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Introducing MicroSim DesignLab: 
Imagine what it would take to design a better circuit faster. You'd have a single EDA system — not a collection of point tools. Your new system 
would have a single interface to all facets of your mixed analog/digital design. No more wasted time or errors from converting, translating 
or re-entering designs. With a click of the mouse, you could go back and forth between design stages, making a change and seeing the results, 
continuously improving your design from start to finish. Now it's here. Now you can. Introducing MicroSim® DesignLab™ — the new standard 
for desktop EDA. It's the world s first and only comprehensive, fully-integrated start-to-finish desktop EDA system. See how easy it is to design 
a better circuit faster. Call for our MicroSim DesignLab evaluation software. It will change the way 

you think about circuit design—from start to finish. 

Contact MicroSim at 1.800.245.3022 or 714.770.3022 
You can visit our web site, http://www.microsim.com E-mail: sale$@microsim.com 

MicroSim 
Setting the standard for Desktop EDA 

MkroSim k o registered trademark and OeMgnLab k o trademark af MkroSim Corpmotion. All other brand ar product nomet me registered trademarks al their respective holders. ©1W6, MkroSim Corporation. All rights resected. 
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PAC-MAN® images ©Namco Ltd. All rights reserved. Licensed by Namco Ltd. 

Leader of the PAC. 
Win. Win. Win. 

With density, speed, and price. The Altera 
EPM7032 has triple the density of standard 
22V10s and can replace up to four PAL 
or GAL devices. You’ll save board space 
and increase system performance — all at 
a lower price. 

You're first to market or you're lunch. 

When you need fast time-to-market, you 
need the flexibility of the EPM7032 to 
save development and manufacturing 

•100K unit price projection for the EPM7032LC-44-10. 

time. In your system, the EPM7032 is 
equally fast, matching the speeds of 
the fastest 22V 10s you’re using today. 

The Altera Advantage. 

Value, competitive pricing, high 
performance technology, and 
comprehensive technical support. 

Start scoring now. 

See how easy it is to get started with 
the EPM7032. Call us today for a data 

sheet and a free 
sample of the 
EPM7032. 
800-9-ALTERA 
(800-925-8372), 
Dept. A7NAP5. 
Or, find us at http://www.altera.com 
on the world-wide web. Stay ahead 

© Copyright 1996 Altera Corporation. Altera, MAX 7000, EPM7032, and The Altera Advantage are trademarks and/or service marks of Altera Corporation in the United States and 
other countries. All other trademarks and service marks are the property of their respective holders. Voucher for one free sample will be sent to each qualified respondent. 
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Mundane perhaps, but trimmer capacitors offer a num¬ 
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Configuring An Off-The-Shelf PFC Supply 
Here’s how to design lEC-compliant compact supplies 
using readily available components. 79 

Approaching Packaging As A System 
It pays to think “enclosures” early in the design cycle. 
Doing so will result in a more effective system housing. 
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The designer’s toolbox for your embedded application 
Gespac...The innovative leader in embedded solutions, 
introduces the CompactPCI Pentium® Designer s Toolbox. 
Embedded system designers developing applications for 
industrial machine or process control systems, telecom¬ 

munications, medical and other real-time systems using 
the CompactPCI specification, can benefit from the 
unique features of the Designer’s Toolbox. 

The Designer’s Toolbox includes a CompactPCI proto¬ 
tying board (PCIWWB - 1) which allows the designer to 

focus on their intended application without designing the 
PCI interface. The correct tools, self hosted environment, 
rapid prototype development and CompactPCI perfor¬ 
mance will ensure the completion of projects in the 
shortest time possible. 

Gespac’s engineering support and manufacturing 
resources are available to support your development 
and production requirements. Contact your local region 
manager or distributor for special promotions and free 
consultation! Experience the World with GESPAC. 

ï □ St 
Innovative Embedded Solutions All logos and registered trademarks are property of their respective holders. 

International 

18 Chemin des Aulx 

1228 Geneva 

Switzerland 

Tel: (41 22) 794 3400 

Fax: (41 22) 794 6477 

North & South America 

50 West Hoover Ave. 

Mesa, AZ 85210 

1-800 4 GESPAC 

Tel: (602) 962 5559 

Fax:(602) 962 5750 

Japan 

Minami Aoyama 

1-15-18, Minato-ku 

Tokyo 107 

Tel: (81 3) 3470 0640 

Fax:(81 3) 3478 8648 

France 

E.T. de St Aubin 

Rte de l'orme des Merisiers 

91195 Gif-sur-Yvette 

Tel: (33 01) 69 85 33 73 

Fax: (33 01) 69 85 36 60 
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Germany 

Amberg Hous 

Kurt-Bloum-Platz 2 

63450 Hanau bei Fronkfurt 

Tel: (49 0) 6181 24052 

Fax: (49 0) 6181 24051 



EDITORIAL DIRECTOR'S NOTE] 

In 1990, Electronic Design kicked off a new 
special section that focused on the basic technolo¬ 
gies and products of electronic systems: Power sup¬ 
plies, interconnections, passive components, and 
switches and relays. We dubbed the section 
"PIPS" for the initial letters of each of the prod¬ 
uct areas covered. In that first year, PIPS 
appeared quarterly, but as the section's popular¬ 
ity grew, we increased the frequency of publica¬ 
tion from four times a year to six times and then 
to its current frequency of 12 times a year, with a 
regular slot in the first issue of each month. Each 
installment gives special focus to a par¬ 
ticular product area, while also cover¬ 
ing new products in all four PIPS 
areas. 

PIPS grew out of a realization that 
we were having little difficulty in find¬ 
ing more than enough material to fill 
an issue with news of all the develop¬ 
ments in the hot new technologies— 
semiconductors, electronic design automation, 
software, computers, etc.—but it had become too 
easy to overlook developments in the more mature 
technologies, which were not as dramatic, but 
were nonetheless vitally important to total system 
design. Recognizing this, we made a commit¬ 
ment to regularly cover these fundamental elec¬ 
tronic technologies, which are the backbone of 
most electronic systems. The result is the more 
than 50 PIPS special sections that have been pub¬ 
lished since 1990. 

In this supplement, we have collected many of 
the PIPS sections published in Electronic Design 

during the past year. Each monthly installment 
consists of a technical article and a large table 
listing specifications for a particular product 
type, along with the manufacturers' addresses 
and telephone numbers. Because of the timeliness 
factor, we have opted not to republish the exten¬ 
sive new product sections that also are a part of 
each PIPS installment. 

Needless to say, we will continue publishing the 
PIPS sections, and also to strive to improve and 
make the section more relevant to the needs of our 
readers. Looking ahead to next year, here's the list 

of topics that will be covered with a spe¬ 
cial focus in the monthly PIPS sections 
in Electronic Design for 1997: 
January: Power Converters 
February: Board-Level Interconnects 
March: Optoelectronics 
April: Switches 
May: Batteries 
June: Enclosures 

July: Power Supplies 
August: Interconnects 
September: Passive Components 
October: Relays 
November: Power Semiconductors 
December: Packaging 
It takes a strong commitment to our readers 

and a recognition of the importance of these tech¬ 
nologies to consistently publish useful, new infor¬ 
mation on them. Ify ou have special information 
needs in any of these areas, please let us know so 
that we can include them in our plans for future 
issues. 

K commitment to 
cover the mature 

technologies, which 
are the backbone of 
every new system 

design. 

STEPHEN E. SCRUPSKI 
Editorial Director 
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PT77OO Efficiency re Output Current 

LJ ntil now, powering your 

megaprocessor was pretty 

much a guessing game. But 

today, with the PT7700 ‘Big 

Hammer’ you can handle vir¬ 

tually any megaprocessor's 

current needs. 

advanced power conversion technol¬ 
ogy for your megaprocessor, we've got 
just the companion for you. 

Think about it. Your megaprocessor 
and the Power Trends' PT7700—this 

could be the beginning of a very long 

and powerful relationship. 

For applications assistance call 

1- 800-531-5782 or access our latest product 

information through the world wide web at 

http://www.powertrends.com. 

And if you need to parallel up, 

don't sweat it. The PT7700 can deliver 

15A, 30A, all the way up to 60A of rock 
solid power. 

With 90% efficiency, the PT7700 

also happens to be one of the coolest 

little pieces of technol¬ 

ogy of its kind. And it's Z 
£ «5. 

digitally progammable. j 

So if you're Z 

looking for the most 

Introducing 

The 

Big Hammer. 



LITHIUM BATTERIES 

Choosing Lithium 
Primary-Cell Types 

BY MARK SCHIMPF 
Power Conversion Inc., 495 Boulevard, Elmwood Park, N.I 07407; (201) 796-4800. 

A
lthough they share common attributes, each 

of the various chemistries for lithium cells 

lends itself to different uses. 

During the past decade, non-
rechargeable (primary) lithium 
chemistries have established 
themselves as outstanding 
alternatives to carbon zinc, 
alkaline, and other commercial 
batteries typically used for pri¬ 
mary and backup power 
sources. Lithium batteries— 
whether lithium thionyl chlo¬ 
ride, lithium sulfur dioxide, or 
lithium manganese dioxide— 
provide uniquely broad operat¬ 
ing characteristics. These char¬ 
acteristics make lithium 
chemistries particularly useful 
for a large veriety of applica¬ 
tions that require years of 
dependable standby power at 
low discharge rates. 

Lithium cells are also a good 
fit for applications that demand 

1. The discharge¬ 

characteristic curve 

for lithium thionyl 

chloride batteries 

shows essentially flat 

characteristics at all 

discharge rates with 

a sharp knee. Lithium 

thionyl offers the 

highest energy densi¬ 

ty of the three lithium 

primary chemistries. 

These discharge 

curves assume an 

operating temperature 

of 23° C. 

moderate or high continuous 
power or widely varying inter¬ 
mediate pulses, call for high 
per-cell operating voltages, and 
benefit from flat discharge pro¬ 
files. If you need exceptional 
energy density, need to operate 
over a wide temperature range, 
and are now experiencing a 
high maintenance cost for 
replacing batteries, then lithi¬ 
um cells are probably a good 
choice for your particular appli¬ 
cation environment. 

Despite their common 
virtues, each particular lithium 
chemistry has unique charac¬ 
teristics making it more suit¬ 
able for certain classes of appli¬ 
cations than others. Design 
engineers need to ask them¬ 
selves several key questions 

before selecting a particular 
lithium battery for their appli¬ 
cation. Some of these questions 
are: 

•What is the current load on 
the battery? 

•What storage- and operat¬ 
ing-temperature ranges do the 
application impose? 

•What is the operating-volt¬ 
age range for the application? 

•What are the application’s 
safety concerns? Is the battery 
accessible to consumers? What 
is the potential for abuse? 

•What size and space con¬ 
straints are imposed on the bat¬ 
tery by the application? 

Among the three lithium 
chemistries to be discussed, 
lithium thionyl chloride batter¬ 
ies offer the highest energy 
density and voltage and widest 
operating temperature range. 
Lithium thionyl chloride cells 
have a number of redeeming 
characteristics (Fig. 1). Among 
them is their safe construction. 
Their bobbin design is very 
safe under abuse conditions, 
but has limited current-deliv¬ 
ery capability (typically much 
less than 100 mA for small cells 
and up to several hundred mA 
for large cells). They also offer 
the highest voltage in a lithium 
primary cell: Their open-circuit 
voltage is 3.65 V and operating 
voltage is from 3.0 to 3.6 V. 

December 1996 •? 



LITHIUM BATTERIES 

energy density, high operating 
voltage, and a relatively wide 
operating-temperature range. 
Another extremely desirable 
attribute they have in common 
is a low self-discharge rate— 
typically less than 1% per year 
at room temperature. In lithi¬ 
um thionyl chloride and lithium 
sulfur dioxide systems, this 
characteristic is caused by the 
formation of a film on the lithi¬ 
um anode that inhibits self-dis¬ 
charge reactions. 

This film, or passivation 
layer, can also cause a voltage 
sag upon initial application of a 
load, especially after months of 
storage. The magnitude of the 
voltage sag depends on tem¬ 
perature, current load, and the 
conditions the battery was sub¬ 
jected to while in storage. 
Voltage sag also is reduced, but 
not eliminated, in applications 
that have a low-drain continu¬ 
ous load on the battery. 

The passivation layer caus¬ 

ing this voltage sag begins to 
break down immediately after 
a load is applied, and operating 
voltage usually returns to a 
normal range within seconds. If 
the load is removed, the passi¬ 
vation layer will reform. 
Lithium manganese dioxide 
cells do not exhibit this voltage¬ 
sag characteristic caused by 
anode passivation. 

All three lithium technolo¬ 
gies have been designed for 
safety, even in conditions of 
abuse. All spiral designs, and 
the bobbin designs of some 
manufacturers, incorporate a 
one-time-use vent to release 
internal pressure. 

Bobbin-design lithium 
thionyl chloride cells will not 
generate enough short-circuit 
current to raise the tempera¬ 
ture to a level where the cell 
will vent. If the cell is somehow 
punctured, thionyl chloride, a 
corrosive liquid, is released. 

Spiral-design sulfur dioxide 

The decision to 
use a particular 
lithium chemistry 
generally hinges 
on some factor 
other than cost 

and manganese dioxide cells 
can generate enough short-cir¬ 
cuit current, especially in large 
cells, to cause sufficient tem¬ 
perature rise for the cell to 
vent. Sulfur dioxide is a respi¬ 
ratory irritant. But the amount 
contained in a single cell dissi¬ 
pates immediately in a ventilat¬ 
ed room. The electrolyte con¬ 
tained in manganese dioxide 
cells is an organic liquid. It's 
flammable, but not corrosive or 
particularly irritating to 
breathe. Many design versions 
of all three chemistries have 
received the approval of 
Underwriters Laboratories 
and other safety agencies. 

The decision to use a partic¬ 
ular lithium chemistry general¬ 
ly hinges on some factor other 
than cost. On a dollar per watt¬ 
hour basis, the three technolo¬ 
gies do not vary widely. 

Small lithium thionyl chlo¬ 
ride cells can range $0.35/Wh to 

CONTINUED ON PAGE 16 
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LCDs designed for you, manufactured to last. 
LXD. Inc. displays really 

go the distance, with incredible 
temperature range. horn ■jo’Cto 
io6’(, and the longest life of any 
display you can buy. 

And we are proud to go the distance 
when it comes to quality. LXD designs 
and produces the highest quality, most 
reliable, custom-engineered LCD solutions 
available in the world today. Defined quality control measures including stringent vendor 
control and material inspection, vigorous electrical and mechanical inspection, environmental 
stress tests, and special handling and packaging ensure that LXD displays last a lifetime. 

- Displays up to 13.5 inches square 
■ Wide temperature range of go’C to io6°C 
- Our technical support staff can assist 

you with even the most complex designs 
• Special characters, legends and symbols 

to display data unique to your industry 
■ ioo7. domestic manufacture in our new. 

AM Set Start Stop Filter12 03 Standard 
PM Set Heat Time ORP PH Prog Economy 

modem clean room facility near Cleveland. Ohio 

LCDs designed for you. manufactured to last. 

Need a Hiß Catalog, or Have Questions? Call: 
(216)786-8700 
7650 First Place 
Cleveland, Ohio 44146 

READER SERVICE 94 

The Most Modern-Efficient 
Printed Circuit Board Manufacturing 
Plant in the Country. 

40,000 Sq. Ft. Facility-Prototypes to 
Production - P.T.H. and Multilayer 

U.L. - Mil. Approved 
Modem - AOI Testing 

For prompt service, contact: 

MILPLEX CIRCUITS, INC. 
1301 W. Ardmore Ave. Itasca, IL 60143-1104 
Phone: 630/250-1580. Fax: 630/250-1590 

Web Site: http://milplex.com 

READER SERVICE 104 
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Yeah Right. 

IMAGINE 
A WORLD WITHOUT 

FACT 
(FAIRCHILD ADVANCED CMOS TECHNOLOGY) 

At National's Fairchild Logic Group, we love logic.We loved 
it in 1985, when we brought you FACT. And we love it now. 
That’s why we re focusing our resources on the development 
and delivery of a complete family of innovative and 
traditional logic products—all the products you’ve relied 
on from the industry leader who brought you FACT. All 
available from a single, dedicated source. Imagine that. 

Fairchild Logic Offering 

CMOS 
LCX High-speed CMOS enables 5V and 3.3V interoperability 

LVX 5V input tolerance allows 5V CMOS to interface with 3.3V systems 

LVQ For 3.3V applications requiring balanced drive capability and low noise 

FACT General pu'pose I broad portfolio ACMOS family 

FACT QS Specifically designed for noise sensitive applications 

VHC/VHCT HCMOS delivering more speed for low-power/low-noise/low-drive applications 

HC/HCT Lowest CMOS device generated noise and EMI Moderate speed/performance 

74C Application specific, high voltage CMOS products for high noise environments 

CO4K Standard h gh voltage CMOS products for high noise environments 

Tiny Logic (CMOS) 

HS Single gate 5V HC 

Look for the highest performance single-gate logic family this fall. 

BiCMOS 
ABT High speed, high drive, low noise characteristics 

LVT High speed, high drive, for 3.3V applications 

BIPOLAR 

FASTr Fastest TTL logic available 

FAST The best spaed / power portfolio of Advanced Schottky TTL families 

AS High speed, high drive TTL family 

ALS Low output noise and the lowest power consumption of any TTL logic family 

LS/S/TTL Well known, mature logic families for which we provide long-term support 

ECL 

300 Series Easiest to use ECL with the lowest power and best price/performance 

Logic. All Logic. Only Logic. 
Choose the solution you need, and we ll get it to you. We 
support the entire range of function, spec and packaging 
solutions that your designs require—from the latest low 
voltage and Tiny Logic solutions to the fastest TTL family 
available. And we’re committed to extending the life of 
your designs with long-term product family support. 

What else would you expect from an organization that has 
shaped the logic industry for the past 40 years? For the 
next 40 and beyond, think Fairchild. 

It’s easy to get information from 
National’s Fairchild Logic Group. Just call 

1 800 272 9959 ext. 697 
Visit our web site: http://www.national.com 

Moving and shaping the future™ 



DC-DC CONVERTERS 

MANUFACTURERS OF HIGH-DENSITY DC-DC CONVERTERS 

Manufacturers 

Output¬ 
power 

range (W) 
Number 

of outputs 

Input¬ 
voltage 
range 
(V de) 

Output¬ 
voltage 
range 
(V de) 

Output¬ 
current 

range (A) 

Output 
ripple and 

noise 
Line/load 
regulation 

Power 
density 
(W/in.3) 

Isolation¬ 
voltage 
range 

(V de min) 
EMI/RFI 

shielding? 

AT&T Microelectronics 
Power Systems Div. 

Mesquite, TX 
(214) 284-8260 
CIRCLE 451 

20 to 300 Single or 
dual 

18 to 36; 
36 to 75 

1.5 to 28 4 to 60 0.6 to 2% 
at5V 

±0.01% to 
±0.05%/ 
±0.05% to 
±0.1% 

13 to 55 500 to 
1000 

Available 
as 

external 
circuitry or 
module 

Absopulse Electronics 
Carp, Ontario, Canada 
(613) 836-3511 
CIRCLE 452 

25Wto 
5 kW 

Up to 4 12 to 260 5 to 260 0.1 to 100 1% of 
nominal 
output 
voltage 

±1.5% 
combined 

5 500 or 
2750, 

depending 
on model 

Yes 

Advanced High Voltage 
Co. 

Tucson, AZ 
(800) 494-2424 
CIRCLE 453 

3 to 500 Single 12, 15, or 
28 

200 V to 
30 kV 

1 mA to 1 A 0.05% p-p 
of nominal 

0.01% per 
±10% 

2 to 4.2 10 kV 
(DVM 
Series) 

Yes 

Astee America Inc. 
Carlsbad, CA 
(619) 757-1880 
WWW: astec.com 
CIRCLE 454 

50 to 500 Single and 
dual 

5 to 300 
(nominal) 

2.2 to 48 3.3 to 70 1% 0.02%/0.1% Up to 90 1500 to 
2200 

Yes 

Conversion Devices Inc. 
Brockton, MA 
(508) 559-0880 
CIRCLE 455 

50 to 300 Single and 
dual 

18 to 36; 
36 to 72; 
180 to 400 

2.2, 3.3, 5, 
12, and 15 

Up to 60 A 2% p-p ±0.1% 24 to 54 2100 and 
2700 

No 

Converter Concepts 
Pardeeville, Wl 
(608) 429-3000 
CIRCLE 456 

10 to 350 Up to 4 
standard; 
up to 7 
custom 

10 to 40; 
20 to 60; 
1001o 350 

90 to 264 <1 to 20 1% max. 
ripple; 
2% p-p 
noise 

0.3%/ 
1 to 1.5% 

Varies with 
product line 

250 Yes 

Custom Power Systems 
Ronkonkoma, NY 
(516) 467-5328, ext. 500 
CIRCLE 457 

Custom Custom Custom Custom Custom Custom Custom Custom Custom Yes 

Digital Power Corp. 
Fremont, CA 
(510) 657-2635 
CIRCLE 458 

100 to 500 Single 18 to 420 1.2 to 48 6.7 to 60 100 mV at 
<5 V out; 
2% at >5 
V out 

0.1%/0.2% 36 to 91 2700 V 
(300 V in); 
2100 V 
(48 V in) 

Built in 
with 

baseplate 
grounded 

Electronic Measurements 
Neptune, NJ 
(908) 922-9300 
emiapps @ i njersey.com 
CIRCLE 459 

200 Single 12. 24, 48, 
150,300 

3.3, 5, 12, 
15, 24, 28. 

48 

2 to 40 3% p-p 0.5% 36 1500(12 
to 48 V in); 
4300(150 
to 300 V in) 

No 

Engineered Magnetics 
Inc. 
Rancho Dominquez, CA 
(310) 635-9555 
CIRCLE 460 

5Wto2 
kW 

Up to 4 
typical, up 

to 12 
custom 

8 to 400 3.3 to 400 0.1 to 100 1%/1% 1%/1% 20 50 to 4242 Yes 

Gamma High Voltage 
Research 

Ormond Beach. FL 
(904) 677-7070 
CIRCLE 461 

1 to 100 Up to 3 6 to 24 100 V to 
100 kV 

Zero to 
100 mA 

1.0 to 
0.001% 

20 to 
0.001% 

N.S. 1000 V to 
20 kV 

Yes 

International Power 
Sources 

Ashland. MA 
(508) 881-7434 
CIRCLE 462 

60 to 200 Up to 3 10 to 400 3.3 to 48 2.5 to 40 3% of 
voltage 
output 

0.5%/ 
0.5 to 6% 

6 to 21 1500 Yes 

Interpoint Corp. 
Power Products Div. 
Redmond, WA 
(206) 882-3100 
power@intp.com 
CIRCLE 463 

1.5 to 200 Up to 4 4 to 400 or 
16 to 40 
typical 

3.3 to 28 
(various 
options 

in-between) 

0.167 to 30 30 to 50 
mV p-p 
typical 

(as low as 
5 mV p-p) 

<1% 
typical 

Up to 80 
W/in.3

500Vdc 
(maximum) 

Yes 
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Not Gonna Happen. 

IMAGINE 
A FUTURE WITHOUT 

Logic innovations make your life easier. We help you make 
the transition to low-voltage applications with products like 
LCX, or solve space constraints with Tiny Logic. And we 
give you a reliable logic workhorse with VHC. 

LCX Power Consumption 
LVT245 (Company A) Va .3W 

1 Output switching 

Frequency (MHz) 

400 

■350-

300 

250 

200 

150 

100 

LVC245 (Company Bl 

LCX245-Fairchild 

1 
a 

Tiny Logic Size Comparison 

° S Fairchild's Tiny Logic delivers design 

c o flexibility in a single-gate, space 

2 g, saving package 

IÍ B : I Devices represented at actual size. 

VHC Speed vs. Noise Performance 
1.6 

1.4 

1.2 

0.6 

0.4 
5 10 15 20 25 

Speed (ns) 

Qfact Conditions 
tA .25"C 

_ V— »50V 
Loud ■ 50pl 

• VHC HCM0S O 

Our Focus on Logic is Good Business 
Every day we wake up thinking about logic. With no 
distractions, we are able to push the boundaries of what logic 
can do. We constantly strive to find new ways of reducing 
costs and meeting your delivery requirements. When you’re 
selecting a long-term source for logic, National’s Fairchild 
Logic Group is the best choice. 

Our tradition of innovation and renewed commitment to the 
business of logic make Fairchild your winning partner. 
Imagine what’s next. 

For information from 
National’s Fairchild Logic Group just call 

1 800 272 9959 ext. 697 
Visit our web site: http://www.national.com 

Moving and shaping the future™ 



DC-DC CONVERTERS 

MANUFACTURERS OF HIGH-DENSITY DC-DC CONVERTERS 

Manufacturers 

Output¬ 
power 

range (W) 
Number 

of outputs 

Input¬ 
voltage 
range 
(Vdc) 

Output¬ 
voltage 
range 
(V de) 

Output¬ 
current 
range (A) 

Output 
ripple and 

noise 
Line/load 
regulation 

Power 
density 
(W/in.3) 

Isolation¬ 
voltage 
range 

(V de min) 
EMI/RFI 

shielding? 

Jeta Power Systems 
Signal Hill, CA 
(310) 427-0095 
jeta@jeta.com 
CIRCLE 464 

400 or 600 Up to 5 42 to 64 V 
or 120 V 

3 to 5, 12, 
15,24,48 

Up to 120 50 mV p-p 
or 1% 

±0.2% >5 (fully 
functional, 

no 
additions 
required) 

4242 Yes 

KGS Electronics 
Arcadia, CA 
(818)574-1175 
CIRCLE 465 

20 to 600 Up to 6 8 to 48 Zero to 36 1 to 30 >50 mV 
P-P 

2% line 
and load 

4 to 8 N.S. Yes 

Kepco Inc. 
Flushing, NY 
(718) 461-7000 
kepcopower@aol.com 
CIRCLE 466 

10 to 150 Single and 
dual 

12,24,48, 
18 to 36. 
36 to 72. 
100, 150 

5, 12, 15, 
24, ±12, 
±15 

Up to 30 
(at 5 V) 

100 to 150 
mV p-p 

0.05% 
typical, 
0.2% 

maximum 

Up to 18 500 No 

Lambda Electronics Inc. 
Melville, NY 
(516) 694-4200 
CIRCLE 467 

1.5 to 2000 Up to 3 5 to 400 2 to 48 <1 to 80 5 mV p-p 
and up 

0.1% and 
up 

From 31 
and up 

Up to 3000 
V ac 

No 

Lambda Novatronics Inc. 
Pompano Beach, FL 
(800) 952-6909 
CIRCLE 468 

1000 
(standard 

parallelable 
modules) 

Single 28 or 270 5 to 270 3.7 to 120 <1% 
ripple; 

<2% noise 

±0.5% for 
both 

10 2800 V 
input to 
output 

Yes (to 
MIL-STD-

461) 

Logitek Inc. 
Ronkonkoma, NY 
(516) 467-4200 
logilek@lgtk.com 
CIRCLE 469 

15 to 150 Up to 4 16 to 40 5 to 48 0.5 to 30 50 mV p-p 
typical 

0.1% 10 to 50 500 to 
1000 

Yes 

Modular Devices Inc. 
Shirley, NY 
(516) 345-3100 
CIRCLE 470 

4 to 80 Up to 4 16 to 50; 
86 to 158; 
200 to 335 

2 to 28 
(plus 

specials) 

50 mA to 
50A 

15 to 50 
mV p-p 

10 mV typJ 
20 mV typ. 

15 500 to 
1000 

Yes (to 
MIL-STD-

461) 

Pioneer Magnetics Inc. 
Santa Monica, CA 
(310) 998—5628 
CIRCLE 471 

500 to 
1000 

Up to 5 42 to 56 2 to 60 Zero to 150 1% or 
50 mV 

±0.25% 2.85 2500 Yes 

Power General 
Canton, MA 
(617)828-6215 
powergeneral@nidecpg.com 
CIRCLE 472 

15 to 75 Up to 3 9 to 72 2 to 15 1 to 15 50 to 75 
mV p-p 

0.3 to 1% 7 to 38 Uninsulated 
to 1500 V 

Yes 

RO Associates Inc. 
Sunnyvale, CA 
(408) 744-1450 
102565.1441 
@ compuserve.com 

CIRCLE 473 

50 to 250 Up to 3 20 to 32; 
36 to 72; 
220 to 400 

2.1 to 28 4 to 60 1% typ., 
3% max. 

0.2% 40 to 58 1000 to 
4500 

No 

ST Keltec Corp. 
Ft. Walton Beach, FL 
(904) 244-0043 
www.sigtec.com 
CIRCLE 474 

25 to 200 Up to 5 22 to 32; 
220 to 320 

3, 5, 12, 
15, 28 

15 to 20 20 to 100 
mV 

1% 10 to 40 100 V for 
28-V input; 
500 V for 

270-V input 

Yes 

Shindengen America Inc. 
Westlake Village, CA 
(805) 373-1130 
CIRCLE 475 

1.5 to 300 Up to 3 4 to 7.2; 8 
to 16.5; 16 
to 32; 18 
to 36; 20 
to 60; 36 
to 72 

5, 12, 15, 
24 (all 
±10%) 

0.06 to 60 5 V: 2% 
>5 V; 1% 

(with 
50-MHz 

bandwidth) 

±5% 
(total error 

band) 

3.4 to 54.8 500 No 

Sierra West Power 
Systems Inc. 

Las Cruces, NM 
(505) 522-8828 
CIRCLE 476 

25 to 150 Up to 3 10 to 400 3.3 to 48 1 to 45 50 mV p-p ±0.1% 15 to 20 1500 Yes 
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THIS WOULD BE 
A GREAT WAY TO 

— DESCRIBE OUR 
EEPROM FAMILY, 
IF IT HAD 658 
MORE BLADES. 

NATIONAL GIVES YOU 664 
EEPROMS TO CHOOSE FROM. 

NOBODY ELSE EVEN COMES CLOSE. 

Serial EEPROM Interfaces J 
Feature MICROWIRE™ PC' SPI 

Max. Bus Speed 

* Active Pins 

Densities 

Data Size 

Sequential Read 

Chip Security 

1MHz/2MHz 

3 or 4 

256 bits - 16K 

8 or 16 bits 

YES 

YES 

100KHz/400KHz 

2 

2K - 64K 

8 bits 

YES 

YES 

2.1MHz 

3 or 4 I 

2K- 16K 

8 bits I 

YES 

YES 

If you’re trying to find the perfect EEPROM for the job, 

your chances of success just took a turn for the better. 

National Semiconductor offers the most complete and 

innovative range of EEPROMs. 

In all, there are three product families—PC, SPI and 

MICROWIRE serial bus interfaces. Each family gives you 

an enormous number of choices, including density, 

package, temperature range, and electrical characteristics. 

We also give you technology that sets new stan¬ 

dards, like our IIC EEPROM which supports Serial 

Presence Detect for unbuffered memory modules. 

Also the entire MICROWIRE technology was first devel¬ 

oped at National. 

Our family of Plug and Play controllers was anoth¬ 

er major breakthrough. With every member of the fam¬ 

ily, you get total one-chip integration. So you need 

absolutely no glue logic to make them work. 

So if you want an EEPROM that lets you set your 

design parameters tighter than ever, we have a sugges¬ 

tion. Come to where you get the most EEPROMs to 

choose from. 

PRODUCT INFO—FAST. 

Access our web site at http://www.national.com/ 

design, enter EEPROM into the Quick Search engine. 

Select ENTER and get a list of EEPROM product folders 

containing datasheets and product information. Free 

samples are available for select product lines. 

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300. 

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

Moving and shaping the future? 



LITHIUM BATTERIES 

CONTINUED EROM PAGE 10 
more than $0.75/Wh; large thionyl 
chloride cells can range down to 
.$0.20/Wh (as can large sulfur dioxide 
cells). 

Small manganese dioxide cells 
typically range from $0.40/Wh to 
over $1.()O/Wh. 

Large manganese dioxide cells 
can range down to $0.35/Wh. 

MARK SCHIMPF is Power 
Conversion Inc. ’s director of lithium 
industrial sales. Schimpf received 
his bachelor’s degree in chemistry 
from Lehigh University, Bethlehem, 

Pa., and an MBA from Fairleigh 
Dickinson University, Rutherford, 
N.J. He has worked in the battery 
industry for over 12 years. 

Originally published in the 
January 8, 1996 issue of 
Electronic Design. 

MANUFACTURERS OF HIGH-DENSITY DC-DC CONVERTERS _ 

Manufacturers 

Output¬ 
power 

range (W) 
Number 

of outputs 

Input¬ 
voltage 
range 
(V de) 

Output¬ 
voltage 
range 
(Vdc) 

Output-
current 
range (A) 

Output 
ripple and 

noise 
Line/load 
regulation 

Power 
density 
(W/in.3) 

Isolation¬ 
voltage 
range 

(V de min) 
EMI/RFI 

shielding? 

Tektris Electro Corp. 
La Mesa, CA 
(619) 589-0444 
poweria@realm.net 
CIRCLE 477 

200 W 
maximum 

One 10 to 400 3 to 48 30A 
maximum 

1% 
maximum 

0.05% 
maximum 

18.2 3750 No 

Transistor Devices Inc. 
Cedar Knolls, NJ 
(201)267-1900 
zeman_r 
@ mailer.transdevices 

CIRCLE 478 

200 W to 
1 kW 

Up to 5 24, 48, 
120,270 

5 to 270 5 to 200 150 mV at 
24 V out 

1% 2 to 5 1200 Yes 

VARO 
Garland, TX 
(214) 840-5293 
CIRCLE 479 

60 to 300 Up to 6 16 to 440 2.2 to 175 100 mA to 
60A 

10 mV to 
150mV 

(ripple and 
noise) 

<0.1% for 
both 

5 to 50 1500 
(military); 
5000 

(comm.) 

Yes 

Vicor Corp. 
Andover, MA 
(800) 735-6200 
www.vicr.com 
CIRCLE 480 

10Wto 
kilowatts 

Depends 
on number 

of 
modules 
used 

10 to 400 1 to 95 N.S. 0.75 to 2% 0.05% Up to 50 4300 to 
5600 

Yes 

Wall Industries Inc., 
Exeter, NH 
(603) 778-2300 
http://www.conres.com/ 
wtop.htm 

CIRCLE 481 

0.75 to 
1800 

Up to 5 4.5 to 400 
(ranges of 
±10%, 2:1, 
4:1, and 

5:1) 

3.3 to 3000 1 mA to 
60A 

50 mV p-p 
or 1 % of 
output 

±0.1%/ 
±0.5% 

3 to 26 Uninsulated 
to 5303 

Yes 

N.S. = not specified 

Originally published in the January 8, 1996 issue of Electronic Design. 
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PERFECT BALANCE 
The Competitive Edge of Motorola's New 16-Bit Microcontroller. 

On a scale of one to ten, it’s a 12. The 68HC12. 

This new cost-effective microcontroller family 

offers the perfect balance of low power 

consumption and high performance. 

With a CPU 12 core that runs at 8 MHz 

from 2.7 to 5.5 volts, the 68HC12 will 

launch next-generation designs for portable 

consumer, automotive, wireless communications, and 

industrial control products. 

A perfect score. The 68HC12 is a highly integrated 
16-bit architecture that is completely source-code 

compatible with Motorola's industry-standard 8-bit 

68HC11 microcontrollers. Customers who need 

increased performance can now migrate designs directly 

up to the 68HC12 without sacrificing valuable 

investments in software. 

The 68HC12 is packed with features that make it a 

market first. Low voltage, low power, and low noise at 

full bus speed. Enhanced Background Debug'" Mode for 

non-intrusive in-circuit programming and debugging. 

Flash memory. High-level language optimization. Fast 

math operations. On-chip fuzzy logic instructions. 

A modular design that leverages Motorola's 

wide array of existing, proven peripheral 

modules. And, the 68HC12 is backed by a 

complete set of development tools from 

Motorola and independent suppliers. 

One performance you don't want to miss. To 
experience this winning combination for yourself, call 

your local Motorola sales office or authorized 

distributor to order the 68HC12 Evaluation Kit 

(M68HC12A4EVB). For more information call (800) 

765-7795, ext. 942; fax us at (800) 765-9753; or visit 

our Web site at http://freeware.aus.sps.mot.com 

MOTOROLA 
Microcontroller Technologies Group 

©199b Motorola, Inc. Background Debug is a trademark, and Motorola and ** are registered 
trademarks of Motorola, Inc. All rights reserved. What you never thought possible™ 



Synchronous Graphics RAM 

I http://' 

V6Ä4.W Modules—The SMWT Wry 

USA phone (+1) 510623 1231 USA fax (+1) 510623 1434 Europe (+44) 1908 234030 Asia (+61) 9 361 9705 E-mail info@smirtm.com 

1 800.956.SMART (7627) 

your system, not just add-ons. Your system 
won't perform if timing isn't perfect and 
signals aren't clean. At SMART, we use 
advanced design simulation and we fine-

3-D, 24-bit color, and full motion video aren't 
just for the top-of-the-line anymore. Not when 
multi-media and the CD-ROM version of 
“Marauding Retina Destroyers from Planet X” 

your company qualifies for 
free samples, contact SMART 
by phone, fax, or e-mail, or 
visit our web site. 

tune prototypes on 200-MHz testers to be sure our designs will work 
perfectly in your system. And every' module we make is 100% tested. 

When you're exploring Planet X on a 100-MHz bus, it's no time 
to experiment with Brand X. Go with SMART, the technology leader 
in the design and manufacture of high-speed modules for OEMs. 
For information on standard and custom designs, and to see if 

are the driving forces in computer technology, and customers demand 
killer performance without melting down their bank accounts. 

in synch with this trend. Available in 2-MB and 4-MB configurations, 
organized as 256 K x 64 and 512 K x 64, these extremely thin 144-pin 
SO DIMMs are ready-made for 64-bit bus architectures. 

There are more factors to high-performance modules than just 
fomi. At 100 MHz, memory modules have to act as integral parts of 

144-pin SO DIMMs 
2 MB 256 K x 64 100 MHz 
4MB 512Kx64 100 MHz 

Custom designs available 

SMART 
Modular Technologies 

-1 (SGRAM) modules from SMART 
'.smartm.com | , , „ , , , . . 
-1 Modular Technologies, Inc., are nght 

SGRAM Modules from SMART 
Video performance that sizzles 

SGRAM Modules from SMART 
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TRIMMER CAPACITORS 

Trimmer Capacitors 
Still Make Sense 

BY RICHARD J. NEWMAN 
Voltronics Corp., 100-10 Ford Rd., Denville, NJ 07834; (201) 586-8585. 

M
undane perhaps, but trimmer capacitors 

offer a number of unique capabilities 

for circuit designers. 

Many designers consider 
trimmer capacitors to be mun¬ 
dane, perhaps archaic, and cer¬ 
tainly well understood. But the 
volume of inquiries received at 
Voltronics year after year con¬ 
cerning fundamental character¬ 
istics of trimmer capacitors has 
not diminished. So it’s certainly 
not mundane to review their 
basic properties, especially 
with the appearance of new 
applications in wireless person¬ 
al-communications devices. 

The trimmer capacitor is one 

1. The concentric-ring 

air trimmer is config¬ 

ured with either a 

rotating concentric 

ring (a) or non-rotat¬ 

ing concentric ring 

(b). As the rings mesh, 

capacitance increas¬ 

es. 

of those components that every 
designer would rather do with¬ 
out. In an ideal world, in which 
the exact values of each compo¬ 
nent is known and is perfectly 
matched to the requirements of 
the circuit, trimmers would 
quickly become extinct. 

That day has not come, how¬ 
ever, and isn’t likely to any time 
soon, because there is always 
some variability among compo¬ 
nents, and that must be com¬ 
pensated for. Trimmer capaci¬ 
tors are still the best way. For 

instance, after bum-in and tem¬ 
perature cycling, crystals can 
drift and can be returned to the 
exact frequency with trimmers. 

Trimmers have also taken 
their share of knocks over the 
years on several counts. First, 
because the traditional trim¬ 
mer is not a sealed device, dirt 
and other contaminants can 
enter it, causing degradation of 
performance and possible fail¬ 
ure. In addition, because the 
trimmer is a mechanical device, 
it seems out of place in today’s 
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TRIMMER CAPACITORS 

ubiquitous silicon, surface¬ 
mount environment. 

While there is some justifi¬ 
cation for these complaints, 
today’s best trimmers are 
every bit as reliable as their 
semiconductor counterparts on 
the circuit board. They’ll deliv¬ 
er repeatable performance for 
the life of the host product and 
are in fact available in surface¬ 
mount configurations. 

In short, while no designer 
likes to consider that the design 
will need adjustment in order 
to make it meet customer spec¬ 
ifications, they almost always 
require some “tweaking.” The 
bright side is that trimmers 
provide a way to make this a 
simple, accurate, and ultimate¬ 
ly, less expensive task. 

There are a variety of trim¬ 
mer types available. What’s 
important is choosing the right 
one for each application. Each 
of these trimmer types has its 
positive and negative aspects, 
and some are better suited to 
particular circuits than others. 

Trimmer types include: 
Half-turn: 
•Ceramic through-hole and 

chip SMT 
•Film, mica, paper 
Multi-turn: 
•Glass or quartz tubular 
•Sapphire-dielectric tubular 
•Air-dielectric tubular 
•Teflon-dielectric tubular 
Ceramic single-turn trim¬ 

mers are the most common 
types, and millions have been 
placed in service. Their advan¬ 
tages are that they are small, 
inexpensive, and available on 
tape and reel. They also pro¬ 
vide a significant amount of 
capacitance (up to 40 pF) con¬ 
sidering their tiny footprint. 
These characteristics have 
assured them a place in the 
electronics world, regardless of 
their shortcomings. 

These shortcomings include 
mediocre temperature stabili¬ 
ty, which worsens as capaci¬ 
tance increases. Finally, they 
cannot be tuned with a great 
degree of precision. Taken 
together, these characteristics 

Device Disadvantages 

Half-turn ceramic 

Multi-tum (all dielectrics) 

Capacitance ranges to 180 pF Maximum frequency 500 MHz 

Multi-tum (air dielectric) Maximum voltage 500 VDC 

Multi-tum (Teflon dielectric) Higher price 

TRIMMER CAPACITOR COMPARISON 

Voltage ranges to 15 kV 
Most stable and reliable 

Higher cost 
Larger size 

High resolution for fine tuning 
Many different mountings 
Low temperature coefficients 
Low capacitance drift 
Sealed 
Stable under shock and vibration 

Low resolution 
High capacitance drift 
Low voltage 
Unsealed (most styles) 
High temperature coefficient 
Low Q 

Usable to 1.5 GHz 
High Q 
Capacitance to 30 pF 

Multi-tum 
(glass and quartz dielectrics) 

Advantages 

Low cost 
Small size 

make ceramic trimmers unsuit¬ 
able for applications where pre¬ 
cision is a paramount concern. 

However, they are well suit¬ 
ed to applications in which low 
cost and small size are the over-

Each of these 
trimmer types has 
its positive and 

negative aspects, 
and some are 
better suited to 

particular circuits 
than others. 

riding concerns. The Q of these 
devices is about 1500 at 1 MHz, 
temperature coefficient is -200 
to -1200 ppm/ °C, and capaci¬ 
tance drift ranges from ± 1% to 
±5%. Maximum voltage is gen¬ 
erally less than 100 V de. 

When higher levels of per¬ 
formance are required, multi¬ 
turn tubular trimmers are the 
better choice. These devices 
use glass, quartz, sapphire, air, 
or Teflon as the dielectric. They 
can be made to provide 
extremely linear tuning with 
no reversals in the tuning 
range, and have high Q, low RF 
loss, low constant inductance, 
and self-resonant frequencies 
(SRFs) as high as 10 GHz. 

Multi-turn glass, quartz and 
sapphire trimmers change 
capacitance by moving a piston 
inside a dielectric tube, which is 
metalized on the outside. As 
the piston overlaps with more 
of the metalization, the capaci¬ 
tance increases. The dielectric 
tubes have inner diameters 
precise to ±0.0002 in. with 
matching pistons. They are 
available in numerous capaci¬ 
tance ranges, depending on the 
dielectric, with maximum val¬ 

ues of 16 pF for quartz, 180 pF 
for glass, and 8 pF for sapphire. 

There are two types of tun¬ 
ing mechanisms used: rotating 
and non-rotating piston. In the 
rotating style, the piston is per¬ 
manently attached to the 
adjustment screw. As the 
screw-piston assembly is 
turned into a threaded bushing, 
the piston is engaged into the 
metalized part of the dielectric 
tube. One problem with this 
design is that when the piston 
rotates, the air gap between 
the piston and the glass can 
change, which can result in tun¬ 
ing reversals. The advantage of 
this design is ease of assembly, 
resulting in lower cost. 

In the non-rotating style, 
the piston is placed on bushing 
rails and is driven by a screw 
that’s captured in the bushing 
and does not move axially. As 
the screw is turned, the piston 
slides along the rails and moves 
into the metalized area of the 
dielectric tube. Because the 
piston does not rotate, the air 
gap stays constant and tuning 
is linear within ±1% versus 
±10% on the rotating version. 
It also assures better stability 
under shock and vibration. 
Because the screw remains in 
place, it provides easier access 
for the user. And because the 
current runs along the bushing 
rails rather than along the 
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From start to finish, MWS can help you stay one step ahead of the competition. With over 25,000 types 

of high performance winding wires and precision conductors, chances are we'll have just the wire you 

need for your unique application. Like Twistite“ — our specialty magnet wire -— 

that provides tighter control over twisted wire constructions. Twistite offers up to 33 twists per inch 

on fine wire with tolerances as tight as ±1%, and orovides more tightly controlled capacitance, 

inductance and impedance characteristics. Custom produced by MWS in a wide range of sizes 24 awc 

and finer, Twistite magnet wire is available in a wide variety of conductor materials including copper, silver, 

plated wires and special alloys, with a large selection of insulations. So when you need high performance 

from wire to wire, call MWS — the extra effort people. 800-423-5097. 

Wire Industries 
51200 Cedar Valley Drive, Westlake Village. CA 91362 818/991-8553 Fax 818/706-0911 An iso-9002 certified company 

READER SERVICE 131 

MWS 



TRIMMER CAPACITORS 

screw, the non-rotating styles have 
lower inductance and higher self-res¬ 
onant frequencies. 

At higher frequencies, the multi-
turn trimmer with air, Teflon or sap¬ 
phire dielectrics provides the best 
solution. In the air trimmer, capaci¬ 
tance is created by a movable set of 
concentric metal rings fitted into a 
fixed set of parallel rings (see the fig¬ 

ure). As the rings mesh, capacitance 
increases. A fine-thread screw pro¬ 
vides many turns of resolution in 
terms of the exact value. 

Like their solid-dielectric counter¬ 
parts, air-dielectric trimmers can be 
designed in two ways—rotating or 
non-rotating. The primary difference 
between the two types is the method 
of sealing. The rotating design uses a 

400V 

+85 

UNITED CHEMI-CON 

Large Can Aluminum Electrolytic Capacitors 

UNITED CHEMI-CON SHOULD BE YOUR SOURCE! 
UNITED 

CHEMI-CON 

■ Complete range 
of enclosure 
sizes, mounting 
styles and 
operating 
temperature 
ranges 

Over 60 years off advanced technology, 
documented quality and reliable deliveries 

■ Capacitance 
values to 
2,200,000pF 

■ Made in USA 

UNITED CHEMI-CON INC 
9801 West Higgins Road, Rosemont, Illinois 60018 

Tel 847-696-2000 Fax 847-696-0857 

removable cap to seal the unit. The 
non-rotating design uses an internal 
O-ring seal. 

Sapphire is well suited to use in 
trimmers: its dielectric constant does 
not change with frequency, and its 
low-loss constant is extremely stable 
(less than 0.0003 to 10 GHz). 
Sapphire is chemically inert, totally 
moisture resistant, and mechanically 
strong. The Q of sapphire trimmers 
can be more than 4,000, capacitance 
ranges up to 8 pF, and temperature 
coefficient is ±50 ppm/ °C. 

Another type of concentric-ring 
trimmer that was recently intro¬ 
duced uses Teflon as the dielectric. 
Teflon is an excellent dielectric mate¬ 
rial, and makes the trimmers built 
with it well suited to high-voltage 
and high-reliability applications. The 
Teflon dielectric prevents ionization, 
which plagues trimmers in high-alti¬ 
tude, space, and other high-voltage 
applications. 

In addition, this type of trimmer is 
designed to eliminate all potential 
microphonics under the most adverse 
conditions and to have a temperature 
coefficient below ±100 ppm/ °C. 
Capacitance of this type of Teflon 
dielectric trimmer is up to 50 pF with 
voltage ratings as high as 2000 V de. 

For even higher-voltage applica¬ 
tions (up to 15 kV), there is a larger 
Teflon-dielectric trimmer. These are 
available in capacitance values from 1 
to 10 pF up to 100 to 1000 pF. The 
higher voltage requires larger sizes. 
These parts are more expensive than 
the standard low-voltage trimmers. 

When it comes to choosing a trim¬ 
mer, there is a wide variety of trim¬ 
mer types available today, which 
makes picking the right one for a 
given application a challenge (see the 
table). When deciding on a trimmer, 
designers must consider all of their 
requirements, such as capacitance 
range, package style, resolution, 
SRF, and Q. They then must look for 
the most cost-effective solution for 
their application. 

To begin the selection process, the 
first decision is half- or multi-turn. 
How important is tuning resolution? 
If a half-turn is all that is required, 
then stick with the low-cost half-turn 
trimmers. If accuracy is critical, then 
the multi-turn trimmer capacitor is 
the way to go. 
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^Zome to Portable by Design to meet 
and listen to the electronic industry's 
guru of analog engineering. Bob is 
National Semiconductor's analog de¬ 
sign expert and popular columnist for 
Electronic Design magazine. 

If you attend, you'll also receive a free 
autographed keepsake collection of 
columns from Electronic Design's well-
read "Pease Porridge." Be there to ask 
Bob questions on technology—or even 
humanity, and we're sure you'll receive 
an answer that will be filled with wit, 
wisdom, and waggish observations. 

Save the Date! 

WEDNESDAY, 
MARCH 26,1997 
at the Santa Clara Convention Center 
Santa Clara, Calif. 

Exhibition Hall - 11:00 a.m. 

PEASE 
IS COMING! 

THE FOURTH ANNUAL 

Portable 'Design 
CONFERENCE & EXHIBITION 

presents 
BOB 
PEASE 

in a special 
appearance 

at the 
1997 show 

For technical conference or exhibition attendee information, 
call Betsy Tapp at 201/393-6075; Fax 201/393-6073; E-mail: portable@class.org 



TRIMMER CAPACITORS 

Capacitance range is next. Always 
choose a trimmer with enough range 
to meet any possible tolerance varia¬ 
tions in your circuit. Then consider 
size, Q, and mounting, always trying 
to find the lowest cost solution. 

In short, trimmers may not be the 
most glamorous electronic compo¬ 
nents in the designer’s stable, but 
they are some of the most versatile. 
They allow a range of circuit-tuning 
adjustments to be made during pro¬ 
duction as well as after the product 

has been manufactured. This charac¬ 
teristic makes trimmers unique 
among circuit-tuning methods, 
including laser trimming. It also can 
reduce manufacturing costs. There is 
a wide variety of trimmers available 
today, from high-voltage types to 
tiny SMT devices for compact prod¬ 
ucts. The designer’s task is to choose 
the best one for the application. 

RICHARD NEWMAN is chair¬ 
man of Voltronics Corp., which he 

founded in 1963. After receiving his 
BEE from Cornell University, he 
worked at General Electric as head 
of the Radar Control Section of the 
Aeronautic & Marine Engineering 
Department. Mr. Newman moved on 
to be Chief Engineer of the Daven 
Co., in Livingston, N.J., before 
starting Voltronics. 

Originally published in the 
March 4, 1996 issue of 
Electronic Design. 
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MANUFACTURERS OF ELECTROLYTIC CAPACITORS 

Manufacturer 
Capacitor 
types 

Capacitance 
ranges 

(mF) 

Rated 
voltages 
(WV de) 

Operating¬ 
temperature 

range(s) 
Capacitance 
tolerances 

Load life 
(hours) 

Maximum 
ESR 

(Sí@25 C, 
120 Hz) 

Maximum 
ripple 

(mA@25 C, 
120 Hz) 

Aerovox Inc.. Aero M Group 
El Paso. TX (915)771-7300 
CIRCLE 510 

Aluminum, 
radial, axial, 
snap-mount 

5 pF to 1 F 6.3 to 500 To 105ÉC ±20% 
(standard) 

1000 to 2500 Less than 
1.5 times 

specified limit 

Consult 
factory 

Globtek Inc.. Northvale, NJ 
(201)784-1000 
http://gramercy.ios.com/globtek/ 
CIRCLE 511 

Aluminum, 
axial, 

snap-mount 

0.35 to 65 pF 240 to 3500 
V ac 

-40 to 90 C ±5, ±6, and 
±10% 

60,000 
minimum 

N.S. N.S. 

NEC Electronics Inc. 
Mountain View. CA 
(415) 965-6495 
CIRCLE 512 

Tantalum 
SMT (R 
Series), 
electric 

double-layer 
(Supercaps) 

0.047 to 
220 pF 

(R Series); 
0.01 F to 
2.2 F 

(Supercaps) 

2.5 to 50 V 
(R Series): 
3.5 to 6.5 V 
(Supercaps) 

-55 to125“C 
(R Series); 
-40 to 85°C 
and -25 to 
70C 

(Supercaps) 

±10 and 
±20% 

(R Series) 

1000 @85'C 
(R Series); 
1000 @70=C 
(Supercaps) 

Contact 
technical 
support 

Contact 
technical 
support 

Nichicon America 
Schaumburg, IL 
(708) 843-7500 
CIRCLE 513 

Aluminum, 
tantalum 

0.1 to 
470,000 pF 

2.5 Io 450 V -55 to 125 C 10 and 20% 10001o 
20,000 

Low ESR High ripple 
current 

Panasonic Industrial Co. 
Secaucus. NJ (201)271-3173 
CIRCLE 514 

Aluminum/ 
tantalum 

radial, axial 
and 

snap-mount; 
electric 

double-layer 

0.022 to 
68,000 pF 
(overall) 

2.5 to 450 V 
(overall) 

-55 to 125' C 
(overall) 

±20% 1000 and 
2000 @85, 

105. or 125°C 
(depends on 

type) 

Depends on 
type 

Depends on 
capacitance 
value and 

dielectric type 

Tecate Industries 
El Cajon, CA 
(619) 448-4811 
CIRCLE 515 

Aluminum 
(radial, axial, 

SMT, 
snap-in); 
tantalum 

(radial, axial. 
SMT) 

0.1 Io 68,000 
mF 

(aluminum); 
0.1 to 330 pF 
(tantalum) 

6.3 to 450 V -40 to 85 C 
to 

-55 to 105 C 

5% (special); 
10%, 20% 
(standard) 

2000 N.S. N.S. 

Thomson Passive Components 
Charlotte. NC (704) 597-0766 
CIRCLE 516 

Aluminum 0 1 to 
68,000 pF 

6.3 to 450 V -40 to 85‘C 
to 

-55 to 105"C 

±10. ±20, 
±30. -10/+30, 
-10/+50, and 
-10/+100 

1000, 2000, 
and 3000 

0.1 to 10 
(depending 
on value and 

voltage) 

Dependent 
on value and 
voltage rating 

Vishay International 
Sprague Div., Sanford. ME 
(207) 490-7224 
CIRCLE 517 

Tantalum 
(SMT. axial) 
solid and wet 

0.1 to 330 pF 4 Io 50 -55 to 85°C 
(125’C with 
derating) 

5, 10. and 
20% 

Depends on 
product 

Depends on 
product 

Depends on 
product 

Vishay Sprague 
Tantalum Div. 
Sanford. ME (207)324-4140 
CIRCLE 518 

Tantalum 
(axial, radial. 

SMT) 

0.0047 to 
680 pF 

3 to 125 -55 to 125 C 5, 10, and 
20% 

2000 Depends on 
product 

Depends on 
product 

Originally published in the March 4, 1996 issue of Electronic Design. 
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Mixed Signal Excellence 

imaging performance 
with a I O we IT 

3V power supply. 

When selecting A/D converters for imaging, video 
or communications, you no longer need to choose 
between performance and low power, Exar's design 
and process technologies give you the best of both 
worlds. 

We offer up to 12 bit resolution while featuring 
some of the lowest power dissipation in the industry. 
In addition to 3V operation, the latest additions to 
our family of converters also offer a 4to I mux and 
a serial output option. And all of our converters are 
available in surface mount packaging. 

Twenty-five years of mixed-signal expertise goes 
into every product we offer. Our entire line of data 
converters, along with our applications support, 
have one single goal in mind: to simplify your 
product development effort. 

To learn more about our full line of 
converters and sub-systems give us a call. 
O' simply download our datasheets at 
http://www.exar.com. Either way, you'll find 
our products the picture of performance. 

Video Conferencing 

Color Copiers 

MP87L75 8 bits 6 MSPS 3V 45mW $4.33 

XR064L15 10 bits 15 MSPS 3V 100mW $5.84 

XR066L92* 12 bits 1 MSPS 3V 40mW $17.44 

XRD87L94 12 bits 1 MSPS 3V 40mW $17.44 

All deviens also available in 5 volt supply. ‘Serial output. 

Digital Cameras 

http://www.exar.com ■ email: converters@exar.com 1-800-782-5167 
EXZIR 
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CRIMP TERMINATIONS 

Good Crimps And 
How To Recognize Them 

BY RANDY KEMPF 
Molex Inc., 2222 Wellington Ct., Lisle, IL 60532; (708) 527-4234. 

H
ere’s how not to fall victim to the 

13 most common ways to botch a 

crimp termination. 

You’ve waded through all of 
the connector catalogs and 
found the connector that meets 
all your design criteria and is 
just right for your application. 
It has the right current rating, 
voltage rating, circuit size, 
engagement force, wire-size 
capabilities, configurations, and 
termination method. It has all 
of the safety features you need: 
positive locks, fully-isolated 
contacts, polarization, and 
agency certifications. It is, in 
short, the perfect connector. 

But don’t let out a huge sigh 
of relief quite yet—especially if 
the connector you’ve chosen 

1. There are three 

major sections to a 

crimp termination: the 

mating section, the 

transition section, 

and the crimping sec¬ 

tion. Any deformation 

of the mating section, 

especially during the 

crimping process, 

will reduce the con¬ 

nector's performance. 

uses a crimp-termination sys¬ 
tem. Crimps can be one of the 
fastest, most reliable, and 
rugged termination methods. 
But if the terminal isn’t 
crimped onto the wire correct¬ 
ly, it’ll wipe out all of the hard 
work you put into selecting the 
right connector. And, although 

there are 13 common crimping 
problems that can reduce the 
reliability of your product, 
these problems are easy to 
avoid with a little knowledge 
and advance planning (see “A 
guide to crimping problems,” 
below). 

To begin with, it helps to 
understand that a terminal has 
three major sections: mating, 
transition, and crimping (Fig. 
1). The mating section, as the 
name implies, is the section of 
the terminal that mates, or 
becomes the interface, with the 
other half of the connection. 
This section was designed to 
mate with a terminal of the 
opposite gender and to perform 
in a certain manner by the con¬ 
nector’s designer. Anything 

A Guide To Crimping Problems 
Because most problems reported to connec¬ 

tor manufacturers relate to one of 13 crimping 
problems, Molex offers an easy-to-use guide to 
help you avoid problems or recognize them 
quickly enough so that you make only good 
crimps. To order this guide (which comes in a 
poster format), please fax a copy of your busi¬ 
ness card to Advertising, (708) 512-8627. Or 
write to Molex Inc., 2222 Wellington Ct., Lisle, 
IL 60532; attn.: Good Crimp Drawings. 

that you do that deforms the 
mating section, especially dur¬ 
ing the crimping process, will 
only reduce the connector’s 
performance. 

The transition section also is 
designed so that it wouldn’t be 
affected by the crimping 
process. Here again, anything 
you do that changes the posi¬ 
tion of the locking tangs or ter¬ 
minal stop affects the connec¬ 
tor’s performance. 

The crimp section is the only 
section that’s designed to be 
affected by the crimping 
process. Using termination 
equipment recommended by 
the connector manufacturer, 
the crimp section is deformed 
so it can be securely attached to 
a wire. 
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CONVERTER 
IN A SINGLE 

24-PIN 
DIP? 
[ ITS 20,000,000 HOURS MTBF 

IS JUST AS INCREDIBLE. 

THE LM2825 DC-DC CONVERTER 
DELIVERS UNSURPASSED 

INTEGRATION AND RELIABILITY AT 
A SUBSTANTIAL COST SAVINGS. 

Inductor 

[2X Actual size] 

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

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

represents a huge breakthrough for power 

conversion designs. All thanks to our continuing 

innovation in advanced packaging technology. 

But what makes the LM2825 even more amazing 

is its reliability. In fact, recent benchmark studies 

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

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

don’t have a calculator handy. 

The newest member of our SIMPLE SWITCHER' 

family, the LM2825 integrates a 1A switching 

regulator, an inductor, a Schottky diode, and input 

and output capacitors in a single 24-pin DIP. 

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

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

1000 piece quantities. 

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

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 711. 

INFO CARD: Mail or Fax 

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

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

Moving and shaping the future?" 



CRIMP TERMINATIONS 

Caliper 

Micrometer 

Lock tangs 

undisturbed 

Crimp-height 

measurement 

Terminal "w ndow" 

(both insulation and 

conductor must be 

visible in this area) 

Mating section 

undisturbed 

Cut-off tab _/ 

(one material thickness) 

One wire diameter minimum 

Wire strands (brush) 

visible in this area 

Do not measure 

at extusion points Insulation crimp 

(strain relief) 

180 of 

contact minimum 

without piercing 

Conductor (wire) crimp 

meets specification 

Bellmouth must be visible 

(2X material thickness) 

Let’s look at an example of a 
properly performed crimp (Fig. 
2). The insulation crimp com¬ 
presses the insulation without 
piercing. The wire strands (or 
brush) protrude through the 
front of the conductor crimp 
section by at least the diameter 
of the wire’s conductor. For 
example, an 18 AWG wire 
would protrude at least 0.040 
in. Both the insulation and con¬ 
ductor are visible in the area 
between the insulation and the 
conductor’s crimp section. The 
crimp section shows a bell¬ 
mouth shape in the leading and 
trailing ends, while the transi¬ 
tion and mating sections 
remain exactly as they were 
before the crimping process. 

If your crimped terminal 
doesn’t look like the terminal in 
Figure 2, it may be that some¬ 
thing went wrong during the 
crimping process. Here are 13 
of the most common problems 
that may occur during the 
crimping process and how to 
avoid them. 

Crimp height is too small: 
The crimp height, which is the 
cross-sectional height of the 
conductor’s crimp section after 
it's been crimped, is the most 
important characteristic of a 
good crimp. The connector 
manufacturer provides the 
crimp height for each wire size 
for which the terminal was 

2. A number of attrib¬ 

utes come together to 

make up a good crimp 

connection. If your 

crimps don't look like 

these, it may be a 

result of something 

amiss in the crimping 

process. 

designed. The correct crimp¬ 
height range or tolerance for a 
given wire may be as small as 
0.002 in. With a specification 
this tight, verifying that the 
press is set up correctly is very 
important for achieving a good 
crimp. 

A crimp height that’s either 
too small or too large won't 
provide the specified crimp 
strength (terminal retention to 
the wire), will reduce the wire 
pull-out force and current rat¬ 
ing, and may generally cause 
the crimp to underperform in 
otherwise normal operating 
conditions. A crimp height 
that’s too small also may cut 
strands of the wire or fracture 
the metal of the conductor 

crimp section. 
Crimp height is too large: A 

crimp height that’s too large 
won’t compress the wire 
strands properly. The result is 
excessive voids in the crimp 
section because of a lack of 
metal-to-metal contact 
between the wire strands and 
the metal of the terminal. 

The solution to crimp-height 
problems is very simple: 
Adjust the conductor crimp 
height on the crimp press. 
Using a caliper or micrometer 
as shown in Figure 2, verify 
that the crimp height is within 
specification when the press is 
first used for a production run. 
Then re-check it as needed. 

Insulation crimp is too 

3. If the strip length is 

too short or if a wire 

isn't fully inserted into 

the conductor crimp 

section, the termina¬ 

tion may not meet the 

specified pull force. 

The solution is sim¬ 

ple: Increase the strip 

length of the wire¬ 

stripping equipment 

as specified for that 

specific terminal. 
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>96% 
EFFICIENT 

3A 
im 
SWITCHER. 

A SINGLE-CHIP SOLUTION 
WITH NO EXTERNAL FETs. 

ANOTHER INDUSTRY 
MILESTONE FROM NATIONAL. 

LOAD CURRENT (A) 

For the first time, there’s a 3A step-down battery 

switcher that can deliver over 96% efficiency—at sub¬ 

stantial cost-savings. It’s National’s new LM2650. 

Thanks to its synchronous architecture, this DC-

to-DC converter can decrease power consumption 

and increase battery life in portable applications. 

Since the LM2650 has integrated FETs on a single 

chip, it can also save valuable board space. And its 

automatic sleep mode enables it to retain its high effi¬ 

ciency in light load conditions. 

To meet a variety of portable applications, the 

LM2650 has a wide input voltage range, from 4 to 

18V. Its built-in protection features include thermal 

shutdown and current limit. And it’s from National, 

‘^«0 

get high 

high 3A 

so it will never be in short supply. 

Check out the LM2650. And 

3A converter efficiency—without í 

converter price. 

FREE SAMPLES—FAST. 

For datasheets, free samples, and 

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 711. 

INFO CARD: Mail or Fax 

WEB: http://www.national.com/LM2650. 
In Europe. fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 

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

N a t * ° n a 1 Semiconductor' 

Moving and shaping the future.'“ 



CRIMP TERMINATIONS 

small or too large: Connector manu¬ 
facturers don’t typically supply a 
crimp height for the insulation 
because of the variety of insulation 
types and thicknesses. The insulation 
crimp provides a strain relief for the 
conductor crimp section so that as 
the wire flexes, the wire strands 
don’t break. An insulation crimp sec¬ 
tion that’s too small may overstress 
and weaken the metal in the insula¬ 
tion crimp section. 

Most types of crimp tooling allow 
the insulation crimp height to be 
adjusted independently of the con¬ 
ductor crimp height. The correct 
adjustment allows the terminal to 
grip the insulation for at least 180° 
without piercing the insulation. An 
insulation displacement, or compres¬ 
sion where the outside diameter 
(OD) of the terminal’s insulation 
crimp and the OD of the insulation 
are about the same, is ideal. 

Loose wire strands: This is anoth¬ 
er common cause of crimping prob¬ 
lems. If all of the wire strands aren’t 

fully enclosed in the conductor crimp 
section, both the strength of the 
crimp and its current-carrying capa¬ 
bility may be greatly reduced. To get 
a good crimp, you need to meet the 
crimp height specified by the connec¬ 
tor’s manufacturer. If all of the 
strands aren’t contributing to that 
crimp height and therefore, crimp 
strength, then the crimp won’t per¬ 
form to specifications. 

Generally, the problem of loose 
wire strands is very easy to solve by 
simply gathering the wires back into 
a bunch before inserting them into 
the terminal to be crimped. The 
strands may have been inadvertently 
separated during the handling or 
bundling process if stripping the 
insulation from the wire is done sep¬ 
arately. Using a “strip-and-retain” 
process for insulation removal, in 
which the insulation slug isn’t fully 
removed from the wire until just 
before a terminal is crimped onto the 
wire, helps minimize the problem. 

Strip length is too short: If the 

product or maintenance 
until New Year's Eve *96 

CALL BOO-357-1636 
for information, prices or a quotation. 

Other MicroSim Value Added Services 
from Interface Technologies: 

• Product Training 
• Library Development 
• Bill of Material Software 
• Analog Device Modeling 

*5% discount available only when purchased through Interface Technologiet-

an authorized reseller of MicroSim products. 

Interface Technologies 
400 Ashland Avenue River Forest. IL 60305 
Phone: 800.357.1636 Fax: 708.366.4413 
http://www.i-t.com e-mail: sales@i-t.com 
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strip length is too short or if a wire 
isn’t fully inserted into the conductor 
crimp section, the termination may 
not meet the specified pull force 
because the metal-to-metal contact 
between the wire and the terminal is 
reduced. As shown in an figure, the 
strip length of the wire is too short 
(note that the insulation is in its prop¬ 
er position), not allowing the 
required one-wire-OD extension in 
front of the conductor crimp section 
(Fig. 3). The solution is simple: 
increase the strip length. 

Wire is inserted too far: Another 
crimping problem that relates to a 
too-short strip length occurs when 
the wire is inserted too far into the 
crimp sections. As a result, the insu¬ 
lation is too far forward of the insula¬ 
tion crimp section and the conductors 
protrude into the transition section. 
This may cause as many as three fail¬ 
ure modes in the actual application. 
Two relate to a reduced current rat¬ 
ing and/or wire pull-out force 
because of reduced metal-to-metal 
contact in the conductor crimp sec¬ 
tion. A metal-to-plastic contact isn’t 
as strong as a metal-to-metal contact. 
And even more importantly, it does¬ 
n’t conduct electricity! 

The third failure mode may occur 
when the connectors are mated. If 
the wire protrudes so far into the 
transition section that the tip of the 
male terminal hits the wire, it may 
prevent the connectors from fully 
seating or it may bend the male or 
female terminals. This condition is 
known as “terminal butting.” 

In extreme cases, the terminal 
may be pushed out the back of the 
housing, even though it was fully 
seated in the housing. To solve this 
problem, the wire must not be insert¬ 
ed into the press with so much force 
that it overcomes the wire stop on 
the press. You should also adjust the 
position of the wire stop so that it 
places the stripped wire into the cor¬ 
rect axial position. 

“Banana” (excessive bending) ter¬ 
minals: One of the most descriptive 
crimping problems is known as a 
“banana” crimp, because the crimped 
terminal takes on a banana shape 
(Fig. If). This makes it difficult to 
insert the terminal into the housing 
and may cause terminal butting. The 
problem is easy to solve by adjusting 
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150KHZ .5A, 1A AND 3A 

SIMPLE SWITCHERS® REDUCE 
CONVERTER SIZE BY 30%. 

150KHz Step-Down 

Part Na LM2594/97 LM2595/98 LM2596/99 

Current 0.5A 1A 3A 

Package SO-8, and 
8-Lead DIP 

5-Lead/7-lead 
TO-220 

5-Lead/7-lead 
TO-220 

TO-263 Surface Mount 

Output 3.3V, 5V, 12V, or Adjustable 

Our Simple Switcher Family of step-down DC/DC 

converters save board space, plain and simple. They 

require only four external compo¬ 

nents. And owing to our 150KHz 

frequency, those components 

are much smaller (as well as 

available off-the-shelf). 

With ,5A, 1A and 3A versions, we can help you 

save space in almost any application. And with our 

Switchers Made Simple“ design software, you’ll have 

your converter designed and your external compo¬ 

nents specified in a matter of minutes, guaranteed. 

That’s it. 150KHz Simple Switchers. Smaller 

converter designs. And simple too. 

FREE DEMO BOARD AND SOFTWARE. 

For free demo board, software, datasheets, and 

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 711. 

INFO CARD: Mail or Fax 

WEB: http://www.national.com/150KHZ 
In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 

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

Moving and shaping the future? 



CRIMP TERMINATIONS 
i 

the position of the hold-down 
pin on the crimp press. This 
small pin is located in the crimp 
press and contacts the terminal 
in the mating section while the 
crimp sections are being 
crimped onto the wire. During 
crimping, a significant amount 
of metal on one end of the ter¬ 
minal (in the crimp section) 
moves. These high forces tend 
to force the front of the termi¬ 
nal upwards, unless it’s held 
down by the aptly named 
"hold-down” pin. 

Crimp is too far forward: 
One of the more obvious crimp¬ 
ing problems is when part of 
the transition section is dam¬ 
aged. The front end of the tran¬ 
sition section has an upwardly 
protruding tab called a “termi¬ 
nal stop.” The stop’s function is 
to prevent the terminal from 
being inserted too deeply into 
the housing. If the stop is 
severely damaged, the terminal 
can actually be pushed all the 
way through the housing. 

The solution is relatively 
simple. The problem occurs 
when the terminal and carrier 
strip, which is the band or strip 
of metal the terminals are 
attached to when you receive 
them from the manufacturer, 
isn’t properly located with 
respect to the press. To solve 
this, loosen the baseplate of the 
interchangeable tooling and 
realign it to the press. 

Undersized bellmouth: The 
correct size for a bellmouth is 
about twice the thickness of the 
terminal material (Fig. 5). For 
example, if the terminal is 
made from material that’s 0.008 
in. thick, the bellmouth should 

5. The correct size for 

a bellmouth is about 

twice the thickness of 

the terminal material. 

If the bellmouth is 

missing or if it's less 

than one material 

thickness, there’s a 

risk of cutting the 

wire strands. To cor¬ 

rect the problem, 

make sure the punch 

and anvil on the 

crimping equipment 

are properly aligned. 

4. In a "banana" 

crimp, the crimped 

terminal takes on a 

banana shape, mak¬ 

ing it difficult to insert 

the terminal into the 

housing. The problem 

is solved by adjusting 

the position of the 

hold-down pin on the 

crimp press. 

be about 0.016 in. While a few 
thousands of an inch won’t 
materially affect the terminal's 
performance, if the bellmouth 
is missing or if it’s less than one 
material thickness, there’s a 
risk of cutting the wire strands. 
The fewer strands that remain, 
the lower the termination 
strength. To correct the prob¬ 
lem, make sure the punch and 
anvil on the crimping equip¬ 
ment are properly aligned. 

Oversized bellmouth: 
There’s also a problem if the 
bellmouth is oversized; this 
reduces the total contact area 
between the crimp section of 
the terminal and the wire. With 
decreased area in the wire-to-
terminal interface, wire pull¬ 
out force drops. If the crimp 
height is correct, then the like¬ 
ly cause is worn tooling. 

Carrier cutoff is too long: 
The carrier strip is cut off the 
terminal during crimping . If 
the remaining cutoff is too long, 
problems can occur. The extra 
metal may protrude out of the 
rear of the connector when the 
terminal is inserted into the 
housing, causing the connector 
to arc between adjacent con¬ 
tacts when higher voltages are 
applied. If the carrier cutoff at 
the front of the terminal is too 
long, the extra length may 
interfere with connector mat¬ 
ing and result in “terminal 
butting.” 

To correct the problem, the 

baseplate on the press should 
be adjusted so that the termi¬ 
nal is centered properly ir. the 
crimp press. Another indication 
that the terminal isn’t centered 
correctly is that the bellmouth 
is formed improperly. This 
occurs because the tooling for 
the bellmouth and the carrier 
cutoff are spatially related. 
Bent locking tangs: 

Although bent locking tangs 
aren't necessarily the result of 
a poor crimping process, the 
connector can fail just the 
same. Locking tangs may be 
bent either in or out too far, 
which affects the terminal's 
ability to completely lock into 
the shelf in the housing 
designed for this purpose. The 
tangs may be damaged as the 
terminals are unwound from 
the reel if the friction wheel on 
the crimp press’s reel holder is 
too tight. Or. it can be caused 
by handling after the terminals 
are crimped onto the wires. 

Typically, terminated wires 
are gathered into a bundle and 
inventoried or transported to 
another location in the plant. 
During the bundling, or as each 
terminated wire is removed 
from the bundle, the locking 
tangs may be bent. If the dam¬ 
age occurs at the crimping 
press, then the friction wheel 
must be adjusted so it’s just 
tight enough to keep the reel of 
terminals from being unwound 

CONTINUED ON PAGE 36 
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SIMPLE 
SWITCHER 

THE NEW LM2587 5 AMP 
SIMPLE SWITCHER0 FLYBACK 

POWER CONVERTER. 

Now you can get high power in a small space plus 

the design simplicity of National’s popular Simple 

Switcher family. 

The device is the LM2587 5A flyback power 

converter. With a switching frequency of 100kHz, it 

can be used with smaller (off-the-shelf) external 

components. And it’s available in a small TO-2Ó3 

surface mount package. 

Designed for flyback, forward and step-up 

converter applications, it’s available in 3.3V, 5V, 12V 

and adjustable output voltage versions. 

And like all of National’s Simple Switcher prod¬ 

ucts, the LM2587 makes designing extremely easy. 

Our Switchers Made Simple design software does it 

all in minutes. And National guarantees the system 

performance, not just the silicon. 

So when you need a lot of power in a little 

space, step up to the LM2587. 

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

application support, contact us at: 

CALL: 1-800-272-9959 Ext. 711. 

INFO CARD: Mail or Fax 

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

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

Moving and shaping the future.'’' 



PC CONNECTORS 

MANUFACTURERS OF PRINTED-CIRCUIT-BOARD CONNECTORS 

Manufacturer 

Connector 
styles 

(see key 
below) 

Contact/row 
spacing 

(in. or mm) 

Maximum 
pin density 
(contacts 
per linear 

inch) Modular? 
Number of 

contact rows 

Functions 
in addition 
to signal 
(see key 
below) 

Maximum 
insertion/ 
minimum 
withdrawal 

forces 

Termination 
techniques 
(backplane/ 
daughter¬ 
board) 

AirBorn Inc., Georgetown. TX 
(512) 863-5585 
CIRCLE 482 

PS. CE, 
SMT, FM 

0.050, 0.075. 
and 0.100 in. 

80 No Up to 6 ST, PO, GP, 
IO, CO 

4 oz/ 
0.5 oz 

Solder 

AMP Inc., Harrisburg, PA 
(800) 522-6752 
http://www.amp.com 
CIRCLE 483 

CE, HD, HS 0.0635 to 
6.50 mm 

39.8 
contacts per 
millimeter 

Yes 
(depending 
on type) 

Up to 8 ST, PO, GP, 
CO, FO. Ml, 

SH 

85 grams/ 
30 grams 

Pressfit, 
solder, and 

SMT 

Aries Electronics Inc. 
Frenchtown, NJ (908) 996-6841 
http://www.arleselec.com 
CIRCLE 484 

CE. IDC 
PS,SMT 

0.100 in . 2 
mm, 1.27 mm 

30 No Up to 3 GP. LA. ST Varies by 
product group 

Pressfit and 
solder 

Beau Interconnect. Laconia, NH 
(603) 524-5102 
CIRCLE 485 

TB 3.5 mm 7.25 Yes Single PO N.A. Solder 

Comm Con Connectors Inc. 
Duarte. CA (818)301-4200 
CIRCLE 486 

PS. SMT. TH 0.100 in., 
0.050 in.. 2 
mm, 1 mm 

25 Yes Up to 4 ST Depends on 
application 

Solder 

CW Industries 
Southampton, PA 
(215) 355-7080 
CIRCLE 487 

CE, PS 0.050 in., 
0.100 in., 
0.200 in., 
2 mm 

40 No 2 or 3 GP, IO, PO, 
SH 

2 to 8 ozs Solder 

Elastomeric Technologies 
Hatboro, PA (215) 672-0787 
CIRCLE 488 

SMT. SO Custom 
(starting at 
0.040 in.) 

25 Yes Up to 3 ST Zero Compression 

ELCO Corp., Huntingdon, PA 
(814) 643-0700 
CIRCLE 489 

FM. SMT, TH 0.5 mm. 0.8 
mm, 1.0 mm, 
1.25 mm, 

0.050 in., 2 
mm. 0.100 
in., 0.200 in. 

52 No Up to 5 CO, GP, IO, 
PO 

Varies with 
connector 

series 

Pressfit, 
solder, SMT, 
wire wrap 

ERNI Components Inc. 
Chester, VA (804) 530-5012 
CIRCLE 490 

CE, SMT, TH Many 20 Yes Up to 7 CO. FO, GP, 
IO. PO, ST 

100N/40N Pressfit, 
solder 

Fujitsu Microelectronics Inc. 
San Jose, CA (408) 922-9000 
CIRCLE 491 

CE, PC. PS, 
SMT 

2 mm. 0.05 
in., 0.075 in., 

0.635 in. 

69 No 4 to 8 EL, GP. IO. 
ST 

N.A. Solder 

HARTING Elektronik Inc. 
Hoffman Estates, IL 
(708)519-7700 
CIRCLE 492 

PS. SMT 2.5 mm 48 Yes Up to 5 CO, FO, GP. 
IO, PO, ST 

102 grams Pressfit 

Hypertronics Corp., Hudson. MA 
(508) 568-0451 
CIRCLE 493 

PS. SMT. TH 0.075 to 
0.200 in. 

13 No Up to 6 CM, CO, FO, 
GP. PO. ST 

1.5 oz./ 
1.2 oz. 

Pressfit, 
solder 

LZR Electronics Inc., Olney, MD 
(301)921-4600 
CIRCLE 494 

CE, PS NA. N.A. Yes N.A. CO, IO, PO N.A. Solder 

Methode Electronics 
Rolling Meadows. IL 
(708) 392-3500 
http://www.methode.com 
CIRCLE 495 

CE. PS. 
SMT, TH 

0.200 in. to 
1.0 mm 

1-mm 
spacing 
between 
contacts 

No 1 or 2 GP, PO, ST Varies with 
connectors 

Solder 

Micro Plastics Inc. 
Chatsworth. CA 
(818) 882-0244 
CIRCLE 496 

CE 0.100.0.125, 
0.150. and 
0.156 in. 

Up to 70 
positions 

No 1 or 2 GP Per 
MIL-C-21097 
requirements 
or custom 

Solder 

Mill-Max Mfg. Corp. 
Oyster Bay. NY (516) 922-6000 
http://www.mill-max.com 
CIRCLE 497 

PS, SMT 0.050. 0.100, 
0.070 in. and 

2 mm 

20 No 1 or 2 IO. ST 200 grams/ 
5 grams (per 

position) 

Pressfit 
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if you’re thinking HC 

think 

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

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

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

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

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

1-800-FUTURE-1 ext. 2255 

READER SERVICE 123 

THINK 3 TIMES 
FASTER 

THINK 
TWICE THE 

DRIVE 
with no noise penalty 

FUTURE ELECTRONICS 
c a 

tUROPf 

Experience The Service That Wins The Awards...Worldwide 



CRIMP TERMINATIONS 

CONTINUED FROM PAGE 32 
by their own weight. If the problem 
occurs during bundling, smaller bun¬ 
dles or improved handling proce¬ 
dures need to be implemented. While 
there are 13 problems that may be 
caused during crimping , there are 
just four simple rules that will help 
ensure success: 

1. Choose the right connector for 

your application requirements. 
2. Use the crimp tooling specified 

by the terminal manufacturer. 
3. Properly adjust the crimp tool¬ 

ing and maintain it in good working 
order. 

4. Periodically replace the parts 
that displace metal (conductor and 
insulation punches, anvils, and termi¬ 
nal cutters). 

RANDY KEMPF, director of 
product marketing at Molex, holds a 
BSE E degree from Purdue 
University, W Lafayette, Ind., and 
an MBA degree from the University 
of Iowa, Iowa City. 

Originally published in the 
February 5, 1996 issue of 
Electronic Design. 

MANUFACTURERS OF PRINTED-CIRCUIT-BOARD CONNECTORS 

Manufacturer 

Connector 
styles 

(see key 
below) 

Contact/row 
spacing 

(in. or mm) 

Maximum 
pin density 
(contacts 
per linear 

inch) Modular? 
Number of 

contact rows 

Functions 
in addition 
to signal 
(see key 
below) 

Maximum 
insertion/ 
minimum 
withdrawal 
forces 

Termination 
techniques 
(backplane/ 
daughter¬ 
board) 

ODU USA, Camarillo, CA 
(805) 484-0540 
http://www.odu-usa.com 
CIRCLE 498 

CE. PS. SMT 0.05. 0.1 in. 20+ Depends on 
connector 

2 or more FO. PO N.S. Pressfit. 
solder 

Oupiin America Inc. 
Santa Clarita, CA 
(805) 252-4760 
CIRCLE 499 

PS, HD, SMT N.S. 24 N.S. Fixed by 
connector 

style 

PO, ST N.S. Pressfit. 
solder 

Panduit Corp., Tinley Park, IL 
(708) 532-1800 
http://www.panduit.com/panduit 
CIRCLE 500 

FR. IDC 0.100 and 
0.156 in. 

10 (0.100-in. 
centerline) 

Depends on 
style 

Up to 4 
(depending 
on series) 

CO, GP. PO Varies with 
connector 

types 

Pressfit. 
solder 

Power Dynamics Inc. 
West Orange, NJ (201) 736-5722 
CIRCLE 501 

CE. PS, SMT 2.54, 2.0, 
1.27 mm 

N.S. Yes Up to 3 PO, ST N.S. Solder 

RIA electronic, Eatontown, NJ 
(908) 389-1300 
CIRCLE 502 

TB 3.5, 5.0, 
5.08, 7.5, 
7.62 mm 

7 Yes 1 or 2 GP. PO 4 N/2 N Solder 

Samtec Inc.. New Albany. IN 
(800) SAMTEC-9 
http://www.samtec.com 
CIRCLE 503 

PS, SMT 0.100 in., 
2 mm, 

0.050 in., 
1 mm 

Up to 80 No Up to 4 GP. IO. PO. 
ST 

5 oz avg./ 
1.6 oz avg. 
(depends on 

design) 

Solder 

Shogyo International Corp. 
Plainview, NY (516) 349-5200 
CIRCLE 504 

Many Many options N.A. Yes(except 
for terminal 

blocks) 

1 or 2 IO 0.5 to 3.0 kg 
tor most 
styles 

Solder 
(in most 
cases) 

Specialty Electronics 
Landrum, SC (803) 457-3824 
CIRCLE 505 

PS, SMT, TH 0.100 in., 
0.050 in., 2 
mm, 1 mm 

50 Yes 1 or 2 GRID, ST 225 to 20 
grams 

Solder 

TEKA Interconnection Systems 
Providence. RI (401)785-4110 
SZGH88A@prodigy.com 
CIRCLE 506 

CE, HD, PC. 
PS, SMT 

From 0.200 
in. to 1 mm 

80 N.S. Up to 4 FD. GP. SH. 
ST 

180 grams 
(0.200 in)/ 
10 grams 
(0.050 in.) 

Pressfit, 
solder, 

solder-bearing 
leads 

Thomas & Betts, Memphis. TN 
(901)682-8221 
CIRCLE 507 

CE. HS, IDC Centers: 
0.156, 0.100, 

0.050 in. 

Up to 40 Yes Up to 4 IO, ST 0.8 oz Pressfit, 
solder 

Trompeter Electronics Inc. 
Westlake Village. CA 
(800) 982-COAX 
CIRCLE 508 

CJ N.S. N.S. No N.A. CO N.S Solder 

Viking Electronics 
Chatsworth, CA 
(818) 341-4330 
CIRCLE 509 

CE. SMT 0.050, 0.100, 
0.125. 0.156 

in. 

N.S. Some types Custom CM, GP, PO, 
ST 

Variable Pressfit. 
solder 

Key to connector styles: CE = card edge; CJ = coaxial jacks; FM = flex mount: FR = flat ribbon; HD = high density; HS = high speed: IDC = 
insulation-displacement connector; PC= PCMCIA; PS = pin and socket; SMT = surface mount: SO = solderless; TB = terminal blocks; TH = through hole 
Key to functions: CM= compliant: CO = coaxial: EL = ejection/locking mechanism; FD = I/O filtering and decoupling: FO = fiber optic; GP = 
guidance/polarization; IO = I/O and cable connections: LA = latching: Ml = matched impedance: PO = power; SH = shielding; SO = standoffs; ST = stacking 
N.A. = not applicable; N.S. = not specified 

Originally published in the February 5, 1996 issue of Electronic Design. 
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"Every time I need 
'custom' interconnects, 
1 go straight to my 
ARIES catalog. " 
THE PROBLEM 

“Management wanted the new prototype in production ASAP...or 
sooner. But with all the weird interconnects involved, a custom order 
would’ve killed the project schedule...and the budget! 

THE SOLUTION 
“Then a co-worker wised me up to Aries. Their catalog listed every one 
of my 'Martian' interconnects...as standard products. 
A 42-pin test socket. A 40-conductor 
staked flex jumper. Sockets for 
mounting LEDs. And a lot more. 
Now I turn to Aries first. Only ftS< 
thing is...I can't imagine 
what they consider ' 
custom'!” 

Glad I thought of that! 

P.O. Box 130 Frenchtown, NJ 08825 
(908) 996-6841 FAX (908) 996-3891 
e-mail: info@arieselec com 

Visit us on the Web: www.arieselec.com 

THE PROOF . 
Find it in the Aries Catalog...on the Internet...or via 
fax-on-demand at (908) 996-6841. Whether it's a 
48-pin/.600 socket, a 22-conductor/.100 center 
fusion bonded cable jumper, or a DIP ejecting socket, 
we'll probably have what you need. Looking for 
something really wild? Ask about our custom orders; 
we’ll have pricing and delivery schedules to you FAST. 

Sensible Solutions... Fast! 
READER SERVICE 145 



SIEMENS 

T9A series relays have just raised the 
standard for compact 30-amp relays! 

Single-pole, 30-A switching 
Produced on fully automated lines, 
T9A relays represent the next gener¬ 
ation of compact 30-amp relays. UL 
recognized and CSA certified, they 
are well-suited for use in appliances, 
HVAC equipment, industrial controls 
and more. 

More than 350,000 operations 
T9A relays deliver longer life than you 
might expect. For example, when 
switching 3/4 HR 120VAC fan motor 
loads, they achieved >350,000 oper¬ 
ations. Compare that to the life deliv¬ 
ered by competitive units, and we 
think you'll find it impressive. 

The quality you need 
100% functional, hi-pot and seal 
integrity testing assures the high 
quality you demand. A high-integrity 
grid sealing method uses minimal 
epoxy, reducing terminal wicking. 
And, a laser marking system ensures 
clear, consistent product markings. 

We've tried to think of everything 
We've even considered our packag¬ 
ing material. Environmentally-friendly, 
returnable plastic containers help 
hold down packaging costs and 
reduce cardboard clutter in our facto¬ 
ries and yours. 

Find out more... 
From the U.S. and Canada, use a 
touch-tone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request document 
#1601. Or, follow the prompts to 
speak with your sales representative. 

Siemens Electromechanical Components, Inc. 
Potter & Brumfield Products Division 
200 South Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812.386.2072 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 

READER SERVICE 132 1601A 



BATTERY TECHNOLOGY 

Make The Right Battery 
Choice For Portables 

BY P N I N A DAN _ 
ludirán Electronic Industries Inc., 2 Seaview Blvd., Suite 102. Port Washington, NY 11050; (516) 621-4980. 

B
e sure to closely examine all the 

trade-offs before settling on a 

battery technology. 

As portable systems gain 
market prominence, the relia¬ 
bility and energy capacity of 
batteries has become a critical 
issue. System power consump¬ 
tion and rechargeable-battery 
capacity—which translate into 
run time—are competitive fac¬ 
tors that must be designed into 
a product at the outset. On top 
of that, today’s six-to-nine-
month product life cycles and a 
feverishly competitive environ¬ 
ment create heavy price pres¬ 
sures on computer, cell-phone 
and portable-instrumentation 
makers. 

The bottom line is that sys¬ 
tem designers must seek out or 
develop the most cost-effective 
power-management, sec¬ 
ondary-battery, and charging 
technologies available to differ¬ 
entiate their products and keep 
them competitive. There’s also 
the increase of public and gov¬ 
ernmental concern regarding 
environmental issues. New leg¬ 
islation has focused the atten¬ 
tion of battery makers and 
users on battery chemistries, 
user accessibility, and cell dis¬ 
posal. 

One of the major challenges 
the battery industry continual¬ 
ly faces is the disparity in the 
nature and rate of technological 
advance in batteries and in 
portable-equipment markets. 
New battery-operated devices 
come out every six months or 

so, but truly new rechargeable-
battery technologies can take 
years to develop and perfect for 
commercial use. 

While it can be said that 
“familiarity breeds contempt,” 
in the case of secondary 
(rechargeable) battery technol¬ 
ogy choices for portable appli¬ 
cations, familiarity often 
breeds reluctance to change. In 
the past, when designers of 
portable systems had few rea¬ 
sonable choices available, this 
wasn’t much of an issue. 
However, there are now many 
choices, and the decision to go 
with one battery technology 
rather than another can have 
serious impact on a product's 
success. 

In the cellular-phone mar¬ 
ket, for example, primary con¬ 

sumer care-abouts in terms of 
product characteristics are 
audio clarity, range, reliability, 
“features,” size, weight, and 
talk/standby time between bat¬ 
tery recharges. Of these, the 
latter three are directly affect¬ 
ed by the choice of battery 
technology and they can be 
critical end-product differentia¬ 
tors. If one eliminates the com-
munications-specific require¬ 
ments from the above list, the 
remaining care-abouts, espe¬ 
cially size, weight, and time 
between recharges, apply to all 
portable electronic systems. 
Some polls have shown that 
longer battery life was the 
most desirable feature in future 
portable computers, with lower 
weight in third place. 

In general, designers and 

TABLE 1: COMPARING RECHARGEABLE TECHNOLOGIES 
Characteristic T ypes/chemistries 

Sealed 
lead-acid 

Nickel 
cadmium* 

Nickel 
metal 

hydride* 

Lithium ion* Lithium 
metal* 

Average operating voltage (V) 2 1.20 1.25 3.6 3.0 

Energy density (Wh/kg) 35 45 55 100 140 

Volumetric efficiency (Wh/I) 85 150 180 225 300 

Cost ($/Wh) 0.25 to 0.50 0.75 to 1.5 1.5 to 3.0 2.5 to 3.5 1.4 to 3.0 

Memory effect? No Yes No No No 

Self-discharge rate (%/month) 5 to 10 25 20 to 25 8 1 to 2 

Temperature range (°C) Zero to +50 -10 to +50 -10 to+50 -10 to +50 -30 to +55 

Environmental concerns? Yes Yes No No No 

* = based on AA-size cell 
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BATTERY TECHNOLOGY 

end users want battery packs 
with the lowest possible weight 
and highest possible capacity 
crammed into the smallest pos¬ 
sible volume at the lowest pos¬ 
sible cost. These characteristics 
are especially important as the 
trend to miniaturization in 
portable products accelerates. 
While no single rechargeable 
battery type can optimize all of 
these factors, there are some 
obvious trade-offs among avail¬ 
able technologies. In examining 
the secondary-battery tech¬ 
nologies available for use in 
portable systems, it’s useful to 
compare them with an eye 
toward the factors that affect 
size, weight, and time between 
recharges. This comparison can 
be easily translated to a bevy of 
end-use products (Table 1). 

At the low end of the cost 
spectrum is the sealed lead-acid 
(SLA) battery. This chemistry 
is mature and reliable, but it’s 
also at the low ends of the 
scales for volumetric efficiency 
(energy per unit volume) and 
energy density (energy per 
unit weight). You can expect an 
average of 85 Wh/1 and 35 
Wh/kg, respectively. Sealed 
lead-acid batteries were used in 
early hand-held systems but 
aren’t widely used in smaller 
types. Most lead-acid batteries 
cannot be rapidly recharged 
(in, say, less than three hours) 
because of possible thermal 
damage, although special rapid¬ 
charge lead-acid types are 
available. Lead, of course, is a 
well-known pollutant and lead-
acid batteries must be recycled. 

Still near the lower end of 
the cost range but significantly 
better than lead acid in volu¬ 
metric efficiency and energy 
density (120 Wh/1 and 36 
Wh/kg) is the “standard” sin-
tered-metal-electrode nickel 
cadmium (NiCd) cell. With the 
introduction a few years ago of 
sponge-metal electrode tech¬ 
nology, the volumetric efficien¬ 
cy of NiCd cells jumped to 150 
Wh/1 and energy density rose 
to 50 Wh/kg. 

An important parameter for 

TABLE 2: COMPOSITION OF 6-V CELL-PHONE BATTERY 

PACKS IN VARIOUS BATTERY TECHNOLOGIES 

Characteristic Nickel 
cadmium 

Nickel 
metal 

hydride 

Lithium ion Lithium 
metal 

Lithium 
metal 

Number of cells 5 5 4 4 2 

Voltage (V) 6 6 7.2 6 6 

Capacity (Ah) 1.0 1.2 0.8 1.6 0.8 

Weight (g) 104 104 72 68 34 

Volume (ml) 40 40 32 32 16 

Although NiCd 
cells are popular 
and well-under¬ 
stood, they have 
some drawbacks. 

rechargeable batteries is their 
self-discharge rate, which is the 
rate at which the battery loses 
charge while not in use. Self¬ 
discharge rate can become an 
issue for end users who use a 
particular portable system 
infrequently, yet want to be 
able to rely on it when neces¬ 
sary. Self-discharge for NiCd 
batteries is moderate com¬ 
pared to other types. 

Nickel cadmium is the most 
familiar secondary-battery 
technology and is therefore 
widely used. Charging circuits 
are relatively simple and charg¬ 
ing is relatively rapid, but take 
care to avoid extended periods 
at high temperatures during 
charging. 

Although NiCd cells are 
popular and well-understood, 
they have some drawbacks. 
First, most batteries of this 
type available today exhibit 
“memory effect,” which is a loss 
of capacity that results when 
the battery is recharged before 
it is fully discharged. Second, 
these batteries contain cadmi¬ 
um, a hazardous substance, and 
must be recycled in most areas. 

Another common recharge¬ 
able alternative is nickel metal 
hydride (NiMH) batteries. 
NiMH cells offer increased vol¬ 
umetric efficiency (190 WH/1) 
over even the most advanced 
NiCd types. Energy density is 
also better than that of NiCd, 
at 55 Wh/kg. Open-circuit volt¬ 
age for NiMH cells is 1.25 V, 
which is identical to that of 
NiCd cells. As a result, some 
designers have used NiMH 
batteries as drop-in replace¬ 
ments for NiCd packs. 

However, NiMH cells cost sig¬ 
nificantly more than NiCd cells 
(up to twice as much, depend¬ 
ing on form factor) and require 
special charging circuits that 
are substantially different than 
the relatively simple ones used 
for NiCd. For NiMH, charging 
time, rate, and temperature 
must be accurately controlled. 
NiMH batteries also have the 
highest self-discharge rate of 
any of the types discussed here, 
making their use in some types 
of portable systems of ques¬ 
tionable value. 

Because NiMH cells contain 
no hazardous substances, dis¬ 
posal is not an issue. They' also 
do not exhibit the memory 
effect associated with NiCd 
types, but their longevity is 
directly related to depth of dis¬ 
charge. 

A third rechargeable option 
is lithium-based battery sys¬ 
tems, which have always been 
considered attractive because 
of their high level of electro¬ 
chemical performance. On the 
other hand, safety and environ¬ 
mental considerations original¬ 
ly required complex and costly 
construction techniques and 
safety systems. These factors 
raised costs and restricted 
early lithium batteries to criti¬ 
cal military applications. 
Newer lithium-based systems 
have overcome the safety and 
environmental obstacles and 
are, in general, the most effi¬ 
cient types available. 

The two lithium-based sys¬ 
tems available today are lithi¬ 
um ion and lithium metal. 
While both types exhibit the 
overall advantages of lithium-
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LOW-POWER DESIGN 
A Collection of CSEM Papers 

• General Tutorial Papers 

• Digital Circuits 

• Devices and Analog Circuits 

• Low-Poiver Systems 

Over the past decade, minimization of power consumption 
has become a critically important task in the implemen¬ 
tation of electronics systems of all kinds, and especially for 

portable and battery-powered functions. The requirements for 
low-power will pervade systems and IC design to an ever increas¬ 
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BATTERY TECHNOLOGY 

based systems, they differ in some 
important respects specifically relat¬ 
ed to portable applications. 

Lithium-ion rechargeable batter¬ 
ies were first used in small video 
camcorders and are now seeing some 
use in other portable applications. 
The relatively high voltage (3.6 V) of 
the lithium-ion cell offers the advan¬ 
tage of fewer cells being required to 
achieve a given voltage. 

One major drawback to lithium-
ion technology is its relatively high 
cost/performance ratio. The cost per 
watt-hour of a lithium-ion cell is sig¬ 
nificantly higher than that of other 
types, but some performance figures 
are not in proportion (Table 1, again). 
For example, the volumetric efficien¬ 
cy of a lithium-ion ceil is significantly 
less than that of a lithium-metal cell 
and only slightly better than that of a 
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nickel-cadmium cell. Energy density 
is about 64% better than NiMH, but 
at a potentially greater cost penalty. 
Energy density is also 36% below 
that of lithium metal. 

Another shortcoming of the lithi¬ 
um-ion system is its primarily nonlin¬ 
ear discharge characteristic. 
Topically, an AA-sized lithium-ion 
battery, discharged at a rate of 250 
mA, will drop in voltage from 4.3 V 
(fully charged) to about 3 V in about 
90 minutes. The voltage will remain 
at 3 V for the next 90 minutes and 
then drop off rapidly to 2 V, at which 
point the battery is considered dis¬ 
charged. Depending on the design of 
the system, this discharge character¬ 
istic can be troublesome in some 
portable applications that require a 
minimum voltage for operation. 

The more recently developed 
rechargeable lithium-metal 
(Li/LixMnO2) batteries offer energy 
density and volumetric efficiency 
unmatched by any other battery 
type. Lithium metal cells, exempli¬ 
fied by Tadiran's In-Charge AA-size 
cells, sport energy density of 140 
Wh/kg and volumetric efficiency of 
300 Whl. The cells are totally safe 
and are immune to practically all 
types of physical or electrical abuse 
conditions. The increased safety fac¬ 
tor is due primarily to a Tadiran-
patented fail-safe, self-quenching 
electrochemical system and a built-in 
safety vent. 

Lithium-metal batteries have no 
memory effect and have the lowest 
self-discharge rate of all recharge¬ 
ables. A typical lithium-metal bat¬ 
tery stored at room temperature (70° 
F, 20° C) retains 85% of its capacity 
after one year. A portable system 
powered by a charged lithium-metal 
battery will always be available for 
use regardless of how long it sits idle. 
Operating temperature range (-30° C 
to +55° C) is also greater than other 
battery types. 

The discharge curve of a lithium-
metal cell is practically flat. At a 250-
mA discharge rate, after a brief 
(about 10-minute) drop from the fully 
charged voltage of 3.4 V, the voltage 
remains at 2.8 V for the remainder of 
more than three hours, dropping off 
to 2 V (the “discharged” point) after 
that. This also means that when two 

CONTINUED ON PAGE 46 
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ROTARY SWITCHES 

MANUFACTURERS OF ROTARY SWITCHES 

Manufacturer 

Features 
(see key 
below) 

Angles of throw/ 
number of 
positions 

Maximum 
number of decks 

Maximum 
number of 
poles/deck 

Shorting or 
non-shorting 
contacts? 

Termination 
styles 

APEM Components Inc. 
Wakefield, Mass. 
(617) 246-1007 
http://www.apem.com 
e-mail: infoiêapem.com 
CIRCLE 519 

CO, LL, PC, SC, 
DIP packages 

22.5716’, 30712, 
3678, 45/8, 
6076, 9074 

N.A. N.A. Non-shorting only Pc-mounted 

Arcolectric Corp. 
Canoga Park. Calif. 
(818)700-1933 
CIRCLE 520 

IS, LL, SS, UC 25072 1 2 Non-shorting only Solder lug: 
0 187-in. quick 

connect 

Ark-Les Corp. 
Watertown, Mass. 
(617) 924-2330 
CIRCLE 521 

CO, HC, HT, IS, 
LL. PC, SC, SS, 

PL. SR, UC 

4578, 60 76, 9074 1 6 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount; wiring; 

wiring with 
connector 

Bourns Inc. 
Riverside, Calif. 
(909) 781-5500 
CIRCLE 522 

CO HT, IS, LL, 
PC, SC, SS 

2, 5. or 10 
positions 

1 Non-shorting only Pc-mounted; 
surface-mount 

C&K Components Inc. 
Watertown, Mass. 
(617) 926-6400 
CIRCLE 523 

AS, CO, HC, IS, 
LL. PC, SC, SP, 
SS, PL, UC 

30712, 36710, 
4578. 6076, 9074 

1 4 Shorting and 
non-shorting 

Solder lug: 
pc-mount; wiring; 

wiring with 
connector 

CTS Corp. 
Electrocomponents Div. 
Elkhart. Ind. 
(219) 296-6700 
CIRCLE 524 

AS, CO, CN, HC, 
HT, IS, IT, LL, PC, 
SC. SP. SS, PL, 

SR, UC 
(Also can 
incorporate 

potentiometers or 
special switches) 

30712, 45 /8, 
6076, 9074 

Limited only by 
bar-stock length 

Standard is 12 @ 
30É, but others 
are available 
depending on 

angle 

Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount; wiring; 

wiring with 
connector 

I 

Carlingswitch Inc. 
Plainville, Conn. 
(860) 793-9281 
CIRCLE 525 

SS, PL, UC, 
repeating action 

4578, 9074 1 2 Non-shorting only Solder lug: 
wiring; 
tabs 

Cole Instrument Corp. 
Santa Ana, Calif. 
714) 556-3100 
CIRCLE 526 

AS, CO. CN. HC, 
HT, IS, IT, LL, MO, 
PC, RF, SC, SP, 

SS. PL, SH 

10 /36. 11.25732, 
15724, 18720, 
22.5716, 30712, 
36710, 45 /8, 
6076, 90 /4 

15 24 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount: wiring; 

wiring with 
connector 

E-Switch 
Minneapolis. Minn. 
(612) 375-9639 
http://www.e-switch.com 
CIRCLE 527 

AS, CN. IS. LL, 
PC, SC, SS, PL 

30712,6076, 9074 12 4 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount 

ELMA Electronic Inc. 
Fremont. Calif. 
(510) 656-3400 
CIRCLE 528 

AS. CO, CN. CK, 
HC. IS, LL. PC. 
RF, SC, SP, SS, 

PL, SR 

15/24,30712, 
36710, 6076 

Up to 20 6 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount 

Grayhill Inc. 
LaGrange, III. 
(708) 354-1040 
http://www.grayhill.com 
CIRCLE 529 

AS. CO. CN, CK, 
HC, HT, IS, IT, LL, 
MO. PC, RF, SC, 
SP, SS, PL, SR. 

UC 

10736. 11.25732, 
15724, 18720, 
22.5716, 30712, 
36710. 4578, 
6076, 9074 

12 12 Shorting and 
non-shorting: can 
be intermixed 

Solder lug: 
pc-mount; wiring; 

wiring with 
connector 

ITT Cannon Switch Products 
Eden Prärie. Minn. 
(612) 934-4400 
CIRCLE 530 

AS, CO, CN, HT, 
IS, LL, PC. SC, 
SP, SS, PL 

10736, 15724, 
22.5716, 30 /12, 

36710 

10 4/12 positions Shorting and 
non-shorting 

Solder lug: 
pc-mount 

ITW Switches 
Chicago, III. 
(312) 282-4040 
CIRCLE 531 

IS, LL, PC, SC, SS 4578 2 Non-shorting only 
I 

Pc-mount 
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HEW! 
BIG POWER 10 WATTS 

small priced 
FEATURES 
■ 2:1 Input Voltage Ranges 
■ Single and Dual Outputs 
■ Extended Temperature Range 
■ Industry Standard Pinouts 
■ Industry Standard Package 
■ Low Profile 0.4 Inch 
■ Short Circuit Protection 
■ Temperature Shutdown 
■ Remote ON/OFF (Optional) 
■ Metal Case for Reduced EMI 

The WPC1ÜR is a family of high 
performance DC/DC converters that 
offer regulated outputs over three 
input voltage ranges of 9 to 18V, 18 
to 36V, and 34 to 75V This converter 
family features no power derating 
over a wide operating temperature 
range of -25°C to +71 °C. 

This series features EN 60950 
approval and will meet the 
requirements of 1) EN 41003, 2) EN 
55022A for radiated and conducted 
noise levels (level B with external 
filter) and 3) IEC 801X. 

1909001 
CERTIFIED 

1P OWER CONVERTIBLES 
□ata sheets are available through our DATAFAX system @ 520-628-8691 

Tucson, Arizona 520-628-8292 FAX 520-770-9369 

Internet: www.pcd.com 
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BATTERY TECHNOLOGY 

CONTINUEI) EROM PAGE 42 
cells are used in series (to create a 
battery with a nominal voltage of 6 
V) the voltage remains above 4 V for 
the entire discharge cycle. That 4-V 
level is the minimum operating volt¬ 
age for many portable systems, 
including many cellular phones. 

Lithium-metal batteries can deliv¬ 
er up to 2 A of current under contin¬ 
uous or pulse demand. The latter is 
especially important in cellular 
phones, where in a typical 600-mW 
unit, current demands can jump from 
a standby current of 40 mA to a 0.6-
ms talk pulse of 1.4 A with a 200-mA 
floor between pulses. 

Under these conditions, the mean 

talking current is 333 mA. A 4-cell 
(AA cells) lithium-metal battery 
pack, with a capacity of 1600 mAh, 
can provide nearly four hours of talk 
time with over 13 hours of standby 
time between recharges. This is 
accomplished in a four-cell battery 
pack that weighs only 68 g (2.4 oz.), 
which is 70% of the weight of an 
equivalent 6-V NiHM pack and about 
60% of a lithium-ion pack. It can be 
useful to make a comparison of 
rechargeable-battery technologies 
(with the exception of sealed lead 
acid) and how they stack up in 6-volt 
packs for cell phones (Table 2). 

The cost of lithium-metal batter¬ 
ies per watt-hour is nearly equal to 

that of NiMH batteries, making them 
the closest thing available today to 
“the lowest possible weight and high¬ 
est possible capacity crammed into 
the smallest possible volume at the 
lowest possible cost.” 

Dr. PNINA DAN is director of 
research and development for 
rechargeable lithium batteries at 
Tadiran Battery Division, Rehovoth, 
Israel. She received her PhD in 
chemistry from the Weitzman 
Institute For Science, Rehovoth. 

Originally published in the 
April 1,1966 issue of 
Electronic Design. 

_ MANUFACTURERS OF ROTARY SWITCHES 

Manufacturer 

Features 
(see key 
below) 

Angles of throw/ 
numbers of 
positions 

Maximum 
number of decks 

Maximum 
number of 
poles/deck 

Shorting or 
non-shorting 
contacts? 

Termination 
styles 

Janeo Corp. 
Burbank, Calif. 
(818) 846-1800 
CIRCLE 532 

AS, CO, CN, CK, 
HC, HT, IS. IT. LL. 
MQ, PC. RF, SC. 
SP, SS, PL, SR 

11.25732,15724, 
18720, 22.5716, 
30712. 36710, 

4578, 6076, 9074 

12 6 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
pc-mount; wiring; 

wiring with 
connector 

NKK Switches 
Scottsdale, Ariz. 
(602) 991-0942 
CIRCLE 533 

AS. CO. HT. IS, 
LL, PC, SC, SP, 

SS. UC 

30712 6 11 Shorting and 
non-shorting 

Solder lug; 
pc-mount 

Oak Controls 
OakGrigsby Div. 
Sugar Grove, III. 
(708) 556-4200 
CIRCLE 534 

AS. CO. CN, HC, 
HT, IS. IT. LL, PC, 
SC, SP, SS, PL. 

SR. UC 

10736, 11.25732, 
15724, 18720, 

22.5716, 30/12. 
36710, 45/8. 
6076, 9074 

8
12 Shorting and 

non-shorting; can 
be intermixed 

Solder lug; 
pc-mount; wiring; 

wiring with 
connector 

Omega Engineering Inc. 
Stamford. Conn. 
(203) 359-1660 
http://www.omega.com 
CIRCLE 535 

CK. LL, SS 
(also 

thermocouple and 
RTD switching) 

10736, 11.25732, 
15724, 18720, 

22.5716, 30712, 
36710, 4578, 
6076, 9074 

4 1 
(up to 40 throws 

or contacts) 

Shorting and 
non-shorting 

Wiring 

Schurter Inc. 
Petaluma. Calif. 
(707) 778-6311 
e-mail: 
73024.2314@compuserve.com 
http://www.schurterinc.com 
CIRCLE 536 

AS. CK. HC. IS. 
IT, LL. SC, UC 

6076 1 6 N.S. Solder lug: 
pc-mount; 

quick-connect 

Tech Laboratories Inc. 
North Haledon, N.J. 
(201)427-5333 
CIRCLE 537 

AS, CO, CK, HC, 
IS, IT, LL. MQ. 
SC, SP, SS, PL, 

UC 

10736, 11.25732, 
15 /24.18 720, 

22.5716, 30712, 
36 /10, 4578, 
6076, 9074 

12 2 to 8 Shorting and 
non-shorting; can 
be intermixed 

Solder lug; 
wiring; 

wiring with 
connector 

Key to features: AS = adjustable stops; CO = coded outputs; CN = concentric shafts; CK = custom knobs; HC = harness/cable assembly; HT = 
high-temperature operation; IS = industrial/standard grade; IT = isolated stops (push/pull to turn); LL = low-level switching; MQ = MIL-qualified grade; PC = 
flux-proof design; RF = RFI/EMI shielding; SC = screwdriver-slotted shafts; SP = shaft/panel seals; SS = single shafts; PL = special plating; SR = spring 
return (momentary); UC = UL/CSA recognition. 
N.A. = not applicable: N.S. = not specified 

Originally published in the April 1, 1996 issue of Electronic Design. 
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ONE DG/DC CONVERTER - 3 OUTPUTS 

TRIPLE DUAL SINGLE 
88% Efficient 66 watt DC/DC converter 

is configurable as a triple, dual or single output! 

■ Channel to channel isolation. 
■ 18-36 & 33-75VDC input ranges. 
■ No minimum load requirements. 
■ 50qSecond transient recovery time 

to within 1% of nominal VOUT for a 
50-100% load step. 

■ "Half-pack" size 
(2.4" x 2.3" x 0.5"). 

■ Primary & secondary remote 
ON/OFF. 

■ Output adjust 8 external 
synchronization. 

■ Fixed frequency operat on. 
■ Each channel independently current 

limited. 

The VKP60XTs output voltage 
combinations along with it's superior 
dynamic load response makes it ideally 
suited for today's demanding 
applications where switching loads are 
common and minimum or balanced 
loads cannot be guaranteed. 

IMfOOl 

WPOWER CONVERTIBLES 
□ata sheets are available through our DATAFAX system @ 520-628-8691 

Tucson, Arizona 520-628-8292 FAX 520-770-9369 

Internet: www.pcc1.com 
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SMALL INDUCTORS 

Downsizing PFC 
Inductors In Switchers 

by j.w. McClean 
AlliedSignal, 6 Eastmans Rd., Parsippany, NJ 07064; (201) 581-7653. 

H
eve ’s how to design C-cores that 

will fit the needs of shrinking 

portable electronics. 

Thanks in no small part to 
the boom in portable electron¬ 
ics, the demand for ever-small-
er and -lighter high-frequency 
switched-mode power supplies 
(SMPS) is increasing dramati¬ 
cally. At the same time, with an 
eye toward reduced extraneous 
line noise in off-line equipment, 
limitations on the amount of 
harmonic currents are being 
imposed by standards organi¬ 
zations in Europe. It’s antici¬ 
pated that similar restrictions 
will be enacted in the U.S. as 
early as this year. Reducing 
these harmonic currents in 
power supplies requires an 
inductive component for 
power-factor correction. 

Until now, providing power-
factor correction in switched- 1. in an ideal boost 

mode supplies has been prob- switch-mode power 
lematic for power-supply man- converter, the induc-

ufacturers. Several topologies tor current ramps 

for the inductor design have upward from its initial 

provided the required harmon- value la during the 

ic-current limitation, the most switch's on-time. It 

notable being the continuous- reaches its final value 

mode boost pre-regulator. ib just before the 

But no matter which t opolo- switch turns off. After 

gy is used, the inductive circuit the switch turns off. 

adds size, weight, and cost to the energy stored in 

the overall power supply, the inductor during 

Indeed, when made of ferrite, the on-time of the 

molypermalloy-powder (MPP). switch is delivered to 

or powdered-iron materials, for the output network, 

example, the inductor repre- and the inductor cur-

sents a significant proportion of rent ramps down-
the additional cost, size, and wards from lb. 

weight of the overall ¡rower-

factor-correction circuit. 
Use of amorphous-metal 

alloy in the inductor is one way 
to meet the emerging operat¬ 
ing standards for reduced har¬ 
monic currents while dramati¬ 
cally cutting the size, weight, 
and cost of the inductor. In 
many cases, using C-cores of 
amorphous-metal alloys 
resolves the size, weight, and 
cost problems that would not 
yield to previous power-factor-
correction topologies. Because 
of the high saturation-flux den¬ 
sity and low frequency-depen¬ 
dent losses of amorphous alloy, 
the inductive component can be 
made smaller and lighter than 
before. Indeed, core losses can 
be reduced by as much as 70%, 
while size can be reduced by as 
much as 40%. 

Today, for a given perfor¬ 
mance level, amorphous alloy is 
likely to provide the low-cost 
solution at power levels above 

the range of 800 to 1000 W. It’s 
expected in the near future 
that the threshold power level 
at which amorphous-alloy 
inductors result in an accept¬ 
ably low-cost solution will fall 
to the lower end of that range. 

The balance of this article 
will outline a basic procedure 
enabling designers to fully 
exploit amorphous-metal tech¬ 
nology. This procedure will 
apply directly to the design of 
the inductive element of a con¬ 
tinuous-mode boost pre-regula-
tor. 

Let's start with a look at the 
basic operation of the boost 
pre-regulator. An ideal boost 
switch-mode power converter 
is shown (Fig. 1). During the 
switch's on-time, the inductor 
current ramps upwards from 
its initial value Ia and reaches 
its final value Ib just before the 
switch turns off. After the 
switch turns off, the energy 
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CRANKS OUT THE POWER 

■ Unregulated, low cost 
design. 

■ Industrial temperature 
range. 

■ Non-conductive packages. 
■ Internal input/output filtering. 
■ Industry standard pin-outs. 
■ 24 different models. 

FOR POCKET 
CHAHGE. 

If high efficiency and low cost is 
what you'd like in a DC/DC 
converter, you've found your part. 
750mW of output power 
combined with your choice of 
DIPS, SIPS and SMT packages will 
allow you the design flexibility you 
need. 

And with it's high efficiency 
rating, the HPR1XX is the part 
you'll want for all your low power 
needs. 

WPOWER CONVERTIBLES 
□ata sheets are available through our DATAFAX system @ 520-628-8691 

Tucson, Arizona 520-628-8292 FAX 520-770-9369 

Internet: www.pcc1.com 
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SMALL INDUCTORS 

stored in the inductor is deliv¬ 
ered to the output network, 
and the inductor current ramps 
downwards from lb. If the con¬ 
verter is operating in the con¬ 
tinuous mode, the current 
ramps down to a value greater 
than zero. 

Many of the properties of 
the boost converter can be 
determined by examining the 
schematic. The output voltage 
must be higher than the input 
voltage. If this were not true, 
the inductor would not pass 
current to the output network 
of the converter. In the contin¬ 
uous mode, the value of the rip¬ 
ple current in the inductor can 
be made arbitrarily small by 
increasing the value of the 
inductance. 

If we modify the dc-dc boost 
converter by including a bridge 
rectifier at the input, we obtain 
a somewhat different circuit 

2. Modifying the dc-

dc boost converter to 

include a bridge rec¬ 

tifier at the input 

yields this circuit, 

which is the typical 

power train for a 

high-power-factor 

boost pre-regulator. 

Through proper con¬ 

trol of the switch's 

duty cycle, this con¬ 

verter draws a sinu¬ 

soidal current from an 

ac source that's in 

phase with the ac 

source voltage, there¬ 

by creating a convert¬ 

er with a unity power 

factor. 

(Fig. 2). This is the typical 
power train for a high-power-
factor boost pre-regulator. 
Through proper control of the 
switch’s duty cycle, this con¬ 
verter draws a sinusoidal cur¬ 
rent from an ac source that’s in 
phase with the ac source volt¬ 
age, thereby creating a con¬ 
verter with a unity power fac¬ 
tor. 

As mentioned previously, 

the output voltage of the boost 
converter must be higher than 
the input voltage. If we choose 
an output voltage that’s higher 
than the peak ac-line voltage, 
the converter will operate over 
the full input-voltage range 
(from zero volts to the ac-line 
peak of about 380 V). This 
enables universal input to the 
converter without the need for 
additional range-switching cir¬ 
cuitry. 

TABLE 1: APPROXIMATE POWER DISSIPATION OF AMORPHOUS-METAL 

C-CORES IN WATTS FOR A GIVEN TEMPERATURE RISE IN °C 

Core SA cm2 20 C 25 C 30 C 35 C 40 C 45 C 50 C 

AMCC-6.3 103.4 3.8 4.9 6.1 7.4 8.7 10.0 11.3 

AMCC-8 115.9 4.2 5.5 6.9 8.3 9.7 11.2 12.7 

AMCC-10 132.1 4.8 6.3 7.8 9.4 11.0 12.7 14.5 

AMCC-16A 143.1 5.2 6.8 8.5 10.2 12.0 13.8 15.7 

AMCC-16B 160.3 5.8 7.6 9.5 11.4 13.4 15.5 17.6 

AMCC-20 172.3 6.3 8.2 10.2 12.3 14.4 16.6 18.9 

AMCC-25 202.2 7.4 9.6 12.0 14.4 16l9 19.5 22.2 

AMCC-32 216.0 7.9 10.3 12.8 15.4 18.1 20.8 23.7 

AMCC-40 230.0 8.4 11.0 13.6 16.4 19.3 22.2 25.2 

AMCC-50 303.5 11.1 14.5 18.0 21.7 25.4 29.3 33.2 

AMCC-63 321.0 11.7 15.3 19.0 22.9 26.9 31.0 35.1 

AMCC-80 356.0 13.0 17.0 21.1 25.4 29.8 34.3 39.0 

AMCC-100 373.0 13.6 17.8 22.1 26.6 31.3 36.0 41.0 

AMCC-125 464.0 16.9 22.1 27.5 33.1 38.9 44.8 51.0 

AMCC-160 485.0 17.7 23.1 28.8 34.6 40.6 46.8 53.0 

AMCC-200 526.0 19.2 25.1 31.2 37.5 44.0 51.0 57.0 

AMCC-250 592.0 21.6 28.2 35.1 42.3 49.6 57.1 65.0 

AMCC-320 707.0 25.8 33.7 41.9 50.5 59.2 68.2 77.5 

AMCC-400 780.0 28.4 37.2 46.3 55.7 65.4 75.3 85.5 

AMCC-500 854.5 31.2 40.7 50.7 61.0 71.6 82.5 93.6 

AMCC-630 934.0 34.1 44.5 55.4 66.7 78.3 90.2 102.0 

AMCC-800A 1013 36.9 48.3 60.1 72.3 84.9 97.8 111.0 

AMCC-800B 1171 42.7 55.8 69.5 83.6 98.1 113.0 128.0 

AMCC-1000 1292 47.1 61.6 76.6 92.2 108.3 124.7 142.0 

For the inductor current to 
be continuous, the ripple cur¬ 
rent AI in the inductor should 
not exceed twice the minimum 
input peak current. The induc¬ 
tance value which guarantees 
this condition is the critical 
inductance Lcrjt, and is given 
by the expression in Equation 1 
(see “Equation Listings" box). 

Having calculated the induc¬ 
tance to maintain the required 
AI, the peak current that the 
inductor must conduct without 
saturating can be calculated 
using: 

I = P /V *in< rms) max x in max ' ¥ in(rms) min 

^oat max / m(rms) min^lpREG ) 

Therefore, with a sinusoidal 
input current, the expression is 
given as: 

I¡n pk “ 

V2(Im(rmsimax ) + Al/2 (3) 

Overload current conditions 
should be taken into account. 

Now that the necessary 
inductor parameters Lcrjt and 
lin pk have been calculated, we 
can continue with the design 
procedure for the power-factor-
correction inductor. 
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That is the question. 

Optimize your system's cost, features and assembly 
time with the SV model that best fits your application. 
PFC and non-PFC versions are form and fit compatible, 
so they're perfect for systems that don't need Power 
Factor Correction now, but might in the future. Single 
and multiple output versions are available, and all fea¬ 
ture worldwide safety agency approvals, EMI filtering, 
AC Fail/DC Good signals and a low 1.77" profile. 

-- This is the insurer. 

UMBO* ELECTRONICS IS AN 

ÎSQ90Œ 
CERTIHEO COMAANT 

300W models start at $166 (OEM qty), with one day 
delivery from stock. So if you're 
pondering whether to go with 
or without PFC, call us at 
1-800-LAMBDA-4 — we've 
got the answers. 
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LAMBDA 
Electronics Inc. 

515 Broad Hollow Road, Melville. NY 11747-3700 
Tel: 516-694-4200 Fax: 516-293-0519 
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SMALL INDUCTORS 

The first step is to deter¬ 
mine the input data. Assume 
the following for the continu¬ 
ous-mode boost pre-regulator 
in question: 

•Output power (overload), 
Pout = 2.2 kW 

•Switching frequency, fsw = 
50 kHz 

•Output de voltage, VOut = 
380 V 

•Minimum ac-input voltage, 
Vin(rms) min = 90 V 

•Maximum ac-input voltage, 
Vin(rms) max = 260 V 

•Maximum temperature 
above ambient, °C = 50° C 

•Inductor efficiency, qp = 
99% (preferred/optimal value is 
sufficient) 

•Pre-regulator efficiency, 

^PREG = (preferred/opti¬ 
mal value is sufficient) 

In the second step, we esti¬ 
mate the ripple current AI and 
critical inductance Lcrjt. 
Assuming the inductor efficien-

3. This dimensional 

diagram of a C Core is 

used to estimate the 

amount of fringing 

flux, F. The ratio of the 

air cross section to 

the physical cross 

section of the core is 

approximated using 

Equation 19. 

cy is 99%, use the following: 

Plot —  G —  T|l )(POut hpreg ’ “ 

(1-0.99X2200/0.95) = 

23.16 W (4) 

For a theoretically opti¬ 
mized design, the core and cop¬ 
per losses are calculated using: 

P = P = P /2 = 
x core cu tot ' 

23.16/2 = 11.58 W (5) 

Next, select a core based on 
total losses dissipated and the 
required maximum AT °C (for 
data on power dissipation, see 
Table 1). Dissipating 22 W in an 
amorphous-metal C-core 
AMCC -25 will give rise to AT= 
50° C. 

Next, calculate the power 
loss for a core with weight wt 
using: 

TABLE 2: AMORPHOUS-METAL C-CORE PRODUCT LISTING 

Core a (cm) b (cm) c (cm) d (cm) e (cm) f (cm) Im (cm) Ac (cm2) wt(kg) WaAc (cm4) SA (cm2) 

AMCC-6.3 1.0+0.05 1.1 3.3 2.0+0.05 3.1+0.1 5.3+0.2 13.1 1.6 0.150 5.8 103.4 

AMCC-8 1.1 ±0.08 1.3 3.0 2.0+0.05 3.5+0.1 5.2+0.2 13.2 1.8 0.170 7.0 115.9 

AMCC-10 1.1 ±0.08 1.3 4.0 2.0+0.05 3.5+0.1 6.2+0.2 15.4 1.8 0.200 9.4 132.1 

AMCC-16A 1.1 ±0.08 1.3 4.0 2.5+0.05 3.5+0.1 6.2+0.2 15.1 2.3 0.250 12.0 143.1 

AMCC-16B 1.1 ±0.08 1.3 5.0 2.5+0.05 3.5+0.1 7.2+0.2 16.9 2.3 0.280 14.9 160.3 

AMCC-20 1.1 ±0.08 1.3 5.0 3.0+0.05 3.5+0.1 7.2+0.2 17.5 2.7 0.340 17.5 172.3 

AMCC-25 1.3±0.08 1.5 5.6 2.5+0.05 4.1+0.1 8.2+0.2 19.6 2.7 0.380 22.7 202.2 

AMCC-32 1.3±0.08 1.5 5.6 3.0+0.05 4.1+0.1 8.2+0.2 20.0 3.2 0.460 26.9 216.0 

AMCC-40 1 3±0.08 1.5 5.6 3.5+0.05 4.1+0.1 8.2+0.2 19.9 3.7 0.530 31.1 230.0 

AMCC-50 1,6±0.1 2.0 7.0 2.5+0.05 5.2+0.1 10.2+0.3 24.9 3.3 0.590 46.2 303.5 

• AMCC-63 1 6±0.1 2.0 7.0 3.0+0.05 5.2+0.1 10.2+0.3 25.3 3.9 0.710 54.6 321.0 

AMCC-80 1.6+0.1 2.0 7.0 4.0+0.1 5.2+0.1 10.2+0.3 25.4 5.2 0.950 72.8 356.0 

AMCC-100 1.6±0.1 2.0 7.0 4.5+0.1 5.2+0.1 10.2+0.3 25.0 5.9 1.060 82.6 373.0 

AMCC-125 1.9+0.1 2.5 8.3 3.5+0.1 6.3+0.1 12.1+0.3 30.2 5.4 1.170 112.0 464.0 

AMCC-160 1.9±0.1 2.5 8.3 4.0+0.1 6.3+0.1 12.1+0.3 28.5 6.5 1.330 134.9 485.0 

AMCC-200 1.9±0.1 2.5 8.3 5.0+0.1 6.3+0.1 12.1+0.3 29.8 7.8 1.670 161.8 526.0 

AMCC-250 1.9±0.1 2.5 9.0 6.0+0.1 6.3+0.1 12.8+0.3 31.4 9.3 2.100 209.2 592.0 

AMCC-320 2.2±0.1 3.5 8.5 5.0+0.1 7.9+0.1 12.9+0.4 32.5 9.0 2.170 267.7 707.0 

AMCC-400 2.2±0.1 3.5 8.5 6.5+0.1 7.9+0.1 12.9+0.4 33.6 11.7 2.820 348.1 780 0 

AMCC-500 2.5±0.1 4.0 8.5 5.5+0.1 9.0+0.1 13.5+0.4 35.6 11.3 2.900 384.2 854 5 

AMCC-630 2.5±0.1 4.0 8.5 7.0+0.1 9.0+0.1 13.5+0.4 35.6 14.3 3.670 486.2 934 0 

AMCC-800A 2.5+0.1 4.0 8.5 8.5±0.15 9.0+0.1 13.5+0.4 35.6 17.4 4.450 591.6 1013 

AMCC-800B 3.0±0.1 4.0 9.5 8.5±0.15 10.0+0.1 15.5+0.4 39.3 21.0 5.930 798.0 1171 

AMCC-1000 3.3+0.1 4.0 10.5 8.3±0.15 10.6+0.1 17.1+0.5 42.7 23.0 7.060 966.0 1292 

52 • December 1996 



Inboard Power 

80 AMPS 
at 5 VOLTS 
250-425 Vin 
4.6'x 2.2 X 0.43" (above board) 

PEC COMPATIBLE 

http://www.vicr.com mCXJFt 

Model Number: V375A5C400A 
Single Piece Price: $ 180 

Component Solutions For Your Power System 
23 Frontage Road, Andover, MA 01810 Tel: (508) 470-2900 • Fax: (508) 475-671 5 
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SMALL INDUCTORS 

P = Ptot /(2wt) = 
23.16/(2(0.38)] = 
30.47 W/kg (6) 

Then, determine the ac flux, 
Bac, that will give rise to P at 
the switching frequency fsw-
For AlliedSignal POWER-
LITE C-cores, we use the fol¬ 
lowing equations: 

P = 6.5f!W181B/74 W/kg (7) 

B,c = [p/ídõC")]1'1'^ 

[30.47/((6.5)50lsl )]1/1'4 = 
0.0815 T (8) 

AB = 2B„ = 2(0.0815) = 
0.163 T (9) 

Note that fsw is given in 
kilohertz. 

Assuming the peak line-fre¬ 
quency current corresponds to 
about 1.4 Tesla, the ripple cur¬ 
rent is calculated using 
Equation 10. We can then cal¬ 
culate the critical inductance 
based on AI using Equation 11 
(see box “Equation Listings”). 

The third step is to calculate 
the energy-storage require¬ 
ment, E. Having already calcu¬ 
lated Lcrit and Ijn pk, we can 
now calculate the energy-stor¬ 
age requirement of the induc¬ 
tor using Equation 12 (see box 
“Equation Listings”). 

In the fourth step, we calcu¬ 
late the required core-area 
product, WaAc, using Equation 
13. The result should agree to 
within one size of the core 
selected in the second step. 

The fifth step requires us to 
select a core. Choose one with a 
WaAc value that's greater than 
that calculated in the previous 
step (Table 2). This WaAc cor¬ 
responds to amorphous-metal 
C-core AMCC-25. 

The sixth step is to calculate 
the number of turns required, 
N. This is accomplished by 
using: 

N = Lcri,Impk (10J) = 
B^A,. 

(400xlQ-*X38.5)(104) 
(1.4X2.7) 

41 turns (14) 

(19) 
ad 

F = (a + ( gXd-M p) 

NA_ = 1^(10-) 

L B_ 
Step seven is to calculate the 

air gap required, 1g, using 
Equations 15 and 16 (see box 
“Equation Listings”). From 
step six, we have: 

Therefore, the final air-gap 
equation given in Equation 18 
(see box “Equation Listings”). 

In step eight, the goal is to 
estimate the amount of fringing 
flux, F. The physical core cross 
section dimensions are given 
by a and <1 J). The ratio of 
the air cross section to the 
physical cross section of the 
core is approximated by using: 

4. As the magnetizing 

force increases, the 

inductance of an 

amorphous-metal C-

Core decreases as the 

core moves further 

into saturation. For 

the particular core 

and gap size chosen, 

we can check the 

value of inductance 

under peak magnetiz¬ 

ing condition, modify¬ 

ing the design where 

necessary. 

F is sometimes known as the 
fringing factor. The fringing 
flux has the effect of reducing 
the reluctance of the gap by a 
factor of F, which in turn 
increases the inductance of the 
component also by a factor of F. 

Step nine requires us to cal¬ 
culate the corrected turns to 
give the required inductance 
value. From Equation 15 in 
step seven, we derive: 

0.4nN2Ac(10~*) 
/g+(/m/nA) 

Henry (20) 

Because of the fringing flux, 
Ac is increased by the fringing 
factor F. Therefore, the number 
of turns N is calculated using 
Equation 21 (see box 
“Equation Listings”). 

In step 10, we calculate the 
conductor area, Ax. If the con¬ 
ductor has a circular cross sec¬ 
tion, then it is a reasonable 
assumption that a window-uti¬ 
lization factor of 0.4 can be 
used. If the conductor has a 
rectangular cross section, it’s 
reasonable to assume that a 
window-utilization factor of up 
to 0.6 can be used. Both of these 
window-utilization factors will 
leave enough space for a bobbin 
and insulation between wind¬ 
ings. 

The C-core window area is 
given by the dimensions b and c 
(Fig. 3). The cross-sectional 
area of the conductor is given 
by: 

bcK A, = - = 
x N 

(1.5X5.6X0.4) _ 
39 

0.086 cm" (22) 

At this point we can also cal¬ 
culate the resistance per unit 
length for the calculated cross 
section. For copper at a given 
temperature, T, the resistivity 
is given by Equation 23 (see 
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No Modular Connector 
Keeps Better Tabs on 
EMI than Stackjack " 

Enhanced Tab Design Delivers Superior Shielding 

Performance is everything. 

That’s why we designed our 

shielded Stackjack'“ harmonica jacks 

using enhanced, spring-action tabs to 

provide the best shielding available. 

Better shielding translates into 

interference-free, high-speed networks 

that outperform the competition. 

The spring-action 

feature provides 

better, more 

tolerant contact 

with the panel 

to allow easier 

installation, lower 

assembly costs, 

and greater long¬ 

term reliability. 

The spring-action of 
the Stackjack 

enhanced tabs provides 
superior shielding, 
producing fast, 
interference-free 

network performance. 

Our contacts are as good as gold. 

Thanks to the only selectively 

gold-plated, wire-formed contacts in 

the industry, you get constant normal 

force, low-contact resistance and no 

memory problems. All this adds up to 

high performance with 1000-mating-

cycle reliability. And if you’re looking 

for higher hub density, specify 

Stackjack in the industry’s lowest 

profile, with up to 16 ports in a two-

row configuration. And if you don’t 

need shielding, try our unshielded 

Stackjack modular connectors. 

We challenged our people to 

make the best harmonica jacks in 

the world. They did. To find out 

more about Stewart’s Stackjack, 

call 717-235-7512. 

Stewart Connector 
T/////////// 

Stewart Connector Systems, Inc. 
Insilco Technologies Group 

RD2 Old Trail 
Glen Rock, PA 17327 
Phone: 717-235-7512 
Fax: 717-235-7954 
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SMALL INDUCTORS 

box “Equation Listings”). 
If we assume that the maxi¬ 

mum ambient temperature is 
50° C, and the losses in the 
component create an additional 
temperature rise of 30° C, then 
we should use a value of 80° C 
when calculating the resistivity 
of copper. This corresponds to: 

p = 2.16 pQ-cm (24) 
The resistance per unit 

length of conductor is given by: 

Runit = p/Ax (25) 

R - -
uni' bcK 

(2.16X39X1Q-6) _ 

(1.5X5.6X0.4) 

25.0pi2-cm (26) 

Step 11 calls for calculation 
of the copper losses, Pcu. The 
mean turn length (MTL) of a C-
core is approximated using: 

MTL = (2Xa + 2b + d) -
(2)[1.3 + (2X1.5) + 2.5] = 
13.6 cm (27) 

The total resistance for the 
winding is given by: 

nt,„ = Runi,MTL N = 

(25.0xl0’6X13.6)(39) = 

13.26 mil (28) 
If the current has a signifi¬ 

cant high-frequency compo¬ 
nent, then the resistance of the 
winding will increase due to the 
skin effect. The skin effect in 
high-frequency designs can be 
minimized by using Litz or foil 
windings. 

The copper losses can now 
be calculated: 

Pcu = =

(26)2(13.26X10 3) = 
8.96 W (29) 

Step 12 is to calculate the ac 
flux in the gap (and core). Use 
the following: 

B _ 0.4>tN(Al/2X10~l) 

1 g 

0.4n39(4.23/2X10~l) 
0.12 

0.086T (30) 

EQUATION LISTINGS 

where L^, = critical inductance ( H ). 

Vlnl„ui = minimum de - input voltage ( V). 

Vwl = de output voltage (V ). 

AI = ripple current ( 1 ). 

C = switching frequency ( kHz ). 

and where V . = \2(V 1 imdcim .' * ’ ¡mat >imn ' 

A/ = AB/BÍV2(P )/tn V )] = [ v 1 of " ’ I/we tmorimin 

(0.163/1.4)[V2(2200)/((0.95X 90))] = 4.23 A „ 

i/2(90)[l-(<2(90/380))] 
-----1 = 400 pH 

(4.23X50.000) 
(11) 

(10) 

E = O.Õ/L^I^2) = 0.5(400 xlOc)(38.5)- = 0.296 Joules (12) 

"’here Ifapk = V^P^ Z(nPREGVin(,c)mln ) +Al/2 Amps 

. 2E(104) (2XO.296X104) W„A, = - = - = 21.11 cm 
B^JK (1.4X500X0.4) 

where E = energy (Joules). 

(13) 

= maximum peak flux density (Tesla). 
J = current density (A/cm2). 

and K = window-utilization factor 

L = 
0.4kN2A (10~") 
<p+(fm/.uA) 

Henry Í15I 

where ( = total air gap (cm). 

f „ = magnetic-path length of core (cm). 

and pA = incremental permeability at operating point on B- H loop = 1000 

0.4nN-A (IO“") I 
' = -!-— centimeters (16) 
k L pA 

O^nNl^QQ-1) _ 0.4n(41X38.5)d0 4) IQ.6 

Bnu. nA “ 1.4 ’1000 

0.12 cm = 0.06 cm/leg (181 

]Lp.+(/„,/pA)](10ij 

" \ 0.4714, F 

/(400xl0*)[0.12 + (19.6/1000)](10R) 
;t--- = 39 turns 
i (0.4)n(2.7)(1.07) 

p = 1.724{l+0.0042(T-20)](10’ü)í2-cm (23) 

SA = 2f( b + d) + 2( b + d )( b + e ) + 2f( b * e) = 

2(8.2X1.5+2.5) + 2(1.5-r2.5H.5 + 4.1) + 2(8.2Xl.õ + 4.1) = (33) 

202.2 enr 
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ISO9001 CERTIFIED 

1W Isolated DC/DC Converter Family 
in Standard JEDEC Packages 

Power as a Component 
DCP01 is the first 'solated DC/DC converter family in industry 

standard JEDEC plastic packages. This is power in component 

packaging—use it as a monolithic product. Try DCP01 for high 

volume PCB assembly—you use standard processing and handling— 
no special reflow soldering processing required. And, it features a 

low profile— only 0.15” (3.8mm). DCP01 is perfect for point-of-use 

power conversion, digital interface power, ground loop elimination, 
data acquisition, plus industrial control and instrumentation applications. 

DCP01 Family Key Specifications: 
Power. 

Efficiency. 

isolation (rated)... 

Switching. 

Temoerature Range 

Package . 

.1W 

70% at full load (5V to 5V) 

. 1000Vrms 

. 400kHz 

.-40°C/+100°C 

.14-pin DIP 

Pricing from $5.01 in 1000s. 

Performance 
DCP01 offers 1W isolated output power capability, thermal shutdown, 
and output short circuit protection. It's completely self-synchronized— 

any number of devices can be simply connected together to prevent 

beat frequencies on the power rail. Advanced power-on reset techniques 

deliver superior reset performance; the device will start into any capacitive 

load up to full power output. DCP01 combines the power and 

performance you need in an industry standard package with a 
meantime to failure of up to 108 million hours! 

i and a FREE Sample! 
Add PowerPLUSto your next design.. .ask for a free 
sample! Just call (800) 548-6132 for your FREE 
SAMPLE, Isolation Products brochure, and 
detailed data sheet. Look out for 15 & 

12 volt family members available 

soon Contact your local sales 

representative for more information. 

Burr-Brown Corporation 
Reader No. 80 FAXLINE No.l 1284 BURR - BROWN 

Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548 6132 or use FAXLWE(800) 548-6133 • http://www.burr-brown.com/ 



SMALL INDUCTORS 

Calculation of the core losses com¬ 
prises step 13. For AlliedSignal 
POWERLITE C-cores, recall that 
losses are given by the expressions: 

6.5C ó,BJ 74 W/kg (31) 

P™ = 6.5^' ' “4Wt = 

e.õíõO)151 (0.086)1'4(0.38) = 

12.71 W (32) 

Note that fs is expressed in kHz. 
The 14th step is to estimate the 

convective surface area. Painstaking 
accuracy can be used to calculate the 
actual surface area of the wound 
component. However, the boundary 
layer associated with natural convec-

Shorten lead times with 
off-the-shelf IC capacitors. 

With over 20 million capacitors in stock, IC has what you need. 

When the going gets tough, Illinois Capacitor really comes 
through and delivers the goods. IC can meet your most 

critical delivery requirements with the industry's highest quality 
capacitors. With in-depth inventory at local distributors and IC, 

well keep your production on schedule. 

Reach your goals with the best in capacitor quality and performance. 
Call IC or your local IC distributor today. 

Ask lor our 
FREE Capacitor 
Catalog and 
Engineering 
Guide. 3757 W. Touhy Ave., Lincolnwood. Illinois 60645 

(847) 675-1760 • Fax (847) 673-2850 

THE SOURCE FOR QUALITY, PERFORMANCE AND DELIVERY 

Samples 
available 

upon 
request. 

^^LIRillS CAPACITOR, IRC. 
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tion in air tends to round off the sur¬ 
face contours, and so the effective 
convective surface area is approxi¬ 
mated by the surface area of a box 
barely enclosing the wound compo¬ 
nent. This area is calculated using 
dimensional diagrams (Fig. -1, again) 
and Equation 33 (see box “Equation 
Listings”). 

In step 15, we calculate the 
approximate temperature rise of the 
wound component using: 

P = P +P = tot core cu 

8.96 + 12.71 = 21.67 W (34) 

AT = (P„,t /SA)"s" = 

(21670/202.2)0833 = 

49°C (35) 

Efforts should be made to make 

Pcore °“ Peu to optimize the design. 
Note that Ptot is expressed in milli¬ 
watts. 

Step 16 is to determine the effect 
of the de bias on the value of induc¬ 
tance. The procedure so far has 
assumed that there will be no appre¬ 
ciable drop in inductance factor Al 
with increasing magnetizing force, H 
(Amps-turns). However, as the mag¬ 
netizing force increases, the induc¬ 
tance will decrease as the core moves 
further into saturation. For the par¬ 
ticular core and gap size chosen, we 
can check the value of inductance 
under peak magnetizing condition 
from the characteristic graphs in 
AlliedSignal’s POWERLITE C-core 
Technical Bulletin, modifying the 
design where necessary. 

Referring to the graph of induc¬ 
tance factor Al versus magnetizing 
force H for the particluar C-Core 
model AMCC-25 (Fig. 4), we see that 
for the above design: 

L (0 Amps) = 375 p.H 
L (38.5 A) = 320 jjlH (85% LinIT)-
As the deadline for implementing 

power-factor correction approaches, 
design engineers are faced with the 
task of designing power-factor-cor-
rection circuits that are small, light, 
efficient, reliable, and, most impor¬ 
tantly, cost effective. 

The preceding design procedures 
and examples demonstrate that 
there are no differences between 
designing magnetic components 
using AlliedSignal’s POWERLITE 

CONTINUED ON PAGE 62 
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For High 
Uoltage Amplifiers, 

Why 
Look Anywhere Else? 

I KE? PRODUCT SPECIFICATIONS | 
Part # Supply lom peak 'standby Slew Rate 
PA08 30V-300V 200mA 8.5mA 30V/us 
PA41 100V-350V 120mA 2mA 40V/ps 

PA42 100V-350V 120mA 2mA 40V/ps 
PA43 30V-450V 120mA 2mA 40V/ps 
PA85 30V-450V 350mA 25mA 1000V/ps 
PA87 100450V 200mA 3.8mA 20V/ps 

PA88 30V450V 200mA 2mA 30V/ps 
PA89 150V-1200V 100mA 6mA 16V/ps 

The Power Miser 
When concerned about system power supply drain or heat buildup, 
the PA88 offers cool running with only 2mA max standby current. 
With a total supply rating of450V and an output capability of 
200mA peak, the PA88 is up to your design challenges. The 
PA88M is the military screened version 

The Penny Pincher 
Monolithic technology makes the PA42's $17.90 price tag in 10K 
pieces might}' attractive. With a footprint of less than one fourth that 
of a TO-3 package, the PA42 is THE choice for high density applica¬ 
tions. Its 2mA maximum standby current is also consistent with high 
density, and remember, this monolithic is rated up to 350V total sup¬ 
ply and 120mA output. 

The Power Punch The Speed Demon 

Hr 

rvs±225V 

R5 
I PAC" 

C1 

ATE Pin Driver 
±225V 

OFEX 
I Iptech ISO9001 

800Vp-p 500kHz Deflection 
For Beam Deposition System 

A2 
PA85 

If it’s speed you need, the PA85 is the fastest high voltage op amp you 
can buy. A slew rate of 1000V/|ls, a total supply capability of450V and 
peak currents to 350mA, the PA85 is well suited to high speed drives 
for PZTs, optical switches and other capacitive loads. The gain band¬ 
width product of 100MHz insures AC fidelity. It’s also available in a 
militan- screened version, the PA85M. 

Request Our Free 
Data Book Online 
E-Mail: ProdLit@leamapex.com 
or http://www.teamapex.com 

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

If you’re looking for high output capabilities, then the PA87 can 
drive continuous output currents up to 200mA, and pulse currents 
up to 300mA into capacitive loads. The PA87’s space-saving single 
inline package is perfect to conserve board real estate and its $57.15 
price in 1 OK quantities is equally impressive. A standby current rat¬ 
ing of 3.8mA and a total supply rating of450V adds to the PA87’s 
high performance qualities. 

Apex Microtechnology Corporation 
5980 N. Shannon Road, Tucson. Arizona 85741-5230 

-news 
gC Vl 9647 
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UPS 

MANUFACTURERS OF UNINTERRUPTIBLE POWER SUPPLIES 1 

Manufacturer List prices 
System 

topologies 
Capacities 

(VA) 
Run times 
(minutes) 

Surge let-
through 

(% of peak 
load) 

RMS-voltage 
regulation 

(V ac) 

Software 
features 
(see key 
below) 

SNMP 
hardware 
interface? 

Acme Electric Corp. 
Cuba, N.Y. 
(716)968-2400 
CIRCLE 538 

From $139 
to $1299 

Line-interactive: 
stand-by 

250 to 1400 3 to 150 Less than 
5% 

N.A. SD, WB, NM, 
SNMP (all 
optional) 

External 

American Power Conversion 
West Kingston. R.l. 
(800) 877-4080 
CIRCLE 539 

From $119 
(Back-UPS 

series) 
to $5199 
(Matrix 
series) 

Line-interactive; 
stand-by 

200 to 5000 Up to 17 at 
full load 
(Matrix 
Series) 

As low as 
<0.3% 

Varies with 
product lines 

SD. WB (in 
PowerChute 

Plus package), 
NM, SNMP 

Internal and 
external 

BEST Power 
A unit of General Signal 
Necedah. Wise. 
(608) 565-7200; (800) 356-5794 
CIRCLE 540 

From $129 
to $17,324+ 

On-line: 
line-interactive: 

stand-by; 
ferroresonant 

280 VA 
to 220 kVA 

5 to 30 at 
full load 
(without 
extended 
runtime 
options) 

0.03 to 1.4 
(all units 
pass 

ANSI/IEEE 
C62.41) 

Depends on 
load 

SD, WB, NM, 
SNMP (all 
optional) 

External 

Clary Corp. 
Monrovia, Calif. 
(800) 442-5279 
http://www.clary.com\onguard 
CIRCLE 541 

From $477 
to $9421 

On-line; 
line-interactive 

450 to 5000 5 to 45 
(unlimited 

with runtime 
options) 

200% ±2% SD, WB. NM, 
SNMP (all 
optional) 

External 

Computer Power Inc. 
High Bridge. N.J. 
(800) 526-5088 
CIRCLE 542 

From $149 
to $35,000 

On-line; 
line-interactive; 

stand-by; 
ferroresonant 

300 VA 
to 350 kVA 

5 minutes 
to 24 hours 

Less than 
1% 

±2% SD. WB, NM, 
SNMP (all 
optional) 

External 

Custom Power Systems 
Ronkonkoma. N.Y. 
(516) 467-5328 
http://www.custompower.com 
CIRCLE 543 

Based on 
custom 
design 

On-line 
(ac-dc UPS) 

Per customer 
requirements 

Per 
customer 

requirements 

N.A. N.A. None None 

Deltec Electronics Corp. 
San Diego. Calif. 
(619)291-4211 
http://www.deltecpower.com 
e-mail: info@deltecpower.com 
CIRCLE 544 

Starts at 
$119 

On-line; 
line-interactive; 

stand-by 

220 VA 
to 60 kVA 

5 minutes 
to 10 hours 

N.S. N.S. SD. WB. NM 
(included). 
SNMP 

(optional) 

External 

EPE Technologies Inc. 
Division of Square D 
Costa Mesa, Calif. 
(714) 557-1637 
CIRCLE 545 

From $139 
to $6290 

On-line; 
line-interactive; 

stand-by 

250 VAto 
10kVA 

(single-phase): 
12 kVAto 
750 kVA 

(three-phase) 

7 to 15 
standard 

Below 400 
to 500% 
(on-line 
mode) 

+2%, ±3%, 
±5% 

SD, WB, NM, 
SNMP (all 
optional) 

Internal 

Elgar Corp. 
San Diego. Calif. 
(619) 458-0085 
e-mail: sales@elgar.com 
CIRCLE 546 

From $4185 
to $9445 

On-line 1 kVA to 
3 kVA 

5 to 15 
(longer with 
extended 
battery 

capacity) 

Tested to 
IEC 801-2 

±2% over full 
range of 
line/load 

regulation, 
stability, and 
accuracy 

SD (RS-232) 
included 

Proprietary 
RS-232 

Exide Electronics Group Inc. 
Raleigh. N.C. 
(919) 870-3239 
http://www.exide.com\exide 
e-mail: info@exide.com 
CIRCLE 547 

Start at $139 On-line; 
line-interactive; 

stand-by 

250 VA 
to 1000kVA 

Varies per 
application 

Varies per 
application 

±3% SD. WB. NM, 
SNMP (all 
optional) 

External 

Hewlett-Packard Co. 
New Jersey Div. 
Rockaway. N.J. 
(201) 586-5888 
http://www.hp.com\go\netserver 
CIRCLE 548 

From $319 
to $1179 

On-line; 
line-interactive 

600 to 2100 6 to 11 
at full load 

On-line: 
<0.3%; 
Line-

interactive: 
<0.8% 

On-line: 
120 V ac 
(±3%); 
Line-

interactive: 
120 V ac 
<±5%) 

SD. WB, NM, 
SNMP (all 
included) 

Internal 
(optional in 

on-line 
models) 

Liebert Corp. 
Columbus. Ohio 
(800) 877-9222, (614) 888-0246 
http://www.liebert.com 
e-mail: 
pulsed@smtpgw.liebert.com 
CIRCLE 549 

From $173 
to $7164 

On-line; 
line-interactive; 

stand-by 

250 VA 
to 18kVA 

5 to 160+ Sustains all 
input surges 

±5% SD. WB. NM 
(all optional) 
SNMP 

included in 
some models, 
optional in 
others 

N.S. 
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Worldwide partners 

i n power 

• Meets EN55022 curve B 

as standard 

INTRODUCING 
THE KESTREL 
Power Supply 

Advance Power applies its most innovative and 
reliable engineedng to the design and manufacture 
of its new product family of Kestrel VWF350 
switchrmode power supplies. Convenient to use, 

these compact and ve'satile units provice 

expectional, "beyond-spec" EMC performance 
while cowering up your most demanoing loads. 

350W continuous output power, 500W 

surge enables 230% current surge 
capability *or disk-drive start up 

Power factor corrected, universal 

nput w.th no derating of 

continuous power down 

to 85V ac 

• Up to 5 fully regulated 
outputs with current limits, 

overvoltage protection, 

and no minimum 
lead reqprements 

Advance 
INTERNATIONAL 

E dvance 
Advance Power Inc. 

32111 Aurora Rd , Solon, OH 44139 

For the latest information about 
Advance Power Inc., visit us on line at 
http:/www.advanceint.com/advance-int 

For the new full line catalog, call 
(216) 349-0755, FAX (216) 349-0142, 
or E-mail 104436.1621@compuserve.com 

POWER SUPPLIES • POWER SUPPLIES • POWER SUPPLIES ■ POWER SUPPLIES 
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SMALL INDUCTORS 

CONTINUED EROM PAGE 58 
C-cores and the more conventional 
ferrite and MPP products. On the 
contrary, because of the high satura¬ 
tion-flux density and the low fre¬ 
quency-dependent losses, size reduc¬ 
tions of up to 40% and weight reduc¬ 
tions of up to 50% can be achieved 

while maintaining the same of 
greater end-product reliability. 

JOSEPH W McCLEAN is 
Senior European Applications 
Development Manager at Allied 
Signal Amorphous Metals. McClean 
previously worked for Theo. Benning 

Ireland GmbH. Wexford, Ireland, as 
an R&D engineer. He holds a BA in 
experimental physics from Trinity 
College, University of Dublin. 

Originally published 
in the May 1, 11)96 issue of 
Electronic Design. 

MANUFACTURERS OF UNINTERRUPTIBLE POWER SUPPLIES 

Key to software features: SD = shutdown; WB = Windows-based client management: NM = network-management application; SNMP - SNMP software 
agent. N.A. = not applicable; N.S. = not specified 

Manufacturer List prices 
System 

topologies 
Capacities 

(VA) 
Run times 
(minutes) 

Surge let-
through 

(% of peak 
load) 

RMS-voltage 
regulation 

(V ac) 

Software 
features 
(see key 
below) 

SNMP 
hardware 
interface? 

Lortec Power Systems Inc. 
Garland. Texas 
(800) 927-5051 
CIRCLE 550 

From $600 
to $100,000 

On-line 600 VA 
to 30 kVA 

Selectable N.S. From 1 % to 
3% 

N.S. External 

Para Systems Inc. 
Minuteman-UPS Div. 
Carrollton. Texas 
(214) 446-7363 
http://www.minuteman-ups.com 
CIRCLE 551 

From $99 
to $9999 

On-line; 
line-interactive: 

stand-by 

200 VA 
tOlOkVA 

5 to 2.880 <0.2% 92 to 267 V SD. WB. 
NM,SNMP 
(all optional) 

External 
(optional) 

SL Waber Inc. 
Mt. Laurel, N.J. 
(609) 866-8888 
CIRCLE 552 

PH250: $119 
PH500: $229 
Upstart: $249 

PH: Stand-by 
Upstart: 

Line-interactive 

250 to 500 5 to 15 ±5% ±5% PH: None 
Upstart: SD. 
WB, SNMP 
included 

PH: None 
Upstart: 
Internal 

Solidstate Controls Inc. 
Columbus. Ohio 
(800) 635-7300 
CIRCLE 553 

From $2,000 
to $150,000 

On-line; 
stand-by 

400 VA 
to 150 kVA 

5 minutes 
to 8 hours 

N.S. ±2% None None 

Superior Electric 
Bristol. Ct. 
(860) 585-4500 
CIRCLE 554 

From $135 
to $1875 

On-line; 
line-interactive; 

stand-by 

200 to 2200 5 Io 10 
at full load 

Meets 
UL 1449 
(330) 

Depends on 
model 

SD. WB. 
NM, SNMP 
(all optional) 

None 

Tektris Electro Corp. 
La Mesa. Calif. 
(619) 589-0444 
CIRCLE 555 

N.S. Stand-by Up to 1 kVA Upto 120 N.S. 60 V ±2% SD (included) None 

Transistor Devices Inc. 
Cedar Knolls, N.J. 
(201)267-1900 
e-mail: 
zeman r@mailer.transdev.com 
CIRCLE 556 

From $3000 
to $50,000 

On-line 1.25, 2.5. 6. 
and 10kVA 
(single- and 
three-phase) 

5 to 30 Zero 0.1% voltage 
and 0.1% 
frequency 

SD (included) None 

Tripp Lite 
Chicago, III. 
(312) 755-5401 
http://tripplife.com 
e-mail: 
info%tripplite@mcimail.com 
CIRCLE 557 

From $119 
to $4199 

On-line; 
line-interactive: 

stand-by 

200 VA 
to 5 kVA 

10 minutes 
to unlimited 

time 

150% 87 to 140 V 
ac (to ANSI 

C84.1) 

SD 
(included), 
WB and NM 
(included or 
optional), 
SNMP 

(optional) 

External 

ViewSonic 
Walnut. Calif. 
(800) 688-6688; (714) 545-1338 
http://viewsonic.com 
CIRCLE 558 

From $139 
to $699 

Line-interactive 280 to 1400 4 to 6 
(full load). 
8 to 12 

(half-load) 

1% Input voltage 
of 87 to 149 

V ac 

None External 

Wilmore Electronics Co. 
Hillsborough. N.C. 
(919) 732-9351 
CIRCLE 559 

From 
$345.50 to 
$1640 
(qty- 10) 

On-line: 
stand-by 

50 VA 
to 1 kVA 

Depends on 
user-supplied 

batteries 

N.A. ±3% for 
regulated 
units vs. 

dc-input line 
and output 

load 

None None 

Originally published in the May 1, 1996 issue of Electronic Design. 
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D01608 Series 
1 ph- 1000 ph 

Irms to 2.9A, I sat to 2.9 A 
.260 x .175 x .115 

DT1608 Series 
1 ph - 1000 ph 

Irms to 2 A. Isat to 2 A 
.260x .175 x .115 

“Make it half that size. " “Can we get another hour 

out of the battery 1 ” “You’re going to have to cut the 

cost by a third. ” 

At Coilcraft, we know the demands being made 

on power supply designers. And so we've created 

these powerful new weapons for your arsenal. 

From our DO5022 Series that handles a whop¬ 

ping 8.6 Amps, to our low profile DO3308 only 

New weapons in your 
struggle for power 

DO3308 Series 
10 ph - 1OOO ph 

Irms to 2.0 A Isat to 2.4 A 
.510x .370x .118 

\ Piß * ; ' 
DO3316 Series 
1 ph - 1OOO ph 

Irms to 6.8 A, Isat to 9 A 
.51 Ox. 370 X.200 

DT3316 Series 
1 ph-1OOO ph 

Irms to 5 A, Isat to 5 A 
.510x .370x .200 

DO5022 Series 
1 ph - 1OOO ph 

Irms to 8.6 A, Isat to 20 A 
.730X .600X .280 

DO3340 Series 
10 ph - 1OOO ph 

Irms to 3 5 A, Isat to 8 A 
.510X .370X .450 

Parts shown approximately 150% actual size 

.118" high, to the tiny DO and DTI608, the ulti¬ 

mate in small footprint power inductors. 

Whether you're trying to achieve higher power, 

greater efficiency, or 

smaller size, there's a 

Coilcraft power induc¬ 

tor to help you win your 

battle. « 

To check out the size | 

and performance advan- 11 

tages of Coilcraft power j 

inductors, order one of 

our handy Designer's 

Kits with prototyping 

samples. Or for detailed lndUc<.nc(pH;■ 

specifications use our 

"Data by Fax" service, visit our World Wide Web 

site, or call us at 800/322-2645. 

Selection Guide 

Cary IL 60013 800/322-2645 Fax 847/639-1469 
DHG4X 800/651-6974 WWWhttp>wcoilcraft.com 
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ADAPTABLE 

CUSTOM AND SEMI-CUSTOM AC/DC POWER SUPPLIES 

There’s a world of difference between providing a product and providing a solution. At CELESTICA, we first provide solutions. And 

then, we deliver the optimal products. Our proven technical expertise goes into every one of our high-quality AC/DC Power Supplies. 

This means you’re always guaranteed the very best solution. Looking for reliability and adaptability in your supplier relationship? Look 

to CELESTICA. - Quality. Kesponsiveness. On-time delivery. * ISO 9001 - registered. - CELESTICA - we’re more than 

just another option. CALL: 1 - 800 -461 -291 3 to explore the possibilities CELESTICA offers. Assembly 
SERVICE 
EXCELLENCE 
AWARD 

CELESTICA. POWER SYSTEMS 

IM Celestica is a trademark of Celestica, Inc. 
© Copyright Celestica Inc., 1996. 

Photo courtesy of NOAO 
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SYSTEM PACKAGING 

Approaching Packaging 
As A System 

GEORGE CORREIRA 
Rittal Corp., One Rittal Pl., Springfield, OH 45504; (513) 399-0500. 

t pays to think “enclosures” curly in the 

design cycle, doing so will result in a 

more effective system housing. 

Today’s trend in designing 
network equipment is to strive 
for compatibility with 19-in. 
racks. This format allows for 
vertical orientation of equip¬ 
ment in standard cabinets and 
racks. Although the 19-in. stan¬ 
dard has been used for over 50 
years, only recently has it come 
into play in configuring net¬ 
work equipment. Computer¬ 
server products now are being 
manufactured and developed 
for future use in so-called 
“rack-and-stack” configura¬ 
tions, as are most other periph¬ 
eral products, such as switches, 
routers, and hubs. The rack-
and-stack configuration allows 
all of the necessary hardware, 
cabling, and other accessories 
to be properly stored, main¬ 
tained, and accessed in a conve¬ 
nient, complete housing. 

As more technological 
developments occur in network 
computing, the client-server 
network is reaching the point 
where many business applica¬ 
tions are being developed on 
computer servers that inte¬ 
grate complete, all-in-one net¬ 
work equipment. A typical ros¬ 
ter of equipment for a network 
could include such components 
as computer servers, bridges, 
routers, hubs, switches, 
repeaters, 19-in. enclosures, 
cable-management accessories, 
climate-control devices, elec¬ 
tromagnetic-compatibility 

(EMC) materials, monitors, 
keyboards, uninterruptible-
power-supply (UPS) systems, 
patch panels, telecommunica¬ 
tion equipment, and mass-stor¬ 
age devices. 

With such a wide range of 
hardware and accessories 

being integrated, system 
designers face a host of new 
packaging requirements that 
haven't been seen in past years. 
The most critical aspects 
include: 

•Enhanced security mea¬ 
sures, because computer equip-

1. A rack-mounted 

server system com¬ 

bines powerful com¬ 

puting with stack¬ 

able, space-saving 

convenience. It also 

provides a highly 

functional enclosure. 

(Photo courtesy of 

Compaq Corp.) 
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SYSTEM PACKAGING 

ment is no longer limited to the 
secured environment. 

•Enough integration capa¬ 
bility to enable equipment to be 
packaged with other peripheral 
equipment in the same physical 
location. 

•The ability to package 
equipment into a central, well¬ 
managed, and often relatively 
small space. 

•Good cable-management 
provisions. 

• An easy means of providing 
expansion capabilities. 

•Climate control. 
Because of these diverse 

needs, enclosures play an 
important role in the design 
and manufacture of electronics. 
The systems used in the net¬ 
work incorporate products that 
range from a host of standard 
and modified components that 
form the basis of completed 
designs. A complete range of 
subracks and chassis, desktop 
and rack-mount enclosures, 
open data racks, and 19-in. cab¬ 
inets and cases are used to inte¬ 
grate the electronics into the 
system hardware (see the fig¬ 
ure). 

To meet these challenges, 
computer-equipment designers 
and OEMs are forming part¬ 
nerships with packaging 
experts early in the design 
process. While each project is 
unique in terms of internal 
mounting requirements, 
weight capacity, and cooling 
needs, companies that produce 
modular, standardized packag¬ 
ing offer an effective option. 
Months and sometimes years of 
development time are spent 
designing and testing the right 
combination of components, 
printed-circuit boards, electro-
magnetic-compatibility compo¬ 
nents, and climate-control 
devices to deliver a finished, 
quality product to the market. 
In addition, considerable time 
and engineering effort is dedi¬ 
cated to designing an effective, 
value-rich enclosure for the 
end-user’s network system. 

In this process of concurrent 
engineering, the emphasis is on 

Benefits of con¬ 
current engineer¬ 
ing can range from 

faster product 
development and 
cost-effective 

manufacturing to a 
more efficient, 
superior design 

and reduced costs. 

SYSTEM-PACKAGING CHECKLIST REVIEW 
1. Site planning: 
• Room size • Cabling (under and over flooring) 
• Climate control • Remote-site applications 
• Environmental considerations • EMC requirements 
• Future expansion possibilities • Service 
• Logistics 

2. Internal product definition: 
• Total maximum system weight • Climate-control factors/heat 
• Packaging for transportation dissipation 
• Telescope slide arrangements • Cable-management system 
• EMC compliance • Cable-entry system 
• Electronic network products and • Internal mounting dimensions 

systems, i.e. servers, UPSs, 
switch box, monitor, keyboard, 
and more 

3. External product definition: 
• Enclosure • Required external-size dimensions 
• Usable rack space • Aesthetic issues 
• Base and stabilization methods • Ventilation patterns 
• Special testing parameters • Shock and vibration requirements 
• Standard accessories, i.e. shelves, • Security 

slides, system chassis, cable 
management, and more 

incorporating all disciplines 
into the complete product¬ 
development process, from con¬ 
cept to production. Participants 
in this product-development 
discussion include a number of 
areas, including electrical, elec¬ 
tronic, mechanical, and soft¬ 
ware engineering, as well as 
purchasing, quality, finance, 
and marketing. However, it’s 
imperative that manufacturer 
and vendor work together to 
integrate design and manufac¬ 
turing at initiation of the design 
process—instead of as an 
afterthought. 

Benefits of concurrent engi¬ 
neering can range from faster 
product development and cost-
effective manufacturing to a 
more efficient, superior design 
and reduced costs. With con¬ 
current design, the equipment 
and the enclosure are literally 
made for each other. Therefore, 
it’s truly in the best interest of 
both parties to think about the 
system packaging upfront. 

Network infrastructures 
entail a wide variety of complex 
system-hardware components 
that are integrated for client-
server/enterprise network 
applications. For system engi¬ 
neers, determining system 
requirements revolves around 
solving many tasks at the same 

time. To build and design the 
correct product, it's important 
to follow a logical step-by-step 
process. Some of the system 
requirements can be enumerat¬ 
ed in the form of a checklist. A 
list of this sort can be a helpful 
aid (see the table). 

The first step for system 
design is to plan the hardware 
implementation, including inte¬ 
gration of the various system 
elements. Not only must engi¬ 
neers incorporate the numer¬ 
ous server components, but 
they must consider the addi¬ 
tional peripheral elements in 
their design. So to begin imple¬ 
mentation of the system, the 
design must include all of the 
system components. 

From there, planning of the 
network system must consist of 
site planning for space alloca¬ 
tion—a crucial second step. 
Because space for these instal¬ 
lations is at a premium, inte¬ 
grating the products vertically 
becomes both necessary and 
logical in order to maximize the 
density of products and inte¬ 
grated components. 

Next, of increasing concern 
for server systems and other 
electronic components is the 
heat buildup in these powerful 
units. Server and peripheral 
manufacturers are well aware 
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One Basic 
Package; 

Models! 

The new Mosaic'" switcher from Xentek Power 

Systems—it’s like having a whole power supply 

catalog in a single package! 

Mosaic switchers are the answer to a wide range 

of power supply requirements. Literally thousands 

of standard configurations are available “off-the-

shelf" thanks to our modular packaging system. 

That simplifies your power system design; and 

modifications can be as easy as replacing a module. 

So throw away those thick power supply 

catalogs. Standardize on Mosaic switchers from 

S’ v 225W to 500W total output 
■ 
F *2 to 7 outputs 

^^^.SV or 5.0V main channel @ 55A 

T 4.75V to 48V auxiliary modules @ 5-10A each 

▼ Dual-output auxiliary modules @ 1A per output 

▼ Auto-ranging input, 90-264VAC 

In California: (619) 471-4001 ! Fax: (619) 

1770 La Costa Meadows Drive 
San Marcos, CA 92069 

(BOO) 4-XENTEK 

xenteK 
POWER SYSTEMS 

A Taiyo-Yuden Company 

BS EN ISO9001 
FM 32227 

471-4021 

TM 

Power Supply 

Catalog 

Introducing the new m a a i a 
Xentek Power Systems 

http://www.xentek.com Xentek Power Systems. 
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SYSTEM PACKAGING 

that for every 20° F, or approximate¬ 
ly 10° C, above a component's maxi¬ 
mum operating temperature, the 
average life of semiconductors is cut 
in half. Thus, climate-control needs 
are of ultimate concern for designers. 

Added steps would focus on plan¬ 
ning for the wiring and cable infra¬ 
structure, future expandability, secu¬ 
rity, and network management. 

Designers also must address the 
need to protect the sensitive elec¬ 
tronics from electromagnetic or 
radio-frequency interference 
(EMI/RFI). It’s extremely impera¬ 
tive that EMI/RFI be considered as 
an integral part of product design to 
optimize the performance of the elec¬ 
tronics and to minimize its interac¬ 
tion with other equipment. 

TOUCHVIEUJ® SCREEnS... 
listing impressions 
ique...but that doesn’t have to mean time-
or expensive. CAM’s design engineering, 

icturing and customer support provide 
viable, cost effective solutions...with the 
industry’s most advanced touch interface 

technology...for just about any 
resistive touchscreen 
application you can dream of. 

All custom solutions for 
unique applications. 

CAM. Graphics Co., Inc. 
15 Ranick Drive West • Amitwille, New York 11701 • Tel: (516) 842-3400 • Fax: (516) 842-1005 

The 19-in. configuration now in 
vogue provides the OEM with an 
option that incorporates the various 
system components as well as meets 
installation, maintenance, and ser¬ 
vice requirements. Therefore, the 19-
in. enclosure becomes the logical 
choice to accomplish the “racking and 
stacking” of products and accessory 
items in a variety of environments. 

It’s also important to understand 
the essential relationship between 
enclosures and their uses for end¬ 
user applications. Let’s look at how 
enclosure technology is employed in 
modem network environments. 

Network infrastructures are 
installed in a host of diverse environ¬ 
ments. One setting for a network 
installation could be the “glass 
house” of a corporate headquarters. 
This type of installation strictly dic¬ 
tates the space available for the 
installation of network equipment 
and controls. Because real estate is 
always at a premium, additional 
enclosures and equipment should be 
considered carefully. Such settings 
also mandate the use of aesthetically 
appealing enclosures. On top of pro¬ 
viding improved manageability and 
easy serviceability, the integrated 
server package system cleans up the 
office—an important factor when the 
system is so visible as in this sce¬ 
nario. 

Finally, the system requires 
installation in a climate-controlled 
area as well as high security with 
locked access. In many cases, the 
best approach is a modular enclosure 
that can house everything from 
servers to UPS and communications 
equipment—all readily inserted on 
stackable 19-in. racks and easily 
expanded by adding more modules. 

Equipment also can be located at 
remote sites that are connected to a 
central system. These locations can 
range from wiring closets to factory 
floors. In these kinds of installations, 
the enclosures must provide added 
security, adequate climate control, 
environmental protection, and mea¬ 
sures for expansion. For equipment 
not designed for EMC emissions 
standards, it might be necessary to 
use enclosures that protect against 
unwanted EMC interference. It’s 
easier and less costly to achieve 

CONTINUED ON PAGE 76 
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that Mark carried 1,500 feet up the tower. 

Benchmarq is a registered tdemark, and Power Gauge and ’Benchmarq the brains behind the battery' are trademarks ot Benchmarq Microelectronics, Inc 

BENCHMARQ 
BENCHMARQ M croelectronics. Inc. 
17919 Waterview Parkway 
Dallas. Texas 75252 U.S.A. 
800-966-0011 or 214-437-9195 
Fax: 214-437-9198 
Email:benchmarq@benchmarq com 
WWW:http://www.benchmarq.com 

Thanks to the Benchmarq battery gas gauge designed 
into Mark's drill, Mark can finish his job with confi¬ 
dence, knowing his drill won't run out of power before 
the work is complete. Smart battery technology helps 
sell products. And Benchmarq makes it easy for you to 
make your battery packs I 
intelligent. 

At Benchmarq, we spe¬ 
cialize in battery manage¬ 
ment technology. And our 
fully tested, ready-to-instalI 
battery capacity modules 
can save you time and 
money, and shorten your 
time to market. 

Our engineers work 
directly with you to 
address your most chal¬ 
lenging problems. We can 
customize our modules to 

NASDAQzBMRQ 

accommodate your space and power requirements. And 
because all components are included on a small board, 
your buying and manufacturing processes are simple. 
You buy, inventory, and assemble a single part. 

So call Benchmarq for a turn-key solution to your bat-
! tery monitoring and charging 
I needs. Because when you of'er 

reliable smart power with your 
product, guys like Mark step up 
and buy. 

Benchmarq makes the module 
that displays the charge 

that's in the battery 
that runs the drill... 

A Benchmarq gas gauge module in each battery pack shows Mark 
at the touch of a button that the battery pack he took up the tower 

had more than 80 percent of a full charge. 

16-Pin IC 

Part No. Description 

Battery 

Technology 

Module 

Part No. 

bq2010 Gas Gauge IC 
NIMH 

and NiCd bq2110,bq2110L 

bq2011/J 
Gas Gauge IC 

for Power Tools 
NIMH 

and NICd bq2111L 

bq2012 Gas Gauge IC 
NiMH 

and NICd bq21t2, bq2112L 

bq2014 
Gas Gauge IC with 
Ext. Charge Control 

NiMH 
and NICd 

bq2114,bq2114L, 
bq2164 

bq2050 Power Gauge™ IC Li-Ion 
bq2150, bq2150L, 

bq2165 

bq2090 
SMBusv.95 
Gas Gauge IC 

NiMH, NiCd. 
Li-Ion bq2190L 

Gas Gauge IC/Module Selection Guide 

BENCHMARQ...THE BRAINS BEHIND THE BATTERY 
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SYSTEM PACKAGING 

MANUFACTURERS OF ENCLOSURES 

Manufacturer 
Enclosure 

configurations 
Bus 

structures 
Backplane 

sizes 
System cooling 

options Drive bays 

Power¬ 
supply 
options 

Is shielding 
available? 

Altech Corp. 
Flemington, N.J. 
(908) 806-9400 
http://www.altechcorp.com 
CIRCLE 560 

Industrial, DIN. and 
others in many 
configurations 

N.A. From 2.5 by 
2.5 in. to 14 
by 10 in. 

N.A. N.A. N.A. Yes (plastic 
enclosures 

with 
copper-based 

shielding) 

Ango Electronics Corp. 
N. Arlington. N.J. 
(201)955-0800 
http://www.ango.com 
CIRCLE 561 

Rackmount, metal 
desktop types 

PCIbus N.A. Fan Four 
double-density 

(two 
exposed; 
two buried) 

Standard PC 
supply 

Yes, to FCC 
specifications 

Buckeye Stamping Co. 
Columbus. Ohio 
(800) 728-0776 
CIRCLE 562 

Desktop, 
rackmount, 
portable, 

front-loading, 
wedge consoles 

Eurocard. 
VME, VXI, 
Multibus II 

3U to 6U. 
VXI 9U and 

12U 

Cluster-punch 
ventilation 

N.A. N.A. EMI and RFI 
shielding 
available 

Bud Industries Inc. 
Willoughby, Ohio 
(216) 946-3200 
CIRCLE 563 

Cabinet racks, 
relay racks, 
desktop, 

rackmount, 
portable instrument 

cases 

None None Blowers, fan trays, 
exhaust fans 

N.A. N.A. Yes(per 
customer 
request) 

Bustronic Corp. 
Fremont, Calif. 
(510) 490-7388 
http://www.bustronic.com 
CIRCLE 564 

Desktop, 
rackmount, tower, 
portable tower 

VME64, VME, 
VXI, ISA, 

PCI/ISA. and 
custom 

Any, 
depending on 
bus or custom 

design 

Ac and de fans, 
water cooling 

One to 12 or 
more 

150 W to 1.5 
kW (±5 V or 

+12 V 
standard: 
other 

voltages 
optional) 

Yes, to levels 
1 and 2 

Calmark Corp. 
San Gabriel, Calif. 
(818) 287-0451 
CIRCLE 565 

PC-board 
enclosures (card 
cages, subracks) 

VME None Individual ac or de 
axial fans or 

fan-tray assemblies 

Custom Custom Custom 

Dawn VME Products 
Fremont, Calif. 
(510) 657-4444 
e-mail: dawnsales@aol.com 
CIRCLE 566 

Desktop, 
rackmount, tower 

VME, VXI, 
Sbus 

Two to 21 
slots; 3U, 6U, 
9U, custom. 
MIL-spec 

Positive pressure, 
evacuation, custom 

As many 3.5 
and 5.25 in. 
as required 

Up to 2 kW Yes, to FCC 
Class B 

Electronic Solutions 
Div. of Zero Corp. 
San Diego, CA 
(619) 452-9333 
e-mail: sales@elsol.com 
CIRCLE 567 

Desktop, 
rackmount, tower 

VME, 
Multibus, 

Multibus II, 
VXI, Sun, VSB 

VME (2 to 21 
slots), 

Multibus (4 to 
26). Multibus 
II (3 to 20), 

VXI (3 to 13), 
VSB (2 to 6) 

Various Various 175 to 
1500 W 

Yes, to FCC 
Class A and B; 
VDE, CISPR 

Electrorack Products Co. 
Anaheim, Calif. 
(714) 776-5420 
CIRCLE 568 

Desktop, sloped, 
vertical, RFI/EMI, 

seismic, 
NEMA-rated, 
crash-tested 

None None Blowers, fans, 
vents 

None None Yes: FCC 
through 
Tempest 

Electro Space Fabricators 
Topton. Pa. 
(610) 682-7181 
CIRCLE 569 

Rackmount and 
desktop 

VME, VXI, 
custom 

3U, 6U, 9U. 
12U, J1-J2 

N.A. N.A. N.A. Yes 

Elma Electronic Inc. 
Fremont. Calif. 
(510) 656-3400 
http://www.elma.com 
e-mail: sales@elma.com 
CIRCLE 570 

Desktop, 
rackmount, 

portable, tower, 
wallmount, 
MIL-spec 

VME. VXI. 
Multibus II, 
ISA, PCI, 
Futurebus 

VME (2 to 21 
slots). VME64 
(5, 7, 9, 12, 

21 slots). VXI 
(B.C.D sizes). 
ISA. PCI/ISA 

Convection, 
forced air, 
conduction 

Many 
options and 

configurations 

200, 250, 
350, 500, 
750 W 

Yes. in all 
levels up to 
and including 
Tempest 

Emcor Products/Crenlo Inc. 
Rochester. Minn. 
(507) 289-3371 
CIRCLE 571 

19-, 24-, and 30-in. 
EIA modular 

rackmount and 
desktop types 

N.A. N.A. Packaged blowers, 
fan trays, and fan 

panels 

N.A. N.A. Yes: to 
commercial/FCC 
requirements 
and Tempest 
specifications 
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Toko Chip Inductors 
TOKO Types Typical 

Q 
EIA Quantity 

Footprint per Reel 
Inductance Range 

1nH 10nH 100nH 1pH 10pH 100pH 1mH 

I I I I I I I 

LL1005-F 50@ 
"World's smallest" 1900 MHz 
Ceramic nH 

0402 10,000 
(10x0.5 mm) 

6.8b^m27 * 

‘Available soon, please contact Toko for details. 

LL1608-F 30@ 
General purpose * 800 MHz 
Ceramic nH 

0603 4,000 
(1.6 X 0.8 mm) 

1.2—m 5.6 
Tolerances: 

■mi C = ±0.2nH 

^m S = ±0.3nH 
mm T = 3% 
MM J = 5% 

MB K = 10% 

mm M = 20% 

LL1608-FH 50@ 
High current, High 0 in C1 800 MHz 
micro size Ceramic nH 

0603 4,000 
(16x0.8 mm) 

1.2«— 5.6 

LL2012-F 50@ 
General purpose nH 800 MHz 
Ceramic nH 

FSLU2520 40 
General purpose 
Ferrite nH and uH 

32CS 30 
General purpose * 
Ferrite nH and uH 

0805 4,000 
(20x12 mm) (3,000) 

>47nH 

1008 2,000 
(2 5 X 2.Û mm.l 

1210 1,500 
(3.2 a 2.7 mm) 

1.5í^m5.6 

33CS 85@

36CS 150 MHz 
Air core high 0 $ 

1616 2,000 
(4.0 X 4.0 mm) 

2616 2,000 
(6.4 X 4.0 mm) 

6.8 — 22 

22 ^^m50 

Toko America, Inc. 
1^^ I ■ ■ BdK ■ ■ 1250 Feehanville Drive Mount Prospect, IL 60056 
I Tel: (847) 297-0070 Fax: (847) 699-7864 

To reach your local sales office call 1-800-PIK-TOKO 
or visit our Internet site http://www.tokoam.com 



SYSTEM PACKAGING 

MANUFACTURERS OF ENCLOSURES I 

Manufacturer 
Enclosure 

configurations 
Bus 

structures 
Backplane 

sizes 
System cooling 

options Drive bays 

Power¬ 
supply 
options 

Is shielding 
available? 

Enclosure Technology Inc. 
Ypsilanti, Mich. 
(313) 481-2200 
CIRCLE 572 

Desktop, 
rackmount, tower, 
keyboard tray. 
PC/104 cube, 

embeddable card 
cages, 1-to-5U 
enclosures 

ISA, PCI. 
PC/104 

3 to 14 slots Various: depends 
on enclosure 

Various: 
depends on 
enclosure 

Various: 
depends on 
enclosure 

Yes: all NEMA 
ratings, UL. 
FCC. CSA. 

TUV, CE mark 

Equipto Electronics Corp. 
Aurora. III. 
(708) 897-4691 
CIRCLE 573 

Racks, consoles, 
instrument 
cabinets (all 

modular to EIA 
RS-310 

specifications) 

N.A. N.A. Fans, blowers, air 
conditioners 

N.S. N.S. FCC/VDE, 
Tempest, 
European 
Union EMC 
Directive 

Extrusion Technology 
Randolph. Mass. 
(617) 963-7200 
CIRCLE 574 

Desktop, cabinet VME N.A. N.A. N.A. N.A. Enclosures are 
of all aluminum 
(shielding is 

built in) 

Carlo Gavazzi Inc. 
Mupac Business Unit 
Brockton. Mass. 
(508) 588-6110 
e-mail: tedb@mupac.com 
CIRCLE 575 

Tower, desktop, 
rackmount, test 

station 

VME. VXI, 
Multibus II, 
Futurebus+, 

Fibre 
Channel. 
PC-AT, 

Multibus I, 
custom 

From 3-slot 
3U (J2) to 

21-slot J1/J2 

Evacuation/ 
pressurization 

From one to 
16 bays in 

all 
configurations 
including hot 
pluggable 

200 W 
to 2 kW 

Yes, up to full 
MIL-spec if 
required 

General Devices Co. Inc. 
Indianapolis. Ind. 
(317)897-7000 
CIRCLE 576 

Rackmount, tower, 
and seismic types 
meet EIA RS-310 
specifications 

N.A. N.A. Natural convection, 
fans, blowers 

N.A. Multi-outlet 
power-supply 

strips 

Yes: to FCC or 
MIL 

specifications 

Hoffman Engineering 
Anoka. Minn. 
(612) 422-2194 
CIRCLE 577 

19-in. mini rack 
cabinets, electronic 
rack cabinets, lab 

racks, cases, 
rackmount/desktop 

cases 

VME. VXI, 
Multibus II. 
Futurebus+ 

Wide range of 
high-speed, 

standard, and 
modified 

backplanes 

Internal or 
top-mount fan trays 
with ratings from 
88to612cfm; 
other fan and 

air-conditioning 
options 

N.A. Full range of 
power-supply 

options 
hinging on 
system 

requirements 

All available in 
shielded 

versions tested 
in accordance 

with 
MIL-STD-285 

Hybricon Corp. 
Ayer. Mass. 
(508) 772-5422 
http://www.hybricon.com 
CIRCLE 578 

Desktop, 
rackmount, tower 

VME. 
Multibus II, 
Futurebus+, 
compact PCI 

Slot sizes 
from 2 to 21 

Blowers, tubeaxial 
fans, air-restriction 

kits 

Choice of 1 
to 4, either 
front-access 
or buried 

From 80 W 
to 1350W 

Yes, per FCC 
Class B 

specifications 

Industrial Computer Source 
San Diego. Calif. 
(619) 677-0877 
http://industry.net/indcompsrc 
e-mail: industrial.computer® 

industry.net 
CIRCLE 579 

Rack, bench, floor, 
panel/wall 

ISA, EISA, PCI 4, 6, 10,15, 
or 20 slots 
(passive 

backplane) 

Fans with various 
airflow capacities 

Many 
options, both 
front-access 
and internal 

50 to 500 W; 
120 Vac. 
240 V ac, 

or 24/48 V de 

Yes, per FCC 
Class B 

specifications; 
EMC directive 
89/336/EEC 

Interlogic Industries 
Melville, N.Y. 
(516) 420-8111 
http://www.infoview.com 
CIRCLE 580 

Desktop, 
rackmount, tower 

ISA. EISA, 
VESA local 
bus, ISA/PCI 

4 through 20 
positions 

Fans 4 through 12 
bays, both 
3.5 and 5.25 

in. 

200 W to 
400 W ac 
and 250 W 

de 

No 

JMR Electronics 
Chatsworth. Calif. 
(818) 993-4801 
http://www.jmr.com 
e-mail: jmr-support@jmr.com 
CIRCLE 581 

RAID, CD-ROM, 
rack/cabinets. 

rackmount, desktop 

SSI, SSA, 
SCA, and 
custom 
(Fibre 

Channel 
forthcoming) 

None Multiple, 
depending on 

enclosure size and 
devices supported 

Many options Standard 
and 

customer 
options 

Yes, per FCC 
Class A or B 

specifications; 
CE, TUV, UL, 

CSA 

Kinetic Computer Corp. 
Cambridge. Mass. 
(617) 547-2424 
e-mail: vinit@kin.com 
CIRCLE 582 

Rugged PCs STD 32. 
PC/104. ISA, 
compact PCI 

4 to 24 slots Conduction cooling 2.5-in. 
shock-mount 

HDD: 
PCMCIA 
HDD 

Dc-dc 
(vehicle) 

Yes. to 
MIL-STD-461; 
CE mark; 
FCC 

specifications 

Knurr USA Inc. 
Simi Valley, Calif. 
(805) 526-7733 
CIRCLE 583 

Desktop, 
rackmount, carry, 

tower 

VME N.A. Fan cassettes and 
fan trays in various 

configurations 

N.A. N.A. Yes,to DIN 
41494 pari 5 
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A constant companion 

of designers all 

over the world, the 

QT Optoelectronic 

Product Data Book 

contains specifications

and ordering information 

for over 750 optoelectronic 

components. You'll also find a 

list of authorized distributors 

and technical representa¬ 

tives in hundreds of cities 

around the world. 

Call 800-LED-OPTO 

today, and we'll send 

you a FREE copy. 

0PTOELECTROIICS 

United States 800-533-6786 

Europe 322/466-3540 

Asi a/Pacif ic 603/735-2417 

© 1995 Quality Technologies Corporation 

Designer's Best Friend 



SYSTEM PACKAGING 

MANUFACTURERS OF ENCLOSURES I 

Manufacturer 
Enclosure 

configurations 
Bus 

structures 
Backplane 

sizes 
System cooling 

options Drive bays 

Power¬ 
supply 
options 

Is shielding 
available? 

Lowell Mfg. Co. 
Pacific, Mo. 
(314) 257-3400 
CIRCLE 584 

Stand-alone, 
gangable rack 

frame, wall-mount, 
desktop, 

transportable 

N.A. N.A. Rackmount fan 
panels and blowers 

N.A. Rackmount 
power-

distribution 
panels, 

power strips, 
and 

sequential 
power 

switching 

N.A. 

Magnetic Shield Corp. 
Bensenville, III 
(708) 766-7800 
CIRCLE 585 

Magnetically 
shielded 

enclosures for 
CRTs 

N.A. N.A. N.A. N.A. N.A. Magnetic 
shielding for 
CRTs, hard 

drives 

PacTec, Div. of LaFrance Corp. 
Philadelphia. Pa. 
(215) 884-9502 
CIRCLE 586 

Desktop, handheld, 
rackmount 

N.A. N.A. Venting, heat 
sinks, fans 

N.A. N.A. Yes (nickel 
acrylic) 

Palo Alto Design Group 
Palo Alto, Calif. 
(415) 327-9444 
e-mail: marcom@padg.com 
CIRCLE 587 

Desktop, 
mid-tower, slimline, 

server 

VME, ISA. 
EISA, PCI, 
NuBUS 
(custom 
version 

available) 

Standard 
chassis for 
baby-AT, 
LPX/LPM, 

ATX 
motherboards 

One 80-mm fan 
inside 

power-supply unit; 
one or two 

additional fans 

3, 4, or 16 
(depending 
on model) 

VDE B. 
50,000-hr 
MTBF. 

European 
standards, 
fan control; 
redundant, 
hot-swap for 
server model 

Yes, per FCC 
Class B 

specifications 

Powerbox (USA) Inc. 
Broomfield. Colo. 
(303) 439-7220 
CIRCLE 588 

Desktop, 
rackmount 

N.A. N.A. Integrated heat 
sinks 

N.A. Wide 
selection of 

power 
supplies 

Not specified, 
but shielding 

can be 
achieved 

Radstone Technology Corp. 
Montvale. N.J. 
(800) 368-2738 
http://www.radstone.com 
e-mail: radstone@radstone.com 
CIRCLE 589 

Rackmount, 
mini-tower. ATR 

VME, VSB 3. 5.8.10. 
15, and 20 

slots 

Forced air, 
conduction 

One or two 
5.25-in. 
drives 

28 Vdc, 100 
to 240 V, 
50/60 Hz; 
115 V ac, 
400 Hz 

Yes. to 
MIL-STD-461C 
specifications 

Rangeley Mill Inc.. Case Div. 
Rangeley. Me. 
(800) 227-1415 
CIRCLE 590 

Custom fabrication; 
all types 

Custom 
fabrication: all 

types 

Custom 
fabrication; all 

types 

Venting Custom 
fabrication; 
all types 

N.A. Yes; per 
customer 

specification 

Rittal Corp. 
Springfield, Ohio 
(513) 399-0500 
http://www.industry.net/rittal 
e-mail: rittal@industry.net 
CIRCLE 591 

Rackmount, 
wall-mount, 
panel-mount 

VME64, 
VME64 

Extension, 
Multibus II. 
compact PCI 

Large array of 
sizes for 

VME64; 9-, 
20-, and 
21-slot 
unbused 
types: 

VME/VSB 
plug-on types 
(3 to 6 slots) 

1U rackmount fan 
assemblies; 3-, 6-, 

and 9-fan 
assemblies for 

subrack mounting 

19-in. 
housings for 

up to 12 
3.5-in. drives 
or 6 5.25-in. 

drives 

VME 
supplies 
rated 130, 
200, 400, 
500, 750, 
and 1000W 

Yes, to 
European 

EMC standards 

Rose & Bopla Enclosures 
Div. of Phoenix Mecano 
Frederick. Md. 
(301) 696-9800 
CIRCLE 592 

Rackmount, 
desktop, 

wall-mount, 
panel-mount, 
electronic 

VME None None None None RFI, vacuum 
seal 

Schroff Inc. 
Warwick. R.l. 
(401)732-3770 
http://www.schroffus.com 
CIRCLE 593 

Desktop, 
rackmount, tower, 

wall-mount 

VME. VXI, 
Futurebus, 
Multibus II 

From 2 to 21 
slots 

Fans, blowers, air 
conditioners 

Up to 35 
drive bays 
(3.5- and 
5.25-in. 

vertical or 
horizontal) 

Shoebox-style 
160, 250, 
350, 500, 
and 750 W 

Yes 
(22 dB 

at 1000 MHz) 

Sescom Inc. 
Henderson. Nev. 
(800) 634-3451 
CIRCLE 594 

Desktop, 
rackmount 

(generic boxes) 

N.A. N.A. N.A N.A. N.A. No 

Simco 
Avon Park, Fla. 
(941)452-9090 
CIRCLE 595 

Desktop, handheld PC-card slides 1 in. through 
11 in. 

Various venting 
matrices available 

N.A. N.A. Yes. EMI/RFI 
with 

ElectroDial 
550 nickel 

acrylic 
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Up to 256 MByte 
DRAM Memory Modules 

Our new stacked DRAM makes the most of precious board space. 

■ 32 MB (8M X 36) and 64MB (I6M x 36) 72-pin SIMMs. 

■ 16MB (2M x 72), 64MB (8M x 72), and 256MB (32M x 72) 168-pin DIMMs. 

■ FPM or EDO DRAM with access time of 60nS. 

Other Quality Memory Products from White Microelectronics: 

• 80-pin SIMM Flash Family 

4-, 8-, 16-, and 32MByte SIMMs in x32 organizations. 
5 volt operation. Access times of 70 to 120nS. 
JEDEC standard pinout. 

• 68-lead PLCC Packaging 

4-, 16-, and 32Mbit Flash with access times as low as 55nS 
4- and 16Mbit SRAM with access times as low as l7nS 

• 32Mbit Flash MCM in an 84-ball BGA Package 

IMx32 organization. 35mm square BGA. Read access times of 90 to 
150nS. Upgradeable to 2M x 32 in tie same footprint. 

• Increased memory density 

• Upgradeable 

•^^AST 

• Saves board space 

• Reliable 
ISO 9001 

CERTIFIED 
QUALITY 
SYSTEM 

WHITE /MICROELECTRONICS 
4246 E. Wood Street ■ Phoenix, Arizona 85040 
TEL: 602-437-1520 ■ FAX: 602-437-9120 ■ http://www.whitemicro.com 
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SYSTEM PACKAGING 

CONTINUED FROM PAGE 68 
EMC in the design stage than to 
address problems once the products 

are in the field. 
When the time comes to expand 

networks, servers are easily added 
vertically to a 19-in. system without 
burning up more floor space. One 
answer might be to use wall-mounted 
enclosures for equipment when space 
is limited or that which is easily 
installable on a remote wall. 

Overall, enclosure manufacturers 
are able to provide standardized 
solutions that offer numerous advan¬ 
tages to the end user. By teaming 
together and participating in concur¬ 
rent engineering, a variety of bene¬ 
fits can be provided. These benefits 

can include both cost and time sav¬ 
ings, both of which are crucial issues 
in today’s competitive global market. 
In addition, by integrating design 
and manufacturing, the enclosure 
partner is able to provide a standard¬ 
ized product with an improved 
design and higher quality. Moreover, 
packaging experts will be able to 
help identify the various needs of the 
computer OEM or manufacturer and, 
in turn, design an enclosure that 
meets those specific needs. 

The technological advances made 
in network equipment has brought 
about a need for a vertical integra¬ 
tion of computer components. 
Designers are therefore utilizing the 
19-in. rack-mount standard as they 

design and plan their system imple¬ 
mentation. As these emerging tech¬ 
nologies continue to drive the need 
for value-packaged solutions, enclo¬ 
sure manufacturers will serve as 
packaging partners to provide cost-
effective, flexible solutions. 

GEORGE CORREIRA, electronics 
product manager at Rittal Corp., has 
more than 13 years of experience with 
mechanical, electrical, and electronic 
packaging. He currently specializes in 
system-level packaging and EMC appli¬ 
cations. 

Originally published 
in the June 10, 1996 issue of 
Electronic Design. 

N.A. = not applicable: N.S. = not specified 

MANUFACTURERS OF ENCLOSURES _ I 

Manufacturer 
Enclosure 

configurations 
Bus 

structures 
Backplane 

sizes 
System cooling 

options Drive bays 

Power¬ 
supply 
options 

Is shielding 
available? 

STRONGBOX 
Culver City. Calif. 
(310) 305-8288 
CIRCLE 596 

Rackmount 
chassis 

(heavy-duty) 

Configured by 
user to 

support bus 
structure of 

choice 

N.A. Convection or 
user-configured 

N.A. Configured 
and supplied 

by user 

No (enclosures 
are shieldable 

by user) 

TDJ Co. Inc. 
San Diego. Calif. 
(619) 276-5920 
e-mail: order@tdj.com 
CIRCLE 597 

Desktop, 
rackmount 

(MIL-STD-189) 

None None None None None No 

Tracewell Enclosures 
Westerville. Ohio 
(614) 846-6175 
CIRCLE 598 

Desktop, 
rackmount, tower, 
ruggedized, COTS, 

test stands 

VME. VXI, 
Multibus II, 
PCI, ISA, 

EISA, custom 

Each bus 
structure has 

range of 
standard 

sizes and slots 

Positive- and 
negative-pressure 

forced air 

Up to 64 
drives in 

custom units 

Various 
OEM 

supplies and 
custom 
solutions 
with dc-dc 
converters 

Yes, to FCC 
Class A and B 

Vector Electronic Co. 
Sylmar, Calif. 
(800) 467-3331 
http://www.vectorelect.com 
e-mail: inquire@vectorelect.com 
CIRCLE 599 

Desktop, 
rackmount, tower, 

custom 

VME, VXI, 
PCI, CPSI, 

PC, Multibus II 

3, 5, 7, 9,10, 
12, 14.17, 
20, 21 slots 

Push, pull, and 
push/pull 

combination 

From 1 to 5 
in any 

configuration 
required 

100, 250, 
300, 400, 
500, 750, 
1000. 1200 

W 

Yes, to any 
level required 

VERO Electronics Corp. 
Hamden, Conn. 
(203) 288-8001 
http://www.vero-usa.com 
e-mail: vero@vero-usa.com 
CIRCLE 600 

Desktop, 
rackmount, tower, 
and custom models 

VME, VXI, 
PCAT, STE. 
G96, G64, 
Multibus l/ll 

All possible 
variations 

from 1 to 21 
slots 

Standard and 
intelligent fan trays: 
custom systems 

3.5 and 5.25 
in. in both 
horizontal 
and vertical 

configurations 

Any 
customer 

requirement 
can be met 

Yes, typically 
50 dB at 300 
MHz and 30 to 
40 dB at 1 GHz 

Zoltech Corp. 
Van Nuys. Calif. 
(818) 780-1800 
http://www.zoltech.com 
CIRCLE 601 

Desktop, 
racKmount, tower, 
and wall-mount on 

special order 

VME, Q-bus, 
Multibus II, 
Sunbus, VXI 

From 3 to 21 
slots 

Forced and/or 
filtered air 

Up to 8 
half-height 

or 4 
full-height 
5.25-in. 

(also 3.5 in.) 

50 to 1000 
W, 90 to 264 
V ac, 40 to 
440 Hz (also 

de input) 

No special 
shielding 

Originally published in the June 10,1996 issue of Electronic Design. 
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65% SMALLER DIE 

I'- 5' 

LARGER WAFER 

FEWER LAYERS 

Smaller chips with 
higher performance, 
produced on 6" wafer 
lines, improve per-
wafer production by 
300%. The world's 
largest MOSFET fab 
is ready to deliver 
Generation 5. And lots 
of them! 

International 
IGR Rectifier 

Improved cost-performance. Off-the-shelf 
availability. No design-in time. There 
are lots of great reasons, but only one 
MOSFET choice. Generation 5 HEXFET 
devices from International Rectifier. 

Nearly every MOSFET in 
the world is built using 
licensed International 
Rectifier technology. 
Is there any better 
definition of industry 
leadership? 

Whatever your application, explore the 
cost, performance and availability 
advantages of Generation 5. 

Need even more reasons? Log on to our website or use 
our fax-on-demand service to get your Generation 5 
HEXFET questions answered today. 
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More Power To You. 

As a substitute for 
existing MOSFETs, 
Generation 5 HEXFET 
devices let you improve 
performance, reduce 
costs, and eliminate 
sourcing hassles. Today. 
Ask us about our fast¬ 
growing selection. 

We're redefining 
MOSFET technology. 
Again. Four-layer vs. 
conventional six-layer 
design reduces 
manufacturing time, 
improves yields. 

New Generation 5 Repla cement HEXFET Devices 
Industr y P N Motorola Harris 8G8-Thomson IR Replacement 

IRFZ24 MTP15N05E BUZ71 BUZ71A IRFZ24N 

IRFZ34 MTP36N06E IRFZ34N 

IRFZ44 MTP50N05E RFP45N06 STP40N05 IRFZ44N 
IRFZ46 MTP50N06E IRFZ46N 
IRFZ48 RFP50N05 STVHD90 IRFZ48N 
IRLZ24 MTP15N05EL RFP14N05L IRLZ24N 
IRLZ34 MTP30N06EL RFP25N05L STP32N05L IRLZ34N 
IRLZ44 MTP50N05EL STP50N05L IRLZ44N 
IRL520 RFP7N10LE IRL52ON 
IRL530 MTP12N10EL RFP12N10L IRL53ON 
IRL540 MTP25N10EL IRL540N 

IRF1O1O MTP60N06HD RFP70N06 IRF1O1ON 
IRL2203 MTP75N03HDL RFP70N03 IRL2203N 

IRL3705 IRF3705N 

IRF520 MTP10N10E BUZ72A IRF520N 
IRF530 MTP12N10E BUZ20 IRF530N 
IRF540 MTP25N10E IRF540N 

IRF1310 MTP33N10E RFP40N10 STP40N10 IRF1310N 
IRFR024 MTD10N05E RFD14N05SM IRFR024N 

IRFR12O MTD9N10E IRFR120N 

IRLR024 MTD3055EL RFD14N05LSM IRLRO24N 
IRLR120 RFD7N10LESM IRLR12ON 

There are plenty of reasons to switch 
to Generation 5 HEXFET Power MOSFETs 

So pick one. 

Fax-on-demand: U.S. 310-252-7100 U.K. 44 1883 733 420 
Internet: http://www.irf.com 



PFC SUPPLIES 

Configuring An 
Off-The-Shelf PFC Supply 

BY RICHARD OKADA and STEVE KELLER 
RO Associates Inc., 246 Caspian Dr., P.O. Box 61419, Sunnyvale, CA 94088; (408) 744 1450. 

H
ere's how to design IEC-compliant 

compact supplies using readily 

available components. 

Speeding up the design cycle 

has long been a crucial goal of 1. The modular build¬ 
design engineering, and config- ing-block approach to 

uring power supplies with power-supply design 

proven, modular components enables designers to 

can help. Power-supply design configure power sup¬ 

cycles are generally 75% to 85% plies that meet the 

shorter with modules than with latest international 

the more traditional approach specifications for 

that uses discrete ICs, transis- power-factor correc¬ 

tors, and magnetics. What’s tion. By using mod-

more, choosing modular compo- ules that have already 

nents that already meet UL, been UL-approved, 

CSA, and other agency stan- the design and quali-

dards makes certification of the f¡cation cycle is dra-

supply as a whole a much quick- matically shortened, 

er process. 
Module-based power sup¬ 

plies offer a number of benefits 
that ultimately result in lower 
cost of ownership. For instance, 
the modules are already 
debugged, so field reliability is 
higher. Output-power capabili¬ 
ty, hot-plug-in capability, 
redundancy, and other features 
can be configured to the cus¬ 
tomer’s exact needs (Fig. 1). 
Serviceability is enhanced and 
maintenance costs are reduced 
because modules can be readily 
replaced. And you can easily 
keep up with the shifting sands 
of IC operating voltages by 
substituting modules with 
alternate output voltages. 

Another factor favoring the 
modular approach is the arrival 
of the IEC specifications that 
took effect last January. They 
place tight restrictions on the 

EMI and power-factor perfor¬ 
mance of power supplies sold in 
Europe. Many modular power¬ 
supply component suppliers, 
including RO Associates, offer 
power-factor-correction (PFC) 
modules and EMI-filter mod¬ 
ules that enable designers to 
quickly meet the latest IEC 
regulations. 

The following configuration 
suggestions were derived from 
the design of a 5-V power sup¬ 
ply with PFC, N+l redundan¬ 
cy, and current sharing. We’ll 
begin by examining a schemat¬ 
ic that shows one of the redun¬ 
dancy blocks for this supply 
(Fig. 2). This block is repeated 
N+l times to obtain the 
required output power with 
redundancy. The design is 
based entirely on off-the-shelf 

modules, which are shown in 
the schematic with heavy out¬ 
lines. As with most supplies, 
this design can be divided into 
two sections—an input stage 
and an output stage. The input 
stage converts the ac-input 
power into high-voltage de 
power. The output stage then 
converts the high voltage de 
power into isolated, low voltage 
output power. 

First, we’ll look at the input 
stage in some detail. The PFC 
module is the main component 
of the input stage. Its primary 
function is to convert the ac 
input power into de output 
power. The difficult part of this 
conversion is meeting the con¬ 
straint that the input power 
factor must be near unity. This 
requires that the instantaneous 
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input current be proportional 
to the instantaneous input volt¬ 
age. In other words, the PFC 
module has to look like a resis¬ 
tive load to the ac power 
source. Power-factor regula¬ 
tions are set forth in the new 
IEC specification, IEC 1000-3-
2. Most PFC modules contain a 
diode bridge to convert the 
bipolar input voltage into a 

apply to the outputs and status 
signals of the PFC module. 

The second characteristic is 
that the output voltage must 
always be higher than the 
input voltage. This characteris¬ 
tic has two consequences in a 
PFC module: The output volt¬ 
age must be very high to oper¬ 
ate from a utility line, and the 
converter is not inherently pro¬ 
tected against short circuits or 
cun-ent limited. A benefit of 
the first consequence is that if 
the output voltage is high 
enough to operate from the 
highest utility voltage, the 
module can then operate from 
any utility voltage. Currently, 
the highest utility voltage is 
264 V ac, which has a peak volt¬ 
age of 373 V. Therefore, for a 
PFC module to have a truly 
“universal” input range, the 
regulated output voltage must 
be higher than 373 V, and is 
typically set around 380 V. The 
fact that the boost convertei- is 
not short-circuit protected 
requires the module manufac¬ 

turer to add a protection cir¬ 
cuit. This is typically accom¬ 
plished by placing a solid-state 
series switch in the output 
stage of the PFC module (Fig. 
3, again). 

Paralleling PFC modules for 
higher-power applications must 
be approached with great care. 
When PFC modules are paral¬ 
leled, the internal bridge recti¬ 
fiers will not share current 
equally between the modules. 
In some applications this may 
be acceptable as long as the 
total input current for the sys¬ 
tem doesn’t exceed the current 
rating of one of the PFC rectifi¬ 
er diodes. High-power applica¬ 
tions, however, require special 
techniques to parallel PH 

modules. 
There’s a simple, cost effec¬ 

tive way to force the paralleled 
rectifiers to properly share the 
return current (Fig. 4). This 
approach places a resistor (R§) 
in series with the return pin of 
each PFC-module output. The 
resistor improves the current 

unipolar, half-sine wave. They 
then convert the rectified volt¬ 
age to a higher de output volt¬ 
age using a boost-topology dc-
to-dc converter. A simplified 2. This modular power 
diagram of this approach is supply can be easily 

shown (Fig. 3). expanded to provide 
There are two characteris- more power by 

tics of the boost-topology dc-to- adding more redun¬ 

de converter that significantly dancy blocks. The 

affect the PFC module’s design parallel decoupling 

and application. First, the out- modules (PDMs) 

put is not isolated from the instantly decouple a 

input. This means that the dc-dc module if it 

high-voltage bus is considered should fail, enabling 

to be a “primary circuit” by the the power supply to 

safety agencies, and that all of continue performing 

the safety regulations that without interruption, 

apply to primary circuits also 
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YOUR GLOBAL CONNECTION 

The 2mm Interconnect Global Standard is Berg 
Electronics' Metral.™ Chosen by IEEE as the 

contact modules. This flexibility lets you design 
the connectors around the board. Instead of 

, designing the board around the connectors. 
A Both. 4- and 5-row systems are available for 
6 thru-hole and SMT-compatible press-fit 
* mounting. Tyoically, the standard setter gives 
■ you the most in experience, features, options. 
W quality and application engineering. That's 
f Berg Metral, with free SPICE files available. To 

get yours, call or fax us today or access Berg's 
Home Page on the Imemet World-Wide Web. 

Futurebus ♦ standard... first to market... first y 
2mm to meet the Bellcore Spec ... over- Á 
whelmingly, the most designed-in 2mm N 
throughout the world. The 2mm connector M 
standard is a universal system, with high- M 
density and user-welcomed modularity. Today W 
Melral offers both 4-row and 5-row header' a 
receptacle systems based on a 6-pln building ' 
block - In 24, 48, 96, 192 and 30. 60, 120, 240 

COAX PLUG INSERTS 

BERG SET THE 2mm STANDARD 
WORLDWIDE FOR CONNECTORS 

(AND LOOK AT US NOW!) 

6-POSITION 
MINI COAX 
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ANGLE 

FOUR 
ROW 

9 POSITION 
MINI COAX 
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ROW 

PRESS 
FIT 

POWER RECEPTACLE 
AND HEADER 

USA TN.: (800) 237-2374, Fax: (717) 938-7609 EUROPE TN.: 31-73^206-911, Fax: 31-73-6214-205 ASIA PACIFIC TN.: 65-738-8277, Fax: 65-738-4122 
World-Wide Web Site: http: www.bergelect.com 
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sharing by reducing the sensi¬ 
tivity of the return current to 
the voltage drop across the 
diode-resistor combination. 
Load sharing between the PFC 
modules is enhanced in this 
approach by using parallelable 
dc-to-dc converters. The 
approach shown in Figure 4 
ensures PFC-module load shar¬ 
ing by connecting the same 
number of output modules to 
each PFC module. The fact that 
the output modules are sharing 
the load will force the PFC 

3. This simplified PFC-

module diagram 

shows the basic 

structure of a PFC 

converter. Most PFC 

modules contain a 

diode bridge to con¬ 

vert the bipolar input 

voltage into a unipo¬ 

lar, half-sine wave. 

modules to do the same. This 
approach can even be extended 
to provide N+l redundancy. 
Other approaches to load shar¬ 
ing use PFC modules that have 
built-in current-sharing provi¬ 
sions. These approaches are 
similar to those used to parallel 
dc-to-dc modules, which are 
discussed later in this article. 

PFC modules require an 
input-EMI filter for proper 
operation. The filter performs 
two functions: It protects the 
external world from the 
switching noise generated by 
the PFC module, and it filters 

externally generated noise 
before it can reach and disturb 
the PFC module. The EMI fil¬ 
ter should have one or more 

4. A simple approach 

for paralleling PFC 

modules forces the 

diode bridges to 

share current by plac¬ 

ing a small resistor 

( Rs ) in the return path. 

Load sharing is 

enhanced by using 

current-sharing con¬ 

verters for the load. 

capacitors on its output (the 
PFC-module side) to ensure 
that it presents a low source 
impedance to the PFC module 
at the module’s switching fre¬ 
quency. If the EMI filter does¬ 
n’t have sufficient capacitance, 
or if the EMI filter is remotely 
located, an agency-recognized 
X capacitor1 should be added 
across the line at the PFC mod¬ 
ule’s input. Because a PFC 

AC 

inpul 

module can generate signifi¬ 
cant amounts of high-frequency 
noise, it’ll require a fairly large 
EMI filter. As a rough esti¬ 
mate, the volume of the filter 
will be two to three times the 
volume of the PFC module. 

For proper operation, PFC 
modules require holdup capaci¬ 
tors in addition to an EMI fil¬ 
ter. The amount of holdup 
capacitance across the PFC 
module’s output is based on the 
required holdup time. The 
holdup time is determined by 
the length of time that the sup¬ 
ply must be capable of running 
without any input power. A 
typical range of holdup times is 
20 ms to 50 ms. The required 
capacitance is calculated by bal¬ 
ancing the energy lost by the 
capacitor with the energy used 
by the load (including the dc-to-
dc converters) using: 

C = 2PThold/(Vi2 -V22) 

where C is the required 
holdup capacitance in farads, P 
is the load power (including the 
dc-to-dc converters) in watts, 

Thold 1S the holdup time in sec¬ 
onds, Vi is the out put voltage 
of the PFC in volts, and Vg is 
the minimum input voltage of 
the dc-to-dc converters in volts. 

When selecting capacitors to 
provide the required holdup 
capacitance, pay attention to 
the capacitors’ voltage and rip¬ 
ple-current ratings and to the 
minimum capacitance over the 
operating temperature range 
of the supply. Capacitors, espe-
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Output trimming allows the 
designer to make adjustments 
in the output voltage. Almost 
all modules that have an out¬ 
put-trim feature can be 
trimmed by ±10%. Some mod¬ 
ules can be trimmed down by as 
much as 40%, albeit with slight¬ 
ly reduced output performance. 
The upper end of the adjust¬ 
ment range is usually limited 
by the overvoltage-protection 
circuit in the dc-to-dc module. 

daily electrolytics, can lose a 
significant percentage of their 
capacity at low temperatures. 

We'll now turn our attention 
to the supply's output stage, 
which is made up of one or 
more dc-to-dc modules that 
convert the high voltage from 
the PFC module into the 
desired output voltages. The 
first step in selecting the out¬ 
put modules is to determine the 
output voltage and current 
requirements. Once t he design¬ 
er has determined those para¬ 
meters, the next step is to 
select the modules that will ful¬ 
fill them from a supplier’s cata¬ 
log. Dual- and triple-output 
modules are more cost-effec¬ 
tive than multiple single-out-
put modules. The most impor¬ 
tant features to consider when 
selecting a module are: Cost, 
efficiency, footprint, agency 
approvals, reliability, and 
power density. Some other 
module features to consider 
are: Maximum operating tem¬ 
perature, thermal protection, 
parallelability, input and output 
overvoltage protection, short-
circuit protection, and available 
status signals. 

High-power systems can 
benefit from the advantages of 
modular components by con¬ 
necting several dc-to-dc mod¬ 
ules in parallel. The parallel 
connection allows a group of 
modules to achieve higher cur¬ 
rent levels than are available 
from a single unit. To ensure 
that all of the modules share 
the load current equally, it’s 
necessary to connect a control 
signal to each module. 

5. If both remote sens¬ 

ing and a low-fre¬ 

quency output filter 

are required, it may 

be necessary to use a 

frequency-selective 

steering network. 

6. Proper module 

mounting is essential 

to maintain perfor¬ 

mance over the life of 

the system. 

The most common use of the 
trim feature is to obtain non¬ 
standard output voltages. This 
allows designers to achieve 
nearly any output voltage 
while stocking only a few stan¬ 
dard modules. 

Other uses include distribu¬ 
tion-loss compensation, voltage 
margining, and remote pro¬ 
gramming. When designing for 
an application requiring a 
trimmed module, the designer 
must observe both the maxi¬ 
mum output power and the 
maximum output current rat¬ 
ings of the module. For exam¬ 
ple, a 200-W, 5-V, 40-A module 
trimmed to 4 V will only be 
capable of providing 160 W 
because of its maximum cur¬ 
rent rating. 

Remote sensing moves the 
point of voltage regulation 
from the module’s output to the 
load. This allows the module to 
compensate for voltage drops 
in the power-distribution sys¬ 
tem. The voltage drops are 
generally due to resistive loss¬ 
es in the PCB traces and con¬ 
nectors as well as voltage drops 
across ORing diodes. Most 

PWB deforms under pressure; PWB is supported by standoff; 

heat sink is less effective heat sink remains effective 

modules can compensate up to 
0.5 V or 10% of the nominal out¬ 
put voltage, whichever is 
greater. The limiting factor in 
how much drop can be compen¬ 
sated is the module’s overvolt¬ 
age-protection circuit. 

Remote sensing is usually 
straightforward, but there are 
a few caveats to observe: 

•The sense leads of the mod¬ 
ule must always be connected. 
If the design is such that the 
sense leads can fail open or can 
be left unplugged, then connect 
100-D resistors from each 
sense pin to the corresponding 
output pin (such as from 
+SENSE to +OUT). 

•Do not sense around a low-
frequency output filter. 
Sensing around an output filter 
will place the filter in the mod¬ 
ule's feedback loop and can 
cause instability. Consider 
using trimming instead of 
remote sensing if your applica¬ 
tion requires an output filter 
whose corner frequency is near, 
or below, the loop-crossover 
frequency of the module. If 
both remote sensing and a low-
frequency output filter are 
needed, it may be necessary to 
use a frequency-selective 
steering network (Fig. 5). 

Protect the sense signals 
from noise sources by bypass¬ 
ing the sense signal at the load 
and shielding the sense lines. 
For best performance, the 
bypassing should consist of 
both an electrolytic (or tanta¬ 
lum) capacitor and a ceramic 
capacitor in parallel. 

Shielding can be accom¬ 
plished by using shielded twist¬ 
ed-pair or coax cable, or by 
burying the sense traces 
between ground planes in 
applications where they are 
routed through a PWB. 

Fault tolerance is a power¬ 
supply feature that is being 
required much more often 
these days. In a fault-tolerant 
system, the outputs are unaf¬ 
fected by one or more compo¬ 
nent failures. The best way to 
achieve fault tolerance is to use 
N + M redundancy. It’s here 
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that the modular approach has 
the most advantages. In this 
scheme, N is the number of 
modules required to provide 
full power to the load, and M is 
the number of extra modules 
used in the system. M typically 
ranges from 1 to 3. That way, if 
one of the modules fails, the 
system still can supply full 
power to the load until the 
damaged module can be 
replaced. 

For this scheme to work, the 
failed module(s) must decouple 
from the input power, the out¬ 
put power, and the current¬ 
sharing control busses without 
any significant effects. 

Input-bus protection is 
accomplished by placing a fuse 
in series with the +IN pin of 
each module. The fuse should 
have a current rating that’s 
higher than required by the dc-
to-dc module, but is lower than 
the output-current rating of 
the PFC module. This ensures 
that the fuse will open if the 
modules fail. 

The output bus can be pro¬ 
tected by placing an ORing 
diode in series with each mod¬ 
ule's output. Therefore, if a 
module fails with a short on its 
output, the diode will be back-
biased and the output bus will 
be protected. Choose diodes 
that exhibit a very low for¬ 
ward-voltage drop such as 
Schottky diodes. One impor¬ 
tant thing to note about a diode 
is that the forward voltage 
decreases as the diode temper¬ 
ature rises. Therefore, to 
improve efficiency, it’s better to 
allow the diode to run a little 
warm under normal operating 
conditions. A good compromise 
temperature is 70° C. This 
allows a low forward-voltage 
drop without degrading relia¬ 
bility. 

Good pc-board layout prac¬ 
tices are critical in realizing all 
of the benefits of using modular 
components. The three key fac¬ 
tors governing the layout of a 
modular power supply are 
grounding, noise prevention 
and abatement, and component 

mounting and placement. 
Keeping these factors in mind 
when creating the layout will 
speed the overall design and 
debug cycle. 

We recommend using a four-
layer board to implement a 
good grounding strategy. Use 
the two outer layers for split 
power and ground planes, and 
the two inner layers for low-
level signals. Where necessary, 
add extra planes to the inner 
layers to beef up the high-cur¬ 
rent paths. The top layer, locat¬ 
ed closest to the modules and 
components, should be divided 
into four sections. 

The goals in providing all of 
these sections on the top layer 
are: (a) to minimize the loop 
area of any generated noise; (b) 
to shield the low-level signals 
from noise emitted by the mod¬ 
ules; and (c) to provide a safe 
place on which to mount the 
modules and components. The 
remaining layers should be 
designed around the top layer. 
Note that there shouldn't be 
any traces or planes crossing 
the gaps between the sections 
of the top layer. If there are, 
then those signals may be quite 
noisy and could couple noise to 
other traces. 

The four sections of the top 
layer are: (1) the chassis 
ground plane; (2) the dc-to-dc-
converter input-return plane; 
(3) the dc-to-dc-converter case 
ground plane; and (4) the 
power-supply output-return 
plane(s). The chassis ground 
plane provides a ground path to 
the EMI filter as well as shield¬ 
ing for the PFC module. The 
PFC module’s case should be 
connected to the chassis 
ground plane through an induc¬ 
tor or ferrite bead. The dc-to-
dc-converter input-return 
plane shields any input-refer¬ 
enced control signals and pro¬ 
vides a safe mounting point for 
the holdup capacitors. 

The case ground plane for 
the dc-to-dc converters pro¬ 
vides a safety ground and 
shielding for the converters. If 
all of the converters are from 

Good pc-board 
layout practices 
are critical in 

realizing all of the 
benefits of 

using modular 
components. 

the same series of a given man¬ 
ufacturer, then use a single 
plane for all of the module cases 
and connect it to chassis 
ground. Otherwise, to prevent 
crosstalk between the modules, 
you may have to isolate the 
converter cases from each 
other with inductors or beads. 
The output return plane is the 
most difficult to design. If your 
grounding design calls for a 
common return from the load to 
the power supply, then the out¬ 
put return plane should be con¬ 
nected to it. Otherwise, you 
must choose the return plane(s) 
carefully to avoid ground loops. 
This is especially true if there 
are output-referenced control 
signals that are common to all 
of the modules. 

Noise prevention and abate¬ 
ment also are important facets 
of board design. The most 
effective noise-prevention 
strategy is to keep signal traces 
short. Doing so is facilitated by 
using SMT components where 
possible to reduce spacing and 
lead inductance. 

Careful planning in the 
placement of the modules and 
components can also reduce the 
trace length, as well as improve 
the routability of the board. 
Keep the loop areas of all sig¬ 
nals, especially the high-cur-
rent signals, as small as possi¬ 
ble. Large loop areas will 
increase the magnetic coupling 
between traces. Magnetic cou¬ 
pling is difficult to counteract 
because magnetic shielding is 
usually required instead of cop¬ 
per shielding. Because a pc 
board only uses copper conduc¬ 
tors, the traces and ground 
planes may be ineffective as 
shields against magnetic cou¬ 

pling. 
Loop areas can be reduced 

by routing signal traces next to 
their return paths and by 
shortening the length of the 
traces. Loop areas can also be 
reduced by placing bypass 
capacitors as close to the noise 
source as possible. 

When laying out the pc 
board, always leave provisions 
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for as many noise-abatement 
capacitors as possible. Consider 
this as risk reduction for the 
debug phase of your design. 
The most effective noise-abate¬ 
ment capacitors are connected 
from the input pins to the case 
and from the output pins to the 
case. Also effective are capaci¬ 
tors between the sense lines in 
remote-sense applications and 
capacitors from the parallel pin 
to its return pin in paralleling 
applications. 

Proper module mounting 
and placement is paramount to 
the reliability and performance 
of the power supply. Improper 
mounting techniques can strain 
the leads of the module or 
reduce the thermal coupling 
between the module and its 
heat sink. 

The most common mounting 
method uses screws that pass 
through the heat sink, module, 
and board with either the heat 

sink or the board having built-
in threads to secure the screw. 
When using this mounting 
method, be careful not to rely 
on unreinforced pc-board mate¬ 
rial to maintain the torque on 
the screw. 

While some modules have a 
flat surface on the side against 
the board, most have recessed 
mounting holes or slots to allow 
for more mounting versatility. 
Under compression, the board 
material will cold-flow into the 
recess, reducing the tension on 
the screw (Fig. 6). 

The result will be a loss of 
thermal coupling between the 
module and the heat sink, lead¬ 
ing to higher module tempera¬ 
tures and lower reliability. To 
avoid this scenario, a standoff 
should be placed between the 
pc board and the module. A 
swaged standoff is preferred 
because the barrel passes 
through the board and contacts 

Another benefit of 
using standoffs is 
that their height 

can he selected to 
slightly raise the 
module off the 

board for cleaning. 
■■■■■■■ 

the screw head. This complete¬ 
ly removes the compression 
force from the board. 

Another benefit of using 
standoffs is that their height 
can be selected to slightly raise 
the module off the board for 
cleaning. 

Notes: 
1. An X capacitor is a capac¬ 

itor that is approved by US and 
foreign safety agencies for use 
from line to neutral or line to 
line in non-isolated applica¬ 
tions. 

RICHARD OKADA has 
for 22 years been vice-presi¬ 
dent of marketing at RO 
Associates. Okada received a 
B.S. in physics from the 
University of California, 
Berkeley, in 1970, and an 
MBA from the University of 
California, Los Angeles, in 
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SURFACE MOUNT THERMISTORS'" 

Free Thermistor 
Samples For Testing. 

PTQTempsistorand glass encapsulated thermistors. 
These small devices are ideal when fast response 
times and interchangeability are required. 

THERMODISC 
MIDWEST COMPONENTS PRODUCT GROUP 

P.O.BOX 3303, MUSKEGON, Ml 49443 • (616) 777-4100 • FAX (616) 773-4214 

For Free Samples & Technical Assistance... 
Call us today for your FREE test samples and answers to 

any of your technical application questions. 

(616) 777-4100 

READER SERVICE 103 READER SERVICE 95 
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‘PC based $139.95, Parallel port connect $449.95, 
Stand alone models $550.00 or $750.00 gang 

‘Read, Pgm and verify 2716-8 Megabit EPROM, all models 
‘Support for micros, Flash, EPROM, 16 bit, PALs, Mach 

(call for specific models support list or download demos via BBS or internet) 
‘30 day money back guarantee, FREE software updates 
‘Technical support by phone Mon - Fri 8am to 5pm PST 

‘Made in the USA, 1 or 2 year warranty on all parts and labor 
‘Easy to use menu driven software, on line "help" full screen editor 

‘MACROS, Read and save to disk, Split and set options 
‘ Internet ftp://ftp.crl.com/users/ro/needhams 

FOR MORE INFORMATION CALL 

NEEDHAM S ELECTRONICS, INC. 
4630 Beloit Drive #20 

Sacramento, CA 95838 

(Monday-Friday, 8 am-5 pm PST) 

(916) 924-8037 
BBS (916) 924-8094 

C.O.D. FAX (916) 924-8065 

r i 
MasterCard 
k . À 
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OPEN-FRAME SWITCHERS 

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES 1 
Manufacturer 

Output 
power (W) 

Output 
voltages 
(V de) 

Number of 
outputs 

Input range 
(V ac) 
(Typ«?) 

EMI 
shielding 
available? 

Power-factor 
correction 
available? 

Industry¬ 
standard 

footprints? 
Cooling 
options 

Absopulse Electronics 
Carp, Ontario, Canada 
(613) 836-3511 
CIRCLE 652 

10 to 5000 12 to 260 One to four 90 to 240 
(autoselecting 
depending on 

model) 

Yes Yes Yes Fans, 
convection, 
conduction 

Advanced Power Solutions 
Pleasanton, Calif. 
(510) 485-1280 
http://www.advpower.com 
e-mail: msaps@aol.com 
CIRCLE 653 

5 to 500 3.3, 5. 12,15. 
28. 36. 48 

One to five 100 to 500 W 
autoselecting: 
5 to 100 W 
universal 

Yes Yes 
(on supplies 
from 80 to 
500 W) 

Yes Convection or 
fan 

American Reliance Inc. 
Arcadia. Calif. 
(818) 303-6688 
http://www.amrel.com 
e-mail: amrel@amrel.com 
CIRCLE 654 

30 to 1050 5 to 250 One to three 115/230 V 
manual 

No No Half- and 
full-rack 
styles 

Fans supplied 
as standard 

Applied Kilovolts 
Portslade. Sussex. U.K. 
(44) 1273 439440 
CIRCLE 655 

5 Io 250 1 kV to 60 kV Two 24 V and 
110 Vac 

Cover 
included 

No Yes Convection or 
fan 

Ascent Power Technologies 
Concord, Ontario, Canada 
(905) 660-9814 
e-mail: harryt@ascent.com 
CIRCLE 656 

10 Wto4kW 
(custom) 

1.5 V to 
100 kV 

Up to 20 85 to 260 Yes Yes Yes Free 
convection or 

forced-air 
conduction 

Astee America Inc. 
Carlsbad, Calif. 
(619) 757-1880 
http://www.astec.com 
CIRCLE 657 

25 to 350 5 to 60 One to four 85 to 264; 
autoselecting 

Yes Yes Yes Convection 
and fan 

Astrodyne Corp. 
Taunton. Mass. 
(508) 823-8080 
CIRCLE 658 

15 to 300 5 to 24 One to four 85 to 264; 
autoselecting 

Yes No Yes Convection or 
fan 

Bertan High Voltage 
Hicksville, N.Y. 
(516)433-3110 
http://www.bertan.com 
e-mail: info@bertan.com 
CIRCLE 659 

1 kW 500 V to 
125 kV 

Four or more 120/240 Yes No No Air 

CEC Electronics Corp. 
Hauppauge, N.Y. 
(516)582-4422 
CIRCLE 660 

10 W to 1 kW 3.33 to 48 One to five 110/220, 
50/60 Hz; 
208. 40 to 
400 Hz 

Yes Yes 
(single- and 
three-phase 
active PFC 
available) 

Yes 
(custom 

types also 
available) 

Convection 
and 

conduction 

Celestica Inc. 
North York, Ontario, 
Canada 
(416) 448-4524 
CIRCLE 661 

300 W to 
2 kW 

5 to 48 One to eight 90 to 264, 
autoselecting 

Yes Yes 
(standard) 

Yes Fans are 
optional 

Computer Products 
South Boston, Mass. 
(617) 464-6656 
CIRCLE 662 

25 W to 1 kW 3.3 to 48 One to five 85 to 264, 
autoselecting 

Yes Yes Yes Optional fan 
or convection 

cooling 

Condor DC Power Supplies 
Oxnard, Calif. 
(805) 486-4565 
e-mail: condordc@ 
condorpower.com 
CIRCLE 663 

20 to 400 3.3, 5. 12,15, 
24. 48 

Up to five 85 to 264, 
universal input 

Yes 

. 

Yes 
(on 350-W 

units) 

Yes i Convection or 
fan 

Conversion Equipment 
Corp. 

Orange. Calif. 
(714) 637-2970 
CIRCLE 664 

85 W to 1 kW 2 to 250 Up to seven 85 to 265, 
autoselecting 
or universal 

inputs 
available 

Yes Yes Yes Convection 
(no fan), 

fan-cooled, 
and 

conduction 

Converter Concepts Inc. 
Pardeeville, Wise. 
(608) 429-3000 
CIRCLE 665 

10 to 350 5 to 48 

J_ 

One to four 
standard 
(more on 

custom basis) 

90 to 264, 
universal 

Yes Yes 
(on select 
models) 

J_ 

Many models 
have 

standard 
footprints 

Fans 
(optional) 

1__ 
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OPEN-FRAME SWITCHERS 

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES 

Manufacturer 
Output 

power (W) 

Output 
voltages 
(V de) 

Number of 
outputs 

Input range 
(V ac) 
(Type?) 

EMI 
shielding 
available? 

Power-factor 
correction 
available? 

Industry¬ 
standard 

footprints? 
Cooling 
options 

Custom Power 
Ronkonkoma, N.Y. 
(516) 467-5328 
http://www.custompower.com 
e-mail: sales@cps.mhs. 
compuserve.com 
CIRCLE 666 

Custom Custom Custom 24 Io 310, 
autoselect is 

optional 

Yes Yes Yes 
(custom 

types also 
available) 

Convection, 
conduction, 

liquid 

Deltron Inc. 
North Wales, Pa. 
(215) 699-9261 
CIRCLE 667 

40 W to 2 kW 5 to 48 One to seven 115/230; 
optional 

autoranging 
from 90 to 
264 V 

Yes Yes Yes Fan standard/ 
optional 

Digital Power Corp. 
Fremont, Calif. 
(510) 657-2635 
CIRCLE 668 

50 to 750 ±2 to +60 One to four 90 to 132 or 
180 to 264 
(some units 

autoselecting; 
others true 

universal input 

Yes Yes Yes Convection 
and internal 

or external fan 

ETA-USA 
San Jose. Calif. 
(800) 382-7697 
CIRCLE 669 

10Wto4kW 2 to 52 One to five 85 to 254, 
autoranging 

Yes Yes Yes Convection or 
forced air 

GlobTek Inc. 
Northvale, N.J. 
(201) 784-1000 
http://gramercy.ios.com 
/-globtek 

e-mail: globtekl ©Chelsea. 
ios.com 

CIRCLE 670 

10 W to 1 kW 3 to 48 One to five 90 to 260; 
autoselecting 

Yes Yes Yes Convection 
and forced air 

Integrated Power Designs 
Wilkes-Barre, Pa. 
(717) 824-4666 
CIRCLE 671 

45 to 300 2 to 48 One to five 85 to 264 Yes Yes Yes Convection 

International Power 
Sources Inc. 
Ashland, Mass. 
(508) 881-7434 
CIRCLE 672 

15 to 200 5 to 48 One to four 85 to 264; 
universal 

Yes No Yes Fan or 
optional cover 
with fan on 

unit 

Jerome Industries Corp. 
Elizabeth. N.J. 
(908) 353-5700 
e-mail: ieromelND@aol.com 
CIRCLE 673 

Up to 250 5 to 48 
(plus multiple 

outputs) 

Up to seven 85 to 264; 
autoselecting 

Yes Yes Yes Convection 
and fan 

Keltron Power Systems 
Waltham. Mass. 
(617) 894-8700 
e-mail: keltron@tiac.com 
CIRCLE 674 

10 to 600 5 V to 50 kV One to four Autoranging 
ac or de inputs 

Yes Yes Yes Convection 
or air flow 

Kepco Inc. 
Flushing, N.Y. 
(718)461-7000 
http://www.kepcopower.com 
e-mail: 
hq @ kepcopower.com 
CIRCLE 675 

3 to 1500 3 to 48 Up to four 85 to 264, 
wide range 

Yes Yes Yes <300 W: 
convection; 
>300 W: 
forced air 

LZR Electronics 
Gaithersburg. Md. 
(301)921-4600 
CIRCLE 676 

1 to 500 1 to 200 One to four 90 to 265, 
autoselecting 

Yes Yes Yes N.S. 

Convection or 
forced air 

Lambda Electronics Inc. 
Melville. N.Y. 
(516) 694-4200 
http://www.lambdapower.com 
CIRCLE 677 

10 to 450 2 to 48 One to four 85 to 264, 
autoselecting 

Yes Yes Yes 

Lutze Inc. 
Charlotte. N.C. 
(704) 357-8835 
e-mail: info@lutze.com 
CIRCLE 678 

0.04 to 50 A 24 Vdc 15 24 to 575 Yes No Yes N.S. 
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OPEN-FRAME SWITCHERS 

I MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES 

Manufacturer 
Output 

power (W) 

Output 
voltages 
(V de) 

Number of 
outputs 

Input range 
(V ac) 

(Type?) 

EMI 
shielding 
available? 

Power-factor 
correction 
available? 

Industry¬ 
standard 

footprints? 
Cooling 
options 

Modular Devices Inc. 
Scons Valley, Calif. 
(408) 335-3562 
e-mail: tommdi@aol.com 
CIRCLE 679 

150 W to 
4 kW 

1.2 to 400 As required Autoselecting Yes Yes Yes 
(select 
models) 

As required 

Multicomp 
Beaverton, Ore. 
(503) 626-4200 
CIRCLE 680 

3 to 600 5 to 75 Up to six 90 to 264, 
autoselecting 

Yes Yes No Convection 
and forced air 

Oryx Power Products 
Mt. Prospect, III. 
(847) 635-6222 
CIRCLE 681 

30 to 400 ±5 to ±24 One, three, or 
four 

90 to 264, 
N.S. 

Yes Yes Yes Convection 
and forced air 

Phihong USA 
Milpitas. Calif. 
(408) 946-7888 
http://www.phihongusa.com 
CIRCLE 682 

10 to 200 +5 to +24, 
-15 to-5 

Up to four 90 to 264 
universal; 
90to132/ 
180 to 264 
autoranging 

No No Yes Convection or 
20- or 30-cfm 

fans 

Pico Electronics 
Power Supply Div. 
Mt. Vernon, N.Y. 
(914) 699-5514 
e-mail: 
HLSC73@ prodigy.com 

CIRCLE 683 

30 to 200 5 to 24 Up to four 85 to 264, 
autoranging 

No Yes Yes Fan 

Power General 
Canton. Mass. 
(617) 828-6216 
e-mail: powergeneral© 
nidecpg.com 
CIRCLE 684 

20 to 250 3.3 to 28 Up to four 85 to 265, 
universal; 
90 to 265, 
autoranging 

Yes Yes Yes Convection 
and forced air 

Power-One 
Camarillo, Calif. 
(805) 987-8741 
http://www.power-one.com 
CIRCLE 685 

30 W to 4 kW 2 to 120 

. 

Up to 21 85 to 264, 
N.S. 

Yes On some 
products 

Yes Fan or 
convection 

Power Solutions Inc. 
Pompano Beach, Fla. 
(954) 943-4110 
CIRCLE 686 

15 to 350 ±2 to ±60 One to four 85 to 264, 
universal 

Yes 350-W 
models only 

Yes Fan optional 
on most 
models 

Power Switch Corp. 
Lodi. N.J. 
(201)478-0800 
e-mail: pwrswitch@aol.com 
CIRCLE 687 

10 to 400 3.3 to 48 One to five 85 to 264, 
N.S. 

Custom Yes Yes Convection 
and forced air 

Rantec Microwave & 
Electronics Inc. 
Power Systems Div. 

Los Osos, Calif. 
(805) 528-5858 
CIRCLE 688 

10Wto1 kW 5 to 28 Multiple on 
custom 

models; three 
on standard 
products 

85 to 270 Yes 
(on HDM 

high-density 
modules) 

Yes Yes Baseplate 
cooling 

Shindengen America 
Rolling Meadows. III. 
(708) 593-8585 
CIRCLE 689 

5 to 130 5 to 48 One to four 85 to 264, 
N.S. 

Yes Yes Yes Convection 

Sierra West Power Systems 
Las Cruces. N.M. 
(505) 522-9928 
CIRCLE 690 

5 W to 3 kW 2 Io 300 One to five 90 to 135, 
180 to 270, 

autoselecting 

Yes Yes Yes Conduction or 
convection 

Switching Power Inc. 
Ronkonkoma. N.Y. 
(516)981-7231 
http://www.switchpwr.com 
e-mail: 
sales@switchpwr.com 
CIRCLE 691 

100 to 800 2 to 48 Five 90 to 264, 
selectable or 
autoselecting 

Yes Yes Yes Side fan, 
top fan. or 
customer 
cooling 
options 
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CONTINUED FROM PAGE 86 
1972. Before joining RO Associates, 
Okada worked at Hughes Aircraft 
as a member of the technical staff 

STEVE KELLER develops 
power-supply products and supports 

customer applications for RO 
Associates. Keller earned a BSEE 
from Arizona State University, 
Tempe, in 1986, and an MSEE from 
Santa Clara University in 1993. 
Before joining RO Associates, 
Keller spent nine years at Kaiser 

Electronics designing analog and 
power circuit ry for military air¬ 
borne display systems. 

Originally published 
in the July 8, 1996 issue of 
Electronic Design. 

Originally published in the July 8, 1996 issue of Electronic Design. 

MANUFACTURERS OF OPEN-FRAME SWITCHING POWER SUPPLIES I 

Manufacturer 
Output 

power (W) 

Output 
voltages 
(V de) 

Number of 
outputs 

Input range 
(V ac) 
(Type?) 

EMI 
shielding 
available? 

Power-factor 
correction 
available? 

Industry¬ 
standard 

footprints? 
Cooling 
options 

Tamura Corp. 
Temecula, Calif. 
(909) 694-8350 
CIRCLE 692 

10 to 500 3.2 to 48 One to four 85 to 264, 
N.S. 

No Yes Yes Convection, 
forced air 

Tectrol Inc. 
Downsview, Ontario, 
Canada 

(416) 630-8108 
CIRCLE 693 

5 W to 4 kW 2 to 400 One to 15 85 to 265, 
autoselecting 

Yes Yes Yes Natural 
convection 
and fan 
cooling 

Technology Dynamics 
Bergenfield, N.J. 
(201) 385-0500 
CIRCLE 694 

25 to 600 3 to 500 Four 90 to 264. 
autoselecting 

Yes No Yes 
(on select 
models) 

Forced air, 
hard mounting 

Tektris Electro Corp. 
La Mesa. Calif. 
(619) 593-5000 
http://www.tektris.com 
CIRCLE 695 

5 to 600 2 to 300 One to five 85 to 265, 
autoselecting 

Yes Yes Yes Convection, 
fans 

Todd Products Corp. 
Brentwood, N.Y. 
(516) 231-3366 
CIRCLE 696 

150 to 1500 2 to 60 Up to four 90 to 264, 
universal 

Yes Yes Yes Self or 
external 

Transistor Devices Inc. 
Cedar Knolls. N.J. 
(201)267-1900 
http://www.transdev.com 
e-mail: info@mailer. 
transdev.com 
CIRCLE 697 

500 and up 2 to 56 One to five 85 to 265, 
autoselecting 

Yes Yes N S Free air or fan 

Tri-Mag Inc. 
Visalia. Calif. 
(209) 651-2222 
CIRCLE 698 

10 to 350 2.7 to 350 One to six 85 to 265, 
autoselecting 
or universal 

Yes Yes Yes Convection or 
forced air 

Tri Source Inc. 
Shelton, Conn. 
(203) 924-7030 
CIRCLE 699 

50 W to 1 kW 3.3 V to 4 kV Five 90 to 130. 
180 to 264, 

autoselecting 

Yes Yes Yes Convection or 
internal fan 

Unipower Corp. 
Coral Springs. Fla. 
(954) 346-2442 
CIRCLE 700 

150 to 500 2 to 48 One to five 90 to 132. 
180 to 264, 
jumper or 

autoselecting; 
also 90 to 

264. 
universal 

Yes 
(cover 

includes fan) 

; 

Yes 
(to 0.99) 

No Open frame 
with forced air 
or cover with 

fan 

Wilmore Electronics Co. 
Hillsborough. N.C. 
(919) 732-9351 
CIRCLE 701 

5 to 700 5 to 130 One to five 86 to 264, 
wide range 

Yes 
(offer both 
open-frame 
and enclosed 

units) 

Yes Standard and 
custom 

Convection 

Xentek Power Systems 
San Marcos, Calif. 
(619) 471-4001 
CIRCLE 702 

Up to 500 5: 4.5 to 8; 
8 to 16; 
16 to 28; 

5,12, 15. or 
24 

Up to seven 90 to 264, 
autoselecting 

Yes No Yes Fan 

N.A. = not applicable: N.S. = not specified 

December /Wire si 



SCSI CONNECTORS 

SCSI Connectors 
Close The EMI/RFI Gap 

BOB THORNTON 
Fujitsu Takamisawa America Inc., 250 E. Caribbean Dr., Sunnyvale, CA 94086; (800) 380-0059. 

E
nhanced SCSI connectors 

1 help snuff out radiated emissions 

in high-speed systems. 

Due to SCSI’s escalating 
popularity and its enhanced 
performance, system designers 
face a new cadre of challenges, 
some of which can be met by 
using novel SCSI-connector 
designs. The challenges include 
EMI/RFI in high-speed work¬ 
stations, weight considerations 
in laptop computers, and sup¬ 
port for plug-and-play periph¬ 
erals. 

In these three instances, 
applying simple, yet profound, 
engineering ideas to SCSI con¬ 
nectors achieves design goals 
that could otherwise have been 
far more costly to attain. And 
in the case of the plug-and-play 
connector, the Fujitsu design 
may become an open industry 
standard. 

Designers have long been 
challenges by the effects of 
EMI/RFI. SCSI-3 is a high-
performance interface typically 
used in high-speed worksta¬ 
tions. Pentium Pro systems run 
at clock speeds of 150 MHz, for 
example, and some RISC¬ 
based workstations operate at 
speeds exceeding 200 MHz. 
Such high-speed signals can 
radiate through the smallest 
aperture in the workstation's 
case, creating EMI/RFI for 
nearby equipment. 

Conventional SCSI connec¬ 
tors have slight gaps where the 
stamped part of the connector 
shell (sometimes referred to as 

1. In conventional 

SCSI connectors, 

small gaps from the 

tabs (which attach 

the stamped part of 

the connector shell to 

the die-cast body) 

allow EMI and RFI to 

escape from worksta¬ 

tions with extremely 

high clock speeds. 

the connector’s “nose”) attach¬ 
es to the die-cast connector 
frame (Fig. 1). In earlier gener¬ 
ations of SCSI-equipped work¬ 
stations, these gaps posed no 

problems because they were 
smaller than the wavelength of 
the fastest clocks generated 
inside the workstation case. 
Now, however, the wave-

2. By redesigning the 

SCSI-3 connector, the 

stamped nose of the 

connector extends 

over the die-cast 

body. This moves the 

gaps from the attach¬ 

ment tabs to the far 

ends of the connector. 

The workstation's 

chassis overlaps the 

gaps and blocks the 

escape of EMI/RFI. 

The design also pro¬ 

vides a continuous 

ground plane for ESD 

from the SCSI cable. 
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lengths are short enough to 
allow electromagnetic interfer¬ 
ence to escape through the 
gaps. This situation makes it 
difficult for systems manufac¬ 
turers to meet FCC regula¬ 
tions. 

Eliminating this problem 
required a rethinking of con¬ 
nector design. All high-perfor¬ 
mance connectors are made 
with a stamped nose and a die¬ 
cast body, which blocks EMI 
from passing through the con¬ 
nector. The stamped nose has 
to fasten onto the body some¬ 
how, and doing that with the 
conventional tabs leaves 
inevitable gaps. Making radical 
changes to this tried-and-true 
design could push connector 
costs up prohibitively. 

The elegant solution is to 
extend the stamped part of the 
SCSI-3 connector shell over 
the die-cast body so that the 
attachment holes are at the 
extreme ends of the connector 
(Fig. 2). The workstation’s chas¬ 
sis thus overlaps the gaps, 
blocking the propagation of any 
EMI from the connector body. 
The design also provides a con¬ 
tinuous ground plane, which 
ensures that any electrostatic 
discharge from the SCSI cable 
is grounded. 

Benefits stemming from this 
design change aren’t confined 
to SCSI-3, of course. Any con¬ 
nector for high-speed applica¬ 
tions can take advantage of the 
same method. In addition to 
SCSI-3, for example, Fujitsu is 
using this connector configura¬ 
tion for 40-pin Media 
Independent Interface (Mil) 
connectors. 

Another challenge facing 
system designers involves 
weight considerations in laptop 
computers and other portable 
devices. The increasing popu¬ 
larity of SCSI peripherals gives 
laptop computer makers a rea¬ 
son to integrate a SCSI connec¬ 
tor into their products. 
Conventional SCSI-2 connec¬ 
tors are fairly heavy, however, 
because of their die-cast con¬ 
struction. The manufacturing 

3. Using a molded 

rather than die-cast 

construction for SCSI-

2 connectors reduces 

the weight and cost of 

the connector for 

applications such as 

laptop computers, 

desktop PCs, and 

removable disk and 

tape drives. 

4. A SCSI-2 connector 

that enables plug-

and-play operation for 

peripherals employs a 

tiny molded module 

that has a split pin (a). 

When a mating con¬ 

nector is plugged in, 

the split pin is short¬ 

ed, indicating to the 

system that a periph¬ 

eral was added. The 

molded part of the 

module is on the left, 

and it inserts into a 

standard connector 

body just like any typ¬ 

ical pin (b). A view of 

the entire connector 

shows how the mod¬ 

ule is inserted among 

the other pins (c). 

(a) 

Insert molded module 
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process used to fabricate die-cast 
parts also makes these connectors 
more expensive than cost-conscious 
laptop computer makers would like. 

Fortunately, because today’s lap¬ 
top computers run at lower speeds 
than those of high-performance 
workstations, EMI isn’t as much of a 
problem. Therefore, it’s possible to 
reduce the weight of the SCSI-2 con¬ 

nector by using a molded construc¬ 
tion instead of a die-cast one (Fig. 3). 
This connector weighs far less than 
die-cast versions and is more eco¬ 
nomical, while delivering the same 
level of performance as conventional 
SCSI-2 connectors. 

The lower cost of the molded 
SCSI-2 connector offers benefits for 
any type of system, whether weight 

Seals 

Cho-Form 
Automated 
Form-in-Place EMI Gasket Technology 
Soft, Compressible Gasket Forms 

Cho-Form EMI gaskets are ideal where closure forces are limited. Just 
1 lb/in of force is needed for nominal deflection. Shielding effectiveness 
is greater than 80 dB from 200 MHz to 10 GHz. 

Tight Fit On All Common Substrates 

Cho-Form gaskets have excellent adhesion to metals, and to plated 
and coated plastics. Gasket patterns can be programmed for precise, 
robotic dispensing on flanges as narrow as .030 inch. No mechanical 
retention is needed. 

More Space At Lower Cost 
Applying small cross section gaskets on narrow 
flanges provides more space for board components. 
Or, overall package sizes can be reduced. The flexible 
manufacturing process lowers costs by replacing hand 
assembly with efficient, high quality automation. 

Cho-Form Technology is provided by Chomerics, the world leader 

in EMI shielding. Manufacturers can ship parts to Chomerics. or 

its licensed partners, for gasketing. On-site line installations are 

also available. 

—Parker 

Form, Fit and 
Automation 

Contact us for 
complete details. 

77 Dragon Court 
Wobum, MA 01888 |t<|l 
Tel: 617-935-4850 
Fax:617-933-4318 «Ji,™» 

Parkway, Globe Park 
Marlow. Bucks SL7 1YB England 
Tel: (44) 1628 486030 
Fax: (44) 1628 890053 
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is an issue or not. Desktop systems, 
especially for cost-sensitive con¬ 
sumer applications, are prime candi¬ 
dates for these connectors. 
Removable disk and tape drives also 
can take advantage of both the light¬ 
weight and low-cost characteristics. 

Yet another challenge that is gain¬ 
ing popularity is support for plug-
and-play peripherals. In this 
instance, a large peripherals manu¬ 
facturer wanted a SCSI-2 connector 
that would allow the system to know 
when a peripheral was plugged in. If 
a PC has a way to detect when a CD-
ROM is plugged into the SCSI port, 
for example, the system can tell 
when to begin automatic transactions 
to set up the CD-ROM’s operation. 
This capability would allow manufac¬ 
turers to extend the PC’s internal 
plug-and-play feature to peripherals 
outside the PC. 

One way to detect the presence of 
a new peripheral (or have the periph¬ 
eral itself detect when it's plugged in) 
is to have a pin in the male SCSI con¬ 
nector short together two contacts in 
the female connector. When the 
peripheral is plugged in, the shorted 
pins allow the peripheral to detect 
the event. 

The challenge in this application 
was to come up with a solution that 
had minimum impact on the existing 
connector design. All SCSI-2 periph¬ 
erals need to be able to use the same 
connectors, on the same daisy-
chained cables, whether enabled for 
plug-and-play operation or not. 
Adding new pins to the connector or 
otherwise changing the connector’s 
configuration was not an option. 

Besides, changing the basic SCSI-
2 connector too much would lead to 
excessive cost increases. As with the 
EMI-blocking SCSI-3 connector (and 
most other engineering challenges), 
designing an expensive solution 
would have been straightforward. 
Creating a design that would mini¬ 
mize costs required more creativity. 

Another difficulty in creating the 
new design was the need to make the 
solution robust enough for day-to-
day use. The contacts in a female 
SCSI connector are quite small. 
Ordinarily, they would be fragile if 
divided, Therefore, they could short 
together when a pin from the mating 
connector is inserted. 
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The way to meet this challenge is 
to create a modular insert that 
replaces two sets of contacts in an 
otherwise conventional SCSI-2 con¬ 
nector (Figs. 4a, 4b, and 4c). One set 
of contacts is divided in half so that 
the mating pin can short the halves 
together, yet the contacts are solidly 
encased in the module and connector 
body for added strength. 

As shown, pins 11 and 36 in the 
module short together when mated 
with a male connector (Fig. 4). Both 
of these pins are usually connected to 
ground. Without changing the nor¬ 
mal functions of these pins, there¬ 
fore, the connector allows the system 
to detect when the pins are shorted 

together. 
This technique also allows a SCSI 

system to be self-terminating. If a 
peripheral detects that neither a ter¬ 
minator nor another peripheral is 
plugged into the second SCSI port, 
the peripheral knows it’s at the end of 

the daisy chain and should terminate 
the SCSI lines. This arrangement 
ensures that proper termination is 
used and simplifies SCSI use for con¬ 
sumers, who have little desire to 
keep track of SCSI technical require¬ 

ments. 
From a manufacturing perspec¬ 

tive, the molded module suppresses 
costs because it has a minimal impact 
on the existing SCSI-2 connector 
design. The module simply replaces 
two of the female pins that would 
typically occupy slots in the connec¬ 
tor’s shell. The other parts of the new 
connector remain identical to the 
existing design. The only new 
expense is in stamping out the pins 
for the module, injection-molding it, 
and then substituting it for the exist¬ 
ing pins in the connector assembly 

process. 
All three of the connectors 

described here make SCSI easier to 
design into various types of systems. 

The E Mi-blocking design opens the 
way for any connector to function in 
high-speed applications, where noise 
could be a problem. The light-weight 
molded design offers a breakthrough 
for both weight- and cost-sensitive 
applications. And the insertion¬ 
detecting design enables the first 
true plug-and-play functionality for 
peripherals. With relatively modest 
changes, these connector designs 
give new capabilities to designers. 

BOB THORNTON, product mar¬ 
keting manager of interconnect 
products at Fujitsu Takamisawa 
America Inc., is responsible for 
new-product development, pricing, 
planning, and technical marketing. 
Thornton is a graduate of San Jose 
State University. 

Originally published in the 
August 5, 1996 issue of 
Electronic Design. 

MANUFACTURERS OF PCMCIA ÍPC CARD) CONNECTORS_ 1 
Connector 
offerings Available types Mounting style 

Ejection 
mechanisms 

Are 
card.bus 
versions 
offered? 

Are they keyed 
to accept 3 or 

5 V? 
Elevated 
versions? 

AMP Inc. 
Harrisburg. Pa. 
(800) 522-6752 
http://www.amp.com 
CIRCLE 602 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Inverse-
mountable 

(separate port) 

Right- and 
left-hand; 

with EMI ground 
clips 

Yes 3 and 5 V Yes; 
both 

through-hole 
and SMT 

Berg Electronics 
Camp Hill, Pa. 
(717) 730-4702 
http://www.bergelect.com 
CIRCLE 603 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Inverse-
mountable 

Right- and 
left-hand; 

with EMI ground 
clips 

Yes 3 and 5 V Yes; 
both 

through-hole 
and SMT 

Fujitsu Takamisawa 
America 

Sunnyvale. Calif. 
(408) 745-4900 
http://www.fujitsufta.com 
CIRCLE 604 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Inverse-
mountable 

Right- and 
left-hand; 

with EMI ground 
clips 

Yes 3 and 5 V Yes; 
both 

through-hole 
and SMT 

Hirose Electric 
Simi Valley. Calif. 
(805) 522-7958 
e-mail: box%725-9483 
©mcimail.com 

CIRCLE 605 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Top-mount only Right- and 
left-hand; 

with EMI ground 
clips 

Yes 3 and 5 V Yes; 
both 

through-hole 
and SMT 

JST Corp. 
Waukegan, III. 
(847) 473-1957 
CIRCLE 606 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Top-mount only Right- and 
left-hand; 

with EMI ground 
clips 

Yes 5 V only Yes: 
both 

through-hole 
and SMT 

Methode Electronics Inc. 
Chicago. III. 
(708) 867-9600 
CIRCLE 607 

Single- and 
dual-slot types 

Through-hole 
types 

Top-mount only Left-hand only No 5 V only No 

Robinson Nugent 
New Albany, Ind. 
(812)941-3576 
e-mail: rnmktg@iglou.com 
CIRCLE 608 

Single- and 
dual-slot types 

Through-hole 
and SMT 

Inverse-
mountable and 
top-mountable 

Right- and 
left-hand; 

with EMI ground 
clips 

In development 3 and 5 V Yes; 
through-hole 

only 

Originally published in the August 5, 1996 issue of Electronic Design. 
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I don't know doctor, ever 
since weve made this acquisition. 
I've been seeing double!! 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call (708)690-0010 
Peter Roskam 

Executive Director 

P.O. Box 3021. Glen Ellyn, IL 60138 
FAX (708) 690-0565 

Excess inventory today...student opportunity tomorrow 



We play a powerful 
role in portables. 

low-Dropout 
linear Regulators 

PCMCIA 
Power Controllers 

E3 

LM4040/41 
Voltage References 

t=J 

MIC94031 
P-Channel 

MOSFET Switch 

MIC2920A 
MIC5200/03 

MIC5205/06 
low Noise IDO 

Extend the run-time of your portable systems with 
Micrel’s extensive line of high-performance analog power 
ICs. Whatever your power management needs, we have 
a solution to solve your design problems. 

For battery-powered portable applications, our IttyBitty™ 
and Micrel Mini8™ subminiature packages are a perfect fit 
for a wide variety of analog functions: LDO regulators, 

MOSFET drivers, FET switches, charge pumps, voltage 
references, oscillators, one shots and op amps. 

All available in the industry’s tiniest packages, saving 
board space for increasing functionality. When you need 
design solutions for portable applications, call the company 
who plays a powerful role in portables. 
Call Micrel at 1-800-401-9572 fax 408-944-0970. 

IjjJ_ijJjzj_i 
SEMICONDUCTOR 

High Performance Analog Power ICs 

1849 Fortune Drive, San Jose, CA 95131 

http://www.micrel.com TlnyFET, IttyBitty and Micrel Minis are trademark* of Micrel, lar. 
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LT1521:300mA Output 12pA lQ 
LT1529:3A Output 50pA lQ

Squeeze even more life out of your batteries with the 
LT 1521 micropower low dropout regulator. The LT1521’s 
ultralow quiescent current, low dropout, and intelligent 

Current limiting and thermal limiting give complete 
overload protection. 

The LT 1521 saves board space by using 1.5pF surface 
protection features will maximize 
useful battery life in your portable 
product. The LT 1521 supplies up to 
300mA of output current and operates 
with a quiescent current of just 12pA. 
The dropout voltage is only 0.5V at 
300mA output current.The LT1521CS8 
includes a shutdown feature which 
drops quiescent current down to 6pA. 
This is below the self-discharge 
current of most batteries. 

For protection features you can’t 
beat the LT1521. It has built-in protec¬ 
tion against reverse input voltages up to 

LIFETIME (1000 HOURS) - Calculated using standby Iq 

mount ceramic capacitors. The LT 1521 
is supplied in 8-lead SO and 3-lead 
SOT-223 packages. Fixed output 
voltages of 3.0V, 3.3V and 5V are 
available, as well as an adjustable version 
with an output range of 3.75V to 20V. 
For higher current applications or 
applications requiring high surge 
currents, the LT 1529 can be used. 
The LT 1529 can supply 1.5 A of output 
current with a dropout voltage of just 
0.4V and a quiescent current of just 
50pA. Dropout at 3A increases to only 
0.6V. The LT 1529 has the same 

20V and no reverse voltage will appear at the output. 
The LT 1521 also has reverse output current protection 
If the output is held higher than the input by a backup 
battery or other voltage source, no reverse current will 
flow from the output back to the input; and only 6pA 
will flow from the output to ground. 
These protection features eliminate 
the need for protection diodes. 

protection features as the LT 1521. Pricing begins at 
$2.10 in 1000 piece quantities. 

For more details, contact Linear Technology 
Corporation, 1630 McCarthy Blvd., Milpitas, CA 95035 
408-432-1900. Fax: 408-434-6441. For literature only, 

call 1-800-4-LINEAR. 

ZTLinCA^ 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN. 

XT. ITC and LT are registered trademarks of 
Linear Technology Corporation. 
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