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VIEWPOINT

Hi everybody. We kick off in our October 
issue with Electronica well and truly in our 
sights, for many of us in the industry it is 
the major event staged every two years in 
Munich, Germany. It turns what normally is a 
fairly sedate Bavarian city into a buzzing hi-
tech centre where every restaurant and bar is 
humming with the voices of techies, marketers 
and, of course, media types like me. It is a 
great meeting place – ideal for networking 
for that new job, or just discussing the latest 
power MOSFET or DC/DC converters on 
offer. But for many of us it will mark the 
culmination of a long hard slog. Engineers 
getting the latest design demos ready, media 
getting the promotions and features in on time 
and the marketers planning the contacts they 
must make and the pitches to prepare.

Have you seen the stuff in the media 
recently on ‘vampires’…not the ‘real’ kind, 
but all those chargers and equipment on 
standby, that people leave permanently 
plugged-in, drawing current from the mains. 
I’m as guilty as anyone in leaving my pc, 
mobile phone, drill, screwdriver and more 
almost permanently on-charge. If I assume 
a fair percentage of people are as lazy as I 
in doing this, the ‘vampire’ current drawn on 
a European scale is quite significant. Even if 
all devices are fairly fully charged the current 
is still flowing albeit at not such a high level. 
A recent report from the US proposes that up 
to 10% could be saved by switching them off 
when not needed, bit overstated I believe, but 
still worth a mention.

In this issue we have decided to continue 
with our highly successful Automotive 
content. The response from my call for 
articles has been overwhelming and much 
high quality material has been received. 
On top of this, we have some great articles 
from our contributors as well as comment 
from the industry. Additionally, we had some 
significant announcements from Vicor on their 
new range of power bricks and new business 

focus, National on power management and 
Microsemi on their new Mos 8 process, all 
of which you’ll find covered in this issue. I’m 
expecting even more to be happening in the 
next weeks as the European industry ramps 
for Electronica, so please stay tuned.

For the team at PSDE, we’ve had a bumper 
response from the industry with contributed 
material from throughout our power domain. 
We are fortunate in having a great team to 
handle the many disciplines in publishing. 

To enhance the capability further and to 
align with our readers’ requests based on 
the feedback I asked for when I was ‘new’, 
we are delighted to announce an additional 
contributing team member, Dr. Ray Ridley.

Ray will contribute in every issue. This 
regular column, entitled ‘DesignTips’, will 
complement PSDE’s regular technical 
columns, which include PowerPlayer, 
Marketwatch and Powerline. He is an inspiring 
design guru who will, I know, capture our 
attention every issue and provide much food 
for thought. Ray’s work has influenced the 
power supply designs of major companies 
worldwide. He received a Doctor of Philosophy 
in Electrical Engineering in 1990 from Virginia 
Polytechnic Institute and State University. Well 
known for his work on current-mode control, 
Power 4-5-6 Design Software, laboratory 
workshops and seminars, Ray provides a 
unique combination of theoretical concepts and 
practical applications to the power electronics 
industry. His column includes practical power 
supply design tips for the working engineer 
and begins in this issue of PDSE. 

As a further enhancement to our content 
value, we are very fortunate to announce the 
previous contributor to Marketwatch, Chris 
Ambarian, formerly of isuppli, now with 
Qspeed, to our steering committee. Chris 
brings a wealth of industry knowledge and 
experience to our team.

The magazine is growing and flourishing 
only due to your interest and the feedback 
you give to our responsive team.

So, enjoy the magazine and survive 
Electronica.

Cliff Keys
Editor-in-Chief, PSDE
cliff.keys@powersystemsdesign.com 

Shows, Autos and 
Vampires
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www.linear.com

UltraVolt® Announces Representative in Benelux
UltraVolt Inc. announced the addition of 

Nijkerk Electronics as a new international 
representative for the Netherlands, Belgium, 
and Luxembourg. Nijkerk Electronics was 
founded in 1959 and was one of the original 
distributors of electronic components in the 
Benelux region. Among its offerings, Nijkerk 
represents and distributes a variety of high-

voltage components including high-voltage 
relays, resistors, diodes, capacitors, power 
supplies, and power systems. 

“Nijkerk Electronics’ market coverage 
and its experience in high-voltage applica-
tions make it the ideal partner for UltraVolt in 
the Benelux countries,” said James Mor-
rison, Executive Vice President of UltraVolt. 

“Nijkerk’s experience in the marketplace, its 
strong focus on design-in, niche products, 
and its extensive customer support infra-
structure will help UltraVolt provide our cus-
tomers in the Benelux countries exceptional 
support.” 

www.ultravolt.com

Zetex Semiconductor appoints Dr. Franz Riedlberger as 
Chief Technology Officer

Dr. Riedlberger, 
an accomplished 
semiconductor 
industry veteran, is 
to head up Zetex’s 
technology depart-
ment.

“This is another 
important mile-
stone for Zetex, 
demonstrating 
our determina-

tion to put a world-class team in place to 
excel in achieving our ambitious goals,” said 
Chief Executive Hans Rohrer. “Franz brings 
a wealth of knowledge to the company, both 
in semiconductor technology and commercial 
acumen. In addition, his leading our Technol-
ogy Group will, I’m sure, attract further great 
talent into the company,” Rohrer concluded.

Riedlberger joins the company following 
twenty-five years in high tech industry, the last 
thirteen with Motorola in various engineering 
and sales management roles. He was co-

founder of European ASIC design company 
ES2-European Silicon Structures. 

“I am excited to drive the execution of our 
ambitious goals together with my team and 
my peers. Zetex is a visionary company, 
bringing together excitement, people and 
technology as a solid foundation to succeed 
in its target markets.”, Riedlberger com-
mented.

www.zetex.com

Linear Technology Commemorates 25 Years in High-
Performance Analog

Linear Technology Corporation celebrates 
25 years since its founding in 1981. Growing 
beyond $1 billion in revenue, with innova-
tive products and industry-leading financial 

performance, Linear has set the standard for 
product quality and on-time delivery. Its prod-
ucts continue to lead in technical innovation 
and are designed into products throughout 
the world.

Robert Swanson, founder and Executive 
Chairman stated, “When Linear was founded 
in 1981, to succeed it had to overcome a 
lot of what was then conventional wisdom. 
Investors didn’t think there was still much of 
an opportunity to back a new chip venture, 
much less an analog chip company during the 
dawn of the ‘Digital Revolution.’ The vision of 
the founding team turned out to be correct. 25 
years later we can say with pride, we did it our 
way and the results speak for themselves.”

Lothar Maier, CEO, stated, “Linear has 

been successful for 25 years by sticking to 
one overall strategy and that is to only de-
velop, design and market high-performance 
analog products. After 25 years we have per-
fected this skill and see no reason to change. 
We lead the industry by bringing to market 
compelling products that solve our customers’ 
complex analog needs; this is what Linear 
Technology does best.”

The company’s thousands of analog prod-
ucts have proliferated in applications ranging 
from popular MP3 players and high-end cell 
phones, to cellular basestations, network 
routers, automotive electronics, computer, 
medical and industrial systems.

Noboru Tazaki, Executive Vice President 
& COO of Nichia stated, “This is a historic 
agreement when you consider that GE, a 
world leader in traditional lighting technology 
and LED systems and Nichia, a world leader 
in phosphor and optoelectronics technology 
are joining forces to advance LED technology 
and accelerate the penetration of LEDs into 
the general lighting industry.” 

www.gelcore.com

General Electric Company (GE) through 
its Consumer & Industrial business and the 
Nichia Corp. announced a strategic alliance 
agreement to support GELcore, LLC, based 
in Cleveland, Ohio.

This agreement combines GELcore’s 
LED system strengths in the Transportation, 
Signage, Specialty Illumination, and General 
Illumination segments with Nichia’s extensive 
phosphor and optoelectronics products, such 
as LEDs. Both companies expect to benefit 
significantly from each other’s expertise and 

GE Invests $100 Million to Grow its LED Lighting Business
penetrate the high-growth LED general illumi-
nation segment. 

“This agreement is a true win-win outcome 
for both parties and clearly demonstrates GE’
s commitment to solid state lighting technol-
ogy. GE and Nichia’s combined excellence 
creates a preeminent alliance that is ideally 
suited to support GELcore’s efforts to acceler-
ate the growth and penetration of LED-based 
lighting solutions in the $12 billion global light-
ing segment,” said Michael B. Petras, Jr., Vice 
President, Electrical Distribution & Lighting. 

http://ti.com
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Aimtec Inc., a global supplier of ac-dc and 
dc-dc power converters, announced that it 
has signed a franchise distribution agree-
ment with Koala Electronik s.r.o. of the Czech 
Republic. Founded in 1995, Koala Electronik 
s.r.o’s business started with semi-conductors 
for ATMEL and LCD displays. 

Koala is an ISO9002:2000 certified orga-
nization with a line card that encompasses 
electromechanical, optoelectronic, passive 
and active components for an impressive 
list of tier one manufacturers. According to a 
statement released by Aimtec, Koala’s strong 
business development acumen is expected 

to further Aimtec’s brand and expand the 
company’s market share in the Czech and 
Slovakia Republics.

Aimtec Signs Distribution Agreement with Koala Elek-
tronik of Czech Republic

www.aimtec.com

www.infineon.com

According to initial findings from the latest 
IMS Research study into this market, Infineon’
s power semiconductor business significantly 
outperformed the global market as a whole, 
which expanded by just 0.6 percent to US 
$11.35 billion, and achieved a revenue growth 
of 11.6 percent in 2005. IMS Research indi-
cates that Infineon held a 9.3 percent share of 
the total US $11.35 billion market in the year 
2005. This marks the third consecutive year 
that IMS Research has ranked Infineon as the 
number one provider of silicon to this market 
which IMS Research forecasts to grow at an 
average annual rate of 6 to 8 percent over the 
next five years.. 

“We have been at the forefront of power 
semiconductor and module development for 
many years, and this expertise is a strong 
contributor to our continued leadership role,” 
said Dr. Reinhard Ploss, Group Senior Vice 
President and General Manager of Infineon’
s Automotive, Industrial and Multimarket busi-
ness group. “We are committed to maintaining 
our leading position in these core competence 
areas and dedicated to developing power 
semiconductor products enabling efficient use 
of the electrical energy available, with excel-
lent price-performance ratios.” 

Infineon is largest supplier of Power Semiconductors
The power semiconductor market is driven 

by the global trend for continued electrical 
energy demand and declining natural re-
sources. Semiconductors for power electron-
ics - as manufactured by Infineon in Kulim 
(Malaysia), Villach (Austria) and Regensburg 
(Germany) - are key enablers for efficient 
energy management. 

Enhanced efficiency in management of 
electrical power provides a huge potential 
for energy saving in electrical motor drives, 
power supplies, computing equipment, con-
sumer products, lighting equipment as well 
as in cars where power semiconductors are a 
key component to improve fuel efficiency and 
safety. 

motive business unit, achieving significant 
business growth globally. It was also during 
his tenure that Philips Semiconductors 
played a primary role in the creation of the 
FlexRay Consortium, an alliance of automo-
tive, semiconductor and electronic system 
manufacturers. 

Mr Langlois started his career with Arrow-
Jermyn and National Semiconductors 22 
years ago, also undertaking the role of Vice 
President and General Manager Europe and 
Asia at VLSI Technology before joining Philips 
Semiconductors. 

www.NXP.com

NXP 
Semicon-
ductors (for-
merly Philips 
Semicon-
ductors) has 
named Pas-
cal Langlois 
Senior Vice 
President 
of Global 
Sales. He 
will lead 
NXP’s world-
wide sales 
effort across 

all markets and business units and report 
directly to CEO Frans van Houten. 

NXP Semiconductors Appoints Pascal Langlois Senior 
Vice President of Global Sales

“Pascal is a world-class executive who 
brings great semiconductor industry experi-
ence and a proven track record to this impor-
tant role at NXP,” said Mr. van Houten. 

Mr. Langlois previously served as Senior 
Vice President Channel Management and 
Sales for Multi-market Semiconductors at 
NXP. Under his leadership, Philips Semicon-
ductors significantly improved its leadership 
position in distribution and the Electronics 
Manufacturing Services (EMS) channel by 
creating one of the largest and strongest 
partner networks in the industry. 

Prior to his role as Senior Vice President 
Channel Management and Sales for Multi-
market Semiconductors, Mr. Langlois served 
as Vice President and General Manager of 
Sales and Marketing for the company’s Auto-

Power  Events

 H2Expo, October 25-26, Hamburg,
  www.h2expo.com

 ELECTRONICA 2006, Nov. 14 - 17, Munich,
  www.electronica.de

 SPS/IPC/DRIVES 2006, Nov. 28 - 30,
  Nuremberg, www.mesago.de/de/SPS/main.htm

http://www.linear.com
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Microsemi Corporation, leaders in 
high performance analog/mixed 
signal integrated circuits and high 

reliability semiconductors, has launched 
the first 15 devices in their newest genera-
tion of POWER MOS 8 products.

These new MOS 8 MOSFET and 
FREDFET devices are designed for high 
power, high performance switch mode 
applications including power factor 
correction, server and telecom power 
systems, solar inverters, arc welding, 
plasma cutting, battery chargers, medi-
cal, semiconductor capital equipment 
and induction heating.

Key Performance Features
Improved oscillation immunity and 
reduced EMI
Low RDS(on) 
Low gate charge
Low switching losses
Avalanche energy rated
Lower thermal resistance  
FREDFETs available with fast recov-
ery body diodes

Microsemi engineers employed ad-

•

•
•
•
•
•
•

vanced design techniques to optimize 
capacitances and gate resistance. The 
result is a family of devices with im-
proved oscillation immunity, lower peak 
slew rates, reduced EMI and high dv/dt 
ruggedness capability. These features 
combine to simplify filtering and paral-
leling of multiple devices in high power 
applications. 

In addition, advanced manufactur-
ing processes for the new MOS 8 
products have lowered their thermal 
resistance and enabled higher current 
ratings for each die size and package 

type compared to earlier devices. Low 
capacitance and gate charge specifica-
tions enable high switching frequency 
capability and low switching losses. 

All MOS 8 devices are 100 percent 
tested for avalanche energy capability 
and are offered only in RoHS compliant 
packages. 

“Our new POWER MOS 8 family 
utilizes advanced technologies and 
manufacturing processes to deliver 
what our customers have asked for in 
our new generation of MOSFETs and 
FREDFETs,” said Russell Crecraft, Vice 
President and General Manager of 
Microsemi’s Power Products Group in 
Bend, Oregon. “Our MOS 8 family will 
offer the industry’s broadest range of 
high voltage, high power, high perfor-
mance MOSFETs, FREDFETs and PT 
IGBTs,” he said.   

MOS 8 FREDFETs have all of the fea-
tures and advantages of MOS 8 MOS-
FETs, with the added benefit of a faster 
body diode recovery speed of <250ns. 
These devices provide superior rugged-
ness and reliability in applications where 
the body diode carries forward current, 
such as popular zero voltage switching 
(ZVS) bridge topologies. 

First to be released in the POWER 
MOS 8 family are ten MOSFET and five 
FREDFET devices with power ratings 
from 19 to 75 amps and voltage specifi-
cations from 500 to 1200 volts.  Addi-
tional power/voltage combinations will 
be introduced throughout the balance of 
2006 and into early 2007. 

The first Ultrafast Recovery FRED-
FETs, rated at 500 and 600 volts, will 
feature a 150ns recovery time and are 
scheduled for release in the fourth quar-
ter of 2006. MOS 8 IGBTs with 600 & 
900V ratings will follow in early 2007.

www.microsemi.com 

Microsemi Launches New POWER 
MOS 8TM Generation of MOSFETs

The first POWER MOS 8 devices:

PeakSwitch_view.pdf   2006-9-11   17:25:06

http://www.powerint.com/psde93
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Vicor, the ‘household’ name in the 
industry of power bricks, an-
nounces the addition of eight 

mid-power Maxi DC-DC converters to 
their successful 24Vdc input family: a 
3.3Vout, 200W model and 300W models 
at 5, 12, 15, 24, 28, 36, and 48Vout. 
These modules  incorporate the com-
pany’s patented low-noise Zero-Current 
and Zero-Voltage Switching (ZCS/ZVS) 
topology which helps considerably in 
reducing noise and are ideally suited for 
industrial or process control, distributed 
power, medical, ATE, communications, 
defence, and aerospace applications. 
With switching frequencies up to 1MHz, 
the 24Vdc family provides rapid transient 
response well suited for RF applications.

With these new models, the 24Vin 
Maxi family now comprises 16 models 
with output voltages from 3.3 to 48Vdc 
and power levels from 200 to 400W. The 
converters operate from 24V nominal 
input, with an input range of 18V to 36V. 
Efficiencies range up to 88% for the 
higher output voltages. These models 
are available in five different environ-
mental grades, with six different pin 
options and three choices of baseplate.

 
As part of this major thrust into the 

market, these new products provide de-
signers who do not need the full-power 
capability of a 24V Maxi module with a 
mid-power option, with all of the func-
tionality and configurability of the high 
power models. In addition, the low-noise 
ZCS/ZVS, because of its inherent low-
emission structure, greatly reduces the 
design and fine-tuning effort required for 
power converters to meet agency con-
ducted emissions requirements and also 
the usual associated high filtering costs. 

The company, in its preparation 
for this major program, has focused 
internally on a dramatic reduction in 
manufacturing costs while aggres-
sively developing and introducing new 

products. This hard-driven company-
wide strategy is aimed at doubling the 
brick business in just four years. The 
company is committed to meeting and 
surpassing customer expectations and 
needs. The business is changing from 
the long-accepted model and Vicor 
plans to be ahead of the curve on this 
and has invested resource to ensure 
they are in synch with these needs. 
Heavy investment in R&D together with 
the close tracking of industry needs at 
all levels within the company is the way 
they plan to stay ahead.

In its quest to give the system design-
er the right tools to complete his design 
efficiently, Vicor introduced their first 
issue online design system in year 2000. 
They plan to launch a new and up-
graded version later this year to enable 
the designer to achieve even shorter 
development time and at reduced cost.

Designers should no longer need to 
struggle with their own power supply de-
sign and subsequent de-bugging, these 
new products together with Vicor’s major 

focus on customer service will take care 
of the requirement in the shortest time 
and at reasonable cost.

The modules, which are available in 
RoHS compliant models, are a compact 
117 x 56 x 12.7mm in size, with a height 
above board of 10.9mm. They can be 
configured in any combination in Vicor’s 
Custom Module Design System at www.
vicoreurope.com.

Vicor’s comprehensive line of power 
solutions includes modular, high-density 
AC-DC and DC-DC modules and ac-
cessory components, fully configurable 
AC-DC and DC-DC power supplies, and 
complete custom power systems.

www.vicr.com 

New Mid-Power 24Vin Maxi 
Modules and More from Vicor
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By Steve Bakota, Texas Instruments

The most common question from 
power supply design engineers 
is simply, “Why should they use 

a digital pulse width modulator (PWM) 
controller for loop control? What are 
the benefits and trade-offs? When will 
the market for digital power controllers 
take off and how will it compete with 
traditional analog PWM controllers in 
mainstream power supply design?

They have been using analog PWM 
controllers for switching power supply 
designs since the SG1524 was intro-
duced in 1976. As the need for monitor-
ing, management and communication 
arose, designers started to use micro-
controllers in their designs to perform 
these functions. The integration of these 
two technologies is the first step seen 
delivered by semiconductor power con-
troller suppliers.

Many believe for this technology to hit 
volume adoption, key criteria need to be 
met: the performance must be as good 
as an analog controller-based solution, 
design tools must be intuitive, and the 
controller should deliver advanced fea-
tures to the original equipment manu-
facturer (OEM).

Digital controller-based power sup-
plies must achieve performance as good 
as or better than existing analog PWM 
controller technology. Customers aren’t 
willing to compromise on reliability, pow-
er density, transient response (closed 
loop bandwidth), efficiency or stability of 
output over line/load/temperature.

The technology must have tools that 
are intuitive and valuable to designers. 
Today’s power engineers have a thor-
ough understanding of the analog build-
ing block of the PWM controller and are 
able to add external circuits that achieve 

the desired power design. With digitally 
controlled PWMs, this same flexibility 
needs to be provided but not at the price 
of learning how to write ‘C’ or assembly 
code. These Graphical User Interface 
(GUI) tools are very important for market 
success of digitally controlled power. 

Digital controller adoption must imple-
ment intellectual property (IP) offering 
system benefits beyond that of analog 
controllers. A popular area of research 
includes adaptive supply control which 
tunes the loop to the characteristics of 
the load on the supply. Advancements 
in loop control would lead to improved 
transient response and efficiency over 
a broader range of power requirements 
with lower cost of external active and 
passive components.

TI is working closely with customers 
using their digital signal controllers in 
power applications such as uninterrupt-
ible power supplies (UPS), rectifiers and 
conducting system level development to 
truly understand the challenges of de-
signing digital controller power supplies.  

Development tools had to provide 
maximum flexibility whilst not compli-
cating the design challenge, config-
ured with a GUI, so no programming is 
required.

TI designed a 1kW telecom rectifier 
with a single controller on the primary 
side, to optimize performance allow-
ing customers to measure, model and 
implement changes to their loop in a 
simple GUI working in Bode Plots and 
Poles and Zeros (not Z transforms).  
This is very powerful when applied in 
the customization of a supply, simply by 
making changes in registers and when 
‘tuning’ the control loop for variations in 
components.

The industry is exploring what digital 
control technology can deliver to maxi-
mize value for customers. Adoption will 
accelerate as suppliers continue to de-
velop new techniques that take advan-
tage of digital technology and continue 
to improve their design tools.

The size of the market for digital 
controllers will be driven by the techno-
logical advances that vendors demon-
strate. Hot topics in research today are 
in the same areas where analog PWM 
controller vendors have been focused: 
improved efficiency, faster transient re-
sponse and higher power densities.  The 
key for digital controllers is to go far be-
yond integration not practical in analog.

Customers are not interested in 
whether the loop is closed digitally or 
in analog, but in how the controller will 
benefit them and their end product. As 
with any technology, success will come 
down to features and value.

www.ti.com 

Digital Solutions for Power 
Management Applications

http://bergquistcompany.com
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MARKET WATCH

By Marijana Vukicevic, iSuppli Corporation

While many businesspeople fret 
that their enterprises are being 
hurt by the high cost of energy, 

those in the Digital Control of Power 
(DCP) industry actually are getting a 
boost from rising energy rates, accord-
ing to iSuppli Corp.

iSuppli defines DCP as the utiliza-
tion of digital techniques to control the 
power-switching functions within a pow-
er supply. DCP silicon is being adopted 
at a much faster pace than expected in 
power-management applications. While 
several factors are contributing to this 
trend, one significant element is the ris-
ing cost of energy.

The amount of heat produced by 
some network/telecommunications 
equipment is so great that additional 
powerful air-conditioning systems must 
be used to prevent overheating of 
facilities. With electricity rates so high, 
energy bills are approaching the level 
of hardware costs for some networking 
operations.

DCP can mitigate such heat issues 
by enabling more efficient operation of 
power systems in communications gear, 
in turn reducing energy costs.

With the network/telecommunications 
equipment segment the largest initial 
market for DCP, this demand is having a 
significant impact on the growth of the 
technology. The market for DCP silicon 
in network/telecommunications will rise 
to $639 million in 2010, up from $144 
million in 2006, iSuppli predicts.

A second factor propelling the accel-
eration of the DCP market is the prolifer-
ation of new features in mobile phones.

 
Mobile phones are far more functional 

than they were five years ago—or even 

just one year ago—sporting features from 
PDAs to digital video cameras. These 
mobile phones are making use of more 
powerful processors to support this func-
tionality. Greater functionality and faster 
processor speed imply that more energy 
is used, generating more heat.

This requires greater power efficiency 
and tighter management, things that can 
be accomplished with DCP.

Because they have more features, 
it is the high-end mobile phones that 
are seeing the first adoption of DCP 
technology in power management. 
Market revenue for DCP silicon in mo-
bile phones is expected to more than 
quadruple to $215 million by 2010, up 
from a small base of $48 million in 2006, 
iSuppli predicts.

Hoping to cash in on this growth, 
semiconductor suppliers are entering 
the DCP area, or are increasing their 
participation in the market.

 Previously skeptical companies now 
understand the viability of DCP, includ-
ing some of the strong, established ana-
log IC sellers. For example, analog IC 
house Linear Technology Corp. in April 

announced it is partnering with DCP 
pioneer Primarion Corp. Several other 
semiconductor companies now are 
spending significant resources on DCP 
hardware and firmware development.

While the potential of DCP is great, 
the technology is paving the way for 
an even more exciting innovation—the 
Power Operating System (POS). 

POS encompasses very sophisti-
cated control of power through soft-
ware, firmware and hardware. In order 
to communicate, a power supply must 
have intelligence to talk to the brain of 
the POS—intelligence that can only be 
implemented through DCP. POS offers 
the most sophisticated means of solving 
the issues power conversion faces in the 
critical fields of network equipment and 
mobile handset, offering unprecedented 
levels of control and efficiency.

The easy availability of system infor-
mation brought by the POS will change 
decision processes and resourcing in IT 
organizations, iSuppli believes. 

Thus, while the latest energy crisis is 
a problem for many, it is a boon for the 
power-management industry, as high 
electricity costs boost demand for DCP 
and POS solutions. 

Marijana Vukicevic is a senior analyst 
with iSuppli Corp. Contact her at mvu-
kicevic@isupli.com

For more information on DCP and 
POS, read Vukicevic’s latest report: The 
Spring of Digital Control in Power Man-
agement. For more information, please 
visit: http://www.isuppli.com/catalog/de-
tail.asp?id=7907

Demand rises in concert with increases in energy rates

www.isuppli.com

Energy Crisis Not a Problem for 
Digital Control of Power

http://www.igbt-driver.com
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By Dr. Ray Ridley, Ridley Engineering

Outside the power supply design 
community, there is a com-
mon misperception that power 

supply design is easy. Many companies 
minimize the time and attention given 
to their pre-production designs, without 
regard to the costly consequences. This 
has become obvious over the past few 
years with a flood of product recalls 
over power and heat issues.  

There is no doubt that power sup-
ply design is a mature industry. Semi-
conductor companies are integrating 
standard functions into advanced chips 
with more capability inside the chip, and 
fewer parts on the board.  

As the switching power supply func-
tions become incorporated inside the 
chip, however, we lose design flexibility 
and access to crucial functions. I’ll talk 
in a future column about the parts that 
are being integrated, and why I person-
ally prefer access to many of them with 
discrete designs. For now, we’ll focus on 
just one of the overlooked functions—
the feedback control loop.

Linear Regulators
Integration of discrete power circuits oc-

curred once before—thirty years ago. This 
was an era before switchers, when the 

industry was dominated by linear regula-
tors. Sophisticated designs were gener-
ated by experienced engineers to optimize 
parameters such as the minimum dropout 
voltage, transient response time, thermal 
characteristics, and efficiency. 

Designers were highly knowledgeable 
in transistor characteristics, thermal 
design, and feedback analysis. Since all 
regulators use error amplifiers to pre-
cisely set the output voltage, feedback 
analysis and measurement were part of 
the design procedure for an optimized 
system. 

Later, standard solutions arrived in 
the industry, leading to integration of the 
linear regulator. Since then, few of us 

build our own. In the process, access to 
the feedback loop has been lost, but no 
one seems to be concerned about this. 
Why not? The integration of the linear 
regulator went fairly smoothly, and there 
are three reasons for this:  1) predict-
ability, 2) consistency with line and load 
variations, and 3) low noise. 

Feedback for the linear regulator is 
quite straightforward. The small-signal 
model is a current source feeding a ca-
pacitor and load resistor. The only varia-
tion in the design of a control loop for the 
system is in the impedance of the output 
capacitor. Apart from this, the system is 
predictable, and can easily be simulated 
and modeled. Modeling results typically 
agree closely with measurements.

Once the linear regulator design is 

Will Switching Power 
Supply Design go the 

Way of Linear Regulator 
Design?

Figure 1: Once designed with discrete 
components, the three-terminal linear 
regulator is now almost always fully 
integrated. There is no longer any ac-
cess to the control loop.

Design Tips is devoted to the complex and intriguing issues that continue to make switching power 

supply design a challenging field of expertise. I hope to illustrate, through each design tip, the need for 

diligence in designing power supplies. 

http://www.kemet.com
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placed in the system, it can be mod-
eled as shown in Figure 2. The input 
impedance of the linear regulator is a 
current source. Regardless of changes 
in the input voltage, the current draw 
is fixed, equal to the output voltage 
divided by the load resistance. The 
output of the regulator model is just a 
voltage source. 

Since the linear regulator does not 
generate any significant noise, we have 
no need to introduce any complex filter-
ing on the system board. As a result, 
placement and integration of linear 
regulators on the board is a job that is 
almost trivial. A power electronics de-
signer is not needed. 

Does the future hold the same fate for 
the switching power supply? Will inte-
gration of the controller functions with 
power devices and auxiliary circuits ren-
der the switching power supply design a 
simple process? 

Well, let’s not rush to conclusions. 
As we’ll see below, even the simplest 
switching power supply can have tre-
mendous complexity.

PWM Switching Regulators
The most basic of all switching regu-

lators is the buck converter, shown in 
Figure 3. It consists of just four power 
components, and a feedback loop, 
shown in red. It looks very simple, but 
as power designers have realized for 
decades, there is a great deal of hidden 
complexity in this system. 

Once you are past the first step of 
turning the semiconductor devices on 
and off, a circuit remains that generates 

sinusoidal source into the system. This 
can be accomplished by either a simula-
tion program, or on the hardware as 
described in reference [1].

The blue and red curves of Figure 
4 show the result of this for a buck 
converter operating at high and low line 
input. It’s basically just an LC filter char-
acteristic with its gain dependent on the 
input voltage. 

If the load is reduced sufficiently, 
the converter will enter discontinuous 
mode. This is shown in the green curve 
(this does not happen with synchronous 

large amounts of noise. In addition it 
needs a feedback loop designed around 
it for a stable, regulated output. This is 
not always an easy task, especially if 
you are dealing with synchronous recti-
fiers or isolated converters.

We’ll talk about the turn on and turn 
off issues later. Meanwhile, let’s look at 
the control loop issues. The first step in 
dealing with control of any system is to 
properly understand its plant character-
istics. For the buck converter in Figure 
3, we are interested in power stage 
behavior. We can measure a transfer 
function that shows this by looking at 
the ratio of Vo/Vi  while injecting a swept 

Figure 2: As long as the linear regula-
tor control loop is stable, the circuit 
model looks like a current source on 
the input (infinite impedance) and a 
voltage source on the output (very 
low impedance). Very little noise is 
introduced into the system.

Figure 3: The apparently simple buck converter power stage consists of a 
switch, diode (or synchronous rectifier), inductor and capacitor. Feedback 
components are shown in red, with signal injection for transfer function mea-
surements.

Figure 4: This bode plot shows how much the control characteristics can change 
with variations in input line, output load, and temperature. At a typical crossover 
frequency of 10 kHz, the phase of the converter can vary by as much as 120 
degrees, presenting a formidable challenge to the designer.

http://www.nsc.com
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Figure 6. In the green curve, there is a 
small blip in the gain and phase of the 
power supply. The design is still OK, but 
it’s interacting with the filter. In the red 
curve, there is severe interaction, and 
the power stage suddenly has an ad-
ditional 180 degrees phase delay in the 
control characteristic. This power supply 
will most likely be an unstable design. 

There are many more situations that 
can be created, but hopefully the point 
has been made. Switching power sup-
plies will never be drop-in designs, like 
linear regulators. Proper engineering is 
critical to incorporate the switcher reli-
ably into the system.

The design of a switcher is still a com-
plex task that needs proper engineering 
attention. Make sure that you budget 
time and money accordingly, and bring 
the proper expertise into your project.

Additional Reading
[1] Control function measurement 

techniques can be found at http://www.
ridleyengineering.com/downloads/AP-
200Notes.pdf

[2] Read about the effect of filters on 
switching regulators: http://www.switch-
ingpowermagazine.com/downloads/Evo-
lution of Power Electronics.pdf

[3] For more reasons for convert 
instability, read: http://www.switching-
powermagazine.com/downloads/9 Six 
Reasons Instability.pdf

rectifiers). There’s a big change in the 
characteristics. Further change can oc-
cur if you have electrolytic capacitors 
in your system, and the temperature is 
reduced below freezing. 

The resulting range of gain and 
phase curves with all these variations 
is much worse than a linear regulator 
loop would ever see. This includes only 
the basic effects that can occur with 

www.ridleyengineering.com 

switching regulators. 
Many more variations 
occur with multiple 
outputs and noise is-
sues [3]. 

Now let’s take a look 
at what happens if you 
succeed in building 
an acceptable control 
loop with these vari-
able characteristics. 
A simplified model is 
shown in Figure 5. The 
input impedance of the 
power supply looks 
like a negative resistor, 

which is quite different from the current 
source of the linear regulator. A negative 
resistor is a troublesome component in 
a system, frequently leading to oscilla-
tion. With input filters, it can actively ex-
cite the LC filters needed for the power 
supply under certain conditions [2], so 
great care must be paid to the choice of 
filter components.

The effect of the filter can be seen in 

Figure 5: Even if you manage to stabilize the buck 
converter by itself, it can become unstable again 
when you apply proper filters to eliminate noise. The 
negative input resistance can destabilize the passive 
components on the rest of your circuit board.

Figure 6: Switching power supplies are noisy. LC filters must be to attenuate the 
noise. The green curve in this figure shows the effect on control characteristics 
with a reasonably well-designed filter. The red curve shows what happens when 
the power supply is unstable. Notice the additional 180 degrees phase delay 
where the input filter creates a pair of complex RHP zeros in the control loop. 
The total variation in phase at 10 kHz for the complete range of the power sup-
ply is now over 300 degrees!

http://www.apexmicrotech.com/psde
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Power for the Purpose
Considerations in choosing 

a battery charger IC
With the many constraints of size, dissipation and flexibility on battery charging it’s important to choose 

the part that fullfils all design criteria.

By Steve Knoth, Product Marketing Engineer, Linear Technology Corporation

Battery-powered products such as 
portable automotive diagnostic 
meters and USB powered 

devices as well as non-portable 
industrial and medical electronics with 
backup battery systems continue to 
integrate new functions, transforming 
them into more convenient and capable 
products. However, the desire for 
increased features, portability and 
flexibility of usage presents a number 
of design challenges for the product 
design engineer. These include efficient, 
fast and accurate battery charging, low 
power dissipation, stand-alone operation, 
small solution size, compatibility with 
both USB and high voltage power 
sources, and the ability to autonomously 
manage various input power sources. 
As a result, battery charger ICs are 
offered in various topologies including 
linear and switch-mode and some may 
also be compatible with smart batteries. 
Furthermore, they can charge a variety of 
battery chemistries, from Li-Ion/Polymer 
to sealed lead acid (SLA) to Nickel-Metal 
Hydride (NiMH) and Nickel-Cadmium 
(NiCd). This article will address the issues 
in selecting the right battery charger IC 
for your application; it will also explore 
the various charging topologies available 
and attributes of each, including design 
and performance tradeoffs. 

Key Design Challenges
The high level of feature integration 

required of the battery charger IC, when 
combined with needs to save board 
space and increase product reliability, 
exerts pressure on the design of battery-
powered electronic devices. Some of 
the main challenges for the system 

designer include:
High current charging capability for      
faster charging
Maximization of efficiency and 
minimization of power dissipation 
High input voltage operation
PowerPath™ control to switch 
between multiple power sources or 
loads
Compact solution footprint and 
profile
Compatibility with USB charging
Protection of both the battery 
charger IC and the battery
Compatibility with smart batteries

High Current Capability & Fast 
Charging

Most users value the ability to fast-
charge their battery-powered devices, 
leading to a battery charger IC with 
high current charging capability. Linear 
charger based topologies may charge 
“fast”; however, power dissipation 
needs to be monitored to prevent 
potential overheating, since the device is 
essentially a linear regulator with power 
dissipation being equal to the product 
of the input-output voltage differential 
multiplied by the charging current. 
Switch-mode based charger ICs lend 
themselves better to faster charging, 
since their inductor-based topology 
allows for higher charging currents at 
higher efficiency, therefore minimizing 
power dissipation. In addition to speed, 
high-accuracy charging current reduces 
variability in charge times for the end 
device. Examples of fast battery charger 
ICs are Linear’s LTC4010 and LTC4011. 
These ICs each provide a complete 
stand-alone NiMH/NiCd battery charger 

•

•

•
•

•

•
•

•

solution without any microcontroller or 
firmware programming required. They 
can accurately fast-charge 1- to 16-cell 
NiMH or NiCd batteries at rates up to 
4A from a wide range of input supplies 
and wall adapter voltages from 4.5V to 
34V, with a variety of charge termination 
options.

High Efficiency Charging with 
Minimized Power Dissipation 

As battery capacities increase, charge 
currents also increase to maintain a 
reasonable charge time. Traditional 
linear regulator-based battery chargers 
may not be able to meet the charge 
current and efficiency demands 
necessary to allow a product to run 
cool – remember, low efficiency means 
more heat generation. This situation 
calls for a switch-mode based charger 
that requires approximately the same 
amount of space as a linear solution - 
but with much lower heat dissipation. 
Switching regulator based topologies 
are inherently more efficient due to 
the nature of the power device’s on-
off switching action, as opposed to 
a linear charger’s “always on” power 
device. The Bat-TrackTM adaptive output 
control feature found in some of Linear 
Technology’s battery charger ICs greatly 
improves the efficiency of the battery 
charger since the input switching 
regulator circuit block’s output voltage 
automatically tracks the battery voltage. 
The LTC4089 is an example of a 
battery charger/power manager that 
implements this scheme; more details 
on this IC will be presented later. The 
LTC4001 is another example of a high-
efficiency battery charger. It is a 2A 

http://www.intersil.com
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capable, high efficiency switch-mode 
battery charger for single-cell 4.2V Li-
Ion/Polymer batteries that minimizes 
heat dissipation without compromising 
board space, and is housed in 
a compact 16-lead, low-profile 
(.75mm) 4mm x 4mm QFN package. 
Furthermore, the IC’s synchronously 
rectified buck switching topology 
enables efficiencies as high as 90% at 
1.5A charge current, minimizing power 
dissipation especially when compared 
to that of a linear battery charger; see 
Figure 1. The LTC4001’s high operating 
frequency of 1.5MHz and current mode 
architecture allow the use of small 
inductors and capacitors, minimizing 
noise and filtering needs.

High Input Voltage Capability & 
Susceptibility

Most consumers enjoy the portability 
of their handheld devices. Therefore, 
being able to deal with high voltage input 
sources such as Firewire/IEEE1394, 
12V–24V wall adapters, unregulated 
higher-voltage (>5.5V) wall adapters 
or automotive car adapter outputs 
can provide fast charging in locations 
outside the home or work. With these 
power sources, the voltage difference 
between the adapter’s voltage and the 
battery voltage in the handheld device 
can be very large. Thus, depending on 
the required charge time and current, a 
linear charger may not be able to handle 
the power dissipation. This situation 
may require an IC with a switch-mode 
topology to maintain fast charging while 
at the same time improving efficiency 
and reducing thermal management 
issues. Note that a linear charger/power 
manager may be more suitable when 

powering from 
the USB, Li-Ion/
Polymer battery or 
wall adapters with 
<5.5V input, and 
in turn may also 
charge at a fast 
rate. Nevertheless, 
an IC with high 
voltage capability 
is also less 
susceptible to 
voltage input 
transients, 
increasing both 
IC and system 
immunity as well 

as reliability. Linear’s LTC4002/6/7/8 
switch-mode chargers offer high-
voltage input operation in excess of 28V 
and feature the highest efficiency with 
their synchronous buck switch-mode 
topology.

PowerPath Control & Ideal Diodes
Many of today’s portable battery-

powered electronics can be powered 
from a wall adapter, automotive adapter, 
a USB port, or a Li-Ion/Polymer battery.  
However, autonomously managing 
the power path control between 
these various power sources presents 
a significant technical challenge. 

Traditionally, designers have tried to 
perform this function discretely by using 
a handful of MOSFETs, op-amps and 
other discrete components, but have 
faced tremendous problems with hot 
plugging and large inrush currents, 
which may cause big system reliability 
problems. More recently, even discrete 
IC solutions require several chips to 
implement a practical solution. An 
integrated power manager IC solves 
these problems simply and easily. 

PowerPath control allows the end 
product to operate immediately when 
plugged in, regardless of the battery’s 
state of charge or even if missing; this is 
referred to as “instant-on” operation. A 
device with PowerPath control provides 
power to the device itself and charges 
its single-cell Li-Ion/Polymer battery 
from the USB VBUS or a wall adapter 
power supply. To ensure that a fully 
charged battery remains fresh when the 
bus is connected, the IC directs power 
to the load through the USB bus rather 
than extracting power from the battery. 
Once the power source is removed, 
current flows from the battery to the 
load through an internal low loss ideal 
diode, minimizing voltage drop and 
power dissipation. Refer to Figure 2 for 
details. 

Figure 1. LTC4001’s Minimized Power Dissipation Capabil-
ity Compared to that of a Linear Charging IC

Figure 2. Simplified PowerPath Control Circuit.

http://www.intersil.com
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A low-loss ideal diode provides power 
from the battery when output/load 
current exceeds the input current limit or 
when input power is removed. Powering 
the load through the ideal diode instead 
of connecting the load directly to the 
battery allows a battery to remain fully 
charged until external power is removed. 
Once external power is removed, the 
output drops until the ideal diode is 
forward biased. The forward biased ideal 
diode will then provide the output power 
to the load from the battery. Refer to 
Figure 2 for details. The forward voltage 
drop of an ideal diode is far less than 
that of a conventional or Schottky diode, 
and the reverse current leakage can be 
smaller for the ideal diode as well. The 
tiny forward voltage drop reduces power 
losses and self-heating, resulting in 
extended battery life. 

Battery chargers integrated with 
PowerPath controllers and ideal diode 
devices (battery managers) efficiently 
manage a wide variety of input power 
sources and reduce power dissipation, 
all with extremely small form factors. 
Some examples from Linear’s portfolio 
include LTC4089, LTC4085, LTC4066 
and LTC4055.

Compact Packaging & Solutions
Space is at a premium in portable 

devices, as well as in some non-
portables. 

A compact solution saves board space 
in space-constrained applications, 
and reduced component count saves 
manufacturing PCB pick and place 
costs and improves system reliability. 
Tiny, low-profile packaging saves board 

space and height. A key design tradeoff 
when weighing topology and size is 
efficiency. For example, linear chargers 
do not require an inductor but are less 
efficient than switch-mode chargers, 
which require an inductor and thus 
require more space. Integrated blocking 
diodes add a layer of protection and 
save space. Integrated power devices 
move the thermal management on-
chip yet save board space and cost. 
High switching frequencies in switch-
mode topology chargers reduce the 
size of external components such as 
inductors and capacitors. Integrated 
sense resistors not only save cost 
and space, but they also eliminate 
the possibility of board layout errors 
causing accuracy issues. Multiple-input 
chargers allow design flexibility and 
reduce PCB routing; the LTC4075/76/77 
and LTC4089 are IC examples with 
separate wall adapter and USB inputs. 
Stand-alone operation eliminates the 
need for an external microprocessor to 
terminate charging, saving space and 
simplifying design. The LTC4065 and 
LTC4069 are fully-featured stand-alone 
chargers offered in a compact, low-
profile (0.75mm) 2mmx2mm 6-lead DFN 
package.

USB Compatibility, Convenience & 
High Power 

There are a number of advantages to 
offering convenient 5V/500mA (2.5W) 
USB power and high input voltage 
power and battery charging capability 
to handheld devices such as GPS 
navigators, PDAs, digital cameras, 
photo viewers, MP3/MP4 players and 
other multi-media devices. For instance, 
USB power offers the convenience of 

not requiring a travel adapter on the 
road; devices may be powered from a 
laptop PC or some other device with a 
USB port, for example. As previously 
mentioned, high voltage input sources 
allow charging in various locations, 
such as in the car. This is important for 
optimum freedom and portability. Linear’
s LTC4089 and LTC4089-5 battery 
charger/managers address these needs. 
They combine an autonomous power 
manager, ideal diode controller and 
standalone high voltage, high efficiency 
battery charger into one IC for portable 
devices. They are offered in a low-profile 
(0.75mm), 22-pin 6mm x 3mm DFN 
package. For high efficiency charging, 
their switching topology accommodates 
various inputs, including high voltage 
power sources up to 36V (40V max) 
such as 12V wall adapters, automotive 
adapters and FireWire/IEEE1394 ports. 
In addition, they offer flexibility by 
accepting low-voltage power sources 
such as 5V adapters and USB. This may 
be observed in Figure 3’s block diagram. 

Protection for the IC & the Battery
Protection comes in various forms: 

for the IC, its surrounding external 
components, and for the battery itself. 
Onboard thermal regulation prevents 
the IC from overheating itself and 
the surrounding components when 
a minimum threshold temperature is 
reached. Reverse battery protection 
protects and disconnects the device 
and load when the battery polarity is 
reversed. Reverse current protection 
prevents battery leakage current 
backflow into the IC, reducing the 
chance of damage. Trickle charging 
refers to two distinct battery charging 
techniques – a “pre-conditioning” 
reduced rate charge at low battery 
voltages to safely prepare a battery for 
full charge; and a maintenance charge 
used to top-off nearly full cells (typically 
Nickel-based chemistries or lead acid 
batteries). Charge termination and 
indication options come in many forms, 
such as by voltage, current, minimum 
charge such as C/10 or C/x, and fixed 
or adjustable timer. An onboard battery 
gas gauge allows the battery’s state-
of-charge to be monitored. Thermistor 
input compatibility allows monitoring 
of the battery temperature, as the 
thermistor resides in the battery pack 
in most cases. All of Linear’s battery Figure 3. LTC4089’s Typical Application Circuit.

http://www.micrel.com
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4) Automatic charge management 
without the need of a host processor.

5) Closed-loop charge system that 
requires no host processor intervention. 
A host is welcome to gather gas gauge 
information if required.

Conclusion
Designers of battery powered 

products are challenged by demands for 
small size and convenience, along with 
needs for high efficiency, fast charging 
and low power dissipation, as well as 
USB compatibility and high input voltage 
capability for portability. At the same 
time, designs are being integrated to 
save board space, reduce manufacturing 
costs and increase product reliability. 
Linear Technology’s large and growing 
family of battery charger ICs make the 
product designer’s job much easier, 
featuring a wide selection of attributes 
and spanning a range of the smallest 
2mm x 2mm standalone linear chargers, 
to fast-charging highly efficient switch-
mode chargers to fully-featured Smart 
Battery-compatible charger ICs. These 
high-performing ICs enable a myriad of 
benefits for both the system designer 
and end user of portable and non-
portable battery-powered electronic 
devices. 

charging ICs feature onboard 
protection, and many ICs have multiple 
protection schemes.

Battery Chemistry
Batteries come in various shapes, 

sizes and chemistries, rechargeable 
and non-rechargeable. The system 
designer must consider the tradeoffs 
of each, from the circuit simplicity 
of “throw-away” non-rechargeable 
batteries to more complex schemes 
for rechargeable batteries. The choice 
of battery chemistry also has many 
tradeoffs, from size to cost to capacity. 
The following is a brief summary of 
the advantages of the various battery 
chemistries:

-Lead-acid - most economical for 
larger power applications where weight 
is of little concern. This is a mature 
technology.

-Lithium-Ion - offers high-energy 
density and low weight. Protection 
circuits may be needed to limit voltage, 
current and temperature for safety 
reasons. This chemistry continues to 
expand with new formulations optimized 
for different applications and safety 
requirements.

-Lithium-Polymer - Similar to Li-Ion, 
this system enables slim geometry and 
simple packaging at the expense of 
higher cost per watt/hour. 

-Nickel-Cadmium - has moderate 
energy density. NiCd is used where long 
life, high discharge rate and extended 
temperature range are important. It 
contains toxic metals and is a mature 
technology.

-Nickel-Metal-Hydride – NiMH has 
a higher energy density compared to 
NiCd at the expense of reduced cycle 
life. There are no toxic metals. This is a 
growing technology. Current discharge 
performance approaches NiCd with 
longer run times.

-Reusable Alkaline - its limited 
cycle life and low load current is 
compensated by long shelf life, making 
this battery ideal for portable multi-
media devices. 

Smart Battery Charging 
The Smart Battery charger IC’s 

primary function is to provide a source 
of voltage and current for charging 
a Smart Battery. The Smart Battery 
communicates with the Smart charger 
and optionally the host via a data 
interface called the SMBus. A Smart 
Battery charger has the following 
advantages over a fixed stand-alone 
battery charger:

1) True plug and play operation, 
independent of battery chemistry 
and cell configuration. Any Smart 
battery pack will work with any Smart 
Battery charger. Batteries with different 
chemistries, cell configurations, and 
even different charge algorithms can be 
swapped with no modification to the 
charger circuit.

2) Built in safety features. The SBS 
standards provide watchdog timers 
and a special “Safety Signal” interface 
directly between the battery and 
charger.

3) A reliable battery detection system. 

www.linear.com 

Table 1. Representative Linear Technology Battery Charger ICs.

Lightning Strikes Remain 
Unchanged - But Power 

Challenges are New

Such non-safety standards implicitly 
specify necessary levels of protection, 
by defining how system components 
may interact correctly and what hap-
pens when things go wrong.

The two main fields of development 
in circuit protection today are in ESD 
suppression and “resettable fusing” via 
PPTCs. ESD is of particular concern at 
the moment, because new standards 
such as USB 2.0, DVI (Digital Video 
Interface) and HDMI (High-Definition 
Multimedia Interface) specify extremely 
high-speed signals that can be degrad-
ed by the capacitive loading typical of 
most existing protection strategies.

IEC-61000-4-2 is now almost uni-
versally accepted as the most relevant 
standard for ESD immunity. It speci-
fies a testing regime that simulates the 
damage caused by an ESD event from 
the human body, according to a human 
body model (HBI). Common regulatory 
requirements, including those in the EU 
that lead to the award of a CE mark, 
specify that equipment should conform 
to IEC 61000-4-2 Level 2, with contact 
and air discharge test voltages of 4kV:  
in practice, most manufacturers opt for 
Level 4 testing, in which the contact 
and air discharge voltages are 8kV and 
15kV respectively. The waveform used 
for testing rises to its peak voltage (and 
a maximum current of 30A) in less than 

Circuit protection for extreme conditions
Even in the 21st Century, lightning still strikes; power cables still come loose; and circuits remain 

vulnerable to faults in the devices and assemblies connected to them.

By Huw Muncer, Tyco/Raychem Circuit Protection

For both consumers and engineers, 
the progression towards enhanced 
integration and solid state devices 

with higher speed, better performance 
and a mind-boggling array of features, 
is often accompanied by the implicit 
assumption that electronics is increas-
ingly and inherently robust. This impres-
sion is supported by talk of designing 
for increased reliability, particularly in 
consumer markets where a reputation 
for quality is seen as a distinct competi-
tive edge.

With such pressure for innovation, it 
can be very easy to forget that electron-
ics, far from being tough and resistant to 
damage, is often delicate and vulnerable.

The bad news is that a whole host of 
new threats can be added to this range 
of traditional perils. Components based 
on advanced semiconductor manufac-
turing processes are sensitive to ESD 
(electro-static discharge). Electronics is 
increasingly deployed in environments 
which would have been unimaginable 
10 or 20 years ago: these include condi-
tions of high temperature or humidity, 
situations involving exposure to dust, 
water or solvents and circumstances 
that involve high levels of shock and 
vibration.

This state of affairs is worsened by 
the changing feature set of the electron-

ics itself, and the different techniques 
for realising those features. The trend 
towards low-voltage operation means 
that high currents are encountered more 
often. And users’ expectation to be able 
to “hot swap” and “hot plug” equipment 
carries dangers of voltage spikes and 
sudden charges and discharges.

As a result, circuit protection tech-
niques have had to move forward just as 
quickly as the equipment that they pro-
tect. To the old-style one-shot fuse has 
been added an array of options includ-
ing gas discharge tubes (GDTs), multi-
layer and metal oxide varistors (MLVs 
and MOVs), polymeric ESD suppressors 
and polymeric positive temperature 
coefficient (PPTC) devices.

The increased range of options 
reflects not just changing electrical 
needs, but also a change in function.  
Whereas the traditional fuse is basically 
a safety device designed to protect 
the user, many of the new components 
are equally important in protecting the 
equipment itself from damage caused 
by associated circuits: or in prevent-
ing the equipment from causing such 
damage to interconnected assemblies.  
This is increasingly important in a world 
where so-called “connected-ness” is 
taken for granted. Most equipment 
today needs to talk to the outside world 
via some standard interface or another.  

COVER STORY
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1ns, decaying to 50% amplitude within 
60ns.

Whatever ESD protection mecha-
nism is chosen needs to suppress this 
waveform sufficiently to prevent dam-
age to the equipment. This is commonly 
achieved using a simple, low-cost 
Zener diode. Such an arrangement will 
clamp the voltage to a few volts, with 
a response time which will be deemed 
satisfactory at around 1ns. The penalty 
for such an implementation is a fair 
amount of leakage current, and a high 
capacitive loading (50pF or more) on the 
rails which are being protected.

Such a performance penalty is ac-
ceptable in applications such as the au-
dio path of a mobile telephone, RS232 
serial port, keyboard or mouse interface.  
Standard transient voltage suppression 
(TVS) diodes provide similar perfor-
mance but with higher clamping volt-
ages, for use in automotive applications, 
general electronics and white goods.  
MOVs and standard MLVs, meanwhile, 
exhibit higher capacitance (at least 
100pF), but generally have faster re-
sponse times (in the sub-1ns range).

Higher-speed applications such as 
USB 1.1, Ethernet and LCD drivers 
require lower capacitive loading of be-
low 10pF, and can therefore be served 
only by low-capacitance components 
such as specially-designed TVS diodes 
and MLVs. The former provide low-to-
medium clamping voltages, modest 
current leakage, and response times of 
1-5ns.  The latter clamp at over 100V 
and suffer from higher leakage current, 
but can achieve the sub-nanosecond 
response times required in some ap-
plications.

Protection of the fastest devices on 

the market today, however, requires a 
different class of components.  Stan-
dards such as USB 2.0, IEEE 1394 
and DVI impose severe restrictions on 
the acceptable capacitive loading. DVI 
transmitting equipment, for instance, 
can operate at up to 1.65Gbit/s; HDMI 
typically operates at a rate of 750Mbit/s.  
These specifications put designers in a 
bind, because transmission speed is not 
optional: the usual consequence, then, 
is to sacrifice a degree of ESD resis-
tance. This risks damage to the sensi-
tive chips that the protection scheme 
is intended to safeguard, but also puts 
additional stress on the protection com-
ponent itself.

The new USB 
2.0 protocol 
provides a further 
case in point. It 
allows for data 
transfer rates of 
up to 480Mbit/s 
and supports 
plug-and-play 
hot swappable 
installation and 
operation. These 
factors make low-
capacitance ESD 
protection of the 
bus essential.

Polymeric ESD 
(PESD) suppres-
sor devices are 
one recently-de-
veloped solution 
to this problem. 
The mode of 
operation of 
such a device is 
relatively simple: 
conductive 

particles are dispersed in a non-con-
ductive polymer within the body of the 
component.  The polymer maintains a 
separation between each conductive 
particle which acts like a “spark gap”. 
For this reason, PESD devices have 
both very low leakage current and very 
low capacitance. However, a high-
voltage ESD pulse which exceeds a 
certain trigger voltage will cause the 
gaps to spark-over, creating a path of 
very low resistance. It is this mecha-
nism which leads PESD devices to 
typically exhibit higher trigger voltages 
than clamping voltages: the energy 
needed to start the process is higher 
than that required to maintain it.

PESD devices provide exceptionally 
low capacitance (typically 0.25pF): ad-
vanced devices such as those recently 
announced by Raychem can also offer 
trigger voltages of around 100V and 
clamping to a few tens of volts. These 
are improvements on key specifications 
which to date have limited such devices’ 
usefulness. A further important param-
eter is their performance in transmis-
sion line pulse (TLP) testing: and IEC 
61000-4-2 specifies that devices must 
withstand at least 100 ESD “strikes”, 

Fig 1. Typical USB 2.0 circuit protection design utilising PESD suppressor devices.

Figure 2. PPTC Crystalline  Structure.

with a typical figure of 500. Engineers 
should be aware of the performance 
impact of multiple strikes when select-
ing such components.

As with most of the common tech-
niques for ESD suppression, designing 
with PESDs requires the engineer to ad-
here to certain best-practice guidelines.  
Data signal ground and Vbus transients 
need to be suppressed for proper 
operation, typically via a separate MLV.  
Conversely, good design practice sug-
gests that it is wise to avoid tying the 
data signal ground line to the chassis 
ground line at the board level, suggest-
ing the use of decoupling capacitors 
between Vbus and chassis ground to 
minimise EMC issues. Finally, as with all 
ESD suppression devices, PESD com-
ponents should be installed as close as 
possible to the source of the potential 
ESD event.

Polymeric materials are also mak-
ing an impact in the most familiar of all 

Figure 3. Typical operating curve for a PPTC device.

circuit protection applications, fusing. 
PPTC devices protect assemblies in the 
same way as a traditional fuse, effec-
tively going open-circuit when subjected 
to an over-current (or over-temperature) 

condition. However, unlike a traditional 
fuse, when the fault condition is re-
moved and the power is cycled, the 
PPTC returns to its normal conducting 
state. Each device is typically specified 

http://www.global-electronics.net/?id=20307


Power Systems Design Europe     October 200632

CIRCUIT PROTECTION

33www.powersystemsdesign.com

CIRCUIT PROTECTION

by a “hold” current, which is the mini-
mum current that the device will pass 
without tripping at 20° C.

Like PESD suppressors, PPTC circuit 
protection devices are made from a 
composite of semi-crystalline polymer 
and conductive particles.  However, 
whereas PESD devices are normally 
non-conducting, PPTCs are normally-
conducting devices. At room tempera-
tures, the conductive particles form 
low-resistance networks in the polymer 
(see figure). But if the temperature rises 
above the device’s switching tempera-
ture (TSw), the crystallites in the polymer 
melt and become amorphous. The 
increase in volume during melting of the 
crystalline phase causes separation of 
the conductive particles and results in a 
large non-linear increase in the resis-
tance of the device.  

Because the “fusing” process is 
temperature-dependent, it can be trig-
gered either by high current passing 
through the part, or by an increase in the 
ambient temperature. This means that 
a PPTC component can be used both 
as over-current and over-temperature 
protection. For instance, in a power sup-
ply it can be physically located on the 
transformer windings so that it will trip if 
input voltage sag conditions cause an in-
crease in transformer power dissipation 
and hence heat dissipation – even if the 
increase in current is insufficient in itself 
to trip the device. Similarly, in a switch-
mode power supply, the device can be 
mounted in contact with critical heat-
generating parts such as the MOSFETs.

The resistance of a PPTC typically 
increases by three or more orders of 
magnitude (see figure) and the device 
will remain in its latched (high-resistance) 
state until the fault is cleared and power 
to the circuit is removed – at which time 
the conductive composite cools and 
recrystallises, restoring the device to a 
low resistance state.  This resettability 
provides more than just a cut in the need 
for service calls and maintenance costs:  
since it is not necessary to provide ac-
cess for fuse replacement, it also allows a 
reduction in board space. There may also 
be safety advantages because service 
personnel do not need to access areas 
which contain potentially uninsulated ter-
minals carrying line voltages (or higher).

From at least one point of view, 

designing with PPTCs is simpler than 
using traditional fuses. The latter can 
be blown by momentary transients, 
causing nuisance failures: it is therefore 
often necessary to set the fuse rating 
much higher than the system operat-
ing current to avoid such events. Under 
these circumstances, the fuse is more 
appropriately viewed as a safety device 
than a circuit protection device, since it 
will likely be too highly rated to prevent 
the level of current that might damage 
the more sensitive system components 
and ICs. The PPTC, in contrast, can be 
specified with a trip point much closer 
to the actual operating current of the 
system, providing better protection of 
the electronics and helping to prevent 
damage when, for instance, external 
load components fail.

Five other parameters are relevant 
when considering the use of a PPTC de-
vice. The first and most basic of these is 
maximum voltage capability, since the 
system voltage is fixed. Next are two 
measures of current: hold current and 
trip current. The former is the highest 
continuous current that the device is 
guaranteed to pass without tripping at 
standard operating temperature, and the 
latter is the minimum current that will 
trip the device. It is important to con-
sider the derated hold and trip currents 
(figure x shows a typical characteristic) 
at the product’s designed-for operat-
ing temperature, because, as we have 
already noted, PPTC devices are ther-
mally activated.

The final two quantities that need to 

Figure 4. IH and IT vs. Temperature.

be considered in specifying a PPTC are 
time to trip, and resistance. This first 
specification will be dependent upon the 
amount of fault current through the de-
vice and the system operating tempera-
ture. The higher the temperature at the 
time of fault, the faster a PPTC device 
will trip (see figure 4 for a 265VAC rated 
PPTC device).  Resistance is generally 
specified at 20°C, in terms of minimum, 
nominal and maximum values:  not as 
a tolerance percentage as would be the 
case with standard resistors.

Increasing performance and speed 
of operation – and changing standards 
– often mean radical changes in the 
technologies required to implement 
systems. But sometimes these changes 
are more subtle. Just as the advent of 
USB 2.0, DVI and HDMI has led design-
ers to rethink their strategies for ESD 
protection, the widespread introduc-
tion of broadband communications has 
brought about major changes in the 
requirements of telecommunications 
infrastructure, including equipment that 
is installed outdoors or on the customer’
s premises.

In this field one of the major circuit 
protection challenges is to build in 
resistance to over-voltage faults of the 
type caused by lightning on or near line 
plant, and short-term induction from – 
or worse, contact with – AC power lines.  
To emphasise the fact that things have 
not stood still, even in this relatively 
well-established application, the ITU 
has within the last two years revised its 
testing requirements for such situations.  

age surge they switch from their normal 
high-impedance state to a very low 
impedance state. GDTs have extremely 
low capacitance, and so are suitable for 
use on high-speed lines such as ADSL 
and VDSL. Thyristors are valuable in 
similar applications for their very low on-
state voltage and relatively small form 
factor when compared to devices of 
similar energy-handling capacity.

It seems likely that circuit protection 
and safety devices will remain in the 
“unsung hero” category of electronics 
components for the foreseeable future.  
However, advancements in the speed 
and power of our systems are pos-
sible only for so long as these particular 
devices can continue to develop and 
ensure robustness and safety. All of the 
semiconductor advances in the world 
are useless if the components are regu-
larly “zapped” by ESD, and the only con-
clusion can be that future products look 
like needing more protection, not less.

DVI, however, this is one area where it 
has proved possible to evolve estab-
lished technologies to accommodate 
new requirements. The use of Gas 
Discharge Tubes (GDTs) and thyristors 
continues to represent the best solu-
tion in such applications. GDTs are used 
in parallel with the components they 
are protecting: in the event of a volt-

Given modern high-speed transmission 
rates, the challenges are not dissimilar 
to those encountered with ESD protec-
tion on high-speed lines: to devise ef-
fective ways of shunting away extremely 
large voltage spikes without compromis-
ing the system’s ability to transmit and 
receive at high speed.

In contrast to the case of USB 2.0 and www.circuitprotection.com

Figure 5. Time to Trip curves for a 265VAC rated PPTC device.

http://www.global-electronics.net/?id=20307
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of channel 1 is 50%. The graph is valid 
for all phase shift converters. When cur-
rent sharing is implemented the Iout1 
divided by Iout2 is one. Then the input 
current will behave like the area with the 
green arrow is in the graph.

The example above uses two phases 
but the concept can be extended on 
multiple phases. Depending on the out-
put power and other requirements a 3 or 
4 phase system might be beneficial.

National Semiconductor offers the 
LM5642 dual buck regulator which has 
possible current sharing included. The 
controller has an input voltage of 4.5V to 
36V and the output voltage can be set 
with external resistors. Since the device 
is a synchronous controller with exter-
nal power FETs it can be used for high 
current applications with the appropriate 
transistors.

Whenever current sharing is imple-
mented the control circuitry has to know 

Load sharing techniques for power supplies
High current power supplies are often operated in parallel to fulfill redundancy requirements or to share 

the stress on individual components. Proper parallel operation is required to share the current equally.

By Michele Sclocchi, Principal Applications Engineer Power Management Europe; 

Frederik Dostal, Applications Engineer for Power Management, National Semiconductor

This article offers solutions to 
address load sharing,  reducing 
stress on individual supplies, pro-

viding dedicated load share controllers 
as well as integrated multi phase regula-
tors; solutions that ensure low output 
voltage tolerance as well as improved 
stability behavior.

This article introduces the concept 
of parallel power supplies explaining 
advantages and disadvantages with 
practical examples.

Internal Load Sharing
For power supplies with large output 

powers the distribution of the load into 
two or more parallel power supply paths 
has many advantages. One example is 
an application where an input voltage of 
about 24V is stepped down to an output 
voltage of 12V. The load current will be 
10A in steady state. If no galvanic isola-
tion is needed a typical buck topology 
will fit best. A buck regulator converting 
24V to 12V has an approximate duty 
cycle (ratio of on and off time of the 
switching element) of 50%. The Buck 
regulator has the switching element on 
the input side of the converter and the 
LC filter on the output side. So the input 
current will be large while the switching 
transistor is on and when it is off there 
will be no current flowing into the con-
verter. In our example we would have 
50% of the time an average current of 
10A and the other 50% no current com-
ing from the source when neglecting 

conversion losses. This extreme input 
power variation on the input during 
steady state operation causes many 
problems. The input capacitors see very 
large AC currents, the power source 
is loaded discontinuously, EMI is likely 
to be excessive and without very good 
filtering depending on the power source 
the input voltage will vary significantly.

An idea to deal with such problems is 
to use multiple buck regulators and to 
put them in parallel with a phase shift. 
In an ideal case with two channels with 
180 degrees phase shift and 50% duty 
cycle per channel the input current and 
with this the input power would be con-
stant. So theoretically an input capacitor 
would not be needed. Of course reality 
looks a bit different. As soon as both 
channels are not operating at 50% duty 
cycle there will be times while channel 
1 is turned on and channel 2 as well 
or both channels will be off for some 
time which will interrupt or increase 
the continuing power coming from the 
source. So in reality some 
input filtering is still neces-
sary. But in most cases the 
filtering can be minimized. 
Input filtering is especially 
expensive for high input 
voltages. 

Figure 1 shows a graph 
of input current ripple 
with varying duty cycle on 
channel 2 while duty cycle 

High Current Demands 
Need Managing

Figure 1. Input ripple current vs. duty cycle and load.

http://www.ridleyengineering.com
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the actual current of each channel so 
that adjustments to each channel can 
be made to provide an equal distribu-
tion of the load on all channels. A good 
regulation loop scheme for this pur-
pose is current mode control. In current 
mode control the inductor current is 
partially sensed by a sense resistor or 
by the Rdson (drain source resistance 
while the transistor is turned on) of one 
of the FETs. This way the information 
about the current level is known and a 
current distribution on multiple chan-
nels is fairly easy.

The LM5642 offers current sensing 
with the external FETs Rdson to save 
the external current sense resistor or 
with an external sense resistor to have 
more precise current sensing and by 
this a more precise current sharing.           

External Load Sharing
A much more flexible way to share 

current in multiple power supplies is 
using an external controller such as the 
LM5080 from National Semiconductor. It 
can be used for internal current sharing 
as well as external current sharing when 
power modules (bricks) are used. It is 
a small device in an MSOP-8 package 
which can be attached to many power 

supplies in different topologies. Per 
power supply one LM5080 IC is needed. 
The device will sense the current of the 
individual power supply with a sense 
resistor. The information is used with 
an average program method of active 
load share control. The current may be 
sensed on the low side or high side. 
With the current information all the 
LM5080s in a multi power supply sys-
tem communicate on the ‘sharing bus’ 
to find out what the appropriate current 
for each power supply will be. The aver-
age program method improves stability 
and has less output voltage variation 
then other current sharing techniques. 
There are multiple methods of influenc-
ing the regulation loop of each power 
supply to control the individual share 
of current. There is the feedback adjust 
method, the remote sense adjust modes 
and the reference adjustment operation 
mode. These modes will be explained in 
more detail in the next few paragraphs. 

To understand the functionality of the 
device better figure 4 shows the internal 
setup. The circuitry consists of a remote 
sense buffer, a CSP mode comparator 
and a current sharing transconductance 
amplifier. SHR is the connection for the 
share bus, TRO is delivering the er-

ror current, CSO is the current sense 
output, CSM and CSP are the minus 
and the plus connections of the external 
current sense resistor. RSO is the output 
which is utilized when driving the low 
impedance remote sense pin of a power 
converter. For each of the adjustment 
methods explained below these pins are 
connected differently. This implements a 
great flexibility of the LM5080.

Feedback Adjustment Method
The feedback adjust method influ-

ences the power supply’s control loop 
by applying an error current to the feed-
back divider. Current sensing is done on 
the high side of the load. It is done with 
the Vin pin connected to the positive 
supply bus (the positive voltage where 
the load is attached) and the Current 
Sense Minus (CSM) pin. The ‘influenc-
ing’ signal is a current sent out on the 
TRO pin. It is connected to the power 
converters trim pin. The trim pin is usu-
ally just a connection to the FB Pin (error 
amplifier input) with a resistor in series. 
The small signal transfer functions of 
two parallel power converters are:

IT1 = 0.9 * gm * (Vrs1-Vrs2)

IT2 = 0.9 * gm * (Vrs2-Vrs1)

The IT1 and IT2 are the currents 
injected to the trim pins of the individual 
power supply. Gm is the current share 
amplifier transconductance and Vrs1 
and Vrs2 are the voltages sensed across 
the individual sense resistors. The 
formulas describe that IT1 and IT2 will 
‘influence’ the power supplies whenever 
the voltage across the sense resistors is 
different. This will force the same current 
on each paralleled power supply.   

Remote Sense Adjust Modes
Another adjust method is the posi-

tive or negative remote sense adjust 
mode. They require power supplies with 
a dedicated remote sense pin. This pin 
can be a negative remote sense pin as 
well as a positive remote sense pin. In 
this mode the RSO and CSO pins are 
connected together which changes the 
function of the current sense amplifier 
to a voltage error amplifier with a gain 
of one. For better understanding let us 
disconnect the LM5080 from the share 
bus and let us see how the current 
sharing mechanism operates. Voltage 

Figure 2. LM5642 current sharing schematic. 

that the current in the two power sup-
plies are the same. 

Reference Adjustment 
Operation Mode 

The reference adjust operation is very 
similar to the feedback adjust method. 
Typically only the current sharing ampli-
fier is used. The RSO buffer can be used 
additionally to increase the loop gain of 
the current sharing amplifier. The cur-
rent sensing is done on the low side. So 
CSM is connected to the current sense 
resistor. TRO is sourcing a current into 
the trim pin of the power supply to influ-
ence the regulation.

The small signal transfer functions are 
the same as with the feedback adjust 
method described above.

The future of current sharing
Different current sharing possibili-

ties have been discussed and the basic 
functionality of current sharing ex-
plained. Components such as National 
Semiconductors LM5642 as well as the 
new current sharing controller LM5080 
offer the technical capability to easily 
implement current sharing. When and 
how this technology is used depends 
greatly on the requirements and the cost 
structures of individual designs. A big 
plus for current sharing is the possibil-
ity of redundancy in case of the failure 
of one power supply. If the other power 
supplies are designed to handle the full 
load for a certain amount of time, the 
system will not be forced to shut down 
immediately. In combination with a hot 
swap controller individual power sup-
plies can even be replaced without the 
system shutting down. 

Current sharing in power supplies will 
stay very important for some specific re-
quirements and controllers such as the 
LM5080 will help designers to get better 
results faster then with complicated and 
large discrete circuits.

on the CSP and RSO pins (Vsns) will be 
the same and are not influenced by the 
voltage across the sense resistor. This 
is why the LM5080 would not influence 
the power supply when no voltage on 
the share bus is present. Now as soon 
as a voltage on the share bus is applied, 
the RSO and CSO outputs will be af-
fected. This way multiple parallel power 
supplies will force the individual sense 
resistor voltages (Vrs) to be the same. 

The formulas describing the behavior 
are shown below. A is a certain factor 

including gain, some external com-
ponents values as well as the output 
resistance.

Vsns1 = A/4 * (Vrs1 - Vrs2)

Vsns2 = A/4 * (Vrs2 – Vrs1)

The formulas above describe again a 
current sharing system with two power 
supplies in parallel. It can be seen that 
the individual ‘influencing’ voltages 
Vsns1 and Vsns2 are making sure that 
Vrs1 and Vrs2 are the same and by this 

www.nsc.com 

Figure 3. Practical current sharing arrangement.

Figure 4. LM5080 internal circuitry.
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ized by a maximum junction tempera-
ture at which they can be operated. 
Exceeding this temperature can lead 
to damage or immediate destruction. 
Even during worst case conditions the 
power losses generated in the power 
semiconductors must be dissipated by 
the thermal stack consisting of power 
module, heat sink and coolant. Accord-
ing to equation 2 there are three ways 
to improve the inverter system. Increase 
the temperature rating (Tj_max) of the 
semiconductor, improve the efficiency 

Power semiconductor modules for Hybrid 
Electric Vehicles

The success of the hybrid electric vehicle (HEV) is directly linked to the success of power semiconductor 

manufacturers to deliver reliable, compact components at low cost.

By M. Muenzer, Infineon Technologies, Neubiberg, Germany

M. Thoben, Infineon Technologies, Warstein, Germany

A. Volke,  Infineon Technologies, , Shanghai P.R. China

In hybrid electrical vehicles (HEV) the 
battery, motor, and inverter are the 
core elements of the electric drive 

train. In the inverter, power semiconduc-
tors, usually packaged in a module, are 
used. This article describes the require-
ments on such power semiconductor 
modules in terms of power carrying 
capability, thermal behavior, reliability, 
and lifetime in HEV.

The market size in 2005 for power 
semiconductors was close to 2.4 billion 
US$ according to an IMS study. More 
than 60% of such devices ended up 
in industrial applications followed by 
consumer goods and transportation with 
30% market share. Automotive industry 
accounted for only 5% of the market. 
Considering these numbers it is no 
surprise that most power semiconductor 
modules on the market have been devel-
oped for non automotive applications.

Requirements on power
semiconductor modules for HEV

The power rating of a power semi-
conductor module in a hybrid electric 
vehicle is directly related to the installed 
generator/motor power rating. For mild 
hybrids an installed motor power of 
12-16kW based on a battery voltage of 
200-300V is mainstream. For full hybrids 
the power range of the generator with 

30-50kW is rather well defined, while the 
power rating for the motor can vary by 
vehicle between 30kW for midsized se-
dans up to 150kW for trucks and SUVs. 
Associated with the power that needs 
to be converted are conduction and 
switching losses in the power semicon-
ductors. The losses can be estimated by 
equation 1.

Typical values for power losses of 

hybrid drive power stages are listed in 
the table 1.  

Voltage level as well as power de-
mand of hybrid electric drives are in the 
typical range for industrial applications. 
Traction applications usually handle 
higher power and voltage.

Power semiconductors are character-

The Next Chapter in 
Automotive Electronics

Equation 1: Power stage loss calculation.

Table 1. Typical Inverter losses in HEV 
applications

Equation 2: Temperature calculation.

Figure 1. Infineon power module for 
direct liquid cooling (Prototype)

of the power stage by reduction of the 
semiconductor losses (Ploss) and reduce 
the thermal resistances. 

 
The thermal resistance of the power 

module is represented by the term Rth_jc. 
It can be improved by choice of materi-
al, adequate assembly technologies and 
placement of the semiconduc-
tors. Rth_ch can be influenced by 
the connection of the module 
to the cooling system. Fig. 1 
shows a power module for 
direct liquid cooling, where the 
Rth_ch can even be eliminated.

 
The ambient temperature as 

well as the thermal resistance 
Rth_ha is a function of the cool-
ing system implemented in the 
vehicle. Typically four ways to 
cool the inverter are practical. 

A.) Forced air cooling (Ta<60°C)
B.) Liquid cooled separate cooling 

loop (Ta<80°C) 
C.) Liquid cooled engine coolant 

(Ta<105°C)
D.) Liquid cooled transmission coolant 

(Ta<125°C)

In terms of thermal resistance, liquid 
cooled systems show significantly bet-
ter behavior than air cooled systems. 
Due to the low losses, mild hybrid 
systems can still be cooled with forced 
air cooling. Full hybrid systems need 
liquid cooling to dissipate the power. For 
industrial power semiconductor mod-
ules, forced air cooling is state of the 
art. Liquid cooling can be found, but the 
temperature profile is less stringent than 
in HEV systems. Also the liquid cooling 
used in traction application is not as 
demanding.

As with most automotive components, 
the requirements for power semicon-
ductors vary between different mounting 
places. For simplification the following 
categories will be used: 

In terms of mechanical requirements, 
these categories differ by level of shock 
and vibrations. While boot mounted 
applications are specified for a vibration 
level of 5g and shock up to 10g, trans-
mission mounted applications are re-
quired to survive 30g in vibration testing 
and 100g during shock tests. Industrial 

and traction modules are designed and 
tested to survive a vibration test with 
10g, most modern designs will how-
ever be able to pass 20g. Mechanical 
shock test at up to 100g with industrial 
and traction modules have also shown 
good results for certain designs. Still, 
most modules will need a redesign to 

pass the requirements for transmission 
mounted applications.

Changing loads are typical for the op-
eration of power semiconductors. These 
generate temperature cycles of which 
temperature rise and duty depend on 
the application. In addition to the active 
temperature cycles generated by the 
power semiconductor, a high number of 
passive temperature cycles are applied 
to the module by the coolant. Both pas-
sive and active cycles limit the lifetime 
of a power semiconductor module. The 
required lifetime of an automotive is very 
well described with 15 year non-oper-
ational and 12.000 hours operational, 
but translating this into power cycling 
and thermal cycling requirements is a 
difficult task. The actual cycles (num-
ber, temperature level and temperature 

swing) that a hybrid electrical drive will 
experience depends on cooling system, 
level of hybridisation, implementation 
of hybrid strategy, drive cycle, environ-
ment, and ultimately the driver himself. 
For each hybrid electric drive train in 
a vehicle, power and thermal cycling 
requirements have to be defined indi-

vidually as their influence on 
module cost is significant. As 
a general rule, boot-mounted 
inverters with forced air cooling 
are similar in terms of thermal 
cycling requirements to indus-
trial applications, while re-
quirements of all liquid cooled 
applications are closer to those 
common in traction converters.

State of the art power semi-
conductor modules

Although there is a wide 
variety of designs for power modules on 
the market, when viewed from a verti-
cal aspect (direction of heat flow), two 
standards can be named today: power 
modules with base plate and construc-
tions without base plate.

 
Fig. 3 shows the construction of a 

module with base plate. Ceramic sub-
strates which are laminated with cop-
per on both sides are soldered to this 
base plate. The upper copper layer is 
structured and silicon components are 
soldered onto it. The top sides of these 
are connected with wire bonds to the 
copper layer. Mainly standard modules 
are made in this way with 70% to 80% of 
power modules today produced as the 
principal construction “Standard Mod-
ule”. As a ceramic material, often Al2O3 
is used; in some special cases AlN and 

Figure 2. Mounting locations for power electronics in HEVs

Figure 3. Construction of a power module with base plate
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of thermal expansion (CTE) of the inter-
connected materials. This fact triggered 
the introduction of AlSiC base plates 
for traction applications. For AlSiC base 
plates the CTE closely matches the CTE 
of the substrates. Hence, much higher 
TC reliabilities can be achieved in mod-
ules using AlSiC as a base plate mate-
rial. To avoid the high cost involved with 
AlSiC or equivalent solutions like Cu/Mo 
sandwich designs or Cu/C base plates 

and still reach the 
thermal cycling 
requirements of 
HEV applications, 
Infineon worked 
intensively on an 
improved solder 
process for copper 
base plate as well 
as an optimization 
of the substrate.

In numerous 
thermal cycling tests it has been found, 
that for typical substrate-to-base plate 
solder connections, the substrate usu-
ally starts to delaminate inhomogeneous 
and faster if the solder thickness was in-
homogeneous. Based on the above ob-
servation the solder process 
was improved by introduction 
of spacers. With the spacer 
technology the solder layer is 
not only more homogeneous 
but also the solder thickness 
can be controlled more accu-
rately. An optimized thickness 
of the solder layer results also 
in improved thermal cycling 
behavior.

Due to the RoHS/WEEE di-
rectives, great effort has been 
directed towards the introduc-
tion of new lead-free solders. 
In this context a variety of 
different solder materials has 
been analyzed with regard 
to their TC performance. 
SnAg3.5 solder which is used 
for medium power modules 
already has the best perfor-
mance of the tested solder 
alloys. Figure 6 shows thermal 
cycling results of various sol-
der materials. 

 
Apart from the solder mate-

rial and its geometric layout, 

the substrate also still offers improve-
ment potential. While substrate mate-
rial and layer thicknesses are obvious 
influence parameters, the layout of top 
side and bottom side copper is often 
neglected. The influence of the top 
side copper layout on delamination is 
indeed insignificant, but its influence on 
the increase in thermal resistance for 
the power semiconductors has to be 
considered. The lifetime of an applica-
tion is limited by the increase in thermal 
resistance rather than by delamination 
itself. Design of the copper layer on the 
bottom side can directly influence the 
delamination. The aim of a bottom side 
layout should be a reduction in the me-
chanical stress induced into the corners 
of solder connection by the substrate. 
One way to reduce this stress is to 
extend the bottom side copper over the 
edges of the actual ceramic material of 
the substrate.

Thermal cycling limits the lifetime of 
power semiconductor modules in a 
hybrid electric vehicle. Traction applica-
tions have proven that even the most 
extreme thermal cycling requirements 
can be handled, but the costs involved 

Si3N4. The base plate consists of copper 
in most cases, but in some special high 
power modules it is made of compound 
materials such as AlSiC or Cu/Mo.

Today, top side wire bonding and bot-
tom side soldering is commonly used to 
connect the chip in a power semicon-
ductor module. For accelerated lifetime 
testing power cycling is used to deter-
mine the long term stability of these 

interconnections. Typical failure modes 
in this test are bond wire lift off, degra-
dation of chip metallization and solder 
degradation of the chip solder (Fig.4). 

The number of cycles that a device 
survives is related to the temperature 
swing, the maximum temperature, and 
the slopes. With process improvements 
in the wire bonding process as well as 
introduction of processes after the ac-
tual bond process, power cycling capa-
bility can be improved. Today, maximum 
temperature rating, temperature swing 
and slopes for industrial and HEV ap-
plications are similar. Regarding power 
cycling capability, power semiconductor 
modules with an improved bonding can 
fulfill HEV requirements.

While the main fatigue during power 
cycling in today’s power semiconductor 
modules can be observed in the chip 
related interconnections, thermal cycling 
failures have mainly been found in the 
interconnection of ceramic to copper 
and solder connection base plate to 
substrate. 

Fig. 5 shows how materials used in 
the power module expand due to tem-
perature load. The different coefficients 
of expansion create stress at the con-
nection points which over time leads to 
a degradation of the joint. A simple way 
to improve the thermal cycling capability 
of a module is to match the coefficient 

Figure4. Typical failure modes in power cycling tests. 

Figure 6. Delaminated area vs number of cycles for 
different solder materials.

Figure 5. Thermal expansion coefficient of 
materials used in power semiconductor 
modules. 

power semiconductor manufacturers to 
develop new silicon technologies and 
advanced interconnection technologies. 
While existing trench-fieldstop concepts 
like Infineon’s IGBT3 and IGBT4 offer 
the possibility to further increase tem-
perature and reduce losses, traditional 
wire bonding and soldering technolo-
gies seem to be at an end. New low 
temperature joining techniques like 
the one shown in figure 8 have already 
proven to be very reliable. 

 First results show already an increase 
of power cycling capability by a factor 
of 4 for one sided low temperature join-
ing technique. A power cycling test with 
double sided low temperature joining 
techniques has not shown any degra-
dation even after 66750 cycles with a 
temperature delta of 130°C. The same 
technology can be used to connect 
base plate and substrate. For substrates 
as well as base plates new materials are 
under investigation. 

Conclusion
This article described the requirements 

of HEV on power semiconductor modules 
and compared them to what is feasible 
with technologies applied in power semi-
conductor modules designed for industrial 
and traction applications. Thermal cycling 
requirements were identified as a cost driver 
for the design of a module. As the thermal 
requirements are strongly influenced by the 
system design an accurate specification 
as well as a cost analysis on system level 
is advisable. Only a direct contact between 
the automotive industry and the power 
semiconductor manufacturers can lead to 
an optimized system (Fig. 9). The success 
of the hybrid electric vehicle is directly linked 
to the success of power semiconductor 
manufacturers to deliver reliable, compact 
components at low cost. 

Figure 9. Optimized power module Hybrid-
PACK1 for HEV from Infineon (Prototype).

with these modules will not be ac-
cepted in HEV applications for long. To 
design a cost optimized power semi-
conductor module for an HEV applica-
tion it is important to know the thermal 
cycling requirements of the individual 
system and implement the necessary 
technologies. 

Future trends in power semicon-
ductor modules for HEV

A general trend for power electronics 
is the increase in power density. This ap-
plies also and especially for automotive 
applications where space and weight 
are precious. Better cooling, elevation of 
maximum junction temperature and re-

www.infineon.com

duction of losses can be identified as the 
main levers to improve power electronics 
for future hybrid electric vehicle and fuel 
cell electric vehicle application (Fig. 7).

 
As the coolant temperature in a 

vehicle is defined by the system and 
most automotive manufacturers would 
rather raise it to reduce system cost (e.g. 
spare the additional coolant loop for 
the power electronics), better cooling 
can only be achieved by reduction of 
the thermal resistances in the system. 
Eliminating the thermal resistance be-
tween module and heatsink by means 
of direct water cooling can be a solution 
for the future here. It is the task of the 

Figure 8. Low temperature joining techniques for high temperature power modules [3]

Figure 7. Influencing factors to increase power density.



Power Systems Design Europe     October 200644 45www.powersystemsdesign.com

Automotive/Power Semiconductors Automotive/Power Semiconductors

fuel. This also makes stratified injection 
possible leading to lean burn engines. 
Fast reaction also allows more injec-
tions per cycle, reducing rapid pres-
sure changes in the cylinder and nearly 
eliminating the ‘typical’ diesel noise.   

The problems with injector aging and 
reliability issues in the ceramic stack 
at the beginning of volume production, 
have now been solved and piezo injec-
tors become mature.

Fig.1 shows the architecture of a piezo 
direct injection module.  Actual modules 

Advanced electronic systems for the auto 
industry

With stiff laws and strong enforcement on emissions, safety and consumption, manufacturers are looking 

to the power electronics industry to comply.

By Dr.-Ing. Hans-Peter Hönes, Engineering Manager, Field Applications Europe, 

Fairchild Semiconductor

Mobility has become an es-
sential part of our life and the 
car is playing a dominant role. 

Today's cars incorporate more and more 
electronics. The semiconductor content 
has tripled between 1995 and 2005 and 
is estimated to further rise to 425% in 
2009. Hydraulic and mechanical actua-
tors will be more and more replaced by 
electric components. The share of elec-
tric and electronic equipment is expect-
ed to rise from an average of 15…20% 
today to 35% in 2015. This is driven by 
legislative activities in order to reduce 
fuel consumption and emissions as well 
as by introduction of new features for 
improved safety and convenience. Be-
side the reduction in weight by replacing 
hydraulic and mechanical components 
with their electrical counterparts, the 
higher efficiency is also an important 
factor in driving this trend. A major role 
plays also in the expansion of the crash 
zone by reduction of mechanical com-
ponents under the hood, especially for 
compact and mid-size cars. High power 
systems such as starter/alternator or 
hybrid vehicles are also gaining ground 
especially in the US.

Feeding the Beast – Direct Injection 
Systems

The introduction of high pressure 
common rail systems using solenoid 
injectors was a major milestone in the 
evolution of the diesel engine resulting 

in lower noise and better performance. 
From an electronic engine control mod-
ule point of view, gasoline and diesel 
engine modules become more and more 
alike. The difference in piezo direct in-
jection modules for diesel and gasoline 
engines lies mainly in the output power 
of the injector stage and the associated 
software. The replacement of solenoid 
injectors with piezo technology does 
have several significant advantages:

Piezo injectors are much faster, reduc-
ing deadtimes and allowing more ac-
curate control of the amount of injected 

Power Electronics Fuels 
Automotive Development

Figure 1. Generic schematic of a piezo direct injection system.

are using Fairchild’s low voltage HUFA 
planar and FDB trench series of low 
voltage MOSFETs as well as 250-300V B, 
C or QFETTM. RURDxxx ultrafast recti-
fiers, FAN70xx/73xx drivers and IGBTs 
are designed-in as well. Next generation 
modules will most likely use the latest 
UniFETTM technology.

Hidden changes – Drive-by-Wire 
and Motor Applications

Hydraulic and electrical actuators 
in the car are becoming replaced by 
electrical components. A silent evolu-
tion is ongoing. Apart from the weight 
reduction through the replacement of 
mechanical and hydraulic components, 
an additional driving factor for this trend 
is the significantly higher efficiency 
of the complete system. One further 
aspect is the increase in the size of the 
crash zone because of the reduction of 
mechanical systems under the hood. 
This plays a role mainly in compact cars. 
The first cars following this trend were 
introduced in model year 1998.

Application examples include the 
replacement of the belt driven hydrau-
lic pump for power steering by electric 
pumps, speed controlled fans for engine 
cooling and closed loop controlled com-
pressors for air conditioning. Apart from 

a better efficiency, the electrically as-
sisted steering pro-
vides a more exact 
control and there-
fore, safety. Since 
the power require-
ment for electrically 
assisted steering 
is lower than that 
found in classical 
hydraulic systems, 
it could now also 
be implemented 
in compact cars. 
A range of electric 
motor applications 
is shown in Fig. 2.

The accurate 
control of engine 
cooling using elec-
trical pumps and 
increased cooling 
performance of a 
brushless direct cur-
rent (BLDC) driven 
blower fan allows 
a reduction in the 
amount of cooling 
fluid required. This 
saves weight, the 
engine reaches the 
operating tempera-

ture earlier and temper-
ature excursions under 
different load conditions 
are reduced. A shorter 
time for warm-up results 
in lower emissions and 
an increase in engine 
life.  The introduction 
of a BLDC cooling fan 
with optimized control 
into the BMW 3 series 
in 1998 alone saved up 
to 3% fuel consumption 
with reduced noise. 

Further fuel savings 
are expected by the use 
of electrically pow-
ered, power controlled 
compressors for air 
conditioning.  In most 
of today’s systems, the 
compressor is belt-driv-
en by the combustion 
engine and the output 
power is dependent on 
the rotational speed of 

the engine. Using a separate, electric 

Figure 2. Automotive Motor Usage in Body and Drive-by-Wire Applications.

http://www.microsemi.com
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motor-driven compressor, the power 
output can be exactly matched to the 
cooling needs.

Implementing combustion engine in-
dependent, electronic controlled drives 
for all the aggregates allows the linking 
of all these systems with an electronic 
communications network such as Con-
troller Area Network (CAN), FlexRay or 
Byteflight. This allows a low cost imple-
mentation of new features for safety and 
convenience. Examples include ad-
vanced cruise control, which also keeps 
speed constant downhill; the addition 
of a radar system to keep the distance 
between cars in a safe range, depend-
ing on speed and road conditions, as 
well as electronic stability control (ESP), 
which extensively uses bus networking 
with ECU and ABS resulting in a higher 
level of drive performance and safety.  

A relatively new feature is the Brake 
Assistant. The pulsation felt when an 
ABS system kicks-in makes many driv-
ers release the pedal. This is just the 
wrong reaction since it reduces brake 
pressure and does not allow the ABS 
to achieve the shortest distance to 
standstill. In the case where the system 
detects an emergency braking, the full 

pressure remains applied even if the 
driver releases the pedal. Expected for 
a long time, but still not in production 
is the fully electric activated brake. Hy-
draulics are eliminated here completely, 
the brake is directly activated by high 
dynamic spindle motors.

There is neither a mechanical nor a 
hydraulic link between brake pedal and 

Figure 3. Smart Switch Example: Dual Half Bridge Power Driver.

the actuators, but just a single wire. 
Despite long discussions regarding po-
tential risk, this concept is being pushed 
forward by Siemens VDO with their con-
cept of Electronic Wedge Brake (EWB), 
which needs significantly lower actuator 
power. Liberal redundancy in the system 
should overcome safety concerns.

Drive by Wire concepts will also help 
to reduce the cost of 
the control modules 
since the basic con-
cept of the electronic 
control module will 
be similar for differ-
ent applications. The 
power stages have to 
be adapted to the dif-
ferent drives. Software 
modifications will not 
only allow adaption 
of the drive charac-
teristics specific to 
particular models or 
applications but also 
to car-individual or 
even driver-specific 
configuration.

Silicon Solutions 
for 
Automotive Sys-
tems

Electric motor 
applications in the 
automobile can be 
classified into low Figure 4. FAN738x Chip Partitioning, Floor Plan and HDG4’s Advantage in dV/dt noise immunity.

ers who then started intensive activities 
to catch up. Between 2005 and 2009 
as many as 21 new cars are expected 
to enter the market. Basically there are 
two types of hybrid systems: Micro or 
mild hybrids and full hybrids. Micro 
hybrids using starter/alternator con-
cepts shutting down the engine during 
idle and regenerate some energy to 
keep the battery charged. The power 
levels are about 2-10kW. Mild hybrids 
use the electric motor as well to boost 
support the engine, although the vehicle 
cannot be driven by the electric motor 
alone. Full hybrids have electric motors 
powerful enough to drive the vehicle for 
a certain time without fuel combustion. 
Basically, all full hybrids have bus volt-
ages between 120V and 300V at power 
levels of 30-50kW. 

 
Hybrid cars require efficient combus-

tion engines with high power density.  
The next step is most likely to be the 
use of optimized diesel engines, espe-
cially considering the European market. 
Two-stroke engines would be an ideal 
choice with their high volumetric power, 
but the classical construction cannot 
cope with today’s emission regulations, 
mainly because of the high HC emis-
sions. This is caused by the overlap of 
the exhaust gas stream with the incom-
ing fuel-air mixture. Combining a highly 
sophisticated direct injection system 
with the simple mechanical construc-
tion of a two-stroke engine may lead to 
a compact, lightweight engine adapted 
to the requirements for hybrid cars.

Progressing further and consider-
ing electronic valve train (EVT) engines, 
where the intake and exhaust valve are 
electrically activated, any operating 
mode either two stroke or four stroke 
(or even “any stroke”), is possible since 
there are no limiting boundaries from 
the camshaft(s). A typical four cylinder 
engine would require as many as 64 
MOSFETs for valve actuation. This leads 
to one conclusion: For power devices 
the future looks bright. 

power and high power applications:

Low power is considered below 5A. At 
this level, the power stages are normally 
monolithically integrated with control 
and protection circuits. Even the inte-
gration of a microcontroller core and the 
bus interface is possible.

High power systems control currents 
above 5A, which include functions at the 
10-30A level such as seat positioning, 
wiper and window lifters up to several 
hundred amperes for starter/alternator 
systems and HEVs. 

Many of these medium current ap-
plications need protection and diagnos-
tic functionality. A monolithic approach 
for these types of system is either, for 
technical or commercial reasons, not 
feasible. A MOSFET process uses be-
tween 4-6 mask steps whereas smart-
power BCD processes utilize 15-26 
mask steps. Since the cost is mainly 
related to wafer processing time, it is 
quite obvious that even for moderate 
power levels a multi-die concept is more 
cost effective than a monolithic integra-
tion. This approach allows the use of 
the most advanced technologies for 
both the power stages and the control 
circuit. As a consequence, the lowest 
possible power loss per die area can 
be achieved. High modularity, flexibility 
and a fast time to market are further 
advantages. A concept integrating two 
half-bridge power stages with control, 
protection and diagnostic functionality 
into one package is show in Fig. 3.

For high power applications such as 
starter/alternator or HEVs, the paral-
leling of several MOSFETs or IGBTs is 
necessary to cope with current require-
ments. Here, dedicated custom built 
modules are used and a “known good 
die” concept is the key for success.  
Bad experiences in the early days of 
hybrid activities have demonstrated 
that industrial modules types cannot 
withstand the harsh environment en-
countered in the operation in cars.  

The vast majority of Fairchild’s 
MOSFETs for the automotive market 
are produced on 8” wafers. SMIF micro 
environment technology with clean 
room class 1 allows maintenance and 
even the replacement of production 

www.fairchildsemi.com

equipment without interruption of the 
manufacturing flow. The achievable 
defect density is still a benchmark for 
the power device industry and the state-
of-the-art stepper based lithography 
guarantees very narrow distributions.

With the introduction of the Ultra-
FETTM planar process, a stripe design 
replaced the hexagonal cell design, 
which significantly improved the rela-
tionship of effective channel to die area.  
This basic concept was also used in 
more advanced trench processes like 
the UltraFET trench and power trench-
IV. Today a minimum of 2.4mOhms in 
TO-263 and 5.2mOhms in TO-252 at 
40V is achievable.

However, the power switch alone 
does not make a power stage. A key 
element is a driver circuit being the 
interface between a control circuit and 
the power switches. This is why the 
FAN708x/73xx family of half bridge and 
high-side drivers was created. These 
drivers using HDG4, a proprietary high 
voltage process with a self-isolating 
structure. In comparison to compet-
ing devices, the FAN 708x/73xx series 
of power transistor drivers have better 
noise immunity using a patent pending 
dv/dt noise canceling circuit, extended 
allowable negative output swing down 
to -10V as well as industry’s lowest 
quiescent current for supply (70-80uA) 
and high side driver stage (30-40uA). In 
addition, propagation delays and trigger 
levels are less temperature dependant, 
improving the precision of control. Fig 
4 shows the chip partitioning, the floor 
plan and dv/dt tolerance of the new high 
voltage ICs (HVIC).

The maximum voltage level is speci-
fied to 600V, which allows the use not 
only at standard automotive voltage 
levels, but makes them also useful for 
high voltage systems like piezo direct 
injection, starter/alternator or hybrid 
vehicles.

Hybrid Cars and 
Future Drive Concepts

The first high volume hybrid car 
brought to the market in 1999 was the 
Honda Insight, followed in 2000 by the 
Toyota Prius I. The unexpectedly high 
acceptance, mainly in the United States, 
was a shock for many car manufactur-
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instance, with an FPGA the design team 
can make late changes. Indeed, prod-
ucts can be upgraded when they are 
already in service with minimal qualifica-
tion consequences. In an environment 
when time to market is increasingly 
important, and yet companies are highly 
risk averse, the FPGA solution makes 
good sense.

 
Targeted Solutions

The proven low power technology 
behind Actel FPGAs enables the most 
demanding high-reliability applications for 
use in the world's harshest environments.  
As a well known technology to the mili-
tary and aerospace community, FPGAs 
now bring high reliability to designers of 
integrated automotive systems and can 
be an optimal solution for automotive ap-
plications that require high reliability, firm-
error immunity, low power consumption, 
high junction temperature, single chip, 
low cost and maximum design security 
(anti-tampering).  With a broad offering of 
non-volatile solutions for the automotive 
market and package portfolio, including 
chip-scale packages (CSP), fine-pitch ball 
grid arrays (FBGA), and others, the com-
pany is able to put more logic into much 
smaller packages, saving space, increas-
ing efficiency and reducing costs. 

The company also offers an extensive 
portfolio of intellectual property (IP) to 
support most automotive standards.

FPGA automotive solutions are well 

Flexibility and frugal power requirements 
driving adoption

The traditional MCU has several drawbacks in an industry that needs constant update and change with a 

major focus on power consumption and design time to market.

By Martin Mason, Actel Corporation, Director, Silicon Product Marketing

Today, several indicators point to 
continued growth of electronics 
in the automotive arena.  Among 

these are growing number of vehicle 
models, the decreased average model 
lifecycle, and vehicle replacement -due 
not to decreased performance, but to 
consumer preferences.

Other factors influencing this signifi-
cant growth stem from technology. As 
semiconductor technology advances, 
component costs become lower and 
carmakers increasingly use electronics 
as a competitive advantage or weapon. 
Electronic systems are used to optimize 
fuel consumption and engine perfor-
mance. With new and more stringent 
legislative mandates, electronic systems 
are now used in ignition and engine con-
trol systems to help reduce emissions 
as required by law. In the area of safety, 
features such as air bags, ABS systems, 
and emergency calling systems are now 
also becoming a standard requirement.

Technology Selection
Automotive engineers have tradition-

ally relied on microcontrollers (MCUs) 
and custom application-specific inte-
grated circuits (ASICs) to implement and 
control electronic systems and expand 
the capabilities of each automotive gen-
eration. But growing component counts, 
greater time-to-market pressure, and 
greater demands for performance are 
requiring alternative technologies, such 
as low cost, low power, highly reliable 

field-programmable gate arrays (FPGAs). 

Compared with MCUs, the FPGA of-
fers automotive designers greater perfor-
mance and features (I/Os, programmable 
Logic, etc.). Similarly, when compared 
with ASICs, FPGAs provide lower cost 

and greater flexibility. Once the normally 
exhaustive qualification process is com-
pleted, FPGAs unlike ASICs, can also 
be used in multiple programs/projects, 
thereby helping designers to maximize 
time and resources associated with 
automotive qualification activities. For 
these reasons and others, Gartner Data-
quest analysts have identified FPGAs as 
the fastest growing semiconductor seg-
ment for the automotive industry, with 
over 70% CAGR through 2007.

Engineers have also realized that 
specifying FPGAs can have positive 
advantages over the use of an ASIC. For 

FPGAs Providing Low 
Power Automotive Solutions

and equipment, nonvolatile FPGAs are 
even more secure against attack than 
the ASIC technologies they often aim to 
replace. Tampering could include chang-
ing engine control settings, which may 
have serious consequences to safety 
and the vehicle’s warranty. Designers 
are, therefore, encouraged to select an 
FPGA that will have minimum impact on 
total system cost while providing higher 
levels of overall design security.  

Additionally, the threat of compro-
mise is of special concern for designers 
of telematic systems that serve as an 
authorization mechanism for fee-for-
service products (i.e. satellite radio and 
location-based services). The compro-
mise of a system that manages gateway 
access controls and user authentica-
tion could become a huge security hole 
for expensive satellite network or other 
costly wireless infrastructure. This is a 
case where an intelligent hack of a low-
cost appliance could lead to the com-
promise of an entire communications 
network. More importantly, the revenue 
model defined for pay-per-use systems 
would become totally ineffective, lead-
ing to declining revenue and eventual 
failure of the enterprise. 

Conclusion
Improved technology, legislated regu-

lations and consumer demands con-
tinue to drive the automotive electronics 
market upward. High-growth application 
areas for automotive semiconductors 
include safety (airbags, cruise control, 
collision avoidance and anti-lock brakes) 
and cockpit electronics (entertainment, 
telematics, instrumentation and pay-for-
use services). With its long-time focus 
on reliability, cost and security, the auto-
motive market has started to recognize 
the advantages that nonvolatile FPGA 
technologies have to offer.  

Sidebar
According to Databeans, Inc., a market 

research firm focused on the semicon-
ductor and electronics industries, electri-
cal and electronics content represents 
approximately 20 percent of the cost of 
the average vehicle. The firm estimates 
that a lower-priced vehicle built in 2004 
had 150 to 180 components, while to-
day’s higher-price vehicle might contain 
more than 400 components. 

suited for in-cab telematics, infotain-
ment, and body control functions, 
as well as under-the-hood drive train 
control, and safety systems. Typical 
applications might include audio, video, 
multimedia, navigation, safety retention 
system management, engine control, 
diagnostic and monitoring systems, and 
emergency response consoles. Because 
many industry FPGAs are a single-chip 
solution, they are also especially well 
suited for flexible interconnect solu-
tions between a variety of automotive 
sub-systems. Exceptional reliability and 
consistent performance make FPGA au-
tomotive solutions an ideal fit for point-
to-point connections inside and around 
the perimeter of the passenger cabin 
and under the hood.

Reliability
The need for high-reliability compo-

nents is essential to ensure the proper 
and long-term function of the systems 
in today’s vehicles. While there has been 
substantial progress made in this area, 
there are still many engineering trade-offs 
that are poorly understood, which should 
be factored into the selection process for 
advanced digital circuits.  When select-
ing an FPGA, it is important to evaluate 
the base technology used because it can 
have a significant impact on the reliability 
and suitability of an FPGA technology in 
automotive applications.  

Flash- and antifuse-based nonvola-
tile FPGAs have fundamental quality 
advantages over SRAM based FPGA 
technologies. Both have dramatically 
low power consumption, which helps 

mitigate SRAM-based FPGA electro-mi-
gration and thermal run-away reliability 
concerns. Further, SRAM FPGA power 
and heat dissipation can significantly 
limit the life of these deep sub-micron 
semiconductor devices.  

Nonvolatile FPGAs do not suffer from 
errors caused by neutron and alpha 
particle induced SRAM upsets, or “firm 
errors. These upsets can lead to FIT 
rates (number of failures in 109 hours) 
that are orders of magnitude higher than 
acceptable industry norms. It can be a 
tremendous advantage to use an FPGA 
supplier who has a history of provid-
ing ‘mission critical’ products, as does 
Actel, and are already engaged in ensur-
ing high performance and reliability in 
extreme environmental conditions.  

Security
As the complexity of automotive elec-

tronics grows and FPGA usage contin-
ues to increase, so does the value of the 
designs they hold. Intellectual prop-
erty theft and FPGA tampering pose a 
significant liability threat to the auto-
motive industry. While SRAM FPGAs 
are typically considered susceptible to 
tampering requiring minimal expertise 

www.actel.comSource: Databeans Estimates.
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providing higher performance. 
“Fairchild offers the most complete 

portfolio of products available for 
serving low-voltage applications. These 
easy-to-implement, high-performance 
and space-saving MOSFETs are ideal 
for all of our customers’ low-voltage 
switching and power management/
battery charging systems,” said Chris 
Winkler, marketing director, Low Voltage 
Power Segment. “In 2005, Fairchild was 
first to introduce an MLP-packaged 
MicroFET with the high performance 
of a traditionally used SSOT-6 device 
with the footprint of an SC-70. With this 
introduction of 11 new devices, we’re 
offering our customers a significantly 
expanded and augmented MicroFET 
family of products.”

Low Voltage MicroFET™ Family Improves Battery Life and 
Saves Space 

Fairchild introduces 11 new MicroFETTM 
MOSFET products to its range. These 
ultra-compact, low-profile (2 x 2 x 0.8mm) 
devices target low-power applications in 
the <30V and <20V range. These include 
cell phones, digital cameras, games, www.fairchildsemi.com

remote POS terminals, and many other 
high-volume portable products where 
space optimization and excellent thermal 
and electrical performance is essential for 
saving battery life and ensuring reliability. 

MicroFET power switches combine 
Fairchild’s advanced Power Trench™ 
technology with an industry-standard 
molded leadless package (MLP) to 
deliver significant thermal and space 
improvements over conventionally used 
power MOSFETs in larger packages.

Fairchild’s MicroFET in MLP offers 
designers a new package option in 
addition to SSOT-6 or SC-70 devices 
typically used in charger, boost 
converter, DC/DC converter and load 
switch applications. The devices are 
claimed 55% smaller than a 3 x 3mm 
SSOT-6 MOSFET, 80% lower RDS(on) 
and 65% lower thermal resistance while 

Designer-friendly, Quad-output Power Management Units

National Semiconductor introduces two 
new, integrated power management units 
(PMUs) to its family of designer-friendly, 
easy-to-use PMUs. Optimized to power 
mid-range, quad-output applications, such 
as low-power FPGAs, microprocessors 
and DSPs, the LP3906 and LP3905 PMUs 
each feature two high-efficiency buck 
regulators and two ultra-low-noise, low-
dropout regulators (LDOs). The high level 
of integration simplifies system design and 
increases space efficiency.  

The LP3906 PMU features 
an I2C compatible interface for 
programmability. This digital interface 
provides the flexibility to use the same 
device for multiple solutions that require 
different output voltages. By including 
dynamic voltage scaling with 96 percent 

switching between PWM and PFM 
modes. The dual linear regulators have 
a dynamically programmable wide 
output voltage range from 1.0V to 3.5V. 
The high-speed serial interface for 
independent control of device functions 
and settings enables features such as 
dynamic voltage management, power-up 
sequencing control and design flexibility.

The LP3905 PMU is available in a tiny, 
14-pin thermally enhanced LLP package 
that measures 4 mm by 4 mm, National’
s LP3905 PMU contains two integrated, 
600 mA, high-efficiency buck regulators 
and two 150 mA, ultra-low-noise linear 
regulators. The dual buck regulators have a 
fixed and adjustable output voltage range 
from 1.0V to 3.3V with up to 90 percent 
efficiency. The buck regulators feature 
intelligent automatic switching between 
PWM and PFM modes to achieve the 
highest efficiency possible for the entire 
load range. When operating in PWM mode, 
both regulators have a switching frequency 
of 2 MHz, allowing use of small external 
components. The dual linear regulators 
have an output voltage range from 1.5V 
to 3.3V, with low dropout voltage and low 
output voltage noise. 

conversion efficiency, the power 
consumption of the powered device, 
such as a microprocessor, is reduced, 
thus maximising the power efficiency of 
the entire system. Example applications 
for these products include powering 
an embedded processor, in which 
each switching regulator can drive the 
core and input/output while each LDO 
supplies the analogue and peripheral 
functions. In FPGA applications, the 
dual regulators power the core and I/O 
voltages, and the dual LDOs power 
the auxiliary voltages that supply 
the embedded peripherals such as 
communication engines.

Available in a small, 24-pin thermally 
enhanced LLP® package that measures 4 
mm by 5 mm, the LP3906 PMU provides 
designers with a simple, highly efficient 
and flexible solution to efficiently drive 
core I/O and auxiliary power. It features 
two integrated 1.5A, high-efficiency 
buck regulators and two 300 mA linear 
regulators with an I2C compatible 
interface for programmability. The dual 
buck regulators have a dynamically 
programmable, wide-output voltage 
range from 0.8V to 3.5V with up to 96 
percent efficiency. This high efficiency 
is accomplished by intelligent automatic 

http://power.national.com

Adaptive Power Converter Family Boosts Battery Life in 
CDMA/WCDMA Phones

Semtech announces the SC250 and 
SC251, the first members of a DC/DC 
step-down (buck) power converter fam-
ily designed to improve battery life by 

providing adaptive DC power control in 
CDMA and WCDMA handsets.

CDMA and WCDMA handsets experi-
ence wide swings in power consump-
tion. The SC250 and SC251 are de-
signed to work with the phone’s base-
band processor to enhance efficiency 
by adaptively controlling the DC power 
supply to the power amplifier (PA). The 
SC250 performs a buck conversion to 
generate an output voltage that is linear-
ly proportional to an analog input control 
voltage from the baseband processor. 
The buck conversion process reduces 
battery current when the PA outputs 
low power, greatly increasing talk time 
compared to directly connecting the PA 
to the battery.

The SC251 performs a similar func-
tion, but it utilizes a patent-pending non-

linear transfer function that can eliminate 
the need for a software look-up table. In 
addition, the SC251 provides the option 
to switch between two different transfer 
functions when used with a dual-mode 
PA. Each transfer function is optimized 
to match the DC power requirements of 
the different PA gain modes.

Both devices provide an on-board 
low-dropout voltage regulator (LDO) that 
provides a voltage bias that is required 
for operating a power amplifier, eliminat-
ing the need for an additional part. 

The SC250 features a 2.3mm x 2.3mm 
MLPD-W8 package with a low profile 
of 0.8 mm max. The SC251 comes in 
an industry-competitive 3mm x 3mm 
MLPD-10 package.   

www.semtech.com 

First Automotive Load Driver IC in SOI Technology 

Atmel has announced the availability 
of the new ATA6826 driver IC, the first 
such product in high-voltage BCD-SOI 
technology (SMARTIS(TM)) available on 
the market. The new cost-effective driv-
er IC provides improved performance, a 
broad range of protection features. The 
ATA6826 is designed to control two DC 
motors or up to three different loads via 
a microcontroller in automotive appli-
cations, e.g., body electronic systems 
such as mirror positioning and climate 
control. With the device's high voltage 
capability (up to 40V), the ATA6826 can 
also be used in 24V supplied trucks or 
industrial applications.

In contrast to standard BCDMOS bulk 
technology, the SMARTIS technology 

uses an SOI (silicon on insulator) sub-
strate. This results in an extremely low 
leakage current. A significant reduction 
in crosstalk between power and digital 
circuits on the same die is achieved, and 
lower parasitic effects give added value 
for EMC performance. The chip size 
reduction (the gate density is equivalent 
to 0.5-μm CMOS) allowed the design 
of a cost effective and powerful high 
voltage power driver IC. The SMARTIS 
technology also reduces manufacturing 
costs by simplifying the IC fabrication 
process through the elimination of high-
energy implementation for well doping 
and simplification of device isolation.

Each of the three high-side and three 
low-side drivers of the ATA6826 is ca-
pable of driving currents up to 1A. The 
drivers are internally connected to form 
3 half-bridges and can be controlled 
separately from a standard serial data 
interface. Therefore, all kinds of loads 
such as bulbs, resistors, capacitors, 
and inductors can be combined. The IC 
design especially supports the applica-
tion of H-bridges to drive DC motors. 
The operation modes forward, reverse, 
brake, as well as the high impedance 

www.atmel.com 

will be controlled by the SPI interface. 
The ATA6826 provides several protec-

tion features such as over-temperature 
warning and shutdown, overload, over-
voltage protection, and full protection 
against short circuits. Several diagnostic 
bits are set in the SPI output register 
and can be read by the microcontroller. 
In case of under-voltage at the sup-
ply pin, the power-supply fail bit in the 
output register is set and all outputs are 
disabled. If the over-temperature pre-
warning bit is set, the system devel-
oper can implement software routines 
on the microcontroller to decrease the 
power dissipation and temperature. If 
the temperature increases further, the IC 
shuts down at a certain level to prevent 
destruction. The device also meets 
strict automotive qualification demands 
(protection against conducted interfer-
ence, EMC and ESD protection) and 
can withstand transients as specified in 
ISO/TR 7637.

Samples of the ATA6826 driver IC are 
available now in Pb-free SO14 pack-
ages. 
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