTION 

is that the additional components consume more power. 
The precision of the new reference point is critical to 
your circuit's operation. Buffering the resistor divider 
or reference is usually necessary; the buffer must be 
able to run from your single supply's voltage. Linear 
Technology's LT1010 ($2.50) power buffer can operate 
from a power supply as low as 4.5V. You can team 
this part with a few resistors and capacitors to generate 
a supply splitter that can source or sink 150 mA. 
Pseudo-ground references that both sink and source 
current help the circuit recover quickly from load 
changes. 

A component that reduces the number of external 
parts necessary to generate a new ground is Texas 
Instruments' TLE2425 ($0.69 (1000)) "virtual-ground" 
device. The device combines a micropower amplifier 
and reference to provide a stable 2.5V reference for 
5V systems. It comes in a 3-terminal T0-226AA or 
8-pin SOIC package and draws a maximum of 250 µA. 
The device can typically source and sink 20 mA. The 
company has plans to introduce a number of these 
virtual-ground products for 9, 12, and 15V rails. 

These biasing approaches were created under the 
assumption that you want to choose some midpoint 
operating range; for example, a 2.5V reference for a 
5V-powered circuit. However, adding so much bias 
isn't always necessary. Biasing the input by a diode 

A -GROUND 

B -GROUND 

c - GROUND 

D -GROUND 

(b) HORIZONTAL SCALE =500 !'SEC/DIV 

VERTICAL SCALE 

A 
B 
c 
D 

INPUT TO AMPLIFIER 1 
OUTPUT OF AMPLIFIER 1 

INPUT TO AMPLIFIER 2 
OUTPUT OF AMPLIFIER 2 

2V/DIV 
2V/DIV 
1V/DIV 
5V/DIV 

Fig 3-Violating the input range of one amplifier of a dual or quad op amp can cause problems for the other amplifiers. These photos show the response of each 
amplifier of two different dual op amps to a sine wave and a de signal that violate the devices' common-mode input ranges. In a, both amplifier outputs clip at ground 
when either input is below ground. The output of the first amplifier in b also clips to ground when the sine wave goes below zero. However, the violation at this 
amplifier's input causes some strange signals to show up at the output of the second amplifier. 
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Type MS Precision 
Power Film Resistors 

Power Rating up to 15 Watts 
Non-Inductive Design with power 
ratings from 2 Watts to 15 Watts 
Select from 1 7 Models 
Voltage ratings from 200 V to 6 KV 
Resistance Range 20 n to 30 Meg 
Tolerance of 1 % (available to 0.1 %) 
Max. Operating Temperature of 275°C 

For Type MS data, circle number 101 

Type MV Low Resistance 
Power Film Resistors 

Resistance Range of 0.1 Q to 50 Q 
• Non-Inductive Design with power 

ratings from 1.5 Watts to 10 Watts 
• Select from 5 Models 
• Tolerance of 1 %, 2%, 5% or 1 0% 
• Max. Operating Temperature of 275°C 

For Type MV data, circle number 102 

Type MP Kool-Tab®. 
Power Film Resistors 

20 Watts in the T0-220 Package 
• Non-Inductive Design 
• Resistance Range 1 n to 1 O K 
• 20 Watts at 25°C Case Temperature 
• Tolerance of 1 %, 2%, 5% or 10% 

For Type MP data, circle number 103 

® • tor Technology 
Rests H" h Vo\tage Resistors 

R sisters and •Q th board! 
High Performance P~:~~r :olving problems across e ~ 
with a 25 year reco Type MX Lab Grade~ 

Type MG Precision 
High Voltage Resistors 

Type TG Low TC Precision High Voltage Resistors 
High Voltage Resistors 

New Cost Efficient Design 
• 80 ppm!°C, 0°C to 70°C, ref. 25°C 

Voltage Ratings from 600V to 48KV 

TC of 25 ppm/°C, -55°C to + 125°C 
• Resistance Range 1 Meg to 1 ,000 Meg • Resistance Range 1 Meg to 2,000 Meg 

• 80 ppm!°C, -15°C to 105°C, ref. 25°C 
• Resistance Range up to 10,000 Meg 
• Select from 23 Models 
• Tolerance of 1% (available to 0.1%) 

• 7 Models with Voltage Ratings 
from 4 KV to 48 KV 

• Voltage Divider Match Sets with 
Ratio TC to as tight as 1 O ppm/°C 

• Tolerance of 1 % (available to 0.1 %) 

• 7 Models with Voltage Ratings 
from 7.5 KV to 48 KV 
Tolerance of 1%, 2%, 5% or 10% 
(available to 0.1 %) 
Stability of 0.5% per 1,000 hours 

• Stability of 0.5% per 1,000 hours 

For Type MG data, circle number 104 
• Stability of 0.25% per 1,000 hours For Type MX data, circle number 106 

More high 
performance 
resistor products 
from 

ELECTRONICS, INCORPORATED 

© 1989 Caddock Electronics, Inc. 

EDN May 9, 1991 

For Type TG data, circle number 105 

These products are manufactured with Caddock's exclusive Micronox® or 
Tetrinox® Resistance Film Technologies. For your copy of the Caddock 
General Catalog call or write : 

Applications Engineering 
Caddock Electronics, Inc. 
1717 Chicago Avenue 
Riverside, California 92507 
(714) 788-1700 

The Caddock General Catalog includes specifications on over 200 models of 
high performance resistor products. 
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Single-supply linear design 

drop may put your circuit into the op amp's input 
range. 

The output swing presents more constraints than 
the input does in single-supply amplifier circuits. Mini
mizing the output loading by using loads of 10 kD. or 
greater helps maximize the output swing. Working 

Manufacturers of linear components 

from the output back to the input-determining your 
working output range and adjusting the input signal 
and gain accordingly-helps ensure that you won't vio
late output-swing ranges. Single-supply amplifier de
signs will often be asymmetrical. To avoid asymmetry, 
many applications engineers recommend biasing a 5V-

For more information on linear components and design techniques such as those described in this article, circle the 
appropriate numbers on the Information Retrieval Service card or use EDN's Express Request service. When you 
contact any of the following manufacturers directly, please let them know you saw their products in EDN. 

Advanced Linear Devices Inc Elantec Inc Maxim Integrated Products Philips Semiconductors-
1180F Miraloma Way 1996 Tarob Ct 120 San Gabriel Dr Signetics 
Sunnyvale, CA 94086 Milpitas, CA 95035 Sunnyvale, CA 94086 Box 3409 
( 408) 720-8737 (800) 821-7429 (408) 737-7600 Sunnyvale, CA 94088 
FAX (408) 720-8297 (408) 945-1323 FAX (408) 737-7194 (408) 991-4544 
John Guadagna FAX (408) 945-9305 Circle No. 674 FAX (408) 730-8158 
Circle No. 650 Circle No. 657 Circle No. 680 

Micro Linear Corp 
Analog Devices Inc Fujitsu Microelectronics Inc 2092 Concourse Dr SGS-Thomson 
Box 9106 3545 N First St San Jose, CA 95131 Microelectronics Inc 
Norwood, MA 02062 San Jose, CA 95134 (408) 433-5200, ext 412 1000 E Bell Rd 
(617) 329-4700 (800) 642-7616 Terri Fusco Phoenix, AZ 85022 
FAX (617) 329-1241 (408) 922-9000 Circle No. 675 (602) 867-6100 
Circle No. 651 Circle No. 658 FAX (602) 867-6102 

Motorola Inc 
Circle No. 681 

Apex Microtechnology Corp GEC Plessey Semiconductor Linear IC Div 
5980 N Shannon Box 660017 2100 E Elliot Rd EL340 Sipex Corp 
Tucson, AZ 85741 Scotts Valley, CA 95067 Tempe, AZ 85282 22 Linnell Circle 
(800) 421-1865 (408) 439-6077 (602) 897-3615 Billerica, MA 01821 
(602) 742-8600 FAX (408) 438-5576 FAX (602) 897-4193 (508) 667-8700 
FAX (602) 888-3329 Tim Feldhousen Circle No. 676 FAX (508) 670-9001 
Tim Green or Jerry Steele Circle No. 659 Circle No. 682 
Circle No. 652 

Motorola Inc 
Harris Semiconductor MOS Digital-Analog IC Div Sony Component Products Co 

Brooktree Corp Box 883 Box 6000 Box 6016 
9950 Barnes Canyon Rd Melbourne, FL 32901 Austin, TX 78762 Cypress, CA 90630 
San Diego, CA 92121 ( 407) 724-3704 (512) 928-6880 (714) 229-4197 
(619) 452-7580 FAX (407) 724-3937 FAX (512) 322-8820 FAX (714) 229-4333 
FAX (619) 452-1249 Circle No. 670 Circle No. 677 Dana May 
Circle No. 653 Circle No. 683 

Hitachi America LTD Natel EngineeriQg Co Inc 
Burr-Brown Corp 2000 Sierra Point Pkwy 4550 Runway St Teledyne Components 
Box 11400 Brisbane, CA 94005 Simi Valley, CA 93063 Box 7267 
Tucson, AZ 85734 (800) 448-2244 (805) 581-3950 Mountain View, CA 94039 
(602) 746-1111 ( 415) 589-8300 FAX (805) 584-4357 (415) 968-9241 
FAX (602) 889-1510 Circle No. 671 Circle No. 678 FAX (415) 967-1590 
John Conlon Wes Freeman 
(800) 548-6132 

ILC Data Device Corp National Semiconductor 
Circle No. 684 

Circle No. 654 
105 Wilbur Pl Box 58090 
Bohe1t1ia, NY 11716 Santa Clara, CA 95052 Texas Instruments 

Comlinear Corp (516) 567-5600, ext 633 (800) 272-9959 8390 LBJ Freeway 
4800 Wheaton Dr FAX (516) 563-5209 (408) 721-5000, ext 8096 Dallas, TX 75265 
Fort Collins, CO 80525 ' Circle No. 672 FAX (408) 721-4148 (214) 997-3389 
(303) 226-0500 Bettina Briz (op amps) FAX (214) 997-5962 
FAX (303) 226-0564 

Linear Technology Corp 
Andy Jenkins (data converters) Circle No. 685 

Circle No. 655 Circle No. 679 
1630 McCarthy Blvd 
Milpitas, CA 95035 

Datel Inc (408) 432-1900 
11 Cabot Blvd FAX (408) 434-0507 VOTE ... 
Mansfield, MA 02048 Circle No. 673 
(508) 339-3000 Please also use the Information Retrieval Service card to rate this 
Bob Leonard article (circle one): 
Circle No. 656 High Interest 491 Medium Interest 492 Low Interest 493 
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Type TN Lab Grade . Type TK Low TC Precision Type MK Precision Power 
Low TC Precision Resistors Radial-Lead Film Resistors Radial-Lead Film Resistors 

1 K to 1 Meg, Tolerance to ±0.01 % 
Low TC to 5 ppm/°C, 0°C to 70°C 
• Non-Inductive Design 
• Tolerance of ±0.01 %, ±0.025%, ±0.05%, 

±0.1 %, ±0.25%, ±0.50% or ±1 % 
• Low TC of 5, 1 O or 20 ppm/°C, o to 70°C 
• Space Efficient Radial-Lead Design 

For Type TN data, circle number 101 

Low TC to 5 ppm/°C, -55°C to 125°C 0.50 Watt (CK05), 0.75 Watt (CK06) 
• Non-Inductive Design • Non-Inductive Design 
• Resistance Range 1 Kohm to 1 O Meg • Resistance Range 1 Q to 1 00 Meg 
• TC of 5, 10 or 20 ppm/°C, -55 to 125°C • TC as low as 50 ppm/°C, -15°C to 105°C 
• Tolerance of ±1 % (avai lable to ±0.05%) • Tolerance of ±1 % (available to ±0. 1 %) 
• Space Efficient Radial-Lead Design • Space Efficient Radial-Lead Design 

For Type TK data, circle number 102 For Type MK data, circle number 103 

® • t r Techno\ogy Res1_s 0 d Resistor Networks 

Precision and Ultra Pdrefci~i~~~~~·~:~,!~s across the board! 
. 25 year recor o 

With a Custom Precision and 

Type T912 and Type T914 
Precision Resistor Networks 

c::r:!!3:I 
CAOOOCK 

T912 

tffl 
A1 A2 nn 

1 2 3 4 

T912 Schematic 
1 :1, 9:1or10:1 

c::r:!!3:I 
CADOOCK 

T9 14 
• 8 842 

R1 A2 \ A3 A4 n n n n 
12345 6 78 

T914 Schematic 
4 e ual value resistors 

Ultra Precise Ratios to 0.01 % 
• 14 Standard Resistance Values from 

1 Kohm to 1 Meg (Custom to 2 Meg) 
• Ratio Tolerance from 0.01 % to 0.1% 
• Ratio TC of 2, 5or1 O ppm/°C, o to 70°C 
• Custom ratios available, 1 :1 to 250 :1 

For Type T912/T914 data, circle 104 

Type 1776 Precision Ultra-Precision SIP Networks 
Decade Voltage Dividers 

Cl ..-a 
CADDOCK 

8912 1776-C621 

9M 900K 90K 9K 1 K 

m--rn 
2 3 5 6 

1776-C621 Schematic 

Voltage Division 10:1 to 10,000:1 
• Ratio Tolerance 0.02%, 0.05%, 0.1 %, 

0.25% or 0.5% 
• Ratio TC of 5, 10, 25 or 50 ppm/°C, 

from 0°c to 70°C 
• Select from 39 Different Models 
• Voltage Rating to 1,200 Volts 

Cl..-0 
• T1794 -366 881 4 

e ..-a 
1789- 61 llTY I i 

• 0837 

rrrrrn1f1 Cl..-0 
• T1794 - 4 0 4 88 4 7 

ii iii iii 
Ratio Tolerance to 0.01% 
• Resistance Range 0.5 ohm to 50 Meg 
• Abs. Tolerance from ±0.025% to ±1 % 
• Ratio Tolerance from 0.01 % to 1 % 
• Abs. TC of 15 ppm , 25 ppm, 50 ppm 

or 80 ppm/°C, from 0°C to 70°C 
• Ratio TC of 5 ppm, 1 O ppm, 25 ppm 

or 50 ppm/°C, from 0°c to 70°C 

For Type 1776 data, circle number 105 For Custom data, circle number 106 

More high 
performance 
resistor products 
from 

These products are manufactured with Caddock's exclusive Micronox ® or 
Tetrinox ® Resistance Film Technologies. For your copy of the Caddock CADDOCK 

ELECTRONICS, INCORPORATED 

EDN May 9, 1991 

General Catalog call or write: 
Applications Engineering 
Caddock Electronics, Inc. 
1717 Chicago Avenue 
Riverside , California 92507 
(714) 788-1700 

The Caddock General Catalog includes specifications on over 200 models of 
high performance resistor products . 
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Single-supply linear design 

operated amplifier to 2.5V. Another approach is to 
choose a reference voltage whose level is in the middle 
of your output range. 

Account for both de and ac signals 
Other design techniques include using two amplifi

ers: the first to perform a level shift and the second 
to perform the actual amplification. If you need special 
input and output characteristics, such as low offset or 
rail-to-rail output swing, you can choose two different 
amplifiers to accomplish the task. Using noninverting 
gain stages takes advantage of the fact that most sin
gle-supply op amps operate at the negative supply po
tential. Alternating complementary stages can widen 
the operating voltage range. Alternating stages means 
that you reference the first stage to the negative sup
ply voltage, which inverts the signal for the next stage. 
Reference the next stage to the positive supply volt
age, and so on. Terminating output loads to ground 
helps the amplifier obtain the greatest voltage swing. 

Layout techniques are critical 
The final, but most important, design suggestion ap

plies to all sensitive analog circuits: Good grounding 
and power-supply shielding techniques are imperative. 
For systems working off a digital 5V bus that wobbles 
around and generates noise, these techniques are even 
more crucial. The power-supply decoupling must be 
as close to the device as possible. Layout techniques 
that keep the analog and digital components and their 
supply lines as separate as possible and that guard 
high-impedance points are another must. 

Unfortunately, the signal current and power-supply 
return current can intermix and cause ground loops. 
For low-frequency designs, connecting all the grounds 
together at just one point reduces the chance of ground 
loops. However, as circuits increase in frequency to 
the audio range-anywhere between 100 and 1000 
Hz--the inductances in these long ground connections 
become too dominant. For audio and higher frequen
cies, using a heavy ground plane is necessary. 

The problem of analog and digital circuits sharing 
the same power source, and a low-voltage one at that, 
presents many design challenges. Because standard 
digital supply voltages have such an influence over the 
operation of linear circuits, you might expect even 
lower voltage constraints in the future. Some linear
component manufacturers express doubt that standard 
linear devices will operate at voltages much lower than 
5V, but others-especially companies, such as Philips
Signetics, that are involved in the RF communications 
business-already offer single-supply parts that oper
ate at 2V. 

130 

Still other manufacturers say that the first micro
processor that operates at approximately 3V-a likely 
future development considering that low-voltage mem
ory devices now exist-will pressure engineers to de
sign linear circuits that operate at voltages even lower 
than 5V. Most linear designers have a few years to adjust 
to single-supply constraints and circuit techniques 
without worrying too much about that eventuality. 

EDN 

Reference 
1. The Handbook of Linear IC Applications, "Single

supply operation of operational amplifiers," Burr-Brown 
Corp, 1987, pg 202. 
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Many thanks to Linear Technology and E lantec for prm.rid
ing scope photos. 
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68332 
Available 
Mar.1990 

68331 
Available 
Sept.1990 

68302 
Available 
Oct.1989 

68040 
Available 
Q41990 

HP emulator 
available 
Dec.1989 
(Got a li ttle ahead 
of ourselves.) 

HP emulator 
available 
Nov.1990 

HP emulator 
available 
Aug.1990 
(We didn i start until 
Feb. 1990, but we.finished 
it in 6 months.) 

HP emulator 
available 
Ql 1991 

Coincidence? 

Nobody supports the Motorola 
line of microprocessors better 
than the Hewlett-Packard 64700 
Series of emulators. 

You see, HP has agreements with 
key chip manufacturers. Like 
Motorola. So while they're working 
on the next hottest chip design, 
we're simultaneously developing 
an emulator. 

Our relationship with Motorola 
has allowed us to provide emula
tors this quickly for the new 
68302, 68331and68332 processors. 

©1990 Hewlett-Packard Company CPEG008 

EDN May 9, 1991 

We dorit think so. 
As well as for the upcoming 
68040. And, of course, we've 
always had broad support for the 
68000, 68010, 68020 and 68030. 

HP emulators also provide a 
complete solution. Logic and per
formance analysis tools and code 
coverage are all in the same box. 
They come with C cross com
pilers, simulators/debuggers and 
branch validators. 

Even better, HP emulators work 
in real time without halting 
your target system. Which means 
you'll ensure a thorough analysis 

CIRCLE NO. 114 

of your design by executing it at 
full speed. Not by second-guessing. 

All of this is accompanied by HP's 
renowned service and support. So 
call 1-800-752-0900, Ext. 1904 
for a free demo disk or videotape. 
They'll demonstrate a ll the bene
fits of using an HP emulator. And 
by the way, if we answer your 
call quickly, it's no coincidence. 

F//'OW HEWLETT 
a:~ PACKARD 

Now available on Sun SPARCstations 131 



F L U K E A N 0 P H I L p s T H E G L 0 B A L 

e OU ,___,Uy a 
~ount 

SPECIAL 
SAVINGS ON 

THROUGH JULY, 
1991. 

AUTO 
SET GND 

1 EASE OF USE/AUTOSET. Unknown sig-
• nals are captured quickly Troubleshooting 

is a breeze. Philips' unique AUTOSET selects the 
proper channel, amplitude, trigger source and time
base setting for an optimum display. 

7 AUTOMATION/PASS-FAIL TESTING. 
• Built-in automation, features advanced 

measurements on complex waveforms. Here we see 
the Pass/Fail function automatically indicating sig
nals that fall outside preset limits-set by the 
scope, or downloaded from an external computer. 
Be sure to ask about our limited time dis
counted offer on the complete DSO Test 
Automation kit. 

132 

2 PARALLEL OPERATION/ERGONOMICS. 
• No frustration from "digging" through 

menus to get one control. All main functions have 
individual controls with adjacent LCD or CRT read
outs that tell you what you're doing at a glance. 

8 HARDCOPY. Get documentation in hand 
• All Philips DSOs output to printers and plot

ters, as wel I as computers. Better yet, when you 
purchase an IEEE-488 compatible DSO by July 31, 
1991 you'll get a FREE ($100 cost with some 
models) high-quality 9-pin color graphics 
printer plus cables. 

digital 

3 COMBINATION SCOPE. Ease-of-use and 
• ease-of-mind 5 scope models combine 

both true Analog and powerful DSO performance 
with a choice of up to 250 MS/s and 100 MHz. 

Tek HP Fluke 

9 MONEY. More scope, for less money 
• Philips scopes from Fluke not only perform 

more functions than comparable Tek and HP mod
els, they cost less. 

EDN May 9, 1991 



A L L I A N c E I N T E S T & M E A S U R E M E N T 

® 

e or 
to en. 

4 ACQUISITION-CATCH GLITCHES 
• 300 MHz/500 MS/s. Assures accuracy 

in display, measurement, analysis and automation 
tasks. Up to 500 MS/s with 10 bit and 2 ns reso
lution, real-time sampling capabilities. Capture 
glitches as short as 3ns at lower timebase settings1 

10 SELECTION. Choose from Analog/DSO 
• models, or highly intell igent and fast, 

dedicated DSOs. All th is performance starts at 
$2,395, and doesn't exceed $10,000. 

EDN May 9, 1991 

e PHILIPS 

cope, 

5 MEASURE/CALCULATE/MATH. Obtain 
• fast answers to complex tasks. Many 

math measurements implemented in firmware 
Vpp I Mean I Rise time I Frequency I Phase I Add, 
and many more. 

In a Tek and HP world, 
Fluke gives you the 
best of both worlds. 
Count on Fluke when you want true workhorse 
Digital Storage Oscilloscopes that meet more of 
your real test needs. 

Compare Tek and HP scopes head-to-head 
with Philips DSOs from Fluke. You'll find they 
don 't match Philips DSO's combination of price 
and performance. A package that adds up to 
incredible value with fast signal acquisition, 
powerful analysis features, and easy access to 
all that power. 

Consider our lab-class DSOs. They offer 
impressive sampling rates and bandwidth, 
combined with offset, glitch capture, and digi
tally delayed sweep. Plus built-in, advanced 
signal analysis for differentiation, integration, 
even FFTs. They're easily automated, with 

CIRCLE NO. 96 

6 IN-DEPTH ANALYSIS - FFT. Advanced 
• analysis functions provide flexibility, and 

allow you to probe more deeply into your waveform, 
revealing hidden data & relationships. FFT, Differ
entiation, Histograms, Integration ... 

go and no-go testing, 250 front panel set-ups, 
and both RS-232 and IEEE interfaces. Starting 
at $7,750. 

Our family of portable DSOs combine the 
power of a fast, flexible digital scope with the 
ease-of-use and ease-of-mind of analog scope 
performance. Starting at only $2,395. 

Feature-for-feature, dollar-for-dollar, nothing 
compares to Philips DSOs for the best value. 
Especially when you add in Fluke's high 
standard of quality and support, plus 3 year 
warranty 

Send for our full comparison chart or free video 
titled "DSOs With a Difference: Chapter Ill ". 
Call 1-800-44-FLUKE ext. 77. 
John Fluke Mfg. Co., Inc. P. 0. Box 9090, Everett, WA 98206. U.S. : 
(206) 356-5400. Canada: (416) 890-7600. Other countries: (206) 
356-5500. © 1991 John Fluke Mfg. Co ., Inc. All rights reserved . 
Ad No. 00086. Tek" and HP" are registered trademarks of 
Tektronix, Inc., and Hewlett-Packard, Inc. 
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ABSOLUTE VALUE. 

High performance LCR meters from SRS. 
0.05% accuracy, 100 kHz frequency. 

Absolutely lowest price. 
Value. It means getting your money's worth. 

For passive component measurement, the new 
standards in value are the SR720/715 LCR meters 
from SRS. Meters that offer significant advantages in 
performance and price. Performance like .05% basic 
accuracy, 100 kHz test frequency, and fast 
measurement rates up to 20 per second. Features 
like a built in Kelvin fixture, averaging, binning and 
limits, stored setups, and quick calibration. With the 
standard RS232 and optional GPIB and Handler 
interfaces, the SR720/715 solves your incoming 
inspection and automated test needs. All for a price 
well below what you'd expect. 

The SR720/SR715. Absolute values in a complex 
world. Call (408)744-9040 today for more 
information about the SRS advantage. 

SR720 $2295 
• 0.05% basic accuracy 
• 100 Hz to 100 kHz measurement frequency 
• Two 5 digit displays for simultaneous readout 

of major and minor parameters. 
• Auto, R+Q, L+Q, C+D, C+R, Series and 

Parallel measurement modes 
• 100 mV to 1.0 V test signals 
• Internal and External Bias 
• Binning and Limits for production testing and 

component inspection. 
• RS232 interface 
• GPIB and Handler interface (optional) 
SR715 $1495 

Same as SR720 except: 
• 0.2% basic accuracy 
• 100 Hz to 1 O kHz measurement frequency 

SRS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 
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Design Feature 

Patience and reason 
solve digital-system 

debugging problems 
When a bug strikes your digital system) 
try to suppress panic and approach the task 
systematically. Deductive digital debugging 
can help you find and eradicate any digital 
bug infestation. 

Ronald M Jackson, Fascinating Electronics 

When a bug turns up in a prototype, engineers are 
under considerable pressure to fix the problem quickly. 
I've seen engineers respond to this pressure with panic. 
The further behind schedule the project is, the deeper 
the panic. A panicked engineer is likely to wiggle com
ponents in their sockets, to apply freeze spray liberally, 
perhaps to swap a few ICs, and then, in desperation, 
to drag up an oscilloscope and probe about randomly. 
But if the problem is complicated, panic rarely leads 
to a quick resolution. An engineer in a state of panic 
may not realize how to solve his problem until days 
later-perhaps while he is in the shower just thinking 
about the problem. Complicated problems require less 
panic and more thought. 

Richard Feynman, the Nobel prize-winning physi
cist, in his autobiography (Ref 1) recounts how, as a 
young boy, he repaired a radio by thinking: 

"When we got there, I went over to the radio and 
turned it on. The thing began to roar and wobble
WUH BUH BUH BUH BUH-a tremendous amount 
of noise. Then it quieted down and played correctly. 

EDN May 9, 1991 

So I started to think: 'How can that happen?' I started 
walking back and forth, thinking, and I realized that 
one way it could happen would be if the tubes were 
heating up in the wrong order-that is, the amplifier's 
all hot, the tubes are ready to go, and there's nothing 
feeding in, or there's some back circuit feeding in, or 
there's something wrong in the beginning part-the 
RF part-and therefore it's making a lot of noise, pick
ing up something. And when the RF circuit's finally 
going, and the grid voltages adjust themselves, every
thing's all right. So the guy says, 'What are you doing? 
You come to fix the radio, but you're only walking 
back and forth!' I say, 'I'm thinking!'" 

"Then I said to myself, 'All right, take the tubes 
out, and reverse the order completely in the set.' So 
I changed the tubes around, stepped to the front of 
the radio, turned the thing on, and it's as quiet as a 
lamb; it waits until it heats up, and then plays per
fectly-no noise. When a person has been negative to 
you, and then you do something like that, they're usu
ally a hundred percent the other way, kind of to com
pensate. He got me other jobs, and kept telling every
body what a tremendous genius I was, saying, 'He 
fixes radios by thinking!' " 

I call this approach of bypassing the panic stage and 
thinking right from the start "deductive debugging." 
Like Dr. Feynman's customer, your manager may ask 
you why you aren't busy fixing the problem. At that 
point, you may be tempted to reach for the freeze 
spray. Before you do, consider the advantages of de
ductive debugging. Deductive debugging gives you an 
orderly plan of attack and consistently kills bugs. It 

135 



The most credible method of proving a theory 
is to capture the fault behavior as it occurs 
and to display the erroneous signals on a 
test instrument. 

will inevitably lead to the real cause of the bug. The 
panic method won't work on complicated problems; de
ductive debugging will work on all problems. And you 
won't just seem to fix the problem, you will prove the 
cause of the bug. Deductive debugging will increase 
your reputation for mastery of both your product and 
its technology. 

Steps in deductive debugging 
Deductive debugging can be summarized as five ba

sic steps (Fig 1). First, encourage and characterize 
the problem. Second, brainstorm possible causes. 
Third, propose a testable theory. Fourth, test the the
ory. Fifth, when the theory identifies an exact cause, 
implement and verify a fix . 

For effective debugging, the bug should occur at a 
reasonable rate. A problem that occurs infrequently, 
every day or so, can really slow down your debugging 
efforts. What was the prototype doing before the bug 
showed up? Can you repeat that condition? Try increas
ing system activity, looping on challenging diagnostic 
tests , changing input conditions. You can use deductive 
debugging on a system that fails only once every few 
days (and, in fact, deductive debugging may be the 
only way to find an elusive, intermittent bug), but the 
process may take quite a while if you have to loop 
many times to test your theories. 

To characterize the bug, collect observations about 
how the bug reveals itself, about the input/output con
ditions and prototype activity around the time the 
problem appears, and about possible outside influences 
on the prototype. These are your clues; be alert and 
thorough. 

Brainstorm possible causes, spending a few minutes 
to create a list of all the causes you can think of. Then 
go back over the list and create one theory to test. If 
you have lots of clues, they may tend to rule out some 
possible causes and point to others. Your theory may 
combine several possible causes, in which case you will 
have to refine it further if it is proven true. The most 
important consideration is that the theory should be 
testable-the less ambiguously you can prove a theory 
true or false, the more useful the theory will be. 

Test the theory. Perform an experiment to deter
mine whether the system behaves as the theory pre
dicts. The most credible method of proving a theory 
is to capture the fault behavior as it occurs and to 
display the erroneous signals on a test instrument. 

In general, testing the theory by simply swapping 
parts is a bad idea. If you get a system running by 
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replacing a part whose timing or drive capabilities are 
marginal, you may put a marginal design into produc
tion. A better approach is to design out the sensitivity 
to marginal components. Unless you do so, you are 
likely to encounter problems when batches of parts 
that have varying characteristics appear in later pro
duction lots. 

PROBLEM 
REPORTED 

ENCOURAGE 
AND 

CHARACTERIZE 
THE PROBLEM . 

---------------------------, 

BRAINSTORM 
POSSIBLE 
CAUSES 

PROPOSE A 
TESTABLE 
THEORY 

EXACT CAUSE NOT IDENTIFIED 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EXACT CAUSE IDENTIFIED 

IMPLEMENT 
AND 

VERIFY 
AFIX 

PROBLEM 
RESOLVED 

Fig I-Deductive debugging is usually an iterative process. You 
try to explain what you observe, construct experiments to prove or 
disprove yoitr hypothesis, and, unless experiments verify your the
ory, you try again. Only when experiments seem to prove you right, 
do yoit implement corrective measiires. 
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For digital debugging, you should be able to sample 
the inputs and the outputs of suspect circuitry simulta
neously. Because digital problems that recur may not 
always show up in exactly the same way, your test 
instrument will need to capture single-shot events. 
Quite often, problems in digital systems are truly one
in-a-million occurrences, so you need to focus on finding 
a way to trigger on the failure. Your instrument prob
ably won't fortuitously sample system activity at the 
moment a failure occurs. 

The ideal digital debugging tool is a logic analyzer 
with a fast sample rate, deep acquisition memory, and 
the ability to trigger on the kinds of logic and timing 
problems that you are solving. The logic analyzer used 
in the following example is a Tektronix Prism 3000 
with a hardware-analysis module. This analyzer is well 
suited to digital debugging. In addition to high speed, 
deep memory, and flexible triggering, it has dual
threshold sampling (separate thresholds for logic 1 and 
logic 0). The analyzer's triggering is flexible, and set
ting up the trigger conditions is not difficult. 

Let's follow the process of deductive digital debug
ging through a practical example. A digital system (Fig 
2) samples many signals simultaneously. These signals 
have a randomly varying time relationship with the 
system clock; that is, they are asynchronous with the 
clock. Based on these inputs, one of two values will 
be selected, A or B. Depending on the selection, either 
A or B will become the new memory address. The 
memory will then yield new A and B addresses as 
well as other control signals. An address-readback cir-

cuit, operating under software control, samples the 
current address at relatively infrequent intervals. 

The problem is that the address-readback software 
occasionally reports that the address makes momen
tary jumps to illegal values. 

Characterize and encourage the problem 
Because the address-readback software is unable to 

check the address at the system's full rate, many cycles 
of system activity are missed between software ac
cesses. You can encourage the problem to appear by 
changing the software. Change the software so it pro
grams the random-access memory to cause illegal ad
dresses to command both the A and B values to access 
the same address-the current illegal address. With 
this change, any illegal address will cause the system 
to hang at one particular illegal address. Now you will 
not miss any illegal-address errors. 

When fast asynchronous input signals are applied , 
the system fails, usually in less than a minute. When 
slower asynchronous signals are used, the system may 
run for periods of several minutes to hours before it 
fails. Also, certain patterns in the memory will make 
the system seem to be relatively immune to failures, 
whereas other patterns are likely to produce illegal 
addresses. 

Your next step is to brainstorm possible causes: The 
memory could have soft bit errors in certain locations, 
which would explain the pattern sensitivity. Some of 
the components might be noise sensitive, so when the 
patterns being sent to memory are changing rapidly, 

) ADDRESS 
READ BACK 

c=; AWORD 

] 
.>.. 

ASYNCHRONOus"\ " A or B SELECTION ) DATA -" 
SAMPLER SELECTOR ADDRESS RAM SYSTEM CONTROL 

SIGNALS / OUT 
-" 

-y -y 

" L BWORD 

] 

Fig 2-You can test the deductive approach on this random-access-memory-based state machine. Data appears asynchronously with the 
system clock . The sampler synchronizes the data and presents it to the word selector, which provides memory addresses. The data contained 
in the corresponding memory locations then forms part of new memory addresses. 
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If you get a system running by replacing a 
part whose timing or drive capabilities are 
mar;ginal) you may put a mar;ginal design 
into production. 

noise could be corrupting the address. Or perhaps this 
noise is causing the data in the memory locations to 
change. Maybe there is a timing error in the sampler 
or the address multiplexer, so the address is being 
corrupted in the selection process, possibly because of 
inadequate timing margins or metastability in the input 
sampling. 

You should soon note a pattern emerging here: You 
propose a theory and test it, which leads you to pro
pose-and test-another theory, and so on. You begin 
by postulating the theory that, for some reason, the 
memory is putting out incorrect A and B addresses in 
response to correct address inputs. (This theory covers 
several possibilities, including a defective memory de
vice and noise in the system. If this theory proves 
true, you will need to isolate the cause further.) 

To test this theory, you connect a logic analyzer to 
the memory inputs and outputs. You set the analyzer 
to trigger if the memory receives an illegal address. 
In this example, you find that the address going to the 
memory is illegal even before the memory responds 
with an illegal address. This failure throws suspicion 
on the sample-and-selection circuit (Fig 3). 

This circuit presents a vast array of possible failure 
mechanisms. The system clock is a narrow pulse that 
clocks the sampling flip-flops and is delayed to form 
strobes that enable the OR-AND gates to pick up a 
new address. The choice of the A or B address depends 
on the state of the selection signals at the time of the 
address and latch strobes. Imagine the potential prob-

ASYNCHRONOUS 
SIGNALS 

SAMPLING 
FLIP-FLOPS 

SAMPLED 
SIGNALS 

'.:~, - . SC011\ 2-<; 

~ .. . -
A SELECTION 

LATCH STROBE 

Fig 4-A little fuzziness on the edge of the A and B selection signals, 
as seen in this oscilloscope photo, is a clue that ultimately leads to 
the implication of metastabi lity as the cause of the intermittent 
failures. 

lems of timing, pulse width, and noise in this circuit! 
The circuit could be the cause of the illegal-address 
problem. 

Suppose that timing is marginal in the A and B 
selection, the strobes, or the A and B address-feedback 
paths around the address-multiplexer/latches (OR
AND gates). 

To see whether this theory is valid, you can use an 
oscilloscope to measure the timing margin on the ad
dress selectors/latches. You observe adequate timing 
margin on all signals! However, you do see some faint 
edge fuzziness in the timing of the A and B selection 
signals (Fig 4). This fuzziness may be the result of 

OR-AND 
MULTIPLEXOR/LATCHES 

"A" SELECTION ADDRESS 
TO RAM 

"B" SELECTION 

LATCH STROBE 

ADDRESS STROBE 

Fig 3--At the heart of the state machine are the sampling and selection circuits. Most of the time, they work as desire~but rwt always. 
Your job: Find the cause of and the remedy for the intermittent failures. 
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It's a whole new deal for American business. Lanier 
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A pattern emer;ges. You propose a theory 
and test it) which leads you to propose-and 
test-another theory) and so on. 

A SELECT 

ADDRESS 
STROBE 

l'---__ n""'" __ _ 
LJ 

I 

Fig 5-The glitch, which you can see as a positive A-select pulse 
in the upper trace, appears only once in approximately a million 
address strobes. Nevertheless, because of its triggering facilities, the 
logic analyzer captures it. 

timing differences between the sampling flip-flops , or 
there may be another cause-perhaps metastable be
havior in the sampling flip-flops. But there still appears 
to be about 5 nsec of timing margin here. 

Now, consider how fully you have tested the theory. 
The problem may only occur once in many millions of 
cycles. An analog oscilloscope will not show one trace 
among a million others, and a digital-storage oscillo
scope (DSO) will only show a few cycles (probably not 
the one where a failure actually occurred). A DSO may 
not happen to sample on the particular wave where 
the error occurred. 

You really need to use a logic analyzer to fully test 
the theory. You connect a logic analyzer to the address 
strobe, and to the A- and B-selection signals. You set 
the logic analyzer to trigger on the appearance of an 
illegal address at the selector outputs. The logic ana
lyzer triggers, and you find that the A-selection signal 
contained a glitch during the particular cycle in which 
the failure occurred. In Fig 5, you can see this glitch 
as a positive A-select pulse (upper trace) coincident 
with the negative-going address-strobe pulse (lower 
trace). This A-select pulse appears only once in ap
proximately a million address strobes, but, because of 
its triggering facilities, the logic analyzer captures it. 

Suppose that metastability is occurring in one or 
more of the sampling flip-flops , producing an indetermi
nate logic level. This indeterminate level will corrupt 

SAMPLE 

LATCH 
STROBE 
~~~~~~~~~---- L 

Fig 6-The top trace reveals that the amplitude of the negative-going 
pulse is less than that of the latch-strobe pulse in the lower trace. 
Although most logic analyzers display only two data states, the 
I'rism's hardware-analysis module captures the intermediate level 
caused by metastability and displays that level as distinct from 
others. 
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the A- and B-selection signals and cause some OR-AND 
gates to choose the A-address value while others 
choose the B-address value. 

To test this theory, you set the logic analyzer to its 
dual-threshold acquisition mode and probe the sampled 
signals. When the logic analyzer triggers, one of the 
sampled signals does not swing all the way from logic 
high to logic low. Instead it dips from logic high into 
the region between thresholds for about 10 nsec, and 
then returns to a logic high-a classic metastable
circuit behavior. Fig 6 shows this metastable behavior. 
If you examine the top trace closely, you will note 
that the amplitude of the negative-going pulse is less 
than that of the positive latch-strobe pulse in the lower 
trace. Although most logic analyzers display only two 
data states, the Prism logic analyzer's hardware
analysis module captures the intermediate level that 
indicates metastability and displays it as distinct from 
the normal 1 and 0 logic levels. 

The last steps are to implement a fix and to verify 
that it works. Add a flip-flop between the OR gate and 
the OR-AND multiplexer/latches, and adjust the clock 
delay timing. Retest the system. Now you find that 
the system no longer fails under any of the previously 
tested conditions. EDN 
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Sampling s 
There's 
only one 
cotnplete 
source. 
No matter what your require
ment, you will find the an
swer in DATEL's broad line of 
Sampling Analog-to-Digital 
Converters. 

Characterized through 
Nyquist operation, these 
converters offer superior 
Signal-to-Noise ratios and 
harmonic distortion specifica
tions. 
Bottom line, compare these 
converters with any competi
tive units, and you'll see there 
is no reason to look 
anywhere else. 

Throughput Linearity 
Model Bits (MHz) (LSB) 
ADS-111 12 0.500 ±1 /2 
ADS-193 12 1.0 ±112 
ADS-112 12 1.0 ±1 /2 
ADS-117 12 2.0 ±3/4 
ADS-132 12 2.0 ±1 /2 
ADS-1 18 12 5.0 ±3/4 
ADS-131 12 5.0 ±3/4 
ADS-130 12 10.0 ±3/4 
ADS-924 14 0.300 ±1 
ADS-928 14 0.500 ±1 /2 
ADS-941 14 1.0 ±3/4 
ADS-942 14 2.0 ±3/4 
ADS-976 16 0.200 ±2 
ADS-930 16 0.500 ±1 1/2 
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Power 
(Watts) 

1.3 
1.3 
1.3 
1.4 
2.9 
2.3 
3.8 
4.0 
1.3 
2.9 
3.1 
3.2 
0.9 
1.8 

Case 
24-PIN 
40-PIN 
24-PIN 
24-PIN 
32-PIN 
24-PIN 
40-PIN 
40-PIN 
24-PIN 
32-PIN 
32-PIN 
32-PIN 
32-PIN 

40-PIN 

Sampling A / Ds can improve your 
circuit's performance call or write 

DATEL, Inc., 11 Cabot Boulevard, 
Mansfield, MA 02048. 

Let DATEL convert y_ou. 
Call now 800-233-2765 

INNOVATION AND EXCELLENCE IN PRECISION DAT A ACQUISITION 
DA TEL, Inc., 11 Cabot Boulevard, Mansfield , MA 02048 (508) 339-3000 
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Here's one reason that over 
half of all SCSI devices 

sold are NCR 

Part of the NCR SCSI Development Team: (left to right) 

We created the market ... and we still lead the way. 
Meet NCR's SCSI development team In 1983, they gave the computer 

industry its first SCSI device. By providing easy connectability and 

significantly reducing time to market, a new product era was born. 

Since then needs have changed. By combining our system skills, high

performance standard cell methodology, and in-house manufacturing, 

NCR has maintained its leadership role with innovative new ideas 

like the 53C700 product family. And the joint 

development ofLADDR-a new architecture 

aimed at cutting the development time of 

OS/2 device drivers by Wl/o. 

Today SCSI is becoming the leading 110 

standard - adopted by industry giants 

like Apple, IBM, HP, and DEC. And 

no one is selling more SCSI chip 

level products than NCR. In 

fact, no one even comes close. 

Jerry Armstrong, Sr .Software Engineer; Harry Mason, Strategic Marketing 
Manager; John Lohmeyer, NCR Sr. Consul ting Engi neer and Chairman of 
the ANSI X3T9.2 Committee and Dave Skinner, SCSI ProductManager. 

North American Sales Headquarters 
1731 Technology Drive, Suite 600 
San Jose, CA 95110 
( 408) 453-0303 



Here's another. 
The NCR 53C700 SCSI 110 Processor ... 
So good, Electronic Design named it the 
product of the year. 
''You can't tell a good SCSI chip just by looking at it ... "and according 

to Electronic Design, NCR's 53000 is the best there is. 

The only third generation SCSI device on the market today, it concen

trates all the functions of an intelligent SCSI adapter board on a single, 

smart and extremely fast, chip ... for about 15% of the cost. 

As the first SCSI I/O processor on a chip, the 53C700 allows your CPU 

to work at maximum speed while initiating I/O operations up to 

thousands of times faster than any non-intelligent host adapter. DMA 

controllers can burst data at speeds of up to 50 Mbytes/s. This new chip 

cuts down system time hookup to a fraction of what it has been. 

Those are just a few of the reasons Electronic Design's "Best of the 

Digital IC's" award went to NCR's 53C700 last year. 

And now the NCR 53C710! 

For the complete story on the NCR SCSI product line featuring the 

new 53C710, as well as the upcoming SCSI seminars with the NCR 

SCSI Development Team, please call: 

1-800-334-5454 

Gus1av-Heinemann-Ring 133 
8000 M unchen 83 
\Xlest Germany 
49 89 632202 
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Asia/ Pacific Sales Headquarters 
250l, Vicwood Plaza 
199 Des Voeux Road 
Ceniral 
Hong Kong 
825 859 6044 
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New SLICs cut the cost of 
on-premises/PBX subscriber lines 

Lower cost chips that need fewer external components are the latest 
Subscriber Line Interface Circuit offerings from Ericsson. 

Designed for cost sensitive applications such as general purpose PBX/ 
Key systems, they give you three other major advantages over alternative 
solutions: wide supply voltage operation from -24 V to -58 V de, on-hook 
transmission and a very low on-hook power dissipation of just 35 mW with 
-48 V de supply or 20 mW when running from a -24 V de supply. 

So you can reduce the cost of your power supply circuit too! 
Each SLIC includes loop current and ring trip detection, together with a 

ring relay driver. And they work with either a conventional 
or programmable CODEC/ filter, all of which simplifies 

Please send me your 

• •• • •• •• • •• • 

design. latest PBL 3766 and PBL 3767 datasheets 
ame Equally important, the new circuits are available in two 

versions: the PBL 3766 with a programmable constant loop 
current, and the PBL 3767 with programmable resistive 
battery feed and loop current limitation for short lines. 

Company 

Both come in a choice of 22-pin plastic DIP or 28-pin 
PLCC packages with compliant 'j' leads. 

Job Title 

Address 

Simply call us for full technical data or clip the coupon. Telephone 

Ericsson Components Inc. 
403 Inte rnational Parkway, Richardson TX 75081 
Tel: 214 - 669 - 9900 Fax: 214 - 680 - 1059 

Fax 

Representatives' Alabama (205)880-8050. Arizona (602) 99 1-6300. Ca li forn ia ( 108) 253- 1%0, (6 19) 
292- 177 1, (7 14) 891-462 1. Colorado (303) 758-4884. Connecticut (203) 213-93 13. Florida (407) 352-
3755. Georgia (404) 448- 1215. lllinois (3 12) %8-0 118. Ind iana (3 17) 577-9950. Iowa (3 19) 354-889,. 
Massachusetts (508) 692-2500. New j ersey (201) 525-8000. New York (5 16) 929-5756. (716) 586-0777. 
(518) 383-2239. N.Carolina (919) 847-8800. S. Carol ina (803) 233- 1637. Texas (2 14) 553- 1200. (512) 
834-8374, (7 13) 370-8 177. Washington (206) 882-0962. (206) 254-4572. Wbconsin (4 14) 78 1- 1730. 
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subranging ADCs 
part 3 

Classical tests are 
inadequate for modern 
high-speed converters 

Part 1 of this 3-part series covered the architecture and 
operation of subranging ADCs. Part 2 covered the de
vices' parameters and specifications. Part 3 concludes 
the series with a discussion of testing high-speed 
subranging ADCs. Classical de tests such as the cross
plot and de-histogram tests can reveal ADCs' differen
tial and integral nonlinearities . However, yoii'll need 
different test methods to measure the dynamic parame
ters of a high-speed converter. 

Ray K Ushani, Datel Inc 

No single test can completely characterize a high-speed 
AID converter's performance under dynamic condi
tions. You'll have to perform a variety of tests such 
as fast Fourier transforms (FFTs) for both single-tone 
and multitone frequencies, sine-wave curve fitting, and 
noise-to-power-ratio testing to characterize the dy
namic behavior of an AID converter. 

A sine-wave input is best for measuring a converter's 
dynamic performance. Mathematically defining a sine 
wave is easy because it has a single component at the 
fundamental frequency in its amplitude spectrum. 
Also , sine waves are easier to generate than other 
types of waves; commercially available ultralow
distortion oscillators have a total harmonic distortion 
of less than -95 dB. 

The sine wave's performance must exceed that of 
the AID converter so that inaccuracies in the ADC's 
output cannot be attributed to the input signal. Once 
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you have a spectrally pure sine wave, you can begin 
the dynamic testing by using a computer to capture 
the digital output of the AID converter. Once the com
puter digitizes and stores the test sine wave, you can 
begin the analysis. 

The FFT is a computational tool that lets you use a 
computer for signal analysis. Operationally, it com
putes the discrete Fourier transform (DFT) of a series 
of data samples. You can use the FFT to characterize 
an AID converter in the frequency domain in much the 
same way you use a spectrum analyzer to determine 
the linearity of an analog circuit. The significant differ
ences in the derivation of the two spectra are due to 
the time-sampled nature of the converter. The FFT 
of a steady signal x(t) is 

x(f)= Ix(t)e-iw'dt, 

where w equals 2Tif, f is frequency, and tis time. This 
expression includes the amplitude and phase of every 
frequency in x(t). 

Unfortunately, you can't use the FFT in this form 
for an AID converter because the converter only digi
tizes x(t) at N finite points that are spaced by lit in 
time . With an AID converter, you have to use the 
DFT, which is defined by the expression 

N- 1 

xD(NM)= 2: xR(t)e-i2"N~rR~'~t, 
R~O 

where N is the total number of points in the record, 
lit is the observation time of x(t) divided by N, and 
Mis (l/2)Nt. 
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The best source for testing the dynamic per
formance of ADCs is a sine-wave input. 

Notice that x(f) has infinite spectral resolution, but 
xD(n lit) has a discrete frequency resolution of M be
cause there is a finite number of points in the data 
record. xD(n lit) accurately describes the spectrum of 
x(t) at frequencies less than or equal ~o a maximum 
frequency, fMAx, which is 1{21it). The finite record 
length requires that you address three FFT problem 
areas: aliasing, leakage, and the picket-fence effect. 
Each problem affects the spectrum-analysis results. 

Aliasing occurs when the sampling rate is too slow 
to result in a correct reading and causes a high
frequency signal to appear as a low-frequency signal. 
In this case, several different signals ·could be the origi
nal source of the sampled signal. The appearance of 
the false signal is explained by the Nyquist theorem, 
which states that the sampling rate must be at least 
twice the frequency of the signal in order to reconstruct 
the sampled signal. Fig 1 illustrates the point. 

Note that the function the dotted line in Fig 1 indi
cates appears to be changing at a slower rate than the 
signal the solid line represents. The frequency of 
change the dotted line implies is called an alias of the 
frequency the solid line implies. Thus, if you don't 
sample signals often enough, you could wind up with 
false information. To avoid aliasing effects, preceding 
the A/D converter with a continuous-time filter that 
removes all frequencies above the Nyquist frequency 
is usually necessary. 

Leakage is inherent in the Fourier analysis of any 
finite data record. The record has been formed by ana
lyzing the actual signal for a period of T seconds and 
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Fig I-Aliasing problems arise when you sample at a rate that is 
lower than the Nyqitist rate . The aliased waveform, which is superim
posed on the original signal, has a frequency that is approximately 
1/uth that of the original. 
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neglecting everything that happened before or after 
this period. This monitoring is equivalent to multiply
ing the signal by a rectangular data window. Multipli
cation in the time domain is analogous to convolution 
of the corresponding functions in the frequency domain. 
The Fourier transform of a rectangular window is a 
sine function. Convoluting the spectrum of the data 
(x(n lit)) with this function smears the spectrum of 
x(t) that the FFT calculates because the spectral ampli
tudes of x(f) will leak through the side lobes of the 
sine function. 

Therefore, in the frequency domain, the actual trans
form results from the FFT's convolution of two trans
forms: the window-function transform, which is usually 
rectangular; and the desired waveform. For example, 
if you truncate a cosine waveform to include an integral 
number of cycles, you'll end up convoluting a sine func
tion with a double-impulse function in the frequency 
domain. If the number of cycles in the FFT-truncated 
time sequence is an integer, however, no leakage will 
occur because the DFT periodically extends the se
quence. 

To ensure that no leakage occurs, choose the analog 
input frequency (f1) using the expression f1 = (n/N)fs. 
In this expression, fs is the sampling frequency, N is 
the number of samples (a power of 2 to simplify the 
mathematical operation), and n is a prime number cho
sen such that the input frequency is as close as possible 
to the desired value, but smaller. Using a prime num
ber for n guarantees that each data point in the record 
is unique. 

You can reduce leakage by multiplying the data in 
the record by a windowing function that weights the 
points in the center of the record heavily while 
smoothly suppressing the points near the ends. The 
windowing functions commonly used for sine waves 
are the 4-term Blackman-Harris, Hanning, Hamming, 
and Rectangular. Each of these windows offers various 
amplitude-resolution versus frequency-resolution 
tradeoffs. Windows are not suitable for testing ADCs 
that have resolutions of 14 or more bits. For such 
units, use coherent testing while making sure that you 
phase-lock the signal and clock generators. 

Harmonics cause problems 
If the data record has frequencies that are integral 

multiples of the original record length T, the FFT will 
yield the correct amplitudes at the correct frequencies 
and zero at the other frequencies. Ideally, the sampling 
frequency should be equal to the derived number of 
data points times the fundamental frequency compo
nent. The picket-fence effect occurs if the analyzed 
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waveform includes a frequency that is not one of the 
harmonic frequencies. 

A frequency between the Nth and the Nth+ 1 har
monics (where N + 1 is much less than the number of 
FFT points divided by 2) primarily affects the magni
tudes of the Nth and Nth + 1 harmonics. Such a fre
quency secondarily affects the magnitude of all other 
harmonics and can cause leakage, which in turn may 
cause aliasing. A signal between the third and fourth 
harmonics, for example, would show up in both the 
third and fourth harmonic spectral windows but at an 
amplitude less than 1. In the worst case-exactly half
way between the computed harmonics-the amplitude 
of the signal decreases to 0.637 in both spectral win
dows. 

Although the picket-fence effect is not a problem in 
single-tone testing, in multitone testing it becomes an 
issue. To illustrate the picket-fence effect, consider this 
task. You must add three sinusoidal signals: The first 
one has a 120-kHz fundamental frequency and a peak 
amplitude of unity; the second has a 150-kHz frequency 
and a peak amplitude of 0.5; and the third has a fre
quency of 300 kHz and a peak amplitude of 0.5. Let 
the sampling frequency be 3.84 MHz (32 x 120 kHz). 
By looking at the amplitude spectrum in Fig 2, you 
can see that resolving the three frequencies is not pos
sible because the frequency sample interval is 120 kHz. 
Aliasing does indeed occur. 

The aliasing occurs because the 150- and 300-kHz 
components do not have an integral number of cycles 
in the record length T. Leakage occurs, which in turn 
causes pseudo-aliasing. If you change the number of 
points from 32 to 64 and leave the sampling frequency 

_.... 

~ 
11 
Ll , 

' l..a - ~ 
T T I 
120 150 300 

FREQUENCY (192-kHz) 

Fig 2-The picket-fence effect becomes an issue in multitone test
ing, as this exam ple illustrates. The amplitude spectrum shows the 
result of trying to add sinusoidal signals of mo, 150, and 300 kHz 
and then trying to resolve the individual components. Resolving the 
150- and 300-kHz signals at a sampling frequency of 3.84 MHz is 
impossible because neither component has an integral number of 
cycles in the observation time T. 
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Fig 3--You can use this basic test setup to perform all dynamic 
tests for AID converters. 

at 3.84 MHz, you can resolve the 300-kHz component 
in the amplitude spectrum. The reason is that the sam
ple interval is now 60 kHz-the 300-kHz component 
is an integral multiple of the sample interval. Resolving 
the 150-kHz component at this record length is still 
not possible. To resolve this component, you must in
crease the number of points to 128 while leaving the 
sampling frequency at 3.84 MHz. The sample interval 
is now 30 kHz, so all three frequency components ap
pear in the spectrum because they're all integral multi
ples of the sampling frequency. 

A variety of FFT programs are available for personal 
computers. Some have options to overcome aliasing, 
leakage, the picket-fence effect, and other problems. 
Equipped with the proper software, you can make the 
simple test setup in Fig 3, which you can use to evalu
ate a converter's dynamic performance in a matter of 
seconds. Errors such as harmonic distortion, signal-to
noise ratio, intermodulation distortion, differential 
nonlinearity, missing codes, noise, and aperture uncer
tainty will show up as an elevated noise floor. 

In the code-density test, the ADC digitizes an input 
with a known probability density function a significant 
number of times at sampling times that are asynchro
nous to the input signal. Each possible output code is 
the address of a memory location. Each time the code 
occurs, the content of the code's memory location incre
ments. Thus, each memory location records the number 
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Aliasing occurs when you test an ADC at 
too slow a sampling rate. 

of occurrences of a particular code. This procedure pro
duces a histogram, which you can analyze to find miss
ing codes and differential nonlinearity during dynamic 
test conditions. A lower than expected count for a 
given code indicates a smaller than ideal code. A 
greater than expected number of code occurrences im
plies a larger than ideal code width. No occurrences 
indicate that the code width is zero, which means that 
the code is missing. Fig 4 is a conceptual diagram of 
the code-density test. 

The ideal input signal for this test would be a perfect 
full-scale ramp because it simplifies the computation 
of a uniform code density. However, generating a 
highly linear ramp is difficult, so a sine wave proves 
to be the best practical source. 

The probability density function for an ideal AID 
converter when tested with a sine-wave input is 
P(V) = 11( 7rV A~ - v~), where A is the peak amplitude 
of the input sine wave, Vis the voltage (an independent 
variable), and P(V) is the probability of the occurrence 
of a code at voltage V. 

The probability density function of a voltage sample 
in the range VA to V 11 is 

If Vi: - VA= LSB size in this equation, then the result
ing equation yields the probability of the occurrence 
of an arbitrary code I (P(I)) in an ideal AID converter: 

P(I)=.!. {sin-I [(1-2"- ') VF]-sin-1 [ (1- 1-2"-')] VF} 
TT 2 A 2" A ' 

where Vr is the full-scale range of the AID converter 
and n is the bit width of the ADC. 

In an actual converter, a code width that is wider 
than ideal will have more occurrences in the converter's 
histogram, and a bit width smaller than ideal will have 
fewer occurrences. Therefore, a large code will produce 
a P(I) that's larger than ideal for optimal ADC opera
tion, and a narrow code will produce a P(I) that's 
smaller. Given this fact, you can calculate the differen
tial nonlinearity of a code I as 

D.f.,, . l 1. .t f d I P(I) actual ADC 
i 1erent1a mean y o co e -~~----

P(I) ideal ADC 

P(I) actual ADC=H(I>, 
NT 

1 LSB 

where H(I) is the number of code-I occurrences and 
NT is the total number of samples. The minimum num
ber of samples required depends on two factors: how 
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precisely you must know the differential nonlinearity 
and the desired level of confidence or probability that 
the calculation is correct. The minimum number of sam
ples required to achieve 13-bit precision and C% confi-

., (n- 1) ·J 

dence for an n-bit converter is NT=(Zar71"2 113-. In 
this expression, Za is the number of standard devia
tions found in a tabulated listing of the standard normal 
distribution for any chosen a where a= (100- C)l200. 

The code-density test is a powerful tool. It provides 
a means of testing for localized differential nonlinearity 
and also provides a global description of the converter. 
The test does have some shortcomings when the con
verter under test has hysteresis. The number of code-I 
occurrences depends on the direction of the ADC's 
input. A code could be wider when the input is slewing 
in a positive direction and narrower when the input is 
slewing negatively. However, the total number of oc
currences of a code may be ideal and indicate a perfect 
code after data analysis. This perfect-code indication 
is incorrect. 

Pinning down aperture uncertainty 
Getting an exact measurement of aperture uncer

tainty is impossible-parameters such as test-setup 
timing jitter, noise on the input signal, and the AID 
converter's noise are not distinguishable from aperture 
uncertainty. The data-sheet specification is simply a 
good-faith estimation. In the histogram test, ifthe sam-
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AID 
CONVERTER 

UNDER 
TEST 

N 

N:2" 
DECODER • 

COUNTER 

10SN -~ . 
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COUNTER 

Fig 4-To establish code density, this circuit 1tses a11 i11 pnt with a 
known pmbability-density function . Th e co11 verter nnder lest digi
tizes this inpnt a significant nnmber of times at sa111pli11g mies that 
are asy11cltrono11s with the in7mt signal. Each possible co11verle1· 
output code is the address of a mem01y locati011; each time the code 
occ111·s, the appmpriate 111e11t01y /ocatio11 incre111e11ts . 
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Fig 5--Errors in the beat-frequency test show np as deviations jr·o111 a s111ootl! sine wave. Th ese curves ill nstmte the 1'econstmcted outpnts 
for conve1ters at sampling rates of 0.5 MHz (a), 1 MHz (b), and 5 MHz (c) . In all cases, m issing codes show np as a widening of the 
individual codes appearing on the sine waves. 

ple command and the signal being sampled are synchro
nized, an ideal converter would output the same digital 
code each and every time. An ideal converter behaves 
this way because it does not exhibit any noise or aper
ture jitter. Hence, the converter would sample the 
same analog input whenever it receives a convert com
mand. The result is no spread on the ideal converter's 
histogram plot. 

In an actual AID converter, any noise or timing jitter 
will cause the sample point to vary. By taking sufficient 
samples and producing the histogram plot, you can 
estimate the aperture uncertainty and noise. Noise is 
a constant; the aperture uncertainty is directly propor
tional to the input frequency, or slew rate. Therefore, 
test t he ADC once at a low input frequency (100 Hz) 
to estimate the noise, and once at a higher frequency 
(1 MHz) to find the aperture uncertainty. 

The standard deviation of the histogram provides 
an rms estimate of the amount of spread in LSBs. 
With the rms estimate, you can calculate aperture un
certainty for an n-bit converter by using the equation 

where TA is the aperture uncertainty time, SDH is the 
standard deviation of the histogram with a high
frequency sine-wave input, SDL is the standard devia
tion of the histogram with a low-frequency sine-wave 
input, and fH and f1. are the high and low input frequen
cies. 

This variation of the histogram test is called the 
locked histogram test. You can use a circuit similar to 
the one in Fig 3 to perform this test. The timebase 
generator that provides the input for the converter 
should have significantly less jitter than the aperture 
uncertainty of the device under test. 

The aperture uncertainty, as well as other noise 
sources, corrupts the noise floor in the magnitude spec
trum of an AID converter. The other noise sources 
include quantization noise, integral and differential 
nonlinearities, thermal noise, and timing jitter. As a 
result, measuring the effect of an individual noise 
source from the digitized data of the same AID con-
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verter is difficult. However, you can measure the aper
ture jitter if it is the dominating factor. 

This measurement utilizes a new digital-spectrum
analysis theory for nonuniform sampling. The theory 
treats the aperture uncertainty as a nonuniform sam
pling system with random sampling offsets. Based on 
this theory, an analysis of the average spectral magni
tude shows that you can approximate the noise floor 
caused by the aperture jitter from the expression: 

SNRA = - 20(log 2ir +log (fi/fs) +log lOOf:-;T A) 
+ lOlog (Nl2ENBW). 

SNRA is the signal-to-noise ratio obtained by spectral 
averaging, f1 is the input sine-wave frequency, fs is the 
sampling frequency, TA is the aperture uncertainty 
time, ENBW is the equivalent noise bandwidth of the 
window function used in the DFT calculation, and N 
is the number of FFT data points. 

Calculating beat frequencies 
In Fig 3's test setup, the AID converter will ideally 

output the same digital code when the frequency of 
the full-scale input sine wave is equal to the sampling 
frequency of the converter. In this case, the output of 
the AID converter could be any code between the nega
tive and positive full-scale voltages, depending on the 
phase of the input with respect to the sample command. 
If you change the frequency of the input sine wave 
slightly while leaving the sampling frequency un
changed such that fs = f1 - M (where M = offset, or beat, 
frequency) , t he converter's reconstructed output will 
be a sine wave whose frequency is .M. 

You must choose M such that the ADC's output 
will ideally change by 1 LSB at the slew rate's maxi
mum point over one period of the input sine wave . 

The beat-frequency test is a qualitative test that 
provides a quick visual demonstration of an AID con·· 
verter's gross dynamic errors. In this test, errors show 
up as deviations from a smooth sine wave. Missing 
codes, for example, would appear as local discontinui
ties in the sine wave. The large codes would appear 
as a widening of the individual codes appearing on the 
sine wave. Fig 5 shows the test results of three AID 
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The wide variety of FFT programs available 
for personal computers greatly simplifies 
converter testing. 

converters at various full-scale sine-wave input fre
quencies and under different conditions. 

The envelope test is a variation of the beat-frequency 
test in which you select the beat frequency M such 
that the ADC output would be at the extreme ends 
of its range on successive cycles of the input sine wave 
(Fig 6a). Like the beat-frequency test, the envelope 
test is a qualitative test but is much more demanding 
on an ADC because it places a worst-case slew condi
tion on the unit's input. This condition represents the 
most stringent test of a converter's settling time. You 
can ensure that samples are taken on alternate half 
cycles of the input signal by introducing a slight offset 
between the input frequency and half the sampling 
frequency. Fig 6b shows the results of the envelope 
test on four AID converters. 

The sine-wave curve-fit test averages the integral 
nonlinearity, differential nonlinearity , noise, aperture 
uncertainty, and quantization noise of an ADC to give 
a global description of the ADC's transfer function. 
This test provides the effective bits of the converter. 
In this test , you apply a sine wave of specified fre
quency that is within 0.5 dB of full scale to the input 
of the AID converter. A software analysis of the con
verter's output signal using least-square minimization 
techniques will generate an ideal sine wave of the form 

(a) (b) 

(d) (e) 

A-sin(2,,.ft +<!>)+DC, where A, ft, <!>, and DC are calcu
lated parameters that provide a best fit to the AID 
converter's output data. 

Any difference between the output signal and the 
best-fit sine wave constitutes error. The rms error 
between the actual data and the best-fit sine wave is 
given by the expression 

N 

rms error= L [Dm-A·sin (27TfT11111 +0)-DC]2, 
m=l 

where N is the data record length, D111 is the data at 
point m, and A, ft"" 0, and DC are the parameters of 
the best fit sine wave as calculated for the smallest 
rms error. You can get these numbers by taking the 
partial derivative of the rms error with respect to each 
of the four parameters. Then, iteratively solve the re
sulting equations to obtain values for the parameters. 

Once you've calculated the rms error, you can ex
press the effective number of bits as 

effective bits= n - logl (EIQ/\/12), 

where n is the number of resolution bits of the AID 
converter, E is the calculated rms error, Q is LSB 
weight (code size), and Ql\/12 is the theoretical rms 
quantization error for an n-bit ideal AID converter. 

(c) 

(f) 

Fig 6--The envelope test is more demandin.Q than the beat-ji'equency test because ii places a zcorsl-case slew co11diliou ou the converter's 
inpnt. Th e reco11stmcted co11ve1ter output in a is for a .500-kHz clock mte. An enlarged view of the area within th e cros::; hairs i.~ sl10w11 in 
b. The rn111ai11ing wavefor111s are envelope-test results for inpnt sine-wave ji·eqnencies of 499 kHz (c), 998 kHz (d), a11d 4 .99.5 MHz (eJ. Th e 
curve i11 f illustrates gross lineai·ity problems jar a co11ve1ter with a 998-kHz input sine wave and a 1-M Hz clock mte. 
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Parameters such as test-setup timing jitter) 
noise on the input signal) and the A/D 
converters noise are indistinguishable from 
the aperture uncertainty. 

To avoid potential pitfalls during the sine-wave 
curve-fit test, you must take care to consider two 
points. First, you must make sure that the input fre
quency is not harmonically related to the sample fre
quency-a subharmonic, for example. If you ignore 
this point, the number of occurrences of a certain code 
would increase, and some other codes might never oc
cur. This false code information occurs because the 
same codes are sampled at exactly the same voltages 
for each cycle-you're not exercising the full range of 
the AID converter. Also, if the sample and input fre
quencies are harmonically related, the resulting higher 
signal-to-noise ratio will produce a higher effective-bit 
value . This higher value occurs because certain har
monics will alias back onto the fundamental. 

The second point concerns sampling. You must em
ploy a sufficiently large number of data points (4096 
points at least) to ensure that ADC errors do not affect 
the calculated frequency of the best-fit sine wave. If 
the number of data points is too small, the wrong codes 
at critical points in the data record could alter the 
frequency of the calculated best-fit sine wave. This 

+V REFERENCE 

alteration would cause a false effective-bit measure
ment. 

The effective bits calculated by the sine-wave curve
fit test should match the value calculated by the FFT 
signal-to-noise ratio (SNR), which is 

effective bits= (SNR -1. 76 dB)/6.02. 

You can use the setup of Fig 7 to test an ADC's 
transient response. In the circuit, the output of a high
speed analog multiplexer switches between two refer
ence voltage levels. Set one of the reference levels to 
be slightly less positive than the converter's positive 
full-scale level; set the other slightly less negative than 
the converter's negative full-scale level. The clean, 
fast-settling square wave this technique develops 
serves as the input for the converter under test. 

This test circuit introduces a delay between the con
verter's start-convert command and the falling or rising 
edge of the input square wave. If this delay is less 
than the transient response time aj: the AID converter, 
any slight change in the delay will cause a change in 
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Fig 7-This test setup introduces a delay betwee11 the conve1te1"s start-co11ve1t cu111111a11d and the input. Yun cc111 use I/t is delay tu deter111 i11 e 
the converter's transient response. 
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The beat-frequency test provides a simple 
demonstration of an A/D converters gross 
dynamic errors. 

the converter's digital data output. You can determine 
the converter's transient response time by increasing 
the delay until the converter's output no longer 
changes value. This response time is the sum of the 
conversion time and the delay time; in other words, 
the time between the transition of the input and the 
triggering time of the AID converter. The input transi
tion should occur as soon as the conversion time is 
complete. You must be sure that the delay time does 
not exceed the device's specified conversion time. 

You can also measure the transient response time 
by introducing a slight offset between the sampling 
frequency and the input square wave. Then, count the 
number of samples the converter's reconstructed out
put requires to settle to its final value after a full-scale 
input change. The transient response time = M(l/f1 

- l /fs), where M is the number of samples the ADC 
needs to settle following an input change, f1 is the input 
frequency, and fs is the sampling frequency. 

The accuracy of the measurement depends on the 
sampling time difference: 

where Ts is the difference in time from one data point 
to the next data point. For high-speed fine measure
ments, Ts has to be small but not zero. 

By making two changes, you can use the setup of 
Fig 7 to test an ADC's overvoltage recovery time . 

..... 
'-" "" 

NOISE 

First, adjust one of the reference voltages in the test 
setup until it equals the maximum allowable overrange 
value in that direction. Second, set the other reference 
for a valid input level near the full-scale point in the 
opposite direction. The delay time is now the transition 
time of the input signal from the setting point to the 
valid-input point. 

Evaluating the noise-to-power ratio 
The noise-to-power-ratio (NPR) test was developed 

in 1955 for frequency-division-multiplex communica
tions equipment_ At the time, industry studies showed 
that when as few as 64 operators were simultaneously 
using the equipment, the random signal approximated 
random noise. Today, a universally accepted practice 
for simulating a large number of telephone users is to 
add noise to the baseband signal. 

Fig 8 illustrates an NPR test setup. To make the 
measurement, first add white noise that has a spectrum 
ranging from low frequencies to frequencies as high 
as the Nyquist rate to the input of the AID converter. 
Then, adjust the power of the input noise so that the 
converter is fully loaded ( -1 dB below the maximum 
NPR). A deglitched DIA converter converts the AID 
converter's output into an analog signal. The DIA con
verter's output passes through a bandpass filter. Using 
the test setup's receiver, you can measure the rms 
noise power of the test signal within the filter notch. 
Go through this process twice-once with the notch 

~ LOW PASS NARROW-BAND ~ A/O 

I > D/A 
~ NOISE RECEIVER GENERATOR FILTER 

~ 

NOTCH FILTER t-- CONVERTER CONVERTER BANDSTOP FILTER 

~ 

AMS CLOCK 
VOLTMETER GENERATOR 

Fig &-The noise-to-power-ratio test requires you to add white 1wise to the converter's in'[J'Ut. The power level of the input noise is adjusted 
iintil the converter is fully loaded. A deglitched DIA cunverter lakes the output of the ADC and converts it back to an analog signal. The 
DIA-converter out'[J'Ut then passes through a narrow bandpass filter . The receiver measures the filter oiitput to determine the rms noise 
power of the signal within the notch fi lter. 
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The envelope test is demanding because it 
puts a worst-case slew condition on the 
converter input. 

filter switched out (which is equivalent to a listener 
hearing the noise 500 or more subscribers produce) 
and then with the notch filter included. Expressed in 
decibels, 

NPR = lOlog (rms noise-power reading with filter 
out)-:- log (rms noise-power reading with filter in). 

Fig 9a illustrates a common method for measuring 
the differential gain of an AID converter using the 
standardized test signal in Fig 9b. You apply this sig
nal, which is called the 20-IRE modulated ramp 
(lV = 140 IRE units), to the input of the AID converter. 
A high-accuracy D/A converter and a lowpass filter 
reconstruct the output of the AID converter. You ob
tain the differential gain error by analyzing a display 
of the filter output on a vector scope (Fig 9c). To 
perform the analysis, measure the peak-to-peak curva
ture of the center of the waveform (the dotted line in 
Fig 9c). You can evaluate an ADC's fidelity by compar
ing the ideal differential gain to the differential gain 
you measure. The differential gain error is the differ-

ence between the ideal differential gain and the actual 
differential gain. 

You can measure differential phase in the same man
ner as differential gain by taking the center line dis
tance of the signal and finding its maximum peak-to
peak deviation. The difference between the actual dif
ferential phase of the device and its theoretical differ
ential phase is the differential phase error. EDN 

Author's biography 
Ray Ushani is the manager of the Advanced Development 
Group at Datel Inc (Mansfield, MA). He has been with the 
company for six years and has been instrumental in the 
develorrment of several AID converters, multiplexers, and 
SIH circuits. Ray has an MSEE from Northeastern Univer
sity (Boston, MA) and is a PhD candidate at Tufts Uni
versity (Medford, MA). Not one to stray far from his voca
tion, Ray's hobbies include RF and microwave design. 

Article Interest Quotient (Circle One) 
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Fig 9--For differential-gain testing, you can use the setup in a and the standardized test signal in b as the converter input. The waveform 
in b is called the 20-IRE modulated ramp (JV= 140 IRE units). You can determine the differential gain by measuring the peak-to-peak 
curvature-the dotted line in c-of the output waveform. 
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A PER S PE C TIVE O N ANAL OG S Y S TEM DE S IGN 

Advanced Linear extends the 
boundaries of system performance. 
Innovative analog circuits from Texas Instruments add a new edge to 
Digital Equipment's proven market winners. They can do the same for you. 

r-r-: goal Digital Equipment 1 ~~rporation set was clea r: 
Strengthen its pos ition as the lead
ing supplier of Ethernet-based loca l 
area network products. Achieving 
the goa l has been spurred by the 
use of Advanced Linear c ircuits 
from Texas Instruments. 

These leadership !Cs meet 
growing industry demand for linea r 
c ircuits that can improve overall 
system performance and reliability, 
reduce costs and speed des ign 
cycles. 

These were prec ise ly the advan
tages Digita l's designers needed. 

Expertise and teamwork 
carry the day 
For many years, Digital has used a 
wide vari ety of TI linear circuits -
from op amps to mixed-s ignal 
devices - and va lues our analog 
viewpoint toward system des ign. 

As Digital defined the require
ments to meet its market goal, the 
decades- long relationship entered a 
new era of even more intense 
coope ra tion. With Digital handling 
system-level design and TI applying 
its linear expertise, the two teams 
fully utilized our LinASIC"' design 
methodology to create a series of 
mixed-signal Etherce ll '" functions. 
They are the basis fo r the advanced 
linear dev ices Digita l requires. 

The design fl ow was aided by our 

Boston-area Regional Technology 
Center that provides access to 
LinASIC development tools and 
by the ex tensive use of EDIF to 
exchange in fo rmation. 

Enhancing Digital's 
competitive edge 
To date, close teamwork has 
prcx:luced components that can 
enhance Digital's ability to respond 
quickly to market demands fo r 
feature-rich but lower cost Ethernet 
and communications products: 
• A dual driver and dual rece ive r 

IC that minimizes the number of 
components required for the 
Attachment Unit Interface 
(AU!) function in an Ethernet 
network . 



I N T H E E R A 0 F M E G A C H I P '" T EC H N 0 L 0 G I ES 

rece iver 
created to solve system

level cross-ta lk noise problems in 
RS-232, -485 and -423 applica
tions. This full -custom device, 
fab ricated in Tl's Advanced 
LinC MOS '" process, is designed 
to meet EIA and CCITT specs. 

• A device that will be a complete 
AUi multi po rt concentrator on a 
chip. Fabricated in our 
LinBiCMOS'" process, it will 
replace a 6- inch by 12- inch c ir
cu it board that incorporates nine 
discrete ports, logic dev ices and 
analog c ircui try. The new dev ice 
will tie any combination of as 
many as eight units into Ethernet. 

"Utilizing Tl's LinASIC mixed,signal design methodology 
allows us to design cost,effective solutions with aggressive 
time,to,market goals." 

• A single-channel lOBASE-T 
twisted pa ir interface chip that 
includes internal precompensa
tion and full duplex operation . 
Also fab ri cated in our 
LinBiCMOS process, this IC cuts 
component count and improves 
data transmission. 
The Etherce ll devices developed 

by Digita l and TI will be incor
porated into our ex ist ing LinASIC 
ce ll li brary. 

Extensive mixed,signal 
capabilities 
As Digital recognizes, few in the 
industry can match our experi ence 
in analog des ign and d igital des ign. 
This expertise enables us to effec
tive ly combine high-performance 

- N ick llyadis, Produc t Engineer 
Telecommunications and Networks Group 

Digital Equipment Corporation 

analog functions with leadership 
d igital functions. The resulting 
mixed-signal dev ices typify our 
capabilities to design and develop 
the Advanced Linear c ircuits our 
customers need. 

Let us help you meet 
your challenge 
We are ready to provide info rma
t ion and ass istance, as well as 
access to the hardware and soft
ware development tools you need, 
to help extend the boundaries of 
your system performance. 

O ur serv ice c irc les the globe, 
and our worldwide manufac turing 
capabili ty can support yo ur produc
t ion schedules wherever you are. 



A P E R SPEC TI VE ON ANALOG SYS T E M DES I G N 

Tl's analog viewpoint: From grocess 
technologies come Advanced Linear ICs. 
Tl's LinASIC mixed,signal methodology -

A ce ll -based design methodology allowing the combination of high -perfor
mance ana log and d igital functions on the same chip. This mixed-s ignal 
capability is used for many of our catalog products and for custom/se micustom 
so lu tions. It is supported by large cell libraries, design-automation tools and 
these TI Advanced Linear wafer process technologies: 

LinBiCMOS - Combines Adva nced 
LinC MOS, digital ASIC C MOS and up 
to 30-V bipolar technologies to allow the 
integra tion of digital and analog standard 
cells and handcrafted analog components 
on a monolithic chip. 

LinEPIC" - O ne-micron C MOS 
double- level metal, double- level 
polys ili con technology that adds highly 
integrated, high-speed ana log to the high 
perfonnance digital EPIC "' process. 

Advanced LinCMOS -An N-well , 
silicon -ga te, double- leve l po lys ilicon 
process featuring improved res istor and 
capacitor structures and hav ing three
micron minimum feature sizes. 

Power BIDFET"' - Merges standard 
linea r bipolar, C MOS and DMOS pro
cesses and allows integration of digital 
control circuitry and high-power outputs 
on one chip. Primarily used fo r c ircuits 
handling more than 100 Vat currents up 
to 10 A. 

Multi-EPI Bipolar - A very cost
effect ive technology that ut ili zes multiple 
epitaxia l layers instead of mult iple dif
fu sion steps to reduce mask steps by more 
than 30%. Used to produce inte lligent 
power devices that can handle loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur -A true, single- level poly, 
single- level metal, junct ion-isolated, com
plementary bipolar process developed for 
high-speed, high-prec ision analog circuits 
prov iding stable op amp pe rformance. 

For more information on our 
Advanced Linear process tech
nologies and the products they are 
producing, call 1-800-336-5236, 
ext. 3425 . 

1'1 Tradl.:' m<1 rk 11f T exa:-. Jn .., trumenh lnc.1rp11r;1t l'Li 
© 199 1 Tl 08· 1009 

Tl's LinASIC methodology 
and Advanced Linear process 
technologies are enhancing 
these product families 

Data Transmission - This family 
meets the needs of most industry
standard interfaces (EIA , IEEE, 
ANSI) and ranges from drivers/ 
receivers/transceivers to fully 
integrated controller/transceivers. 

Data Acqu isition - The fami ly 
ranges from stand-alone A/Os and 
D/As to complete data conversion 
subsystems on a chip; from genera l
purpo e functions to highly inte
grated digital signal processor and 
graphics signal processor analog in
terface circuits. Other specialized 
family members include telecom and 
speech synthesis functions. 

Intelligent Power - These 
devices combine h igh -voltage and/or 
h igh -current switches with the 
analog and digital circuitry required 
to perfo rm interface , control, protec
tion and diagnostic functions in 
microcontroller-based systems. 

O perat ional Amplifiers - A 
family of op amps and comparators 
ranging from standard bipolar to 
leadership high-performance C MOS 
and Exca libur complementary
bipolar devices, meeting needs rang
ing from low power and/or low noise 
to high speed and/or high precision. 

C ustom/semicustom Functions -
In modify ing existing products to fit 
your needs or in defining your own 
unique functions, our LinASIC 
methodology a llows access to exist
ing analog cells used in the deve lop
ment of our catalog products and 
compatibility with our digital cell 
libraries. 

TEXAS .. 
INSTRUMENTS 



Low crosstalk Shielded 
Performance Interconnects 
• EM l/ RFI shielded 

• Impedance controlled 

Merilee's economical Shielded Perfor
mance Interconnects (SPI™) are ideal 
for fast logic, dense package applica
t ions which require low-noise crosstalk 
and high Impedance control. The 
assemblies are EMl/RFI shielded and 
impedance controlled to the PC board. 
Availa ble in straight or right angle con
figurations, the assemblies mate with 
.025" square or round pins and are 
side-to-side and end-to-end stackable 

ADVERTISEMENT 

on a .100" x .lOO"grid. The connec
tors are terminated to high speed sub
miniature braided shielded coax cable . 

Mark No. 40 on Inquiry Card 

High-Performance 
7nterconnects 
That Terminate 

High Cost. 
Meritec hos terminated the high cost 

of high performance interconnects for fast 
logic applications IM:' produce o full line 
of coble assemblies for applications in the 
3ns to sub nanosecond range-engineered 
to match your requirements fo r controlled 
impedance and propagation rote while 
minimizing crosstalk. IM:' deliver assemblies 
of unparalleled quality. On time. At o 
very reasonable price. 

Our complete line includes Single 
Signal Interconnects (SS/™). Shielded 
Performance In terconnects (SP/™) and 
M ulti Signal Interconnects (MS/™ ). 
terminated to o diversity of controlled 
impedance cables. including coax. 
twin coax. FEP PTFE and our Filotex™ 
textile coble. 

Coll Meritec today at 276-354-3 748 
for more information and o free copy of 
our capabilities brochure. 

CIRCLE NO. 40 

EDN May 9, 1991 

rrn MERITEc·· f.11.,I ••' '"' •· ~'•:·r~•r-~ 
w 

1359 West Jackson Street 
PO. Box 8003 
Painesville. Ohio '-'.t....077 
216-35'-'.-31'-'.8 
FAX 216-35'-'.-0509 

Low Profile 
PCB Solderable Interconnects 
• Solders to the PC Board 

• Impedance matched 

Merilee's low profile. impedance matc hed 
PCB Solderable Interconnects solder 
directly to the PC Board for a perma
nent connection. Pin lengths of .110" 
and .160" are available for different 
board thicknesses. The connectors 
feature precision, high strength molded 
terminations for reliability in critical ap
plications. Available in 1x 2 and lx3 con
figurations. the connectors are side-to
side stac kable and feature heights as 
low as .150" from the PC Board. making 
them ideal for dense package applica
tions. Merilee PCB Solderable Intercon
nects can be terminated. to a variety of 
different cable types. 

Mark No. 40 on Inquiry Card 

Multi Signal 
Interconnects 
• High strength molded terminations 

• Controlled impedance 

Merilee's Multi-Signal Interconnects 
(MSI™) can be terminated to FEP. PTFE 
or Filatex™ textile cable. Precision. high 
strength molded terminations assure 
high reliabili ty in critical applications. 
The assemblies offer controlled im
pedance and low crosstalk. Standard 
impedances are available from 50 to 
950. EMl/RFI shielding is optional. The 
connectors are compatible with latch 
and eject headers and are available in 
high or low profile configurations. The 
high profile configuration is available 
with pull tabs. 

Mark No. 40 on Inquiry Card 
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Surprisingly, it doesn't 
cost much to move into 
our 32-bit architecture. 

' 

You don't need a French 
Provincial budget to move 

· into the i960 TM SA;SB proces-
sors. Not even dose. 

In fact, at under $20, the i960 SA;SB 
processors are comparable in cost to a 16-bit 
system. And yet, with a full 32-bit internal 
architecture and a 16-bit data bus, they give 
you five to six times the performance of any 
other 16-bit embedded processors. 

i960 is a lrademark of the Intel Corporation. IC> 1991 Imel Corpora.tion. All righlS reserved. 

Or in other words, for almost nothing 
down you can own an impressive new home. 
With an architecture that's perfect for today's 
more demanding applications, such as entry
level page printers, 1/0 controllers, and com
munication products. 

Naturally; when you move up to a 32-bit 
architecture, you want to be sure it's a place 
where you can stay and grow. Which is why 
you'll be happy to know that the i960 SA;SB 



processors are part of a dose-knit neighbor
hood of Intel SuperScalar i960 microproces
sors. So you get software compatibility 
across the board as well as an easy perfor
mance path up to 100 MIPS. 

And while great price performance and 
compatibility are important, they're not the 

nly reasons some very important compa
nies have already moved into the i960 line. 
They were also impressed with the com pre-

hensive array of development tools and the 
outstanding technical support that made 
them feel right at home with the technology. 

So when you are ready to move into the 
i960 SNSB line, call 800-548-4725 and ask for 
the 960 Welcome Guide. We'll not only make 
the move less expensive, we'll even help you 
set up. 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Synchronous system measures µOs 

Moshe Gerstenhaber and Mark Murphy 
Analog Devices, Wilmington, MA 

The circuit in Fig 1 uses a synchronous-detection 
scheme to measure low-level resistances. Other low
resistance-measuring circuits sometimes inject unac
ceptably large currents into the system under test. 
This circuit synchronously demodulates the voltage 
drop across the system under test and can hence use 
extremely low currents while measuring resistance. 

The lOV-pk, 1-kHz carrier generator injects a 1-mA 
reference current into unknown resistor, RrEsr· Instru
ment amplifier IC1 and precision op amp IC2A amplify 
the voltage across RrEsr by a gain of 100,000. Synchro
nous detector IC3 demodulates this voltage, then op 

10V PK 
AT 1 kHz 
CARRIER 

GENERATOR 

15 19 

10 + 
±1 

IC3 

9 
AD630 

8 11 17 

+Vs Of----1--11--+ --
0.1 µFI 0.1 µFI+ 

COMO,__~-:r--~~-:r--~~~j_ 

0.1 µF I 0.1 µF I 
-Vs O,__~-~...-~~--e-~~--.• 

14 

13 

12 

amp IC2B acts as a lowpass filter on the demodulated 
voltage. The lowpass filtering will attenuate all uncor
related disturbances, such as noise, drift, or offsets, 
while passing a de voltage proportional to the unknown 
resistance. 

The relationship between the output voltage and the 
unknown resistance is 

V0ur =10 x(2Vhr)xRTEsrX 105/10 kfl, or 
R =0.0157 x Your, 

which is 15. 7 mfl/V at the circuit's output. 
(EDN BBS /Dl_SIG #963) 

To Vote For This Design, Circle No. 746 

1 µF 

EDN 

Fig 1-A synchronous demodulator helps this circuit measure low-level resistances while rejecting imcorrelated disturbances, such as 
noise, drift, and offsets. 
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DESIGN IDEAS 

Digital correlator defeats noise 

John D Charlton 
Lancaster, CA 

Laboratory tests of the digital correlator in Fig 1 dem
onstrate that it can quickly detect signals having very 
low signal-to-noise ratios much better than RC or sum
and-dump correlators can. The correlator compares 
two digital-data streams in real time, developing a posi
tive output if the two data streams are similar to a 
certain predetermined degree. You can think of the 
correlator as performing a running, or "boxcar," aver
age of the number of bits that agree in the two digital
data streams. Applications include radar, sonar, radio 
astronomy, and noisy phase-locked loops. You can mod
ify the circuit to make its thresholds permanently set, 
manually adjustable, or computer controlled. 

The circuit does not include any delay lines for align
ing the two data streams in time. Assuming that the 
two data streams are time aligned, the XNOR gate, 
in effect, multiplies the two data streams. Counter A 
counts positive results from this multiplication. 
Counter B sets the period for this count. The configura
tion of the AND gate determines the lower limit of 

OUT 

il 
OUTPUT PORT 

IN 

_6_ 
ALL OUT RESET 

T,~&- D COUNTER A 
'T2 

CLK OUT 

INPU 

INPU 

3L 

~ J 

data-stream agreement. If the count presented to the 
AND gate exceeds this limit, the AND gate will clock 
a 1 into the flip-flop; otherwise the AND gate will clock 
a 0 into the flip-flop. 

The shift register collects the flip-flop's ls and Os, 
and the m-of-n detector continuously decides, based 
on the number of ls in the shift register, whether the 
two signals are correlated. 

The output port allows you to calculate the signal-to
noise ratio. The signal is the average count in Counter 
A when the signal is present minus the average count 
when the signal is absent. The noise is the rms devia
tion from average. You can also use the circuit to meas
ure the unit impulse response of a linear system (Ref 
1). (EDN BBS /Dl_SIG #964) EDN 

To Vote For This Design, Circle No. 747 

Reference 
1. Peatman, J B, The Design of Digital Systems, McGraw

Hill, 1972, pg 376. 

D 

SHIFT REGISTER 
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"" ~ .ri C FLIP-FLOP ...., 
'1 CLK v CLK 
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CLK 
m OF n DETECTOR 

Vee~ D COUNTER B _n_ OUT 

RESET OUT l 1 _f'o 

'"' OUT 

Fig 1-This digital correlator can extract a signal from noise or determine the degree of correlation between two signals better than customary 
analog circuits can. 
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TOAT-R512 
Accuracy 
(dB) (+/-dB) 

0.5 0.12 
1.0 0.2 
1.5 0.32 
2.0 0.2 
2.5 0.32 
3.0 0.4 
3.5 '0.52 

TOAT-124 
Accuracy 
(dB) (+/-dB) 

1.0 0.2 
2.0 0.2 
3.0 0.4 
4.0 0.3 
5.0 0.5 
6.0 0.5 
7.0 0.7 

PRECISION 
TTL·COllTROLLED 

ATTEllUATORS 
upto35dB 

10 to 1000MHz 

ooly$5995 
TOAT-3610 
Accuracy 
(dB) (+/- dB) 

3.0 0.3 
6.0 0.3 
9.0 0.6 

10.0 0.3 
13.0 0.6 
16.0 0.6 
19.0 09 

TOAT-51020 
Accuracy 
(dB) (+/-dB) 

5.0 0.3 
10.0 0.3 
15.0 0.6 
20.0 0.4 
25.0 0.7 
30.0 0.7 
35.0 1.0 

Now. . .precision TTL-controlled attenuators 
accurate over 10 to 1000MHz and -55 to +100°C. 

Four models are available in the new TOAT-series, each with 3 
discrete attenuators switchable to provide 7 discrete and accurate 

attenuation levels (see chart). Cascade all four models for up to 
64.5dB control in 0.5dB steps. Custom values available on request. 

The 50-ohm TOAT-series performs with 6µsec switching speed 
and can handle power levels up 
to OdBm. Units are housed in a 

rugged hermetically-sealed T0-8 
package to withstand the shock, 

vibration, and temperature 
stresses of MIL-STD-883. Con
nector versions are available. 
Take advantage of the $59.95 

(1-9 qty) price breakthrough to stimu-

bold l aced values are individual elements in the units 
late new applications as you implement 

present designs and plan future systems. 
finding new ways .. . 

setting higher standards CIRCLE NO. 100 

t;;1 Mini ·Circuits WEACCEPTAMERICANmRESS 

P.O. Box 350166 . Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

F 140 REV ORIG. 



DESIGN IDEAS 

VFC accepts bipolar inputs 

Jim Williams 
Linear Technology, Milpitas, CA 

The voltage-to-frequency converter (VFC) in Fig 1 ac
cepts bipolar-ac inputs. For -10 to + lOV inputs, the 
converter produces a proportional 0 to 10-kHz output. 
Linearity is 0.04%, and temperature coefficient (TC) 
measures about 50 ppm/°C. 

To understand the circuit, assume its input sees a 

bipolar square wave (trace A, Fig 2). During the in
put's positive phase, IC 1's output (trace B) swings 
negative, driving current through C1 via the full-wave 
diode bridge. IC1's current causes C1's voltage to ramp 
up linearly. Instrumentation amplifier IC2 operates at 
a gain of 10 and measures the differential voltage 
across C1• 

IC2's output (trace C) biases comparator IC3's nega
tive input. When IC2's output crosses zero, IC3 fires 

15V 

2k - 15V 74C04s 

FROM0 
2 

NOTES: 

0.04% LINEARITY 50 PPM/"C DRIFT 
ALL ICs ±15V SUPPLIES EXCEPT 74C04 

* = IN4148 
• = POLYSTYRENE 

•• = TRW/IRC MTR/5/+ 120 

LT1004 
2.5V 

R, 

10k 

I 0.33 µF 

-= C3 

Fig I-This voltage-to-frequency convmter accepts bipolar inputs. 
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-= 
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1k 
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Take the risk 
out ofV.32 and 
V.32 bis sµms. 
Reaching for the u~r limits of mooem 

~rformance needn't mean taking chances 
with the results. Rockwell Intemational's 
RC9696 family gives you the confidence of 
proven turnkey solutions, the highest installed 
base in its class, a 5-year wammty and 
compatibility with V.32 or V.32 bis protocols, 
as well as with other Rockwell products. 

For a basic mcxiem with exceptional 
throughpu~ select the V.32/V.32 bis 
RC96%'14 for its 14.4 kbps s~ and Group 
3 fax compatibility. Or use the V.32 
RC9696AC for 9fill bps s~ and extensive 
features such as V.42 and V.42 bis error 
correction and data compression. 

For a low-risk intnxiuction to Rockwell's 
s~y RC9696 pnxiucts, contact Rockwell 
Communication Systems at P.O. Box C, M.C. 
501-300, Ne\VIX)rt Beach, CA 92658-8<.m; 
(800) 854-80)); in Califooria: (800) 4224230; 
Fax-(714) 833-4078or(714) 8334391. 

RC9696'14 
•Complete Y.32 and V32 bis compatibility 
• Highest installed base 
• First worldwide product compatible 
with Group 3 14.4 fax Vl7 and 
V32bis 

• 14.4 kbps transmission speed, with 
12.0 kbps fallback 

• Extensive diagnostic capabilities 
• Complies with all international 
standards, including V.22 bis, 
V21 andV23 

RC9696AC 
• V.32 compatibility 
•AT command set 
•V.42andMNP® 4error 
correction protocols 

•V.42 bis and MNP® 5 data compression 
•Device set includes controller and pr<>tocol conversion chip 
•Extensive compatibility with other Rockwell products 

~l~ Rockwell 
-'•~ International 

.. . where science gets down to business 

CIRCLE NO. 126 



DESIGN IDEAS 

(trace D). AC positive feedback to IC3's positive input 
(trace E) hangs up IC3's output for about 20 µ.sec. The 
Q1 level shifter drives ground-referred inverters IC5A 

and IC58 to deliver biphase drive (traces G and H) to 
the LT1004 switch, IC6• 

IC6, configured as a charge pump, places C2 across 
C1 each time the inverters switch, resetting C1 to a 
lower voltage. The LT1004 reference, D1, along with 
C2's value, determines how much charge the charge 
pump removes from C1 each time the charge pump 
cycles. Thus, each time IC2's output tries to cross zero, 
the charge pump switches C2 across C1, resetting C1 

to a small negative voltage and forcing IC 1 to begin 
recharging C1• 

The frequency of this oscillatory behavior is directly 
proportional to the input-derived current into IC 1• Dur
ing the time C1 is ramping towards zero, the switch, 
IC6 , places C2 across the reference diode, D1, preparing 
C2 for the next discharge cycle. 

The action is the same for negative input excursions 
(Fig 2), except IC/s output phasing is reversed. IC2, 

looking differentially across IC1's diode bridge, sees 
the same signal as it does for positive inputs; therefore, 
the circuit's action is identical. 

IC4, detecting IC1's output polarity, provides a sign
bit output (trace F, Fig 2). 

In Fig 3, an amplitude-expanded version of IC/s 
and IC2's outputs shows more detail. Trace A is the 
input, while traces B and C are IC1's and IC2's outputs, 
respectively. Complementary bias points and ramping 
action are clearly visible in IC1's output, whereas IC2 

responds identically for both input phases. The two 
conducting bridge diodes establish IC1's output bias 
points. When the input switches polarity, integrator 
IC1 responds immediately, and the loop oscillation fre
quency settles to its final value within 1 to 2 cycles. 

Start-up or overdrive conditions can cause this loop 

A=20V/DIV 

8=1V/DIV 

C=0.5V/DIV 

D=100V/DIV 

E=50V/DIV 
F=50V/DIV 

G=50V/DIV 

H=50V/DIV 

HORIZONTAL=500 µSEC/DIV 

Fig 2-This scope photo illustrates the V!F converter's operation. 
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to latch. Because of this possibility, the circuit employs 
a start-up mechanism adapted from oscilloscope-trigger 
circuitry. If C1 charges past the point where C2 can 
reset it, loop closure ceases, and IC2's output saturates 
positive, causing IC3 to go negative. IC3's prolonged 
negative state, detected by the R/C3 filter , pulls IC3's 
negative input towards -15V. When !Ca's 'negative 
input crosses zero, its output changes state and charges 
R1/C3 positively. IC3's input rises above zero, causing 
output reversal, and free-running oscillation com
mences. 

As in normal mode, the 33-k0/100-pF R2/C4 filter 
aids transitions. IC1 and the inverters transmit IC3's 
oscillations to the charge pump. C2 pumps charge out 
of C11 driving the voltage across it towards zero. C2 

comes out of positive saturation and heads negative, 
eliminating positive bias at IC3's input. IC3's free
running oscillation stops, and normal loop action re
sumes. 

To calibrate this circuit, apply either a - 10 or a 
+ lOV input and set the 10-kO trimmer, R3, for exactly 
10-kHz output. The low offsets of IC1 and IC2 permit 
operation down to a few hertz with no zero trim re
quired. (EDN BBS /DI-SIG #961) EDN 

To Vote For This Design, Circle No. 748 

References 
1. Tektronix Inc, "Automatic Stability Circuit," Type 547 

Oscilloscope Operating and Service Manual, Tektronix Inc, 
1964. 

2. Tektronix Inc, "Automatic Trigger," Oscilloscope Trig
ger Circuits, Tektronix Concept Series, Tektronix Inc, 1969, 
pp 39-49. 

A=50V/DIV --------------

B=0.5V/DIV 

C=0.2V/DIV I// II I llll!!j,ftlf Jll /I I l/!1 /jfi-
/ 

HORIZONTAL=500 µSEC/DIV 

Fig 3-This scope photo shows IC1 and IC/s outputs in greater 
detail. 
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DESIGN IDEAS 

PAL makes µP see double 

Krish Narasimhan and James G O'Connor 
Broad Band Technologies, 
Research Triangle Park , NC 

The 22V10 PAL, IC,, in Fig 1 fools a 16-bit, single
chip, National HPC series µP, in this case a 

CLKIN 

MBE 
ALE 

BSD 

0 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 

16400PLCC µP, IC2, into thinking that the normal 
complement of two ROM devices are present when, 
in fact, the circuit has only one ROM device. In addi
tion, the PAL enables RAM bank switching. 

A peculiarity of the HPC µPs is at the heart of this 
scheme. Even in 16-bit mode, the HPC µPs fetch only 

ACT573 
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D1 07 
19 0 

3 18 1 
4 D, Os 17 2 
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6 D, o, 15 4 
7 D3 03 14 5 
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E 

OE 
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2 

ACT573 
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0 7 
8 

3 D1 18 9 
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5 D5 05 16 11 
6 D, o, 15 12 
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8 D, 0 2 13 14 
9 D, o, 12 15 

11 
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E 22V10 

OE 2 
D10 109 

23 READY 
0 3 22 RAO 

~ 12 4 Dg 10. 21 ROMCS 
13 5 Da 107 20 LE 
14 6 D1 I Os 19 RA MOL 
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105 18 RA MOU 

8 D5 10, 17 RAM1L 
9 D, 103 16 RAM1U 

10 D3 102 1- 15 
D2 10, 11 
D, 100 

1- 14 
13 

Do 
1 
~ CLK/D11 r 

Fig l-1'he 22VJO PAL in this circuit fools the µP into thinking two ROM devices are present by requesting a wait state, during which it 
fetches two bytes from a single ROM device. 
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DESIGN IDEAS 

bytes during instruction-fetch cycles; data fetches are, 
however, 16-bit-word fetches. If your ROMed program 
were to contain only instructions, then you could easily 
use just a single 8-bit-wide ROM device to hold the 
program. This scheme hits a snag, however, if the 
ROMed program contains 16-bit data words. 

In operation, the 22V10 solves this problem by de
coding the µP's status lines to determine if the µP is 
fetching either a 16-bit data word or an 8-bit byte. If 
the PAL detects a word fetch, it causes the µP's RDY/ 
HOLD line to trigger a wait state. During the wait 
state, the PAL latches the even byte into latch IC;;. 

Vpp 27256 
r--;1.,,_4 __ _..;3;;,1--1 A,

4 
8x32k-BYTE 
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Then the PAL toggles the ROM's A0 line to access the 
odd byte. When the µP resumes execution after the 
wait state, it encounters both the low and high bytes 
of the complete data word on its data bus. 

The PAL also decodes the µP' s bank-switching pins, 
B5 (BSO) and B6 (BSl), to select either RAM or ROM 
banks according to Table 1. Listing 1 shows the 
Boolean equations for the PAL. You can obtain the 
22V10's Boolean listing from the EDN BBS's DI 
Special Interest Group (617-558-4241,300/1200/ 
2400,8,N,1-from Main Menu, enter (s)ig, < s/di_sig> , 
rk962). (EDN BBS /Dl_SIG #962) EDN 

To Vote For This Design, Circle No. 749 

FFFF 

FOOO 

8000 

1000 

0200 

0000 

Table 1-Memory map 
BS0=1 
BS1 =1 

ROM 

ROM 

RAM 
BANK 0 

110 

INTERNAL 

BSO =O 
BS1 =1 

ROM 

RAM 
BANK 1 

RAM 
BANKO 

1/0 

INTERNAL 

BS0=1 
BS1 =0 

ROM 

RAM 
BANK 2 

RAM 
BANK 0 

1/0 

INTERNAL 

BSO=O 
BS1 =0 

ROM 

RAM 
BANK3 

RAM 
BANKO 

110 

INTERNAL 

Listing 1-Bank-switching PAL equations 
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!ROMCS "" AlS & BSO & BSl & !ALE 
f A15 & A14 & A13 & A12 & !ALE; 

!RAMOL '"" !AO & !ALE & ( !Al5 & ( A14 # A13 I A12) 
I AlS & !BSO & BSl & ( !A14 I !A13 f !A12)) 

!RAMOU "' !HBE & !ALE & ( !Al5 & ( A14 I A13 I Al2) 
I Al5 & !BSD & BSl & (!Al4 I !A13 I !Al2)) 

! RAMIL= ! AO & !851 & !ALE & AlS & (!Al4 f !Al3 I !Al2) 

!RAMlU • !HBE & !BSl & !ALE & Al5 & {!A14 f !Al3 t !A12) 

RAO AO & ( AlS & 

I AlS & A14 & A13 & Al2 

I !LE 

BSO & 851 & !ALE 

& !ALE) 

# !BSO & !BSl & A15 & (!Al4 I !A1 3 j !Al2) & !ALE 

!QO ( AlS & 

f Al5 & Al4 & Al) & Al2 

& !RD & !STl & !HBE & !AO 

!LE !QO 

! Ql ! LE 

!READY '"' ( ( A15 & 

I Al5 & Al4 & Al3 & Al2 

& !RD & !STl & !HBE & !AO) 

• Ql 

BSO & 851 & !ALE 

& !ALE) 

BSD & 8$1 & !ALE 

& !ALE) 

80C39-µP routine 
measures pulse width 
Xu Jiankang 
Haida Co, Qingdao, Shandong, China 

If you connect a squared-up pulse to the INT pin of 
an 80C39, the program in Listing 1 will measure the 
pulse's period, storing the result in registers R_1, 

R2, ••• , R7• The constant TIMES is the sample time 
plus one count. The constant VALUE equals the com
plement of three times the sample time. 
(EDN BBS /Dl_SIG #965) EDN 

To Vote For This Design, Circle No. 750 

Listing 1-Pulse-width routine for 80C39 

MAIN PROGRAM 

~av RO. TIMES 
MO\' Rl · VALUf 
MOV R2 , ZERO 
MDV R3 · ZERO 

EN I 
IDL E 

BEGIN : DJN Z Rl · BEGIN 
DJN Z R2. BEGIN 
DJNZ R3· BE GIN 

\ EY7: DI S I 
MOV A· RI 
CPL A 
IN C A 
MDV Rl., A 
MOV A, R2 
CPL A 
INC A 
MDV R2, A 
MDV A, R3 
CP L A 
INC A 
MDV R3, A 

: HOW MANY TI ME TO SAM PL E 

:INITIALIZE CO UNTER 

:IF THE CO UNTER NOf BIG ENOUGH 
:ENABLE EXTERNAL INTERRUPT 
:WAIT FOR EXTE RNAL INl t RRU PT 

: COU NTIN G 

:D I SABL E EXT ERN AL INT ERR UPT 

: PROC ESS TH E VALUE AS IOU LI KE 

INTERRUPT SER VIC E ROUTINE 

DJNZ RO, EN D 
MDV RQ . STOCr_BUT TOM 

END: 
~~~R@R Q, NEXT : SECOND I NLET FOR MAIN PROGRAM 

ED N's bulletin board is on line 
Call EDN's free bulletin board system (BBS) at 
(617) 558-4241 (1200/2400,8,N ,1) and select 
/DLSIG to get additional information or to com
ment on these Design Ideas. 

EDN May 9, 1991 
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DESIGN IDEAS 
FEEDBACK AND AMPLIFICATION 

Reader worries that idea is unsafe 

I am writing to express my concern about V Lakshmi
narayanan's Design Idea, "Hall sensor detects ground 
faults,'' (EDN, October 11 , 1990, pg 235, DI #892). 
The circuit, which also appeared in the December 27, 
1990, issue of Electronic Design, does indeed detect 
earth-line leakage current. It does not, however, pro
tect against shock hazard, as the text states, and 
should not be used as an alternative to UL-recognized 
ground-fault-protection circuitry. 

First, to protect against shocks, the circuit must 
detect fault currents that return to earth via pathways 
other than the power system's neutral conductor. The 
Design Idea cannot detect such ground-fault currents. 
Second, if the circuit were to trip an input breaker 
after detecting, for example, a power line shorted to 
the equipment's case, that equipment would be left in 
an unsafe condition. The circuit opens the equipment's 
neutral connection, potentially leaving the case still 
energized by the shorted power line. 
Thomas H Hoover, PE 
Fairmont Railway Motors 
415 N Main St 
Fairmont, MN 56031 

Author regrets double submission 

I made an error in the above-referenced circuit's sche
matic. The circuit breaker should open the power lines 
and not the neutral conductor. 

I sincerely regret the inconvenience I caused [by 
sending this idea to two magazines]. The mixup oc
curred due to a records-keeping error. In the future I 
will ensure that such mixups do not occur. I hope to 
contribute many more Design Ideas exclusively to 
EDN in the future. 
V Lakshminarayanan 
Centre for Development of Telematics 
SNEHA Complex-7111 Miller Rd 
Bangalore, 560-052, India 

Please do not send the same Design Idea to several 
magazines at once-that's unethical; do not send a De
sign Idea to a second magazine unless and until the 
first one rejects your Design Idea. We consider each 
submission carefully. We have a panel of contributing 
editors that reviews each entry. If we take too long 
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to review your idea, and you would like to submit it 
elsewhere, we will happily return it to you. 

When you fill out your EDN Design Idea entry 
blank, you will have to sign a statement saying that 
EDN has exclusive rights to your idea, that your idea 
is original, and that you have built and tested it. 

Also, Design Ideas should not use patented circuits 
or special !Cs that require licensing. 
Charles H Small and Anne Watson Swager 

Author rebuts reader 

I have just read the comments by Heiner Schlichting 
about my Design Idea ("Peak detector holds signal 
indefinitely," EDN, May 24, 1990, pg 173) in the March 
1, 1991, edition of EDN. Mr Schlichting supposes that 
adding a R/2R ladder will improve the performance 
of my peak detector. But he has missed the point of 
my circuit. The circuit is an analog peak detector, not 
an AID converter. The R/2R ladder would supposedly 
improve the linearity and monotonicity of my Design 
Idea. However, neither of these specifications is impor
tant for my Design Idea's function: tracing a slowly 
changing analog signal to within 10 m V and providing 
an analog output. Adding an R/2R ladder would not 
degrade my Design Idea's performance but it wouldn't 
improve the performance either; adding an R/2R ladder 
would therefore be expensive overkill. 
Steve Hageman 
Calex 
3355 Vincent Rd 
Pleasant Hill, CA 94523 
(415) 932-3911 

Editor notices mistake 

Unfortunately, two errors crept into the artwork for 
Jim Williams' Design Idea "Amplifier scheme lowers 
drift and noise," (EDN, March 1, 1991, pg 135). IC1 

should be an LTC1028 and IC2 should be an LTC1097. 
If you build the circuit using the LT1037s as incorrectly 
shown, your circuit's noise will be much higher than 
that for the correct design, and the circuit will likely 
oscillate. 
Anne Watson Swager 
Design Ideas Editor 

EDN May 9, 1991 



advertisement 

DESIGN 
NOTES 

Switching Regulator Generates Both Positive and Negative 
Supply with a Single Inductor - Design Note 47 

Brian Huffman 

Many systems require ±12V from a 5V input. Analog 
or RS-232 driver power supplies are obvious candi
dates. This requirement is usually solved by using a 
switcher with a multiple-secondary transformer or 
multiple switchers. These solutions can be complicated, 
requiring either transformer design or two inductors. An 
alternative approach, shown in Figure 1, uses a single 
inductor and charge pump to obtain the dual outputs. 
This solution is particularly noteworthy because is uses 
off-the-shelf components. 

+VouT 
12V 

100mA 
01 L2 .. 

MUR110 5µH 

+C1 
100µF 
10V 

E1 

LT1172CNB 

E2 
GND 

0.02µF 

Vsw 

• 1% FILM RESISTORS 
• • OPTIONAL FILTER 

01 = MOTOROLA - MUR110 

R1 · 
13.0k 

+ C2 
100µF 
16V 

R2 • 
1.5k 

02 
1N5819 

C4 
100µF 

16V 

C1 = NICHICON- UPL1A101MRH6 
C2, C3, C4, C5, C6 = NICHICON - UPL 1C101 MAH 

L 1 = COILTRONICS-CTX50-1-52 
L2, L3 =COIL TRONICS- CTX5-2-FR 
VouT : 1.25V (1 + R1 /R2} 

C5 .. 
100µF 

+ 16V + 

C3 
100µF 
16V 

L3 .. 
5µH 

-VouT 
-12V 

100mA 

LT ON47 • TA01 

Figure 1. Inductor and Switch Capacitor Techniques 
Provide Bipolar Output 

05/91147 

Figure 1 uses an L T1172 to generate both the positive 
and negative supply. The LT1172 is configured as a 
step-up converter to obtain the positive output. To 
generatethe negative output a charge pump is used. The 
pump capacitor, C2, is charged up by the inductor when 
02 is forward biased and discharges into C4 when the 
L T1172's power switch pulls the positive side of C2 to 
ground. The output capacitor provides current to the 
load during the charging cycle. 

Figure 2 shows the regulator's operating waveforms. 
Since the L T1172 has a ground referred power switch , 
the inductor has the input voltage applied across it when 
the switch is on. Trace A is the Vsw pin voltage and trace 
B is its current. The inductor current, trace C, rises 
slowly as the magnetic field builds up. The current rate 
of change is determined by the voltage applied across 
the inductor and its inductance. During this interval, 
energy is being stored in the inductor and no power is 
transferred to the + 12V output. When the switch is 
turned off, energy is no longer transferred to the inductor, 
which causes the magnetic field to collapse. The col
lapsing magnetic field induces a change in voltage 
across the inductor causing the Vsw pin to rise until 
output diode 01 forward biases. 

A= 20V/OIV 

B = 1A/OIV 

C = 1A/OIV 

0 = 0.5A/OIV 

E = 20V/OIV 

F = 0.5A/OIV 
G = 0.5A/OIV 

H = 0.5A/OIV 

Vsw 
lsw 
IL1 

101 

V02 

IC3 
102 

103 

HORIZ = 2µs/OIV "°"'""'°' 

Figure 2. Switching Waveforms for ±12V Output 
Converter 
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Trace D is the diode's current waveform. The diode 
provides a current path for the energy stored in the 
inductor to be transferred between the load and the 
output capacitor. When the diode is reverse biased , the 
output capacitor provides the load current. The L T1172's 
error amplifier compares the feedback pin voltage, from 
the 13kn-1 .5kn divider, to its internal 1.24V reference 
and controls duty cycle. The output voltage can be 
varied by changing the R1-R2 divider ratio (see Equa
tion 1 ). An RC network at the Ve pin provides loop 
compensation . 

A charge pump is used to invert the+ 12V output to a 
-12V output. When the L T1172 's power switch turns 
off, the voltage on C2 's positive side rises until D1 is 
forward biased. The inductor charges C2 when the 
voltage on C2 's negative side rises enough to forward 
bias D2. Trace F shows C2's current waveform, trace E 
is D2's voltage waveform and trace G is its current. The 
voltage across C2 will be equal to a diode drop above 
+VouT minus a Schottky diode drop. When the L T1172's 
power transistor turns on , the positive side of C2 is 
pulled to ground. During this period diode D3 is forward 
biased (trace H is its current waveform) , and C4 is 
charged by C2. An optional LC filter is added to each 
output to attenuated output voltage ripple. Efficiency for 
this circuit generally exceeds 70%. 

Diode junction losses (D2 and 03) preclude ideal 
results , but performance is quite good. This circuit 
will convert +VouT to -VouT with losses as shown in 
Figure 3. Negative output load current should not 
exceed the positive output load by more than a factor 
of 5, otherwise the imbalance will cause the -12V 
transient response to suffer. 

~ 
CJ) 
u.J 

§ -11 .5 >--+---+---+---+---+---+---+---N..___r-...~ 
u.J 
C!l 

~ 
--' 
0 
> 

-11.0 ~~~~~~~--~ 
0 50 100 

OUTPUT CURRENT (mA) 
LTON47 • TA03 

Figure 3. Losses for Charge Pump Converter 

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 
(408) 432-1900 • FAX (408) 434-0507 • TELEX 499-3977 

Figure 4 can be used for a LCD display contrast control. 
It is similar to the previous circuit exceptthat all the load 
current is drawn from the negative output. This requires 
C3 to be small so negative output load fluctuations are 
quickly reflected to the positive output. Resistor R3 
adjusts output voltage between -12V to -21V. 

The L T1172 provides an elegant solution to power 
shutdown problems by integrating a shutdown feature; 
eliminating the need to place a power MOSFET in series 
with the input voltage. When the voltage of the Ve pin is 
pulled below 150mV, the IC shuts down pulling only 
150µA. This is implemented by turning on 01 , reducing 
the circuit's quiescent current from 6mA to 150µA. 

SHUTDOWN ---1 

D2, D3 = MOTOROLA - 1 N5819 
01 = VN2222LL 
C1 = NICHICON - UPL 1A1 01 MAH 

C2, C4 = NICH ICON- UPL1V101MPH 
L1 =COILTRONICS-CTX50-1-52 

D1 
1N4148 

+Vour 
12V TO 24V 

sa1n 

1.0k 

+ C3 
1µF 
35V 

+Vour 
-1 2V T0 - 24V 
1mA TO 70mA 

LT ON47 •TAD' 

Figure 4. LCD Display Contrast Control Power Supply 

For literature on our Regulators, 
call (800) 637-5545. For applications help, 
call (408) 432-1900, Ext. 361 . 

BA/GP 0591 1 BOK 
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ASIC design cycle time. 

In the disk drive marilet, 
you've got to be fast 

- in both performance 
and time-to-market. 

That's why seven of the 

top 10 disk manufac
turers rely on Analog 

Devices for mixed
signal components. 

Today, Analog Devices offers more high-performance mixed-signal 
components than anyone else. And we get them to you fast. So if you want 
mixed-signal ICs that'll help you design faster performing products, from 
a company that'll help you get your product to market faster, call us 
at 1-800-262-5643. 
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AD9060 & AD671-The fastest 10-bit 
and 12-bit monolithic AID converters, 
respectively. The AD9060 guarantees 

encode rates up to 75 MSPS for 

unparalleled dynamic performance. 

The AD671 is twice as fast as any 

other 12-bit monolithic, convert
ing in under 0.5 µ.s, thanks to our 
high-speed mixed-signal ABCMOS 
process. 

AD9712- The only 12-bit, 100 MHz 
D/A converter on the market. Ideal 

for high-speed video and direct 
digital synthesis, its low glitch and 

low harmonics combine to deliver 
a spectrally pure output waveform. 

ADSP-2101-Talk about fast-this 

DSP microcomputer executes a 1024-
poi nt FFT in only 2.26 ms. That's 

faster than other DSPs that operate at 

almost twice the clock rate. And since 

our entire ADSP-2100 family is code 

compatible, your code will run fast on 
all of our DSPs. 

W.ANALOG 
WDEVICES 
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FEEDBACK AND AMPLIFICATION 

Pulse stretcher stretches truth 

The operation of the circuit in "Single gate stretches 
pulses," by Mark Krasnov (EDN, October 11, 1990, 
pg 238, DI #748) is not exactly as described. C1 does 
not begin to discharge when a negative-going pulse 
comes to the input of the circuit (cathode of D1) . At 
this moment, C1 must already be discharged, and this 
condition is a limiting factor for the input-signal pa
rameters (that is, the time during which the input 
signal is high). If C1 is not discharged, there will be a 
negative-going peak at the output of the 7407. 

Charging of C1 begins with the positive-going pulse 
at the input. Charging ends and discharging begins 
when the voltage at the anode of D1 reaches the switch 
threshold of the 7407's input. C1 charges through R2 

and the output of the 7407 and discharges through R2, 

R1, and D2• The stretched pulse is approximately equal 
to the input pulse's duration plus the R2/C1 time con
stant. Also, the circuit can violate the 7407's safe
operating requirements. The 7407's output should not 
be tied to a voltage higher than 5V. In this circuit, its 
voltage can exceed 6V. 
Evgeni Bobilov 
SII, MPS 
Slavjanska Str 10 
7000 Russe, Bulgaria 

Oversized cap forces integration 

Richard Majestic's Design Idea, "Audio compressor 
splits the band" (EDN, January 21, 1991, pg 160), is 
a variation of his circuit in the PMI/SSM Audio Hand
book, Volume 1. In that version, he used PMI parts 
throughout, with SSM2134s in place of the NE5534s. 
By studying both versions, you can see slight compo
nent adjustments. However, one change is undoubt
edly a typo: the final op-amp stage at the output has 
a 33-µF capacitor across its feedback resistor, making 
it an integrator. This capacitor should probably be 33 
pF, not 33 µF. 
John Lyles 
E I du Pont de Nemours and Co 
Wilmington, DE 
(302) 478-6272 

Author offers corrected schematic 

In addition to the error that Mr Lyles spotted, the 
published schematic has other errors. I will mail a 
correct schematic to anyone who writes me. 

My Design Idea is similar to one published in the 

190 

PMI-SSM Audio Handbook. That's because I wrote 
and designed all but one of the application notes in the 
handbook. 
Richard A Majestic 
2117 Bay Front Terrace 
Annapolis, MD 21401 

A/D board could damage IBM PC 

The AID board in the Design Idea "AID board hooks 
to IBM PC printer port" (EDN, February 18, 1991, 
pg 184) cleverly uses the PC's output port as a dc
power source. But the Design Idea will not work as 
implemented. 

The first problem comes from connecting six printer
port output lines together. Although the software may 
set these lines high during power-up, the lines may 
come up in an arbitrary state. The PC's printer-port 
driver is typically a 74LS244 that may self-destruct in 
this condition. 

The second problem is the voltage of the line labeled 
"5V." At the load currents in this Design Idea, the 
voltage will be about 3.5V. That level cannot drive the 
LEDs, and it does not meet the Maxl 71's specs. 

I suggest diode-ORing the printer port lines with 
low-drop Schottky diodes and applying the resulting 
3V de to a 5V de/de converter. 
Ca.rl Spearow 
Sundstrand Corp 
4747 HarrisonAve 
Rockford, IL 611 25 
(815) 394-3263 

"Board does work" says author 

Mr Spearow's suggestions are good suggestions, but 
he is not correct in saying that the Design Idea as 
shown will not work. As Mr Spearow perceives, the 
74LS374 can come up in an arbitrary state on power
up. (Note: the 74LSA244 is not the driver that powers 
the I/O board; the 74LSA244 feeds data back to the 
PC.) But the latch-up would persist for only a short 
time because the PC's normal power-on self-test clears 
the register. Further, the 27.fl series resistors offer 
some protection. We have used this scheme through 
hundreds of bootup cycles on at least six different PCs. 

As to the second problem, Mr Spearow is correct; 
the derived supply voltage will be about 3.5V, whereas 
we labeled it 5V. The 3.5V value is outside the 
Maxl 7l's data-sheet spec and would be a problem if 
we were running the device at its maximum conversion 
rate. 

EDN May 9, 1991 



Picture this- a PC monitor that 

offers the same color and clarity as 

a high-end engineering workstation 

costing as much as 20 times more. 

Our pin-compatible RAM·DAC is 

literally redefining the low end of 

the PC monitor market. 

Marball. Original image courtesy of University 

of California, Davis. 

'Try, try again' is a costly way for manufacturers to find the best design 

solution. So to help our customers find answers to tricky problems 

the first time around, technical application engineers are just a 

phone call away. In some instances, they're even located right on 

the customer's premises. 

After analyzing semiconductor suppliers, many of the leading 

oscilloscope and spectrum analyzer manufacturers chose 

Analog Devices for their mixed-signal components. One reason 

is our ability to deliver high perfonnance at high levels of inte· 

gration -for example, our AD640, which replaces a chain of 

discrete log-amps for higher accuracy. 

With our motion control ICs, several major aircraft companies are staying right on course. High reliability and 

accuracy are hallmarks of our 2580, ADS98 and the rest of our nearly 400 defense-qualified products. 

Today, Analog Devices offers a better line of high-performance mixed
signal components than anyone else. And no one has a better record for 
reliability, or more experience in analog, DSP and mixed-signal ICs. If you 
want mixed-signal components that'll help you design better products, the 
best thing to do is to call us at 1-800-262-5643. 
Continuous Edge Graphics is a trademark of Edsun Laboratories. 

EDN May 9, 1991 
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ADSP-2111- Better integration on 

the best architecture in the industry. 

Adds an 8116-bit host port to the two 

serial ports, timer, hardware com

panding and memory already on the 

ADSP-2101. And like all our DSPs, 

it's got fast, flexible arithmetic, wide 

dynamic range and a single cycle 

fetch of two operands (on· or off· 

chip). Plus it's code-compatible with 

the rest of our DSP family, so what's 

written today will be useful tomorrow. 

ADV7141-0ur new Continuous Edge 

Graphics '" RAM-DAC gives users of 

standard low-end color monitors bet· 

ter graphics on their PCs. Graphics 

that are virtually the same as those 

produced on expensive engineering 

and scientific workstations. It does 

this by eliminating jagged edges, 

providing photo-realistic colors and 

shading, and displaying text com para· 

ble to a 300-dpi laser printer. 

AD75028- This custom ASIC passes 

the test for a top automatic test 

equipment manufacturer. Serving the 

function of 21 separate 12· and 8-bit 

D/A converters and providing on-chip 

static RAM, it also has seven channels 

of level setting (other monolithics 

only have four), and can automatically 

remove gain and offset errors. 

r.ANALOG 
WDEVICES 
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FEEDBACK AND AMPLIFICATION 

The idea of taking power from the PC is really not 
central to the Design Idea; the main idea is starting 
and clocking two serial ADCs and then inputting the 
two resulting streams of serial data through what is 
usually considered an output port. Our software is a 
larger part of the idea than the hardware. 

Mr Spearow's circuit is an appealing idea, but I fear 
that it might have problems of its own before the 
printer port is initialized-consider the case of one of 
the outputs being forced to carry the whole load, the 
load being considerably higher because of the switcher. 
Bob Underwood 
Maxim Integrated Products Inc 
120 San Gabriel Dr 
Sunnyvale, CA 94086 
(408) 737-7600 

Trapped flux forms capacitor 

If you design surface-mounted components into circuits 
that are sensitive to small shifts in capacitance, be
ware! Flux trapped beneath components forms a rela
tively good dielectric and thus adds a parallel capacitor 
across your otherwise precision part. The symptom of 
this problem is components that test within specs when 
removed from a pc board yet exhibit 1 to 2% too much 
capacitance in-circuit. The solution is a thorough clean
ing. Soak the boards in solvent and then run them 
through a dishwasher. 
Richard Lamoureaux 
13220 Haneworth Ave 
Hawthorne, CA 90250 
(213) 643-7221 

Author corrects schematic error 

I made errors in the schematic and equations I submit
ted with my Design Idea, "Buffers stabilize oscillator," 
(EDN, February 4, 1991, pg 105, DI #933). Connect 
resistor R2 to the outputs of buffers A and B rather 
than to their inputs. Also, note an obvious typo in the 
first equation's denominator: The equals sign appearing 
between R1 and R2 should be a plus sign. Lastly, be
cause R1 ' = R1" = 2R1, the second equation should read: 
R1 = (Ri'R1")/(R1' + R1"). 

For these formulas to work, the op amp's gain/ 
bandwidth product should be very large compared to 
f0". Note that this circuit's maximum f0 is 70 Hz. 
Maxwell Strange 
NASA 
Goddard Space Flight Center 
Greenbelt , MD 20771 
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Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

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

I hereby submit my Design Ideas entry. 
Name ________________ _ 

Title __________ Phone ____ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street ________________ _ 

City __________ State ____ _ 

Country Zip ____ _ 

Design Title _____________ _ 

Home Address ____________ _ 

Social Security Number _________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented, and must have no patent pending. Design must 
be original with author(s) , must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested . Please sub
mit software listings and all other computer-readable 
documentation on a 51/4-in . IBM PC disk. 

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

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed _______________ _ 

Date ________________ _ 

ISSUE WINNER 
The winning Design Idea for the February 18, 1991 issue 
is entitled "A/D board hooks to IBM PC printer port, sub
mitted by Bob Underwood of Maxim Integrated Products 
(Sunnyvale, CA) and Mark Underwood (Cupertino, CA). 

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

EDN May 9, 1991 



More gadgets for 

less money, and make 

it work better-that's the 

only way to survive in consumer 

electronics, the most competitive market 

there is. That's why three ofthetopfiveJapanese 

electronics firms rely on us to meet their mixed

signal needs in applications ranging from CD players to 

video cameras. 

We're far from your local component boutique. Over 

half of our $540 million in revenues comes from inter

national sales. And with manufacturing and stocking 

facilities on just about every continent, getting products to 

you quickly is a snap. Plus multiple manufacturing facilities 

allow us to take advantage of the right talent and processes for 

the job at hand. 

With billions of dollars in annual sales at stake, the 

video game market is anything but child's play. One 

leader in th is market found that with our DSP they 

could create more realistic and interactive games. 

As a result, they're driving away with a bigger share of 

the market. 

Today, Analog Devices offers more cost-effective solutions to your high
performance mixed-signal needs than anyone else. Solutions that are surpris
ingly affordable, whether they're available off the shelf or developed for a 
specific application. To find out more about how we can help you develop 
products more efficiently, or for a free copy of our recent Mixed-Signal 
Technology white paper, call us at 1-800-262-5643. 

SOUNDPORT DACs -We've made 

these DACs cost-efficient by making 

them complete with output amplifier, 

reference and digital logic interface. 

Perfect for high-fidelity digital audio 

and multi-media applications, these 

mixed-signal ICs achieve SNRs as 

high as 108 dB and THDs as low as 

0.0025%. 

AD712 - If you're working in profes

sional audio and compact disc ap

plications, you'll like the sound of 

this-an IC that combines two high

perfonnance op amps in one compact 

package. You get low offset voltage 

and low input bias currents coupled 

with superb transient response, ambi

ence, clarity and dynamic range. 

ADSP-2105- High performance DSP 

at an incredibly low price. So low, in 

fact, you can now consider DSP in a 

host of new applications. And since 

it's pin-compatible with the ADSP-

2101, and code-compatible with all of 

our other DSP processors, upgrading 

is easy and inexpensive. 

1"1111 ANALOG 
WDEVICES 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices and applications support available worldwide. 
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This EDA Industry Forum is a "must attend" 
event for the movers and shakers of the 
industry. Learn what will drive EDA into the 
90's. The results of two comprehensive 
research studies will examine which tools 
readers plan to use and a look at how 
standards development impacts tool use and 
selection. Joe Costello, EDAC Executive 
Chainnan will set the stage for: 

• Which EDA Tools Are Used? 
John Russell, Editor of EDN News Edition will 
present the results from EDN's annual survey 
of EDA tool use among its readers. He'll 
compare this year's results with last year, and 
examine the demographics of surveyed tool 
users by title and industry. 

• Which Standards Are Most 
Essential? 

Mitch Weaver, EDAC Standards Committee 
Chairman, will look at what users say about 
standards, and reveal how standards help 
determine which tools engineers will select 
and which they avoid. 

Find Out What 
I Users Say About 

Tools, Standards 
I and More 

EDAGEDN NEWS EDITION INDUSTRY FORUM 
• How Should Tool 

Standardization Proceed? 
Mitch Weaver will present the next essential 
steps towards adoption of the most important 
standards. 

• Who Should Attend? 
EDA Engineering Professionals 
You'll have the chance to find out: 
• Your colleagues assessments of tools and 

plans 
• Board and ASIC densities being tackled 
• What's the preferred platform 
• Top concerns of users 
Design Automation Vendors 
Gain the competitive advantage as you learn: 
• Your customers wants and needs 
• The tools needed for today and tomorrow's 

design projects 

When: 
Tuesday,June 18, 1991 • 5:30 - 6:45 pm 

DURING DAC'91 

Where: 
Downtown San Francisco Marriot 

Presidio Ballroom 
55 Fourth Street • San Francisco, CA 94103 

(415) 896-1600 

Presented By: 
EDAC (Electronic Design Automation Companies) 

and EDN News Edition 

ECJAC -----Electronic Design Automation Comp&n185 
EDN~ 

Cost: 
FREE 

For More Infon11atio11: Call 4081988-EDAC 



Count On IDT 
The R3001 RISController™: 
The Embedded Processing Solution 

The R3001 is the first derivative 
of the R3000 processor designed 
specifically for embedded control 
applications. Compared to the 
Intel 960 and AMD 29K 
processors, the R3001 is the most 
cost-effective solution for these 
applications-we have the data 
to prove it! Call and ask for 

KIT CODE 0091A to get an 
R.3001 Performance 
Comparison Report. 

FCT-T Log.c: Fastest Speed/ 
Lowest Ground Bounce 

IDT's FCT-T Logic Family is 
the fastest logic family available 
and has the lowest ground 
bounce-up to 40% less than 
previous F CT devices! The 
F CT-T family provides direct 
TTL logic compatibility and is 
available in FCT, FCT-AT, and 
FCT-CT speeds. Call today for 
KIT CODE 0091C and get a 
copy of the High-Speed CMOS 

Logic Design Guide. 

IDT SubsysteJ;ll Modules: 
Building Blocks for the '90s 

The Ultimate 
Building Blocks 

IDT offers a complete line of 
board-level subsystem products, 
including cache memory, 
shared-port memory, writable 
control store, RISC CPU, high 
integration modules, and custom 
designs for specific applications. 
Call today for KIT CODE 
0091E and receive technical 
data and a free IDT puzzle! 

BiCEMOSrM ECL SRAMs: 
Technology for the '90s 

Break Through 7ns Design the fastest systems with 
, llH'I IDT's BiCEMOS ECL family . At 

1 . · •• ....... ~ 7ns, the IDT10494 is the fastest 
J, g.,c. BiCMOS 64K ECL SRAM in 

wifu BiCEMOS' .ECL production. 256K and synchro-
liE..;; ~:.= §,,_~:'§. nous self-timed SRAMs are also 
==~.:et ==:.:--.E ==~-= available in lOK/lOOK/lOlK 
~~:Zt§E~:;:;r;::~- configurations. Call and ask for 

KIT CODE 00918 to get a copy 
of the BiCEMOS ECL Product 
Information booklet. 

The Syµ.c F01
\1 Family: 

Double Your FIFO Performance 

World's Fastest FIFOs 
SyncFIFOs offer leading-edge 
performance that is 50% faster 
than other FIFOs. The synchro
nous architecture is easy to 
implement and reduces chip 
count 9-to-l. SyncFIFOs have 
18-bit buses and are ideal for 32-
bit systems. Ask for KIT CODE 
0091D to getAN-60: Designing 
with the IDT SyncFIFO™. 

12ns Cache Tag SRAMs: 
Wait No Longer 

Wait n~ longer. · ,, 

~-· 
lnT,~Kx4(a~hl fog 

..... ::::;..·- ....... ..-- ------

IDT's cache tag SRAMs have the 
features you want to design in: 
single-pin block reset, totem-pole 
match output, 4K and BK depths, 
industry standard pinouts, and 
an on-board comparator to 
simplify design. Call and ask for 
KIT CODE 0091F to get.free 
samples of the IDT6178 cache 
tag. 

RISController, BiCEMOS, and SyncFIFO are trademarks of Integrated Device Technology, Inc- .. ~w~ 
The IDT logo is a registered trademark of lntegra1ed Device Technology, Inc. ~ 

Contact us today to receive data sheets and other 
design information on IDT's products. 

(800) 345-7015 
FAX: 408-492-8454 

3236 Scott Boulevard, P.O. Box 58015, Santa Clara, CA 95052-8015 
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Integrated 

When cost-effective 
perf onnance counts 

Device Technology, Inc. 
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NEW PRODUCTS 

Multimedia Sound 
Processor 
• Meets Microsoft's multimedia 

sound specification 
• Uses waveform-table look-up-

based synthesis 
The ICS1399 digital sound genera
tor provides music, speech, and 
sound effects. The chip synthesizes 
the waveforms via table look-ups. 
High-quality sound is a result of di
rect output of PCM data sample 
rates to 48 kHz, 25 voices each with 
a 4-pole digital filter, and 12-bit 
resolution. Small quantities are 
available from stock. $15 (1000). 

Integrated Circuit Systems Inc, 
Box 968, Valley Forge, PA 19482. 
Phone (800) 220-3366; in PA, (215) 
666-1900. FAX (215) 666-1099. 

Circle No. 351 

16-Bit CPU And Dual MMU 
• Operates at 16 MHz 
• Dual MMU manages 16M-byte 

address space 
The 16C04 is a 16-MHz version of 
the Z16COO family of µPs. The proc
essor offers eight addressing modes 
and 414 total instructions using 
hardwired logic. Data types and 
addressing modes include sixteen 
16-bit general-purpose registers; 
seven data types, which range from 
bits to 32-bit-long-word, and word 
and byte strings. The dual memory
management unit (DMMU) contains 
a dynamic-segment relocation fea
ture that allows user addresses to 
be independent of physical memory. 
Segments are protected by modes 
of permitted use. Twenty-two I/O 
instructions from the central proc
essor control the DMMU. Z16C04 
in a 68-pin plastic leaded chip car
rier, $18.23; Z080210 DMMU, $33 
(1000). 

Zilog Corp, 210 Hacienda Ave, 
Campbell, CA 95008. Phone (408) 
370-8000. FAX (408) 370-8056. 

Circle No. 352 
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INTEGRATED CIRCUITS 

Integrated DDS 
Transceiver 
• Operates at any of 14 preset 

data rates 
• Compatible with #19 to # 26 

AWG twisted-pair cable 
The LXT400 integrated-line inter
face circuit for digital data services 
operates to five DDSl primary 
rates, five DDS2 secondary rates, 
and four Pacific Bell rates ranging 
from 2.4k to 72k bps. At the same 
time, the transceiver provides 
transmit pulse shaping, receive sig
nal detection, and timing recovery. 
The IC's transmit section comprises 
a level programmable, 50% alter
nate-mark inversion encoder; a pro
grammable switched-capacitor 
notch filter; and a continuous recon
struction filter. The receive section 

requires an external 4.096-MHz 
clock or crystal to perform line 
equalization, data decisions, and 
timing recovery. LXT400JE in a 28-
pin ceramic DIP, $30 (1000). 

Level One Communications Inc, 
105 Lake Forest Way, Folsom, CA 
95630. Phone (916) 985-3670. 

Circle No. 353 

Voltage 
Multiplier/Regulator 
• Pin-switchable output 

voltage from 3V ± 5% to 5V ± 4 % 
• Maximum 11-µA operating-

current consumption 
The S-8430AF CMOS IC includes 
an oscillator circuit, a switching 
regulator, a series regulator, and a 
Schottky diode. External signals 
change the output voltage between 
3 and 5V, and they start and stop 
the I C's internal oscillator for 
standby or operating modes. The 
chip operates as either a series 
regulator, when the input voltage 
exceeds the specified output volt
age or as a step-up switching regu-

EDN May 9, 1991 



~---l~J XI ~---1 
DESIGN NEWS 

Analog Design Insights from Maxim Integrated Products No 21 

More Analog Solutions For Tough Design Problems 
Isolated RS-232 in One Package! 

Break 
Ground Loops 

The MAX252 provides a complete isolated interface 1n 
one +5V-powered standard 40 pin DIP package by 
delivering voltage isolation up to UL levels ( 1500V for 
1 sec). 

(CIRClE 1) 

B~A Inverting Switching 
Regulators for Battery Powered 
Systems 

·VCl.Jl 
~--6-1 •\'s ·VOUT a--e- - - --

+ Vnt 

_ ..... 
MAX635 
MAX636 
MAX637 

!N914 

Lx 

The MAX635/636/637 are designed for low-power. 
h1gh-effic1ency DC-DC conversion in the 5mW to 
500mW range. The circuits include preset -5V. -12V. 
-15V and adjustable outputs , 85% typ efficiency, and 
require only 4 external components . 

(CIRCLE4) 

+SV Step-Up DC-DC Converter 
Operates from +1.15V! 

BAIT 
15V 

LXI Vee LX2 22()µfJ 

6 LBI A<AXLM 10 
VREr MAX654 OUT.---~ 

GNO 

CTL 
12

· 
14 

HPGNO 
LBO 

v. 2 

PR 

11 

The MAX654 provides +5V at 60mA from a single-cell 
battery This device minimizes component count and 
includes a low power mode (80µA quiescent current). 
low-battery 1nd1catKJn. and a power-ready function 

(CIRCLE 7) 

Step-Up Switching Regulators 
Require Only 3 Extemal Components 

.MAXl.M 
MAX631 
MAX632 
MAX633 

Vour 
VOUT ~---..-----

a331Jpf 1T100..r 
COMP c______l 

The MAX631/632/633 +5V . +12V . and +15V 
f1xed-/ad1uslable-outpul DC-DC converters are ideal 
for minimum-component. h1gh-effic1ency DC-DC 
converters . They have 80% typ efficiency. a charge 
pump for negative output . and operate from as little 
as 135µA. 

(CIRCLE 2) 

85% Efficiency, +SV I Adjustable
Output, Step-Down Switching 
Regulator 

_ ..... 
MAX638 

Lx 5 

IN5817 
+ 

100,.fI 

The MAX638 1s ideal for efficient. low-power DC-DC 
regulation . The converter operates from 135µA, 
requires only 5 external components . and has a 
low-battery detector. 

(CIRCLE5) 

Evaluation Kit for Simple +3V to 
+SV Step-Up Converter 

The MAX655 Evaluation Kit includes everything 
needed to build and test a circuit that converts 2AA 
cells to +5V The kit includes an evaluation board with 
low-noise layout. a MAX655. and all components 
necessary for prototyping with the MAX655. (CIRCLE 

81 

1 OW Step-Up Switching Regulators 
Drive External MOSFETs 

.MAXl.M 
MAX642 
MAX643 

The MAX641 /642/643 are designed for simple . 
high-efficiency DC-DC circuits 1n the 5mW to 10W 
range . These devices have fixed +5V. + 12V. + 15V 
and ad1ustable output voltages. 80% typ eff1c1ency. 
135µA typ operating current . and require only 5 
external components. 

(CIRCLE3) 

·4BV to +SV Output Switching 
DC-DC Converter 

---MAX650 

NEG DSC BO 

~48\1 

SVAT 
250mA 

The MAX650 contains all control functions and a 140V. 
250mA PNP transistor. reducing external components . 
The converter has a selectable soft-start function . a 
Shutdown pin for output on-off control . and 
peak-current limiting on the PNP output. 

(CIRCLE 6) 

100mA-Output, Monolithic Voltage 
Converter Upgrades ICL 7660 

150µf 

•VIN 
151055V 

.NIAXl.NI 
MAX660 

+VIN 
15VT055V 

-:=- INVERTED 
L---; _____ ....Jl -:-'t:"-. ~~:!~1 

VOLT AGE INVERTER 
1N5817 

.NIAXl.NI 
MAX660 

POSITIVE VOLTAGE DOUBLER 

:J± 150µfOUTPUT 

The MAX660 charge-pump voltage inverter converts 
a+ 1 5V to +5 5V input to a -1 5V to -5 5V output It 1s 
a p1n-compat1ble high-current upgrade of the 
ICL7660 lOOmA 1s supplied with only a 0 65V voltage 
drop. compared to only 15mA with the ICL 7660 
Efficiency exceeds 90% for most applications (CIRCLE 9) 



Dual-Mode™, +5V/Adjustable, 
M icropower Voltage Regulators 

9V -
BATTERY i 

SEI SE 

Vou12 
.NIAXl.NI 

MAX663 

+5V OUT 
40mA 

GMO Vsn SHDM 

The MAX663/664/666, ideal for battery-powered 
systems. have 12µA max quiescent current, 40mA 
output current, +2V to + 16V operating range. and a 
low-battery detector (MAX666) . Maxim's parts , plug-in 
upgrades of the ICL7663/4, improve performance and 
el1m1nate external resistors 1n 5V applications. 

(CIRCLE 10) 

+5V to ±12V or ± 15V, Dual-Output 
Converter-Powers up to 60W 
Loads! 

tSV INPUT 

•2 OV VREF 

.MAXl.M •DRIVE 
MAX742 

.SENSE 

The MAX742 relies on simple, two-terminal inductors 
rather than transformers to regulate both outputs 
independently to w1th1n ±4% over temperature , line. 
and load. Current-mode control provides tight 
regulation and operation free of subharmonic12~~i1 1 31 
Low-Cost, Power-On Reset and 
Watchdog Controllers Eliminate 
A ll External Components and 
Adjustments 

+5V +5V 

Vee GNO 

Vee --- RESET 
MAX698 !Qi!!'. 

RESH 
GNO NC INPUT 

GNO NC 

The MAX698/699 monitor the +5V supply 1n µP and 
d1g1tal systems. They supply a RESET pulse of at least 
140ms on power-up, power -down. and during 
brown-out cond1t1ons The MAX699 also includes a 
watchdog input to monitor µP act1v1ty 

MAX252 (Circle 1) 
MAX631-3 (Circle 2) 
MAX641 -3 (Circle 3) 
MAX635-7 (Circle 4) 
MAX638 (Circle 5) 
MAX650 (Circle 6) 
MAX654 (Circle 7) 

(CIRCLE 16) 

* DATA SHEETS * 
MAX655 (Circle 8) 
MAX660 (Circle 9) 
MAX663-6 (Circle 10) 
MAX680-1 (Circle 11 ) 
MAX690-5 (Circle 12) 
MAX742 (Circle 13) 
MAX743 (Circle14) 

85% Efficiency, +5V to ±10V 
Voltage Converters 

·5V-------+---~ 

4.lµf • 

4.lµF V· • IOV 

4.7µF - IOV 

4.lµf 

GNO GNO 
•5V 

Vee 
V• • IOV 

.M AX IA't 

MAX681 

V- - IOV 

---GNO GNO 

The MAX680/681 dual charge-pump vo ltage 
converters generate ±lOV from a 5V source 
Well-suited for portable applications, they have 85% 
power-conversion efficiency, +2V to +6V voltage 
range, and 500µA supply current The MAX681 
requires no capacitors. while the MAX680 needs only 4 

(CIRCLE 11) 

Dual-Output, Current-M ode 
Regulator (+5V to ±12Vor ±15V} 

•SVINPUT 

Ol µF 11X4>H 
FB• 

1N5817 
cc. lX• 

•VOUT 
AV• 

'IX4>'J v. .MAXI.All v. 
MAX743 

v • v. 11X4>F 

VREF 
1N5817 VOUT 

CC· 
OlµF 

11X4>Fl 

The MAX743 uses m1n1mum components to generate 
a regulated ± 12V or± 15V 1 OOmA output from +5V A 
complete, current-mode DC-DC converter can be built 
for < 1/3 the cost of pre-packaged modules. (CIRCLE 
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Power-Supply Monitor-Provides 
200ms RESET on Power-Up, 
Power-Down, and During 
Low-Voltage 

MANUAL 
RESET 

BUTTON 
_o_ 

_L° MR Vee _B_ .5v 

.MAXl..M 
NC SENSE MAX?OO CTL 1---~ 

HYST RESET NC 

GNO RESET I----.. TOµP 

The MAX700/701/702 supervisory circuits monitor 
power supplies 1n µP and d1g1tal systems. The 
devices provide excellent circuit reliab1l1ty at a low 
cost by el1m1nat1ng external components and 
ad1ustments 1n +5V appl1cat1ons 

(CIRCLE 17) 

µP Supervisory Circuit Combines 
5 Functions in 1 IC 

urr 
.NIAXl.NI /I 

,,, 
l'GWH 

MA X690 mn• 

t-- ----tPfl 
llESET._---1~•"' RESET 

jifii ••1 
110 
UllE 

The MAX690-5 reduce component count for 
power-supply monitoring and battery-control 
functions 1n µP systems The MAX690 family includes 
µP reset and backup-battery sw11chover. watchdog 
timer. CMOS-RAM write protection, and power-failure 
warning 

(CIRCLE 12) 

Microprocessor Supervisory 
Circuit-Upgrades DS1232 with 
1/10th the Power! 

GNO ~ 

The MAX1232 provides a simple, compact solution for 
power-supply and software monitoring 1n µP systems 
The comb1nat1on of a low 5011 A supply current with 
8-p1n mini DIP and surface-mount packages makes the 
MAX 1232 ideal for portable applications. All parts are 
pre-trimmed to monitor +5V systems and need no 
ex1ernal components. 

High-Voltage, Charge-Pump 
Voltage Inverters Work with 
Inputs up to +20V 

Vour•-nV+ 

* PIN 8 TIED TO PIN 3 Of DEVIC( n-1 

(CIRCLE 15) 

Maxim's ICL7662/Si7661 convert a +4 5V lo +20V 
supply to a -4.5V to -20V output For increased oulput 
voltage. the devices can be cascaded as shown 
above Maxim's parts are pin compal1ble with the 
ICL7660 

(CIRCLE 18) 

* FREE SAMPLES * 
MAX1232 (Circle 15) 
MAX698-9 (Circle 16) 
MAX700-2 (Circle 17) 
ICL7662/ (Circle t8) 
S17661 

For applications assistance. call (408) 737-7600. FAX (408) 737-7194 or write 
Maxim Integrated Products. 120 San Gabriel Drive. Sunnyvale. CA 94086 

™Dual Mode is a trademark of Max im Integrated Products Maxim 1s a registered trademark of Maxim Integrated Producls 



TRANSMISSIO N LINE S 
As technology advances, ICs are running 
faster and printed circuit boards are 
becoming more densely populated and 
complex. Signal integrity is at question. 
Packaging must be considered to get an 
accurate assessment of the design feasibility. 
The combination of Meta-Software's HSPICE 
optimizing circuit simulator and its advanced 
modeling capabilities provide consistent, 
accurate and reliable results. 

Meta-Software's transmission line model 
is fully functional for transient, DC, AC, 

. optimization and Monte Carlo analysis. 
HSPICE transmission lines exhibit resistive 
loss, time delays and reflections. A compact 
model allows thousands of transmission 
lines in a single circuit simulation. 

The HSPICE transmission line model includes: 

• 1, 2 and 3 conductor coupled 
micro-strip/stripline for PCB use 

• coaxial cable 

• twin-lead 

Models are calculated using advanced 
look-up table techniques for board/hybrid 
and LSI applications. Accuracy is maintained 
over frequency or time by dynamically 
synthesizing equivalent circuits as a function 
of transient timestep or maximum frequency. 

Key applications include high frequency 
backplane design, silicon and GaAs 
substrate transmission line effects, IC 
packaging and printed circuit board signal 
analysis. 

Contact Meta-Software today for more 
information on HSPICE-The Circuit Design 
Advantage! 

Transmission line analysis with HSPICE: Measure 
physical sizes of conductors (top). Simulate using 
output buffer and transmission line models (mid
dle). View results (bottom). 

~ META-SOFT\./ARE 
THE CIRCUIT DESIGN ADVANTAGE! 
1300 White Oaks Rd.• Campbell, CA• 95008 
Tel. (408) 371-5100 •Toll Free (800) 346-5953 
FAX (408) 371-5638 •Telex 910-350-4928 



INTEGRATED CIRCUITS 

lator when the input voltage is be
low the output voltage. $1. 55 
(1000). Delivery, stock to 14 weeks 
ARO. 

Communications And 
Data-Monitoring Chip Set 
• Includes microcomputer 

andEEPROM 
Seiko Instruments USA Inc, • Operates at low voltages 

· Semiconductor Products Group , 
1150 Ringwood Ct, San Jose, CA 
95131. Phone (408) 433-3208. FAX 
(408) 433-3214. Circle No. 354 

The SMC6235 4-bit microcomputer 
has high-frequency and low-speed 
clocks. Other features include a 4k x 
12-bit ROM, a 576k x 4-bit RAM, a 

200 

For Screaming 'C30 Speed from your AT, 
Buy Banshee* and hang on! 

The Banshee System from ASPI 
can turn your AT or compatible 
into a full-blown C processing 

engme. 
The Banshee Board, based on Tl's 

TMS320C30 processor, delivers 33 MFLOPS 
speed that qualifies your AT for high-speed calculations and 
'C30 DSP development. 

The basic system includes the SPOX real-time operating 
system; a C Compiler; a C Source Debugger; and ASHELL, 
ASPI's DOS shell that links the whole system together. 

Options include a memory expansion board that can add 
up to 64 Mbytes of DRAM to the system and a 16-bit, dual
channel 200 kHz A-D/D-A data acquisition system. 

For detailed specifications and 
prices, contact Atlanta Signal 
Processors, Inc., 770 Spring St., 
Atlanta, GA 30308. 
Telephone 404/892-7265. 
Fax 404/892-2512. 

WORLD LEADERS IN DSP DESIGN TOOLS 
SPOX Is a trademark of Spectron, Inc. 

CIRCLE NO. 44 

sound generator, an LCD driver, 
an analog comparator, and a watch
dog timer. Three voltage levels al
low the device to operate between 
0.9 and 3.5V. The SPM28C51C 512-
bit serial EEPROM operates in 
read mode at 1 to 5.5V. SMC6235, 
in a 100-pin quad flatpack, $8. 75; 
SPM28C51C, $1.95 (1000). 

SMOS Systems, 2460 N First St, 
San Jose, CA 95131. Phone (408) 
922-0200. FAX (408) 922-0238. 

Circle No. 355 

4M-Bit Static RAM 
• Packaged in a m ultichip modu le 
• A ccess tim es of 70 nsec 
The Puma 2S4000 4M-bit CMOS 
static-RAM module is available in 
a 1.120-in. 2

, 66-pin package. You 
can configure the module with bat
tery backup. The package is her
metically sealed for military and in
dustrial use. Although processed to 
MIL-STD-883C level B rev C, the 
devices are noncompliant. The de
vices are available in 70-nsec ver
sions; 45- and 55-nsec devices are 
expected in the third quarter of 
1991. $850 (100). Delivery, six to 
eight weeks ARO. 

Mosaic Semiconductor Inc, 7420 
Carroll Rd, San Diego, CA 92121. 
Phone (619) 271-4565. FAX (619) 
271-6058. Circle No. 356 

Intelligent Motor 
Controller 
• Interfaces to ISA and STD buses 
• Offers step rates to 

240,000 steps/sec 
The PCL-240AK intelligent motor 
controller relieves the CPU of mo
tor-control responsibility. It con
tains an encoder interface , sepa
rately programmable acceleration 
and deceleration, 16, 777,215 steps/ 
single motion, two end-limit inputs, 
two decelerating stop-limit inputs, 
and one home-position-limit input. 
A position register is always acces
sible. The chip also features a num
ber of commands such as accelerate 

EDN May 9, 1991 



Microprocessors? 
Then you need RMI's development systems, 

we support the entire 68000 family. As Motorola 
enhances and increases integration of its micro
processors, you can count on RMI to be there with 

high-quality development products to support your 
projects. RMI believes in supporting the entire family 
of products for the Motorola family. Ease of use and 
familiarity are common in all the emulators. 

Features of HMI's development systems includes: 
· Run at real-time with no wait states. · Complex events and sequences for break and 
· Window driven source level debugging-SourceGat&.l trigger conditions. 
· C, Pascal and ADA compiler source level support · Two independent 4K deep trace buffers. 

for all major compiler companies. · 1 µsec resolution interval timer. 
· Real-time hardware performance analyzer. · 100 nsec resolution Time-stamp in trace buffer. 
· Works with IBM PC family and UNIX based · Logic state analyzer capabilities built into the 

machines including Sun and Apollo. emulator. 
· RS232 Interface up to 115.2K. · 16 External Trace bits. 
· Parallel Interface for high-speed code downloading. · Overlay memory up to 4 Mbytes. 

If you are looking for one emulator company that provides support for the entire Motorola family, then 
look to RMI for total support. 

Motorola Devices Supported Include: 
68000 68030 68340 
68008 6809 68HC001 
68010 68302 68HC11 including 
68020 68332 /331 Fl and D3 I I 

Huntsville Microsystems, Inc. 

H M I 3322 South Memorial Parkway 
Huntsville, AL 35801 

t:::::::::::::=:=::t Tel. : (205) 881-6005 
lllM b Reg. T M l niermnional Bm. in e!>)> M ach ine)>, Inc. l ' 111x h Reg TM , Bell L;.1hor:uor ie~ . Inc FAX: (205) 882-6701 

EDN May 9, 1991 
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to speed, then decelerate to stop, 
constant speed for either a given 
number of steps or until a limit is 
reached, and return to home. $67 
(50). 

TSC America, 7621 Canoga Ave, 
Suite 17, Canoga Park, CA 91304. 
Phone (818) 346-3467. FAX (818) 
346-3385. Circle No. 357 

INTEGRATED CIRCUITS 

32-Bit EDAC IC 
• Worst-case propagation delays 

of 14 nsec for EDC 
• Can be cascaded for 64-bit 

memory systems 
The Am29C660E 32-bit error detec
tion and correction (EDAC) fea
tures worst-case single-bit error de
tection of 9 nsec. The IC can detect 

and correct errors in 14 nsec. When 
cascaded in 64-bit mode, the delays 
essentially double to 18 and 30 nsec. 
The EDAC uses a modified Ham
ming code to detect all 2-bit random 
errors, some 3-bit errors, and gross 
errors of all ones or zeros. Power 
consumption is 0.34W max. In a 68-
pin plastic leaded chip carrier, 

-------------------------. $74.90 (100). 

OTTO Precision Snap-Action Switches 

y ••-.. 

More 
than 
just 
the 

Svvitch! 
Because we add value to your switch solution 

202 CIRCLE NO. 45 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (800) 222-9323; in CA, (408) 
749-5703. Circle No. 358 

Hard-Disk-Drive 
Read-Electronics Chip 
• Capable of 33M-bps data rates 
• Operates from single 5V supply 
The DP8491 integrated read-chan
nel chip incorporates a pulse/servo 
detector, a data synchronizer, a fre
quency synthesizer, and write pre
compensation circuits for hard-disk 
drives. Data rates can run as high 
as 33M bps. The IC supports zoned 
data recording by dividing the disk 
into zones with matched data rates. 
As a result, the chip allows outer 
portions of the disk to include infor
mation at the same density as inner 
portions. The IC also includes selec
tive power-reduction options such 
as partitioned power-down control 
modes and a power control pin for 
pulse detector/servo circuits. The 
chip is available in plastic quad 
flatpacks or plastic leaded chip car
riers. $35 (100) 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
(408) 721-5000. Circle No. 359 
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More project managers are turn
ing to Microsoff Project for Windows: 
the number one management package: 

Probably because Microsoft Project 
for Windows wouldn't be any different if 
you'd planned it yourself. 

Work with data easily. Create cus
tomized filters, tables, even output. 

• • 
v 

Manipulate PERT and Gantt charts by 
clicking and dragging. 

See for yourself. Just give us a call 
at (800) 541-1261, Dept. P97, and we'll 
send you a free working model. 

MiclOsotl~ 
Making it all make sense· 

•Project for Windows has bet11 given top honors in PC World, InfoWorld, Software Digest and PC Magazine. Offer good until June 30, 1991 or while supplies last. 1he first working model is free, not including shipping and handling; 
additional models are $9.95 plus applicable sales tax and sh1~ping anq handling. Offe~ good only in the ~O United States. In . the U.S., call (800) 541-1~61, Dept. P97. for _infonnation only: In Canada, call (41~) 568-3503; out~itte the U.S. 
and Canada, call (206) 936-8661.C 1991 Microsoft Corporatron.All nghts reserved.Microsoft and the Microsoft logo are registered trademarks and Windows and Making 1t all make sense are trademarks of Microsoft Corporalwn. 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

Connector Material 
• Achieves high density 
• Can carry 5Almm~ 
GD connector material features an 
array of conducting fibers mounted 
in a thin silicone elastomer binder
sheet material. The design achieves 
densities as high as 36 conductors/ 
mm2 by aligning the 0.04-mm-di
ameter metal fibers in an X-Y grid 
array with 0.2-mm center-to-center 
spacings. The gold-over-nickel fiber 
protrudes several microns from both 
the top and bottom of the sheet, 
giving the material its anisotropic 
or Z-axis conducting properties. 
The material can carry 5 A/mm2

• 

Contact resistance is 50 mfl max 
with a 0.6-mm2 contact area. The 
material is available in sheet form 
in sizes ranging to 50 x 250 mm. 
$0.80/cm2 (1000/cm2

). 

Shin-Etsu Polymer America, 
34135 7th St, Union City, CA 
94587. Phone (415) 475-9000. FAX 
(415) 475-0613. Circle No. 367 

Keylock Switches 
• Available with gold or silver 

contacts 
• Come in 4-pole versions 
All the units in the A, H, and Y 
Series of keylock switches feature 
a sliding key-entry shutter that re
duces lock contamination problems. 
The switches are available with 
either gold or silver contacts for 
logic-level and high-level (12A at 
125V ac or 6A at 250V ac) switching 
applications, respectively. The de
vices are available in 1-, 2-, 3-, and 
4-pole versions, and all carry UL 

204 

and CSA approvals. Terminal 
choices include solder-lug, printed
circuit, quick-connect, and wire 
leads. The switch-lock facing has a 
stainless-steel or high-gloss, nickel
over-brass finish. $4.59 to $8.30 
(1000). 

C&K Components Inc, 15 River
dale Ave, Newton, MA 02158. 
Phone (617) 964-6400. FAX (617) 
332-2379. Circle No. 368 

External Power Supplies 
• Deliver 55W 
• Feature universal input 
PUP55 Series external power sup
plies include 10 models that develop 
55W from 1, 2, or 3 outputs. The 
supplies feature a universal 85 to 
264V ac input and include overvolt
age, overcurrent, and input-surge 
protection as standard. Line regula
tion equals ± 0.5%, and output rip
ple and efficiency measure 1 % max 
and 65% min, respectively. The se-

ries complies with UL, CSA, VDE, 
and IEC requirements. An EMI fil
ter limits conducted emissions to 
VDE level A and FCC class B. The 
units are housed in a polycarbonate 
case, which carries a 94V-O UL rat
ing. An IEC320 input connector and 
a 5-pin DIN output connector come 
with the units. $40 (OEM qty). 

International Power Sources 
Inc, 200 Butterfield Dr, Ashland, 
MA 01721. Phone (508) 881-7434. 
FAX (508) 879-8669. 

Circle No. 369 
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COMPONENTS & POWER SUPPLIES 

Position Sensor 
• Has 18-mm diameter 
• Operates to 70°C 
Measuring only 18 mm in diameter, 
the 945 Series ultrasonic position 
sensor is designed for applications 
that require background suppres
sion. It operates at 215 kHz to im

tion, and 160-dB CMRR. Accuracy 
and drift equal ± 0.05% and ± 1-
µ Vl°C, respectively. The modules re
quire a 5V source and operate over 
a -25 to + 85°C range. $105 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548-
6132. Circle No. 371 

Passive Backplane Chassis 
• Features an EISA backplane 
• Includes a power supply 
The PX1101 19-in. rack-mountable 
chassis features a 13-slot EISA (ex
tended-industry-standard architec
ture) 32-bit passive backplane. The 
chassis includes a 200W power-

prove noise immunity. The sensor .-----------------------------
offers a choice of two factory preset 
switch points that you can change 
by using an external potentiometer. 
Maximum sensing distance equals 
either 200m or 500 mm. Features 
include a current-sensing output 
and an inhibit/synchronization input 
that you can use for multiplexing 
and synchronizing the sensors. You 
can configure two units to operate 
in a through-scan ultrasonic ar
rangement. The sensors are tem
perature compensated to operate 
within ± 0.5% of the setpoint over 
a range of 0 to 50°C. Total operation 
range spans 0 to 70°C. $189. 

Micro Switch, 11 W Spring St, 
Freeport, IL 61032. Phone (815) 
235-6600. Circle No. 370 

RTD Input Modules 
• Work with three standard 

temperature detectors 
• 6-pole filter has 95 dB of 

normal-mode rejection 
SCM5B34 linearized RTD (resis
tance temperature detector) input 
modules work with three standard 
RTDs-1000 platinum, 1200 
nickel, and 100 copper. Each mod
ule has a single input channel which 
is filtered, isolated, amplified, 
linearized, and converted to a 0 to 
5V analog output. The units feature 
a 6-pole filter that provides 95 dB 
of normal-mode rejection. Output 
selection time equals 2.5 µsec, and 
output noise at 100 kHz is 200 µ V 
rms. Two internal matched current 
sources . provide excitation current 
for the RTD. Other key module fea
tures include 1500V isolation, 
IEEE-472 transient protection, 
240V ac continuous-input protec-

EDN May 9, 1991 
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COMPONENTS & POWER SUPPLIES 

supply module and two built-in 72-
cfm positive-pressure cooling fans. 
The backplane features 8-layer con
struction and has all bus signals ter
minated. Large power-plane design 
coupled with three ground planes 
helps minimize noise problems and 
maximizes power distribution. The 
backplane design includes six EISA 

••••••1111it•••t•i•·•~ ... ,~,.,.,,. ...... t1••••htflit~u1111t1••11u1om 
..... - -..., ... "' 
. £1 . . .. . ···• -=· 
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Super Cache 
Bring your entire application aboard Mizar's 
MZ7132. ,,• ·-

" 

If your application requires not only superior 68030 
performance, but plenty of on-board memory, Mizar's MZ 7132 
is the answer. An economical, yet powerful, VMEbus single 
board computer, the MZ 7132 provides 16 Mbytes of dual
ported memory as well as a 16 Kbyte cache. Now, you can 
implement your memory-intensive applications more efficiently 
by avoiding the performance degradation of off-board memory. 
And, if you need more than 16 Mbytes, treat the on-board 
memory as a large cache and use the MZ 7132's optional 
VSB interface to access an additional memory pool. 

The fully-featured MZ 7132 includes a 68EC030 or 68030 
CPU with on-board SCSI, serial 1/0, and optional Ethernet. 
OS-9™ and VxWorks™ support is also available. For more 
information on the MZ 7132 and other Mizar products, call 
today: 1-800-635-0200. 

MIZAR 
1419 Dunn Drive/Carrollton , Texas 75006/214-446-2664/FAX 214-242-5997 

1991 Mizar. Inc. 
Mizar is a registered trademark of Mizar Digital Systems, Inc. 

Other names are trademarks of their respective manufacturers or developers. 

CIRCLE NO. 47 

bus master slots and one specific ad
dress slot for E ISA cards with dis
crete enable control. $2095. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. FAX (206) 548-0322. 

Circle No. 372 

Data Retiming Module 
• Meets SONET standards 
• Operates at 155.52M bps 
The Tru-200C clock-recovery and 
data-retiming module extracts the 
clock signal from a received data 
stream and retimes the data. The 
unit meets SONET (synchronous 
optical network) standards for tele
communications-transmission equip
ment operating at a 155.52M-bps 
data rate. The hermetically sealed 
28-pin DIP contains a single micro
wave complementary bipolar IC 
and a SAW filter. The EGL-com
patible device operates over a range 
of - 40 to + 85°C at a supply volt
age of 4.75 to 5.5V. The nominal 
bit-error rate is 10 - 9

, and phase 
noise is reduced from as much as 
70% at the input to less than 10% 
at the output. Coupled with the 
ODL 200 receiver, the module can 
re-time data with less than 1-dB op
tical power allowance. $135 (1000). 

AT&T Microelectronics, Dept 
52AL300240, 555 Union Blvd, Al
lentown, PA 18103. Phone (800) 
372-2447. FAX (215) 778-4106. 

Circle No. 373 

Box-Style Capacitors 
• UL, CSA, and VDE rated 
• Offer capacitance of 0.047 µF 
Type-Mey box-style capacitors are 
designed for interference-suppres
sion service. The units are UL, 
CSA, and VDE rated and operate 
over a - 40 to + 85°C range. Ca
pacitance values range from 0.001 
to 0.047 µF, and tolerance values 
of ±5, ± 10, and ±20% are avail
able. Operating voltage equals 
250V ac, and dissipation factor and 

Text continued on pg 211 
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The People 
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On front: A young Dutch worker finishes a 
carbon-filament lamp at the turn of the century 

A Look Back At A Company Built On Looking Ahead. 

A Family Business Evolves Into A Global 
Community United By A Sense Of 
Teamwork And Pride. 

There is strength in numbers, 
the adage goes. The first cen
tury of Philips suggests there's 
much to be gained from diver
sity as well. 

Incandescent lamps were 
the single focus of the company 
Gerard Philips inspired in 1891 . 
Today, you'll find the Philips 
name not only on lighting 
products but also television 
sets, electric shavers, stereo 

headquarters plant, circa 1917 systems and thousands of 
other products that improve life. Supponing all these products are the people 
of Philips. 

Tens of thousands of men and women staffing hundreds of factories, offices 
and laboratories in 16o countries across six continents. All reflecting vast dif
ferences ... in languages, creeds, cultures and backgrounds. Performing hundreds 
of different jobs. Yet in spite of those differences, they're celebrating 100 years of 
coming together as a team. 

It's Philips people behind the lab equipment at the renowned Center for 
Manufacturing Technology (CFD in Eindhoven, The Netherlands, and at Philips 
Laboratories in Briarcliff Manor, New York - where scientists and engineers con
tinue basic and applied research on new materials, products and technologies. 

It's people who have made Philips the world's leading producer of lighting 
products, consumer products, professional products and components. 

It 's Philips people who helped fuel the continued drive toward miniaturiz.a
tion with advances in products and packaging. In the late 196os, Philips invented 
the SOT23- the industry's first surface mou0t package for discrete semiconduc
tors. Recent advances include the SOT223, the first discrete surface mount 
package capable of dissipating up to 1 watt on standard printed circuit boards at 
ambient temperature of 6o 0 C. 

In recent years, Philips introduced a series of ceramic capacitors with excep
tionally small dimensions, while the development of flat-proftle ferrite cores 
helped make increasingly smaller switched mode power supplies a reality in 
hundreds of professional, industrial and consumer systems. 

Today, the Discrete Products Division is known for the thousands of com
ponents going into a broad spectrum of products. 

Behind them all are thousands of quality Philips people who through their 
work, dedication and contributions have kept their communities and their com
pany moving ahead for 100 years. 

Our century-long spirit of innovation continues. Use the attached reply card 
to learn more about our products. 



2 New N-Channel)FETs 
InSOT2 3, SOT223 SMD® 
Packages. 

Now Philips puts industry
standard JFETs into space-saving 
surface mount packages. 

PMBFJ108, 109 and 110 are 
packaged in SOT23 encapsula
tions. 

PZFJ108, 109 and 110 are 
housed in the unique SOT223 
package. 

Both new series are silicon 
symmetrical n-channel junction 
FETs ideal for use in analog 
switches, choppers and com
mutators and audio amplifiers. 

Both provide high-speed 
multiplex switching in data 
transmission systems. They 
feature interchangeable drain and 
source connections, and ROS 
(on) of less than 8 ohms at zero 
gate voltage. 

Mounted on a conventional 
printed circuit board, the Philips
invented SOT223 dissipates up to 
1 watt (up to 2 watts on ceramic 
substrates). Standard T092 
packaged versions of the ]108, 
109 and llO are also available: 
they're plug-in replacements for 
existing industry types. Delivery 
for the new SMD verions is 8 
weeks ARO. 

New High-Efficiency 900 MHz 
RF Amplifier Modules. 

Samples are now available for 
Philips new four-stage BGYllO 
series RF amplifier modules. 

Hand-held cellular phones 
and specialized mobile radio 
systems are among applications 
for the 900 MHz modules with 
typical efficiences of 43 % . 

Available in five versions, the 
amplifier modules offer 6V and 
7.2V operation. Their high effi
ciency reduces power consump
tion, allowing the use of smaller, 
lighter batteries. 

Models BGYllOA (over U.S. 
frequencies from 824 to 849 
MHz) and BGYllOB (UK frequen
cies from 872 to 905 MHz) are 6 
volt supply types providing l.2W 
output power into 500 loads. 

Conventional 7.2 volt models 
BGYllOD (U.S. band), BGYllOE 
(UK band) and BGYllOF (Nordic 
band) all produce I. 7 watt output 
into a 500 load. 

The new amplifier modules, 
when specified at OdBm (equal to 
!mW drive power) eliminate the 
need for an amplifier between 
the VCO and module. 

5 Reed Switch Series 
Earn UL Recognition. 

Philips glass-encapsulated single
pole industrial dry reed switches 
are now qualified for use in UL 
listed products. 

Series RI-23, RI-25, RI-27, 
RI-29 and RI-46 switches are ex
tremely small - the largest 
measures just 21.5mm long by 
2 .8mm in diameter. Perfect for AC 
or DC use, they are designed 
open until activated by coil or 
magnet. 

Maximum switched power 
for the new devices ranges from 
10 to 40W. Maximum switched 
voltage is I40,or250 
VA0200VDC. 

Switches contain a fer
romagnetic contact blade 
hermetically sealed in a glass 
envelope of inert gas. They offer 
low resistance when contacts are 
closed; greater than 1012 ohms 
when opened. 

High contact forces and 
special rutheniam-over-diffused
gold contact layers provide a 
typical low contact resistance of 
60 to 100 milliohm. 

Applications include reed 
relays, proximity switches and 
level detectors in instrumenta
tion, security systems, ap
plicances and automotive 
equipment. 

Volume delivery is 8-12 
weeks. 

SMD is a servicemark of North American Phil ips Corporation . 

Ultra Precision Metal Film 
Resistors Available Now. 

Philips is taking aim at test and in
strumentation and measurement 
equipment with its UPR 5000Z 
series of ultra precision metal film 
resistors. 

Initially developed to replace 
high precision wirewounds, the 
series is ideal for replacing bulky 
metal foil designs. Use them for A 
to D conversions and other cir
cuitry requiring precise, stable 
resistors. 

Available in three body sizes 
ranging from l/20W to l/3W, the 
resistors feature tolerances as low 
as ± .01 % and temperature coeffi
cients starting as low as ±2ppm/c. 
Other series characteristics: ex
cellent temperature and time 
stability, low voltage, low noise, 
and high initial accuracy and 
tracking. 

Ask for UPR 5000Z resistors 
in bulk or on tape and reel. 
Delivery from stock or within 8 
weeks ARO. 

Thin Film Technology, SMD® 
Combined in MELF Resistor. 

Philips 9Bl406 MELF precision 
resistor benefits from technology 
used in manufaquring leaded 
metal film resistors-even 
though it comes in a surface 
mount package. 

This thin film SMD® resistor 
is formed by depositing metal 
film on a high alumina core 
which is then capped and spi
ralled to value. The 9BI406's end 
caps are coated with nickel
copper-nickel and pure tin. The 
result: excellent soldering 
characteristics are maintained 
after long storage. 

The MELF resistor offers TCs 
down to ± 15 PPM/°C and 
tolerances to .1 % . Availability is 
.22 ohm to JO megohm in the 
5 % 50 PPM version. In bulk or 
tape and reel. 

I, 2 and 3W Power 
Metal Film Resistors. 

Now replace expensive wire
wound resistors with Philips 
commercial 1, 2 and 3-watt metal 
film resistors. The series of 
miniature resistors feature 5 % 
tolerances and temperature coef
ficients of 2 50 ppm. 

Small size is a major benefit: 
advanced metal film technology 
produces IW resistors measuring 
just .295 inches CL-CL. The result 
is a high wattage resistor with low 
hot spot parameters and metal 
film stability The PR series is 
available on RN296D Class 1 tape 
and reel for automatic insertion, 
5000 piece reels. 

Coated Ceramic Capacitors 
In Radial Or Axial Designs. 

• 

Between Philips MonoKap® 
radial and MonoAxial® axial 
product lines, there's a confor
mally coated ceramic multilayer 
capacitor to fit every circuit need. 

Capacitance values start at 
lOpF with voltage ratings of 50, 
100 and 200 voe. Z5U, X7R and 
COG (NPO) dielectrics are 
available. 

MonoKap lead styles range 
from .100 inches (2 .5mm) to .400 
inches (lOmm) depending on 
component size and configura
tion. Packaging: bulk or ElA tape 
and reel and ammo pack for 
automatic insertion. 

I 
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First 0-Ring Sealed Surface 
Mount 3mm Single-Tum 
Trimmer. 

Saving space is the key phrase in 
describing Mepcopal's new 3mm 
single-turn trimmer. 

With their 0-ring seals, ST-3 
series surface mount trinuners 
can withstand vapor phase reflow 
cycles of up to 215 °C for three 
minutes; dip and reflow 
temperatures to 260 °C for 10 
seconds. 

The trimmers are sealed 
against immersion - passing the 
flourinert™ leak test @ 85 °C
and other board washing pro
cesses. Precious metal alloy 
contacts assure exceptional 
resistance stability in low cur
rent applications. 

Operation temperature 
range is - 55 ° to + 125 °C. 

Among other features, the 
trimmers offer a resistance 
range of 100 ohms to I 
megohm; power rating is O.IW 
@ 70 °C. Rotational life is 100 
cycles with a maximum shaft 
torque of50gcm . 

And they're designed to 
resist shock: thermal shock 
from -65 ° to + 125 °; shock of 
lOOG and vibration of20G@ 10 
to 2,000 Hz. The trimmers 
tolerate high temperature ex
posure up to + 125 °C for 250 
hours. Available on tape and 
reel. 

Mepcopal is a joint venture 
of Philips Components and 
Copa! Electronics USA. 

Smaller Photomultipliers 
Allow More Compact, 
Lighter Camera Heads. 

Philips brings new technology to 
photomultiplier tubes (PMTs) for 
medical imaging, scientific and 
industrial applications. 

New foil structure dynodes 
developed by Philips allow PM Ts 
to be shorter, so ganuna camera 
heads incorporating the tubes 
can be lighter and more compact. 

Philips PMTs feature fast 
response times and high resolu
tion. They're available in a variety 
of shapes and sizes, including 
3/4-inch to JO-inch diameters and 
hexagonal, round and square 
configurations. 

Covering the spectral range of 
200 nm to 1000 nm, these PMTs 
are available with up to twelve 
multiplier stages. 

Philips Components 

Sales Offices and Manufacturer Representatives 
AL Huntsville, Over & Over. Inc. (205) 837 -7!05 
AZ Tempe, Philips Components (602) 820-2225 
CA Anaheim, Phi lips Components (714) 441 0385 
CA Folsom, Webster Associates (916) 989-084 3 
CA Mission Hills, Philips Components (818) 891-6299 
CA San Diego, Philips Components (619) 453-0332 
CA Su nnyvale, Philips Components (408) 991-21!0 
co Englewood, Philips Components (303) 779-9696 
FL Altamonte Springs, Philips Components (407) 339-5073 
FL Ft. Lauderdale. Philips Components (305) 485-0115 
GA No rcross, Over & Over, Inc. (404) 449-6205 
GA Roswell, Philips Componen ts (404) 992-0150 
IA Cedar Rapids, Lorenz Sales, Inc. (319) 377-4666 
IL Bannockburn , GMR Sales. Inc. (708) 295-8440 
IL Rolling Meadows, Philips Components (708) 670-9494 
IN Fort Way ne. Corrao Marsh . Inc. (219) 482-2725 
IN Greenfield , Corrao Marsh . Inc. (317) 462-4446 
IN Kokomo. Philips Components (317) 456-1615 
KS Overland Park , Lorenz Sales, Inc. (913) 469-1312 
KS Wichita. Lorenz Sales. Inc. (316) 721-0500 
MA Woburn, Philips Co mponents (617) 932-4748 
MD Columbia , Delta Ill Associates (301) 730-4700 
Ml Farmington Hills, Philips Components (313) 553-60!0 
MN Minneapolis , Electric Components Sales, Inc. (612) 933-2594 
MO St. Louis, Lorenz Sales, Inc. (314) 997-4558 
NC Charlotte, Over & Over, Inc. (704) 542-91ll 
NC Raleigh , Philips Componen ts (919) 782-3334 
NC Raleigh , Over & Over, Inc. (919) 876-7338 
NE Lincoln , Lorenz Sales, Inc. ( 402) 4 7 5-4660 

NJ Englewood Cliffs, Ed Glass Associates (201) 592-0200 

NJ Parsippany, Philips Components (201) 455-1507 
NY llinghampton , Empire Tech . Assoc .. Inc. (607) 772-0651 
NY Skaneateles, Empire Tech . Assoc .. Inc. (315) 685-5703 
NY East Rochester, Empire Tech Assoc .. Inc. (716) 381-8500 
NY Po rt Ewen . Empire Tech Assoc.. Inc. (914) 331-5553 
OH Dayton . Philips Components (513) 436-0066 
OH Wickliffe, Philips Components (2 16) 731-7721 
OR Beaverton , Ecli pse Market Group (503) 642-1661 
PA Willow Grove. Philips Components (2 15) 659-6096 
PR Caparra Heigh ts, M. Anderson Co .. Inc. (809) 783-6544 
TX Richardson , Philips Components (2 14) 231-8274 
TX Austin , Philips Components (512) 331-8828 
TX Houston. Philips Components (713) 272-8086 
WA Redmond , Eclipse Market Group (206) 885-6991 
WA Spokane, Eclipse Market Group (509) 922-3972 
WI Milwau kee, Philips Components (414) 228-4244 
Canada Scarborough, Ontario, Philips Components (416) 292-5161 

Mexico CD, Ju arez, Ch ihuahua, Philips Components Oil+ 52+ 16+ 186701/02 
Mexico Guadalajara, Jalisco, Philips Components Oil+ 52 + 36 + 522770172 
Mexico Mexico City, Philips Components Oil + 52 + 55 + 333858/59 

1-800-44 7-3 762 
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COMPONENTS & POWER SUPPLIES 

insulation resistance figures are 1 % 
max and 15x1090, respectively. 
Capacitor leads are tin plated with 
60Sn/40Pb to improve solderability. 
The units come in a plastic case, 
carrying a 94V-O UL rating. From 
$0.13 (1000). 

Tecate Industries Inc, Box 
711509, Santee, CA 92072. Phone 
(619) 448-4811. Circle No. 374 

Tilt Switch 
• Breaks the vertical to 

horizontal barrier 
• Has a ± 3° repeatability 
The TS7Q low-contact-resistance 
tilt switch maintains either open or 
closed contacts over an operating 
angle ranging from vertical to be
low horizontal. The NO or NC con
tact status depends on whether the 
leads are pointing up or down. 
When mounted vertically with leads 
down, for example, the switch con-

tacts will not open until the unit is 
tilted from the vertical to as much 
as 135° in any direction. Switch con
tact resistance equals 0.250 at 1 
mA, and switch repeatability meas
ures ± 3°. The switch is housed in 
a package that measures 0.4 in. in 
diameter by 0.35 in. high. The mer
cury-wetted contacts are housed in 
a welded steel case and are hermeti
cally sealed. The minimum life ex
pectancy equals 250,000 operations. 
$1 (OEM qty). 

Fifth Dimension Inc, 801 New 
York Ave, Trenton, NJ 08638. 
Phone (609) 393-8350. FAX (609) 
599-9508. Circle No. 375 

Current Monitor 
• Provides hi,gh, go, and low 

outputs 
• Has a 0.1 to 10V range 
When combined with precision re
sistors, Model 546 Voltsensor acts 

At half the price, 

as a shunt to ensure that current 
levels stay within preset limits. The 
unit provides high, go, and low out
puts; should the current level fall 
dangerously low or a power supply 
fail, you can use the low output to 
trigger an alarm or energize a 
backup power supply. If a short 
causes a dramatic rise in current, 
the sensor's high output can discon
nect the load and protect the sup
ply. The unit shunts voltages of 
±0.1 to ± lOV with an overall accu
racy of 0.1 %. The Model MK379 pc
board mounting kit allows you to 
plug the sensor in a standard 15-pin 
connector. Potentiometers on the 
mounting kit allow you to adjust the 
set points. $120. Delivery, stock to 
six weeks ARO. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(800) 542-3355; in CA, (415) 932-
3911. FAX (415) 932-6017. 

Circle No. 376 

our current limiting diodes have 
few limitations. 

Designing in our high reliability current 
limiting diodes makes a lot of sense. 
They offer superior circuit performance, 

superior lot-to-lot consistency, and superior 
thermal characteristics . . . in a space-saving, her

metically sealed glass case. Motorola-equivalent leaded 
or SMD versions are available at about half the price. 
Special selections also available. 
Available Types: 
1N5283 THAU 1N5314 (leaded). 
CCL0035 THAU CCL5750 (leaded). 
CMCL 1300 THAU CMCL 1304 (leaded). 
CCLM0035 THAU CCLM5750 (SMD). 

Pencil in Central. For more 
information, write or call. 

central '·\ +··•~ ! 
semiconductor corp. 
Central: We make the difference. 
145 Adams Avenue, Hauppauge, NY 11788 
Phone (516) 435-1110 FAX (516) 435-1824 

, , 
# , , 

, 

EDN May 9, 1991 
CIRCLE NO. 48 

I I 
I 

211 



NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

Generators For Testing 
Video Displays 
• Handle dot clocks to 250 MHz 
• Store formats, images and tests 

on 1.44M-byte floppy disk 
The 900 series of video signal gen
erators comprises three models. 
The 901 unit works with dot-clock 
frequencies from 1.4 to 87 MHz; the 
902 unit works with frequencies 
from 2 to 135 MHz; and the 903 ver
sion works with frequencies from 2 
to 250 MHz. All units include a 
CRT. At start-up, the screen dis
plays windows of formats, images, 
and tests. Approximately 35 test 
images let you make size, linearity, 
focus, and color adjustments. All 
units include a 3.5-in., l.44M-byte, 
MS-DOS-compatible, floppy-disk 
drive for storage of formats, im
ages, and tests. The units incorpo
rate IBM PC bus expansion slots 
and have a printer port. The vendor 
furnishes a plug-in QWERTY key
board as a standard feature; the 
front panels have a numeric keypad 
and function keys. 901 unit, $4950; 
902 unit, $8500; 903 version, 
$11,500. Delivery, six to eight 
weeks ARO. 

Quantum Data, 2111 Big Timber 
Rd, Elgin, IL 60123. Phone (708) 
888-0450. Circle No. 377 

High-Level Debugging 
Tools For Logic Analyzer 
• Support C, C + + , and Pascal 
• Work with CISC- and RISC-

based embedded systems 
With the LA-Connect tool set you 
can use Microtec Research's C, 
C + + , and Pascal cross-compilers 
and x-ray in-circuit, source-level de
bugger with Tektronix's DAS 9200 
logic-analysis system. Besides the 
compilers and debugger, the pack
age includes Tektronix LA-Link 
software and Microtec's in-circuit 
debug monitor. The monitor lets 
you debug with only an RS-232C 
link between a host workstation and 
your target system. The logic ana-

212 

lyzer adds hardware breakpoints 
and real-time trace capability to the 
monitor facilities. The LA-Link 
package extracts symbolic informa
tion from the object code and con
verts it to a form readable by the 
analyzer. MS-DOS tool set, from 
$2000. 

Tektronix Inc, Box 4600, MS 92-
688, Beaverton, OR 97075. Phone 
(503) 629-1969. Circle No. 378 

Digital 1/0 Boards 
• Have 24 and 64 channels 
• Communicate with host via RS-

232C or RS-485 to 38.4k bps 
The Hl 750 board provides 24 digital 

input/output channels; the Hl 770 
provides 64. The boards commm1'i
cate with their host computer via 
an RS-232C or RS-485 link at 
speeds from 300 to 38.4k bps. You 
configure each channel using soft
ware; the board retains the configu
ration information in EEPROM. All 
inputs have pull-up resistors. Out
puts are open-collector transistors 
capable of withstanding lOV and 
sinking 15 mA. The 24-channel 
board measures 4 x 5 in.; the 64-
channel model measures 5 x 10 in. 
Both operate from a single 5V 
power supply. For rated perform
ance, the ambient temperature 
should be 0 to 70°C; but, with de-

EDN May 9, 1991 



TEST & MEASUREMENT INSTRUMENTS 

rating, the boards operate from 
- 25 to + 85°C. Hl 750, $275; 
H1770, $350. 

DGH Corp, Box 5638, Man
chester, NH 03108. Phone (603) 
622-0452. FAX (603) 622-0487. 

Circle No. 379 

Power-Line 
Disturbance Analyzer 
• Connecting to wall outlet 

supplies power and signal 
• Prints fault diagnosis and 

remedy on strip chart 
The lOOG Powervisa plugs into sin
gle-phase, 50- or 60-Hz, 90 to 290V 
ac power lines anywhere in the 
world. In addition to drawing oper
ating power from the line, the 
8 x 11x2.5-in. unit monitors the 
line for disturbances. It also meas
ures ambient temperature and hu
midity. When disturbances exceed 

a preset threshold, the instrument 
captures the waveform and prints 
it out on an integral strip-chart re
corder. Using artificial intelligence, 
the unit recognizes patterns, prints 
out the most likely cause of a distur
bance, and recommends remedies. 
You can set the messages to appear 
in any of six languages. The instru
ment accepts a current probe and 
has an RS-232C port. $3295. 

Basic Measuring Instruments, 
335 Lakeside Dr, Foster City, CA 
94404. Phone (415) 570-5355. FAX 
(415) 574-2176. Circle No. 380 

175-MHz Counter/Timer 
• Has two channels 
• Measures low frequencies with 

high accuracy 
The 1823 universal counter has fre
quency, period, period-average, ra
tio, time-interval, and totalize func-

tions. It has two if?.puts and handles 
signals from 5 Hz to 175 MHz. The 
timebase is stable to 10 ppm from 
0 to 50°C. The period mode, which 
makes high-accuracy measurements 
at low frequencies, handles dura
tions from 0.5 µsec to 0.2 sec. The 
resolution in the period mode is 
from 100 psec to 100 nsec. The time
interval function provides similar 
specs for intervals that start with 
an input to channel A and end with 
an input to channel B. The 8-digit 
LED display is 0.56 in. high. $395. 

B&K Precision, 67 40 W Cort
land St, Chicago, IL 60635. Phone 
(312) 889-1448. Circle No. 381 

KRISTEL - CRT DISPLAY MONITORS 

• Quality, High Resolution 
Data Displays 

• Versatile, Custom Designs 
To Meet O.E.M. Specifications 

• Horizontal Scanning 
Frequencies to 90 KHz 

• Screen Sizes from 
3 to 25 Inches 

• U.S.A. Manufacturing 
Assures Responsive Service, 
Competitive Pricing 

tll 
EDN May 9, 1991 

MONOCHROME AND COLOR 

® 

corporation 

CIRCLE NO. 49 

• 
Call for complete information. 

833 Industrial Drive, West Chicago, IL 60185 
(708) 293-0850 • FAX (708) 293-1255 
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TEST & MEASUREMENT INSTRUMENTS 

Development Aids For 
Xilinx Cell Arrays 
• Connect Xilinx devices to your 

system 
• Connect emulators and verifiers 

to your circuits 
The PCA 6800 and PCA 8400 devel
opment boards work with Xilinx 
2000 and 3000 series logic-cell ar
rays in 68- and 84-pin packages, re
spectively. The boards are general
purpose breadboarding tools that 
let you try out the Xilinx parts in 
your system and hook up emulators 
and" analog and digital verifiers. The 
units do away with constructing 
test fixtures and let you prove out 
your design before pc-board layout. 
Included are a 3-output power sup
ply; a socket for the Xilinx part; 
prototyping areas with solderless, 
push-in connections; jumper wires; 
an extraction tool for the plastic 
leaded chip carrier; magnetically 
latched drawers; a set of 10-Hz to 

1-MHz RC oscillators mounted on 
headers; and a variety of accesso
ries. $1200. 

Electronetics Corp, PCA De
velopment, 555 Commerce Dr, 
Amherst, NY 14228. Phone (716) 
691-3913. FAX (716) 691-3940. 

Circle No. 382 

30W Dual-Range 
Benchtop Power Supplies 
• Provide constant voltage and 

current 
• Have separate digital V and I 

displays 
The HP E3610A provides 0 to 8V 
at 3A, or 0 to 15V at 2A. The HP 
E3611A provides 0 to 20V at l.5A, 
or 0 to 35V at 0.85A. Both are linear 
supplies that offer ripple and noise 
below 200 µ, V rms. They offer con
stant-voltage/constant-current op
eration with automatic crossover 
between modes; LEDs indicate 

whether the units are producing 
constant voltage or constant cur
rent. The power supplies provide 
separate digital displays for voltage 
and current and a "CC-set" button 
that lets you adjust the constant
current level without shorting the 
output. $300. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 538-8787; (800) 
752-0900. Circle No. 383 

It's Here. 
It's free. 

PCB MANUFACTURING 
DESIGN AND ARTWORK ! 
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Leasametric, Inc. 
Electronic Equipment-Renting, Leasing, 
Sales and Service 
A member of the Marmon Group of companies 

The 1991/92 
Electronic 
Equipment 
Product Guide 
Choose from over 
100 top manufacturers -
Hewlett-Packard, 
Tektronix, 
Sun Microsystems 
IJIJ> $100 Million Inventory 
IJIJ> Rent, Lease, Buy 
IJIJ> Overnight Delivery 

For a FREE copy of 
the 1991/92 Electronic 
Equipment Product Guide, 
phone toll-free: 

1-800-553-2255 
In Canada call: 

1-800-268-6923 

CIRCLE NO. 50 

ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surface mount 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and production 
• One tooling charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutting tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MANUFACTURING, PCB DESIGN AND SUPPORT CENTER 

A\£1~ MURRIETIA 
CIRCUITS 

4761 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL: (714) 970-2430 FAX: (714) 970-2406 

CIRCLE NO. 51 
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TEST & MEASUREMENT INSTRUMENTS 

VXlbus Arbitrary-Waveform 
Generators 
• C- and B-size units resolve 

13 and 12 bits, respectively 
• Convert 42.9M samples/sec 
The HP E1445A is a C-size VXIbus 
arbitrary-waveform generator; the 
HP E1340A is its B-size counter
part. E1445A Option 005 wave
form-generation software works 
with both units. The generators 
convert digital data to waveforms 
at a maximum rate of 42.9M sam
ples/sec. They respond to com
mands in the SCPI (standard com
mands for programmable instru
ments) syntax. The C-size unit re
solves 13 bits, stores 256k samples, 
and includes a frequency-agile time
base whose clock speed you can 
change on the fly . The B-size unit 
resolves 12 bits, stores 16k samples, 
and switches on command between 
programmed clock speeds. You can 
divide the units' memory into wave-

ISO 
LINK 

form segments and switch among 
the segments at full speed. B-size 
unit, $2500; C-size unit, $8000; soft
ware, $400. Delivery, six to eight 
weeks ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 384 

Development System For 
TMS320C30 DSP µP 
• Has C debugger, library of 

applications, and assembler 
• Can have 14- or 16120-bit analog 

110 hardware 
The C30 developers' tool kit is an 
IBM PC-based system that pro
vides an assembler/linker, a C 
source-level de bugger, and a li
brary of application programs for 
spectral analysis, image generation, 
and audio recording. Also included 
is application-development hard-

ware, including 16k words of zero
wai t-state static RAM. System 
with a 14-bit, single-channel analog 
110 board, $1295; version with a 2-
channel board that has 16-bit inputs 
and 20-bit outputs, $2590. 

Ariel Corp, 433 River Rd, High
land Park, NJ 08904. Phone (908) 
249-2900. FAX (908) 249-2123. TLX 
4997279. Circle No. 385 

A large percentage of equipment malfunctions are due to the failure 
of sensitive semiconductor devices when exposed to transient 
overvoltages. 
MCG Electronics Inc. has a series of low profile AC power line 
protectors designed specifically for the needs of the OEM user. 
They are available in 120VAC in 7.5A, 15A and 25A and 240VAC, 
25A. 
Models 407, 415, 416, 417 offer compact, cost-effective protection 
designed to be incorporated into original equipment The units 
employ a sophisticated blend of high speed clipping and filtering to 
reduce IEEE 587 Cat. B impulses (6000V /3000A) to less than 350V 
peak between line and neutral. 

501 Valley way • Milpitas, CA 95035 
Tel : (408) 946-1968 • Fax : (408) 946-1960 

CIRCLE NO. 52 

12 Burt Drive, Deer Park, NY 11729 1-800-851-1508 

CIRCLE NO. 53 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

Source-Level Cross
Debugger 
• Comes bundled with a software 

monitor 
• Supports both real and protected 

modes on all 80X86 µPs 
Soft-Scope III/CSimon is a win
dowed, source-level, IBM PC/AT
hosted cross-debugger for the 
development of embedded systems 
based on Intel's 8086, 80186, 80286, 
80386, and 80486 µPs. The debug
ger comes bundled with the ven
dor's CSimon software monitor and 
a complete set of monitor source 
code. The debugger can work with 
both real- and protected-mode tar
get systems; it can handle code com
piled by most popular compilers, 
(Intel, Metaware, and Microsoft) 
and it works with both Phar-Lap 
(Cambridge, MA) and Intel linkers. 
If you're debugging protected-mode 
systems, the program gives you ac-

Development Software For 
CMOS PEEL Arrays 
• Performs logic transformation 

and reduction 
• Provides multilevel logic 

simulator 
PLACE (PEEL Architectural 
Compiler and Editor) can accept 
Boolean logic equations and stan
dard schematic symbols as input. 
The program then performs both 
logic transformation and logic re
duction in order to get the maxi
mum amount of logic into a PEEL 
(programmable, electrically eras
able logic) device. In addition, 
PLACE provides a multilevel logic 
simulator that analyzes and simu
lates both internal and external sig
nals by means of a waveform dis
play. When the analysis is com
plete, you can direct the program
ming data to the vendor's program
mer, or download it to another 
popular programmer. To run the 
program, you need an IBM PC or 
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cess to the extended register set 
and can display the descriptor ta
bles (GDT, IDT, and LDT); it also 
provides source-level reporting of 
pro~ection traps such as General 

compatible that has 640k bytes of 
RAM, an EGA or VGA graphics 
display, and a mouse. $695. 

Gould AMI, 2300 Buckskin Rd, 
Pocatello, ID 83201. Phone (208) 
233-4690. Circle No. 391 

EDIF Interface-To-Mentor 
Simulator 
• Lets you simulate designs with 

more than 200,000 gates 
• Can simulate isolated design 

sections 
Version 6.0 of Susie runs on both 
80386- and 80486-based systems, 
and comes with a DOS extender 
that lets you simulate designs with 
more than 200,000 gates and cells. 
A software accelerator allows you 
to simulate isolated design sections, 
thereby improving the simulation 
speed for large designs by 10 to 100 
times. During each clock cycle, the 
program verifies every IC pin for 
timing violations and bus conflicts; 

Protection and Stack Fault. $1500. 
Concurrent Sciences Inc, Box 

9666, Moscow, ID 83843. Phone 
(208) 882-0445. FAX (208) 882-9774. 

Circle No. 390 

it displays errors on the screen and 
generates an error report. The pro
gram comes with an EDIF interface 
that lets you import Mentor-gener
ated schematics for simulation; it 
also works with several VHDL 
modeling tools. Susie 6.0 with 
EDIF interface, $9995. 

Aldec Co Inc, 3525 Old Conejo 
Rd, Suite 111, Newbury Park, CA 
91320. Phone (805) 499-6867. FAX 
(805) 498-7945. Circle No. 392 

CASE Tools For Macintosh 
Computers 
• Provide database-design 

facilities 
• Provide structured-design 

capabilities 
Datamodeler and Quickchart are 
the latest releases in the vendor's 
Powertools suite of CASE tools 
for the Macintosh computer. Data
mod eler consists of an entity
relationship-attribute editor and 

EDN May 9, 1991 



WE'LL GIVE YOU THE 
WORLD 

... Of 
Electronic 
Design 
You asked for an inte
grated set of CAE/ 
CAD design tools which 
could deliver every as
pect of your engineering 
design needs-at an afford
able price. CAD Software of
fers the highest performing de
sign system for your PC. Schematic 
capture, logic simulation, printed circuit 
board design, auto-routing, thermal analysis, 
and computer aided manufacturing are all with
in the PADS Design system. 

Your design begins with PADS-Logic, the only 
PC-based schematic capture system which has a 
true multi-sheet database for quick and accurate design 
capture and data transfer to your PCB design .. PADS
Logic has a large circuit capacity of over 1,000 equiva-
lent IC's per design, a Hierarchical design ability 
with an unlimited number of levels, superb ana-
log design capability, forward and backward 
annotation, a Part Editor and Graphical Library 
browsing. 

PADS-PCB sets the standard for affordable high per
formance PCB design. A one mil database, 30 layers. 
automatic design rules checking, SMD ability, excel
lent interactive routing, and a set of ECO routines 
which ensure fast accurate changes, are just some of 
the features which have made PADS-PCB the #1 selling 
PC based PCB design system. 

EDN May 9, 1991 
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PADS-2000, the 
star that outshines 
any other PC
Based PCB design 

system, can handle 
even the most com
plex designs, includ
ing double sided 

SMD's, mixed tech
nology boards , high 

speed designs, and lay
outs exceeding 2000 IC's. 

System features include a 1 
micron database, design capa

city of over 11,000 parts/32,000 con
nections, intelligent T-Routing , 0.12 

parts/pads rotation, curved trace routing, 
intelligent copper pour, on-line and batch design 

rules checking, digital, analog and high speed/critical 
circuit auto-routers are included in PADS-2000. 

Our extensive line of auto-routers work around the 
clock so you don't have to. The PADS-SuperRouter 

rips-up and reroutes the connections to 100% com
pletion.PADS-Push n' Shove interactive auto-router 

is superb for analog and critical circuitry. 

Call CAD Software today for your local Authorized 
Reseller, or for a no-cost Evaluation Package, and 

experience the world of electronic engineering 
design: 

°'' Software, Inc. 

(800) 255-7814, Inside MA, (508) 486-8929 
119 Russell Street, Littleton, MA 01460 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

dictionary, and helps you define 
software data requirements dur
ing the analysis phase. You can 
use Datamodeler in conjunction 
with other modules of Powertools 
to create the information-structure 
diagram portion of Shlaer/Mellor 
object-oriented analysis. Quick
chart helps you define the structure 
of the software with consideration 
for the content of each module, 
the external behavior of each 
module, and the interfaces between 
them. Quickchart supports Your
don/Constantine methodology with 
Page-Jones extensions, and pro
vides a language-sensitive editor 
for the most commonly used pro
gramming languages. Datamode
ler or Quickchart, $995. 

Iconix Software Engineering 
Inc, 2800 28th St, Suite 320, Santa 
Monica, CA 90405. Phone (213) 458-
0092. FAX (213) 396-3454. 

· Circle No. 393 
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Graphics Display Builder 
For Unix 
• Lets you develop and customize 

graphical displays 
• Handles data from multiple 

applications and databases 
Sammi is a graphical user environ
ment (GUE) that lets you develop 
and customize graphical displays 
without complex coding. You can 
interactively present, organize, ma
nipulate, and interpret information 
from multiple applications and data-

bases. The system has three compo
nents: the runtime environment, 
which resides in the host system 
and handles the display, data-com
m unications, and end-user com
mands; the format editor, which al
lows users to import, design, and 
draw graphical elements for dis
play, as well as connect these ele
ments to databases and applications 
that are controlled by the network; 
and the application programming 
interface. The program is optimized 
for distributed-computing applica
tions in which a network of Unix
based workstations share the proc
essing and storage capabilities of a 
centralized host computer. Depend
ing on host configuration, $12,500 
to $25,000. 

Kinesix, 10333 Richmond Ave, 
Suite 1100, Houston, TX 77042. 
Phone (713) 953-8300. FAX (713) 
784-4159. Circle No. 394 

Text continued on pg 222 

CONNECTOR CORPORATION 
6025 N. Keystone Ave.• Chicago, IL 60646-5290 

Phone: 312/539-3108 • TWX 910-221-6059 • FAX: 312/539-3825 
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~National 
~ Semiconductor 

National's Simple Switcher.™ 
Finally, simple means just that. 
THE LM2575/LM2577 FAMILY 

OF SWITCHING REGULATORS. 

EASY TO USE, AND JUST AS 

EASY TO PAY FOR. 

No matter how you're doing 
it now, our Simple Switchers will 
change the way you use regulators. 

No more losing valuable 
design time to tedious inductor 
selection. No more parting with 
precious board space to accom
modate as many as 10 extra com
ponents. And no more expensive 
DC-to-DC converters. 

National's LM2575 Simple Switcher requires just four 
external components. 

an inductor, a diode, and two 
capacitors-and selecting them is 
a breeze. 

And you won't have to sac
rifice the quality and reliability 
you've come to expect from a 
National three-terminal regulator: 
current limit, thermal shutdown 
and a guaranteed system output 
voltage tolerance (±3%). If you're 
looking for MIL-STD-883B 
Rev. C-compliant devices, we 
offer the LM 1575 and LM 1577, 

scheduled for qualification 
later this year. 

ONE SIMPLE PHONE CALL. 

This is a power solution that 
won't try your patience or test 

.L_ L ~ z 7 
Instead, we offer our mono

lithic LM2575 step-down (buck) 
and LM2577 step-up (boost) reg
ulator families, in 5V, 12V, 15V 
and adjustable versions. They're a 
lot easier to use than a traditional 
switching regulator, and cost 
about one-fifth as much as a DC-

Take the inductor: We 
provide a nomograph right in the 
datasheet, along with tables asso
ciating inductor codes with their 
corresponding values and man
ufacturers. You simply look up the 
inductor value required by your 
application. Then you can pur
chase the inductor (as well as the 

- .......... .. --11 

+ 
c.. I IOOµF 

::::--

Typical 5V application. 

= 

to-DC converter. 
Now you can save design 

time, board space and money. 

MINIMUM DESIGN EFFOIIT. 

Designing a reliable, efficient, 
power supply used to be com
plex and tedious. No more. Our 
LM2575 Simple Switcher requires 
only four external components-
Simple Switcher is a trademark of National Semiconductor 
Corporation. ©1990 National Semiconductor Corporation. 

capacitors and the 
diode) right off the 
shelf. And you put 

+sv them to work 
with a simple, 

three-step design 
process. 

MAXIMUM SYSTEM 

PERFORMANCE. 

There's nothing common
place about the Simple Switcher's 
performance. For example, the 
LM2575T-5.0 features a 5V output 
capable of driving a IA load with 
impressive line and load character
istics. Operating at 82% efficiency 
(compared to 40-50% for a linear 
regulator), it will help your system 
consume less power. 

lM2S75-50 STEP-DOWN 1A K,T 

LM2575-12 STEP-DOWN 1A K,T 

LM2575-15 STEP-DOWN 1A K.T 

LM2575-AllJ STEP-DOWN lA K,T 

l.M2577-12 STEP-UP. FLYBACK. 3A K,T 
FORWARD CONVERTER 

l.M2577-15 STEP-UP, FLYBACK, 3A K,T 
FORWARD CONVERTER 

LM2577-AOJ STEP-UP. FLYBACK, 3A K,T 
FORWARD CONVERTER 

The Simple Switcher family. K =TO- 3 T =TO- 220 

your budget. If you'd like to know 
more, give us a call. We'll even 
send you a complete Simple 
Switcher design aid kit, with an 
optional PC-DOS-compatible 
design diskette. In the US., call 
1-800-624-9613, Ext. 25. In Can
ada, call 1-800-548-4529, Ext. 25. 
Or write us at National Semi
conductor, P.O. Box 7643, 
Mount Prospect, Illinois, 
6o056-7643. 

We can't make it any simpler. 

~National 
~ Semiconductor 

~ 
~ 
v 
v 
v 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

Synthesis Tools For ASIC 
System Design 
• Provides new desktop design 

viewer 
• Includes facilities for FPGA 

synthesis 
Version 2.0 of the vendor's suite of 
synthesis tools for ASIC-based de
signs features a new graphical user 
interface and design viewer/ana
lyzer; the Test Compiler that auto
mates design-for-test and provides 
automatic test-pattern generation; 
and the ECL Compiler for the syn
thesis of EGL-based designs. The 
design viewer/analyzer's pull-down 
menus make software easier to 
learn and use; prior to synthesis and 
optimization, you can view sche
matics, rearrange design hierarchy, 
and set design constraints. Test 
Compiler and ECL Compiler mini
mize power consumption and opti
mize designs for speed, area, and 
fault coverage. Design viewer/ 

analyzer, $5000; Test Compiler, 
$25,000; ECL Compiler, $35,000. 

Synopsys Inc, 1098 Alta Ave, 
Mountain View, CA 94043. Phone 
(415) 962-5000. FAX (415) 965-8637. 

Circle No. 395 

Frame-Based Knowledge 
Representation 
• Provides path-following for tra

versal of complex relationships 
• Supports hypothetical reasoning 

and subproblem solving 
Phase 1 of the Initiative for Manag
ing Knowledge Assets (IMKA) pro
vides the core functionality of a 
high-performance, frame-based 
knowledge representation. In par
ticular, this phase provides slots in 
which to store information about 
the represented objects; inheri
tance, which allows you to pass 
characteristics from one frame to 
another; contexts, which let you 

perform hypothetical "what-if' rea
soning and subproblem solving; and 
path-following facilities for the effi
cient traversal of compound rela
tionships. In addition, phase 1 pro
vides object-oriented programming 
facilities, declarations and optimiza
tions, dynamic knowledge repre
sentation, browsing, and error
handling facilities. Depending on 
the host-computer configuration 
and your license requirement, 
$5000 to $25,000. 

Carnegie Group Inc, 5 PPG Pl, 
Pittsburgh, PA 15222. Phone (412) 
642-6900. FAX (412) 642-6906. TLX 
497-0240. Circle No. 396 

LAN Archival Software 
• Works with DAT, cassette, and 

QIC tape subsystems 
• Supports Novell's Netware 386 
Tapeware 3.0 is a tape-backup soft
ware package for local area net-

Make your big ideas 
smalle1; lighter and brighter. 

222 

DURACELL® XL™ DL123A Lithium Batteries give you the 
power to think small, improve performance and portability. 

Today's emphasis on smaller, lighter, more powerful portable devices 
requires a bright idea in battery technology It's here. 

Size for size, the DL 123A delivers more combined power and energy than 
other consumer replaceable batteries. In fact, for high current applica
tions, this compact 3-volt lithium battery delivers up to four times more 
energy than a 1.5-volt AA size battery - even more at low temperatures. 

EDN May 9, 1991 



CAE & SOFTWARE DEVELOPMENT TOOLS 

works; it now supports Novell's 
N etware 386 version 3.1, and pro
vides a quick-file-access (QFA) fea
ture not present in earlier versions 
of Tapeware. You can operate the 
software from the file server con
sole without any intervention from 
a workstation; backup is invisible 
and there is no workstation down 
time. The package provides load
able network drivers that work 
with IPX, NetBIOS, TCP/IP, and 
ADSP simultaneously across the 
network, so that one system can 
back up any other computer on the 
network. The package protects sen
sitive data by causing the computer 
on which the data is resident to en
crypt the data before transmitting 
it across the network. The software 
can work with 8-mm helical scan 
tape, 4-mm DAT, cassette, and 
quarter-inch cartridge (QIC) tape 
subsystems, as well as most SCSI 
devices. Software (including host 

adapter), depending on host com
puter, $325 to $995; Tapeware hard
ware/software subsystems, depend
ing on type of tape drive, $895 to 
$5995. 

Tapeware, 2750 N Clovis Ave, 
Fresno, CA 93727. Phone (209) 292-
8888. FAX (209) 292-8908. 

Circle No. 397 

Data Object Manager For 
C And C+ + 
• Provides means of automating 

the management of program data 
• Retrieves objects from library, 

connecting them to applications 
Organized C is a set of tools for the 
management of internal data (data 
object libraries) that allows the 
rapid generation of fast, memory
resident databases. The tools run 
on IBM 80286-based PCs and com
patibles, making use of Phar-Lap's 
(Cambridge, MA) 286/DOS Exten-

DURACELL XL Lithium Batteries are engineered for single or multicell 
applications. They're made in the USA and distributed worldwide under 
the brand name consumers prefer most, DURACELL. 

Find out what Duracell's latest high power technology 
can do for your bright ideas. Write or call for our 
updated DL 123A Performance Portfolio. Or if you 

der which makes all physical mem
ory available to the program. Two 
versions of the tool set are avail
able. The C version is based on sim
ple generic commands that cause all 
data-related pointers to disappear 
from your code. The C + + version 
is based on fully encapsulated 
classes that are uniform and simple 
to use. Most classes are available 
in source code; you can modify ex
isting classes or create new ones. 
The program implements data per
sistency in a new way: You don't 
have to write special I/O functions 
for every class, because the system 
automatically creates these func
tions. Depending on host-computer 
configuration and compiler, from 
$295 to $2095 per seat. 

Code Farms Inc, 7412 Jock Trail, 
Richmond, ON, KOA 2ZO, Canada. 
Phone (613) 838-4829. FAX (613) 
838-3316. Circle No. 398 

DURACELL INC. 
New Products and 
Technology Division 
OEM Sales and Marketing 
Berkshire Industrial Park 
Bethel, er 06801 have an immediate need, contact our OEM battery 

engineers today DURACELL INC. 
To/I-free: 1-800-422-9001 ext. 426 
Facsimile: 203-791-3273 

CIRCLE NO. 56 ©1989, Duracell Inc. 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

EISA Bus Computers 
• Have 25-MHz 80386, 33-MHz 

80386, or 25-MHz 80486 µP 
• A removable unit holds a 200W 

supply and four disk-drive bays 
The 386/25E, 386/33E, and 486/25E 
EISA bus computers have a 25-
MHz 80386, a 33-MHz 80386, and 
a 25-MHz 80486 µP, respectively. 
The systems use a modular archi
tecture that includes a removable 
unit. This unit holds a 200W power 
supply and four disk-drive bays that 
have two 51/4-in. and two 31/2-in. 
drives. In addition, the design splits 
the mother board into two sections. 
One section contains the BIOS 
ROM, VGA circuit, EISA bus con
trol logic; six EISA expansion slots; 
two serial ports; a parallel port; and 
a mouse port. The µP resides on a 
removable section along with the 
coprocessor, the cache memory, and 
as much as 16M bytes of RAM. This 
configuration allows you to upgrade 
the computer by changing the sec
tion. The system's flash ROM lets 

Disk-Array Controller 
• Can manage as many as five 

SCSI disk drives 
• Mounts in OEM system and 

SCSI port connects to a host 
The ADP-92-01 disk-array control
ler board mounts in an OEM chas
sis. It can manage an array of as 
many as five SCSI disk drives in 
redundant-array of inexpensive
disk (Raid) configurations. The 
board runs Raid 0, Raid 1, Raid 3, 
and Raid 5 architectures. Using the 
company's 53C916 fast SCSI-2 chip, 
the board can transfer data at lOM 
bytes/sec in Raid 3 and at 5M bytes/ 
sec in Raid 5 configurations. A dedi
cated SCSI-2 port communicates 
with a host computer at lOM bytes/ 
sec. A 32-bit µP controls the SCSI-2 
chip and the company's 53C920 data 
chip. Features of the board include 
request-queue management, simul-
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you upgrade the BIOS, using a 
floppy disk. 386/25E, from $3995; 
386/33E, from $4995; 486/25E, from 
$5995. 

taneous request servicing, end-to
end error detection, and built-in self 
diagnostics. $2500. 

NCR Corp, Peripheral Products 
Div, 3718 N Rock Rd, Wichita, KS 
67226. Phone (800) 325-7274; in KS, 
(316) 636-8511. Circle No. 361 

VMEbus Single-Board 
Computers 
• Have 16. 7-MHz 68HCOOO µPs 

and 1M byte of static RAM 
• Offer six or four serial ports and 

20 parallel ports 
The VSBC-2 and VSBC-3 single
board computers (SBCs) are de
signed for the VMEbus. They have 
a 16.67-MHz 68HCOOO µP, as much 
as lM byte of zero-wait-state static 
RAM, and as much as lM byte of 
zero-wait-state ROM. Other fea
tures include a watchdog timer and 

Amkly Systems Inc, 60 Technol
ogy Dr, Irvine, CA 92718. Phone 
(714) 727-0788. FAX (714) 727-9521. 

Circle No. 360 

a real-time clock. The SBCs can op~ 
erate as masters on the VMEbus 
and have a 7-level interrupt han
dler, a single-level bus arbiter, and 
complete system-controller func
tions. The VSBC-2 has six RS-232C 
ports. The VSBC-3 has four RS-
232C ports and a 68230 interface/ 
timer IC that provides 20 parallel 
TTL I/O lines and a 24-bit timer. 
Both boards use CMOS logic and 
dissipate less than 3W. The boards 
come with Pepbug software and 
drivers for OS-9, VRTX, VxWorks, 
and PDOS operating systems. 
VSBC-2, $750; VSBC-3, $750 (OEM 
qty). Delivery, four to six weeks 
ARO. 

Pep Modular Computers Inc, 
600 N Bell Ave, Carnegie, PA 
15106. Phone (800) 228-1737; in PA, 
(412) 279-6661. FAX (412) 279-6860. 

Circle No. 362 
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Standards, customs, switchers, linears, medicals - Condor has them all! 

"V" Series switchers -
agency-approved 
with high peak 
power for 
starting loads. 

International Linears -
UL/CSA/TUV 
approved. 

"PAC" Series -
enclosed switchers 
with Power, Approvals 
and Cooling. 

SDS/ SDM switchers 
meet FCC/VDE 
Level Band 
have agency 
safety approvals. 

Medical switchers 
and linears -
designed to meet 
UL 544/IEC 
601/CSA 22.2 
No. 125. 

Send for our free catalog! 

•vn SERIES - 26 models, 6 power levels, 30 to 125 watts • 3 to 5 outputs 
• AC input: 90-132/180-264 VAC, 47-63 Hz • Fully protected -

adjustable current limit, built-in OVP and reverse voltage protection 
• High peak current disk drive outputs and closely regulated 

3-terminal outputs • Pass vibration and shock per MIL-STD 8100 
• Full load burn-in; 2-year warranty 

INTERNATIONAL LINEARS: 
• 75 models, 9 power levels, 3 to 288 watts 

• AC input: 100/120/220/230/240 VAC, 47-63 Hz • OVP on all 
5V outputs • Meets EMI per FCC/VOE B (most units) 

• Hermetically sealed power transistors • MTBF 200,000 + hours per 
Mil Hndbk 2170 • 2-hour burn-in with cycling; 3-year warranty 

"PACn SERIES: • 17 models, 4 power levels, 85 to 185 watts • Up to 
5 outputs • AC input: 90-132/180-264 VAC, 47-63 Hz • Fully protected: 

factory-set current limit , built-in OVP and reverse voltage protection 
• Powerfail signal at 150- and 185-watt levels • High peak current 

disk drive outputs and closely regulated 3-terminal outputs 
• Pass vibration and shock per MIL-STD 8100 

• Full load burn-in ; 2-year warranty 

SDSISDM MODELS: • 20 single- and 29 
multiple-output models, 5 power levels, 45 to 

200 watts • AC input: 90-132 VAC/180-264 VAC, 
47-63 Hz • Fully protected: adjustable current limit, 

built-in OVP and reverse voltage protection 
• Powerfail signal and logic inhibit on 140- and 

200-watt levels • High peak current disk drive outputs and 
closely regulated 3-terminal outputs • Pass vibration and 

shock per MIL-STD 8100 • Full load burn-in ; 2-year warranty 

MEDICAL SWITCHERS: • 16 models, 5 power levels, 30 to 110 watts 
• Up to 5 outputs • AC input: 90-132VACI180-264 VAC, 47-63 Hz 

• Proprietary low leakage/high attenuation EMI filter • Less than 30µA 
leakage current • meets stringent FCC and VOE 0871 Class B EMI 

specs • 24-hour full-load burn-in ; 2-year warranty 
MEDICAL LINEARS: 38 models, 3 power levels, 5 to 92 watts • AC input: 

110/120/220/240 VAC, 47-63 Hz • OVP on all 5V outputs • Meets EMI 
per FCC/VOE B • Hermetically sealed power transistors and IC's 

• MTBF 200,000 + hours per Mil Handbook 2170 • 8-hour burn-in 
with cycling ; 3-year warranty 

2311 Statham Parkway, Oxnard, CA 93030 • (805) 486-4565 • TWX: 910-333-0681 • FAX: (805) 487-8911 • CALL TOLL-FREE: 1-800-235-5929 (outside CA) 
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ULTRA-MINIATURE 

SURFACE 
MOUNT 

Actual 
Size 

R2 

DC-DC Converter 
Transformers 

and Power 
Inductors 

These units have gull wing construc
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used fo r self-saturating or linear 
switching applications. The Induc
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 

• Operation over ambient 
temperature range from 
- 55°C to + 105°C 

• All units are magnetically 
shielded 

• All units exceed the require -
ments of MIL-T-27 ( + 130°C) 

• Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

• Transformers can be used for 
self-saturating or linear 
switching applications 

• Schematics and parts list 
provided with transformers 

• Inductors to 20mH with DC 
currents to 23 amps 

• Inductors have split windings 

Delivery
stock to 
one week 

453 N. MacOuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699·5514 
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Tape Backup System 
• Storage capacity ranges from 

60M to 525M bytes 
• E xternal or internal units run on 

IBM PCs and PS/2s 
The Panther tape backup system 
provides storage for IBM PCs, 
PS/2s and compatible computers. 
The hardware uses either the com
pany's TDC 3600 or TDC 3800 quar
ter-inch cartridge tape drives. The 
backup system uses either internal 
or external units having capacities 
of 60M to 525M bytes. The system 
can back up and restore data from 
5M to 12M bytes/minute. The top
end model can back up 525M bytes 
of data in less than 45 minutes. The 
software runs on DOS, OS/2, Unix, 
Xenix, Prologue, Pick, Novell, and 
LAN Manager operating systems. 
The system uses the company's DC 
6000 or equivalent tape media. It 
features an MTBF of 80,000 hours 
and error rates of less than 1 in 
1015

• External systems come in a 
cabinet that measures 3.5x6.5 x 14 
in. The cabinet for internal systems 
measures l.75 x 5.75 x 8.5 in. 525M
byte external system, $2695; 60M
byte internal system, $995. 

Tandberg Data In c, 2649 
Townsgate Rd, Suite 600, Westlake 
Village, CA 91361. Phone (805) 495-
8384. FAX (805) 495-4186. 

Circle No. 363 

Embedded Controller 
• Runs commercial IBM 

PC-com patible software 
• Contains 20-MHz 80386SX µP 
The EPC-6 embedded-controller 

3M Lowers Cost 
of High 
Temperature 
Electrical Tapes 
New proprietary film 
matched with acrylic and 
silicone adhesives for 
UL Class 155°C/ 180°C 

AUSTIN, Tex. - Two newly developed 
high temperature electrical insulating 
tapes are lower priced than current tape 
constructions now on the market . These
cret is in matching new tough proprietary 
film with appropriate high temperature 
adhesives . 

Scotchrn Electrical Tape 72 is thin, 
high temperature resistant, light tan, and 
semi-opaque. It is combined with an acryl
ic pressure-sensitive adhesive, and is UL 
Recognized for continuous use at temper
atures not exceeding 155°C, for class F 
operating components. 

ScotchTM Elec
trical Tape 73 is 
thin , high tempera
ture resistant, light 
brown, and semi
transparent. It is 
combined with a si-
1 icone pressure
sensitive adhesive, 
and is UL Recog
nized for continu
ous use at temper
atures not exceed
ing 180°C, for 
class H operating 
components . 

Flexibility, conformabi
lity and flaggi ng resist
ance are also key fea
tures . UL Component 
Recognition. ~ 

® 

Typical high temperature electrical in
sulating applications are in motors, coils, 
transformers, TV yoke/ deflection mag
nets, wrap and fill capacitors, and similar 
electrical and electronic products . 

Both tapes are flame retardant, flag
ging resistant and meet NASA outgassing 
requirements. 

Permanently printable using conven
tional tape printing equipment . Standard 
widths from I I 16" to 4' '. Custom slitting 
available. 

For more information, contact a 3M 
Electrical Specialties Division represent
ative or authorized distributor or call 
1-800-233-3636. 

3M Electrical Specialties Division 3IVI 
PO Box 2963 
Austin , TX 78769-2963 
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EPSON 
THE CRYSTALMASTER"' 

leads new 
crystal oscillator 
technologies into 
the 90 's with ... 
the most cost effective hi-temp 
SMD crystals and oscillators and 
low cost plastic thru-hole crystal 
oscillators. 

EPSON 
SURFACE 
MOUNT 
CRYSTALS AND 
OSCILLATORS 

Epson has pioneered 
the first truly heat 
resistant crystal for 
use in its surface mount crystals and crys
tal oscillators. Capable of withstanding 
260°C for 20 seconds ... far above the 
demands of standard IR and vapor phase 
reflow processing systems ... these labor
saving high-temp SMD crystals have 
become the accepted standard for surface 
mount crystal and oscillator components. 

MODEL SG·615 OSCILLATOR MODEL MA 505/506 CRYSTAL 
Frequency: 1.5 to 66.7 MHz Frequency: 4.00 to 66.7 MHz 

Symmetry: 45/55 (TYP) MODEL MC-405 CRYSTAL 
Rise/Fall Time: 5 nsec (TYP) Frequency: 32. 768 KHz 
Tristate: Available 
Compatible 
Technology: CMOS and TTL 
Op. Temp. Range: -40°C to 85°C 

EPSON" . :. 
,.;';.~!,.';] 

, If• 
'I ' 

~u , / 
I , 

-
( ,, 1.,1 

-

EPSON THRU-HOLE 
OSCILLATORS 
REPLACE METAL CAN OSCILLATORS 

Epson has introduced 
the first plastic low cost, 
high performance auto
insertable thru-hole crystal 
oscillator. Its unique hermetically sealed 
crystal, embedded in a plastic package, gives 
the same EMI protection and higher perform
ance than metal can oscillators ... at a much 
lower cost. And, the auto-insertion feature 
reduces manufacturing costs associated with 
hand inserting metal cans ... into standard full
size or half-size hole patterns. 

MODEL SG-51/SG-531 ~~~~~~: ~~ ~ifprz 
OSCILLATOR Rise/Fall Time: 5 nsec (TYP) 

Tristate: Available 
Compatible Technology: CMOS and TIL 



Technical 
calculations 
made easy! 

Perform engineering 
and scientific 
calculations faster ... 
and with fewer errors. 

• MathCAD 2.5 does your numerical 
analyses quickly, easily ... and 
inexpensively! The live document 
interface™ lets you integrate equations. text. 
and graphics on your computer screen. You 
can see what you solve ... and update your 
equations and graphs with a single keystroke. 

• You do the thinking while MathCAD 
does the work. MathCAD picks up where 
calculators and spreadsheets leave off. With 
over 120 commonly-used functions built-in. 
MathCAD can handle your formulas. expo
nentials, differentials, cubic splines. FFTs, 
and matrices. 

•Applications Packs customize 
MathCAD to your work. Seven different 
packs are available for electrical. mechanical, 
and chemical engineering and other technical 
applications. 

• M athCA D works on your PC, 
M acintosh, or UNIX workstation. More 
than 100,000 engineers and scientists are 
already using MathCAD to turn their comput
ers into powerful workstations that can handle 
virtually any technical application. 

Call 800-MathCAD, ext. 335 
to request a free demo disk! 

In Massachusetts, call 
617-577-1017, ext. 335. 

For a free MathCAD 
Introductory Kit, clip 
this coupon and mail 
it back to us. Or 
circle your reader 
service card. 

O Yes! Te ll me more about MathCAD! 

Name _________ _ 

Title __________ _ 

Company _________ _ 

Address _________ _ 

City _____ ·~.State_lip __ 

Phone_(----------

M a t h S o f t MathSoft. Inc. 
, • v • , / , 201 Broadway 

Cambridge, MA 02139 

LTech::_oNs~ ___ _!1~EDN ~9/9~ 
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board runs VMEbus systems. Be
cause the board is IBM PC compat
ible, it can run commercially avail
able PC-compatible software. The 
single-slot board contains a 20-MHz 
80386SX µP and has an option for 
an 80387SX coprocessor. Contain
ing as much as 4M bytes of dual
ported dynamic RAM (DRAM), the 
board also has an option for 8k 
bytes of battery-backecj static RAM 
for storing critical data. A 16k-byte 
instruction and data cache main
tains high speed for the control 
functions. Microsoft's ROM version 
of MS-DOS, a 512k-byte flash mem
ory for storing programs comes 
with the board. An EXM expansion 
slot accepts the company's expan
sion cards. $1995; EPControl soft
ware package for developing pro
grams on a PC and downloading 
program to board's DRAM or flash 
memory, $1450. 

Radisys Corp, 19545 NW Von 
Neumann Dr, Beaverton, OR 
97006. Phone (503) 690-1229. FAX 
(503) 690-1228. Circle No. 364 

Light-Pen System 
• Emulates a Sunmouse for 

SunSPARC workstations 
• Includes a light pen, Sbus board, 

and software 
The Penpoint light-pen system for 
the SunSPARC Station 1 and 2 
workstations emulates a Sunmouse 
running under X-Windows and the 
SunOS 4.1 operating system. The 
system consists of a light pen, an 
Sbus board, a video cable, and soft
ware. The hardware provides a se
ries of interrupts that report light
pen activity. The Sbus board ac
cepts video-synchronization and 
light-pen input signals. The board 
can discriminate light-pen signals 
that emanate from displays having 
both 1152 x 900 and 1280 x 1024 pix
els. The circuitry compensates not 
only for the effects of color and in
tensity variations on position data, 

Text continued on pg 233 

We want 
to knock 
youQown 

to Stze. 

When you need to fit a big idea 
into a little space, talk to the people 

who work small miracles. 
Pacific Hybrid Microelectronics. 

We're experts in all facets of hybrid 
and surface-mount technology. 

Simply send us your design parameters, 
and within 6 weeks you'll get a prototype 

that 's up to JO times smaller 
than a conventional circuit. 
And far more economical. 

So call Pacific today at 1-800-622-5574 
for a free quote or more information. 

And see how just enjoyable 
getting knocked down to size can be. 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 

~PACIFIC HYBRID 
\BB7 MICROELECTRONICS 

We do small mirac~ 
Copyrigh t © 1990 Pacific Hybrid Microelec1ronics 

CIRCLE NO. 60 
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·OO'A\ 
• 1 to 7 outputs 

• 400 to 1500 watts 
• 120 kHz. MOSFET design 

• Current mode control 
• All outputs regulated and floating 

VM-101 3/91 

Call Toll Free 1 ·800·523·2332 
In PA: 215/699·9261 

s::: 7 Del'lran. inc . 
POWER ~PRODUCTS 



SPECIFICATIONS 
INPUT 
90-132 VAC or 180-264 VAC, 47-440 Hz. Strappable. 

INPUT SURGE 
Less than 68 Amps peak from cold start. For 1 OOOW and 
1500W units less than 136 Amps peak. 

HOLDUP TIME 
20 mill iseconds from loss of nominal AC power. 

OUTPUTS 
See model selection table. 

ADJUSTABILITY 
±5% trim adjustment. All 5VDC outputs are adjustable up to 
5.2VDC @full output. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 
referenced to each other or ground as required . 

LINE REGULATION 
Less than ±0.1 % or ±5mV for input changes from nominal to 
min. or max. rated values. 

LOAD REGULATION 
± 0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values. 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. 

REMOTE SENSING 
On all outputs except those less than 100 watts and less than 
20 Amps. 

RIPPLE & NOISE 
1 % or 1 OOmV pk-pk, 20 MHz bandwidth. 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5% /°C above 50°C. 

COOLING 
A min. of 1 O LFS cooling air directed over the units for full 
rating. Two test locations on chassis rated for max. temperature 
of 90°C. 1000 and 1500 watt units have built-in fan. 

TEMPERATURE COEFFICIENT 
±0.02% /°C. 

EFFICIENCY 
80% typical. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 220, CSA bulletin 1402C, 
EN 60 950, DIN VOE 0805/05.90. Certifications in process. 

DIELECTRIC WITHSTAND 
3750 VRMS input to ground. 
3750 VRMS input to output. 
700 voe output to ground. 

SPACING 
8 mm primary to secondary. 
4 mm to grounded circuits. 

LEAKAGE CURRENT 
0. 75 mA at 115 VAC 60Hz. input. 
1.5 mA for 1000 watt and 1500 watt models. 

EMISSIONS 
Units meet FCC 20780 Part 15 Class A and VOE 0871 /6.78 
Class A for conducted emissions. Compliance with Class B 
limits by use of additional external filter. 1000 watt and 1500 
watt models require optional filter for Class A. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200mV for step load change 
from 75% to 50% or 100% max. ratings . 

RECOVERY TIME 
Recovery within 1 %. 
Main output - 200 microseconds. 
Auxiliary outputs - 500 microseconds. 

AC UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

OVERVOLTAGE PROTECTION 
Standard on main output. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Auxiliaries have additional backup fuse 
protection. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 

SOFT START 
Units have soft start feature to protect critical components. 

FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. 

INHIBIT 
TTL compatible system inhibit provided. 

SHOCK 
MIL-STD 810-D Method 516.3, Procedure Ill. 

VIBRATION 
MIL-STD 810-D Method 514.3, Category 1, Procedure I. 

MECHANICAL 

CASE WATIS H x w x L 

1 400 W/500 W 2.5" x 5.05" x 9.0" 
2 750 w 2.5" x 5.20" x 9.63" 
3 1000W 5.0" x 5.05" x 10.4" 
4 1500W 5.0" x 5.20" x 11 .0" 
5 860W 2.5" x 5.0" x 6.85" 

POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME compatible 
power fail signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. Available on units with 
a high current 5 volt output. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 
ranges without strapping. Not available on single output units. 

PILOT BIAS 
Optional circuit provides SELV output of 5 volts at 1 Amp 
independent of the main power converter. Output isolation 
compliant to safety specifications referenced above . Not 
available on single output units. 

EMI FILTER 
For Class A on 1000 and 1500 watt units. 

COVER 
Optional flat cover recommended when customer supplied fan 
cooling is directed through the length of the unit. 

FAN COVER 
Optional cover with brushless DC fan which provides the 
required air flow for full rating of VM power supplies. 

POWER FACTOR CORRECTION 
Refer to Bulletin FM-101 for FM Series units with 0.99 power 
factor and harmonic currents compliant to IEC 555-2. 



DESCRIPTION 

VM Series switchers comprise a line of open frame 
power supplies with output combinations that are 
required for a large variety of bus systems such as 
VME, VXI , and FUTUREBUS. Units in this fully modular 
family offer power density up to 10 watts per cubic inch. 
The small size and high power available permits more 
system hardware to be packaged in a given enclosure. 
The extended function without additional cabinet 
overhead wil l give your product a competitive edge in 
the marketplace. 

VM Series feature outstanding quality, insuring full 
compliance to specifications, reliable field operation and 
long service life. This exceptional quality is a result of 
three major efforts. 

• Meticulous innovative engineering design. 
• Total modular mechanical design. 
• Excellent thermal management. 

VM Series are available in power ratings from 400 to 
1500 watts and with 1 to 7 outputs in a single package. 

FEATURES 

- TUV, UL, CSA. 
- 10 watts per cubic inch. 
- 120 kilohertz MOSFET design. 
- Current mode control . 
- All outputs: 

Adjustable. 
Floating. 
Overload and short circuit proof. 

- System inhibit. 
- Load proportional DC fan output. 
- Options include: 

Auto ranger for continuous 
input operation. 

Power fail monitor. 
Pilot bias. 
EM/ filter for 1000 and 1500 watt units. 
Cover. 
Fan cover - 1000 and 1500 watt units 

have fan built in. 

7 output unit 
with fan cover 

SINGLE OUTPUT MODELS 
Model voe Amps 

VM12DO-YY 2VDC 150A 
VM12D1 -YY 3.3VDC 150A 
VM1202-YY 5VDC 150A Nominal Power 

VM12D3-YY 12VDC 72A S60W 

VM12D4-YY 15VDC 57A Case 5 
VM12D6-YY 24VDC 36A 
VM1209-YY 48VDC 18A 

MULTIPLE OUTPUT MODELS 
Model VM1A-YY 
Total Power: 400 Watts 
Case: 1 
Ratings : 5VDC @ 50A 

5VDC@ 10A 
12VDC@ 12A 
12VDC@ 6A 

Model VM18-YY 
Total Power: 500 Watts 
Case: 1 
Ratings : 5VDC @ SOA 

SVDC@ 10A 
12VDC@ 12A 
12VDC@ 12A 

Model VM38-YY 
Total Power: SOO Watts 
Case: 1 
Ratings : SVDC @ BOA 

12VDC@ 12A 
24VDC@ 6A 

SVDC@ 10A 
12VDC@ 6A 

Model VX18-YY 
Total Power: SOO Watts 
Case: 1 
Ratings : SVDC @ 30A 

2VDC@ 10A 
SVDC@ 10A 

12VDC@ 6A 
12VDC@ 6A 
24VDC@ 3A 
24VDC@ 3A 

Model VX1E-YY 
Total Power: 1000 Watts 
Case: 3 
Ratings : SVDC @ SOA 

2VDC@20A 
SVDC@20A 

12VDC@ 10A 
12VDC @ 10A 
24VDC@ SA 
24VDC@ SA 

Model VM2A-YY 
Total Power: 400 Watts 
Case: 1 
Ratings: SVDC @ SOA 

12VDC@ 6A 
12VDC@ 6A 
24VDC@ 6A 

Model VM28-YY 
Total Power: SOO Watts 
Case: 1 
Ratings: SVDC @ SOA 

12VDC@ 12A 
12VDC@ 6A 
24VDC@ 6A 

Model VM1 D-YY 
Total Power: 750 Watts 
Case: 2 
Ratings: 5VDC @ 120A 

12VDC@ 12A 
24VDC@ 6A 

5VDC@ 10A 
12VDC@ 6A 

Model VX1D-YY 
Total Power: ?SO Watts 
Case: 2 
Ratings : 5VDC @ 60A 

2VDC@ 12A 
5VDC@ 12A 

12VDC@ SA 
12VDC@ SA 
24VDC@ 4A 
24VDC@ 4A 

Model VX1 F-YY 
Total Power: 1500 Watts 
Case: 4 
Ratings : SVDC@ 120A 

2VDC@ 30A 
SVDC@ 30A 

12VDC@ 15A 
12VDC@ 15A 
24VDC@ SA 
24VDC@ SA 

OPTIONS 
Code Function Code Function 
00 None 04 EMI Filter 
01 Power Fail 32 Cover 
02 Auto Ranger 64 Fan Cover 

Notes: 
1. All 5VDC outputs adjustable to 5.2VDC. Others trim adjustable ±5%. 
2. On models VX1 E-YY and VX1 F-YY the max. total power for the 

sum of outputs #1 to #3 must not exceed 500 watts and 750 
watts respectively. 

3. Models VX1 E-YY and VX1 F-YY include built-in fan . 
4. Models VX1 E and VX1 F require EMI Filter option to meet FCC 

and VOE Class A for conducted emissions. 
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NOTES: 

(1) WITH COVER (16-32), 
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Hig/I 
Prtarmance 
Digital 
VB 

For 
PC/AT 
Systems 

• NEW ASIC Provides Point By 
Point Input and Output 
Programmability 

• High Current for OPTO 22 or 
Equivalent Isolation Modules 

• Event Sense lnterrupts-
8 (ZT 14CT73) 32 (ZT 14CT72) 

• Device Drivers 
• High Reliability 

-40°C to 85°C Temp Range 
• 2 Year Warranty 
• Sizes from 48 to 192 pts. 

ZT 14CT73-48 PTS. 
(half size card) 
$240 List 
$145 Qty. 100 

ZT 14CT72-192 PTS. 
(shown) 

$540 List 
$325 Qty. 100 

-=llllz1ATeCH 
CORPORATION 

805-541-0488 
FAX 805-541-5088 
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but also the effect on object dis
tance. Position accuracy is ± 1 
pixel, and jitter is less than 1 pixel. 
$698. 

Interactive Computer Products 
Inc, 23482 Peralta, Unit C, Laguna 
Hills, CA 92653. Phone (714) 770-
5332. FAX (714) 770-8137. 

Circle No. 365 

Fixed Bar-Code Scanner 
• Installs in terminals where 

operator supplies motion 
• Orientations for apertures allow 

two scanning modes 
The Scanteam 6600 is a bar-code 
scanner for instruments and termi
nals where the operator or a me
chanical device supplies the motion. 
The fixed scanner has an aluminum 
housing with two mounting holes 
and measures 2.68 x 0.98 x 0.61 in. 
You can opt for either visible red, 
660-nm or infrared, 880-nm LEDs; 
rectangular or diamond aperture; 
and TTL or open-collector digital 
output. You can also choose be
tween two aperture orientations. 
The two orientations allow the bar 
code to move past the scanner in 
either a step-ladder or picket-fence 
fashion. Scan speeds range from 3 
to 30 in./sec. The focal plane of the 
scanner is 0.39 in. from the housing, 
and the depth of the field is 0.18 in. 
for a bar code having a 7-mil bar 
width. $197. 

Welch Allyn Inc, 4619 Jordan 
Rd, Skaneateles Falls, NY 13153. 
Phone (315) 685-4134. 

Circle No. 366 

• New Series AV-
56 Standard Models 

• 100 VDC to 1000 VDC 
Output 

• Ultra-miniature Size 
Weight: 4 Grams 
0.1 Cubic Inch Volume 

• Standard Input Voltages 
5, 12, 24 and 28 Volts DC 

•Operating Temperature 
Standard: - 25°C to + 70C 
Optional: - 55°C to + 85°C 

• MIL·STD-883 
Screening Available 

• Isolated: In ut to Output 
up to 1500 V C 

PICO also manufactures over 800 
regulated and isolated DC-DC 
Converters and AC-DC Power 
Supplies and over 2500 standard 
ultra - miniature Transformers and 
Inductors. 

Delivery
stock to 
one week 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914°699°5514 
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The New STD Bus .... 
... Why was it written about more 
in the last year. than any year 
since 1980? 
... Why is it better than other bus 
structures for 

in the 

ocean 

depths, 

applications 

in 

space, 

and out 

in the 

desert? 

The fact is. The STD Bus provides 
powerful technology in 
economical, modular, reliable 
and extremely rugged systems. 
That's why it's used In tens of 
thousands of machines and 
processes worldwide. 
The l 00+ manufacturers of STD 
Bus products provide a full . 
selection of 8. 16 and 32 bit 
processors on single board 
computers and in fully 
packaged systems. The STD Bus 
is supported by the widest range 
of industrial 1/0 of any computer 
bus. 
Find out what the excitement's 
about. Write 
STD Manufacturer's Group 
1838 Coastland Ave. 
San Jose. CA 95125 
. .. or call the following 
manufacturers directly: 
Analog Devices 
Computer Dynamics 
Cubit Division, 
Proteus Industries 
Matrix Corporation 
Micro-Aide 
Micro/Sys 
Mizar Digital Systems 
Octagon Systems Corp. 
Pro-log Corporation 
Robotrol Corporation 
Teknor Microsystems 
Versaloglc 
WlnSystems 
XYZ Electronics 
ZJatech Corporation 
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617-326-6666 
803-877-8700 

415-962-8237 
919-231-8000 
818-915-5502 
818-244-4600 
800-635-0200 
303-430-1500 
800-538-9570 
408-683-2000 
514-437-5682 
800-824-3163 
817-274-7553 
800-852-6822 
805-541-0488 

LITERATURE 
Catalog Of T&M 
Products And Peripherals 
This 1991 catalog highlights more 
than 3000 products. It provides 
three ranges of categories: elec
tronic test and measurement instru
ments, professional broadcast 
equipment, and computer peripher
als. The 388-pg hard-bound publica
tion lists new products such as digi
tal signal analyzers, communica
tions signal analyzers, high-end 
digital sampling scopes, midrange 
scopes, and a handheld battery
operated scopes. Other T&M in
struments include pulse-signal 
source generators and Centurion, a 
100-MHz plug-in module for logic 
analyzers. Also listed are VXIbus 
card modular plug-in products. Pe
ripheral products covered include 
Tekxpress, a family of X-Window
based color-graphics terminals; 
Phaser II color printers; high
resolution display monitors; stereo
scopic 3-D display systems; and a 
plug-in board for a Macintosh II 
computer. 

Tektronix Inc, Box 500, Beaver-
ton, OR 97077. Circle No. 386 

Analog 11\lltimeters 
2504X1 and 260 "-BXPr 

FEATURES 

.......... "' .......... , ...... ~ ·---... ,...., .... 

Bulletin Announces 
Analog Multimeters 
Announcing the company's 260-8Xi 
and 260-8XPi analog multimeters, 
this bulletin emphasizes user 

safety, such as the yellow plastic 
meter case for improved visibility. 
Other features listed are direct
trend indication, easy nulling and 
peaking, and quick checks for volt
age and current. The publication 
also provides specifications and an 
accessory list. 

Simpson Electric Co, 853 Dun
dee Ave, Elgin, IL 60120. 

Circle No. 387 

Multitude Of LEDs 
Categorized 
The 1991 Packaged LEDs Catalog 
is an exhaustive guide to packaged 
LEDs. Divided into four sections, 
the catalog covers discrete LEDs; 
pc-board-mounted LEDs; panel
mount LEDs; and incandescent 
replacement lamps. Technical speci
fications for each product include di
mensional drawings, photos, illus
trations, and application informa
tion. The publication provides cus
tom configurations from a selection 
of lenses, bezels, LED configu
rations, bases, and terminations. 
Also included are an alphanumeric 
index and an incandescent-lamp 
cross reference. 

Data Display Products, Box 
91072, Los Angeles, CA 90009. 

Circle No. 388 

Software Development 
Tools Cataloged 
This catalog describes development 
issues and offers product solutions . 
For example, it lists Source Con
trol/Configuration Management and 
offers its Polytron Version control 
system, Polymake, and professional 
editor as solutions. Other areas ad
dressed in this 48-pg edition are 
prototyping, object-code optimiza
tion, graphical user interfaces, and 
AD/cycles. The publication also pro
vides applications, as well as arti
cles and contests. 

Sage Software Inc, 1700 NW 
167th Pl, Beaverton, OR 97006. 
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Memory protection: 
Two fierce competitors! 

For memory protection, NiCd rechargeables and 
lithium primary cells go head-to-head. Which 
should you choose? Varta's unique mass-plate 
NiCd cell construction provides the longest time 
between charges, can be trickle charged contin
uously and lasts 500-1,000 full-charge cycles over 
4 or more years. Varta CR lithium cells offer the 
highest capacity available and, of course, 10-year 
life. So whichever your application requires, Varta 
has the best solution and can help you make the 
choice. Contact Varta Batteries, 1-800-431 -2504, 
Ext 270. FAX: 914-592-2667. 

~VARTA 
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INTRODUCING 

WIDE 
•LC>W 
State of the Art DC/DC Converters offering the combin

ation of Ultra Wide Input Voltage Ranges and Low Profile. 

How They Stack Up: 

Series 

LW 
2x2x0.38" 

SIW 
2.56x3x0.84" 

CA 
3x3x0.375" 

VMC 
2.4x4.6x0.84" 

Input 
Range 

9-36 VDC 
20-72 VDC 

9-36 VDC 
20-72 VDC 

9-36 VDC 
20-72 VDC 

18-36 VDC 
36-72 VDC 
85-200 VDC 
170-400 VDC 

UIRLL" INDUSTRIES INC. 

Case 
Height Power 

0.38" 15 watts 

0.84" 30 watts 

0.375" 40 watts 

0.84" 50 watts 
(No Heal 

Sink Required) 

5 WATSON BROOK RD., EXETER, NH 03833 
1-800-321-WALL 603-nS-2300 FAX 603-nB-9797 

30 Years of 
Service & 
Reliability 

CIRCLE NO. 64 

General Scanning's 

AR-42 
Thennal A"ay Printer 

it P•ints it ple»es 
horizontal text - rows up to 12 characters. up to 3 simultaneous analog traces over 

vert ical text - up to 24 characters/line. programmable background grids. 
138 ASCII/International characters available. 

itdftlWS 
any user-developed patterns, 

designs or symbols. 

itie»es 
flexible, floating annotation 

of real-time events. 

----i~ excels.----
Our smallest recorder gives you BIG performance. 

For complete details write or call 800-342-3757 

( t:: #f 6E.NERAL SG4NNING INC. 
Recorder Products Division 
:rl Broadway, Arlington , Massachusetts 02174 
PHONE: (617) 641·2702 FAX: (617) 648-4906 
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ED N's 
CHARTER 
EDN is written for profes
sionals in the worldwide elec
tronics industry who design, 
or manage the design of, 
products ranging from cir
cuits to systems. 

EDN provides accurate, de
tailed , and useful information 
about new technologies, 
products, design techniques, 
and careers. 

EDN covers new and devel
oping technologies to inform 
its readers of practical de
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme
diately. From time to time, 
EDN's technical editors un
dertake special "hands on" 
engineering projects that 
demonstrate EDN's commit
ment to readers ' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech
nology, products, careers, 
and distribution. 

EDIN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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DC AC 

The Power in Telecommunications 

lt 1s your choice! 
However you decide to power your electronic equ ipment, 

Ericsson can provide a choice of proven power supply solutions to 
meet your needs. 

For example, the PLY series of 150 to 400 Watt open frame 
switchers can supply quadruple and adjustable DC outputs from an 
AC input to power a whole rack of electronic equipment. 

A more distributed approach is offered by the PLB series of 
Eurocard AC/ DC switchers. Depending upon the requirements, these 
60 to 100 Watt units can power one or more shelves of equipment 
with the added security and fault tolerance which distributed 
power brings. 

But perhaps decentralised on-card DC/ DC conve rte rs offer the 
ultimate disu·ibuted power system. This can be powered by an 
AC/ DC switcher in parallel with an optional battery back-up . 
Ericsson's renowned on-card DC/ DC converters, PKA, PKC and 
PI, range from 0.3 to 40 Watts with up to three outputs and will 
provide a highly reliable and fault tolerant system. 

Whichever you choose, you can be confident that their 
reliability and performance will be unsurpassed. 

For full technical information on all of these products simply 
call us, or fax us the coupon. 

Please send me your 
latest information 
Na me 

Company 

j ob Title 

Address 

Telephone 

Fax 

Sweden 
France 
Germany 
Great Britain 
Hong Kong 
Italy 

Ericsson Com ponents AB, Stockholm Tel:(08) 721 62 47 Fax:(08) 721 70 01 
Ericsson Components Europe, Guy.incourt TcL(OI) 30 6-1 8) 00 Fax:(OI) 30 64 11 46 
Ericsson Components EuropeGmbll, Neu-lscnburg Td(06102) 200 50 Fax:(06102) 20 05 33 
Ericsson Components Europe, Coventry Tel:(0203) 553 647 Fax:(0203) 225 830 

Nonvay 
United States 

Ericsson Components AB East Asia, Wanchai T<:l:575 66-10 Fax:834 5369 
Ericsson Components Europe, Milano Tel:(02) 3320 0635 Fax:(02) 3320 064 1 
Ericsson Components A/S, Oslo Tel:(02) 650 190 Fax:(02) 644 138 
Ericsson Components In c, Richmbon. TX Te l:(2 1•1) 997 616 1 Fax:(2 14) 680 1059 
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We can move fast to solve your problems ... uWe're 
small enough to listen ... big enough to produce." Your 
requirements get immediate attention. We don't go 
through a lot of red tape to get a job done. Our solutions 
are fast. That's where we have a "small advantage" over 
the big industry leaders. "We" can get a job done before 
"they" finish the paper work. We prove how our "small 
advantage" works to more customers every day. 

DISPLAY 
SOCKETS 

PROGRAMMERS 

We can change your 
footprint faster than 
you can tie your shoes! 

We can make fast 
modifications to our 
standard product. Put us 
to the "test". 

When it comes to 
sockets, Aries knows 
all the "angles" . .. 
and we have "elevated" 
sockets to a new plateau! 

Miniaturization and Multi
function - Programmable 
devices to suit your design 
requirements. 

Wasted space is put to 
work using surface mount technology! 

CIRCLE NO. 140 

.Sma[[ enough to f-isten . 
bf!! enough to produce. 

P.O. Box 130, Frenchtown, NJ 08825 
Phone 1-908-996-6841 •FAX 1-908-996-3891 

EDN May 9, 1991 



Engineering 
schools try new 

approaches to 
old problems 

Coalitions, 
better re-

cruiting, and 
volunteer 
programs 
show real 

promise. 

Jay Fraser, Associate Editor 

EDN May 9, 1991 

PROFESSIONAL ISSUES 

The current state of undergraduate engineering 
education in the US has been described as in flux, 
in a slow decline, in a rapid decline, and in a 
crisis. Educators have different opinions, but 
they agree that there are some serious problems 
with engineering education today, and if those 
problems aren't solved soon the situation will only 
grow worse. 

"We're in a crisis," says Mac Van Valkenburg, 
former Dean of Engineer
ing at the University of Il
linois and now a regular 
columnist for Engineering 
Education magazine. "En
rollments continue to de
cline and the quality of the 
students who come out [of 
the programs] continues to 
decline." 

Statistics from the US 
1 Department of Education 

support what Van Valk
enburg says about enroll
ments. According to the 
department's figures, re
leased in 1989, the number 
of students earning BS 
degrees in engineering 
peaked in 1984 and has 

been declining since then. The National Science 
Foundation (NSF) has published studies with 
similar findings. The NSF's statistics have been 
disputed by the IEEE, the American Association 
of Engineering Societies (AAES), and other 
groups. However, it has projected that if current 
trends continue, by the year 2010 there will be 
a shortage of 70,000 engineers in this country. 

The quality of today's students compared to 
those in the past is more difficult to quantify. 
Van Valkenburg was a professor of electrical en
gineering for more than 30 years before he be
came a dean. Over the years he noticed a distinct 
difference in the students. "Students just don't 
have the same drive and enthusiasm as they used 
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Mac Van Valkenburg 

"Students just 
don't have the 
same drive and 
enthusiasm they 
used to." 

240 

to," he says. "You can see it when you 
give the same test that you gave 10 
years ago. The students just don't do 
as well. A lot of students take the busi
ness program today because it's easier." 

Of course, college students have been 
accused for centuries of not working 
hard enough at their studies. In late 
20th-century America, it's easy to blame 
distractions like MTV and video games 
for students' short attention spans and 
laziness. But the problems aren't all 
caused by students. The course of study 
at our engineering schools needs to be 

examined, too. 
Francis Kennedy, Jr is 

the chairman of the engi
neering sciences depart
ment at Dartmouth College 
(Hanover, NH) . Although 
he doesn't agree that engi
neering education is in a cri
sis, he acknowledges that 
there are real problems. 

"Engineers aren't as 
adaptable in the job market 
and perhaps not as able to 
communicate with others 
outside their [peer group] as 
they ought to be," Kennedy 
says. "There is a general 
lack of breadth and depth in 
new areas of engineering 
education contributing to 
this problem." People are 
trying to figure out ways to 
address this, but they're 
running into a roadblock

it is increasingly difficult to put every
thing that needs to be done within the 
4-year limitation. 

In the past, the answer was to take 
nonscience courses out of the curricu
lum. Now educators realize they've 
probably done their students a disserv
ice, Kennedy says. They can't cut the 
science and engineering courses, so 
they're beginning to wonder just what 
they can do. 

It isn't surprising that college stu
dents have a different view of the prob
lems involved in engineering education. 
Garrett Love is a senior majoring in civil 
engineering at MIT (Cambridge, MA). 
One of the biggest stumbling blocks h~ 
sees is a lack of practical instruction. 

"The courses are too theoretical. There's 
not enough hands-on experience," he 
says. " If you're only dealing with a 
bunch of equations, you'll just forget 
them right after the test. Not much is 
applicable to the real world. " He says 
that many students worry that when 
they graduate they won't have the train
ing to do anything practical. 

Craig Lozofsky is a junior studying 
astronautics at MIT. He believes the 
quality of the instruction isn't always 
very high. "A lot of the professors aren't 
really interested in teaching. They don't 
take input from the students. They keep 
teaching only because they have to . 
They'd rather be doing their research," 
he says. "Some of the subjects are just 
plain boring and often the professor 
doesn't help much." 

In addition to complaints about 
courses that are too theoretical, boring, 
or badly taught, students charge that 
there are so many required courses for 
some engineering di scipline s that 
they're prevented from taking electives. 
The sheer amount of course work neces
sary to earn an engineering degree these 
days causes some students to give up. 

Matthew Martinez entered MIT last 
September to study nuclear engineer
ing, but by November he had switched 
to political science. "I took a look at the 
list of requirements and realized that I 
wasn't going to have time to live . I 
couldn't have finished in five years, 
much less four," he says. "I look around 
here and all I see is constant grinding. 
I don't want to spend eight hours a clay 
studying. That's not what I consider a 
college experience." 

Technical illiterates 
Unmotivated students, indifferent 

professors, and excessive amounts of 
course work may all be affecting the cur
rent state of engineering education . 
However, many people charge that an
other serious problem occurs before stu
dents even arrive at college-the poor 
preparation provided by secondary and 
elementary schools, especially in math 
and science. Engineering instructors 
have repeatedly accused American high 
schools of turning out technical illiter
ates. 
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The INTEGRATED USC. More buff er management. 
More system efficiency. Less cost. 

Zilog's integrated universal serial communication controller 
(ZI6C3f") combines two 32-bit full duplex DMA channels with 
a powerful single-channel USC cell. And that means efficient bus 
access, sophisticated buffer management, higher throughput, 
a greatly reduced CPU workload, and considerably lower cost 
for complex data communications applications. 

\t,!1E.6Rt-..\E.1) ])\.'\tr.., CJ>..? t>..B\U\~ 
\)t.\IJ)l\\)S f>\)S 
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Fast, multi-protocol operation. 
Zilog's USC cell gives you 10 Mbits/sec speed for multi-protocol 

operation. It also gives you 32-byte RX and TX FIFOs for improved 
latency and up to 32-byte block moves. There's a Time Slot 
Assigner for multiplexing in ISDN/ TI applications, a flexible 
16-bit bus interface- multiplexed or non-multiplexed- for 
easy CP interconnect, and a daisy-chain interrupt structure for 
simpler interrupt handling. And, best of all, the USC can reduce 
the CPU workload as much as 60'\,. 

Integrated buffer management. 
The !USC's two 32-bit DMA channels provide for 32-bit 

addresses and 16-bit data word transfers. . and they allow full 
duplex operation at 10 Mbits/sec. The two simple DMA modes, 
normal and buffered, mean your design can be tailored to 
common buffer management schemes. The two chained DMA 
modes, array chained and link array chained, reduce CPU 
overhead in advanced buffer management schemes. The 
daisy-chain DMA priority structure makes it easy to design 
multiple !USC systems. 

Versatility and reliabi lity. 
The !USC's flexible , multi-protocol design lets you adapt your 

system to a variety of networks as interconnect standards evolve. 
The !USC supports ten protocols and eight data encoding for
mats, including as)~1chronous, bit and b)1e S)11chronous, I IDLC, 
isochronous, Ethernet and MIL-STD 1553B. And it all comes to 
you off the shelf, backed by Zilog's proven quality and reliability 
1b tlnd out more about the !USC or any of Zilog's growing family 
ofSuperintegration'" products, contact your local Zilog sales 
office or your authorized distributor todar Zilog, Inc. , 210 
Hacienda Ave. , Campbell, CA 95008, ( 408) 370-8000. 

Right product. Right price. Right away. Zilffi 
lJLOG SALFS OFFICFS, V\ ('08) r0 ·81lO, CH) 83S.-800, (818) -0--1 160. co (30.l) •9d905. FL (813) 585-2533. GA ('Q.1) .. s.9ro. IL (.lll) W -8080, NH (603) 888-8590. MN (6 12 ) 831 --611 , 
l'(J (201) 382-5700, OH (216) H-·H80, PA (l 15) 653·0Z30. TX (11•) 98"·998', \IA (206) 523·3591, CANADA Toron10 (4 16) 673-063• , UNITID KINGIJOM Maidenhead (4') (628) 39200, W. GERMANY 
Munich ('9) (89) 6720.5 , JAPAN Tokyo (81) (3) 587·0528, HONG KONG Ko•1oon (852) (3) - 23-8979. KOREA (82) (l) 552·5<01, TAIWAN (886) (2) '•l · Jl25 , SINGAPORE 65-235 7155, 
OISTRJBlffORS: U.S. Anthem Electronics, Hall -Mark Electronics. JAN De\·iccs , Inc., Schweber Elec1ronics. Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, lATIN 
AMERJCAArgcntina-Ycl.·( I) 46 -22 11, Brazil - Digib)'tr(Oll ) 581 · 19·tS. Semiconducwres Profesionaks( S) 536- l) l l.. 
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Francis Kennedy, Jr. 

''There is a gen
eral lack of 
breadth and 
depth in new ar
eas of engineer
ing education." 
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"The problem of mediocrity in public 
education has become intolerable," says 
Richard Ellis, director of manpower 
studies for the Engineering Manpower 
Commission of the AAES. "I don't think 
that anyone doubts that secondary and 
elementary education in the United 
States is not satisfactory." He points 
to cross-national test scores where 

students from Korea 
score substantially bet
ter on the standard 
tests than Americans as 
an example. 

Not only do Korean 
students score better on 
the tests than Ameri
cans, but students from 
many other countries 
do, too. In its most re
cent survey, conducted 
in the early 1980s, the 
International Associa
tion for the Evaluation 
of Educational Achieve
ment singled out high
school seniors whom it 
considered serious math

ematics students. The students were in 
courses of study that required at least 
two years of algebra and one year of 
geometry. When they were tested 
against students from 15 other coun
tries, the Americans finished 12th in 
functions/calculus, 12th in geometry, 
and 14th in advanced algebra. Students 
from Hong Kong finished first and stu
dents from Japan second in each of these 
subject areas. 

Whether you believe the fault lies 
with the colleges, the high schools, the 
students themselves, or all three, 
there's no shortage of problems in engi
neering education today. This has led 
people in and out of academia to propose 
a variety of solutions. 

If many of the problems that beset 
engineering colleges have their roots in 
elementary and high schools, then some
thing has to be done to strengthen edu
cation on those levels. More required 
math and science courses and better 
teacher training are often suggested, 
but these are not much use unless stu
dents are convinced that math and sci
ence are relevant to their lives. 

For students who may be considering 
a career in engineering, meeting and 
talking with a working engineer about 
his or her job can be very beneficial. A 
number of volunteer programs have 
sprung up to give students an opportu
nity to meet with professionals. 

The AAES is preparing a program 
that will place a volunteer in every ele
mentary school in the US. "That's how 
seriously we take this problem," Ellis 
says. 

Other professional associations, such 
as the Junior Engineering Technical So
ciety and the National Society of Profes
sional Engineers, also have volunteer 
programs that bring engineers to the 
classroom. 

When students arrive at engineering 
schools, too often they find themselves 
quickly locked into a rigid schedule of 
required courses that are mostly ab
stract and theoretical. The drudgery of 
slogging through them is near the top 
of their list of complaints. 

Van Valkenburg notes that college 
freshmen have come straight from three 
or four years of math, physics, and gen
eral sciences. Then, they enter the engi
neering program and have to trudge 
through two more years of the same 
thing. He believes that the curricula 
should be thoroughly restructured. 

Some colleges have already taken 
steps in that direction. MIT, Cornell 
University (Ithaca, NY), and others 
have redesigned their courses of study. 
One change has been to introduce engi
neering design during freshman year, 
which gives students a practical course 
with some hands-on work to counterbal
ance the theoretical courses. 

Restructuring curricula may help to 
sustain students' interest, but it doesn't 
solve the problem of how to fit the large 
amount of necessary course work that 
confronts students today into a limited 
amount of time. 

In addition to the basic engineering 
fundamentals, students must fit current 
science and technology into the curricu
lum. Nationally this has meant most 
engineering students spend more than 
four years in school. "We can't extend 
the time any longer and still call it a 
4-year program," Kennedy says. 
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STAKPAc'" MINI STAKPAc'" 

1200 Watts Power 600 Watts 

110/220 VAC Input 110/220 VAC 

Up to8 Outputs Up to5 

3.2"x5.5"xl 1.5 Dimensions 1.9"x5.5"x12" 

Fan-Cooled Cooling Twin Fans 
~ 

Each StakP AC output is factory configured 
utilizing Vicor's robotically manufactured power 
converters ... Vl-200 series modules. Consider the 
advantages of a StakPAC customized for your 
system needs with automized power modules: 
USER DEFINABLE OUTPUTS- The use of 
proven standard catalog modules offers the 
features of a custom without the associated risk 
or investment. 
STANDARD MODEIS-Many preconfigured 
standards available. 
QUICK DEUVERY-Typical delivery 1 week or 
less for custom or standard evaluation units. 
COMPACTNESS-Low profile packages provide 
up to 6 watts/cubic inch, twice the industry 
norm. 
UL, CSA, TIN SAFETY AGENCY APPROVAL
All StakPAC configurations are approved, 
standard or custom. 
EMI- FCC/VDE Level A, conducted. 

StakPACs are designed and built by Westcor 
Corporation, Los Gatos, CA, a Vicor subsidiary. 
StakPACs are sold world-wide th rough Vicor 
Corporation, Andover, MA. 
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RoBoPowER 
STAKPAC STANDARDS 
1200 WATT MODELS 

Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
•I ~ ~3 •4 •5 

Single Output 
SP l-1801 2@240 
SP l-1802 5@240 
SPl -1603 12 @ 100 
SPl -1604 1)@80 
SPl -1605 24@ 50 
SPl -1606 28@42 
SPl -1607 48@25 

Dual Output 
51'2-1801 2@ 120 
SP2-1802 5@ 120 
SP2-1803 5@ 120 
51'2-1804 12@66 
SP2-1805 15@ 53 

Triple Output 
51'3-1801 5@ 180 
51'3-1802 5@ 150 
SP3-1803 5@ 180 
51'3-1804 5@ 150 

Quad Output 
SP4-1801 5@ 150 
SP4-1802 5@ 150 
SP4-1803 5@ 150 
SP4-1804 5@ 150 

Five Output 
SP5-1801 5@ 120 
51'5-1802 5@ 120 
Seven Output 
51'7-1801 5@60 

·6 
5.2@ 28 

Total output power may not exceed 
1200" wans for any model, single 
or multiple outpu1. Lower power 
StakPAC models and many mher 
configurations are available. 
'Standard models supply 1100 watts; 
high-JX>wered version 1200 wans. 
Please coma a the factory. 

5@ 120 
5@ 120 

12@66 
12@66 
15@53 

12 @ 16 
12@33 
I\@ 13 
15@26 

12@ 16 
15@ 13 
12@ 16 
15@ 13 

12@ 16 
15@ 13 

12@ 16 
•7 

2@30 

12 @ 16 
12@ 16 
15@ 13 
15@ 13 

12@ 16 5@30 
15@ 13 5@30 
12 @ 16 24@8 
15@ 13 24@8 

12@ 16 5@30 24@8 
15@ 13 5@30 24@8 

12@ 16 24 @8 24@8 

For ordering information call Vicor Express at 
1-800-735-6200 or (508) 470-2900 at ext. 265. 

For technical information contact Westcor at 
(408) 395-7050 or FAX (408) 395-1518 or call 
Vicor. 
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Model 

MINI STAKPAC STANDARDS 
600 WATT MODELS 

Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
• I •2 •3 •4 •5 

Single Output 
511 -1401 2@ 120 
STl-1402 5@ 120 

Total outpul power may not exceed 
600 watts for any model , single 
or muhiple output. Lower power STl-1301 12 @ 50 

511 -1302 15 @40 
STl -1303 24@ 25 

Mini SrakPAC models and many other 
configurations arc available. 

511 -1304 28@ 21 
511 -1305 48@ 13 

Dual Output 
ST2-1401 2@60 
ST2-1402 5@60 
ST2-1403 5@60 
ST2-1404 12 @ 33 
ST2-1405 15@26 

Triple Output 
ST3-1401 5@60 
ST3-1402 5@60 
ST3-1501 5@90 

Quad Output 
514-1401 5@ 30 
514-1402 5@ 30 
514-1403 5@ 30 
514-1501 5@ 30 
ST4-1502 5@60 
514-1503 5@60 
ST4-1504 5@60 
ST4-1505 5@60 

Five Output 
ST5-1501 5@30 
ST5-1502 5@30 

Common Sl.o(k Traded on 
NASDAQ under "VICR" 

Please contact the factory. 

5@60 
5@60 

12@33 
12 @33 
15@26 

12@ 16 12 @ 16 
15@ 13 15@ 13 
12@8 12@8 

12@16 12@ 16 5@30 
15@ 13 15@ 13 5@30 
12@ 16 12 @ 16 24@8 
15@ 13 15@ 13 24@8 
12@ 16 12 @8 5@ 15 
15@ 13 15@7 5@ 15 
12@ 16 12@8 24@4 
15@ 13 15@7 24@ 4 

12@ 16 12@ 16 5@ 15 24@ 4 
15@ 13 15@ 13 5@ 15 24@4 

WESTCOR CORPORATION 
485-100 Alberto Way 
Los Gatos, CA 95032 

VICOR CORPORATION 
23 Frontage Road 
Andover, MA 01810 
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Dartmouth's solution was to institute 
a 5-year course of study that leads to a 
bachelor of arts in engineering sciences 
after four years and a professionally ac
credited bachelor of engineering after 
five. Other schools are considering 
adopting similar programs. One vari
ation would award students an MS after 
five years of study. 

US Census Bureau figures show a de
cline in the college-age population in re
cent years. The decreasing number of 

engineering students is 

"Some of the sub
jects are just plain 
boring and of ten the 
professor doesn't 
help much." 

partially a result of this de
cline. If schools want to 
maintain or increase the 
number of incoming engi
neering students, they're 
going to have to try harder 
to recruit students from 
those groups that have 
been traditionally under
represented in engineer

Craig Lazof sky ing-women and minorities. 
During the last two decades schools 

have significantly increased their efforts 
to attract women and minorities. Na
tional organizations that encourage and 
assist these students in their college ca
reers are springing up around the coun
try. For example, the Minority Engi
neering Program is now represented at 
89 American colleges and universities. 
It provides counseling, tutoring, moral 
support, and even emergency funds for 
minority students. 

These efforts are paying off. The per
centage of minority students enrolling 
in engineering majors has increased 
steadily since 1986, although these stu
dents still make up only 6.5% of all engi-

- neering graduates, according to AAES 
figures. The number of women engi
neering graduates, on the other hand', 
has declined slightly in recent years. 
Women currently constitute approxi
mately 13% of the total. 

Until very recently the attack on the 
problems of engineering education had 
been piecemeal. Colleges and universi
ties took different approaches without 
coordinating, or even communicating 
about what they were doing, with other 
institutions. 

Recognizing this lack of collaboration, 
the NSF made two $15 million grants 

last fall to found two coalitions of engi
neering schools. The Synthesis Coalition 
incJudes Hampton Institute (Hampton, 
VA), Tuskegee Institute (Tuskegee, 
AL), Southern University (New Or
leans, LA), California State Polytechnic 
University (San Luis Obispo), Uni
versity of California-Berkeley, Stan
ford University (Stanford, CA), Iowa 
State University (Ames), and Cornell 
University (Ithaca, NY). The ECSEL 
(Engineering Coalition of Schools for 
Excellence in Education and Leader
ship) is made up of City College of New 
York (New York, NY), Howard Univer
sity (Washington, DC), MIT (Cam
bridge, MA), Morgan State University 
(Baltimore, MD), Pennsylvania State 
University (University Park), Univer
sity of Maryland (College Park) and the 
University of Washington (Seattle). The 
member schools in each coalition com
bined to match the amount of the NSF's 
grant. 

Each coalition has the broad goals of 
improving the quality of engineering 
education and increasing the interest of 
students in an engineering career. The 
schools individually and in various 
combinations seek to do this through a 
variety of programs. Some bring non
traditional disciplines such as the hu
manities and economics into engineering 
curricula. Others are designed to forge 
links with high-tech companies or draw 
on the expertise of business leaders. It's 
too early to see many concrete results 
yet, but the Synthesis Coalition alone 
already has more than 60 collaborative 
programs underway. 

It's impossible to predict how ef
fective these efforts by engineering 
schools are going to be, although some 
of the new approaches have already 
shown encouraging results. No one can 
deny that engineering education in this 
country is facing some serious problems, 
but no one can deny that serious thought 
and serious money is going into solving 
them. EDN 

Article Interest Quotient 
- (Circle One) 

High 515 Medium 516 Low 517 
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mope PDWHP PeP DUDiD FDD&I 
HIGH POWER DC SWITCHERS WITH 
IEEE-488 PROGRAMMABILITY FROM ® 

• Highest power per cubic inch for wide 
range, rack mount, CV/CC power supplies 
in the industry ... 
1.0 kW - 2.0 W per cu in - 506 cu in 
2.5 kW - 2.3 W per cu in - 1071 cu in 
5.0 kW - 3.1 W per cu in - 1606 cu in 

• 650 microsecond transient response time 

• Built-in OVP & Thermal Protection 

•Soft Start 

• True Zero Voltage & Current Adjustability 

• 5 Year Warranty 

EDN May 9, 1991 

Granted. The EMS Series of high power switch mode DC power 
supplies offer a significant size and weight advantage. But, just as 
important, with E/M you don't sacrifice high efficiency or precise 
regulation. And, E/M gives you experience that dates back to 1969 
when we introduced our first switching power supply. Since 
then E/M has invested over one 
million dollars in the engineering and 
development of several product lines 
of switchers. E/M known and 
respected world-wide. 

For more information or literature, 
call Toll Free 1-800-631-4298 or write: 
Electronic Measurements, Inc., 
405 Essex Road, Neptune, 
NJ 07753 (In NJ, HI, AL and 
Canada, call 201-922-9300.) 
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THE NEW MICRO-CAP Ill: 
SO YOU CAN TEST-FLY 
EVEN MORE MODELS. 

It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We've significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program's now in "C" and 
assembly language. That also means more 
capacity- for simulating even larger 
circuits. 

As always, count on fast circuit crea
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from
schematics analysis-AC, DC, fourier and 
transient- via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 
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Transient analysis 

Schematic editor 

·- .... - ·- .,..,... ·--·~ "' .... ··- -l ...... " ,.,.. ~.-. . • ..... .... • • 

.......... ,_ ... -.- ····- ...... 

Monte Carlo analysis 

CIRCLE NO. 144 

models and parameterized macros. And 
stepped component values that stream
line multiple-plot generation. 

And don't forget MICRO-CAP Ill's 
extended routine list - from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 

----------- - -- -- - -- -- - --- ---- - -- -- - -------- -- --- =- ---- -- - -
1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
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EDN 
llllCT Ill 

This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

EXTRUDED ALUMINUM 
PANEL MOUNT ENCLOSURES 

• 08pths 6" & 8" 
•Any d8pths, 10 or more 
• Satin. clsar anodlz8 

finish 
•Lock-In panel-mount 
• Modifications and 

DIN STANDARDS screen printing available 
Bezel case FREE CATALOG 

48x96mm 44x91mm 13tW 
72x 144 mm 67 x136mm 
96x 192 mm 91 x184mm 
96 x 96 mm 91 x 91 mm 555 Marion Road 

184x184 mm Columbus, OH 43207 
6141445-8433 

CIRCLE NO. 325 

TURBO-STD-BUS 

RLC.'s large selection of 8 and 16-Bil STD Bus 
Single Board Computers offer an Intel 80C186/188 
CPU and BOC187 /8087 Numeric Co Processor at true 
bus speeds up to 16 MHz On-board functions 
include MEMORY, SERIAL PORTS, REAL TIME CLOCK, 
TIMERS. OMA, INTERRUPT CONTROLLER, and BATIERY 
BACK-UP, WATCH-DOG TIMER and much more A LC 
also offers 16-Bil support cards. card cages and 
ccmplete software support using the award winning 
TURBO DEBUGGER For more information and 
technical assistance please call Robert Coomer 

R.L.C. Enterprises 
(805) 466-9717 

4800 Templeton Road Atascade10, CA 93422 

6BHC11 
PC-based emulator for 68HC11 

• PC plug-in or AS.232 box 

SEE EEM 9at91 
Pages D 1320-1323 

• Pull-down menus with lull window support. combined with 
command-driven User Interface 

• Up to 16 MHz real time emulatoo 
• No intrusions to the 68HC11 's resources. 
• 48 bit wide 16K deep trace All luncilOfls usable wrthout 

d1sturbmg emulation Time stamping Two level tngger. 
• Symboltc and C Source Level Debugging, 1nctud1ng 1n-hne 

assembler and disassembler 
• Supports A, E. O and F parts 

Prices: 64K Emulator and pod $2590; 4K Trace $1995" 

CALL OR WRITE FOR FREE DEMO DISK! 

no Hau 51 E Campbell A""°"" 
Campbell, CA 95008 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 ·os .. , 

CIRCLE NO. 326 

This 14-page guide from Heinemann helps 
you se lect <he right circuit breaker. It covers 
breaker ralings from 0.0 I A to 700 A. It 
contains useful information on applica
tions, interrupting capacities and s ize . h 
also describes in<ernal cons<ruc<ions that 
provide features like dual ratings and auxil 
iary switches . 

HEINEMANN ELECTRIC COMPANY 

Program 
Your Chips 
In Sets of 4 for $495.00 

Special offer Now Includes: 
Free UV eraser, CUPL starter Kit and 
a $300.00 Rebate with the PDT-1 
Universal Programmer System\K.it. 

LOGICAL 
DEVICES, INC. 1-800-331-7766 

CIRCLE NO. 327 

MEMORY TESTER 
•MEMORYTESTING MADE EASY 

• Low Cost Universal Memory Tester with Handler Optton 
• Fast SRAM ond DRAM Memory Device Testing 
•DIP, SIMM, SOJ, SIP, PLCC, ZJP 
•Memory Module Testing: IBM , AST, APPLE, COMPAQ, Etc . 
•Laptop Memory Testing: TOSHIBA, COMPAQ, Etc. 
•Custom Memory Device Testing Avalloble 

Never before has such a wide range of memory testing needs been 
addressed by a single system. The Model tOOOFX is an IBM PC -AT 
controlled memory test system that is flexibleand expandable. When 
you want the very best in quality, delivery, performance and price • 
INTEGRATED TEST SYSTEMS is the name to remember 

THE SPEC IALIST IN LOW COST MEMORY TEST SYSTEMS. FOR MORE 
INFORMATION CAU OR FAX US TODAY AND DISCOVER THE 

DIFFERENCE INTEGRATED TEST SYSTEMS Will MAKEi 

INTEGRATE D TEST SYSTEMS 
2162 1 Kerry Court EIToro,CA 92630-0852 US.A 
(714)586-0332 Fax(714)586-0636 

CIRCLE NO. 328 CIRCLE NO. 329 CIRCLE NO. 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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SUPER UNIVERSAL 
PROGRAMMER 

XEU"EK 

FREE MULTIMETER SPECIAL 

1 
NEW! 

~SUPERPRO 

$795 

• p rograms 0 PAL, EPLD, GAL,PEEL, FPL 
l up to 68 pin PLCC) 

• E(E) PROM , Flash EPROM up to 4 Mbits (40 pins) 
• Microcontroller, Bipolar PROM. 

• Tests lTL/ CMOS Logic, D / S Memory Device. 
• High speed parallel interface card to PC/X:f/ AT/ 386 
• Pull - down Menu driven, Library Operating software. 
• Fast Device update on user's request 
• 40 - pin Gold ZIF Socket 
• Lifetime Free Updates (BBS) 
• User Device Library Generator (optional) 

Call 1-800-541-1975 764 San Aleso Ave. 

Xel::re K 
Sunnyvale, CA 94086 
TEL(408)745-7974 
FAX(40S)745-1401 

CIRCLE NO. 331 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-217E, 
and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming , and error prone manual 
methods' RelCalc 2 is very easy to use, and features menu 
windows, library functions, global editing for what-i f? trials , 
and clear report fo rmats. Try our Demo Package for $25 . 

T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991-0057 . FAX : (818) 991 -1281 
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DS-51 µP DEVELOPMENT SYSTEM 

DB-51 µP DEVELOPMENT BOARD CflBO 

\ ---~ 
'------

IN-CIRCUIT EMULATORS AND BOARDS 
Suppo rt ing : 8 031f2 , 80C3112, 80C5112/3/8 , 80C51FA , 80C51FB , 80C51FC, 
80C51G B, 8 044 , 80C154, 8 0C321, 8 0C451, 80C521 , 80C 528, 80C541 , 
80C550, 8 0C 55 2, 80C562 , 80C652, 87C 654, 80C751, 8 0C75 2, 80C8 51 , 
8 6C410 • nd olhers . 

µC, EPROM AND PLO PROGRAMMERS 
Programming the most popul11 r deYlces: 2716 lo 27512 NMOS and CMOS, 8751H, 
875 1BH, 87C51 , 87C52, 8 7C51FA, 87CS1FB , 87C51FC, 87CS1GB , 8744 , 
87C 75, 87 451, 8755 0, 87CS 28, 87C652 , 87C654 , 87C751, 87C7 52 , 87C851 , 
87 C257, 6 8C257 •nd others. 

USA: 
105 GLEASON RD. 
LEXINGTON MA 021 73 
TEL: 617-86 3-9927 FAX: 617-863·960 

IS RAEL: 
MERKAZIM BUILDING 
P.O.BOX 2106 HERZEUA 46120 
TEL 972·52·55387 FAX: 972- 52-553297 

CIRCLE NO. 337 

To advertise in 
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COMPLETE DATA ACQUISITION CARD 

MCP-550 $739 
100\lb M~TRABYfE COMPATIBLE 
• High performance, low cost data a~uisition card 

with multi-functions : A/D, D/ A , D / I, D / O 
• Maximum sampling rare of lOOK samples/ sec 

(option) or 60K samples/ sec (standard) 
• Industry standard 12-bit resolution 
• 16 single ended or 8 differential A / D channels 
• Two 12-bit monolithic multiplying D / A channels 
• TTL compatible 24 Digital 1/ 0 channels 
• Switch selectable analog input range 

unipolar: 1 - lOV. Bipolar: ± 05V - ±IOV 
• Can be used with MCE-730: a versatile 16 channel 

analog input multiplexing and signal conditioning card 
• Complete support or vendor application S / Ws 

such as Labtech Notebook, ASYST ... 
Call 1-800-541-1975 764 San Aleso Ave. 

Xe' ·:reK~E10oW14~~4°
86 

'- FAX(40S)745-1401 
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• Protel Autotrax ·· .J 111111 1 
Best PCB design solution for mixed 

Digital, Analog, and SMT boards 
Our ~EWand PO\l'l:RFUL ProtelAulotraxT• is a fully integrated PCB 
layout system wilh automatic component placement and au10-
routing in a single working em•ironment. Its latest features y,iJI 
definitely push the price/ perfonnance of mixed iechnology PCB 
des igns to the highest level. boost your design productivity, and 
deliver your prodocts to the marketplace faster than your competitors. 
• Integrated automatic component placement and autorouting 

18
lQ1(1!1ltj'j• On-the-fly library components creation 

II • 45°, 90° and cun•e tracks routing 
• Powerful user-definable Macros 

• Auto-panning 
• PostScript •• printing 

• S~itchable Metric/ Imperial grid 
• Intelligent Pad to Pad autorouting 

• Automatic power/ ground relief for SMD pads 
• Automatic Copper Pour leaves clearance for tracks & pads 
From schematic design . manual and automatic PCB design. Rip-up 
and Retry auto routing. IO Gerber ,·ie\l.1ng and editing, we offer free 
tech and EMS support . lit-hour BBS and jO-day money back 

guarantee and our prices s1art at SW5. 

Free Evaluation Package • 
Toll Free: 800-544-4186 
Protel Technology, Inc. r~.~""'""' 

SO Airport Parkway, San jose, CA 95110 
Tel, 408-437-7771 Fax. 408-437-4913 

CIRCLE NO. 335 

INTEGRATED ELECTRICAL 
SAFETY TEST STATION 

NEW FROM SORENSEN ELECTRONICS 
,/ REDUCE TEST TIME BY 90% 
,/ DIGITAL TAMS VOLT-AMP-WAIT METERS 
./ 115V-230V A/C OR DIC VARIABLE TEST VOLTAGE 
./ GRO UND LEAKAGE & IMPEDANCE TESTING 
,/ ONE SECOND CAPACITIVE DISCHARGE TEST 
./ INPUT LINE TURN-ON SURGE AND CURRENT CONTENT 

If you're serious about quick, convenient and repeatable testing for 
pre-submission electrical safety screening, then you need the 

Sorensen Model 1000 product safety tester. 
$3950.00 

40-PIN E/EPROM 
PROGRAMMER 
Lifetime S/W via BBS 

PlLOT-144 : Powerfu l PC-dr iven 40-pin programmer 
supports EIEPROMs up to 40-pins. Standard parallel 
port interface means fast thru-put and no need to 
install high voltage cards inside your PC . Built-in 
power supply. Ugradable to support 875x and 874x 
micros . $795 . SATISFACTION GUARANTEED . 

408-243-7000, 800-627-2456, Fax 408-736-2503 

S ~RYJ~ua~'!v~~~n~v~e. ~~~;86 
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Complete System $1895.00 
New Windows 3.0 Compatible Software 

• 48 Chnnls @ 50 MHz x 4K words deep 
• 16 Trigger Words/16Level Trigger Sequence 
• Storage and recall of traces/setups to disk 
• Disassemblers available for: 6800J, 8088, 8086, 

6801 , 6811 , Z80, 8005, 6502, 6809, 6303, 8031 

NCI a 6438 uN1vERs1TY oR1vE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FA X (205) 837-5221 

CIRCLE NO. 336 

HIGH DENSITY - LOW INSERTION FORCE 
70-350 POSITION BLIND MATABLE CONNECTORS 

N Series rack & panel connectors are available in 70, 
110, 150, 190, 230, 270, 310and 350 position models. 
The use of the Hypertac"' LIF (Low Insertion Force) 

Forproductdemonstrat10nmforma11oncontact contact provides reliable operation without space 
Telephone (408) 336-8000 Fax (4081336-2016 consuming, expensive earning or jacking devices. 

Marketing Consultants, LTD. HYPERTRONICS CORPORATION 
277HillsideAvenue 16BRENTORIVE, HUDSON, MA01749 

Ben Lomond, CA 9SOOS (508) 568-0451 

CIRCLE NO. 338 CIRCLE NO. 339 

Product Mart, call Joanne Dorian, 212/463-6415 
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COMPLETE RACK MOUNT 
INDUSTRIAL COMPUTER SYSTEM 

MOUNT 14' VGA MONITOR 

FOR ONLY S3990 
THE ST-4100-286 
SYSTEM INCLUDES: 
• 12 SLOT PASSIVE 

BACKPLANE 
• 25CNV POWER 

SUPPLY 
• 80286 CPU AT 

8/16 MHZ, 2MB RAM 
• 2 SERIAL/1 

PARALLEL PORT 
• VGA (800X600) 

CARD AND RACK 

• 1.2MB ANO 1.44MB FLOPPY ORIVES 
• 3.5' RUGGED 40MB HARD DISK 
• 101 KEYBOARD, MS DOS/GW BASIC 
ALSO AVAILABLE 80386 SYSTEMS AT 20, 25 OR 33 MHZ and 
80486 SYSTEMS AT 25 MHZ ON ISA OR EISA BUS. 
FOR FURTHER DETAILS CONTACT: 

181 SYSTEMS INC., 6842 NW 20 AVE ., 
FT. LAUDERDALE, FL 33309 

TEL: (305) 97B-9225 FAX: (305) 978-9226 
TELEX: 529482 181 SYSTEMS 

CIRCLE NO. 340 

HPIC is a specia list manufacture r of aluminum 
products since 1972. Our experience a nd integrated 
production including extrusion, c utting, punching, 
drilling, lathing, CNC milling and anodizing etc. 
guarantee you the best price, quality products and 
prompt delivery. Many famous makers of household 
electronic/electric appliances, computers etc. 
purchase their heat sinks, front panels and metal 
parts from HPIC. Your inquiry are most welcome. 

IAUllNG PllN IND. CO., l TD. 
N0.2S4, CHUNG CHENG RD., LOU· JOU HSIANG TAIPEI HSIEN TAIWAN, l.O.C. 
TEL: (02)1116'~8 Tflex: 33485 HPIC hX: {02)2828180 

~~~;;€HPIC~®~;; 
CIRCLE NO. 343 

Schematic 
Capture 
for the 

Macintosh 
DESIGNWORKS 

Schematic features Menu-driven , mouse-controlled opera
tions • cut/copy/paste between ci rcui ts• right-angle rubber
banding . Digital simulation 13-state. event-driven simulation 
• logic analyzer-style timing window • PLO support. Libraries 
Fully-simulated 7400, 4000, 10K series, PLOs, PROMs and 
RAMs, non-simulated analog and discrete components 
• User-definable, simulated custom symbols. Interlaces 
Formats for Douglas CAD/CAM, Cadnetix, Calay, Orcad , 
Tango , Racal Redac. Spice. • user-definable printers , dot
matrix printers. HP, Houston , Roland pen plotters. Require
ments Macintosh Plus, SE, 11 , llx, llcx, or llci. 

CALL (604) 669-6343 FOR YOUR 
FREE DEMO DISK TODAY. 

CAPILANO COMPUTING SYSTEMS LTD. 

CIRCLE NO. 346 

80C32 CONTROLLER 
for Quick Development 

;r~· - ~ ~t'r ·, 7 :·'._ 
: ' ~/·.;;.~- · 
:' i-: I ~ ·¥.~ ~ j ~ 

• 80C32 microcontroller 
• BASIC-52 or MONITOR-52 available 
• 8 - 92K RAM, EPROM or EEPROM 
• Breadboard area and expansion bus 
• 5 volt or 7 - 15 volt operation 
• RS-232 port and 12 digital 1/0 lines 
• $100 for 11 MHz, $145 for 20 MHz 

Iota Systems, Inc. 
(702) 831-6302 

POB 8987 
Incline Village , Nevada 89450 

CIRCLE NO. 341 

High Performance 
Lexan® FR700 Film 

For Barrier Insulation 
• U L94 V-0 r a te d a t .010 " • High h ea t 
r e si s ta n ce of 275°F • Exce ll e nt diel e ctri c 
stre ngth • Easy fabri ca ti o n-s h a rp folds , 
intricate die-cut shapes • Compe titive ly priced 
• Call for free in formatio n: (800 ) 451-3147 

• ® Rl:gisund Tradrmark of GE. 

GE Plastics 
Structured Products 

CIRCLE NO. 344 

E/EPRO(Y- .? 

$180 7~ . 

Buy your • 
E/ EPROM 
programmer from a • Expert technicol 

compony wi th over .~frfi7e utilities 
1 2 years experience included 
in providing both • Supports 
ha rdware and EPROM ond 
software tools. EEPROMs to 

Order today, 
call 800-
448 -8500 

AVt>CET 
SYSTEMS; INC. 

32 pins 
• NMOS and 
CMOS devices 
to l MBit 

• 4, 8, ond 16 
socket models 
available 

• IBM PC/ Xf/ 
AT/386 
compotible 

• 1 year warranty 

The sc11rc11 for qualily 11mbedded·sy1tem tools 

CIRCLE NO. 347 

I LEMO'S NEW CIRCULAR 
CONNECTOR CATALOG 

LEMO's new cir
cular connector 
catalog high
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs 
including signal , coaxial , triaxial , high volt
age, fiber optic and flu idic/pneumatic. 
Shell styles are available in standard 
ch rome plated brass, anodized alum inum 
or stainless steel. 

<.- L LEl/IQZIJ- n Ii 'Lr 
P.O. Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO Fax 707/578-0869 

CIRCLE NO. 342 

180 MHz PULSE GENERATOR 
MAIN OUT: ~·~6et-~or:;;~~~f~:es;:n PERIOD: "o5r~~~tg~:~nn~~~ie~AL 

(within -SV to +5V ran9e ); or::2 t1mes oscillator penOd 
Two trans1t1on hme setllngs when in OSC+2 mode 

~~~~~g;~~~firJ~ntmOde; DELAY: -;r·~~~g:1~~~;ranges 
L~i~-t~fn~~~~~rrations at Delay setting error 1nc:hcator 

SYNC OUT;+1.5Voutput: son into50fl; WIDTH: ~·~::~A.~~~~ID~~s 
< 1 ns trans11ion time; or"" oscillator penOd when 
Normal orComphment mode. in OSC +2 mode. 
Sl~s 0_;i~~~a~~·~,~~~~pprox. Width selling error 1nd1cator. 

orSYNC::MAIN. MOOE: ~o~~~~~~~~o~~Tf'Au~s;; 
EXT IN: ! ~v1!~~~:~~-ti~~~o%~ge; ~~~!:'~~~t=~hn~:!;~~~ 

~slope selechon; controlled by Delay section). 
Indicator for triggering. OTHER: Power 120Vacl50-60Hz; 75W. 

SUM IN: D1g1talOAw1thMain; Sizea·wx4"hx9"d;We•ght81b 
50 fl input 0. 7V threshold; PRICE: lntrOductory price is S 1,380; 
<IV input sens111vity. dehvery is 8 weeks ARO. 

897 lndependence Ave., Bldg.4#0, Mountain View, CA94043. 
Phone/ Fax: (4 15) 691-0618 

CIRCLE NO. 345 

FULL-FEATURED 
EMULATION 
SYSTEM 
FOR COPS 
• PC-hosted COPB 

emulator system. 

l flllllililiflllliliiiliil • Easy to learn and use. 

• iceMASTER is lost. BK file loods in less than a second wrrh 11 S.2K baud link 
uiing standard COMM port. 

• iceMASTER COPS coonects easi~ ta any PC, requires NO disassembly or 
exponsion s~ts . Works oo PC !DOS ar 05/ 21 , Mkro Chonnel, or EISA. 
Even Loptops! 

• iceMASTER is flexible. W'1dowed '1terfoce - user configurable wrrh 
pull-down meous, comb'1ed with hot-keys, cootext sensitive liyperlinked he~. 
00<ereen edrtng. 

• iceMASTER is powerful. 4K hame tioce lxiffer with odvanced searchi"!I ond 
filteringcapobilrries. 

• iceMASTER is versatile. One keMASl!R COP8 ol~ws emulation of more them 
l 0 different COPB fa mi~ derivatives vio interchongeo~e p1obe cards. 

• Coll us today for o FREE demo disk. 

'J 'J L1~t'?.figlink 
~CllflXWUfUlfO b132'0mlil.~ em+1:m 
P!icJll(602)92b-0191flX(602i926-1'98!lliX.4998050MTlhl 

(800) METAICE 
(800) 638-2423 

CIRCLE NO. 348 
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Analog Circuit Simulation 

From Schematic Entry, through SPICE 
Simulation to Waveform Graphics, only $815. 

FuLLv INTEGRATED, EASY ro use, A NALOG C1RCurr 
SIMULATlON ENVIRONMENT, F ROM O NE V ENDOR, F EATURING: 

A powerful SPICE simulator performing AC, DC, Transient. 
Noise, Fourier, Distortion, Sensitivity, Monte Carlo, and 
Temperature analyses, Extensive SPICE model libraries, 
Schematic entry with complete SPICE netlist generation, 
Graphical waveform processing, and report quality printouts. 

voc:/'F~:e~:~:~~d EE P.O. Box 710 San Pedro, 
Information Klt l irifiiSolf CA 90733-0710 

Tel. 213-833-071 0 Fax 213-833-9658 

CIRCLE NO. 349 

130PAGE 
CATALOG 

ELECTRONIC TEST ACCESSORIES 
Over 12 ,000 time-saving/problem-solving solu
tions to common testing , hookup and assembly 
applications. Just ask for it. 

E~HOC>K 
PO. Box 450 , Arcadia , CA 91066 

(818) 446-6175 • Fax: (818) 446-0972 

CIRCLE NO. 752 

There is a Difference! 
Lifetime Free Updates 

CP- 1128 
$1295 

---=..... 
A programmer is not just another 
programm er. That is why BP 
Microsystems is committed to bringing 
our customers the highes t quality 
programmers at an afforab/e price.This 
commitment is eviden t in our CP-1128 
Combination PROM/EPROM/PLD 
Programmer supporting over 1800 
devices up to 28-pms. Ca11 today! 

BP~ 
1-800-225-2102 

713/ 461-9430 

DC/CAD 
I CAD Showdown Results! I 

HIGH DENSITY EXPERTS! 
Schematic Capture • PCB Layouts • Autorou ting 
Top-rated DC/CAD out· routed the competition in the 1990 CAD 
Showdown. Routing the challenging benclunar1< on a double-sided 
board while competing routers used four to six layers, DC/CAD 
displayed the power and fle~bility needed in a top-notch design 
package to tackle high density board jobs. This non-copy 
protected package with surface mount support includes: 

• High capacity schematic capture -
• Multi-s1rategy 1·mil parts autoplacer . · ·,_ · • •• ,_ 
• ··1-mil"" autorouting w/ripup & retiy • · • ·. , 

• Thorough annotating design rule checker 
• Full 2-way GERBER and DXF support 
• Optional autoground plane support wrth cross-hatching 

• Optional protected - mode version for 386 Users and much more! 

CALL TODAY. Priced at $495 

=g6~~~TATION pp=~~\i=;~=~~- =A=~~;~~li'~El
R1. 312;;U!,":%~~;';!;;~ 71~727 

S,,wrl Sofiwaro /or :Jo•u/• /Joa,J :J).,UJ"· 

CIRCLE NO. 350 

RPM· IT 
EPROM EMULATION SYSTEM 

• Emulates up to 8 
4-Megabit EPROMS with 
one control card. 

• Downloads 2-Megab~ 
programs in less than 
23 seconds. 

• Allows you to examine 
and modify individual 
bytes or blocks. 

NEW 
4-MEGABIT 
VERSION 

• Accepts Intel Hex, 
Motorola $-Record 
and Binaiy files. 

• Software available 
for IBM PC and 
compatibles and 
Macintosh systems. 

• Base 27256 EPROM 
System $395.00 Other 
configurations available. 

ORDER TODAY- IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

~ 
Incredible Technologies, Inc. 
(708) 437-2433 
(708) 437-2473 Fax 

VISA now accepted . 

CIRCLE NO. 753 

PCB and SCHEMATIC C.A.D. 

EASY-PC 

• Runs on PC/XT/ATll86/386 
with CGA EGA or VGA. 

• Design Single si ded, Double 
sided and Multilayer bmtrds. 

• Provides Surface Mount 
support. 

• Standard output Incl udes 
Dot f\fa trix I Laser / Inkjet 
Printer, Pen Plotter , 
Ph oto-pl otter and N.C. Dril l. 

• Award winning EASY-PC is 
in use in over 7000 
insta llations In 50 countr ies 
world-wide. 

• SU PERBLY EASY TO 
LEARN AND USE. 

• Nol Copy Prolttled. 

• Dealers Wanled. 

FAST Professional Quality Output at an Affordable Price 

For full info', write, fax, call or use Inquiry# 

1 Number One Systems Ltd. 
REF: EON, HARDING WAY, ST.IVES, HUNTINGDON, 
CAMBS, ENGLAND, PE17 4WR. 

Telephone: Fax: 
USA: 011-44-480-61778. USA:011-44-480-494042 AMEX,VISA, 
lntnl :- + 44-480-61778 lnlnl:- + 44-480-494042 MasterCard 
UK :- 0480 61778 UK :- 0480 494042 Welcome 

Interactive/Real-Time 
"'- v -;z p;.;;:: 

--k-' ~ 
t-' 

Analog Circuit Simulation 
ECA~2 Electronic Circuit Analysis offers: • Ac, DC, 
Transient , Fourier, and Temperature Analysis with 
Nominal , MonteCarlo and /or Worst-Case component 
values • Interactive or batch modes • Full nonlinear simula
tion • Sine, Pulse, PWL, SFFM, and Exponential 
generators • IBM PC/ Mac • Multiple plots • On-line real 
time graphics - 2 to 50 times raster than SPICE • Over 
500 nodes • Advanced component parameters • Compo
nent optimization sweeping • Full editing, built-in or ex
ternal • New detailed 424 page manual 

Call for FREE DEMO! 

!Jib 
Tatum Labs, Inc. 

3917 Research P1rll Dr. B-1, Ann Arbor, Ml 48108 
313-663-8810 

CIRCLE NO. 751 

e 
· Multi-Tasking 

EXECS 
U S Software offers hi-performance 
software tools for embedded 
applications. 

Get the full details by calling: 

800-356-7097 
503-641 -8446 
503-644-2413 (FAX) 

U S SOFTW'ARE 

United States Software Corporation 
14215 NW Science Park Drive 
Portla nd. Oregon 97229 

CIRCLE NO. 754 

WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel0 Temperature Monitor. 

llW llAIU - 1.01(1 

'fi 1J 'fi fi 'fi D 'fi 0 
l jiQ 'f l !ICl'I 160"1 1111'fl lC 'l ltll' I lO(l'l llG'I 

How to put a low cost 
temperature gauge 

on everything. 
Label 's center spot turns black when surface to which 
it is affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (38°C) to 600"F (316°C) . 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 

TEMPIL, Big Three Industr ies, Inc. 
2901 Hami lton Blvd., South Plainfield , NJ 07080 
Phone: (201 ) 757-8300 Telex : 138662 

CIRCLE NO. 755 CIRCLE NO. 756 CIRCLE NO. 757 
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200 MHz Logic Analyzer 

• 
• 24 Channels (up to 50 MHz), Timing and State 
• 200/100 MHz Max Sampling Rate (6 channel) 
• Timing and State Simultanious on Same Probe 
• 16K Samples/Channel (6 channel mode) 
• 16 Levels of Sequential Triggering 
• Optional Expansion to 72 Channels 
•Variable, TIL, or EGL Logic Threshold Levels 
• 3 External Clocks and 11 Qualify Lines 
• FREE Software Updates on 24 Hour BBS 
$799 - LA 12100 (1 oo MHz) 
$1299 - LA27100 (100 MHz) Price includes Card, 

Pods, and Software 
$1899 - LA27200 (200 MHz) 

UNIVERSAL PROGRAMMER 
PAL 
GAL 
EPROM 
EEPROM 
PROM 
87xxx ... 
22V10 $475 

16Bit EPROMs FLASH EPROMs 
Sns PALs 4 Meg EPROMs 
FREE software updates on BBS 

GANG PROGRAMMER 
• 4 32pin Sockets (8 Socket option) $215 
• 2716-27010 EPROMs 

Call - (201) 994-6669 
l Link Computer Graphics, Inc. 

.l't&. 4 Sparrow Dr., Livingston, NJ 07039 FAX:994-0730 

CIRCLE NO. 761 

'488 CONTROL FOR YOUR MACINTOSH II 

• Control any instrument in minutes. 
• Supports BASIC, Pascal, C and Hypertalk. 
• HyperCard utilities included. 
• Software library. Risk free guarantee. 

r~ Capital Equipment Corp. 
~~~~ Burlington, MA. 01803 

Informative catalog 800-234-4232 
Applications help (617) 273-1818 

1991 PC-BUS Data Acquisition & 
Control Reference Guide 

• A/ D, D/A, DIO 
• Signal Conditioning 
• RSZ.12/422/ 485 
• Industrial PCs 
• 286/386/486 

CPU Cards 
• RAM/ ROM Disks 
• Application Software 

Free 120 page reference guide for quality 
minded, budget conscious engineers. 

408-293-6786 
1.\10 Tully Rd., # J 15, Sanjose, CA 95122 FAX 408-293-4697 

CIRCLE NO. 759 

Over 300 Prototyping Adapters 
• Adapt-A-Boards '" make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
• For all package types: LCC, Pl.CC, PGA, PQFP, SDIP (shrink 
DIP devices), SOIC and more! 
• Bottom configurations adapt to wire wraps or solder tail 
pins. Boards conform to Mil-C-45204. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: E~ 

Emulation Technology, Inc . 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 762 

'1 ango-PCB PLUS is the most intuitive 
CAD program I've ever used." 

"The Tango- PCB PLUS 
circuit board design tool is 
light and simple. lls 
WindowsTM _Jike interface is 
vel)' easy to use. Tango does 
what I want it to do in the 
logical way it ought to be 

done. I heartily 
recommend it to 
others." 

Tango's feature-rich 
circuit board layout and 
autoroute packages offer 
high perfonnance and 
ease of use. Their 
affordable prices include 
great documentation and 
tech support and a 

;~~!;;.,.-.::,__., money-back 
-,.1«•·~ guarantee. 

1ll~orJ® 
See ror yourself. Call today to order your 
free PCB/Route cva1uation package. 

800 488-0680 
6t9 554-1000 • FAX: 619 554-1019 

ACCEL Technologies, Inc. 
6825 Flanders Drive • San Diego, CA • 92121 • USA 
Contact us for lhc represent1th'e nearest )'OU. 

CIRCLE NO. 760 

PC BASED UNIVERSAL 
DEVICE PROGRAMMER $695/895 
• Progrnms EE/F.: PROMs, PALs, GA Ls, EPLDs, MI C ROs, HIPOLARs, PE•: Ls. 

• ~~~'::~cd~!~~~/~1~1~:~~~7;0~\!;;:~1i~ ~~r~r~:;;~~fo~0:~~&:i~ ii ~~'ns~Ac~ 
• Upgradeable for virtua lly a ny ruture programma ble de, ices up lo 40 pins. 

: ~:r~d!':~~~~~~~J1 i~~E~1°0~~ill~"F}E'~ru~~~St1~f~Na~ti1~~~~quircd. 
Commands inclw.Je: ~ill, Move, Insert, Delete, Search. ASCII or ll EX entry. 

• Friendly Menu-Driven interface. Ot\'ict n ltttion by PIN a nd ma nufacturer. 
• Supports 8/16/.U bit data word formats. 
• Pro$ramming algorithm:Norma l, Intelligent 1&11 , Q uick Pul st Progra mming. 
• Verify operation performed at normal & worst case operating voltage. 
• Functional test : J EDEC standard functional tesling for logic devices. 

TTL Logic func11onal test for 74u/54u series devices. 
• File formats accepted: J E:DEC (full ), Jlm E:C (krrna l), Binary, MOS 

Technology. Motorola ll n. ln tt l llex. Ttklronh; ll ex. 

: ~~;~0;;f:esu~;~;~lud~i~~~:~~ia':: !r~~~~~~~~dM~~~~~~ 1~i~~;i~~l~~1'i~~;ry 
:md I year free updates. $895 with addi tional Logic Device Library. 

• Library updatn can be rttehed \·la noppy or Customer Support BBS. 

MC / VISA / Al\11-:X Culluxlayforck1tmhcetJl 

B&C MICROSYSTEMS INC. 
750 N. Pastoria A\·e., Sunnyva lt', CA 94086 USA 
TE'-'(408)730-55 11 FAX, (408)730-5521 

CIRCLE NO. 763 

~B@«·"'ilMd.UHli·U.•an.1.r; 

12 Volt DTMF 
Receiver 

M-957-01 converts DTMF 
signals to logic level 
outputs. For-PBX and 
feature phone services, 
rad io-to-telephone, remote 
control and monitoring, 
telephone banking, computer data entry, and 
more. Ideal for battery-generated devices due to 
operability over wide power range. 
• 22-pin DIP 
• Excellent d ial tone and speech immunity 
• 5-volt through 12-volt supply 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

i'CEL""CCNE® 
"l'§i·fri"'*i 111m 1n• 

En Tekwm Entetft= Compmenis 

Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 
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NolseKen 
IEC Pub.801-2 
HIGH REPRODUCIBLE ESD TESTING. 

TC-815C 

ELECTROSTATIC ESS 630' A DISCHARGE SIMULATOR - H 

U.S.A WATAHAN NOHARA INTERNATIONAL. INC. 

TEL (800)366-3515 

CIRCLE NO. 767 

New Schematic and PCB Software I 
With support for extended and expanded memo
ry, HiWIRE II can handle your most demanding I 
schematic and PCB designs quickly and easily. 

I 
The unique HiWIRE editor allows you to display 
and edit schematics and PCBs simultaneoously, 
using the same commands for each. HiWIRE II is 
$995, and is guaranteed. 

Wintek Corporation 
1801 South St. , Lafayette, IN 47904 
(800) 742-6809 or (317) 448-1 903 

CIRCLE NO. no 

DesignPLDs 
with ABEL-PLD, 
now just $495.* 

Call for your 
FREE 

ABEL-1-'LD 
start-up kit! 

• 150 PLD architec
tures supported 
(over 4000 devices) 

• Uses ABEL" Hard
ware Description 
Language (ABEL
HDL'' ) 

• Intelligent synthesis 
and optimization 

• Upgradable to full 
featured ABEL 

1-800-247-5700 
· u.s. list price only. DATA i 1io 

Limited-time offer. I~ 
Corpora hon 

PLCC LoClip • PLCC Probe 

NEW PRODUCT 
The PLCC-LoCl ipXX line from Ironwood is a new 
product line allowing probing of su rface mount 
PLCC's at a fraction of size of other clips. The U 
and L ver. have right angle leads (cable connect or 
probing) . Device heights of 0.75", 0.57" , and 0.45" for 
S, U, and L boards respectively enable probing of 
boards in backpanels . tnterdevice spacing of 
0.1 O" allowed. PLCC's from 24 to 84 pins supported. 
Kits of 10 with different sizes/carrying case 
avai lable at substantial discount. 

IRONWOOD ELECTRONICS 
P.O. BOX 21151 , ST. PAUL, MN 551 21 

(612) 431-7025 

CIRCLE NO. 768 

I New Socket Strip for.'VP/IR Soldering 
Samiec has introduced new high temperature 
Liquid Crystal Polymer (LCP) socket strips 
(HSS Series) specifically for use with vapor 
phase and infrared soldering systems at tem-

peratures up to 230°C for 30 seconds. 
These new strips are available with up to 32 po
sitions, and a choice of solder-tails, wire-wrap 
tails and other screw machined lead sockets. 

For more information contact: 

Samtec, Inc. 
P.O. Box 1147, New Albany, IN 47151 

Telephone 800-SAMTEC-9, Fax 812-948·5047 

CIRCLE NO. n1 

Program PLDs 
and memories 
with the 
low-cost 212. 
• Supports more than 

450 CMOS devices 
• Memory cards tor 

easy updates 
• Extensive editing 

capabilities 
• Compatible with 

JEDEC standard 
programming files 

Call tor 
your FREE 

2U 15-day trial! 

1-800-247-5700 

DATAl/O 
Corporation 

FIX 80386 

SAVES YOUR PC 
The FIX-80386 solves the Errata 21 timing problem 
that is showing up on many PC's. IF your PC locks up 
when running UNIX or AUTOCAD, HP BASIC, MICRO 
CADAM PLUS or memory extenders in MS-DOS you 
will need this part. The part is placed between the 80386 
and its socket. Constructed of gold pins and sockets for 
highest quality. Available immediately. ALSO ASK 
ABOUT OUR UNIQUE SOLUTIONS FOR PROBING 
PGA's, PLCC's and LCC's. 

IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 

CIRCLE NO. 769 

Instant 
Microcontroller 

........ 

I : I 

:;;;, .· .. I 

! ·"---~ -
Instant C Programming 

Don't use a microprocessor, use a Smart Block™ 
microcontroller module to build your custom 
controller. Our low cost Dynamic C™ makes 
programming a snap. 3.5 x 2.5 inch module 
includes microprocessor, memory, time/date 
clock, eeprom, watchdog, serial ports and more. 
As low as $59 in quantity. The efficiency of a 
custom design without the headaches. 

Z-World Engineering 
1340 Covell Blvd., Davis, CA 95616 USA 

Tel: (916) 753-3722 
Regular Fax: (916) 753-5141 

Automatic Fax: (916)-753-0618 
(Call from your fax, hear computer voice, use 

touchtone dial to request desired data sheets.) 

CIRCLE NO. n2 

Elegant, concise, fast & standardized 

A.C>.ATING POINT 
llbrarles tar embedded app//caflons 

Based on the IEEE 754 standard, FPAC (32 bit) 
and DPAC (64 bit) libraries ore mature. well 
documented, and fully tested. The libraries are 
fully ROMable and include the following: 

• Basic Operations • ASCII ConV!lfsion 
• Square Root • Integer Conversion 
• Trigonometric • Logarithmic 

U S Software supports most Intel, Motorola, 
Zilog and Hitachi micros. including 80X86. 
80386, 680XO, 80960. 8051 , 8096. 68HC11. ZBO, 
6809 and 6301. 

Fa< additional infoonation, please contact: 

,, U S SOFTWARE 
United States Software Corporation 
14215 r-NV Science Park Drive 
Portland. Oregon 97'229 
800-356-7097 
503-641-8446 
503-644-2413 (FAX) 
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DEVELOPERS' TOOLS 

TPT-100 $145.
POCKET IC TESTER 

• Tests TTL 1741541, 
CMOS (40145! and DRAM 

• 9V battery operated 
• LCD display 
• Search un~now IC 

TRE·200 $295.-
8/16 BIT 
ROM /RAM EMULATOR 
(PC based ) 

• 8or16 Bit 
• ADM: 2764 . 128, 256, 512 
• RAM: 6264. 62256 
• Fast down/upload 
• Screenedit 
• Dis-assemblei for 6 MPUs 

TLK ·PLD PLO l earn Kit $85.- TLK-GAL GAL Learn Kit $85 .-
TLK -PEEL PEEL Learn Kit $85.- TLK -8051 8051 learn Kit $85.-

• Enable beginners to design their own PLD/PEEL/GAL/MPU wi thin 
ashortperiodof time. 

• Design & Experiments manuals and Experiment PCB Kit 

Calt us today for complete product line 
• 1-yeer warranty 30 days money back guarantee 

..., _____ TRIBAL MICROSYSTEMS 

Tel ' 1415)623-8859 Fax ' 1415)623·9925 
44388 S. Grimmer Blvd . Fremont CA 94538 

CIRCLE NO. 776 

LOW COST 
Data Aquisition 

Cards for 
PC/XTIAT 

~ 12 Bit AID & DIA [PCL711S] $2951 
• AID converter: 8 single-ended channels; Uses ADS74 device; Conversion time 

• g,~~o~:e~2:ti~~~~~~ra1'28b~ t ~:;1u~:~7aO~o T~i~1eOvMo~t~~~~~nge. 
: ~;nii~~1 ~~=,l:e~~~!t~a~~~~~~~e,r~~: :1~~~ ~~~{j~~~k~~1 ~.c1 . 

16 Channel 12 bit DIA [PCL726] $4951 
• Output Ranges: Oto +5V, Oto + IOV, :1: 5V, :1: lOV, or sink 4-20mA. 

: ~~1i1:~F1}t:e1:l~tg~ia~~~~1iZ~d :1:1~Wi~0~~~~~~ufhid~~;:g~~Z: :1: smA. 

M C / VI SA / AMEX Calltoday fordatasheets! 

B&C MICROSYSTEMS INC. 
750 N. Pastoria Ave, Sunnyvale, CA 94086 USA 
TEie (408)730-551 I FAX, (408)730-5521 

CIRCLE NO. 779 

THE LOGIC ANALYZER 
MODEL 3625 32CH. IOOMHZ 
MODEL 3620 24CH. IOOMHZ 

Runs on PC: Drives HGA, CGA, EGA, VGA, and MCGA. 
Up to 32 liming/state data channels, 2045 bits/channel. 
Sample rate up to 100 MHz asynchronous, 25 MHz sync. 
Sample data by ns•ng. falling. both edge ol two EXT clocks ANO/OR logic 
combtnabOflS 

Over 4000 multilevel combinational trigger condi tions. 
LevelJEdge trigger capabi 1ty 

Data qualification wi th B channels qualilier 
Easy-to-use menu-driven system software. 
FORMAT, TIMING, LIST, and DOS display Mode. 
Full COior display enhances user interface . 
User-definable color set . 
B acquisition templates provide rapid setup and operation . 
4 user-definable groups those can be displayed in separale BIN, OCT, HEX, 
ASCII, and DEC radices. 
Save11oad acquisition data file and edit testing comment in DOS Mode. 
Hardcopy at any moment, and dump the data of interest in timing diagram or 
state table. 

ARGOSY TECHNOLOGY CO., LTD , 
8F, NO. 196, SEC. 2. KEELU NG AO., TAIPEI. TAIWAN. A.0 .C. 

TEL: 886-2-7371325 FAX: 886-2-7371342 
CIRCLE NO. 782 

To advertise in 
EDN May 9, 1991 

DEVELOPERS' TOOLS 
The Total Solution Programmer __________ ..,. 

The best-selling Programmer since 1985 

1------·Appreciated by over 50,000 users worldwide 

TUP-300 

1 40-PinZIF socketcanbeHpaoded 

upto68Pinfor8to 68PinsDIP 

orPLCC chips. 

I Programs 20 to 68 Pin PLO IPAL, CPAL. lfl. GAL. PEEL. EPLD. EEPLOI. EPROM 
!up to 16 Mb1tl, EEPROM, Senal PROM, Special PROM, Bipolar PROM & MPU 

!8741/42/48/49, 8051/SlFA, FB. FC/52115411252175117521552/451, 8796/97, 

68705, ZB6f11/21 . TMS7742, TMS77C82, 8755A .... ) 
I Tests TTL (74/54). CMOS (40(45!. SAAM, DRAM, SIP DRAM arid SIM ORAM. 

I Full screen edit. HEX to OBJ, 2-way 01 4-way Binary File Splitter and Shuffler, 6 

MPU D1s-1m.emblers. 

1 34 vanous adapters (4 sockets, ROM-RAM, PLCC, ... .J horn S95 · 

I Othe1 high quality programmer cards at low cos t available from $11 9.

UV Eraser(UV-321 for 32 J>CS at $95 

Call us today for complete product line Distributors 
• 1 year warranty, 30 days money back guarantee Are 
• 1 year free software updates and Customer Support Welcome 

... ----TRIBAL MICROSYSTEMS---"""' 
Tele 141 51623-8859 Fax ' 141 5)623-9925 
44388 S. Grimmer Blvd . Fremont CA 94538 

CIRCLE NO. 777 

:-:-iceMASTER™--
t COPS 8051 68HC 11 '' - . 

YOUR WINDOW 
TO EMULATION 
PRODUCTIVITY 
• Easy ta leam & use 
• Wiadawed interlace -

user <Ot1figurable 
• FAST! Download--

ll lililillliillliiil < 3 sec. typ. ot l l SKB 
• Source Level debug 

• A 4K frame trace buffer with advanced searching capabilities. 
• Hyperlinked On-line help llJ~es yoo throogh the eroolatioo process. 
• iceMASTER canneds eas i~ to yoor PC, requires na disassemb~, ar exponsK>n 

srots. Wrnl.s an any PC (DOS ar OS/1). Miera Channel ar EISA. Even roptaps 1 

• Supports more than SO different 80S 1 lam~y derivatives. M68HCl I 
support wi ll beovai~ble ear~ i11991. 

• Try iceMASTER risk free! Sotisfaction Guaranteed ar relUrn Iara lull reluncll* 
• RENTALSAVAILABU! Ideal far consultants and researcheol 
• Call today for free demo disk and ask about a free 

8051 MoaaAssembler! (800) 638-2.423 
~ ~ L~!f,glink ® • ; • 

IMdd (IJll(lltl:I! PO. 8oJ 137'1 Clmilw, Al 85244·137'1 \ 
Phane:(602J926-0797fU:(602!926-11'8TREX:4'19~SOMfi.NK 

Wfil l\MrrhD~ 

CIRCLE NO. 780 

FEATU RES: (T7000ff7100) 
• On Board Rom Dos.(T7100 Only) 
• On Board Power 

80C88 CPU with 4.77MHz/12MHz operation (H/W. S/W. Selectable) 
On Bo~rd 640KB DRAM. 1003 Compatible with PC XT · ~ 

• "'Go Anywhere·· Size and low Power 
Board Size is 1 lOmm x 200mm 
Low Power consumption. 300 mAfl 2MHz operation 220 mA in 

sleep mode 
• Support CRT or LCD 

Directly drives Mono or Colour CRT, or drives CGA 
640 x 200 Single Screen LCD pannel with 8 gray levels 

• Sulit in Multi Functions 
One printer port 
One serial port \CO{'{\e~ 
FDC controller (l.2MB f36DK, 1.44MB f720K) Q~S~e 
One expansion slot . 

• Low cost: US S2 4 9 /US S2 7 4 (FOB Taiwan) 

FAX: 886-2 -7859 142 

~ Pads-PCB® Schema'.)11 
, P-cad:s 
. TRAINING VIDEOS 
~"'~ ,J!C-:o- -~ ~ cgz~"' Y"'!!l't-' ~ --- .~ ="- "'" ~' = '*""'"IT 

;;-~ CUT YOUR ;;-~ 
TRAINING COSTS! 

FREE DEMO 
CALL · FAX · MAIL 

HIGH TECH VIDEO PRODUCTIONS TM 
4810 SUSSEX DRIVE • SAN DIEGO • CA 

USA • 92116-2313 • PHONE 619-280-1300 
TOLLFREE 800 -876-8273 • FAX 619-281 -1300 

CIRCLE NO. 778 

itt~t'~· i ·" 
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• 

""11111!11111111111111111,' '" ·,~~.~· ~~~~ 

PC/AT™ COMPATIBILITY ON MULTIBUS 
In 1989 our MAT286™ SBC brought PC-DOS to Multibus I. 
Since then no competitor has come close in terms of features, 
price, or technical support. We 've added capabilities, such as 8 
megabytes of onboard EPROM capacity, MATxSSD Solid-State 
Disk software, EMS 4.0, and low power CMOS components. Now 
we are announcing our new MATxSYSI02 daughter-card with 16-
bit VGA and LCD flat-panel interfaces, 1-1 interleave MFM/RLL 
ST506 hard-disk/floppy disk controller, and a PC/AT Bus 
short-card adaptor. And , yes, we are working on MAT386, the 
386-based Multibus AT that will be compatible with the 286-
based standard, MAT286. 

Phone (408) 253-0250 for more information. 
Single Board Solutions, Inc. 

20045 Stevens Creek Blvd , Cupert ino, CA 95014 
PC/AT™ IBM 

CIRCLE NO. 781 

Jt"GLITCHf 

-----
UlleSim Pro spots problem signals and 

helps fi nd solutions before you build boards. 
UneSim Pro features: 

. simulation of 1 OO's of · device-model library 
transmission line segments ·circuit-board-impedance 
per electrical net calculators 

- push-button schematic · extended-memory support 
- oscilloscope display • uses 3861486 protected mode 

Or choose LileSin, a si mplified version (2 lines). 

l.iteSlm Pro: $995 (US.)· UneSittt: $495 (US ) 
Require" 386/486 PC Require" IBM PC w/EGA: 
w/EGNVGA: min . 2 Mb min. 640k memory. 
extended memory: niou ... c. 

JO-day money-hack guarantee. w/$25 rc ... tock fee. 

Anention: Sales Dept. 
PO. Box 3578 

Redmond, WA 98073-3578 

TeL (206)869-2320 
Fax (206)88 1-1008 

CIRCLE NO. 783 CIRCLE NO. 784 

Product Mart, call Joanne Dorian, 212/463-6415 
253 



CAREEROPPO 
1991 Recruitment Editorial Calendar 

Issue Ad 
Issue Date Deadline Editorial Emphasis 

Magazine June 6 May 15 CAE • Software • Digital/Analog CAE • Time A nalysis, AS!Cs 

Edition 

News June 13 May 23 Special Supplement: Electronic D esign Automation (EDA) • CASE/CAE** 

Edition 

Magazine June 20 May 30 Software, !Cs & Semiconductors, H igh Speed Memory Technology • Computer Bus Boards 

Edition 

254 

Call today for information on Recruitment Advertising: 
East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7565 
National: Roberta Renard (201) 228-8602 

I ntermedics Pacemakers Inc. is a manufacturer of state-of-the-art microelectronics/micromechanical computer-based 
technology for use in implantabledevices. lntermedics is THE Market LeaderofTHE most sophisticated pacemakers 
in the wor ld and is headquartered in Angleton, Texas. 

l .C. DESIGN ENGINEER 
BSEE/MSEE/PhD with a minimum of 3 years experience in the design and development of analog and digital CMOS 
integrated circuits. Duties wil l include circuit design and technology development for low power implantable custom 
integrated circuits, including microcomputers, AID converters, switched capacitor filters and de-de energy converters. 

ELECTRONIC PRODUCT ENGINEER 
BSEE with 3-Syears of experience in analog and digital design, CMOSITTLdevices, and microprocessor based systems. 
Exposure to hybrid microelectronics involved in the manufacture of high reliability electronic devices and a knowledge 
of electronic test procedures very desirab le. 

RELIABILITY ENGINEER 
Requires a BSEE with 3-5 years experience in an electronic engineering field with a working knowledge of standard 
failure analysis procedures. Must have demonstrated skills with microprocessor based systems and computer coor
dinate corrective action based on trends identified during analysis of production or field return products. Perform 
failure analysis of systems and components as required. Requires a thorough working knowledge of Fortran , "C" and 
assembly machine languages. 

M ANUFACTURING PROCESS ENGI NEER 
Provides technical support to manufacturing in the areas of maintenance/stability, process control, and yield improve
ment. Insures documentation is in place and in compliance with GMP requirements. Requires a BSEE or re lated 
assembly/process technical degree with a minimum of 2 years experience in manufacturing engineering. 

Enjoy your choice o f either urban o r rural lifestyles, just 30 minutes to an hour south of Houston via expressway and 
a short drive fro m the Gulf of Mexico. Th e area boasts affo rdable housing costs in a ri sing econo my, no state income 
tax and a mild climate for year-ro und rec reatio nal activities. 

lntermedics Pacemakers Inc. provides an exce l lent compensation and benefits package. Qualified applicants for the 
positions should submit their resumes in confidence to: 

Bob Race 
INTERMEDICS, IN C 

4000 Technology Drive, Angleton, TX 77515 
1-800-231-2330 FAX (409) 233-5615 

OUR BUSINESS IS LIFE 

lntermedics Inc. 
A company o f SULZERmedico 

We Are An Equal Opportunity Employer, M/F/H/V 

Knock, 
Knock. 

In EDN's 
Magazine 
and News 
Editions, 

opportunity 
knocks all 
the time. 

EDN May 9, 1991 



COMMUNICATE 

• • • 

W.lll.t.a.ms Tclc.communl.c.atl.one Group, Inc. 
(WIJTel), a leader .lJ1 the fl.bu optJc t.elltCO.Dl· 
mu.nka.tiaoa ind&tAtry,providea~enu.d 
levelB ol ~ tu pcivate-linc and cocporatc 
tl.MU8 ln eve.ry majoc market~ the natloo. 
Our continued growth wui rap.Id e.xparuilon 
have created acept.J.onal c.e.reer opportuuitlca 
fOI" bright and dedicated iD.dMduala. Our 
unployu.a are the rcaaon for our wa:caal 

We currently ha"K openlna- fur the wllowtna 
poelt:iooa1 

• ~DevclopmcntEnglDU.d: Requtrca 
11. .DSEE/.8SCS <MSEE/MSCS JA prefe~~) 
and 8 yair• oC c.xpertcncc 1n the dc.vdop
ment oC t.decoounun.IOit.tooa eodware &ub
eyat.e.me/modulea. 

• Team Leoder-8)'5tem11 ~: Rc
quiru llSEE/BSCS CMSEF./MSCS u. pre· 
lUred) and 8+ )'~ telcoommunk:aUOtUl 
cqulp1ncnt and eyatem• developmc.nt, S 
yea.ra ma.nagemc:.nt cxpulcnce.. 

• SenlOI" DeeJga llnglniur: Requtree BSEF.J 
nscs (MS/PhD preferred) and B+ yeata tn 
devdopmail. of ldtcommunicatJOtl8 t.qu.lp· 
ment ud ayetcma. 

EDN May 9, 1991 

I 

' I 
• 

• • • • 

\ 

• Std &g•ne«r: lkquJica BSEE/BSCS (MS/PhD pre· 
ferred) and 10+ ye.ace in d~elopmcntofTtlecommu.nl· 
caUona £qtttpmenl and lil}'&tema. 

• Design Engineer II: Requlre.a BSP..B/BSC.S and 8+ yeara 
ln ~pliultt/U:at.urc teMUng ol t.elea>mruw.1tca.t1onft 
e.qulpme.nt and Byat.emti. 

• Design :&gin.cu ill: Requirea BSEEffi..'lCS and 5+yuce 
ln ~tnnce/feature ~Ung of tclecJ.>mmun.J.cuUons 
equlpme.nl and ll)'litema. 

Wll'fe.J. offen compeUUve aulade.a ll.lld wt exc.e.llent hen· 
efits p&ekage. If you &rt:. quaJLO.~d wid have the de~1 hut
tlon to work for a leader, pie.NC eubmil your raiu.me Lo: 
WtlltarnaTdec:ommunJcu.UonaGroup,Depo.rtmentMWOl, 
P.O. Box 21348, TuJaa, OK 74121. 
Equo.I Opportunity Employer 

WILTEL® 
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ENGINEERING 

PERKIN-ELMER A LEADER IN SPACE 
INSTRUMENTATION FOR 30 YEARS, HAS OPENINGS 

FOR NEW AND EXCITING SPACE INSTRUMENT 
PROGRAMS. THIS IS AN EXCELLENT O PPORTUNITY 

TO GET IN ON THE GROUND FLOOR OF NASA'S 
MAJOR THRUST, MISSION TO PLANET EARTH . 

The successful cand idates must have a proven track record in related 
space instrumentation in order to satisfy the position requirements. 
Specifica ll y, we have opportunities in the following areas: 

RELIABILITY ENGINEERS 
BS in Engineering with minimum 6 years experience Space/Military 

Reliability and Component engineering. Shou ld have knowledge of 
component support in the areas of NSPARS, SCD'S and screeni ng 
requirements. Must be knowledgeable with Mi l itary/NASA 
specificat ions. 

ANALOG DESIGN ENGINEERS 
Senior and junior level positions ava ilable. BSE[, MSEE preferred. 

Minimum two years experi ence in the design of state-of-the-art analog 
spaceborne or military instrumentation. Must have strong analytical 
sk ills and be able to communicate effectively. 

SPACE INSTRUMENT SYSTEMS ENGINEERS 
BS Engineering, MSEE preferred. Minimum 10 years experience in 

design and engi neering of space instruments. Must be capable of 
deve lopin g design approaches, ca lculating performance, allocating 
error budgets and directing the entire instrument design effort. 

DIGITAL DESIGN ENGINEERS 
Requires BSEE, MSEE preferred with so lid 6-12 years experience and 

good employment track record in spaceborne electroni cs in real time 
mi croprocessor con trol system design. Cand idate should have 
experience with Intel and Motorola !llicroprocessors. 

OPTO-MECHANICAL/ 
MECHANICAL ENGINEERS 

An advanced degree in Mechanical Engineering and 7 years 
experi ence in kinematic mounting of opti ca l systems and components 
for space instruments required. Should be proficient in compute r
aided engineering methods and possess the ability to conduct finite 
element modeling as well as thermal analysis. Must be capable of 
p lanning and scheduling technica l tasks. 

HI-REL MANUFACTURING ENGINEERS 
Requires BSEE, MSEE preferred with so lid 6-12 years experience and 

good employment track record in spaceborne electronics in rea l time 
microprocessor contro l system design. Cand idate should have 
experience with Intel and Motorola microprocessors. 

256 

SEND RESUME AND SALARY HISTORY TO: 

?EnKIN ELMEil 
Applied Science Operation 

2771 N. Garey Avenue 
Pomona, California 91767 

EOE M/F/H/PRINCIPALS ONLY 

If you're look ing 
for work, 

just look here. 

. . _.. Engineering 

:~~WARM UP TO FLORIDA. 

·.·.· .. ·.·· 

And heat up your career 
with an industry leader. 

Situated between the shores of Daytona Beach and metropolitan 
Orlando, talented professionals set the pace at Sparton Defense 
Electronics, a Fortune 900 company involved in the design and 
high volume manufacture of expendable submarine tracking 
devices. 

The following opportunities are currently open to qualified design 
engineering personnel for exploration: 

• BSEE's (no EET degrees) with 2 to 4 years current experience 
in board level audio/voice frequency (0-20 kHz) analog product 
design for a high volume manufacturer. Background must in
clude microprocessor programming (i.e., 6800/assembly) and 
exposure to SMT (surface mount technology) . U.S. citizenship 
required for clearance. 

• BSEE's (no EET degrees) with 5 years current RF (UHF/VHF) 
experience specifically in a.m. receivers and multichannel syn
thesized f.m. transmitters . Small stowable antenna design is 
highly desirable. U.S. citizenship required for clearance. 

• BSME 's (no MET degrees) with 2 to 5 years current experience 
in the design of injection molded plastic, die cast metal , and 
stamped metal parts for a high volume/low cost manufacturer. 
Solid experience in finite element analysis (FEA) and knowledge 
of design for assembly (DFA) concepts is highly preferable. Tool
ing vendor interface and production floor support backgrounds 
are necessary. U.S. citizenship is required for clearance. 

As a team member of Sparton Defense Electronics, expect a 
stimulating, career-building technical challenge, a high quality 
lifestyle with a low cost of living , no state income tax, proximity to 
exciting Florida attractions, and a fine compensation package that 
rewards your skill , knowledge, imagination, and performance. 
Relocation package is available. For prompt, confidential con
sideration, please present your credentials with salary expec
tations to : 

SPA~TCN 
DEFENSE ELECTRONICS 

ATTN : Mr. John S. Gould, Employment Manager 
5612 Johnson Lake Road • Deleon Springs, Florida 32130 

NO AGENCIES PLEASE/NO PHONE CALLS PLEASE/EEO-M/F/H/V 

EON Magazine 
Ed1t1on 
News 
Edition 

EDN May 9, 1991 



NAVAL WEAPONS CENTER 

CHINA LAKE, CA 

AEROSPACE ENGINEERS 
The Navy's major research and· development 
activity, located at China Lake, CA has an opening 
for an Aerospace Engineer to conduct 
EXPERIMENTAL & THEORETICAL TURBULENT 
FLOW RESEARCH related to Ramjet Combustion 
and Jet Noise. To qualify you must have: 

• PH. D in Aerospace Engineering or Fluid 
Dynamics & University Teaching 
Experience 

• Knowledge of Basic Shear Flow 
Dynamics 

• Knowledge of Active & Passive Shear 
Flow Control Methods 

• Over 10 years Hands-On Experience in 
Experimental Turbulence Research 

• Experience in Applying Shear Flow 
Dynamics to Airbreathing Combustion , 
Jet Noise, & Heat Transfer 

• Knowledge of Nonlinear Theory Related 
to Shear Layer Dynamics 

Submit resume to: 

Naval Weapons Center 
Ann #22502-38-91 
China Lake, CA 93555-6001 

EDN May 9, 1991 

An Equal Opportunity Employer 
US Citizenship Required 

Looi< Beyond the 
Ordinary 

We at Burr-Brown Corporation encourage the 
"out of the ordinary." With an aggressive 
company philosophy. we respect the aspira
tions of creative individuals and afford them 
every opportunity to achieve their goals. Con
tinued growth and success have created the 
following opportunities: 

Design Engineer 
To qualify. you must have a BSEE or equivalent. 
Good working knowledge of digital and ana
log engineering principles required . Experi
ence with manufacturing issues and project 
management preferred . 

Design Engineer 
Requires a BSEE and a minimum 7 years expe
rience in IC design. Master's preferred. Must 
have a thorough knowledge of semiconduc
tor device operation and a working knowl
edge of circuit test techniques and wafer pro
cess operations. Desire individual with DSP 
experience. 

Test Engineer 
Must have a BSEE or equivalent. Background in 
digital and analog design preferred. Systems 
design experience highly desired. U.S. Citizen
ship Required . 

Test Engineer 
Requires a BSEE or equivalent related experi
ence. Must have hi-speed digital/analog hard
ware design experience. Hi-speed data con
verter background desired. U.S. Citizenship 
Required. 

We provide competitive compensation as well 
as a complete benefits package to include 
healthcare. life and disability coverage; pen
sion and 401 k; and educational reimbursement. 
Please submit your resume in confidence to : 
Burr-Brown Corporation, Service Cen
ter 4, Dept. EDN0509, 6730 S. Tucson 
Blvd., Tucson, AZ. 85706 . Equal Oppor
tunity Employer M/FN/H. 

BURR-BROWN® 

I• 
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GREATER ~~~!!iii~l!!!I 
WORLD CLASS 
POWER FROM 
OUR NEW 
GLOBAL 
CONNECTIONS 

258 

The recent alliance of 
Elco and AVX with Kyocera 
forms a solid business 
relationship that gives us 
even stronger connections 
to today's exciting world of 
technology. 

These connections 
strengthen our own high 
quality standards and link 
us to new sources of 
innovation throughout 
the world . 

Together we combine our 
talents, energies, and 
experience to provide you 
with an ever-expanding line 
of advanced connector 
products of unsurpassed 
value. These new 
connections also contribute 
to a fresh spirit of efficient 
service and delivery and 

CIRCLE NO. 145 

assure you of timely 
response to your ever
evolving needs. 

From a new source of 
energy emerges a powerful 
new Elco. 

~Elco 
: Corporation 

A Kyocera Group Company 

World Class Connections 

Copyright 1990. Elco Corporation. 
All rights reserved. 

EDN May 9, 1991 
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SPDT switch Cle to 5GHz with built-in driver 
Truly incredible ... a superfast 3nsec GaAs SPOT reflective 

switch with a built-in driver for only $19.95. So why bother 
designing and building a driver interface to further complicate 
your subsystem and take added space when you can specify 
Mini-Circuits' YSW-2-500R? 

Check the outstanding performance specs of the rugged 
device, housed in a tiny plastic case, over a -55° to +85° C 
span. Unit-to-unit repeatability for insertion loss is 3-sigma 
guaranteed, which means less than 15 of a 10,000-unit 
production run will come close to the spec limit. Available for 
immediate delivery in tape-and-reel format for automatic 
placement equipment. 

New ... ZYSW-2-50DR Connector Version 
(SMA) available, $59.95 (1-9) 

finding new ways ... 
setting higher standards 

SPECIFICATIONS 
YSW-2-50DR de- 500-
ZYSW-2-50DR 500MHz 2000MHz 

Insertion loss. typ (dB) 0.9 t.3 
Isolation. typ(dB) * 50 40 
1 dB compression, typ 20 20 

(dBm@ 1n port) 
RF input. max dBm 22 22 

(no damage) 
VSWR (on). typ 14 
Video breakthrough 30 

to RF. lyp (mV p-p) 
Rise. call time. max (nsec) 3.0 

PRICE YSW-2-50DR $19.95 (1 -9) 
ZYSW-2-50DR $59.95 (1 -9) 

2000-
5000MHz 

14 
28 
24 

26 

* typ 1solat1on at 5MHz is 80dB and decreases 
5dB/octave from 5-1000 Ml lz 

c:;J Mini-Circuits WEACCEPT~NEXPRESS CIRCLE NO. 
146 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 260 



IRannounces 
Ultra Fast IGBTs: 

· our 600V power 
transistors that 
switch faster and 
run cooler than 

any you've ever used. 
Forget about bi polar. Put these 

breakthrough devices in your high
voltage, high-current, medium-fre
quency applications and get perfor
mance unparalleled for the price. 

Which should come as no sur
prise. IR IGBTs build on the same 
proprietary technology that made 
IR's HEXFETs" world leaders. 

Call I (213) 640-6534 and 
ask about Standard, Fast or Ultra
Fast IGBTs, optimized for your 
operating frequency. And available 
from I OA to 70A, in commercial 
or hi-rel packages. 

We'll be happy to arrange 
a screening. 

I 1~~R I International Rectifier 
WORLD HEADQUARTERS: lll KANSAS S1, El SEGUNDO, CA 90H5. U.S.A (21l)112·2000. TWX 910 3'48-6291, TELEX m-~J. EUROPEAN HEADQUARTERS: HURST GREEN. OXTED. SURREY RHB 988. ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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Pack more logic 
into every FPGA. 

NEW ABEL-FPGA helps you get the 
most out of the latest FPGAs. If you 
want to take advantage of the sophisti
cated capabilities of today's FPGAs, 
only Data l/O®'s new ABEL-FPGA™ 
Design Software has the power to pack in 
maximum logic. It combines the indus
try-standard ABEL Hardware Descrip-

tion Language (ABEL-HDe) 
with our new intelligent 

r ........ __ FPGA Device Fitter TM 

technology. So, you can create more 
complex designs with less effort
ABEL-FPGA does the hard work for 
you! 

ABEL-FPGA's powerful Device 
Fitters automatically optimize your cir
cuits for minimum area or maximum 
speed. Fitters are available for all the 
leading architectures, including Actel, 
Altera, Ai.YID, Atmel, ICT, National, 
Plus Logic, and Xilin.'<. And with built
in knowledge of its target architec-

tically, intelligently. 
Practical, detailed documentation, 

complete with FPGA design examples, 
also helps to ensure that you get the 
most from each architecture. And for 
added design power and flexibility, 
ABEL-FPGA lets you specify place
and-route constraints directly in your 
circuit description, so you can easily 
migrate the san1e design between 
multiple FPGA vendors. 

Pack more logic into your next 

AB ture, each fitter masters the FPGA design, v.ith t11e single 
solution to all your FPGA 

behavioral entry needs: 
Designs, ~l-FPa,complexJ:=~~~- 411 ~W 

l:::::g~ 0
ftware r~ ~ »l~UJL .. bnG 

:!!•110 f.s:~ '.I." n 61 ;;;::11of.."';o,;;~~?5<5w,, h Dn 

ABEL-FPGA. Call 
today to find out 
more about NEW 

ABEL-FPGA. 
110,~ r,z:;:r110:"'•11a.a Uietr: .r rf;.A 

©1991 l;,;;,,rc!.,,,~n1o,:.f~·1·Jo~e..po a "-l1Ce PJ• ll'..ct 
Data l/o 1-a1.3'.J:;•rne,'H•.,.....,"'"''nsi;~"'f"'••s .. o~ 97046 lf 1 

Co, <-e99 ~Bh "" .. n53!'9do ·Rea Lie•~f 
Pora1,o,, ' •1e~'5~?~~ ~t/.~x~l~ W4 990 ~ .l. 

685 0"1J.. Bf:, <.f' l.0ch';6terrd 1416; 6J3-9746 • 

4/Q J -~ H'Pa:,,rner Sc":;,'"" ,/,,-0761 . U.s:4. 12 
'·Sninbe"if,,54. J~rt•nas • 06/981.6.,,,_ 

. 111,n.,;_~'aetoff11012'?-66 -.rt-Boo 2 
"· ra1r;'i1· W Ge <2966 • 47.5700 

Tos, Ja/J~anv, '*" 49 
(0)89.9 

59580 

1-800-247-5700 

The Personal Silicon Experts 

Corporation 
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